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Appendix A
General Overview of The Cascade Impactor Data Reduction System (CIDRS)

Although it is possible to reduce data obtained from cascade impactors by
hand or with calculators, the number of calculations which must be done to
treat the data from just one impactor run make hand calculations impractically
laborious. When the treatment of data from multiple runs is considered it
becomes obvious that a computer is required. In March 1978 a system of
programs known by the acronym "CIDRS" (for Cascade Impactor Data Reduction
System) was published for this purpose by the US EPA. CIDRS was written in
Fortran for use on large "main-frame" computers and has been adapted since for
use on some minicomputers. Denver Research Institute released an adaptation
ot CIDRS written in BASIC for the TRS-80 micro-computer in March 1980. The
system described here, Apple CIDRS, is an updated and expanded adaptation of
the TRS-80 CIDRS, written in BASIC for the Apple II micro-computer series.
With some effort, the program could be adapted to any other micro-computer
which is programmable in one of the variants of Microsoft BASIC.

The CIDRS package consists of a series of programs which together provide
the capabilities to:

1) Calculate and store the values of needed ancillary data such as dry gas
composition and moisture content of stack gases (Methods 3 and 4).

2) Reduce velocity (pitot) traverse data (Method 2) and aid in the
selection of sampling flow rates and nozzle dimensions.

3) Generate files containing the hardware specifics on the impactor
configurations used in sampling for later use in calculating stage D50's.

4) Reduce the data from individual impactor runs and generate size
distribution information from that data at a set of standard conditions for a
standardized array of particle sizes.,

5) Combine and appropriately average the results from multiple sample runs
obtained at a single source.

6) Calculate the fractional etficiencies of control devices from samples
obtained at the control device inlets and outlets.

7) Plot the size distributions and fractional efticiencies obtained
above.

In addition, programs are also provided to facilitate program selection,
for carrying out disk file "housekeeping" chores, defining orifice constants
for use in flow rate calculations, and for reducing Method 5 and Method 17
data.

Apple CIDRS is written to be used with a dual disk drive Apple II system
operating under Apple DOS 3.3. In a dual drive system, Drive 1 is used for the
program disk and Drive 2 for data file storage. It can be used with a single
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disk drive system, but a great deal of disk swapping will be necessary to do so
as the core programs for impactor data reduction alone completely fill a disk.
Printed output of tabular material should be possible with any combination of
printer and compatible interface. The interface is expected to be located in
Slot 1 of the Apple. Graphics dump capability'is included for dot matrix
printers with graphics capability when used with a Prometheus Graffiti
interface, an Orange-Micro Grappler, or similar "smart" interface card.
Otherwise the user must supply his own screen dump routines if graphics
hardcopy 1is desired.

CIDRS for the Apple II is supplied on three disks. One of these contains
the impactor data reduction programs. The second is a data disk which has on
it several necessary files and some sample data files. Also included are
impactor configuration files for a number of commercially available impactors
and some sample data files. The third disk contains the Method 5/17 programs
and velocity traverse and run setup programs. The disks are all copyable and
it is recommended that the originals be write protected and preserved as master
copies and duplicates be used as working copies.

Briefly, the programs on the CIDRS disk relating to single impactor run
data analysis are:

MPPROG - This is the main program of the system. It accepts and reduces the
raw data from single impactor runs. The program calculates impactor stage
D50's, particle concentrations for each stage, provides some information for
quality control and data validation, calculates log-normal distribution
parameters based on a least squares best fit to the measured size distribution,
and generates size distribution information for a set of standardized particle
sizes through a spline fit and interpolation/extrapolation procedure. Raw data
may be saved on disk for subsequent reuse and the final results can also be
saved for plotting or to be combined with data from other runs.

ORSAT - Accepts data from Orsat analyses, calculates excess air for combustion
processes, and writes the gas composition data to disk for later use by
MPPROG.

METH4 - Reduces data from Method 4 moisture content sampling and writes the
results tc a disk file for later use by MPPROG. The file value for moisture
content becomes the default value used in reducing impactor data, but it can be
altered in MPPROG.

DEF/IMP - This program builds files containing specific hardware information on
the impactor configurations used in sampling. Information on the type of
impactor (round or rectangular jets), number of stages, the number and sizes of
the jets on each stage, calibration values of VQSO for each stage, and jet to
plate spacing for each stage must be entered. The information in these files
is used by MPPROG for calculating the stage D50's.

DEF/ORI - MPPROG permits the impactor flow rate and gas volume sampled to be
calculated from data cbtained with dry gas meters or from orifice meters at the
users option. This program generates files of orifice calibration information
for use by MPPROG 1if the flow rate is to be calculated frcm orifice meter data.
It also calculates values for AH@ for use in setting flow rates during
sampling.

A-4



Files on the impactor run analysis disk related to combining data from
multiple runs are:

STATIS - A program for averaging data from multiple runs made under similar
conditions. Simple averages of the differential forms of distributions are
made with tests for and rejection of outliers being made at the user's option.
The average differential distribution is then integrated to obtain the average
distribution in the cumulative forms. Standard deviations and 90% confidence
limits are calculated for all forms of the distribution. Provision is also
made for correcting the data for errors arising from anisokinetic sampling if
the user so desires. The results can be written to disk for later plotting and
for use in calculating fractional efficiencies of control devices.

SYNTRAV - Similar to STATIS, but performs velocity weighted averaging for
properly combining results obtained in ducts having skewed (or non-uniform)
velocity distributions.

EFFICIENCY - Calculates the fractional efficiencies of control devices from
control device inlet and outlet data sets. The inlet and outlet data can be
from single runs or averaged results from STATIS or SYNTRAV. If both the inlet
and outlet data sets are averaged results, confidence limits for the resulting
efficiencies are also calculated.

Plotting - Only screen plotting capabilities are included in the system with
provision for doing "screen dumps" to dot matrix printers that have graphics
capability. The actual plotting is done via a commercial machine language
program, Ampergraph. The programs on the impactor run analysis disk related to
plotting are: ‘ '

AMPERGRAPH - The machine language plotting routines. The copyright to this
program is owned by Madwest Software, Madison, WI and license fees for its use
here have been paid to Madwest. Distribution of additional copies will require
payment of additional fees ($18.00 each copy on a single copy distribution
basis).

DATAPLOT - Program for loading AMPERGRAPH and selecting whéther the data to be
plotted is from single run analyses (files from MPPROG), from combined runs
(files from STATIS or SYNTRAV), or from EFFICIENCY.

PLOT3 - Plots data from single runs in three forms: differential, cumulative
mass concentration, and cumulative percent by mass. In the cumulative forms
both the original distribution generated directly from the data and the results
from the spline fit are plotted.

STATPLOT - Plots the results of combining data from multiple runs by STATIS or
SYNTRAV. The results are plotted in the same three forms as used in the single

run plotting., Error bars representing 90% confidence limits are also shown.

EFF/PLOT - Plots fractional efficiency results from EFFICIENCY together with
error bars representing 90% confidence limits,if available.

A-5



In addition to the primary data reduction and plotting programs described
above, there are several utility programs on the impactor run analysis disk.
These are:

MAIN MENU - Provides a way for 1linking the operation of the various programs
described above. Menu selection of the programs can be made from MAIN MENU.
All programs return to this one upon completion of use.

PURGE RUNFILE - If files of reduced run data are to be deleted, that should be
done via this program as it also removes the deleted runs from an index file
which is also maintained on the disk. It also provides a catalog of the
reduced data files on the disk.

PURGE IMPACTOR FILE - An index file of impactor configurations is also kept on
the data disk. This program is used to delete obsolete impactor configuration
files. Any deletions of such files should be done via this program as it also
deletes the configuration name from the impactor index file.

XPOINTS.DAT - A text file which contains the array of standardized particle
diameters to be used in the data presentations.

DISK EXPANDER - Initiates (formats) DOS 3.3 disks with an extra track, thus
providing increased program and data storage capability on a disk. Also
initiates non-bootable (DOS-less) disks for use as data disks, providing two
more tracks for data storage.

COPYA36 - When EXEC'ed, loads COPYA from the DOS 3.3 System Master, modifies it
to copy an additional track, and runs it. This provides a way to copy disks
which were initiated with an extra track by DISK EXPANDER. This program should
be transferred for use to the DOS 3.3 System Master via FID (Apple's file
utility program on the DOS 3.3 System Master).

The Field Setup disk includes programs for Orsat calculations, Methods 2,
4, 5 and 17 data reduction, calibration of orifice meters and dry gas meters
using NBS traceable laminar flow devices, calibration of pitot tubes, and
sampling setup programs for Methods 5 and 17 and cascade impactors. The
programs on the disk are:

WATER% - Method 4 moisture sampling data analysis. This program is the same as
that called METH4 on the impactor data reduction disk.

ORSAT ~ The same program found on the impactor data reduction disk.

MTQOP - Method 5/17 setup program. This program aids in selecting the correct
sampling nozzle to use for Method 5 or 17 sampling and provides an alternative
to the standard sampling nonograph for generating metering orifice settings by
generating a table of corresponding pitot and metering orifice settings. The
latter can simplify field sampling, and permits the use of non—standard
metering orifices, which can be advantageous at times.

MTDR -~ Data reduction program for Methods 5 and 17.
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IMPOP - Program for reducing velocity traverse data, selecting impactor nozzle
diameters and flow rates for isokinetic sampling, selecting metering orifices

for impactor sampling, and dgenerating orifice meter pressure drop settings for
impactor sampling.

PCONST - Program to calculate calibration constants for pitot tubes from
comparative velocity pressures at a common location.

CAL - A program for calibrating orifice and dry gas meters using NBS traceable
laminar flow elements.

Most of the programs in CIDRS for the Apple use a commercial machine
language program called "BUILD USING", which is appended to them, for
formatting text output to the screen and printer. Apple Computer Inc. did not
include any form of the common "Print Using" capability found on most
microcomputers. "BUILD USING" adds this capability. For translations of the
programs to other machines, the calls to "BUILD USING" are as follows:

Call BU, output string, format string, expression and/or variable list.

output string = formatted result for printing

format string = string expression of format to be used,
expression and/or variable list = list of values (separated by
commas) to be printed.

The output string is then printed by a simple Print statement. The Copyright
for this program is owned by Rod Stover and it is marketed by Sensible
Software, Inc., West Bloomfield, MI. It is used in CIDRS, in an undocumented
form, with the permission of Sensible Software, Inc.

The programs described above all use menu selection of all options, and
provide interactive prompts for data input. More complete descriptions of each
of the programs, lists of all variables used, and detailed operating
instructions follow. 1In the variable lists, all variable names that end with
"$" are strings, and all that end with a "(" are arrays. Samples of the
results from each program follow the respective detailed descriptions. No
commas or semicolons may be used in any inputs.



MAIN MENU

MAIN MENU is a program which provides simple selection of the programs on
the CIDRS disk. It is run automatically when the disk is booted, and most of
the programs in the system return to it upon their completion.

Program Operation

When run, the monitor screen will show MAIN MENU and lists both the
primary program MPPROG and the auxilliary programs, as shown below:

\

MAIN MENU
TO SELECT OPTION ENTER APPROPRIATE NUMBER

1) ORSAT

2) METHOD 4 (H20)

3) "MPPROG"

4) DEFINE IMPACTOR CONFIG.
5) DATAPLOT

6) STATIS -(AVERAGE RUNS)

7) EFFICIENCY CALC.

8) DELETE RUNFILE

9) DEFINE ORIFICE CONSTANTS
10) SYNTRAV (VEL. WGTD AVG.)
11) coMBO ’
Q)UIT

YOUR CHOICE

MAIN MENU

The user should type a selection of a number 1 through 10 or the letter Q
and then press the Return button. This will bring up the selected program.

Program Options

The auxilliary programs listed on the "MAIN MENU" shown in Figure 1 are
briefly defined below:

1) ORSAT writes the gas composition file needed by the MPPROG program.

2) METH 4 writes the percent water vapor in the stack gases file needed by the
MPPROG program.

3) MPPROG is the primary program.



4) DEF/IMP write files on the cascade impactors jet diameters, number of jets
per jet stage, calibration constants for the specific cascade impactor, etc.
The program MPPROG uses this file information to set the number of jet stages
for the particle sample weight input data page (page 3 of 3 of input data to-
MPPROG) and for calculation of the jet stage D50s.

5) DATAPLOT loads the binary plotting routines and allows selection of data
from MPPROG, STATIS (or SYNTRAV), and EFFICIENCY for plotting on monitor
screen. Plots of cumulative percent of particles by weight, cumulative mass
concentration, and DM/dLogD are made. The x-axis is logarithmetic and spans -
the range from 0.1 to 100 microns particle diameter. Plots of the MPPROG
output will show the actual original points (jet stage D50 on the x-axis and
percent of particles less than stated diameter, etc. on the y-axis) and points
at a set of standard diameters resulting from a mathematical spline fit. Plots
of the output of STATIS will show mathematical averages of the spline fit
values and 90% confidence limits, The graphical output is for the monitor
screen only, with a provision for screen graphics "dump" to a dot matrix
printer. A Prometheus "Graphitti", Orange Micro "Grappler", or other similar
"smart" printer card with "screen dump" capabilities is required for the "dump"
function to work.

6) STATIS averages the particle size data from two or more runs. It provides
output on cumulative percent, cumulative concentration, and dM/dLogD bases with
90% confidence limits. Runs to average are selected by MPPROG test and run
numbers., Mixing of "inlet" and "outlet" impactor runs is not permitted. The
dM/dLogD values at each particle diameter are averaged and these averaged
dM/dLogD values are integrated to provide averages of the cumulative mass
concentration and of the cumulative percent less than size distributions.
Hardcopy output of the calculated results and disk storage for access by
"DATAPLOT" are available as options. Provision is also made for correcting for
anisokinetic sampling errors.

7) EFFICIENCY calculates the particle collection efficiency (fractional) of
control devices from the cascade impactor data taken at the inlet to and the
outlet of a control device. The impactor data can come from single runs
(MPPROG) or from averages of multiple runs (STATIS or SYNTRAV). EFF/PLOT will
plot the curves of the fractional collection efficiency as a function of
particle diameter.

8) DELETE RUNFILE this program deletes old impactor run files from the disk
and an index catalog that is accessed by STATIS and MPPROG. You should delete
all old impactor run results via this "PURGE RUNFILE" program in order that the
"RUN/NAM" index file will match what is actually on the disk.

9) DEF/ORI writes files of the flowmeter orifice constants for use in MPPROG.
Also DEF/ORI calculates the orifice flow constants (AH@) needed for impactor
run set up program (IMPOP) on the other disk (used to find sampling conditions
for the field source tes: with a cascade ilmpactor (i.e. gas sampling flow rate,
etc.). The required input data for the DEF/ORI program are an orifice set
identification code, nominal orifice diameter, temperature and pressure at
calibration conditions, calibration flow rate (acfm), and gas pressure drop
across the orifice (inches of water).



10) SYNTRAV 1is a modification of STATIS which calculates velocity weighted
averages rather than simple averages as are done by STATIS. If samples are
taken at locations having very different gas velocities, the weighted averages
provided by SYNTRAV will more nearly represent the true emissions.

Q) Exit to BASIC.

If you plan to input cascade impactor data into the MPPROG program, you
will first need to input data into ORSAT and METH4 (and DEF/IMP if you are not
using an impactor for which the specifications are already stored).

With the MAIN MENU program {(Figure 1) showing on the screen monitor, you
will need to select the number that corresponds to program you wish to run and

type it in.
Description of Variables
A - option selected

A$ - input dummy
D$ - DOS command flag
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ORSAT

ORSAT is a program for generating a disk file of the dry gas composition
to be used in MPPROG for calculating stage D50s, The program accepts data from
conventional Orsat type analyses and provides output to a printer and/or disk
at the user's option. Excess Air and Dry Molecular weight are also calculated
per EPA Method 3.

Processing Orsat Data
To obtain the program "ORSAT" from the MAIN MENU program press "1" and

then press the "Return" button. The monitor screen will show ORSAT vV 1.0 as
presented below: '

ORSAT V 1.0

TO ENTER/CHANGE AN ITEM PRESS NUMBER OF
ITEM THEN VALUE AND PRESS (RETURN)

1) YES HARD COPY OPTION -
2) YES DISK FILE UPDATE

3) 0.00 CARBON MONOXIDE %
4) 0.00 CARBON DIOXIDE %
5) 0.00 OXYGEN %

6) 0,00 NITROGEN %

00.000 DRY MOLECULAR WEIGHT
00.000 EXCESS AIR %

SELECT S)AVE, OR ENTER NUMBER OF ITEM
TO BE CHANGED

Monitor Screen View of Program "ORSAT"

Note that the gas compositions shown above are all 0.00 whereas these will
normally have values either from data you have entered or from old data from a
prior test. The values currently on file are read into memory when the program
is run. -

To enter a new value for any of the 6 variables press the number of the
item to be changed, then enter the new value. Note that these gas compositions
are all in units of percent by gas volume on a dry (no water vapor) basis, as
is provided by an Orsat Gas Analysis (EPA METH3).

After entering all the new Orsat data, press the letter "S" (for sSave).
The input data will be saved for use in MPPROG, which performs the particle
size data reduction calculations, and control will be passed back to the MAIN
MENU program.
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Program Description

Initialization is done in lines 6 through 100 and a subroutine from lines
1000 through 1190. The current values of the ORSAT file (ORSAT.DAT) are read
into memory in lines 1125 through 1180. The data entry takes place in a
subroutine from line 2000 to 2250. The excess air calculation takes place in
in lines 2110 and 2115. The dry molecular weight of the flue gas is calculated
in line 2100. Printed output, if selected, takes place in a subroutine from
line 3000 through 3150 and the disk update takes place in a subroutine from
line 4000 through 4040. A machine language subroutine for print formatting is
appended to the program as line 63999. THIS LINE MAY NOT BE EDITED - doing so
will result in an irrecoverable loss of the program. The subroutine is
copyrighted and permission has been granted by the copyright owner for its use
here,

Description of Variables

A - ilnput selection dummy

A$ - input dummy

BU - print formatter address
CU - percent carbon dioxide
CM - percent carbon monoxide
D$ - DOS command flag

EX - percent excess air

F$({ - print format statements
F1l$ - hardcopy flag

F2$ - disk update flag

FM$ - print format

MW - molecular weight

MW$ - input error message

N2 - percent nitrogen

02 - percent oxygen

R$ - input and print dummies
X - intermediate value in excess air calculation
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ORSAT CATH

3> 8.88 CARBON MONQXIDE ¥
.4 12.88 CARBON DIOXIDE
3> B.86 OXYGEN ¥
&) 79.48 NITRODOGEN ¥
38,284 DRY MOLECULAR WEIGHT
$?.578 EXCESS AIR X
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METH4

METH4 1is a program for generating a disk file of the flue gas moisture
content to be used in MPPROG for calculating stage D50s. The program accepts
data from conventional Method 4 sampling analyses and provides output to a
printer and/or disk at the user's option.

Processing EPA METH4 Data (Moisture Content)

After pressing "2" on the MAIN MENU program, the METH4 Program will appear
on the monitor screen, as is shown below: (NOTE: the values will be filled in
with data from the current METH4 data file).

1)
2)
3)
4)
5)
6)
7)
8)

TO ENTER/CHANGE AN ITEM PRESS NUMBER OF
ITEM THEN NEW VALUE AND PRESS (RETURN)

YES HARD COPY OPTION
YES DISK FILE UPDATE

0

SELECT S)AVE, OR ENTER NUMBER OF ITEM TO
BE CHANGED

METH4 V 1.0

0.000 GAS METER VOL. (CU FT)
0.00 ML WATER COLLECTED

GAS METER TEMP (DEG.F)
0,00 GAS M. DP {IN.H20)
0.00 P BAROM. (IN.HG)
1.000 GAS METER CORR. FACTOR
0,000 MOISTURE CONTENT (%)

METH4 Program as Seen on Monitor Screen

If you wish to enter data obtained from an EPA METH4 test, type in the
appropriate item number and then the value of the variable in the proper

units.

After you have completed entering your data, press the key S (for Save),
then press the "Return" key,

When you have finished with the METH4 Program, you will be returned to the

MAIN MENU.
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Program Description

Initialization is done in lines 6 through 100 and a subroutine from lines
1000 through 1160. The current values of the METH4 file (METH4.DAT) are read
into memory in lines 1120 through 1190. The data entry takes place in a
subroutine from line 2000 to 2260. The moisture content is recalculated in
lines 2100 through 2115 each time an entry is changed. Printed output, if
selected, takes place in a subroutine from line 3000 through 3150 and the disk
update takes place in a subroutine from line 4000 through 4040. A machine
language subroutine for print formatting is appended to the program as line
63999. THIS LINE MAY NOT BE EDITED - doing so will result in a irrecoverable
loss of the program. The subroutine is copywrited and permission has been
granted by the copywrite owner for its use here.

Description of Variables

A - menu selection dummy

A$ - input dummy

BU - print formatter address

BW - fraction moisture

D§ - DOS command flag

F$( - print format statements
' F1$ - hardcopy flag

F2$ - disk update flag

FM$ - print format

MF - gas meter correction factor .

PB - barometric pressure :

PG - gas meter differential pressure to ambient
R$ - input and print dummies

TG - gas meter temperature

VG - gas meter volume

VH - volume of water wvapor at normal conditions
VS - volume of dry gas at normal conditions

WA - volume of condensed water
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METH4 DATA

14.963 GAS METER VOL.{(CU.FT?

256.35 ML WATER COLLECTED

88 GAS METER TEMP(DEG.F)
8.88 GAS M. DPCIN.H2@)>
3@8.85 P BAROM. (IN.HG2

7.882 MOISTURE CONTENT (30



DEF/IMP

DEF/IMP is used to generate files to use in data reduction by MPPROG.
These files contain the needed hardware information on the specific impactor
configurations used in sampling. Because the same configuration tends to be
used repeatedly, it is desirable to store the information in a permanent file
which can be accessed simply whenever it is needed. The information to be
input includes a unique impactor name to be used in identifying the file,
whether the impactor is a round jet or slotted jet type, the number of stages
which make up the impactor (including a precollector if one is used), and the
number of jets, Jjet diameter (or length and width if slot type), calibration
/@g;} and jet to plate spacing if it is a round jet type. The files can be
called up for review by simply entering the name of the impactor. The disk
files can be updated and printed copies of a configuration file can be obtained
at the user's option. In addition, for cases such as the Pilat Mark V
impactor, for which a subset of an array of jet stages must be selected, a file
containing information on all available stages can be read into memory. The
subset used can then be selected by stage number from the complete array,
avoiding a great deal of repetitious data entry. A crude plot showing the
relative spacings of the cuts (in log diameter) can be shown on the screen
after all stages have been selected. The relative spacings will be accurate
for stages that will produce large D50s; however, the plotted spacings will be
too close for stages that will produce small D50s because of the increasing
effect of the Cunningham correction, which is not included here. If two stages
are found to be too closely spaced for the D50 method of data reduction to be
valid, a warning will be given and a suggestion for skipping a stage in the
MPPROG fits will be made. If the suggestion is accepted, the file will contain
a flag to that affect for MPPROG.

Data Input

When run, the program will first give a prompt concerning whether or not a
subset of stages from an existing file is to be used. If so, the name of the
file from which the stages are to be selected must be entered. The selected
file will be read into memory, and the information for each stage will appear
on the screen. The parameters for each stage will be listed on a single line
and identified by a sequence number. The selections are made by entering the
numbers of the desired stages in the order in which they are to be used, inlet
first through outlet last. No changes can be made to the parameters in this
part of the program. After the desired stages have been selected, press "Q"
and the program will proceed to the remaining options and data menus.,

The remaining input takes place on two screen pages, the first of which is
concerned primarily with general information, and the second for individual
stage input and/or changes. The information needed on Page 1 is input by
entering the selected menu item number, at which point a prompt for that item
will be given. The Page 1 input display is shown on the next page. The items
are:

1) 1Is hardcopy desired? Selecting this item will reverse the currently
displayed answer.

A-17



2) 1Is a disk update of the file desired? Again selection of the item reverses
the answer.

3) Impactor name: The file name to be used is the impactor name with /IMP
added. The /IMP is added by the program and should not be entered by the
user. When a file name is entered, the disk is checked for the existence of a
current file with that name. If such a file exists, it is read into memory and
the current information in the file will be displayed on the data entry
screens. This read will not take place if stages have just been selected as a
subset from an existing file.

4) Description: Enter a brief description of the configuration to help
identify its properties for use in MPPROG. This description will be printed on
the screen when the impactor is selected in MPPROG. Be brief to avoid space
problems in the MPPROG display.

5) Select the type of .jet geometry - Circular (round) or Slit. Selection of
this option toggles between the two.

6) Enter the number of stages making up the impactor configuration. This will
include a precollector if one is used, but does not include the backup filter.
If stages have been selected as a subset from a file, this will already be
filled in. The program is dimensioned for a maximum of 15 stages.

7) Discharge coefficient: Earlier versions of MPPROG used fixed values of
discharge coefficients for computing stage pressure drops. The current version
calculates them based on the stage Reynolds number so this entry is now
obsolete.

DEFIMP V2.4-Page 1 of 2

1) HARD COPY OPTION: YES
2) DISK FILE UPDATE: YES
3) IMPACTOR NAME:
FILE NAME: ——————-——-

4) DESCRIPTION:

5) SHAPE OF JETS (CIRC./SLIT): CIRC,
6) NUMBER OF STAGES: 0
7) DISCHARGE COEFFICIENT 0.610

P)AGE, Q)UIT, OR NUMBER OF ITEM
TO ENTER/CHANGE: ?
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After completing the entries on Page 1, press "P" and "Return" to proceed
to the second page of data entry which is illustrated below. This page is
devoted entirely to the stage parameters. The program will set up one line for
parameters for each stage, numbered sequentially from 1 to the total number of
stages entered on the previous page. Entry of data is made by entering the
stage number for which information is to be entered or changed. When a stage
is selected, the cursor will be placed at the start of the leftmost entry in
its line. Pressing "Return" will accept the current value of the entry and
advance the cursor to the start of the next entry. Entering a number will
change the current value to that number. When the cursor is advanced beyond
the last field the program will revert to the stage select mode. If the
impactor is a round jet type, columns will be provided for the number of jets
on the stage, the calibration value of /@;; +the jet diameter in centimeters,
and the separation between the jet outlet and the collection surface in
centimeters. If the impactor uses slot type jets, columns will be provided for
the number of slots at each stage, the calibration value of wSO , the jet
width in centimeters, and the jet length in centimeters.

DEFIMP V2.4-PAGE 2 of 2

STAGE NO. SQR JET J TO P
NO. JETS PST DIA. DIST.
1 0 0.000 0.0000 0.000
2 0 0.000 0.0000 0.000
3 0 0. 000 0.0000 ~  0.000
4 0 0.000 0.0000 0,000
5 0 0.000 0.0000 0.000
6 0 0.000 0.0000 0.000
7 0 0,000 0.0000 0.000

TO ENTER/CHANGE DATA FOR A STAGE ENTER
STAGE NO. P)AGE

Upon completion of all data entry, press "Q" and "Return" to proceed, The
value of a parameter proportional to the D50 of each stage will be computed
and, at the user's option, plotted. This value will be used to check the
relative spacings of the cuts that the impactor will produce. Any which are
too close to one another will produce a warning to the user and a suggestion
regarding the omission of one of the stages in the MPPROG distribution fitting
procedures. After the relative spacings are checked, the information will be
printed and/or saved to disk depending on the users selected options.
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Description of Major Program Segments

Prdgram initialization takes place in lines 6 through 100 and in a
subroutine from line 1000 to line 1160. Loading of a pre-existing impactor
stage set for stage selection takes place in a subroutine from lines 6000
through 6450. Stage selection is then made in a subroutine from line 7000
through 7120. Page 1 of the primary data entry menu takes place in lines 2000
through 2490, with pre-existing impactor files being checked and loaded in
lines 2367 through 2450. Page 2 of the data entry is done in lines 2500
through 3350.

The check for the relative spacing of the stage cut diameters is done in
lines 3500 through 3710. Plotting of the relative cuts is done in a subroutine
in lines 3400 through 3499. Printing of the information is done by a
subroutine from line 4000 through 4500 and the disk update is done in lines
5000 through 5920. A machine language subroutine for print formatting is
appended to the program as line 63999. THIS LINE MAY NOT BE EDITED - doing so
will result in an irrecoverable loss of the program. The subroutine is
copyrighted and permission has been granted by the copyright owner for its use
here.
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Ydentification of Variables

A - option selection dummy

AS - input dummy

BU - address of print formatter

CP( - plot variable for relative cut spacing

CR - test value for closeness of cuts

CZ - index of number of stages selected in stage select routine

D$ - flag for DOS commands

DC - coefficient of discharge

EF error flag

F$( - format statements for printing

F1$ - flag for hardcopy

F2$ - flag for disk update/save

HH - screen tab index

I - loop index

J - variable counter

JA( - jet area

JD{ - jet diameter

JK( - parameter proportional to cut diameter

JL( - jet length for slotted jets

JN( - number of jets on stage

JS( - jet to plate distance

MR - number of stages to omit in MPPROG spline fit

MZ( - flag for which stage(s) to omit in MPPROG fitting

N$( - names of impactors on file

NIS - ihpacto: name

NM$ - impactor file name

NS - number of stages

NZ - number of stages in file from which stages are to be selected

OK - flag for pre-existing file

P - menu page number

PF - format selector

R$ ~ dummy for input and printing

RA - plot scale variable

RM$ - impactor description

SH - impactor type flag

SH$ - impactor type

TI - number of impactors on file

Y¥$ - input dummy

2A(, 2D(, ZL(, 2ZS(, & 2ZZ( - equivalent to JA(, etc., for file from which
stages are to be selected.
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CEFIMP _ U2.4

2) DISK FILE UPDATE: YES
3) IMPACTOR NAME: LW U/I11 DEMO

FILE NAME: UW U/I11 DEMO/IMP
4) DESCRIPTION: PC-3-4-5-7-9
S) SHAPE OF JETS(CIRC./3LIT): CIRC.
&) NUMBER OF STAGES: &
7> DISCHARGE COEFFICIENT 8.418

STAGE NO. SER JET J TG P
NG. JETS PSI DIA. DIST.

{ 1 8.248 1.2788 8.85@
12 8.381 8.2438 8.318
78 8.3835 g4.a87v8 6.318
118 6.371 8.8588 8.318
118 g4.383 8.8343 a.318
185 8.383 8.8252 8.318

L SO I~ SV §V)
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MPPROG

This program is the heart of the entire system and is the longest and most
complex program in CIDRS. The required inputs are impactor configurations from
DEF/IMP, stage weights from the impactor run, blank corrections to be applied
to the stage weights, sampling information regarding the gas volume sampled,
the sample duration, pressures and temperatures at meter, flue gas, and
impactor conditions, the particle density to be used if D50's are to be
calculated on a Stokes diameter basis, the flue gas composition and moisture
content, the diameter of the sampling nozzle, and the flue gas velocity..

Options availble to the user include:

1) Choice of the diameter basis to be used in the data presentation
--Stokes (physical), Classical Rerodynamic, and Impaction Aerodynamic.

2) Choice of using fixed calibration values for the values of the impactor
stage constants or values obtained from theory. The theoretical values include
the effects of jet Reynolds number and the jet to plate spacing and are
probably superior to the fixed calibration values in most cases. If the
theoretical values are chosen, the user must also specify the type of substrate
used as the use of fibrous substrates will reduce the effective stage
constant.

3)_Obtaining printed output of the input data and the results.

4) Saving either or both the inpdt data and results to disk for later
use.

PROGRAM OPERATION

The program operation proceeds through a number of subroutines which will
be described in more detail later. These routines can be broken down into six
fundamental operations. The first is related to program initialization and
requires no user input or intervention. The second is data input, which takes
place in three screen pages. The third deals with preliminary calculations of
such items as gas flow rates, stage pressures, jet velocities, gas viscosity,
and isokinetic ratio; this section requires little user intervention other than
restarting at program halts for display of intermediate information. The
fourth program block is the one in which the stage D50's are calculated. At
this point the user must select whether fixed calibration stage constants are
to be used or if theoretical values are to be calculated: and, if the latter
option is selected, select the substrate type for which they are to be
calculated. In the fifth block, the best log-normal fit is made and the spline
fit and interpolation/extrapolation are performed to obtain results at a
standard set of particle diameters. The final block provides screen and
printed displays of the results and handles disk storage of the data and
results as desired.
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Data Input

To select the MPPROG Program from the Main Menu, press 3 and then the
Return key. Then the MPPROG program will load and run.

Input to Page 1 of 3. First the user will be prompted as to whether an
old data set is to be loaded. If so, respond "Y" and a prompt for the File
Name for that data set will be given. After either choice, the program will
proceed to the data input/change routines. These consist of three menu pages
as follows:

Impactor Version 4.0 - Page 1 of 3

1) Part. Diameter Imp. Aero.
2) Date of Test:

3) Time of Test:

4) Location of Test:

5) Test Number

6) Test Type

7) Run Number:

8) Run Remarks:

9) Water Vapor 0.00%

C02 00.00% CO 0.00%

02 0.00% N2 00.00%
10) Impactor Type: : :
11) Particle Density 0.00 GRAMS/CC

12) Orifice ID (optional):
13) Substrate material:

ENTER: Q)UIT, P)AGE, OR NUMBER OF ITEM TO
ENTER/CHANGE:

MPPROG, Page 1 of 3, as shown on screen

If you wish to enter the cascade impactor test data on page 1 of 3, press
the item number of the variable and then type in the information {(in the
appropriate units).

The explanation, units, and choices for the variables on Page 1 of 3 of
MPPROG are as follows: ,

1) Select one of three types of particle diameters. The diameters are:
P (physical or Stokes), C (classical aerodynamic), or I (impaction
aerodynamic) . R

2) Enter date (ALPHA NUMERIC), such as July 18 1984 or 7/18/84.

3) Enter test time (NUMERIC) on a 24 hour basis, such as 1430 for 2:30pm.

4) Enter test location (ALPHA NUMERIC).

5) Enter field test number (NUMERIC). The test number 1is
expected to be keyed to major projects.

6) Select test type, either INLET or OUTLET. (Inlet to or outlet from
control equipment such as an electrostatic precipitator).
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7)

8)

2

10)

11)

12)

13)

Enter run designation (ALPHA NUMERIC).

The program will generate the FILE NAME from the test nunber,

the run designation, and the test type. If that file name already
exists in the run index file, the file name and run designation will be
rejected.

Enter remarks and comments about the cascade impactor source test run
(ALPHA NUMERIC). If lengthy comments are made, some of the menu items
may be pushed off the screen display.

The percent water vapor and dry gas composition will be obtained from
the METH4 and ORSAT program files. (These can be changed from the
keyboard here. The percent water can also be calculated by entering a
water volume on the next menu page if you wish),

Enter the name of the specific cascade impactor that was used in
DEF/IMP for specifying the hardware configuration. Data on the number
of jet stages, stage geometry, and stage calibration constants will be
obtained from the impactor file which was generated by the program
"DEF/IMP". You must run "DEF/IMP" before MPPROG to generate the
impactor file unless you select a "generic" impactor configuration
which is already on file, The generic impactors in the file include:

UW III GENERIC - UW Mark 3 Model, 7 stages
ANDERSEN GENERIC - Andersen Mark III, 8 stages
BRINK GENERIC - Brink Model, 7 stages

MRI 1502 GENERIC - MRI Model 1502

UW V ALL - UW (Pilat) Mark V, all 13 stages

"Enter only the selected impactor name (such as UW III GENERIC). Do not

inciude the /IMP portion of the file name.

Enter the particle density to be used in calculating the particle
Stokes (physical) diameter. Be very careful in what particle density
you use here. Note that with a particle density of 1.0 grams/cc
results in calculating the particle aerodynamic diameter (i.e.

diameter of sphere of unit density which has aerodynamic properties
equal to the actual real particle). If you select aerodynamic dia.
(item 1), the program sets particle density = 1.0 when the calculations
are done.

Enter the gas metering orifice identification diameter. Enter the ID
designation as 3 digits/period/alpha set name. The program gets the
orifice constants from the file written by the program DEF/ORI. This
orifice ID is not required unless the stack gas sampling flow rate is
to be calculated from an orifice meter rather than a dry gas meter. It
is useful to enter the orifice ID for completeness in run documentation
in any case.

Enter type of substrate used to collect particle samples on the jet
stages (examples are greased stainless steel foil, aluminum foil,
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quartz fiber filter, Kapton, etc.). This entry is not required to run
MPPROG, but it is useful to have a record cof substrate material or
coating (grease) used in the test.

Note that the numbers above correspond to the item numbers in Page 1 of 3 (Fig.
5). When the user has completed data entry into page 1 of 3, then press P and
RETURN and page 2 of 3 will appear.

Input to Page 2 of 3 - page 2 of 3 will appear on the monitor screen as
shown below:

1) GAS METER VOL .000 CUBIC FEET
2) IMPACTOR DELTA P .00 IN. HG.

3) ORIFICE DELTA P .00 INCHES H20
4) STACK PRESSURE .00 INCHES H20
5) BAROMETRIC PRES .00 INCHES HG
6) STACK TEMP 0 DEGREES F
7) METER TEMP ' 0 DEGREES F
8) IMPACTOR TEMP 0 DEGREES F
9) SAMPLE TIME .00 MINUTES
10) AVG GAS VEL .00 FEET/SEC
11) ORIFICE PRESS .00 INCHES HG
12) NOZZLE DIA .000 INCHES

13) MAX PART DIA : 60,00 MICRONS
14) VOL of CONDENSED WATER .00 CC

15) METER CORR FACTOR 1.00

ENTER: Q)UIT, P)AGE, or NUMBER OF ITEM TO
ENTER /CHANGE:

MPPROG, Page 2 of 3 as shown on screen

Now if vou wish to enter the impactor test data on page 2 of 3, press the item
number of the variable you wish to enter or change and return. The explanation
for the variables on page 2 of 3 of MPPROG are as follows:

1)

2)

3)

Enter dry gas meter volume in cubic feet. Set equal to zero (0) if the
gas flow is to be calculated from the orifice meter.

Enter the impactor gas pressure drop. If left at 0, the program will
calculate the jet stage pressure drop for each stage using standard
orifice equations and the impactor geometry, gas composition,
temperature, pressure, and gas sampling flow rate. Normally it should
be left at zero because the impactor pressure drop will not be measured
during the run.

Enter the gas flow rate metering orifice pressure drop. If the orifice
meter is downstream of dry gas meter and vacuum pump as in a standard
EPA METHS type sampling train the orifice meter pressure drop should be
entered as a negative value.
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4)

5)

6)
7)

8)

9)

10)

11)

12)

13)

14)

15)

Enter the static pressure of stack gas (negative if stack is below
ambient atmospheric pressure). This stack pressure is the pressure
difference (inches water gauge) between the stack gas and the
atmospheric barometric pressure.

Enter the atmospheric barometric pressure (inches mercury absolute) at
the elevation of the stack sampling location.

Enter the stack gas temperature (degrees F).
Enter the dry gas meter temperature (degrees F).

Enter the impactor temp. (degrees F). May differ from stack gas
temperature.

Enter the total time of gas sampling through impactor (minutes).

Enter the stack gas velocity (ft/sec). This is optional but needed if
the isokinetic ratio is to be calculated and if correction for
non-isokinetic sampling is desired.

Enter the orifice meter differential pressure to ambient. This is
negative if the orifice meter and dry gas meter were located upstream
of the vacuum pump as is done on occasion. Leave the value as zero if
the pump, orifice, and gas meter were in the standard Method 5

.configuration.

Enter the sampling nozzle diameter (inches). Optional, but needed if

"the isokinetic ratio is to be calculated or correction for

non-isokinetic sampling is desired.

Enter the maximum particle diameter (typically 60 microns for
controlled sources, 1000 microns for uncontrolled).

Enter the volume of condensed water collected if a moisture content
specific to this run is to be calculated. If left zero, the default or

previous value will be used.

Enter the dry gas meter correction factor if different from 1.0.

When the entry of data into page 2 of MPPROG is complete, press P and Return
and page 3 of 3 will appear.
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Input to Page 3 of 3

The page 3 of 3 of MPPROG data entry is shown in below:

Impactor Version 2.5 Page 3 of 3
MASS GAIN OF STAGE 1 .00 MG
MASS GAIN OF STAGE 2 .00 MG
MASS GAIN OF STAGE 3 .00 MG
MASS GAIN OF STAGE 4 .00 MG
MASS GAIN OF STAGE 5 .00 MG
MASS GAIN ON FILTER 6 .00 MG

MASS GAIN OF 7 BLANK SUBST. .00 MG
MASS GAIN OF 8 BLANK FILTER .00 MG

ENTER: Q)UIT, P)AGE, or NUMBER OF
ITEM TO ENTER/CHANGE:

MPPROG, Page 3 of 3, as shown on screen

Note that the number of stages shown on the monitor screen is dependent
upon the type of cascade impactor specified in item #10 on page 1 of 3 of
MPPROG. For example the 7 stage UW Mark III Generic has 7 stage weights, 1
filter Weight, 1 blank substrate weight, and 1 blank outlet filter weight (10
weights in total).

To enter the mass gains of the particles on the substrates under the jet
stages, on the impactor outlet filter, and on the blanks, press the number of
- the stage or of the filter or blank you wish to enter or change and Return.

Note that the program will subtract the blank weights from the measured
stage and outlet filter weights to correct for interferences. Negative or zero
net stage weights are not allowed - they will cause fatal errors. Therefore,
if a weight is zero, give it an infinitesimally small positive value. At this
point data entry for the run is complete.

Check Filename

The user should now check page 1 of 3 (press P) for the file name (Item #7
on page 1 of 3). This is an alpha numeric filename (name composed of letters
and numbers). This filename is generated by MPPROG from the impactor test
number, the impactor run number, and the test type (inlet to control equipment
or ocutlet from control equipment). aAn example of a filename is T1R2.,OT
(corresponds to test #1, run #2, outlet from control equipment).

Processing the Data

After completing the data entry, press "Q" and "Return" to begin
processing. Several intermediate results will be shown on the screen, after
which the program will pause with a prompt to the user to select the use of
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fixed calibration stage constants from the DEF/IMP generated file or
theoretical values for calculating D50's. If the theoretical option is
selected, further prompts will be given regarding the use of theory for the
first stage cut and the type of substrate that was used. The performance of
the first stage of most (or all) impactors differs substantially from theory
and a fixed calibration value is believed to be better than the value
calculated from theory. Fortunately, for most impactors, the first stage
normally operates at a relatively high Reynolds number and has a relatively
small jet to plate spacing, so the calibration value is likely to be valid,
NOTE: THE CALIBRATION VALUES OF THE STAGE CONSTANTS THAT WERE LOADED FROM DISK
ARE OVERWRITTEN IF THE THEORETICAI CONSTANTS OPTION IS SELECTED. Therefore if
new calculations using the calibration values of the constants are desired
after once having used theoretical values, the impactor hardware information
must be reloaded from disk. Theoretical constants are not available for slot
type impactors and must be recalculated for each run for round jet impactors.

After the stage D50's are calculated, the reduced size distribution will
be printed on the screen in cumulative percent by mass form and the log=-normal
and ‘spline fits will be made. The user will then be given prompts regarding
whether hardcopy of the results is desired and if the results or raw data are
to be saved to disk. If a number of runs are to be reduced with many of the
input variables remaining constant, it will probably be convenient to save the
raw data to be used later, with changes being made as needed, for reducing
other runs. This can save considerable time in data input. Finally the choice
of returning to the main menu or continuing with the reduction of more runs in
this program will be made.

Description of Major Subroutines in MPPROG
Initialization

Partial initialization takes place in lines 9 through 99 at which point a
jump to a subroutine from lines 1000 through 1399 takes place. The bulk of the
Format statements used in setting up the displays are found in these lines and
values of a number of important constants and flags are set up there. The
default moisture content and the dry gas analysis are read in by routines at
lines 1270 and 1300, The array of standard particle diameters for which
results are calculated is read in from disk by a subroutine at line 5700.

Menu Selection

A short subroutine at line 1400 is used to enter the users selection of
menu choices and check the choice for validity.

Data Entry

Data entry takes place in a series of three major blocks (screen pages) of
a subroutine beginning at line 2000. Lines 2000 to 2999 make up the first page
of data entry, which is primarily devoted to general information on the run and
the hardware used in making it. Lines 3000 to 3390 make up the second page of
data entry in which information is entered regarding sample volumes, flows,
pressures, temperatures, etc. Finally, catch weights are entered at the third
screen page which runs from line 3500 to 3690.
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In the first data entry page, a subroutine at line 2800 is used to check
for the wvalidity of disk files from which input is requested. Impactor
configuration files are read from disk by a routine beginning at line 2350,
File names for disk storage of raw data and results are formed when the run
identification is entered by a subroutine at line 2420. The file name is
constructed from the test number, run ID, and Inlet/Outlet designation. To
insure that previous files are not overwritten, the file name is checked
against an index file when it is formed. Ban existing file name cannot be used.
If the flow is to be calculated from orifice meter data, the orifice meter
calibration information is read in by a subroutine at line 2610. Entry of data
on the remaining pages 1s straightforward and self-explanatory.

Calculation Sequence

Upcn completion of data entry, the calculations take place in the
following sequence:

1) The gas viscosity and wet and dry molecular weights are calculated in a
subroutine at lines 4500 through 4810. The viscosity is calculated by a method
in which the viscosity of a gas mixture is calculated from the viscosities of
its constituents (Wilke, 1950). The individual component viscosities are
calculated from polynomial curve fits to data contained in the CRC Handbook of
Chemistry and Physics.

2) The impactor flow rate at standard conditiocns and at impactor
conditions (which- will usually be stack conditions) and the isokinetic ratio
are calculated from either the gas meter or orifice meter data as selected by
the user in a subroutine located in lines 4000 through 4050.

3) Stage pressure drops, jet velocities, and Reynolds numbers are
calculated in a subroutine from line 4900 through 4998. The pressure drops of
individual stages are calculated by treating the stages as orifice plates
having approach ratios of 0.2. The latter fiqure is close to that for the
stages of the Pilat impactors and for most other multi-jet impactors as well.
The coefficient of discharge is estimated based on the Reynolds number from a
fit to a curve given in Brown (1950). Gas compressibility is accounted for by
a correction factor given by Considine (1957). Some pressure recovery takes
place which lessens the permanent pressure loss from the jets from that
calculated by the orifice eguations. This recovery is accounted for by an
empirical correction factor which has been optimized for the Pilat (UW)
impactors. It is expected that the same correction should be suitable for most
commercial multi-jet impactors.

Tests of the pressure drops predicted by the program against measured
values for various combinations of stages of Pilat Mark III, V, and 10
impactors have been made. Impactor configurations with six to fourteen stages
were used in these tests. The impactors were operated at flow rates which
produced total pressure drops ranging from a fraction of an inch of mercury to
nineteen inches of mercury. The average signed error in the predicted total
pressure drop was -2.6 percent. The average unsigned error was 8.0 percent
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and the maximum error was 28 percent. The inlet pressure to each stage is the
important factor in calculating stage D50's. Because much of the total
pressure drop, and the error in the calculated total pressure drop, occurs at
the last stage, the accuracy of the pressure drop calculations is believed to
be adequate for the purpose. 1If the actual overall pressure drop through the
stages, exclusive of the backup filter is known, it can be entered and will be
apportioned through the stages by scaling from the calculated pressure drops in
lines 4965 through 4973.

4) Theoretical stage constants for D50 calculations are calculated, if
desired, in a subroutine from lines 20000 to 20090. The stage constants are
calculated from curve fits to theoretical values of /T__' versus Re and S/W
(Farthing, 1983). The basic fitting equations reproduce Farthing's theoretical
values over the range of Reynolds number from 10 to 3000 and S/W from 2 to 11
with a maximum error of +/- 3.5% and an average error of -0.2%. The fitting -
equations have been adjusted to account for a systematic bias of +7% in the
theoretical values as compared to laboratory calibrations. Corrections to the
theoretical stage constants can be made for the shifts which result from using
fibrous substrates. These corrections are based on comparisons of calibrations
of a number of Brink and Pilat impactor stages which were done at SoRI with
both glass fiber and greased substrates.

5) Stage D50's are calculated in an iterative. loop from lines 5000 to
5160. 1In the loop an initial estimate of the value of the Cunningham
correction factor, CU, is made and a value of the D50 is calculated using the
estimate. A new value of CU is then calculated using the D50 and the process
is repeated until successive estimates of CU differ by less than 0.02%, at
which time the loop is terminated. The last pair of values of D50 and CU are
retained as the final results.

6) The stage weights are used to form cumulative percentages smaller than
consecutive D50s beginning at the final stage and proceeding toward the inlet
in lines 5170 through 5350. Corrections for blank weight gains are made in the
process. The total measured mass concentration in at dry normal conditions is
calculated at line 5380.

7) Transformations to log-probability coordinates from linear diameters
and cumulative percentages are made preparatory to the spline and best
log-normal fits in lines 5500 through 5690 and 5775 through 5778. Any stages
to be omitted in the fits are dropped in lines 5581 through 5583, The data to
be fit are then reordered in lines 5780 to 5900 so that the stage index
increases from the filter to the impactor inlet rather than the entry order
from inlet to filter. If problems are encountered that would lead to a fatal
error, an error flag is set and the program will return to the data input
pages.

8) A least squares fit of the best log-normal approximation to the
distribution is made by a subroutine from line 10000 to 10150.
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9) A cubic spline is fit to the data for use in generating distribution
parameters at a set standard diameters in lines 6000 through 6290 (Lawless,
1978). A modification of the cubic spline described by Lawless 1is used. The
modification insures that no negative slopes will be generated. Interpolation
along the spline curve is used to generate distribution values at the standard
diameters which fall between the stage D50s and to extrapolate for those which
fall below the smallest D50 or above the largest. The extrapolations are
.carried to diameters far removed from the range of the stage D50s for later use
in averaging results from multiple runs. However, they should not be expected
to be very good, quantitatively, much farther than a factor of two in diameter
from the smallest and largest of the stage D50s., These interpolations and
extrapolations are made between lines 6500 and 6848.

10) Printed output of the raw data and results are done, if desired, by a
subroutine at lines 9000 through 9890.

11) If desired, results are saved to disk for later plotting and/or
averaging by a subroutine from lines 7000 through 7700. The results are
written to a text file and the text file name is added to an index file.

12) Raw data are saved, if desired, in two files by a subroutine in lines
30000,30090. All numeric information needed to reproduce the results are
placed in data arrays, if they are not already array variables, and a binary
save of the memory locations in which array variables are stored in the machine
is made. - This makes the numeric storage fast and compact. String variables
are simply written to a standard text file. Reloading of raw data from a
previously stored run is done through the following subroutine (lines 31000
through 31090)}.

13) A machine language subroutine for print formatting is appended to the
program as line 63999. THIS LINE MAY NOT BE EDITED - doing so will result in
an irrecoverable loss of the program. The subroutine is copyrighted and
permission has been granted by the copyright owner for its use here.
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Description of Variables in MPPROG

AV - average flue gas velocity

B( - intermediate value storage for spline fit

BS - first stage for which theoretical stage constant is to be generated

BU - address of the print formatting routine

BW - flue gas fraction moisture

C - dummy used in spline fit

CO0-C3 - constants used in normal transform

CC - previous value of Cunningham correction in iteration

CC( - final values of Cunningham corrections

CD - flue gas percent CO2

CM - flue gas percent CO

CP - metering orifice calibration pressure

CQ - metering orifice calibration flow rate

CT - metering orifice calibration temperature

CU - new value of Cunningham correction in iteration

CU( - cumulative mass fraction smaller than D50

D$ - DOS command prefix

DO-D3 - constants for inverse normal transformation

D5 - new stage D50 estimate in iteration

D5( - final stage D50s

D6( - stage D50s on impaction aerodynamic basis

DA - start of array storage address - used in raw data save

DA( - dummy array into which non-subscripted variables are placed
for data save

DC - discharge coefficient & square of same

DG( - dM/dLogD's

DI - metering orifice diameter

DJ( - jet diameters

DL - length of array space in memory - used in data save

DL( - estimate of slope in spline fit

DM - dry molecular weight of flue gas

DP - measured impactor stage total pressure drop

DP( - stage pressure drops

DQ - dummy used in spline interpolation

DQ( - dummy used in spline fit

DT$ - date

ET - convergence test value in spline fit

F$ - format strings

F$( - format strings

F( - gas composition fractions as array

Fl - flag for diameter basis on which spline fit is made

FA - used in fibrous substrate theoretical stage constant correction

FC - blank backup filter weight gain

FF - backup filter weight gain

FF$ - flag for substrate selection in theoretical stage constant calculation

FI - number of reduced data sets stored on disk

FI§ - file name for reduced data

FL - flag in normal and inverse normal transforms

FM - used in fibrous substrate correction
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FR - constant used in transforming form deg. F to deg. Rankine

FS - impactor flowrate at dry normal conditions

GD - gas density

GX, GY, GZ - constants used in theoretical stage constant calculations

H{ - 1lst differences for spline fit

Hl, H2 - scaling lengths for spline interpolations

H2( - 2nd differences for spline fit

HG - constant used in conversions from in. H20 to in. Hg

I - loop index

I$ - test type

IM$ - impactor type

INS - impactor comments

IS - percent isokinetic

J - loop index

JA( - jet areas

JN( - numbers of jets per stage

JS( - impactor stage constants

K - loop index & counter

L - mean free path

L$ - test location

L1-L9 - used in log-normal fit

LR - Log (Reynolds number) in base 10

LT - Ln(10)

LZ - used in log-normal fit

M({ - stage weight gains

MA - molecular weight of standard air

MF - gas meter correction factor

MR - number of stages to omit in spline fit

MW - wet molecular weight

MW( - individual constituent molecular weights

MX - number of menu items per page

MZ( - flag to skip a stage in spline fit

N2 - percent nitrogen

ND - nozzle diameter

NM$ - file name for data storage

NN - number of orifices in orifice set

NP - number of entries in array of standard diameters

NZ - number of data points to be used in spline fit

02 - percent oxygen in flue gas

OF - used in correcting for jet to plate spacing in theoretical
stage constant calculations

OK - file wvalidity flag

OM - relaxation parameter used in spline fit

OP - metering orifice pressure drop

P - menu selection variable

PB - barcometric pressure

PC - pressure differential to ambient at metering orifice inlet
(orifice upstream of pump)

PM - pressure conversion factor

PP - metering orifice calibration pressure

PR - used in spline interpolation

PS - stack pressure differential to ambient
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C - flow rate conversion factor cfm to cc/s

QI - impactor flow rate (acfm at impactor conditions)

Q0 -~ orifice flow rate

Qs impactor flow rate at dry standard conditions

R$ - dummy string for input and printing

RE( - stage Reynolds numbers

RH - particle density

RN$ - run designation

RO$ - orifice ID

RR$ - run remarks

S - number of stages in impactor (includes precollector but
not backup filter)

S1 - used in spline interpolation

S2(, 83( - used in spline fit

SC - weight gain of blank stage

SH - impactor type flag

SI( - impactor stage constants

SM$ - substrate material

SP - standard barometric pressure

SU - used in viscosity calculation

T - gas temperature, deg. C

T$ - time at which run was made

TC total mass concentration

TD - duration of sample

TH$ - flag for theoretical stage constants

TI - impactor temperature

TK - temperature, deqg. K

™ - gas meter temperature

TN -~ test number

TN$ - test remarks

TS - stack temperature

TX, TY - dummies for sorting

|

U - gas viscosity
U( - single constituent viscosity
VJI( - stage jet velocities

VM - meter volume

VT - total pressure drop

W - goodness of fit estimater for spline fit

WA - volume of condensed water

WD, WN, WX, WY, WZ - constants in equation for theoretical stage constant
X = dummy for file input

X$ - input dummy

X( - array of log(D50)'s

X0 - maximum particle diameter

X1-X3 - used in spline interpolation and as dummies
XM - sum of stage weight gains

XP( - array of standard diameters

XX$ - dummy for printing

XX( - LOGs of standard diameters

XY$, XZ$ - dummies for printing

Y - test number -

¥Y( - normal transforms of cumulative percents

Y1( - slope of spline fit
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Y2 - compression correction factor & square of same for stage
pressure drop calculation

¥Y2( - used in spline fit

YY$S - dummy for file checks

YY{ - cumulative percents in probability space

ZP - constant in theoretical stage constant equation

2Y - error flag

ZZ$ - dummy for file input

2Z28( - names of files in index file
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EXXXXXAKXXXXXXXAXXXXIMPACTOR VERSION 4. IXXXXEXXXXXXXXXKEXRSY

EXXXEXXXXXXEX INPUT DATA ¥XXXXXXXXEX

DPART. DIAMETER CLASSICAL AERODYMNAMIC

2)DATE OF TEST: 4/208/84

3YTIME OF TEST: 89864

4) LOCATION OF TEST: STACK

o) TEST NUMBER 8

&)TEST TYPE OUTLET

Z)RUN MUMBER: SAMFLECALC-FILE MAME:Te@RSAMPLECALC.QT
8) RUN REMARKS: DATA FROM SECTION S SAMPLE

18) IMPACTOR TYPE: W II1 SAMPLE
UM III WITH GENERIC Cal.

PIWNATER VAPOR 4.%14
cQz « 2274 co B34
a2 19.754 N2 za.8ak

12> ORIFICE ID (OPTIONAL): .128S
13> SUBSTRATE MATERIAL: APEIZON H

13 GAS METER VOL 448.1%98 CUBIC FEET
23 IMPACTOR DELTA P .88 IN. HG.

S ORIFICE DELTA P .88 INCHES HzC
43 STACK PRESSURE .88 INCHES H20
3 BAROMETRIC PRES 29.48 INCHES HG
&) STACK TEMP 308 DEGREES F
7YMETER TEMP 74 - DEGREES F -
) IMPACTOR TEMP 2e4q DEGREES F
) SAMPLE TIME 120.886 MINUTES
18>AVG GAS VEL o8.88 FEET/S3EC
11ORIFICE PRES .88 INCHES HG
1Z2YNDZZLE DIA « 188 INCHES
13yMAX PART DI# 186.2 MICROMS
14 WATER WOLUME . 43.8 CC

139 METER FACTOR 1.00086

MASS GAIN OF STAGE 1 21.57 MG
MaSS GAIN OF STAGE 2 3.11 M
MASS GAIN OF STAGE 3 4.84 MG
MRS5S GAIN OF STAGE 4 1.68 MG

MASS GAIN OF STAGE S . 8% MG
MaSS GAIN OF STAGE & AP MG
MASS GAIN OF STAGE 7 =13 MG
MASS GAIMN OF FILTER 1.36 MG
MASS GAIN OF ELANK SUBSTRATE -.21
MaSS GAIN OF BLANK FILTER 88
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EXEXXXERX RESULTS EXXXXXXXEX

TEST NUMBER: @ RUNM NUMBER: SaMPLECALC

ACTUAL FLOW RATE .S@1 CFM
FLOW RATE &T STANDARD CONDITIONS . 328 CFM
PERCENT ISOKINETIC 87.141 ¥
VISCOSITY | 229 .RE-846GM/CM SEC
CALCULATED IMPACTOR DELTA P = .72 IN. HG
STAGE CUNN. DF DP cuM RE . IXDSH
CORR. ¢CLAS &EROY {IMP AERD FREG. NO. UM-M~S
1 1.628 12.4084 12.728 a7 .z7a q35 23.5
2 1.819 13.1148 13.248 27.787 38S 19.4
3 1.843 5.7&44 S5.887  13.182 243 24.3
4 1.892 2.711 2.833 7.9493 15a 14,7
5 1.162 1.531 1.451 4.7811 178 1&.3
S 1.283 .828 . 745 2.9171 281 12.3
7 1.867 .432 . 548 T.4848 444 22.5
STAGE CUT DIAMETERS BASED ON FILE UALUES OF STAGE CONSTANTS
TOTAL MASS CONCENTRATION = 3.12E+81 MG/DRY NORMaL CUBIC METER
SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS
PARTICLE DIA. CUMFR CUMFR CuUM.MASS DM/ DLOGD
(MICRONS) <{STDDEW (PERCENT) (MG/DRY N.CU.METER>
188 - 1.8515 .21 . 7%E-81 2.Z1E-81
.159 - 1.3317 2.35 1.84E+60 Z.3BE-01
251 - 1.81z@ 2.54 1.a9E+a0 2.38E-a1
.398 - {.7922 2.68 1.14E+89 2.47E-@1
.431 - 1.7734 2.81 1.12E+88 Z2.55E-81
1.888 - 1.7478 4.1 1.25E+89 5.15E-41
1.585 - 1.45432 4.98 1.53E+88 2.7SE+@48
2.512 - 1.441@ 7 .48 2.33E+846 4.52E+04
3.931 - 1.2851 $.94 2. 18E+84 4.AGE+QMH
4.218 - 1.8548 14.58 4 .S4E+@a 1.28E+@1
18.888 - ,5984 27.48 83.57E+E06 Z.TEE+E 1
15.858@ . 1441 54.52 1.78E+81 &.87E+@ 1
25.128 1.2622 g2.54 Z.74E+@ 2.39E+8 1
3%.318 2.548% °9.44 2. 10E+61 4,14E+80
&3, 1680 S.4474 18@.a@ A.12E+6 4 1.18E-@4
168 .00 1998238 188 .68 3.12E+@1 f.ARE+@A
158.54@ 1naaaaq 168 .80 3.12E+41 d.BBE+Q@
251.298 1600300 i0@ .09 3. 1ZE+8 1 A.0BE+@R
398. 1@ 16aaaaa 166 .84 2. 1ZE+6 1 B.G8E+8@
631.88 180600080 166 .64 2.12E+81 6 .2AE+0808
¥%¥ INHALABLE PARTICULATE MATTER ¥%X
CUM MASS LESS THAN  1.38@8 MICRONM: 1.25 MGSDNMZ ¢ 4.81
CUM M&aSS LESS THAN 2.512 MICRON: 2.33 MGSDNM2 ¢ 7.4
ClM MASS LESS THaN 16.668 MICROM: Q.57 MG/DNMZ ( 27.48 ¥
CUM MASS LESS THAN 15.858 MICRON: 17.42 MG/DNM3 { S$4.52 0

NOTE: DIAMETERS FOR IMHALABLE PARTICULATE MATTER ARE
ON CLASSICAL ~AERODYNAMIC BASIS.
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XXXX¥ RESULTS CONTINUED XXx%¥

LOG-NORMAL SIZE DISTRIBUTION FPARAMETERS

LEAST SQUARES LIME: Y=-1.47 + L FEX
MASS MEDIAN DIAMETER: S5S4.%943
GEOMETRIC STANDARD DEVIATION: i1.814
CORRELATION COEFFICIENT: . 8583
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FXFXZEZERFAXARXXXEXKIMPACTOR VERSION 4. BXXXXXXXXXXKXXZERARKR

¥ELEXLXXEXAEE INPUT DATA XXXELXXEXELEX

1>PART. DIAMETER CLASSICAL AERQDYNAMIC
2)DATE GF TEST: 21884

3>TIME OF TEST: 2843

4>L0OCATION OF TEST: POWER PLANT

SYTEST NUMBER 1

&)TEST TYPE OUTLET

7)Y RUNM NUMBER: DEMOI-FILE NAME:TIRDEMO1.0T
8)RUN REMARKS: RAW DATA STORED ON DISK
16) IMPACTOR TYPE: UW WA/TIID DEMO
PC-3-4-5-7-%

PIWATER VAFOR 7.88x
Co2 12.88. co .88
oz 8.&8% M2 79.48%

12> ORIFICE ID (OPTIONSL) :
12) SUBSTRATE MATERIAL: APEIZON H OW SS

1) GAS METER VOL 5.885 CURIC FEET
2> IMPACTOR DELTA P .88 IN. HG.
IDORIFICE DELTA F -4.3 IMCHES Hz0
42 STACK PRESSURE .88 INCHES H20
D BAROMETRIC PRES 38.85 INCHES HG
&3 STACK TEMP 288 DEGREES F-
7YMETER TEMP S8 DEGREES F
8 IMPACTOR TEMP 288 DEGREES F
2) SaMPLE TIME 15.688 MINUTES
18)AVG GRS VEL 32.98 FEET/SEC
1150RIFICE PRES .88 INCHES HG
12)NOZZLE DIA . 188 IWCHES
13 MRX PART DIA S88.8 MICRONS
143 WATER VOLUME .8 CC
1SOMETER FACTOR 1.68488

MASS GAIN OF STRGE | 41.84 MG
MASS GAIN OF STAGE 2 14.8& MG
MASS Gall OF STAGE 2 &8.52 MG
MASS GAIM OF STAGE 4 5.432 MG
MASS GAIM OF STARGE S 1.57 MG
MASS GAIM OF STaAGE & .39 MG
M~SS GARIN OF FILTER .81 MG
MASS GAIN OF BLANK SUBSTRATE .8a
MASS GAIN OF BLAMK FILTER .a4a
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KEEXXXXXX RESULTS EXXEXXEXEX

TEST NUMBER: { RUN NUMBER: DEMOI

ACTUAL FLOW RATE .588 CFM

FLOW RATE AT STANDARD CONDITIONS .331 CFM

PERCENT ISOKINETIC §2.178 %

YISCOSITY 216.8E-846M/CM SEC

CALCULATED IMPACTOR DELTA P = .55 IN. HG

STAGE  CUNN. DP DP CUM RE. VEDSe

CORR. {(CLAS AERD) (IMP AEROD) FREQ. NO. UM=M.“5

1 1.818 12.266 12.378 42.857 954 22.9
2 1.844 5.844 5,154 22.147 415 21.3
3 1,879 2.823 2.933 16.284 171 15. 1
4 1.132 1.46%98 1.806 2.7438 217 15.9
5 1.249 .582 1.888 - ,55&9 322 21.8
é 1.457 .S8é Lot .8139% 441 21.2

STAGE CUT DIiAMETERS BASED ON THEQRETICAL VALUES OF STAGE CONSTANTS

TOTAL MASS CONCENTRATION = 5,11E+62 MG/DRY NORMAL CUBIC METER

SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS

PARTICLE DIA. CUMFR CUMFR CUM.MASS DMADLOGD

(MICRONS> (STDDEWV) (PERCENT> (MG/DRY N.CU.METER?
-. 188 - 8.12%4 .aa 8.08E+@@ S.82E-12
159 - &.8528 .98 0.80E+060 8.30E-88
.251 - 5.5733 .aa &.48E-@4 2.31E-84
.398 - 4.2987 .80 4.,44E-83 1.26E-81
L8631~ 33,1449 .08 3.98E-81 46.41E+08
1.688 - 2.4117 ey 4.85E+00 2.84E+01
1.385 =~ 1.9913 2.32 1.19E+8 1 &.32E+8 1
2.512 - 1.4117 7.98 4.83E+81 2.29E+82
3.981 -~ ,9349 17.44 8.56E+81 2.38E+82
6.318 - .s8148 26.94 1.38E+a2 2.60E+82
18.688 - .3121 37.79 1.73E+82 2.78E+@2
13.858 - .82%8 48.81 2.49E+82 2.75E+@2
25.128 . 2444 99.468 2.805E+82 2.77E+A2
39.818 L3387 78.43 3.468E+02 2.72E+62
&3. 188 L8726 Sa.8é 4.13E+@2 2.98E+82
laa .90 1.30848 70 .40 4.82E+82 2.23E+@2
158,58 1.9733 ?7.58 4.¥8E+62 1.27E+8zZ
251.290 3.38%783 99.98 5.18E+82 7.58E+00
3¥8.18 18.2844 iga.aa S.11E+82 S.8%E-19%
631.68 leBegeo 188 .9@ 5.11E+82 8.08E+89
%% INHALABLE PARTICULATE MATTER X¥%
CUM MASS LESS THAN 1.888 MICRON: 4.8& MG/ DNM3 | TE WD
CUM MASS LESS THAN Z.512 MICRON: 46,33 MG/DNM3 ¢ 7.%8 0
CUM MASS LESS THAN 18.888 MICRON: 192.72 MG/DNM2 ( 37.75 ¥
CUM MASS LESS THAN 15.850 MICRON: 249,19 MG/DNM3 ¢ 48.81 )
NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE

ON CLASSICAL ~ERODYNAMIC BASIS. A-ql



¥%¥%¥ RESULTS CONTIMNUED X%X¥
LOG-NORMAL SIZE DISTRIBUTION PARAMETERS

LEAST SQUARES LINE: Y=-2.59 + 2.45X
MASS MEDIAN DIAMETER: 11.3%92
GEOMETRIC STANDARD DEVIATION: 2.561
CORRELATION COEFFICIENT: ng-1-



ARXXXXXXEXEXXAXXXXXKXIMPACTOR VERSION 4, 0¥ € ¥ ¥ XX 4 XXX XXAXENXXXH

RXXXXXXKXXXEXX INPUT DATA XXXXXXXXEXK

DFART. DIAMETER CLASSICAL AERODYNAMIC
2)DATE OF TEST: 9-18-84

BDTIME OF TEST: 2@a43
4> LOCATION OF TEST:
S)YTEST NUMBER 1
&YTEST TYPE QUTLET

7YRUN NUMBER: DEMOZ2-FILE NAME:T IRDEMQOZ.OT
2 RUN REMARKS:

18> IMPACTOR TYPE: UM WIID DEMO
PC~3-4-5-7-9

POWER PLANT

PIWATER VARPOR 7 88X

COz 12.88% co .8

oz 8. &6 M2 7. 485
ORIFICE ID (OPTIONALY:

SUBSTRATE MATERIAL: APEIZON H ON

12>
1=

oo

1) GAS METER VOL 2.832 CUBIC FEET

2) IMPACTOR DELTA P
IORIFICE DELTA F

.88 IN. HG,
-1.1 INCHES HZzO

4) STACK PRESSURE .88 IMCHES H2u
3 BAROMETRIC PRES 38.85 INCHES HG
6) STACK TEMP 288 DEGREES F
7IMETER TEMP g DEGREES F
8) IMPACTOR TEMP 288 DEGREES F
73 SAMPLE TIME 15.88 MINUTES

18)AVG GAS VEL 60 .80 FEET./SEC

IDORIFICE PRES
12)NOZZLE DIA

.88 INCHES
. 129 INCHES

HG

13>MAX PART CIA S@e.8- MICRONS
14> WATER YOLUME .86 CC
1S'METER FACTOR 1.86068

MASS GAIM OF STAGE 1 72.32 MG

MASS GARIN OF STAGE 2 4.98 MG

MASS GAIMN OF STAGE 2 3.484 MG
MASS GAIM OF STAGE 4 3.78 MG
MASS GAIN OF STAGE S 205 MG
MASS GARIN OF STAGE & .41 MG
MASS GAIN OF FILTER .81 MG
MASS GAIN UF BLANK SUEBSTRATE a8
MASS GAIM OF BLANK FILTER .08
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XAXXXXXXX RESULTS EXXXXEXXXX

TEST NUMBER: 1 RUN NUMBER: DEMOZ

ALCTUAL FLOW RATE .281 CFM

FLOW RATE AT STANDARD CONDITIONS . 186 CFM

PERCENT ISUKINETIC $3.818 X

VISCOosITY 216.8E-846GM/CM SEC

CalLCULATED IMPACTOR DELTAR F = .17 IN. HG

STAGE CUNN. DP DP cuM RE. UXDS8

CORR. (CLAS AERO {IMP AERD) FREQ. NG . UM -M 5

i 1.a14 1&.4987 14.3518 6. 982 337 17.2
2 1.833 6.822 4.933 11.272 233 16.1
3 1.851 4.35¢ 4.44% 7.8895 ?é 13.1
4 1.881 Z2.7s8 2.88% 2.8381 122 15.4
S 1.149 1.4%8 1.486 .48246 ig1 1.6
& 1.271 . 832 . 937 .81135 248 19.5

STAGE CUT DIAMETERS BASED ON THEORETICAL VWALUES OF STAGE COMNSTANTS

TOTAL MASS CONCENTRATION = 1.18E+83 MG/DRY NORMAL CUBIC METER

SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS

PARTICLE DIaA.

CUMFR CUMFR

CUM . MASS

oM/ DLOGD

(MICRONS) (STDDEY) {PERCENT) {MG-DRY N.CU.METER)
.188 - 9.1598 .6@ @.08E+GR 1.45E-15
. 159 - 7.9764 .60 8.90E+08@ 4.81E-11
.251 - &.783% .88 8.60E+@a 2.66E-07
.398 - 5.5916é .80 1.27E-85 4.24E-84
.&31 - 4.398% .00 é6.87E-03 1.45E-a1
1.688 - 3.36891 .85 5.18E-8 1 8.48E+00
1.585 - 2.5084 .61 é.6FE+88@ S.98E+81
2.512 - 1.9979 2.29 2.52E+81 1.34E+82
2.981 - 1.5459 é.11 &.73E+0 1 2.73E+82
6.318 - 1.2443 18.63 1.17E+82 2..12E+82
18.988 - 1.8801 14.08 1.54E+@2 1.62E+82
15.858 - .9458 16.71 1.84E+82 1.44E+82
25.128 - .§330 26 .24 2.23E+82 2.15E+82
39.818 - .&852 24.66 2.72E+82 2.80E+92
63.188 - .4%94 30.88 3.40E+82 4.24E+@2
1808.88 - .2223 41.20 4.54E+82 7.53E+82
158.56 . 2854 é1.24 &.7SE+@z2 1.53E+83
251.26 1.5382 23.78 1.83E+83 1.44E+83
398.16 8.1798 19@.80 1.10E+@3 1.32E-1@
$31.00 1968690 100.00 1.18E+83 0 .0BE+0D
£%¥% INHALABLE PARTICULATE MATTER XXX
CUM MASS LESS THAN 1.8808 MICRONM: .52 MG/DNM3 < .85 %0
CUM MASS LESS THAN 2.512 MICRON: 25.28 MG/DNM3 ¢ 2.29 ¥
CUM MASS LESS THaN 18.888 MICRON: 154.28 MG/DNM2 ( 14.88 X0
CUM MASS LESS THAN 15.8528 MICRON: 184.86 MG DNM3 ¢ 18.71 ¥
&

MNGTE: DIAMETERS FGR INHALABLE PARTICULATE
ON CLASSICAL AERODYMNAMIC BASIS.

MATTER
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X*X%XX RESULTS CONTINUED %x%x
LOG-NORMAL SIZE DISTRIBUTION PARAMETERS
LEAST SQUARES LIME: Y=-3.68 + 2.87X
MASS MEDIAN DIAMETER: 38.713

GEOMETRIC STANDARD DEVIATION: 3.834
CORRELATION COEFFICIENT: . 8%7
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FXAXKKXEXXRXXKXXXXAXIMPACTOR VERSION 4 OXXXXXXKLXAXXALAXLXLX

RXXELXEXXKAEXR INPUT DATA XXXXXXXXXEXX

1) PART. DIAMETER CLASSICAL SERODYMNSMIC
2)DATE OF TEST: 21884

BTIME OF TEST: 2843

4> LOCATION OF TEST: POWER PLANT

5y TEST NUMBER i

S3»TEST TYPE OQUTLET

7)Y RUN NUMBER: DEMO2-FILE NAME:T IRDEMO3.0T
8) RUN REMARKS:

18> IMPACTOR TYPE: UW W III DEMO
PC~3-4-5-7-%

PIWATER VAFPOR 7.88Y

CcG2 12.80% Co . B8
02 8.é8% N2 79.4@x

123 ORIFICE ID (GPTIONAL>:
13 SUBSTRATE MATERIAL: APEIZON H ON SS

12 GAS METER WOL 3.397 CUBIC FEET
2) IMPACTOR DELTA P .88 IN. HG.
IJORIFICE DELTA P -1.,% IMCHES HZ0
43 STACK PRESSURE .88 INCHES H2Z0
JYBAROMETRIC FRES 38.85 INCHES HG
&) STACK TEMP 284 LDEGREES F
TIMETER TEMF 7% DEGREES F
8> IMPAHCTOR TEMP 284 DEGREES F
?) SAMPLE TIME 15.88 MIMUTES
182G GRS VEL 77.38 FEET/SEC
113 0RIFICE PRES .88 IMCHES HG
12)M0ZZLE CIA . 125 INCHES
130Hax PART UIA J88.8 MICRONS
14 WS&TER WVOLUME .8 CC
1SYMETER FALCTOR 1.0088

MASE GAIM OF STAGE 1| 12.87 MG
MASS GAIM OF STAGE 2 7.18 MG

MASS GAIN OF STAGE 3 4.71 MG
MASS GAIN OF STaGE 4 2.32 MG

MASS GAIN OF STAGE S 1.78 MG
MASS GAIM OF STAGE 6 .29 MG

M&SS GAIN OF FILTER .81 MG
MASS GAIM OF BLANK SUBSTRATE .04

M&asSS GAIN OF BLANK FILTER .08
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EXEXXXXKXXX RESULTS EXXEXKXXAX

TEST NUMBER: 1| RUN NUMBER: DEMO3

ACTUAL FLOW RATE . 368 CFM

FLOW RATE AT STANDARD CONMDITIONS . 237 CFM

PERCENT ISOKINETIC ?1.889 X

VISCOSITY 217 .7E-856M/CM SEC

CALCULATED IMPACTOR DELTA P = 28 IN. HG

STAGE CUNN. DP bP curM RE. LxDGe

CORR. (CLAS AERO) (IMP AERD FREG. MO, U =5

1 1.815 14.567 14.81% 57.581 &82 19.53
2 1.8437 5.998 4.118 33.%1s 2958 18.2
3 f.882 3.483 3.714 18.3%92 122 13.%
4 t.1@81 2.235 2.3435 6.7348 155 i7.8
S 1.187 1.283 311 . ?888 2348 208.1
& 1.340 S71 EPT . 8334 314 28.1

STAGE CUT DIAMETERS BASED ON THEORETICAL UALUES OF STAGE CONSTANTS

TOTAL MASS COMCENTRATION = 3.81E+82 MG/DRY NORMAL CUBIC METER

SPLINE FIT.ON CLASSICAL AERODYNAMIC DIAMETER BASIS

PARTICLE DlA. CUMFR CUMFR CUM .MASS DM/DLOGD

(MICRONS) (STDDEW) (PERCENT) (MG/DRY N.CU.METER?
.18 - 7.8138@ .a8 @.88E+00 2.58E-11
L1598 - 56.7488 .88 8.00E+80 8.37E-88
.251 - 5.4885 .08 2,87E-84 4.231E-85
.398 - 4.48144 .88 46.83E-84 1.52E-62
831 - 3.5486 .82 S.B9E-62 1.18E+06

1.088 - 2,46459 .41 1.23E+088 1.56E+81

1.585 - 1.932¢9 2.88 g8.02E+08 5.49E+@ 1

2.512 - 1.34499 8.93 2.569E+81 1.44E+082

3.981 - .?%1é 21.43 é.44E+8 1 2.13E+8z2

6.318 - 3738 35.43 1.67E+82 Z2.04E+@2

ta.a8@ - .8449 48.21 1.45E+082 1.81E+@2

15.858 .2182 58.64  1.77E+82 3.35E+081
25.1z8 . 3432 &4.18 1.#3E+@2 8.43E+@1
39.818 .523 69.97 2.11E+82 ?.16E+01
43.166 7244 7&.94 2.31E+82 1.a9E+82
180 .88 1.81%8@ 24.39 2.55E+82 1.34E+082
158.58a 1.5448 ?2.98@ Z2.83E+@2 1.38E+82
251.20 2.819% ?9.76 . 3.81E+82 2.43E+81
398. 1a 7.4883 188 .40 3.alE+a2 3.44E-16
&631.080 1a0p0080 168 .08 3.81E+82 @.00E+0886

¥%¥%¥ IMNHALABLE PARTICULATE MATTER XXX

CUM MASS LESS THAM 1.6686 MICRON: 1.23 MG/DNMI .41 >0
CUM MASS LESS THAN 2.512 MICRON: 248.?21 MG/DMNM3 ¢ 8.93 ¥
CUM MASS LESS THAN 18.8606 MICRON: 145.23 MG/DNM3 ¢ 48.21 0
CUM MASS LESS THaN 15.856 MICRON: 1748.45 MG/DNM3 < 58.44 20

NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER ARE
ON CLASSICAL AERODYMAMIC BASIS.
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¥%¥¥%x RESULTS CONTIMUED XXXX

LOG-NORMAL SIZE DISTRIBUTION PARSMETERS

LEAST SQUARES LIMNE: ¥=-2.62 + 2.488X
MASS MEDIAN DIAMETER: ?.584
GEOMETRIC STANDARD DEVIATION: 2.35%
CORRELATION COEFFICIENT: «7A5
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EEXXXXAXEXXAXXXXXREXIMPACTOR VERSION 4. 0¥ X¥¥¥EXEXFXENXEFEHNE

EXRXEXAXEEEXX INPUT DATA EXXXXXXXXXY

1»PART. DIAMETER CLASSICAL AERODYNAMIC
2)DATE OF TEST: 9/18/84

DTIME OF TEST: 2843

4)LOCATION OF TEST: POMWER PLANT

S TEST NUMBER 1

&) TEST TYPE
7) RUN NUMBER :
8) RUN REMARKS:

INLET

DEMO1-FILE NAME:T1RDEMO1.IT

18> IMPACTOR TYPE: UW 111 DEMO

PC-3-4-5-7-9

FIWATER VAPOR
Co2 12.886%
oz 8.s0%

122
13>

12 GAS METER VOL

7.88%
co .88
Nz 79.48%

ORIFICE ID (OPTIONAL) :
SUBSTRATE MATERIAL: APEIZON H ON SS

1.881 CUBIC FEET

2) IMPACTOR DELTA P .88 IN. HG,

D ORIFICE DELTA P -4.3 INCHES H20
4) STACK PRESSURE .88 IMCHES H20
3 BAROMETRIC PRES 3@8.@5 INCHES HG
&) 8STACK TEMP 289 DEGREES F
METER TEMP g8 DEGREES F
8) IMPACTOR TEMP 288 DEGREES F
FYSAMPLE TIME 3.46 MIMUTES
18>AVG GA4S VEL 52.%98 FEET~SEC
11)0RIFICE PRES .88 INCHES HG
120NOZZLE DIA . 188 INCHES
13HMAX PART DIA igga.a MICRONS
14 WATER VOLUME .8 CC
13YMETER FACTOR 1.8040

MASS GAIN OF STAGE 1t 92.78 MG
MASS GAIN OF STAGE 2  14.26 MG
MASS GAIMN OF STAGE 3 g.8% MG
MASS GAIM OF STAGE 4 4.63 MG
MASS GAIN OF STAGE S 1.57 MG
MASS GAIN OF STAGE & .39 MG
MASS GAIN OF FILTER L83 MG

MASS GaRIMN OF BLAMK SUBSTRATE
MASS GAIN OF BLANK FILTER

e
.08
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EXEXXXXEX RESULTS AEXRKXRXKEXRX

TEST NUMBER: 1 RUN NUMBER: DEMO1
ACTUAL FLOW RATE .58@8 CFM
FLOW RATE AT STANDARD COMDITIONS
PERCENT ISOKINETIC 82.178 %
YISCOSITY

214.8E~-8s86M/CM SEC

.331 CFM

CALCULATED IMPACTOR DELTA P = .03 IN. HG
STAGE CUNN . bP DP cm RE
CORR. (CLAS AERD (IMP AERD FREQ. NO
1 1.818 12.268 12.378 24,339 4
2 1.644 5.844 5.1549 12.788 4
3 1.87% 2.823 2.933 5.444@ i
4 1.132 1.698 1.8846 1.486586 2
2 1.24¢ 702 1.8a8 . 383a 3
& 1.457 .586 LH11 L8653 4

STAGE CUT DIAMETERS BASED OWN THEORETICAL VALUES OF STAGE CONSTAMTS

TOTAL MASS CONCENTRATION =

. Vxnsa
. UM~M.3
56 22.9
15 21.3
71 15,1
17 ig.n
22 Z21.8
41 21.2

SPLINE FIT ON CLASSICAL SERCODYNAMIC DIAMETER BASIS

PARTICLE DI&. CUMFR CUMFR  CUM.MASS  DM/DLOGD
(MICRONS) (STDDEWV) (PERCENT) (MG/DRY MN.CU.METER)
.188 - 4.9a@58 .69 2.87E-03 2.49E-82
. 159 —~ 4.4248 .89 2.13E-82 2.34E-8 1
251 - 3.9447 .00 1.7&8E-8 1 1.74E+88
.398 - 3.4646 .83 1.16E+086 1.83€E+21
é31 - 2.9972 .14 5.95E+8a 4.36E+6 1
1.888 - 2.5793 .S58 2.18E+81 1.19E+82
1.585 - 2.1923 1.42 é.16E+8 1 3.31E+82
2.512 - 1.721% 4.25 1.85E+82 9.45E+672
3.981 - 1.3841 .57 4,17E+@2 1.30E+83
$.318 - 1.8882 15.87 4$.82E+82 1.32E+83
1@.8e8 - .7842 21.45 9.43E+82 1.30E+a3
15.856 - .&729 25.85 1.65E+@3 2.88E+82
75.128 - .4384 24.42 1.1SE+83 3.23E+02
39.818 - .S5775 28.11 1.22E+83  4,25E+82
é3.186 - .S51a4 28.49 1.33E+83  &4.35E+82
168 .88 - .4858 34,27 1.49E+03 1.88E+83
158.58 - .2278 48 .99 1.78E+83 1.98E+83
251.20 . 1046 54.17 2.38E+03 4.82E+073
298, 19 .8421 80 .81 2 .48E+83 7.BBE+63
431.806 3.2357 29 .94 4,.35E+03 2.26E+82
XXX INHALABLE PARTICULATE MATTER ¥%¥
CUM MASS LESS THaN 1.@@6 MICRON: 21.388 MG/DNM3
CUM MASS LESS THAN 2.512 MICRON: 185.25 MG/DNM3
CUM MASS LESS THaN 18.898 MICRON: $42.57 MG/DNM3
CUM MASS LESS THaM 15.858 MICROMN: 1896.9 MG/DNM3

NOTE :

ON CLASSICAL AERODYHAMIC BASIS. A—50

DIAMETERS FOR INHALABLE PARTICULATE MATTER

.08

4.25

25.83
SRE

21.58%5

4.35E+83 MGA/URY NORMaAL CUBRIC METER

¥
o
oy



XX%% RESULTS CONTINUED X%X%%
LOG-NORMAL SIZE DISTRIBUTION PARAMETERS
LEAST SOQUARES LINE: Y=-2.57 + 1.87X
MASS MEDIAN DIAMETER: 23.827

GEOMETRIC STANDARD DEVIATICN: 2.432
CORRELATION COEFFICIENT: . 786
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STATIS and SYNTRAV

STATIS and SYNTRAV are programs for combining data from multiple runs.
STATIS provides results by forming simple averages of the data from the
selected runs, while SYNTRAV provides velocity weighted averages. If the runs
to be combined were taken at different locations in a duct in which the
velocity distribution was badly skewed or non-uniform, the averaging should be
done using SYNTRAV as the velocity weighted average will more nearly represent
the true average emissions. SYNTRAV is intended to be used to combine results
from several partial traverses of the duct to form one full traverse. Each
partial traverse is expected to cover a defined portion of the duct with no
overlap among them. Both programs will provide corrections for errors
resulting from anisokinetic sampling to be made by particle size if the user so
desires. A maximum of 20 runs can be averaged by the programs as they re
currently dimensioned.

The programs actually average only the differential form of the
distributions. The values of dM/dlLogD for the standardized set of diameters
generated and stored on disk by MPPROG are picked up from the data disk for
averaging as the runs are selected. If three or more runs are being averaged,
outliers can be identified and removed from the averaging process at the user's
option. Average cumulative forms of the distribution are generated by
integrating the average differential distribution. The average distribution in
the cumulative concentration form is obtained directly by the integration. The
average distribution in the cumulative percent by mass form is obtained by
normalizing the average cumulative concentration form. By constructing the
averaged cumulative forms of the distribution in this way the effect of errors
in the original data for single stages can be rémoved from the results-if
outliers are removed without discarding data from other valid stages. If the
cumulative distributions were averaged directly, an error at any one stage of a
run would propagate forward through the remainder of the distribution if the
erroneous data were not dropped. But if outlier analysis were used, it might
then result in the loss of valid data from other stages. If three or more runs
are averaged, the program also provides 90% confidence limits for the results.

Program Operation

At startup, the user is asked if correction for anisokinetic sampling is
desired. If so, the values of dM/dLogD will be corrected for each selected run
as it is read into memory.

The runs to be averaged are selected by specifying the test type (Inlet or
Outlet), the test number, and the run designations. Mixing of test types is
not permitted. It is anticipated that a single test number will be used to
identify a major test program or series of tests, consequently all the runs to
be averaged will probably share a common test number and only the run
identifiers will be different. If this is the case, once the test number is
entered and the type is specified, only the run identifier must be specified to
read it intc memory. Runs with different test numbers can be averaged
however,
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The data entry options and program operation are controlled by entering a
number, 1, 2, or 3, the letter "C", or the letter "Q". These result in the
following actions:

1) Toggle the test type between Inlet and Outlet
2) Selects entry of the Test Number

3) Select entry of the next run to be used by entry of the run identifier (the
characters between the "R" and the ".IT" or ".0T" in the run file name).

C) Display the contents of the index file for the reduced runs stored on the
disk.

Q) Quit the selection process and proceed with the averaging.

Each time a run is selected the Test Number, Run identifier, and Test Type
are combined to form the run (result) file name. This name is checked against
the index file and if the name is valid, the file is read. As the file is
read, the diameters at which the spline interpolations were made in MPPROG are
checked to be certain that they are consistent from run to run, and the
diameter basis on which the fits were made are checked for consistency. If a
run is selected for which either the diameters or diameter basis is not the
same as that of the first run entered, it is rejected for inclusion in the
average and a message'to that effect is written on the screen. If corrections
for anisokinetic sampling is desired, a run will be rejected for which the gas
velocity and/or nozzle diameter was omitted in the MPPROG data entry. A
message to this effect will be given in such a case. Once a run is read into
memory and accepted, a counter for the sequence number of the hext run to
entered, if any, will be advanced and a new prompt line for input option "3%
will be added.

If the sampling areas covered by the runs being combined in SYNTRAV were
not equal, the user will be asked to enter appropriate value after the data for
each run has been read from disk and validated., The value entered may be the
actual area spanned by the run or the fraction of the total duct are
represented by the run, but must be consistent for all runs in the set.

After all runs to be averaged have been selected and "Q" is entered, the
user will be asked if outliers are to be dropped. Once this question is
answered the calculations will proceed. Upon completion of the calculations
the results will be displayed on the screen. A value of 3.0 E+33 is used for
the confidence interval as a flag if insufficient runs were averaged for a
meaningful confidence interval to be calculated. Following the screen display
the user will be given prompts regarding whether printed copy and saving the
results to disk are desired. 1If the results are to be saved to disk, a prompt
for a file name will be given., No index file is maintained for these file
names. If plots of the averaged results are desired or if they are to be used
for calculating fractional efficiencies, they must be saved on the disk.
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Program Description

Initialization is done in lines 6 through 35 and in a subroutine from line
1000 through 1399. The index file of the reduced data stored on the disk is
read during this initialization.

Selection of the input options is made through a subroutine from line 1400
through 1450 from the major input routine 2000 through 2179. The index file is
displayed by a subroutine from line 1460 through 1510. The run file name is
constructed and checked in lines 2175 through 2180, Data files are read in
lines 3000 through 3048. Checks for file consistency are done in lines 3049
through 3078,

The values of dM/dLogD are reconstructed from the file information and
corrections for anisokinetic sampling are made in lines 3125 through 3150. The
Corrections for anisokinetic sampling are made using an equation developed by
Beleyev and Levin (19 ).

The actual averaging process takes place in a subroutine which begins at
line 4000 and ends at line 4400. Values for Students t-table at the 90%
confidence limit are set up for 2 through 9 samples in lines 4040 through 4110.
These are used in the outlier tests and in calculating the 90% confidence
limits for the results. The t-table value for an infinite number of samples is
used if 10 or more runs are being averaged. The averaging takes place in lines
4130 through 4235, Outlier tests are performed in lines 4240 through 4275.
The outlier tests are performed as described in Appendix F of EPA Publication
600/9-76-005 (Quality Assurance Handbook for Air Pollution Measurement Systems.
Volume I - Principles). The integration for calculation of the average
cumulative concentration is done in lines 4381 through 4388. The values of the
cumulative concentrations smaller than the first standard particle diameter
from the MPPROG data files are averaged and used as a constant of integration.

The screen display of the results is done by a subroutine from line 5000
through line 5110. Printed output is done in lines 6000 through 6400, and the
disk save 1s done in lines 7000 through 7100.

A machine language subroutine for print formatting is appended to the
program as line 63999, THIS LINE MAY NOT BE EDITED - doing so will result in
an irrecoverable loss of the program. The subroutine is copyrighted and
permission has been granted by the copyright owner for its use here.

Description of Variables

A - menu selection dummy

AV - duct velocity for last run read from disk

B - intermediate value in anisokinetic correction
BA - constant in anisokinetic error correction

BB -~ constant in anisokinetic error correction
BU - print formatter address - .
C({ - confidence intervals

Cl-C3 - constants used in conversions from probabiliby scale
CI( - confidence intervals
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CK - error flag

CP( - average cumulative percent

D$ - DOS command flag

DO - intermediate value used in probability scale conversion
DB$ - diameter basis for spline fit

DG( - dM/dLogD

DT$ - run date

F$( - print format statements

FO$-F3§ - print format statements

FA$ - print format statement

FBS - print format statement

FL - flag used in probability scale conversion
FM$ - print format statement

FM$( - print format statements
FP$ - print format statement
I - loop index

I$ - input file type designation

ICs - flag for anisckinetic correction
I0$ - run type

IS - percent isokinetic

J - loop index

K - loop index

KF - constant in anisokinetic correction
LS sampling location

M( average dM/dLogD's

MX - index counter for run input

N - number of runs selected

ND - nozzle diameter

‘NI - index number of next run to be input
NM$ - run data file name

NN - Number of points retained in average
NP - number of particle diameters in standard set
NR ~ number of run data files on disk

OK - error flag

OL$ - do outlier flag

R - isokinetic ratio

R$ - dummy for printing

RH - particle density

RN§$ - run designation

RR$ - run remarks

RT - intermediate value in anisokinetic correction
S = number of stages in impactor

S( - standard deviations

S8 - sum of squares of deviations

SX - sum of dM/dLogD's

T$ - run time

TC - total concentration

TC( - t-table values at 90% confidence level
TN - test number

U - gas viscosity

VE( - flue gas velocity

VS - dummy used in averaging
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X - input dummy

X( - standardized diameter array

X1-X3 - used in conversion from probability scale
XP( - particle diameters

Y( - particle concentrations

YY( - cumulative percent in probability units

Z -~ dummy for outlier test

2Z - dummy for outlier test

Z2Z$ -~ diameter basis
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EXX¥%X RESULTS OF STATIS(TICS) WITH ISOKINETIC CORRECTIONS ¥%¥%¥XX%

RESULTS OF ~VERAGES FOR RUNS

TIRDEMO1.QT
T1RDEMGOZ.OT
TIRDEMQZ, 0T

CLASS. AERO DIA.

DIA.
MICROM

.18
.18
.23
.48
.53
1.009
1.59
2.51
3.98
&6.31
1a.88
15.85
25.12
39.81
$3.18
180 .80
158.58
251.20
3%8.1a
431.08

DM/ DLOGD
MG DMM3

1.38E-11
5.06E-08
?.82E-85
4.73E-82
2.58E+04
1.72E+81
S5.94E+61
1.&45E+82
2.31E+82
2.18E+@82
1.71E+62
1.48E+82
1.47E+B2
1.78E+82
2.35E+@82
3.,39E+82
S.51E+8Z
4.57E+@2
4.69E-11
8.80E+88

FOR TOTAL MASS:”

PP97.8

S.,38E+82

STD DEV

1.91E-11
4.81E-68
t.19E-84
é6.87E-82
3.,350E+086
1.81E+01
2.13E+0640
S.81E+81
3. 13E+a@1
2.31E+@1
S.38E+6 1
7.87E+8 1
g8.14E+@1
?.38E+01

1.49E+82 |

3.23E+@2
7.5&E+82
7.66E+B2
F.H8E-11
8.80E+00

4.15E+82

>@> CON
IWNT

3.22E-11
8.11E-88
2.81E-64
1.168E-8G1
S.44E+8R
1.71E+81
S.27E+a6
8.44E+01
S.27E+@1
3.879E+81
?.845E+@ 1
1.33E+82
1.37E+az2
1.38E+82
Z.91E+02
5.45E+082
1.27E+83
1.29E+63
1.19E-19
a.686E+80

7.80E+82
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CUM LOAD.
MG DHNM3

@.08E+aa
7.41E-69
S5.58E-06
5.32E-83
1.85E-a1
2.83E+88
8.91E+G0
3.49E+01
7.23E+0 1
1.146E+82
1.58E+672
1.89E+82
2.20E+82
2.57E+82

2.9SE+@2

3.58E+82
4.48E+a2
5.38E+82
S.7YE+8Z
3.99E+02

$8% COM

INT

o.e0E+a@
3.11E-8%
Z2.81E-85
1.18E-82
S.84E-81
1.89E+@n
2.s68E+80
8.85E+a8
1.33E+41§
1.48E+6 1
1.78E+61
Z2.48E+81
3.87E+@ |
3.71E+@1
4.7SE+6 1
7.40E+81
1.5823E+@2
2.41E+82
2.72E+@82
2.73E+82

CUk

.8
.08
.84
.86
L83
.44
1.4%
a.3273
12.68
19.33
28,14
31.56
34,74
42.85
49 .6%
39.8%
F3.3%3
8¢.83
6@ .a
168.86



X¥¥¥EXEX VELQCITY WEIGHTED AUVERAGES xXxXXXX

RESULTS OF AUERAGES FOR RUNS

TIRODEMOL . QT
TIRDEMQ2.0T
TIRDEMGR. 0T

CLaSS. ARERC DIA.

DiA.
MICRON

.18
.18
.23

. 4@
.43
1.88
1.5%
2.91
3.8
&.31
1e.a8
15.85
2%.12
39.81
&3..18
186 .89
158.58
251.26
39&.18
&31.88

D/ DLOGD
MG/ DNM3

1.61E-11
3.71E-88
?.88E-6C
4.14E-02
2.31E+88
1.86E+81
S.98E+@ 1
i.81E+82
2.29E+@2
2.87E+62
1.87E+82
1.38E+62
1.39E+42
1.79E+62

2.24E+82 .

3.25E+82
SL,27E+82
4.34E+02
2.87FE-11
8.08E+@06

FGR TOT&L MAaSS:

P99?.8

&, 12E+62

STD DEV

S I S T AR ) N

S e N W R D) G

Ch

.38E-11
.21E-68
.TBE-BS
LS1E-82
. FAE+QD
. 74E+68
L ODE+88
17E+0 1
LETE+B 1
.Z28E+@ 1
.GdE+@ 1
.11E+81
JS2E+A ]
. 28E+81
.32E+E2Z
.B1E+B2
16E+G2
L24E+82
.FEE-11

8.860E+08

. r4E+BRZ

Far. CON
INT

4.01E-11
2.78E-48
1.44E-94
?.45E-82
4.55E+@a
1.34E+8 1
1.44E+81
5.33E+81
& I9E+B 1L
2.82E+01
4. 14E+@1
2.51E+81
. 4AFE+G
1.23E+82
2.z29E+82
5.87E+82
1.28E+83
1.22E+83
1.13E-18¢
8.80E+00

&.21E+82
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curt Losb,

MG/ D3

g.a6E£+08
F.o2E—-89
S.82E-8a&
5.534E-83
1.65E-681
2.53E+608
8.48E+@R
3.41E+61
7.88E+@ 1
i.14g+82
i.54E+82
1.835E+82
2. 14E+62
2.48E+82
Z2.87E+82
3.45E+82
4,29E+82
S.17E+82
S.75E+82
S.75E+B2

ver, COH
T

LBRE+RE
.FRE-OY
.&64E-85
.42E-@a3
LODE-| 1
1.48E+98
Z.d44E+086
&.B88E+6E0
1.a2E+81
1.285E+at
1.45E+@
1.77E+81
Z.28E+@1
2.5FE+81
3.71E+81
&.A7FE+8 1
1.48E+82
Z2.23E+82
2.5&4E+82
2.536E+82

L0 o 0D

R o0

L6

RV I

u P e s e
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L) ® =D

Pt pa
0
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COMBO

SYNTRAV provides a means of combining data from several partial traverses
of a duct to synthesize a complete traverse. However, if several of these
synthesized traverses are to be averaged, neither STATIS nor SYNTRAV can do the
job because they are set up to work from files produced by MPPROG. This
program, COMBO, provides the capability of averaging synthetic traverses from
SYNTRAV (or STATIS) in the same manner that STATIS provides for single runs.
The program reads files produced by SYNTRAV, averages the values of dm/DLogD
and integrates the averaged dM/dLogD's to provide the averaged cumulative forms
of the distribution. Mixing of sets having different diameter bases is not
allowed nor is mixing of inlet and outlet sets., Outliers can be removed at the
user's discretion. The output is available in hardcopy and can be saved to
disk for plotting by STATPLOT and use in calculating fractional efficiencies by
EFFICIENCY. The user inputs are selection of set type (Inlet or Outlet) and
the SYNTRAV file names for the sets to be averaged.

Program and Variable Descriptions
SYNTRAV is simply a modified version of STATIS which has been set up to

obtain its input from files like those generated by STATIS rather than MPPROG.
For detailed descriptions refer to the documentation for STATIS.
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Fail COM
INT

2.21E-12
1.49E-89%
7.TEE-BS
5.467E-83
2.51E-81
&.83E-61
3. 7PdE-@&1
4.25E+886
2.8%E£+048
2.57E+88
4.28E+88
?.33E+68
1.03E+81
1.85E+8 !
1.1ZE+8 1
1.25E+81
2.18E+61
2.28E+8 1
2.12E-12
f.aRE+BE

2.58E+a1

¥¥%¥  AVERSGES OF SYNTEHESIZED
RESULTS OF SVERAGES FOR RUNS
STATIS DEMO WITH IS0 CORR
EMFACT DEMO WITH 150 CORR
STaTIS DEMO WITH IS0 CORR
EMFACT DEMO WITH IS0 CORR
CLASS. AERO DIA.
DiA. DHM/DLOGDR  STD DEW
MICRON MG D3
.18 1.947E-11 1.32E-12
16 D5.83E-88 8.87E-18
.25 ¥.41E-65% 4.71E-8¢
.48  4.44E-A2 3.38E-83
.83 2.45E+88 1.58E-81
{.88 1.89E+81 3.868E-81
i.99 S.9ZE+a1 2Z2.3ZE-@1
2.51 1.43E+82 Z.54E+086
3.78 2.38E+82 1.24E+0@86
$.31 2.89E+82 1.54E+4d8
l6.68 1.8%E+82 2.55E+4@
15.85 1.43E+82 S.57E+@0
25.12 1.84E+82 ¢&.(7E+@Q
39.81 1.84E+82 A.3Z2E+@8
&3.18 2,3BE+82 S.48E+4E8
168 .8@ 3.32E+82 8.83E+88
1S2.5%8 S.48E+82 1.Z2FE+81
251.28 4.4S5E+82 1.31E+4@1
3Irg. 16 3I.¥2E-11  1.2FE-12
$31.868 ©.60E+00 ©6.00E+66
FOR TOTAL MASS: CUNCORRECTED?
¢P9?.8 S.25E+82 1.49E+81
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TRAVERSES XXxXx

cur LOAD.

MG/ DNM3

1.75E-81
2.59E+488
8.79E+68
3.45E+8@1
7.18E+81
1.15E+82
1.95E+42
1.87E+82
2. 17E+@2
Z.32E+82
LSZE+RZ
ZE+82
.SZE+62
27E+82
7E+QZ2
7E+B82

[0

J o (N

An e Wra
@ ot

76 COH
INT

.BlE-61
. 33E+08
.S4E+88
.44E+88@
.87E+B88
.3BE+88
.23E+84
.23E+08
LSVEFEE
.&FEY89

CL

.Ba
.88
.88
.88
a3
.44
.58
.83
12.24a
19.5%
24.45
31.524
34,74
4z.4a1
49 .81
3?.75
73,83
27.38
166 .9
166 .9



EFFICIENCY

EFFICIENCY is a program for calculating. the fractional efficiencies of
control devices from cascade impactor data. The data from which the
efficiencies are to be calculated may represent information from single
impactor runs or from combined runs for either, or both, the inlet and outlet
data sets. Efficiencies are calculated for each of the diameters in the
standardized array used in MPPROG. 1If the inlet and outlet data sets represent
averages, confidence intervals at the 90% level will be calculated as well,

The results will be displayed on the screen and, at the user's option can be
printed and/or saved to disk for plotting.

Program Operation

When run, the user will first be prompted for the source of the inlet data
- a single run file from MPPROG or data for combined runs from STATIS (or
SYNTRAV). 1If data from MPPROG is selected, a listing of the available MPPROG
files will be printed on the screen and the user will be .prompted to enter the
test number and run designation of the desired file. The file name will be
displayed for verification and, if accepted, the data will be read into memory.
If data from STATIS or SYNTRAV is selected, a catalog of the data disk ‘will be
displayed after which the user will be prompted to enter the name of the .
correct file. Again the user will be asked to verify the file name, after
which the data will be read into memory. After the inlet data has been
gathered from disk, the same sequence of steps will be followed to load the
desired outlet data.

-After both sets of data have been loaded, a check will be made to verify
that both files are on the same diameter basis. If so, the efficiencies will
be calculated and displayed. The display will include the fractional
efficiency for each diameter in the standardized set and the overall total
efficiency based on the inlet and ocutlet total concentration. The user will
then be given prompts regarding the desirability of printed output and saving
the results to disk. Finally, a choice of doing another set of efficiencies or
returning to the MAIN MENU will be offered.

Program Description

Program initialization is done in a subroutine from lines 1000 through
1999. Selection of the source of the data files is made in a subroutine from
lines 10000 through 10050. MPPROG files are listed and read in a subroutine
from line 2200 through 2500. STATIS/SYNTRAV files are read in a subroutine
from line 3000 through 3100. The calculations are done in lines 4000 through
4035 and displayed on the screen in lines 4040 through 4999, Hardcopy is
printed by a subroutine in lines 7000 through 7999 and saving the results to
disk is done in a subroutine in lines 6000 through 6999,

A machine language subroutine for print formatting is appended to the
program as line 63999. THIS LINE MAY NOT BE EDITED - doing so will result in
an irrecoverable loss of the program. The subroutine is copyrighted and
permission has been granted by the copyright owner for its use here.
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Descripticn of Variables

BU - address of print formatter
CF - flag for calculating confidence limits
CI( - confidence intervals

CK - flag for reading index file
D$ - DOS command flag

DBS - diameter basis

DI$ - name of file to be read

DTS - run date

F$ - format statement

F${( - format statements

I - loop index

I$ - file source flag

IBS - inlet diameter basis

ID$ - inlet file name

IN - inlet/outlet flag

L$ - run location

M({ - aM/dLogD’'s

NM$ - results file name

NP - number of particle diameters
NR - number of runs in index file
0OD$ - outlet file name

R$ - print dummy

RNS - run designation

RN$ - names of files in run index
RRS - run remarks

S - input dummy

T$ -~ type of data to select
TC( -~ total concentrations
T™N - test number

TT$S - input dummy
XP( particle diameter array
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OUTLET DATA FROM EMFACT DEMO WITH IS0 CORE
IMLET DATA FROM TIRDEMOL.IT

QUERALL EFFICIENCY =8.4&E+81

DlA. ¥ PENE. CI¢4APY  YEFF
.18 &4.5E-88 86.0E+88 1.8E+82
.16 2.4E-85 @.8E+88 |.BE+@62
.25 S5.2E-83 @.8E+88 |.8E+82
.49 4.0E-61 g.ae+08 1.0E+62
.63 S.3E+0a 8.0E+88 9 .5E+01
1.88 1.4E+081 6.0E+88 g8.4E+01
1.59 1.8E+@1 8.9E+800 8.2E+081
2.31 1.7E+@1 8.8E+B8 G&.3E+@l
3.78 1.8E+81 8.8E+68 B,2ZE+@1
6.31 1.6E+81 g.8E+88 3.4E+01
16.89 1.4E+81 8.8E+88 8.8E+01
15.85 4.%E+81 8.8E+88 5.1E+@1
25.12 4.%9E+81 9.0E+88 5,1E+61
39.81 4.ZE+81 6.dE+88 S.8E+@1
&63.18 3,5E+@1 a.8E+88 &.5E+01
led.8 3.1E+41l 8.0E+88 S.%E+0@1
158.5 2.7E+81 0.6E+808 7 .3E+81
251.2 1.1E+@1 8.0E+88 8.7E+81
398.1 5.5E-13 a.9E+88 1.6E+02
631.8 8.0E+@8 G6.8E+88 1.8E+82
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DATAPLOT

DATAPLOT performs two functions. First it loads the binary program
"AMPERGRAPH" and then prompts the user to select the source of the information
to be plotted. Upon selecting the source, the program loads the appropriate
BASIC program to deal with the actual plotting. The selection of the source is
made by entering one of the following:

R - plot data from MPPROG (single run data, run PLOT3)
S - plot combined run data from STATIS, SYNTRAV, OR COMBO (run STATPLOT)
E - plot data from EFFICIENCY (run EFF/PLOT)

There are no user modifiable wvariables in the program.
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PLOT3 and STATPLOT

PLOT 3 and STATPLOT are programs for plotting size distribution results.
PLOT3 plots single run data from files generated by MPPROG, while STATPLOT
plots combined run results from STATIS, SYNTRAV or COMBO. The programs produce
plots of the size distribution in three forms as follows:

1) Cumulative percentage - Done in a Log-Probability format with particle
diameters on a logrithmic scale as the abecissa and cumulative percentage on a
probability scale as the ordinate. The probability axis is marked with ticks
at identified percentages. Both the original distribution and the results of
the spline fit will be plotted if the files were generated by MPPROG.

2) Differential distribution - Done in a log-Log format with particle diameters
as the abcissa and dM/dLogD as the ordinate. The range of the vertical axis is
selectable by the user. Only the results of the spline fit are plotted if the
data are from MPPROG. Error bars representing 90% confidence limits are added
if the data are from STATIS or SYNTRAV.

3) Cumulative mass concentration - Done in a Log-Log format with particle
diameter as the abcissa and cumulative mass concentration as the ordinate. The
range of the vertical axis is selectable by the user. Both the original
distribution and the results of the spline fit will be plotted if the data are
from MPPROG. Error bars representing 90% confidence limits will be added if
the data are from STATIS OR SYNTRAV.

The range of the particle size axis is fixed in the program as O.lum.to
100um but can be altered by editing the program ("0.1,100" in lines 100, 275,
and 410 in PLOT3; lines 100, 275, and 405 in STATPLOT). The limits must be
integral powers of ten., The actual plotting is done by "AMPERGRAPH", a set of
machine language routines which must have been loaded before PLOT3 or STATPLOT
is run. If these programs have been run from DATAPLOT, AMPERGRAPH will have
been loaded.

Provision is made for obtaining hardcopies of the plots on compatible
dot-matrix printers. The printer interface must be in Slot 1 of the Apple, and
must be an Orange Micro "Grappler" card, a Prometheus "Grafitti® card, or a
similar "smart" interface card that provides onboard graphics dump software and
uses the same commands as do the "Grappler" and “"Grafitti" cards. The program
can also be modified by the user to make use of a user supplied graphics dump
routine,

HIMEM is reset to protect the graphics display area and the AMPERGRAPH
routines., When the user has completed all plotting HIMEM should be restored to
its normal value or there may not be enough space for long programs or programs
which require large variable space to run. Normally this is 38400 for Apple
DOS 3.3, but it can be different if a variant of the standard DOS 3.3 is used.
Entering "HIMEM:38400" from BASIC will do the reset. This is done by the
program if it makes a normal exit, but must be done by the user if the program
crashes or its operation is halted prematurely by the user. In the event of a
crash due to an input error, etc. the program can be re-started by typing
"TEXT", pressing Return, then typing "RUN" and pressing Return.
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Program Operation

when run, the program first displays the contents of the reduced run index
file on the screen if single run data is being plotted. A catalog of the disk
will be displayed if the data is to come from STATPLOT or SYNTRAV files. The
user is then prompted to enter the name of the file from which the data is to
be plotted.

The following sequence is done if the data to be plotted are from MPPROG:

After the file is read, the Cumulative Percentage plot will be drawn and
held on the screen for a short period of time after which the user will be
asked if hardcopy is desired. If so, the screen dump will be done.

Next, the minimum and maximum values of dM/dLogD will be printed on the
screen and the user will be asked to enter the desired minimum and maximum
values for the vertical axis. THESE VALUES MUST BE INTEGRAL POWERS OF TEN.
The differential distribution will then be plotted and again the user will be
asked if hardcopy is desired.

Upon completion of the differential distribution, the minimum and maximum
values of the cumulative concentrations will be displayed and the user will be
asked to enter the desired minimum and maximum values to be plotted. AGAIN,
THESE VALUES MUST BE INTEGRAL POWERS OF TEN. And once more, the data will be
plotted and the user will be asked about hardcopy.

The order in which the plots are done changes to the sequence: Cumulative
Concentration, dM/dLogD, and Cumulative Percentage, if combined run results are
being plotted.

The program exits to BASIC when the cumulative concentration curve is
completed. If more runs are to be plotted, simply type "RUN" and press Return.
If another program in the system is to be run, type "RUN MAIN MENU" and press
Return.

Program Descriptions
PLOT3

Initialization takes place in lines 5 through 16. The run index file is
read in line 17 and the file names in the index are displayed in line 10. The
file name to be read is entered in line 19, and the file is read into memory in
lines 20 through 80. The plotting grid for the cumulative percent plot is
drawn in lines 100 through 140 and the vertical axis is labeled in lines 141
through 151. The file name is printed in the upper left portion of the
plotting grid in line 154. The spline fit results for the cumulative
percentage curve are plotted in lines 159 through 170. The raw data for
cumulative fractions of the total concentration are converted by a subroutine
in lines 5580 through 5700 at line 171, and the original size distribution is
plotted in lines 172 through 177. A FOR/NEXT loop is used in line 178 to set
the duration for which the screen display is held. Hardcopy is taken care of
in lines 179 through 190. ’
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The minimum and maximum values of dM/dLogD are found in lines 210 through
240 and displayed in lines 250 and 260. The user enters the vertical plot
limits in line 270. The differential distribution is plotted in lines 271
through 340, Hardcopy is provided for in lines 341 through 346.

The minimum and maximum cumulative concentrations are found in lines 370
and 380, and the user enters the selected values for the plot limits at line
390. The plotting grid is drawn and labeled in lines 400 through 480. The
results of the spline fit are plotted in lines 510 through 540, and the
original data are plotted in lines 550 through 570. Hardcopy is provided for
in lines 590 through 630. Lines 8988 through 9950 provide transforms from
probability units to linear percent.

Description of Variables in PLOT3

CO-C3 - constants used in normal transforms
CU - cumulative percent/100

CU( - cumulative percent/100 from raw data
D$ - DOS command flag

DO-D3 - used in normal transforms

D5( - stage D50s on selected diameter basis
D6( - stage D50s on Impaction Aerodynamic basis
DB - sorting dummy

DB$ - diameter basis

DG( - dM/dLogD

BL -~ sorting dummy

DT$ - date
FL - flag used in normal transforms
I - -loop index

L$ - sampling location

LAS - labels for tick marks

LX$ - label for X-axis

LYS - label for Y-axis

NM$ - file name

NP - number of diameters in standardized diameter array
NR - number of runs in index file

P$ = screen dump command string

R$ - input dummy

RR$ - run remarks

S - number of impactor stages

T - intermediate value in normal transform

T$ - run time

TC - total concentration

X1 - dummy variable

X2 - dummy used in normal transform

X3 - linearized cumulative fraction

XP( - array of standard diameters

Ys contents of index file

Y( cumulative fractions smaller than D50s in probability units
YL - maximum dM/dLogD

YM - minimum dM/dLogD

YY( - cumulative percents at standard diameters in probability units
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Description of Variables in STATPLOT

Most of the variables which appear in STATPLOT also appear in PLOT 3 and
have the same meanings. The following are not shared with PLOT3:

CY¥( - confidence intervals for cumulative loading
M{ - dM/dLogD
S{ - standard deviation (not used, but read from file)
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EFF/PLOT

EFF/PLOT is a program for plotting fractional penetration (l-efficiency)
curves from results generated by EFFICIENCY. The results from EFFICIENCY must
have been stored on disk by that program if EFF/PLOT is to be used. The
program produces a Log-Log plot of penetration versus diameter over the size
range from 0.1 to 100um. The range of penetrations to be spanned by the plot
is selectible by the user. 90% confidence limits are shown for each
penetration if they were calculated in EFFICIENCY.

Program Operation

NOTE: AMPERGRAPH must have been loaded prior to running this program. It
will have been loaded beforehand if this program was run from DATAPLOT. When
EFF/PLOT is run, a brief set of instructions will be displayed, after which a
catalog of the data disk will be shown. A prompt is then given for the name of
the data file to be entered.

After the file is read, the minimum and maximum penetrations are shown and
the user is asked to enter the desired plot limits. THESE MUST BE INTEGRAL
POWERS OF TEN. The penetrations will then be plotted and displayed for a short
period of time, after which the user will be asked if hardcopy is desired. As
in the other plotting programs, the graphics dump is set up for a Prometheus
"Grafitti" or Orange Micro "Grappler" interface card coupled to a dot ;matrix
printer having graphics capability. The program will require modification by-
the user if the interface/printer combination is not compatible with these,

After the screen dump, if one is requested,” the program exits to BASIC.
If further efficiency plots are desired, simply type "RUN" and press Return.
If other programs in the system are to be run, type “RUN MAIN MENU" and press
Return.

HIMEM is set to 16383 at the start of the program in order to protect the
graphics display memory and the binary plotting routines (AMPERGRAPH). It is
reset to 38400, the normal DOS 3.3 HIMEM, when the program terminates normally.
However, if it terminates because of an input error or other such problems, or
is interrupted by the user, HIMEM will not be reset and subsequent programs
which require large amounts of memory may not run. If this problem occurs,
normal operation can be restored by typing "HIMEM:38400" while in BASIC,

Program Description

Brief instructions to the user are given in lines 1 and 2, and program
initialization takes place in lines 3 through 16. The disk catalog is read and
displayed in line 17, the name of the file to be plotted is entered in line 19,
and the file is read in lines 20 through 80.

The minimum and maximum penetrations are found in lines 200 through 240,
and are displayed in lines 250 and 260. The user enters the selected plot
limits in 270. The plotting is then done in lines 271 through 340. Printed
output is handled in lines 341 through 346. Finally, HIMEM is reset in line
348 and the program terminates.
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Description of Variables

CI( - confidence intervals
D$ - DDS command flag

DB - maximum penetration
DL - minimum penetration
I - loop index

LSS - label

M( - penetratiocons

NM$ - file name

NP - number of particle diameters in standard array
P$ - screen dump command string

R$ - input dummy

XP( - standard particle diameters

XL - plot minimum

YM - plot maximum
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PURGE RUNFILE and PURGE IMPACTOR FILE

These programs are used for purging obsolete reduced run data files and
impactor configuration files, respectively, from the data disk. If old files
are to be deleted, the deletions should be done through these programs so that
the names of the deleted files will be removed from the index files. The
operation of the programs is quite similar, consequently they are described
together here.

Program Operation

A catalog of the disk will be displayed and the user will be prompted for
entry of the file to be deleted. In the case of deleting run files, the test
number, run ID, and test type will be reguested and the file name will be
constructed from these. 1In the case of impactor files, the name of the
impactor (the file name less the /IMP ending) is to be entered. NOTE: The
verification of the name of the file to be deleted requires only the single key
"Y" or "N" as a response; do not press return after pressing the proper key.
After receiving verification of the file name, the program will delete the file
from the disk and rewrite the appropriate index file with the entry dropped
from it. The user will then be asked if more files are to be deleted, and if
so, will repeat the sequence. If not, the program will terminate. To return
to the system menu, type "RUN MAIN MENU" and press Return.

Program Descriptions

The disk catalog is displayed in line 15 and the file name is input or
constructed in lines 20 through 40. Verification of the file name is requested
in line 50, The file is deleted in lines 62 through 65. The index file is
read in lines 75 through 150, and rewritten in lines 160 through 220. The
prompt for deleting more runs is given in line 230.

Description of Variables

D$ - DOS command flag
I - loop index

I$ - inlet/outlet flag .
K{ - flag for index of run/impactor to be dropped

M - number of names left in index file after deletion

MM$S - name of impactor file to be deleted

NM$ - name of impactor or of runfile to be deleted

NR - number of entries in the index file

RS - input dummy

RNS - run ID

RO - flag to avoid attempt to redimension arrays
TN - test number of run file to be deleted

Y$( - contents of index file
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DEF/ORI

DEF/ORI is used to generate files to be used in data reduction by MPPROG
which contain the needed information on metering orifices for flow rate
calculations. Because the same orifices tend to be used repetitively, it is
desirable to store the information in a permanent file which can be accessed
simply whenever it is needed. The information to be input includes a unique
letter to be used in identifying a file which contains data on a set of
orifices, a nominal hole diameter for each orifice, and calibration pressures,
temperatures, and flowrates. The program also calculates values of AHQ@ for
each orifice for use in setting flow rates when sampling. The files can be
called up for review by simply entering the letter designation for the set to
be reviewed. The disk files can be updated and printed copies can be obtained
at the user's option.

Data Input

Input takes place on two screen pages, the first of which is concerned
primarily with general information, and the second for individual orifice input
and/or changes. The information needed on Page 1 is input by entering the
selected menu item number, at which point a prompt for that item will be given.
the Page 1 input display is shown below.

DEFORI V1.2 - PAGE 1 OF 2

1) HARD COPY OPTION: YES

2) DISK FILE UPDATE: YES

3) ORIFICE SET NAME:
FILE NAME:

4) DESCRIPTION:

5) NUMBER IN SET: O

P)}AGE, Q)UIT, OR NUMBER OF ITEM
TO ENTER/CHANGE: ?

The items entered on page 1 are:

1) Is hardcopy desired?. Selecting this item will reverse the currently
displayed answer.

2) Is a disk update of the file desired? Again selection of the item reverses
the answer.

3) Orifice set designation: The file name used is the set designation with /ORI
added. The /ORI is added by the program and should not be entered by the user.
When a new set designation is entered, the disk is checked for the existence of
a current file with that designation. If such a file exists, it is read into
memory and the current information in the file will be displayed on the data
entry screens.
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4) Description: Enter a brief description of the configuration to help
identify . it later.

5) Enter the number of orifices in the set. If the set already existed, this
will have been filled in when the file was read. It can be altered if
additional orifices are to be added to the set.

after completing the entries on Page 1, press "B" and "Return” to proceed
to the second page of data entry which is illustrated below.

DEFORI V1.2 - PAGE 2 OF 2

ORI. DIA. QCAL PCAL TCAL DPCAL
NO. (IN) (crM) (IN HG) (DEG F) (H20)
1 .000 .0000 .00 0 .00
2 . 000 . 0000 .00 0 .00

3 .000 .0000 .00 0 .00

TO ENTER/CHANGE DATA FOR AN ORI.
ENTER ORI. NO. OR Q)UIT OR P)AGE

This page is devoted entirely to orifice calibration information. The
program will set up one line for parameters for- each orifice in the set,
numbered sequentially from 1 to the number entered on the previous page. Entry
of data is made by entering the number for which information is to be entered
or changed. When an orifice is selected, the cursor will be placed at the
start of the leftmost entry in its line, Pressing "Return" will accept the
current value and advance the cursor to the start of the next entry. Entering
a value will replace the current entry. When the cursor is advances beyond the
last field the program will revert to the orifice select mode. Single point
calibrations are used here. The data required for each orifice are:

The nominal diameter of the orifice.

The flow rate, in acfm, at the orifice inlet conditions at which the orifice
was calibrated.

The absolute pressure, in inches of mercury, at the orifice inlet during
calibration.

The gas temperature, in degrees Fahrenheit during calibration.

The pressure differential across the orifice, in inches of water, at the
calibration flow rate.

Upon completion of all data entry, press "Q" and "Return" to proceed. The
information will be printed and/or saved to disk depending on the users
selected options.
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Description of Major Program Segments

Program initialization takes place in lines 6 through 100 and in a
subroutine from line 1000 to line 1160. Page 1 of the primary data entry menu
takes place in lines 2000 through 2475 with pre-existing files being checked
and loaded in lines 2367 through 2460. Page 2 of the data entry is done in
lines 2500 through 3350. ‘

Printing of the information is done by a subroutine from line 4000 through
4500 and the disk update is done in lines. 5000 through 5920. A machine
language subroutine for print formatting is appended to the program as line
63999. THIS LINE MAY NOT BE EDITED - doing so will result in an irrecoverable
loss of the program. The subroutine is copyrighted and permission has been
granted by the copyright owner for its use here,

Identification of Variables

A - option selection dummy

A$ = input dummy

BU -~ address of print formatter
D$ - DOS command flag

EF - error flag

F${ - format statements for printing
F1$ - flag for hardcopy
F25 - flag for disk update/save
HH - screen tab index
I - loop index
J - variable counter
JA( - pressure differential
JD( - pressure
' JL( - temperature
JN( - orifice diameter
JS( - flow rate
N${( - designations of orifice sets on file
NI$ -~ set designation
NM$ - orifice file name

NS -~ number of orifices in set
OK - flag for pre-existing file

P - menu page number

PF - format selector

R$ - dummy for input and printing

RMS - set description
TI - number of sets on file
Y¥$ - input dummy
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ORIFICE SET N&ME

FILE MN&ME: S/0RI

DESCRIPTION: SORI ORIFICE SET 57

MUMBER IN SET:

DIa. QACAL PCAL TCAL CPCAL
{IRD CCRMD CIN HGY (DEG F» {H20)
.814 LBEvS  29.36 72 16.088

.921: .8218 29.3@ 72 16.00

.8z29 .BS86 29.36 72 16.98

.842 .8938 29.38 72 16.68

.85¢9 .2883 29.38 72 ig.aa

.882 L4128 29.38 72 16.09

.128 1.3878 29.38 72 19 .86

.388 .7588 29.92 &8 1.36

QRT
DISK FILE UPDATE:

T2
YES
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12177 .9
1485.35
&657.78
144 .25
34.18
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IMPOP

IMPOP is a program for reducing data from velocity traverses, selecting
impactor nozzle diameters and flow rates for sampling, calculating orifice and
gas meter settings to obtain the selected flow rates, and filling in pretest
information on field data sheets for impactor runs. Printing of the pretest
information is formatted for use with the preprinted field data form (run
sheet) shown following the program description. The program is intended
primarily to assist in sampling stationary sources using cascade impactors, but
it can also be used in conjunction with the program MTOP for setting up to do
Method 5 and Method 17 sampling. The results of a velocity traverse can also
be saved to disk for later use in plotting a velocity contour map using the
programs CONDOT.RECT STACK or CONDOT.ROUND STACK.

Program Operation

The program operates in a series of three major blocks. The first block
is devoted to the reduction of data from a velocity traverse, the second to the
selection of sampling nozzles and flowrates, and the third to the selection of
metering orifices and the generation of meter parameters for obtaining the
selected sampling rate. If velocities and temperatures are known, one can skip
the velocity .traverse portion of the program and move directly to nozzle and
flow rate selection by responding "N" to a prompt which is given when the
program begins. If the latter is done, the required velocity and temperature
must be entered manually; prompts for this will be given. Printed output is
available from the first (velocity) and third (metering parameters) blocks.

Velocity Traverse

Data input to the velocity traverse portion takes place on two or more
screen pages. The first page is devoted to general information regarding the
measurement location and the circumstances of measurement. The remaining pages
are for the input of the temperatures and velocity pressures at each of the
measurement points for a single port. The first page for data input is shown
on the following page. When selecting items for data entry from a "menu" for
which only a single character entry is possible, only the key which designates
the item should be pressed. Do not press return after pressing the key for
your selection. A prompt for the required input will then appear at the bottom
of the screen.
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IMPACTOR OP & VELOCITY PROGRAM

1) TEST CODE (xxxxI)

2) NUMBER OF PORTS 0

3) NUMBER OF POINTS PER PORT 0

4) DATE

5) % 02 0.0

6) % CO2 0.0

7) % H20 0.0

8) AMBIENT PRESSURE 30.00 in. Hg
9) DELTA P STACK 0.00 in. H20
A) BMBIENT TEMP 0. deg F
B) STACK TYPE RECT/

D) DUCT LENGTH 0.00 feet
E) DUCT DEPTH 0.00 feet

ENTER ITEM NO. TO CHANGE, C TO CONTINUE,
R TO RETURN TO MENU, OR V FOR NEW
VELOCITY TRAVERSE.

The information needed for page 1 is entered as follows:

1) Enter a five character code for the velocity traverse. A code based on the
Test Number to be used as the major project designation in MPPROG followed by
"I" or “0" for inlet or outlet is suggested. This code can consist of any
alpha-numeric string without commas or semicolons.

2) Enter the number of ports used in making the traverse. If the stack was
round and the traverse was made from two ports at 90 degrees to each other,
this should be set as four (4), not two(2), if a contour plot is to be made.
In the latter case, enter the data as though the traverse were made
sequentially from four ports which were evenly spaced at 90 degrees.

3) Enter the number of points at which measurements were made along each
traverse line,

4) Enter the date in a form which suits the user. (NO commas or semicolons).
5) Enter the oxygen content of the flue gas as a percentage on a dry basis.
6) Enter the C0O2 content of the flue gas as a percentage on a dry basis.

7) Enter the flue gas moisture content as a percentage (wet basis).

8) Enter the barometric pressure at the sampling location in inches of
mercury.

9) Enter the pressure differential between the stack and ambient in inches of
water (negative if stack is at lower pressure than ambient).
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A) Enter the expected gas/orifice meter temperature in "°F".

B) Toggles the stack type between rectangular and round. This will also toggle
entry "D" between "DUCT LENGTH" and "DUCT DIAMETER". At the same time, entry
"E" will appear or disappear as appropriate.,

D) Enter the stack length (the dimension along the face in which the ports are
installed) for a rectangular duct or the diameter if the duct is round.

E) Enter the depth of the port (dimension of the face parallel to a traverse
line) if the duct is rectangular.

The duct dimensions are not necessary, but if given, the total volumetric
gas flow will be calculated.

When the entry to this page is completed, press "C" to move on to the
actual entry of the traverse measurements. Pressing "R" will permit the user
to exit this program and ‘return to the disk menu (all data will be lost).
Pressing "V" simply restarts the program but preserves the data.

A sample screen for the remaining pages of velocity traverse data entry is
shown below. The number of traverse points per port entered on page 1 sets the
number of line entries for.this page. This page will be repeated once for each
of the number of ports entered on page 1. Entering "N" will advance to the
page for the next port in the sequence. The brogram "wraps" back around to
Port 1 if "N" is entered when on the page for the final port. Entering "K"
enables entry of the pitot calibration constant. .Entering "P" permits one to
select a particular port number for data entry. Entering "V" restarts the
program but preserves all current data. Entry of a point number results in
successive prompts for the entry of the velocity pressure and flue gas
temperature at that point. Pressing only "Return" for either entry retains the
current value for that entry.

VELOCITY TRAVERSE

P) PORT NO 1
K) PITOT CONSTANT 0.830

POINT # Vp(H20) T(degF) VEL(ft/s)

1 0.000 o) 0.00
2 0.000 0] 0.00
3 0.000 0 0.00

AVG DUCT VELOCITY = 0.0 ft/sec

AVG DUCT TEMP =0 deg F

AVG SQRT DELTA P 0.000 in H20

ENTER POINT NO. OR ITEM NO.,
N FOR NEXT PORT, C TO CONTINUE,
V TO RESTART
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If the duct is round, the program will provide a line in the field for
Port 1 for entry of data for the center of the duct. This information is not
used for any of the calculations of average velocities or flow rates and entry
is optional. It is needed if a contour map of the velocity field is to be
plotted later. The entry sequence for a round stack is from the center
outward.

after entering all the data for the complete traverse, enter "C" and the
program will calculate and display the average velocity and temperature for the
entire duct (and the total volumetric flow rate if the duct dimensions were
entered). A printed copy of the raw and reduced data can be obtained at the
user's option by pressing "P". Pressing "S" will save the data to disk under
the file name "VEL DATA", with the Test Code appended (eg VEL DATA.221 if the
Test Code were 221). Pressing "V" restarts the program with all data intact.
Pressing "D" will advance to the next major program block-selection of nozzle
size and flow rate.

Nozzle Size and Flow Rate

This portion of the program operates through three screen pages of entry
and selection. The first page, shown below, repeats a large portion of Page 1
from the velocity traverse section but adds lines for entering a Run Number,
Substrate Set Number, and Impactor ID information. The entries which duplicate
those of the velocity traverse section will already be filled if the velocity
section was not skipped. The Run Number can be any alpha-numeric sequence that
contains no commas or semicolons. A suggested sequence is the Test Number
designating a major test series, followed by I or O to designate that the
sample was an inlet or outlet sample, followed by a number representing the
inlet or outlet sample sequence number for that test. The Substrate Set
identifier can only be numeric.

IMPACTOR OP & VELOCITY PROGRAM
1) RUN NUMBRER (xxxxI-n)
2) SUBSTRATE SET NO. 0
3) IMP TYPE/SHELL NO/PLATE NO
4) DATE
5) % 02 0.0
6) % CO2 0.0
7) % H20 0.0
8) AMBIENT PRESSURE 30.00 in Hg
9) DELTA P STACK 0.00 in H20
A) AMBIENT TEMP 0. deg F
B) STACK TYPE RECT.
D) DUCT LENGTH 0.00 ft
E) DUCT DEPTH 0.00 ft
ENTER ITEM NO. TO CHANGE, C TO CONTINUE,
R TO RETURN TO MENU, OR V FOR NEW VELOCITY




When entry to Page 1 is complete, press "C" to continue. (Pressing "v"
will restart the program with all data intact; pressing "R" will offer an
opportunity to exit the program and return to the disk menu.) At this point
the program will offer selection of doing the sampling calculations for the
average velocity and temperature for a particular port from the velocity
traverse, for the duct as a whole, or for a velocity and temperature which the
user will enter directly. After "C" has been pressed, the values of velocity
and temperature to be used in the remaining calculations will be displayed.
These may be changed at the user's option. They must be entered if the
velocity trverse section of the program was skipped. Pressing "C" once more
results in the display of a menu for selecting the type of sampler to be used.
Selecting one of the samplers shown will result in the program stepping through
an array of nozzle sizes, calculating the flow rate required for isokinetic
sampling for each size. Once the calculated flow drops below a maximum for the
particular sampler, the program will display the nozzle diameter {(in mm) and
flow rate (in acfm) and ask if the combination is acceptable. If it is not,
the program will continue stepping downward through the available nozzles until
an acceptable combination is reached. The maximum flow rates for display are:

Andersen - 1.25 acfm - set in line 1700

Brink - .04 acfm for the 5 stage - set in line 1770
- .025 acfm for the 6 stage - set in line 1760

Pilat (UW) - 2.0 acfm - set in line 1710
Series Cyclone - 2.0 acfm - set in line 1729

These limits should not be taken as usable upper limits for the sampler flow
rates; they are probably too high in most cases. They are used here merely to
start the displayed combinations at the first set which approaches a usable
value. When an acceptable combination is found, pressing "Y" will result in
the program advancing to the next major block - selection of a metering orifice
and calculation of metering parameters.

The nozzle sizes for the Andersen and Pilat impactors start at 5/8 inch
and decrease in size by increments of 1/16 inch to a minimum of 1/8 inch. All
of these sizes may not be available to the user. These sizes are set in lines
1650 through 1680. The Brink nozzles start at a size of Smm and decrease in
steps of .5mm to 2mm and then in steps of .lmm to lmm. These sizes are set in
lines 1750 through 1830. The series cyclone nozzles sizes are set in a twelve
(12) element array at line 11497 with dimensions ranging from 3.5 to 12mm.

Metering Parameters

Once the sampling flow rate to be used has been found, meter rates and
orifice meter settings must be calculated. Because impactors typically operate
at much lower flow rates than used with conventional Method 5 sampling systemns,
smaller orifice meters are needed than are used with Method § systems. Method
5 nomographs cannot be used with the smaller orifices so the required settings
are calculated here. The very wide range of possible flow, rates that can be
used with impactors make it impossible to standardize on one or even two
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orifice meter configurations as done in Method 5, therefore the program
requires entry of an orifice ID and calibration constant, AH®, for the selected
orifice.

After the orifice constant is entered, the program will display a table of
orifice meter settings and corresponding times, in seconds, per gas meter
revolution. The gas meter is assumed to produce 1 revolution per 0.lcf. The
settings are based on the absolute pressure at the orifice inlet being
atmospheric less the value quoted as Psys. The absolute pressure in the gas
meter is taken as being equal to the pressure at the orifice meter inlet less
the orifice meter pressure differential. The system is set up as it is to
enable sampling with the orifice and gas meter located upstream of the pump to
avoid requiring a leakless pump. The latter are difficult to obtain for use at
the low flow rates at which some impactors operate. The actual pressure at
the orifice meter in this system configuration will depend on the impactor
used, the flow rate, losses through the backup filter, probe, hoses and
moisture traps. Thus the table is generated for wide range of possible
corifice inlet pressures. It is desirable to use an orifice meter which
produces a pressure differential in the range of two (2) to five (5) inches of
water for good readability without undue flow restriction. If a Method 5 type
pump and meter configuration is used, the orifice meter should be set to the
value corresponding to the entries for Psys of 0 or =-0.5.

Gas meter accuracy becomes problematical at the very low flow rates at
which the Brink impactor is operated. However, it is not a good practice to
rely solely on a single meter for setting the flow and calculating the total
volume sampled; a cross check is desirable. One simple way to obtain a cross
check is to employ two orifice meters in series. It is unlikely that both will
have pfoblems at any one time, thus the flow can be set witth one and verified
with the other. Provision for such a douple orifice meter setup is made if the
Brink impactor is selected,

After the orifice has been selected, an option to obtain a printed copy of
the table and other information can be obtained by pressing “C". The printout
is formatted to be done on a preprinted field sampling form. Examples of a
blank form and one on which the information has been printed are provided at
the end of the program description. The program then returns to the start of
the velocity traverse section.

Program Description

Initialization is done in lines 110 through 140 and a subroutine from line
11000 through 11500.

Page 1 data input for both the velocity traverse and flow rate selection
segments is handled in lines 165 through 580. Pressure and molecular weight
calculations are done in lines 600 through 640. Flags are checked in lines 645
and 650 to jump to either the average wvelocity output, the flow rate selection
segment, or to fall through to the velocity traverse data input as appropriate.
Input of the velocity traverse data i1s done in lines 660 through 900.
Velocities are calculated and the velocity pressures and temperatures are
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summed for averaging in lines 910 through 990. The average velocity and
temperature for each port is calculated in lines 1000 and 1010. The average
square root of the velocity pressure for the port is calculated in line 1015.
Grand averages for the duct as a whole are calculated in lines 1030 through
1115, The display of the grand averages is done in lines 1110 through 1190 and
the options at that point are handled in lines 1190 through 1240. The disk
save of the point velocities is done via a subroutine in lines 20000 through
20180. Printing of the velocity traverse data and results is done by a
subroutine in lines 8000 through 8460.

Selection of the portion of the duct for which the sampling flow rate
calculations are to be made takes place in lines 1300 through 1560. The
impactor type to be used is selected in lines 1570 through 1640. The nozzle
and flow rate calculations and selection are done in lines 1650 through 1995.
Metering orifice selection is done in lines 2000 through 2580. Printing of the
Run Sheet (orifice DP table) is done in lines 2600 through 2970.

Description of Variables

A - dummy for menu selections

A$ - dummy for menu selections

A2 - substrate set number

B1 - number of ports

B2 - number of traverse points per port
BU - print formatter address

C - pitot constant .

CJ - number of points for averaging
CN( - cyclone nozzle diameters

D$ - DOS command flag

D1 - nozzle diameter in lé6éths of an inch
D2 - duct area

D4 - nozzle diameter in mm

DB - duct depth

DL - duct length or diameter

F - gas meter temperature

F$( - format statements

F1 - internal flag for Jjumps

F9 - internal flag for jumps

F1§ - part of file name for velocity traverse save to disk
FK - temperature in deg. Rankine

FO$ - format statement

G - impactor type selector

G$ - date

Gl - % 02

G2 - % COo2

G4 - % N2

G5 - % H20

H1 - orifice calibration constant (H)
H2 - orifice calibration constant (H)
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11,
J
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K —
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M1
M2
M3 -
N
NS
0s$
o(
ol
02
(A(
P1
P2
P3
o8
01
Q2
03
R
RS
RR
S
sp
STS
T
T(
v

v (
X —
X(
Y{
Z$
Z1
z2
Z3

1

{

i

loop 1index

impactor ID

12, & 13 - indices for print formatting
- loop index

~ time per meter revolution

loop index

number of orifice meters

dry mol. weight

wet mol. weight

number of Brink stages

port number selected manually

run designation

flag for selected port(s) for traverse
velocity pressures

orifice ID

orifice ID of second orifice
- point velocity

local barometric pressure

stack pressure differential

absolute pressure of flue gas

flag for new traverse

sampling flow rate

stack flow rate, acfm

stack flow rate, dscfm

metering orifice inlet pressure differential to ambient
input and printing ;dummy

same as R i .

intermediate pressure calculation results
flag for round duct velocity traverse
- duct type

temperature for orifice/gas meter calculations
temperature at traverse point

velocity for flow rate calculations
velocity at traverse point

orifice meter intermediate calculation results
average temperature for port

average velocity for port

input dummy

average velocity in duct

average temperature in duct

average square root of velocity pressure for duct
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DEMO T

WP ID: W W 2 % 02:  F.7 AMB P: 39 .00 PORT &

DATE 172,86 ¥ €02: 7.8 AMB T 28 G45 VEL: 37.56

SuB SET  : 1 % N2:  81.3 <>Pstack: -5.8 GAS TEMP: 34
¥ H28: 14.58 Pstack: 27.53 IMP FLOW: .93

HMOZ DId&: . 138

ORI ID: .882S
{>He: 34.1
GAS METER #:

Pays TP TIME
Hg H20 SE(

-1.8 4.1 16.7
-.3 4.1 16.49
.8 4.2 14.1
.3 3.2 15.%
1.8 4.3 13.6
1.5 4.4 15.3
2.8 4.5 15.6
2.5 4.5 14.8
3.8 4.7 14.3
3.5 4.7 14.2
4.8 4.7 13.9
4.5 4.9 13.7
.8 5.8 13.49
5.5 3.1 1.1
5.8 3.2 12.8
4.5 3.3 12.8
7.8 5.0 12.3
7.9 5.5 12.4
8.n 3.7 11.7
- 8.5 S.8 i11.5
9.8 5.8 11.2
2.5 é.1 16.%
18.8 4.3 18.6
18.5 &.4 16.3
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REAL BLANK
DEMC 11
IMP 1ID: uM W2 w02 ¢.7 ~HME P 28,00 FORT : A
DATE 1727848 s Ccaz2:s *.8 “ME T > Gas VEL: 27.78
SUE SET @ i N2 8i.z= <rPetack: -S.4 Gas TEMF: SHE
“ Hze: 14.s&4 Fetack: 25 &3 IMP FLOW: cr D
START SAMPLING . Traverse | VOLUME
TIME TIME {mén.) / poit | COND. H20 i
END SAMPLING
| TIME OPERATORS: 1) 2) LOCATION
RUN UNLOAGED
EVALUATION 8Y
«, GAS MGE%R PRESS gﬁ;m &/ impactor Ft;llglsE
. 3 - Ay -~
wme | ¥ 5 | METER | TEMP. | DROP APy |« ‘af’, TEMP. | TEMP. MOZ Dla: -2y
(MIN) < Lvotome | P (in. Hg) | (m H20) P 2] 3]
1 ORI ID: .1z6S
2 LrHE: 2.81
3 GAaS METER #:
: Fews (3P TIME
5 Hg HZ0 e
6 ——— —— —— — it ——
7 -1.8 1.1 7.5
- 1.1 703
g A 1.2 7.2
: .5 1.2 5.6
10 1.8 1.2 2.3
" 1.5 1.z 2.7
12 2.8 i. E‘ :§4 . 5
2.5 1.3 2.4
13 3.8 1.3 5.2
14 2.5 1.3 .1
15 4.8 1.3 T
16 4.5 1.4 7.8
5.8 1.4 Ta&
i 55 1.4 7.5
2 4.8 1.5 7.3
19 4.5 1.9 7.2
20 7.a 1.5 T.e
2 T3 l.a L
2.6 1.4 Lo
2 2.5 1.4 S5
23 7.8 1.7 .4
2 ¢.5 1.7 .2
25 1a.4 1.8 .1
% 18.5 1.8 5.5
27
28
SAMPLING NOTES
29
30
N
32
k]
k7]
s
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REAL

BLANK

START
TIME

SAMPLING
TIME

{min.)

/ Traverse | VOLUME
point | COND. H

20

{mi)

END
TIME

OPERATORS: 1)

LOCATIO

SAMPLING

RUN
EVALUATION

UNLOADED
BY

TIME
{MIN)

GAS

GAS METER PRESS.

METER | TEMP. | DROP
VOLUME| (P (in. Hg)

METER
ORIFICE
APy
(in. H20)

IMPACTOR
TEMP.
(R

FLUE

TEMP.
(F)

-

wiao il ]lN

—t
=

-
-t

-
N

SAMPLING NOTES
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NOTES AND OBSERVATIONS

Note Your Observations on the APPEARANCE of EACH
Stage, Substrate, or Cyclone Upon Disassembly

PRECUTTER CYCLONE

STAGE ZERO

STAGE ONE

STAGE TWO

STAGE THREE

STAGE FOUR

STAGE FIVE

STAGE SIX

STAGE SEVEN

STAGE EIGHT

BACK UP FILTER(S)
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MAIN MENU

i REM ¥XX% MAIN MENU XxXx%

7 D% = CHR$ (4

9 HOME : PRINT " MAIN MENUY: PRINT : FRINT
18 PRINT *TO SELECT OPTION ENTER APPROPIATE NUMBER®
1i PRINT " 1) ORSAT"

12 PRINT " 2> METHOD 4 (H20)*“

{3 PRINT * 3> MPPROG (SINGLE RUN ANALYSIS)"

i4 PRINT " 4) DEFINE IMPACTOR CONFIGURATION®

iS5 PRINT " 5> DaTAPLOT"

16 PRINT " &) STATIS (SIMPLE AVERAGING OF RUNS) "
17 PRINT " 7> FRACTIONAL EFFICIENCIES®

18 PRINT " 8> DELETE RUNFILE"

19 PRINT " %) DEFINE ORIFICE CONSTANTS"

20 PRINT "18> SYNTRAV (VELXAREA WGTD AVG.D "

21 PRINT *"11> COMBO (AVERAGE SYNTRAY RESULTS) ™
88 PRINT " @UIT"

98 PRINT : INPUT "YOUR CHOICE"® ;A%

25 IF A% = "Q" THEN PRINT : HOME : END

27 A= ValL AP

118 IF A = 1 THEN PRINT D$;"RUN ORSAT"

i28 IF A = 2 THEN PRINT D#$;"RUN METH4"

138 IF A = 3 THEN PRINT D$;"RUN MPPROG"

148 IF A = 4 THEN PRINT D$;"RUN DEF/IMP"

i58 IF & = 5 THEN PRINT D$;"RUN DATAPLOT"
isé8 IF A = & THEN PRINT D#$;"RUN STATIS"

176 IF & = 7 THEN PRINT D$;"RUN EFFICIENCY"
i88 IF A = 8 THEN PRINT D$;"RUN PURGE RUNFILE®
i85 IF A = 2 THEN PRINT D$3;"RUN DEF/0ORI"
i86 IF A = 18 THEN PRINT D%;"RUN SYNTRAV"
188 IF A = 11 THEN PRINT D%;"RUN COMBO"

iz  GOTQ 9

]
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ORSAT

REM X%¥ ORSAT PROGRAM UV 1.8"

REM XXCREATES/UPDATES/LISTS ORSAT.DAT
REM X¥¥XDRI VERS.2&6-NOU-79

REM ¥% SRI VERS.2/1/83

REM

.GOSUB 63999

D = CHR$ (4

18 F1% = "YES":F2¢ = "YES"

166 REM XX MAIN PROGRAM %X

118 GOSUB 1986

126 GOsSUB 200@

138 IF Fi$ = "YES" THEN GOSUB 3086
148 IF F2%¢ = "YES" THEN GOSUB 46606
145 PRINT

997 FRINT D$;"RUN MAIN MENU" + * ,D1*
?98 GOTO 11@

NOAP WK~

999  END ,

1068 REM X% FORMAT DEFINITION

1018 HOME

1028 P = 1

1030 F$(@) = ° ORSAT V 1.8"

1648 F$(1) = * 1> & HARD COPY OPTION.

1858 F$(2) = " 2) & DISK FILE UPDATE "

1068 F$(3) = " 3) #<@#.## CARBON MONOXIDE %"
1870 F$(4) = " 4) H<@#.H#H# CARBON DIOXIDE %"
1088 F$(5) = " 5) H<OH.## OXYGEN %*

1090 F$(6) = " &) HCOH.## NITROGEN %"

1188 F$(7) = » #COH.H#H## DRY MOLECULAR WEIGHT®
1118 F$(8) = ° #{O#.#H# EXCESS AIR %"

1126 ONERR GOTO 11i7e

1125 PRINT D%;"0OPEN ORSAT.DAT" + ",D2"

1138 PRINT D$;"READ ORSAT.DAT"

1148 INPUT CM,CD,02,N2,MW,EX

1158 PRINT D%;"CLOSE ORSAT.DAT"

1148 RETURN

1178 PRINT "ERROR; TO CONTINUE PRESS aNY KEY; ERRCOR CODE = *
3 PEEK (222): INPUT A%: GOTO 126

1188 PRINT D#%;“"CLOSE"

1198 RETURN

14880 REM XX MENU INSTRUCTIONS

2068 REM ¥%X MASTER MENU AND COMPUTATIONS
2083 HOME : PRINT F$(@): PRINT

2018 PRINT "TO ENTER/CHANGE AN ITEM PRESS NUMBER OF ITEM THE
N NEW VALUE AND PRESS <(RETURN>*

2820 GOTO 20380

2638 VTAB é: CALL BU,R$,F$(1) ,Fi$: PRINT Rs$
28648 CALL BU,R%,F$(2) ,F2%: PRINT R%

2658 CALL BU,R$,F$(3),CM: PRINT R$

20468 CALL BU,R%,F%$(4),CD: PRINT R$

2078 CalLL BU,R$,F$(5 ,02: PRINT R$

28086 CALL BU,R%,F$(&8) ,N2: PRINT R%

2098 PRINT
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2186 MW = .44 ¥ CD + .32 X 02 + .28 X (CM + N2

2118 X = .264 ¥ N2 - (02 - .5 ¥ CM): IF X = @ THEN EX = 8: GOTO
2128
2115 EX = (02 - .5 ¥ CM) X 188 / X

2128 CALL BU,R$,F$(?) ,MW: PRINT R% -

2138 CALL BU,R$,F$(8) ,EX: PRINT R$: PRINT

2148 X = CM + CD + 02 + N2

2145 MWs = *"WARNING: TOTAL ADDS TO HH#COGH.H#/, NOT i166."

2158 IF X ¢ > 188 THEN CALL BU,R$,MW$,X: PRINT R$

2188 IF X < 2 AND N2 > 8 THEN PRINT "WARMNING: ENTER “ RATHE
R THAN FRACTIONAL VALUES"

2165 PRINT ™

2178 VUTAB 21: PRINT : PRINT "SELECT S)AVE, OR ENTER NUMBER O
F ITEM TO BE CHANGED"

2175 VUTAB 23: HTAB 13: GET A%

2188 1IF A% = "S" THEN RETURN

2i98 A = VAL (A%

2193 IFAC 1 ORA > &6 GOTO 21786

2288 IF A = | THEN F1$ = "NO": PRINT : GOTO 2828
2218 IF A = 2 THEN F2% = "NQ": PRINT : GOTO 2824@
2215 HTAB 15: PRINT " "1 UTAB 23: HTAB 1S
2228 IF A = 3 THEN INPUT "CM= ";CM: GOTO 2629
2238 IF A = 4 THEN INPUT "CD= ";CD: GOTO 28286
2248 IF A = 5 THEN INPUT "02= ";02: GOTO 20829
2258 IF A = 6 THEN INPUT "N2= ";N2: GOTO 2826

3888 REM %¥ HARDCOPY OPTION
3618 PRINT "PRINTED COPY OPTION NOW BEING EXECUTED-TURN PRIN

TER ON AND PRESS ANY KEY": GET A%

3812 PRINT ‘

3815 PRINT D%;"PR#1"

3828 PRINT © ORSAT DATA": PRINT

3858 CALL BU,R$,F$(3),CM: PRINT Rs$

3068 CALL BU,R$,F$(4),CD: PRINT R%

3878 CALL BU,R$,F$(5),02: PRINT R%$

3888 CALL BU,R$,F$(&) ,N2: PRINT Rs$

3128 CALL BU,R$,F$(?) ,MW: PRINT R%$

3138 CALL BU,R$,F$(8) ,EX: PRINT R3$

2148 PRINT D$;"PR#8"

3156 RETURN

4888 PRINT

4@91 PRINT D$;"OPEN ORSAT.DAT";",D2": PRINT D$;"CLOSE ORSAT.

DAT": PRINT D$;"DELETE ORSAT.DAT"

4885 FM$ = "HHE.HHEH ~AAO

4887 PRINT D$;"OPEN ORSAT.DAT" + " ,D2"

4818 PRINT D4$;"WRITE ORSAT.DAT®

4828 PRINT CM: PRINT CD: PRINT 02: PRINT N2: PRINT MW: PRINT
EX

4838 PRINT D$;"CLOSE ORSAT.DAT®

4049 RETURN

43999 BU = PEEK (121> + 254 ¥ PEEK (122) + 286: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (7): CALL BU + 3: RETURN : REM

==2> DO NOT EDIT 4399%.
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6955933 REM
BUILDUSING (2.8) APPENDED.

COPYRIGHT (C) 1981
ROD STOVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> TO REMOVE ‘APPENDAGE-’, ENTER:
JEXEC BU.STRIP

]
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METH4

REM ¥X METH4 PROGR&M V 1.8"

REM ¥XCREATES/UPDATES/LISTS METH4.DAT
REM %¥¥¥DRI VERS.Z26NOWU-79

REM ¥¥ SRI VERS.2/2/83

REM

GOSUB 63999
D$ = CHR$ (4

18 Fi$ = "YES":F2% = "YES"

186 REM ¥*¥ MAIN PROGRAM XX

118 GOSUB l@aea

128 GOSUB 2668

138 IF Fis = *YES" THEN GOSUB 3809
148 IF F2$ = "“YES" THEN GOSUB 460686
145 PRINT
297 PRINT D$;"RUN MAIN MENU" + " ,D1"
2?98 GOTO 11@

N B W e

299 END

1688 REM ¥¥ FORMAT DEFINITION

1819 HOME

ig2e P = 1

1838 F$(8) = " METH4 V 1.8"

1848 F$(1)> = " 1) & HARD COPY OQPTIOCN *

1858 F$¢2) = " 2> & DISK FILE UPDATE "

1848 F$(2) = " 3) HHCOH.H#HH¥ GAS METER VOL.(CU.FTI*
1879 F$<(4) = " 4) H#H(O#.## ML WATER COLLECTED"
1888 F$(5) = " 5) H## GAS METER TEMP(DEG.F)"
18698 F$(&) = " &) HE(OH.## GAS M. DP(IN.Hz®)
1188 F$(?) = * HE.#H P BAROM.{(IN.HG

1118 F$(8) = " #HH4<OH . #H¥ MOISTURE CONTENT (OF
1112 F$(9) = " & #.### METER CORR. FACTOR"

1115 MF = 1

1126 ONERR GOTO 1178

1125 PRINT D$;"0OPEN METH4.DAT" + " ,D2"

1136 PRINT D$;"READ METH4.DAT"

1148 INPUT VG,WA,TG,PG,PB,BW

1158 PRINT D%;"CLOSE METH4.DAT"

1148 RETURN

1178 PRINT "ERROR; TO CONTINUE PRESS ANY KEY; ERROR CODE = °
: PEEK (222): INPUT A$: GOTO 120

1188 PRINT D%;"CLOSE"

1198 RETURN

1468 REM ¥X MENU INSTRUCTIONS

2088 REM ¥ MASTER MENU AND COMPUTATIONS
2685 HOME : PRINT F$(@): PRINT

2618 PRINT "TO ENTER/CHANGE AN ITEM PRESS NUMBER OF ITEM THE
N NEW VALUE AND PRESS <RETURND>"

2028 GOTO 2838

2830 VUTAB &: CALL BU,R$,F$(1) ,Fis: PRINT R$
2848 CALL BU,R$,F$(2) ,F2%: PRINT R$

2858 CALL BU,R$,F${3) ,UG: PRINT R$

28468 CALL BU,R$,F$(4) ,WA: PRINT R$

2876 CALL BU,R$,F$(5) ,TG: PRINT R%$
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2080
2885
2087
2898
2108
2185
2119
2115
21249
2178
F ITE
2175
2188
2198
2195
2280
22180
22135
2220
2230
2248
2258
2248
2278
3660
36818

CALL BU,R$,F$¢(&) ,PG: PRINT R$

CALL BU,R$,F$(?) ,PB: PRINT R$

CALL BU,R$,F$(9) ,MF: PRINT R$

PRINT :
UH = .8472 % WA
US = 17.65 ¥ MF X UG ¥ (PB -~ PG / 13.8) / (TG + 4ém
IF (VH + US) = @ THEN BW = @: GOTO 2120

BW = UH / (VH + US)

CALL BU,R$,F$(8) ,BW ¥ 180: PRINT R$

UTAB 21: PRINT : PRINT "SELECT S)AVE, OR ENTER NUMEBER O
M TO BE CHANGED"

UTAB 23: HTAB 13: GET A%

IF A% = "S" THEN RETURN
A = VAL (A$)

IFA<1ORA> 8 GOTO 2179

IF A = 1 THEN F1$ = "NO": PRINT : GOTO 2828

IF A = 2 THEN F2% = "NO*: PRINT : GOTO 2828
HTAB 15: PRINT *® "+ VTAB 23: HTAR 15
IF A = 3 THEN INPUT "VUG= ";UG: GOTO 20820

IF A = 4 THEN INPUT "WA= ";WAa: GOTO 2626

IF A =35 THEN INPUT *"TG= ";TG: GOTO 2629

IF A= ¢& THEN INPUT "PG= ";PG: GOTO 20820

IF A =7 THEN INPUT "PB= ";PB: GOTO 2020

IF A = 8 THEN INPUT "MCF= “;MF: GOTO 2029

REM ¥%X HARDCOPY OPTION '
PRINT "“PRINTED COPY OPTION NOW BEING EXECUTED-TURN PRIN

TER ON AND PRESS ANY KEY": GET A%

3812
3815
3eza
3858
3040
387a
3880
3128
3125
3130
3148
3158
4484@
4881
4.DAT
4885
4007
48 14
4828
Bl
48638
48408
43999
PEEK

==3 D

PRINT

PRINT D$;"PR#1"

PRINT METH4 DATA": PRINT

CALL BU,R$,F$(3) ,UG: PRINT R$

CALL BU,R$,F$(4) ,Wa: PRINT R$

CALL BU,R$,F$¢(5) ,TG: PRINT R%

CALL BU,R$,F$(4) ,PG: PRINT R$

CALL BU,R$,F$(7) ,PB: PRINT R%

PRINT v »

CALL BU,R$,F$(8) ,BW ¥ 188: PRINT R$

PRINT D$;"PR#8"

RETURN

PRINT

PRINT D$;"OPEN METH4.DAT" + " ,D2": PRINT D%3;"CLOSE METH
": PRINT D%;"DELETE METH4.DAT"

FM$ = "H#H, HHE A~

PRINT D%;"OPEN METH4.DAT" + *,D2"

PRINT D#$;"WRITE METH4.DAT"

PRINT VG: PRINT Wa: PRINT TG: PRINT PG: PRINT PB: PRINT

PRINT D%;"CLOSE METH4.DAT"
RETURN '

BU = PEEK <(121) + 256 ¥ PEEK (122) + 286: CALL BU:BU =
(&) + 236 ¥ PEEK (7): CALL BU + 3: RETURN : REM

0 NOT EDIT &3999%.
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459535 REM
BUILDUSING (2.8) APPENDED .

COPYRIGHT (C) 1981
ROD STOVER

DISTRIBUTED BY:

SENSIBLE SOFTWARE

==> TG REMOVE ‘APPENDAGE’, ENTER:
JEXEC BU.STRIP

3
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DEF/IMP

REM xxX DEFIMP PROGRAM V2.4 Xxx

REM XXXCREATES/UPDATES/LISTS INFORMATION IN 84&4&..IMP FILE
REM XXXDRI VERS. 8-MAY-ge

REM ¥X SRI VERS.2/2/83

REM XX V2.1 5/18/83 V2.2 4/12/84 (ADD J TO P DIST. FOR TH
E0. SQR(PSI> IN MPPROG) V2.3 5/7/84 V2.4 12/4/85 ADD STAGE SE
LECT FROM PREVIOUS IMPACTOR

6 GOSUB 63999: REM INITIALIZE PRINT FORMATTER

7 D% = CHR$ (4

18 Fi$ = "YES":F2% = "YES"

13 DIM 2ZN(13) ,2S8(15) ,2D(15) ,2L¢15) ,22¢15) ,2K(15) ,ZA(1S) ,C2( 1
=)

14 DIM JINC13) ,JSC13) ,dDC15) ,JLC15) \M2C15) ,IK(1S) ,JAC1S) ,CP(
=)

28 DIM N#<(3@) ,F$(14)

38 NM$ = "——————m ":SH$ = "CIRC.":SH = B@i1EF = @

188 REM X% MAIN PROGRAM %%

118 GOSUB 1@88: REM INITIALIZE PROGRAM

113 HOME : INPUT "DO YOU WANT TO SELECT STAGES FROM AN EXIST
ING SET?";A$: IF A% = "Y" THEN GOSUB 4080

128 GOSUB 2688: REM INPUT MENUS

121 IF R$ = "Q@" THEN GOTO 138 -

122 GOSUB ZzSee

123 IF R$ = "Q" THEN GOTO 130

124 1IF R% = "P" GOTO 120

138 GOSUB 3568 : : _

135 1IF Fi$ = "YES" THEN GOSUB 4860

148 IF F2% = "YES" THEN GOSUB S880

1453 PRINT "RUN MAIN MENU"

239 HOME : VUTAB S: PRINT "RYETURN TO MAIN MENU OR"

248 INPUT "C)ONTINUE ENTERING IMPACTORS" ;R$

258 IF R$ = "R" GOTO 997

268 IF R$ { > "C" THEN 238

278 GOTO 39

?97 PRINT D$;"RUN MAIN MENU* + " D1"

?98 GOTO 118

AHWN —

?99 END

1886 REM %X FORMAT DEFINITION ¥¥

1616 HOME

lezs P = |

1838 F$(@) = " DEFIMP vz.4"

1848 F$(1) = " 1) HARD COPY OPTION: &"

1836 F$(2) = " 2) DISK FILE UPDATE: &"

1855 Fs(4) = " FILE NAME: &*"

1668 F$(3) = " 3 IMPACTOR NAME: %"

1678 F$(35) = * 4) DESCRIPTION: *

1688 F$(7> = * &) NUMBER OF STAGES: ##"

1898 F$(&) = " S) SHAPE OF JETS(CIRC./SLIT): &"

1188 F$(8) = "STAGE NQO. SGR JET J TO P*
1118 F$(9> = " NO. JETS PS1 DiA. DIST."
1120 F$(18) = " ## ; L L COH.HHH; HCOH, HHEH"

1138 F$(11> = “STAGE NO. SGR SLOT sLoT"

A-103



" NQ. SLOTS PSI WIDTH LENGTH"
R 2. B HHH: {OH. #8448 ; <(OH . HHHHy HJOH.H

1148 F$12
1158 F${L13
## n

1155 F$<id) = " 70 DISCHARGE COEFFICIENT CBH. HEH"

1156 DC = .61

1148 RETURN

11869 REM ERROR HANDLER

1178 PRINT "ERRORj; TO CONTINUE PRESS ANY KEY; ERROR CODE = °
s PEEK (222>: INPUT R$: GOTO 120

1399 REM MENU SELECT SUBROUTINE

1400 VUTAB 22: PRINT "P>AGE, ®UIT, OR NUMBER OF ITEM TO ENTE
R/CHANGE: "3

1418 INPUT R%$

1428 IF R$ = "Q" THEN RETURN

1438 IF R$ = "P" THEN P =P + 1: IF P > 2 THEN P = 1: RETURN

1435 IF R$ = "P" THEN RETURN

1448 A = VAL (R$): IF A < 1 OR A > 9 THEN GOTO 1446
1458 RETURN

2088 REM %% MAIN MENU %X

2018 P = 1

2828 HOME : PRINT F$¢@) + "-PAGE 1 OF 2"

2038 VUTAB 3: CALL BU,R$,F$(1) ,F1$: PRINT R$

2048 CALL BU,R$,F$(2) ,F2%: PRINT R$

2658 CALL BU,R$,F$(3) ,NI$: PRINT R%

2855 CALL BU,R$,F$¢4) ,NM$: PRINT R$

2048 PRINT F$(5) + RM$

2078 CALL BU,R$,F$(&) ,SH$: PRINT R$

2688 CALL BU,R$,F$(7) ,NS: PRINT R% .

2885 CALL BU,R$,F$(14) ,DC: PRINT R$

2098 GOSUB 1408

2188 IF (R$ = "@") OR (P = 20 THEN RETURN

2118 IF A > 7 THEN GOSUB 1488

z115 IF & = @ GOTO 20088

2128 ON A GOSUB 2329 ,2348,23608,2460,2488 ,2470 ,2490
2138 GOTO 2826

2328 A = 8: IF F1$ = "YES" THEN F1$ = "NO": RETURN
2325 F1$ = "YES": RETURN

2348 A = @: IF F2% = “YES" THEN F2% = "NO": RETURN
2345 F2% = "YES": RETURN

2348 A = @: HOME : PRINT F$(8) + " PAGE 1 OF 2"
2385 UTAB 3: INPUT "KEY IN IMPACTOR NAME: *;Y$
2366 IF Y$ = NI$ THEN RETURN

2347 NI$ = Y$:NM$ = Y$ + “/IMP": ONERR GOTO 2448
2348 PRINT Y$: PRINT D$;"0PEN IMP/NAM" + ® ,D2"
2378 PRINT D$;"READ IMP/NAM®

2371 OK = @

2372 INPUT TI: IF TI = @ THEN PRINT D$;"CLOSE IMP/NAM": PRINT
“TI=8": FOR I = 1 TO 2088: NEXT I: RETURN

2374 FOR 1 = 1 TO TI

2376 INPUT N$(I)

2378 IF N$¢I) = NI$ THEN OK = 1: REM CHECK TQ SEE IF FILE F
OR NAME DIM PAC TO RAL READ YEXISTS

2388 NEXT I

2381 PRINT D$;"CLOSE IMP/NAM"
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2382 IF OK = 8 THEN PRINT "OK=6 TI="TI: FOR I = 1 TO 188@: NEXT
I: RETURN

2384 REM IF NAMED IMPACTOR ALREADY ON FILE, GET FILE CONTEN
TS

2385 FPRINT "OK=1 TI=*3TI

2386 IF RM$ = "SELECTED STAGES" THEN RETURN

2388 PRINT D$;"0PEN" + NM$ + *,D2"

2389 PRINT D$;"READ" + NM$

2398 INPUT NS

2391 IF NS = 8 GOTO 245@

2395 FOR I = 1 TO NS

2488 INPUT JNCI) ,JDCID) ,JACD) ,JSCI) ,JLCIY ,JKCID ,M2CT)

2428 NEXT 1

2438 INPUT RM$,MR,SH,DC: IF SH = 1 THEN SH$ = "SLIT.": GOTO
2450

2435 1F SH = 8 THEN SH$ = "CIRC.": GOTO 2458

2448 PRINT "FILE ERROR "; PEEK ¢(222) :EF = 1: STOP

2458 PRINT D$;"CLOSE® + NM$: ONERR GOTO 1178: RETURN

2468 IF A = @ THEN RETURN

2461 A = B: HOME : PRINT F$(8)

2445 VUTAB 3: INPUT "ENTER REMARKS/DESCRIPTION: " jRM$: RETURN

2476 A = 8: HOME
2473 VTAB 3: INPUT "ENTER NUMBER OF STAGES: "3NS: RETURN
2480 A = 8: IF SH® = "CIRC." THEN SH$ = "RECT":SH = 1: RETURN

2485 SH$ = "CIRC.":SH = @8: RETURN
2498 HOME : UTAB 3: INPUT “ENTER DISCHARGE COEFFICIENT *;DC:

.= 8: RETURN
2508 REM XXX MENU PAGE 2 ¥%x
38688 REM

3801 J = 0:HH = 1@

3885 PF = 13

3819 POKE 214,90

3028 HOME : PRINT F$(8) + "-PAGE 2 OF 2"

3825 IF SH = 8 THEN VUTAB 3: PRINT F$(8): PRINT F$(9: GOTO

3856

30838 UTAB 3: PRINT F$(11): PRINT F$(12)

3858 FOR I = 1 TO NS

3676 CALL BU,R$,F$(13>,1,JNCI) ,JSCI) ,JDCI) ,JLCI) : PRINT R$

3888 NEXT 1

3898 VUTAB 21: HTAB 1: PRINT "TO ENTER/CHANGE DATA FOR A STAG

E ENTER STAGE NO. OR @ UIT OR P)AGE "1 UTAB 22:
HTAB 29: INPUT R$: IF R$ = “Q" OR R$ = "P" THEN RETURN

3188 J =0

31186 T = VAL (R$>: IF 1 ¢ 1 OR I > NS GOTO 30%0

3112 VUTAB 21: PRINT "PRESS ‘RETURN’ TO ACCEPT CURRENT VALUE
OR ENTER NEW VALUE. "

3115 VTAB I + 4: CALL BU,R$,FSE(PF) ,1,JNCI) ,J3¢(I) ,JDCI) ,JLCD)
: PRINT R$;: HTAB HH - 11 INPUT **;R$: IF R$ = " GOTO 33¢6

31286 J = J + 1: ON J GOTO 3136,3149,3150,3140

3138 JN(I) = VAL (R$):HH = HH + 8: GOTO 3115

3148 JS(I) = VAL (R$):HH = HH + 8: GOTO 3115

3138 JDCI> = VAL (R$):HH = HH + 9:JACI) = 3,14159 ¥ JDCI) X
JDCIY / 4
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3155 IF SH = 1 THEN Ja(l) = JLCI) X JDC(DD
3157 GOTO 3115

3168 REM IF SH = 8 THEN HH = 2:JACI) = 3,1415% ¥ JDLI) ¥ J
D(I> / 4: GOTO 3868

3178 JL(I> = VAL (R$):HH = ¢

3175 IF SH = 1 THEN JACI) = JLCI) X JDCDD
3177 GOTOC 30089

3388 J =J + {: ON J GOTO 3316,3328,3338,3344
3318 HH HH + 8: GOTO 3113

33286 HH HH + 8: GOTO 3115

3338 REM 1IF SH = 8 THEN HH = ¢: GOTO 36960

3335 HH = HH + ¢: GOTO 2115
3349 HH = 9: GOTO 30068
3350 HH = ?: GOTO 3679

3399 REM GRAPHIC DISPLAY OF RELATIVE SPACINGS OF STAGE D3@”
S (IN TERMS OF LOG(DS38))

3488 RANGE = LOG (JK(1)) - LOG (JKINS))

3485 HGR2

3418 FOR I = 1 TO NS

3415 CP(I) = 248 ¥ ¢ LOG (JKC(1D)> — LOG (JKCI))) / RANGE

3420 HPLOT 258 — CP(I),138 TO 258 - CP(I1)>,156

3421 HPLOT 258 - CP(I),58 + 4 X 1

3425 NEXT 1 )

3427 HPLOT 258 - CP(1>,128 TO 256 - CP(1),125

3438 GET R$: TEXT : RETURN

3499 STOP

3598 REM CHECK FOR OVERLAFPING STAGES. WARNINGS WILL BE GIV
EN IF CUTS ARE CLOSER THaN & FACTOR OF 1.5 FROM ONE ANOTHER.
3518 MR = 8:CRITERIA = 1.5: HOME

35286 FOR I = 1 TO NS

3525 IF SH = 8 THEN JK(I) = JS(I> ¥ SGR (.27 X (JDC(I> ~ 3) X

JNCI> X 3.1415%

3524 IF SH = { THEN JK(I> = JS(I> ¥ SGR (1.88 X (JD(I> ~ 2
¥ JLCD) X% JNCID)D

3527 PRINT *CONSTANT FOR STAGE "3l1;" = ";JK(IDD

3528 NEXT I

3538 PRINT : PRINT “"PRESS aNY KEY TO CONTINUE": GET R$: PRINT

3531 PRINT "PLOT OF RELATIVE CUT SPACINGS ? (Y/N)": GET R$:
R$ = "¥" THEN GOSUB 3408

3532 MR = 8: FOR I = 1 TO NS:M2<CI) = @1 NEXT I

3535 FOR I =1 TONS - 1

3537 IF MZ(MR) = 1 GOTO 3784

3548 IF JK(I> > CRITERIA ¥ JK{I + 1> THEN 37088

3578 HOME : PRINT "THE STAGE CONSTANT FOR STAGE "3;I + (3" IS
TOO": PRINT "LARGE COMPARED TO THAT OF STAGE ";I;".": PRINT
“THIS WILL INTRODUCE AN IRREGULARITY IN THE RECOVERED SIZE D
ISTRIBUTION."

3488 PRINT "THE FOLLOWING 1S RECOMMENDED:"

34628 PRINT "THE MASSES ON STAGES ";I + 13" AND "3;I + 23" WIL
L": PRINT "BE ASSIGNED TO STAGE ";I + 23", AND STAGE ";1 + 1:
PRINT "WILL BE OMITTED IN SPLINE FITS.®

34658 PRINT

386468 PRINT "DO YOU WANT TOQ TAKE THIS ACTION (Y/N>?": GET R%:
PRINT
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3488
1 346980
3495
36946
GET
3697
3698
3768
3718
4800
48180

IF R$ = "N" THEN 3494

IF R$& ¢ 2> “Y" THEN 34640
MR = MR + 1:MZ(MR) =1 + 1: GOTO 37@86

PRINT "DO YOU WANT TO OMIT STAGE ";I;" INSTEAD? (Y/N)*:
R$: IF R = "N" THEN 3786

IF R$ ¢ > "Y" THEN 3496
MR = MR + 1:MZ(MR) = 1

NEXT 1

RETURN

REM %X HARDCOPY OPTION %X%

PRINT "PRINTED COPY OPTION NOW BEING EXECUTED-TURN PRIN

TER ON AND PRESS ANY KEY": GET R$

4812
4015
4826
4049
4850
48355
4048
4079
4089
4085
4899
4180
4118
4120
4130
L<I) .
4144@
L<I):
415@
4148
4208
4208
431a

PRINT
PRINT D$;"PR#1"

PRINT F$(@)

CALL BU,R$,F$(2) ,F2$: PRINT R$

CALL BU,R$,F$(3) ,NI$: PRINT R%$

CALL BU,R$,F$(4) ,NM$: PRINT R$

PRINT F$(5) + RM$

CALL BU,R$,F$(4) ,SH$: PRINT R$

CALL BU,R$,F$(7),NS: PRINT R$

CALL BU,R$,F$(14) ,DC: PRINT R$

PRINT : PRINT : PRINT

IF SH-= @ THEN PRINT F$(8): PRINT F$($): GOTO 4128
PRINT F$(11): PRINT F$(12)

FOR I = 1 TO NS

IF SH = 8 THEN CALL BU,R$,F$(13),1,JNCI) ,J5¢I) ,JDCI) ,J
PRINT R$

IF SH
PRINT
NEXT 1 .
IF MR = 8 THEN PRINT D$;"PR#8": RETURN
PRINT : PRINT : PRINT

FOR I = 1 TQ MR

PRINT " THE MASS ON STAGE *;M2CI) ;" AND ";MZ¢I) + 1;" W

1 THEN CALL BU,R$,F$(13) ,1,JNCI) ,JSCI) ,dDCI) ,J
$

Al

ILL BE ASSIGNED TO THE CUTPOINT OF STAGE "sMZCIY + 13" FOR TH
E SPLINE FITS, AND STAGE ";M2(1);" WILL BE OMITTED IN SPLINE

FITS": PRINT

4328 NEXT 1

4498 PRINT D$;"PR#6"

4368 RETURN

5888 REM XX DISK UPDATE ¥¥

5881 PRINT "": PRINT D$;"0PEN" + NM$ + " ,D2": PRINT D$;"CLOS
E" + NM$: PRINT D$;"DELETE" + NM%

5887 PRINT D#%;"OPEN" + NM$ + ", D2"

5818 PRINT D$;"WRITE" + NM%$

S828 PRINT NS

S838 FOR I = 1 TO NS :

S848  PRINT JNCI): PRINT JDCI): PRINT JACI): PRINT JS¢I>: PRINT
JLCI) ¢ PRINT JKCI) @ PRINT MZ2¢DD

5845 NEXT 1

5858 PRINT RM#$: PRINT MR: PRINT SH: PRINT DC

5898 PRINT D$;"CLOSE" + NM$

3895 REM PRINT “"OK=";0K: INPUT "TO CONT.ENTER Y";R$ .

5168 IF OK = 1 THEN RETURN
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5499 REM ADD NEW IMPACTOR NAME TO INDEX FILE

5588 PRINT D$;"OPEN IMP/NaM" + *,D2%

5518 PRINT D%;"READ IMP/NAM*®

5528 INPUT TI

5522 FOR I =1 TO TI

59524 INPUT NI

5526 NEXT 1

5338 TI =TI + 1

5548 PRINT D$;"CLOSE IMP/NAM®

5558 PRINT D$;"0OPEN IMP/NAM" + * ,D2%

5548 PRINT D$;"WRITE IMP/NAM®

5578 PRINT TI

5588 FOR I =1 TO 71 - 1

5598 PRINT N$(I)

5488 NEXT 1

5418  PRINT NI% ‘

5428 PRINT D$;"CLOSE IMP-NAM"®

3638 RETURN

5986 PRINT "DISK ERROR: "; PEEK (222)

5918 PRINT "CHECK DRIVE, ETC. IF NEEDED PRESS “CONTROL C° AN
D THEN RESTART DISK SAVE WITH “RUN Seeg-

S928 GUTO 56689

4808 HOME

46364 REM GET IMPACTOR DATA FOR STAGE SELECTION FROM PREVIOU
SLY EXISTING FILE

6365 VUTAB 3: INPUT "KEY IN IMPACTOR NAME: ";Y%$

6366 IF Y$ = NI$ THEN RETURN

&367 NI$ = Y$:NF = 1:NM$ = Y¢$ + "/IMP": ONERR GOTO 2446
63468 PRINT Y$: PRINT D$;"OPEN IMP/NAM" + °,D2"

6378 PRINT D$;"READ IMP/NAM"

46371 0K = 8

6372 INPUT TI: IF Tl = @ THEN PRINT D$;°CLOSE IMP/NAM": PRI
"Ti=@": FOR 1 = 1| TO 28868: NEXT I: RETURN

4374 FOR I = 1 TQ T1

6376 INPUT N%(ID

4278 IF N&$(I> = NI$ THEN OK = 1

6388 NEXT I

46381 PRINT D$;"CLOSE IMP/NAM®

NT

6382 IF OK = 8 THEN PRINT “OK=8 TI1="TI: FOR I = 1 TO 1808: NEXT
I: RETURN

6385 PRINT "OK=1 TI=";TI

6386 REM RETURN

6388 PRINT D$;“OPEN" + NM$ + " ,D2"

6389 PRINT D%;"READ" + NMs

4398 INPUT N2

&391 IF Nz = @ GOTO &458

6395 FOR I = | TO NZ

4488 INPUT 2ZN(I)>,2DCI) (ZACI) ,2S(1) ,ZLCI) ,ZK(ID ,22¢D)

6420 NEXT I

6438 INPUT RM$,MR,SH,DC: IF SH = 1 THEN SH$ = “SLIT.": GOTO
4450

6435 IF SH = 8 THEN SH$ = *CIRC.": GOTO 4450

6448 NF = @: PRINT "FILE ERROR "; PEEK (222):EF = 1: STOP

4458 PRINT D$;"CLOSE" + NM$: ONERR GOTO 1178:NM$ = "*: RETURN
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7688 CZ = @

7081 J = B:HH = %

7885 PF = 13

7818 P = 2:P1 = {:P2 = 9:P3 = {7:P4 = 25:P5 = 33

7028 HOME : PRINT F&(@> + "STAGE SELECT"

7825 IF SH = 8 THEN VUTAB 3: PRINT F$(8): PRINT F$(%): GOTO
7858

7838 VUTAB 3: PRINT F$(11): PRINT F$(12)

7658 FOR I = 1 TO NZ

7678 CALL BU,R$,F$(13>,1,2ZNCI) ,25¢1),2DCI>,2L¢1): PRINT R
7888 NEXT I

7889 REM MAKE SELECTIONS

7898 UTAB 21: HTAB 1: PRINT "TO SELECT A STAGE ENTER ITS STA

GE NO. OR @ UIT WHEN DONE "3: UTAB 22: HTABR 29: INPUT
R$&: IF R$ = "Q" THEN NI$ = “":NM$ = "":RM$ = "SELECTED STAGES
"1 RETURN

7188 NC = VAL (R$>: IF NC < 1 OR NC > NZ THEN 7098
7188 J = 8
7118 CZ = CZ + 1: UTAB 23: PRINT "FOR STAGE ";CZ;" USING STAG

E "3NC;" ABCOVE “1INCCZ) = ZN(NQO) :JS(C2> = ZS(NC) :JD(CZ) = 2
DINC) :JLCC2) = ZL(NC) :MZ(C2) = 2Z(NC) :JK(C2) = JK(NC) :JA(CZ) =
ZACNC '

7128 NS = CZ2: GOTO 7898

63999 BU = PEEK (121) + 256 ¥ PEEK (122) + 286: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (?>: CALL BU + 3: RETURN : REM

==> DO NOT EDIT 439%%.

63335 REM _
BUILDUSING (2.8 APPENDED .

COPYRIGHT (C) 1981
ROD STOVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> TO REMOVE “AFPENDAGE’, ENTER:
JEXEC BU.STRIP

]
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MPPROG

i REM X ¥ %X ¥ IMPACTOR PROGRAM VERSION 4.1 ¥ ¥ ¥

*

2 REM X¥¥¥¥ MAIN IMP. DATA REDUCTION

3 REM XXX¥ BASED ON DRI TRS 88 IMP. PROG. IN TURN BASED ON
SORI "CIDRS™"

4 REM X¥%X¥ APPLE VERSION BY J D MCCAIN ¥XXX

S REM  ¥¥%¥¥¥ UVERSION 1.8 CREATED 1/28/83 V1.2 3/146/82 V1.5 S

/2783 U2.2 5/19/83 V2.3 18/28/83 V2.4 2/23/84 V2.5 4/12/84 (T
HEQ. SGR PSI)

& REM 7/28/84 ADD AV, ND, AND IS TO QUTPUT FILE ON DISK 12

/18/84 ADD RAW DATA SAVEMRETRIEVE

7 REM V3.8 4/22/85 REVISE PRESSURE DROP ALLOCATION WHEN DP
TOTAL 1S ENTERED WITH DATA

8 REM 1212785 U3.1 ADD COMP. GAS CORRECTIONS TO STAGE D
P CALC’S, DROP TEST FILE INFO READS, & CHANGE FROM V%XDS58 TO

UVXDS8XSAR(RHO) FOR BOUNCE TEST V4.8 12/14/85 ADD METER CORR &
“%H20 CALC, 2/13/8&6 ADD MANUAL GAS COMP. INPUT (V4.1

9 GOSUB &6399%9: REM INITIALIZE PRINT FORMATTER

15 D$ = CHR$ (13> + CHR$ (& )

16 WG = B:RH = 2.5:0A = 6:DL = @

19 REM ¥X%¥X%X¥ NOTE! DO NOT EDIT LINE #28 NOR PLACE ANY ‘DIM~
STATEMENTS BEFORE IT DR DATA SAVE PART OF PROGRAM WILL NOT WO
RK

26 DIM M(23> ,JN(28)> ,DJ(28) ,JA(28) ,S1¢(28) ,JS(28) ,M2(28) ,DA(48
) ,REC28) ,U(S) ,F(5) ,MW(S): REM  NOTE! DO NOT EDIT THIS LINE'!
i

38 1$ = "INLET":FI$ = "Xx"

S8 DIM DI$(Sa®

é8 DIM F$(35) ,22$(1088)

188 HOME : GOSUB 1088: REM INITIALIZE PROGRAM

i85 POKE 214,8: PRINT "DO YOU WANT TO RETRIEVE AN OLD": PRINT
"DATA SET? (Y/N)": GET R$: IF R$ = "Y" THEN GOSUB 318889

i18 POKE 214,8: GOSUB 29686

115 2Y = 6: IF NM$ = FI$ THEN HOME : PRINT "THE NAME USED FO
R THIS RUN 1S THE SAME AS THAT OF THE OLD/LAST RUN. THE

PREVIOUS DATA WILL BE OVERWRITTEN IF THERESULTS ARE SAVED.

“: PRINT "IS IT OK TO PROCEED (Y/N) ?": GET A$: IF A$ ¢ > "Y
" GOTO 118 i

116 IF NM$ = *" THEN HOME : PRINT “NEED FILE NAME - WILL GO
BACK TO PAGE 1 OF DATA ENTRY. PRESS ANY KEY TO CONT.": GET A

$: GOTO 118

128 HOME : PRINT "CALCULATIONS"

148 PRINT : PRINT "FLOW RATES": GOSUB 4008

155 PRINT "PRESSURE DROPS": GOSUB 4988: IF SH = 1 THEN 148
1S6 INPUT "C(ALIB. OR TYHEO. SQRT PSI ?";TH®: IF TH$ < > "C
" AND TH$ ¢ > "T" THEN 154

157 IF TH$ = *T* THEN GOSUB 2066886

168 POKE 214,8: PRINT "CUTPOINTS": GOSUB S880

178 HOME : PRINT "CALCULATIONS"

188 PRINT *FIT - INIT": GOSUB 5580

182 IF 2Y = t THEN GOTO 110

185 PRINT "LOG-NORMAL SIZE DISTRIBUTION": GOSUB 18888
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198 PRINT "SPLINE FIT": GOSUB <808

288 GOSUB 9008: PRINT D%;"PR#8": REM HARDCOPY

228 GOSUB 78668: REM DISK SAVE

223 PRINT "DO YOU WANT TO SAVE RAW DATA? (Y/N)": GET R$: IF
R¢ = "Y" THEN GOSUB 386886

248 HOME : UTAB S: PRINT "R)ETURN TO MAIN MENU OR": INPUT "C
JONTINUE WITH MORE RUNS" ;R$

238 IF R$ = "R" THEN 997

268 IF R$ < > “C" THEN 246

278 GOTO 185

?97 PRINT D$;"RUN MAIN MENU* + * ,Di"

999 END

1888 REM << XXX INITIALIZATION X¥%¥>>>

1882 DIM XX(28) ,YY(20) ,Y1¢(28) ,Y2(28) ,DG(28) 1 XP(28)

1884 DIM H(2@) DL(2B) H2(2G) 8(20) DQ(ZG) 82(20) yC<28) ,83(2a
)

1865 DIM Cu(2@) ,CC(20) ,PSC28) ,DP(28) ,VJ(28) yD5(28) ,D4¢28) ,X(
28) ,Y(28)
1886 F$(29
1688 F$(3@)
1089 F&(3 1D
1018 F$(32
1612 F$(3

" 1YPART. DIAMETER "

“12) ORIFICE ID (OPTIONAL) : &"
" 13). SUBSTRATE MATERIAL: *

"1 WATER VOLUME Hedd .4 CC
"13)METER FACTOR H.HHHH"

1818 F$(8> *IMPACTOR VERSION 4.1"

1828 F3( D * 2)DATE OF TEST: *

1638 F%(2 * BTIME OF TEST: "

1648 F$( " 4)LOCATION OF TEST: "

1850 F$(4) " 3)TEST NUMBER #i###"
1848 F$(S) ' 7)RUN NUMBER:

1078 F3(& “ 8)RUN REMARKS: *

1888 F$(7) " 18> IMPACTOR TYPE: "

1898 F$(8) " 13GAS METER VOL #H% . HEH# CUBIC FEET™
1188 F3(® N 2)IMPACTOR DELTA P ##.#4# IN. HG."

1118 Fs(19)
11286 F$(1D
1138 F$(12)
1148 F$(12)
1158 F$(14)
1168 F#(15)
1178 F$(16&)

3> 0RIFICE DELTA P #.H#8 INCHES Hz0"
4) STACK PRESSURE H# .88 INCHES Hz0"
" D)BAROMETRIC PRES ##.## INCHES HG"
" 6)STACK TEMP HHH#H DEGREES F*"
" 7IMETER TEMP HiH DEGREES F*"
" 8)IMPACTOR TEMP #H### DEGREES F*"
" 9)SAMPLE TIME HEH#H . H8 MINUTES®

1188 F$(1?) “18)AVG GAS VEL HH#H. 88 FEET/SEC"
1199 F$(18) "11)0ORIFICE PRES H#.H## INCHES HG"
1288 F$(1™ "12)NOZZLE DlA #.HH# INCHES"
12065 F$(21 "13>MAX PART DIA HE#d . # MICRONS"
1218 F$(28) " CO2 HH.#8/; CO ##. 844"
1228 F$(22) " 02 ##.4844%; N2 ##. 887"
1238 F#(24) " PYWATER VAPOR HH . HEA

1248 F$(25)
1256 F$(28)

“11) PARTICLE DENSITY ##.## GRAMS/CC"

“ MASS GAIN OF &; H##.#4 MG"

1268 F$(27) " &TEST TYPE ”

12465 F#(29) "CUM MASS LESS THAN ##.###; MICRON: HH#. H#; MG/
DNM3 C(H## .48 "

1269 REM GET FILE VALUE FOR MOISTURE CONTENT

1278 PRINT D$;"0PEN METH4.DAT" + ",D2": PRINT D%$;"READ METH4
DAaT" '

L | | 1 I I O O 1
B I (O O I | I O I T [T I 1 1
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1288 INPUT X ,X,X X, X,BW

1298 PRINT D#%;"CLOSE"

1299 REM GET FILE VALUES FOR DRY GAS COMPOSITION

1388 PRINT D$;:"OPEN ORSAT.DAT" + ",D2": PRINT D$;"READ ORSAT
DAT" :

1318 INPUT CM,CD,02,N2

1328 PRINT D#%;"CLOSE"

1338 TH$ = "C":MF = 1:GD 1.293E - 83:PM = 1.4744E - 85:MA =

28.97:DC2 = .61 ¥ .81:HG = 13.6:QC = 471.95:FR = 4é8:F8 = 492
1SP = 29.92:X8 = 1g@B:F1 = 18: REM DC2=SQUARE OF DISCHARGE
COEFF.

1335 GOsSuUB 5788

1348 RETURN

i488 REM ¥X%X¥ MENU INSTRUCTIONS

1418 UTAB 21: PRINT "ENTER: ®OUIT, PYAGE, OR NUMBER OF ITEM
TO ENTER/CHANGE: *"

1428 UTAB 22: HTAB 28: INPUT R$: IF R$ = "Q" THEN RETURN
{438 IF R = "P" THEN RETURN

i448 P = VAL (R$)>: IF P ¢ 1 OR P > MX THEN GOTO 1414

1458 RETURN

Z2086 REM ¥¥%<<{{ MENU, PAGE 1 >35XX%X
28186 MX = 13:2Y = @
2026 HOME : PRINT F$(@8);" - PAGE 1 OF 3": PRINT

2825 PRINT F$(29>;: IF F1 = 1 THEN PRINT "PHYSICAL": GOTO 2
836 '
2826 IF F1 = @ THEN PRINT " IMP. AERQ.": GOTO 2638

2027 F1 = 18: PRINT "CLASS. AERO."

2838 PRINT F$(1);DT$

2848 PRINT F$(2);Ts

2858 PRINT F$(3) ;L%

2868 CALL BU,R$,F$¢4) ,TN: PRINT R®

28768 PRINT F$(27) ;1%

2888 PRINT F$(5) ;RN$;" —FILE NAME: " ;NM$

2898 PRINT F$(4) ;RR$

2180 CALL BU,R$,F$(24) ,BW ¥ 1088: PRINT R$

2184 CALL BU,R$,F$¢28) ,CD,CM: PRINT R$

2186 CALL BU,R$,F$(22) ,02,N2: PRINT R$: PRINT

2118 PRINT F$(7) ;IM$;° "3INS

2155 CALL BU,R$,F$(25) ,RH: PRINT R$

2157 CALL BU,R$,F$(38) ,R0$: PRINT R$

2158 PRINT F$(31) + SM$

2168 GOSUB 1408

2208 IF R$ = "Q" THEN RETURN

2718 IF R$ = "P* THEN GOTO 36086

2238 ON P GOSUB 2252,2260,2278,2288,2298 ,2358 ,24208 ,2528 ,2730
, 2538 ,2248 ,26 18,2858

2235 GOTO 2018

2248 UTAB 23: HTAB 15: INPUT " PART. DENS.= ";RH: RETURN
2252 UTAB 23: HTAB 15: PRINT "ENTER DIAM.BASIS I)MP.AERO, ©
LASS.AERC,OR PYHYSICAL": GET X$: IF X% = "I" THEN F1 = 8: RETURN

2253 IF X$ = "C" THEN F1 = 16: RETURN
2254 F1 = 1: RETURN
2248 UTAB 23: HTAB 15: INPUT "ENTER TEST DATE " ;DT#%: RETURN
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2278 VUTAB 23: HTAB 15: INPUT "ENTER TEST TIME ";T$: RETURN
2288 UTAB 23: HTAB 15: INPUT "TEST LOCATION ";L$: RETURN
2298 VUTAB 23: HTAB 15: INPUT "ENTER TEST NUMBER ";Y: IF TN =

Y THEN RETURN

2295 TN = Y: GOTO 243@

2398 VTAB 23: HTAB 15: INPUT “ENTER IDNLET OR O)UTLET ";X$: IF

X$ = "I" THEN I$ = "INLET": RETURN

2488 X$ = *0":1% = "QUTLET"

2418 IF RN$ = "" THEN RETURN

2415 GOTO 2430

2420 VUTAB 23: HTAB 15: INPUT “ENTER RUN NUMBER °;RN$

2429 REM BUILD FILE NAME FOR SAVING RESULTS

2438 NM$ = "T" + GSTR$ (TN) + "R" + RN$ + ",* + LEFT$ (I$,1)
+ IIT“ \

2431 22% = "RUN":Y$ = NM$

2433 GOSUB 280@8: REM CHECK FOR PRIOR USE OF FILE NAME

2436 IF OK = @ THEN RETURN

2478 VUTAB 24: PRINT "A FILE FOR THAT TEST/RUN ALREADY EXISTS

2486 FOR I = 1 TO 20@@: NEXT 1
2498 RN$ = "":NM$.= "": RETURN
2528 VUTAB 23: HTAB 15: INPUT "ENTER RUN REMARKS ";RR$: RETURN

2338 VTAB 23: HTAB 15: INPUT "ENTER IMP. TYFE ":Y$

2335 IM$ = Y% '

2336 2Z% = "IMP*

2337 GOSUB 28086: REM CHECK FOR IMPACTOR FILE EXISTENCE

2338 IF OK = 8 THEN IM$ = IM$ + " NOT IN FILE": RETURN

25339 REM GET IMPACTOR HARDWARE DATA

2548 PRINT D$;"0OPEN" + IM$ + "/IMP" + ",D2": PRINT D#; "READ"
+ IM$e + "/IMPY

25358 INPUT S

2548 FOR I = { TO S

2578  INPUT JNCIY ,DJCI) ,JACI) ,SICI) , IS¢ ,MZ2¢1) ,MZCD)

2588 NEXT 1

2398 INPUT IN$,MR,SH,DCZ

2688 PRINT D$;"CLOSE":DC2 = DC2 ¥ DC2: RETURN

2618 UTAB 23: HTAB S: INPUT "ENTER ORIFICE 1D ¢.DDDL) "y RO%:

Y% = RIGHT$ (RO%,1):2Z% = "ORI": GOSUB 28368

2628 IF OK = @ THEN RO$ = RO$ + " NOT IN FILE": RETURN

2629 REM GET ORIFICE METER CONSTANTS

2638 PRINT D$;"0PEN" + Y$ + "/ORI" + ",D2": PRINT D#; "READ" +

Y& + "/0RI"

24648  INPUT NN

26586 FOR I = 1 TO NN

2648 INPUT DI,CQ,CP,CT,PP

2678 IF DI = VAL (RO%$) THEN PRINT D$;"CLOSE":I = NM: NEXT
I: RETURN

2688 NEXT 1

2698 RO% = RO% + " NOT IN FILE": PRINT D$;"CLOSE": RETURN

2738 VTAB 23: HTAB 28: INPUT "% H28= ";R$: IF R$ = "" THEN GOTO
2742

2733 BW = UAL (R$) :BW = B / 1868:MA = @

2748 F$(24) = LEFT$ (F$(24),28) + " (KEYBOARD)"

2742 VTAB 23: HTAB 28: PRINT "CHANGE OTHER GASES?"3: GET R$:
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PRINT R$: IF R$ ( 2> "Y" THEN RETURN

2744 UTAB 23: HTAB 28: PRINT * ": UTAB 23

: HTAB 28: INPUT "ENTER CO2: ";R$: IF R$ ¢ > "" THEN CD = wal
(R$)

2746 VUTAB 23: HTAB 28: PRINT * "1 VUTAB 23

: HTAB 28: INPUT "ENTER CO : ";R%: IF R ¢ > "" THEN CM = VAL
(R&D

2748 VTAB 23: HTAB 286: PRINT * " UTAB 23

: HTAB 28: INPUT "ENTER 02: ";R$: IF R$ ( > "* THEN 02 = VAL
(R$)

2758 N2 = 188 - (02 + CD + CM)

2768 RETURN

2868 PRINT D$;"0PEN® + 22% + "/NAM" + *,D2": PRINT D$;"READ"
+ 22% + "/NAM"

2802 OK = @

2805 INPUT N®: IF N9 = @ THEN PRINT D$;"CLOSE*: PRINT "FILE
FOR "3;2Z%;"/NAM EMPTY": FOR I = 1 TO 3688: NEXT I: RETURN
2816 FOR I = 1 TO N9

2815 INPUT YY$: IF YY$ = Y$ THEN OK = 1

2828 NEXT I

2838 PRINT D$;"CLOSE": IF N? = 188 THEN HOME : FLASH : PRINT
“FILE FOR ";2Z%;"/NAM FULL": NORMAL : PRINT "PURGE FILE BEFOR
E CONTINUING": FOR I = 1 TO 1888: NEXT I

2848 RETURN _

2850 UTAB 23: INPUT "ENTER SUBTRATE MATERIAL: *;SM$: RETURN

3888 REM (C<X¥X MENU, PAGE 2 XX¥>>>

3018 P = | 4

3828 HOME : PRINT F$(8);" - PAGE 2 OF 3": PRINT

3838 CALL BU,R$,F$(8) ,UM: PRINT R$

3848 CALL BU,R$,F$(%) ,DP: PRINT R$

385@ CALL BU,R$,F$(18) ,0P: PRINT R%

3068 CALL BU,R$,F$(11),PS: PRINT R$

3878 CALL BU,R%,F$(12) ,PB: PRINT R$

3888 CALL BU,R$,F$(13),TS: PRINT R$

3898 CALL BU,R$,F$(14) ,TM: PRINT R$

3188 CALL BU,R$,F$(15) ,TI: PRINT R$

3118 CALL BU,R$,F$(18) ,TD: PRINT R$

3128 CALL BU,R$,F$(17) ,AV / &8: PRINT R%

3138 CALL BU,R$,F$(18) ,PC / 13.56%: PRINT R$

3148 CALL BU,R$,F$(19) ,ND: PRINT R$

3150 CALL BU,R$,F$(21) ,X8: PRINT R$

3152 CALL BU,R$,F$(32) ,WA: PRINT R$

23154 CALL BU,R$,F$(33) ,MF: PRINT R$

3168 MX = 15: GOSUB 1468

3198 IF R$ = "G" THEN RETURN

3z8@ 1F R$ = "P" THEN GOTO 3508

3238 ON P GOSUB 3248,3278,3280,3296,33008,3318,3320,3330, 3340
,3350,3346 ,3%70,3358,3390,3468

3258 GOTO 3020 :

3268 WVTAB 24: HTAB S: INPUT "UM (8 FOR ORIFICE FLOW) = "j;UM:
RETURN

3278 VTAB 24: INPUT *IMPACTOR DP (FOR THEO.DF ENTER 8) DP= *
;DP: RETURN

3288 VUTAB 24: HTAB 15: INPUT "ORIFICE DP= ";0P: RETURN
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3298 VTAB 24: HTAB S: INPUT "STACK DP TO AMBIENT = "3PS: RETURN

3388 VTAB 24: HTAB 1S: INPUT "PB= ";PB: RETURN
3318 VTAB 24: HTAB 15: INPUT "TS= ";TS: RETURN
3328 VTAB 24:. HTAB 15: INPUT “TM= ";TM: RETURN
3338 UTAB 24: HTAB 1S5: INPUT "TI= ";TI: RETURN
3348 VUTAB 24: HTAB 15: INPUT "SAMPLE DURATICON= ";TD: RETURN

3338 UVTAB 24: HTAB 15: INPUT "AU= ";AVIAU = AV ¥ &8: RETURN

3368 VUTAB 24: HTAB S: INPUT “ORIFICE DF TO AMBIENT = ";PC:FC
= PC ¥ 13.56%9: RETURN

3378 VTAB 24: HTAB 15: INPUT “ND= "iND: RETURN

33886 UTAB 24: HTAB 15: INPUT "MAX Dla= ";X8: RETURN

3398 VTAB 24: HTAB 15: INPUT "WATER VOL.= "iWA: RETURN

3488 VUTAB 24: HTAB 15: INPUT "METER FACTOR = "sMF: RETURN
3498 RETURN

35868 REM (<< ¥%xX MENU, PAGE 3, IMPACTOR STAGE WEIGHT
S XXX2>>

3518 P = (WG = |

3528 HOME : PRINT F$(8);" - PAGE 3 OF 3"

3340 N2 = § - MRIMX = S + 3: FOR I = 1 TO S + 3

3358 IF I ¢ = 8 THEN X% = "STAGE " + STR$ (I

3378 IF I = S + 1 THEN X$ = "FILTER " + STR$ (I)

3375 IF I =85 + 2 THEN PRINT :X$ = STR$ (I) + " BLANK SUES
Tl"

3578 IF I = § + 3 THEN X$ = STR$ (I) + " BLANK FILTER"

3588 CALL BU,R%,F$(248) ,X%,M(1): PRINT R$

3598 NEXT 1 .

3688 GOSUB 1408

3448 IF R$ = "Q" THEN RETURN

3638 IF R$ = "P" THEN GOTO 2600

3678 VUTAB 23: HTAB 1@: PRINT "ENTER MASS "iP: VTAB 23: HTAB
23: INPUT ":";M(P) :

3698 FF = M(S + 1):FC = M(S + 3 :5C = M(S + 2): GOTO 35206

4868 REM <{< ¥%X SUBROUTINE FLOW ¥X%¥>3>

488z IF WA > 8 AND UM > 8 THEN UH = @472 ¥ WA:VS = 17.45 ¥

VM % MF % (PB -~ (OP - PC) / 13.6) / (TM + FR):BW = UH / (UH +

VS): REM CALCULATE MOISTURE CONTENT IF CONDENSED WATER & GAS
METER VOLUMES WERE ENTERED

4803 PRINT "VUISCOSITY": GOSUB 45680

4005 IF UM =8 THEN Q0 = CQ ¥ SQR (OP %X CP ¥ MA X (TM + FR>
/ PP/ (CT + FR) / DM / (PB + PC / HG)):QS = QO ¥ (PR + FC e
HG) % F8 / SP / (TM + FR):QI = @S ¥ (TI + FR) ¥ SP / FS ~ (PB
+ PS / HG / (1 - BW): REM FLOW FROM ORIFICE METER

4628 IF UM { > @ THEN QI = MF ¥ UM / TD ¥ (PB - (QP - PCY
HG> / (PB + PS / HB) ¥ (TI + FR) / ((TM + FR) ¥ (1 - BW)Y : REM
FLOW FROM GAS METER

48638 IF WM < > @ THEN QS
= PO / HBG / (TM + FR)
4848 IF AV < > @ AND ND < > @ THEN IS = 183.35 ¥ QI / (ND X%

ND ¥ AV) X 188 X (TS + FRY ~ (TI + FR): REM PERCENT ISOKINET
IC

4843 PRINT "QI = ";Ql;* Q@Ss= "3R8 IS= ";1S: IF WA > @ THEN

PRINT "X WATER = ";BW ¥ 180

MF X UM / TD ¥ 17.45 ¥ (PB - (OF
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4858 RETURN
4588 REM (C<¥¥¥ SUBROUTINE VISCOSITY XXX333

4589 REM CALCULATE WET AND DRY MOLECULAR WEIGHTS
4518 MWC1) = 44.1
4528 MW(2) = 28.81
4538 MW(3) = 28.82
4548 MW(4) = 32

4558 MW(S) = 18.82
4548 FC1) = CD / 1886
4576 F(2) = CM / 168
4588 F(3) = N2 / 188
4598 F(4) = 02 / 108
4488 F(5) = BW

4416 Md = @: FOR I = 1 TO 4:Md = M + FCI) X MW(DD: NEXT 1:DM
= MW:MW = MW ¥ (1 — BW) + BW ¥ MW(S

4419 REM CALCULATE VISCOSITIES OF INDIVIDUAL GAS COMPONENT
S FROM CURVE FITS TO DATA IN CRC HANDBOOK OF CHEMISTRY AND PH
¥SICS

44628 T = (Tl - 32> X 5/ ¢

4639 UC1) = 138.494 + T ¥ (.499 + T ¥ ¢ — .286E - 3 + T X .97
2E - 7))

4448 UC2) = 185,763 + T ¥ ¢.442 + T ¥ ¢ - .213E - 3»

4450 U(3) = 147.886 + T ¥ (.417 + T ¥ ¢ — .13%9E - 3

4448 UCA) = 198.187 + T % (.558 + T ¥ ( - .336E - 3 + T ¥ .13
PE - &)

4478 U(S) = 87.8 + T ¥ (.374 + T ¥ ¢ - .283E - 4))

4479 REM CALCULATE VISCOSITY OF GAS MIXTURE BY METHOD GIVEN
BY WILKE - J. CHEM. PHYSICS VOL 18

4488 U = @

4498 FOR I = 1 TQ S

4788 IF F(1) = 8 GOTO 4790

4718 SU = 8

4726 FOR J = TO S

4738 IF F(D) 8 GOTO 4779

4748 IF 1 = J GOTO 4770

4750 UT = 1 + SE@R (UCI) / U ¥ SER (MWD / MWCIdI)

47468 SU = SU + UT ¥ UT / (4 ¥ SR ({1 + MDY / MW{I) / 2y
¥ FGD

4778 NEXT J

4788 U = U + UWCI> / (1 + SU / FC(IM)

4798 NEXT 1

4795 PRINT "VIS = *“;U;" UP"

4888 U= U ¥ 1E - 6

4218 RETURN

4966 REM XXXX"THEO. PRES. DROP CALC. FOR COMPRESSIBLE FLOW

EXEX

4981 REM BASED ON PRESURE DROP FOR SHARP EDGED ORIFICE

4982 PRINT "HARDCOPY OF STAGE DP CALC’S?": GET R$: IF R% ="

Y* THEN PRINT D$;"PR#1"

4918 DP(8) = @:PS(@8) = PB + PS / HG:Y2Z = 1: REM "Y2=COMPRESSI

ON CORRECTION FACTOR

4928 FOR I = 1 T0 S

4921 PRINT : PRINT "FOR STAGE=";l

4925 PS(1) = PS¢I - 1) - DP(l - 1)>: REM "STAGE INLET PRES.

4927 PRINT "P IN.= "3;PS{(D ’

il
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4938 VJ(I) = QC X QI %X PSC(B) / (JACI) ¥ JUNCI) ¥ PS(I)): REM *
PLUG FLOW VELOCITY AT JET INLET

4931 RE(I) = GD % PSC(I) X MW X FS X UJC(I) ¥ DJCI) / SP / (TI +
FR / MA / UiLRE = .434 ¥ LOG (RE(I>>: REM CALCULATE REYNOL
DS NUMBER OF FLOW

4932 PRINT "RE=";RE(ID)

4934 REM "DISCHARGE COEFFICIENT FOR SHARP EDGED ORIFICE V&
RE. NO. - APPROACH RATIO = 8.2 FROM PIECEWISE FIT TO CURUE 1

N BROWN - “UNIT OPERATIONS"

4935 DC2 = (LRE < 1.55) % (.273 ¥ LRE + ,2173) + (LRE > = 1.
S3 AND LRE ¢ 2) ¥ (.889 ¥ LRE + .5822) + (LRE > = 2 AND LRE <
2.2) ¥ (.85 X LRE + .58) + (LRE > = 2.2 AND LRE < 3) ¥ ¢ - .
B5 X LRE + .8 + (LRE > = 3 AND LRE < 4) ¥ ¢ - .83 ¥ LRE + .
74) + (LRE > =:4) % .42:DC2 = DC2 % DC2

4936 PRINT “DC="; SGR (DO

4748 DP(I> = PM X GD ¥ PS(I) ¥ MW ¥ FS ¥ UJ(I) X VJCI) / SP /
(TI + FRY / MA / DC2 / Y2:DP(I) = DPCI) ¥ .78: REM "PRESSURE
DROP ESTIMATE

4941 Y2 = | - DP(I) / PS(I) ¥ .25:YZ2 = Y2 % Y2: REM " COMPRE
SSION CORRECTION FACTOR FROM FIT TO CURVE IN CONSIDINE - "PRO
CESS INSTRUMENTS AND CONTROLS HANDBOOK®

4942 PRINT "DP EST.=";DP(I)

4943 PRINT "Y=%; SQR (Y2)

4958 DPC(I) = PM X GD ¥ PSC(I) X MW ¥ FS ¥ VJ(I) ¥ UJ(I) / SP /
(TI + FRY / MA / DC2 7 Y2:DP(I> = DP(I) ¥ 8.78: REM "CORRECTE
D PRESSURE DROP '

4951 PRINT "DP=";DP(1): PRINT

49535 IF (DPC(I) / PS(I)) > .47 THEN PRINT "FLOW SONIC AT STA
GE ";I1:DP(I) = 8.47 ¥ PS(I): PRINT “REVISED DP=";DP(1>: REM *

LIMIT TO SONIC DP

4948 NEXT 1

4941 IF DP = @8 GOTO 4991

4965 REM "SCALE DP’S IF MEASURED PRESSURE DROP WAS INPUT

4971 FOR I = 1 TO S:DP(I) = DP(I) ¥ DP / (PS¢@) - PS(S) + DP
(S)): NEXT 1

4972 FOR I = 1 TO S:PSCI)
4973 FOR I = 1 TO S:VJ(D)
X PSCI)) 1 NEXT 1

4991 PRINT "STAGE WVJET,CM/S RE. NO. DP P IN®

4992 F$ = " ##; HEH4 . H; HHHHHE; Hi.H; HH. H8Y

4993 FOR I =1 TO S

4994 CALL BU,R$,F$,1,VJ(1),RE(I) ,DPCI) ,PSCI): PRINT R$

4996 NEXT 1

4997 PRINT "TOTAL DP= ";PS(8) - PS(S) + DP(S): PRINT D$;"PR#H
all

4998 RETURN

S668 REM CCCXXX SUBROUTINE CUT XX¥>>>

2883 IF F1 = 18 THEN RH = |

5818 TK = 5 / % ¥ (T1 - 32) + 273

90286 FOR I = 1 TO S

9838 L = .337 ¥ U ¥ SGER (TK / MW) / PS(1>: REM MEAN FREE PA

TH

5648 CU = 1.85

0858 X = 1

5839 REM CALCULATE DS@ ESTIMATE

PS(1 = 1) - DP(I - 1): NEXT 1
QC %X QI X PS(B) / (JACI) ¥ JINC(I>:
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5848 DS
Seve CC cu

Se88 CU 1 + 2 ¥ L/ DS ¥ ¢1.23 + .41 ¥ EXP ¢ - .44 ¥ D5 /
L)): REM CALCULATE CUNNINGHAM SLIP CORRECTION FACTOR

5898 X = X + 1|

5895 REM XXLIMIT TO NO. OF ITERATIONS SET IN LINE 3196%X%

5188 IF X > 38 THEN PRINT "STAGE ";I;"FAILED TO CONVERGE": GGTO
Size

5185 REM ¥XCONVERGENCE CRITERIUM SET IN LINE S5118%X

5118 IF ABS (1 - CC / CUW > .8882 GOTO S5648: REM CHECK FOR
CONVERGENCE

5126 DS5(1) = DS ¥ 18068: REM CONVERT DSB8 FROM CM TO MICRONS
5138 CC(ID cu

Si48 D&(DD DS¢1) ¥ SAR (CC(I>» ¥ RH): REM CALCULATE D356 ON
IMPACTION AERODYNAMIC BASIS

5168 NEXT 1 .

5149 REM CALCULATE TOTAL MASS OF PARTICULATE SAMPLED

5i786 XM = 8:M(S + 1) = FF

5188 FOR I = 1 70O S + 1

S198 XM = XM + MCID

5286 NEXT 1

5285 XM = XM — (S8 ¥ SC) - FC: REM CORRECT TOTAL MASS FOR ELA

NK WEIGHT CHANGES

5289 REM CALCULATE CUMULATIVE MASS FRACTIONS (INCLUDING BLA

NK CORRECTIONS)

5218 FOR I = 1 TO S

52286 CU(IDD 8

5238 FOR J =1+ 1 TO S + 1

SER (18 ¥ U ¥ DJCIY / (RH ¥ VJCI> ¥ CW)y ¥ SICD

mn

5248 CUCIY = CUCIY + M{JD. _

5245 IF J ¢ § + 1 THEN CWI> = CUCI) - SC
5247 IF J =8 + | THEN CU{I> = CUCI> - FC
5258 NEXT J

5268 CUCIY = CUCI) ~ XM

5278 NEXT 1

5288 HOME

5289 REM DISPLAY RAW RESULTS

5298 IF F1 ¢ > 18 THEN PRINT "STAGE C.CORR CUMFR DPR(PHY
> DPC(I.AERG": GOTO 9297

5295 PRINT "STAGE C.CORR CUMFR DP{(CL.A DP(I.,A>*"

5297 F$ = " Hi#; HEH. HEH; HE . HEH;  HHOREE;  HEOHERY

5386 FOR I = 1 TO S

5318 CALL BU,R$,F$,I1,CCCI),(CUCIY ¥ 16@> ¥ (CU(I) > .B6@6835)
,D5¢1) ;D&6CI) : PRINT R$

5328 NEXT 1

5338 PRINT

5348 PRINT "PRESS ANY KEY TO CONTIMUE": GET R$

5356 HOME : GOTO 5388

5384 TC = XM / (@S ¥ TD ¥ .62832>: REM CONCENTRATION, MASS F
ER DNM3 :
5398 RETURN

5568 REM {{<X¥X¥ SUBROUTINE FIT ¥XXX>>>

5518 C8 = 2.515517

5528 C1 = @8.882833
5538 C2Z = 8.810328
5548 Di = 1.432788
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0958 D2 = 8.189249
9548 D3 = 6.081368
9578 LT = LOG (i@
o378 K= 4

9579 REM REVERSE ORDER OF DATA FOR SPLINE FIT

5588 FOR I =1 TO S

3581 FOR J =1 TO MR

9582 IF MZ2<J) =1 THEN I = 1 + 1: REM CHECK FOR STAGES TO E
E SKIPPED IN SPLINE FIT '

93583 NEXT J

59985 K=K + 1 '
3398 IF Fi > 8 THEN X<(K)> = L0OG (DS<I)) / LT: GOTO Ss@8

9991 X(K) = LOG (D&CIY) / LT

2é88 FL = 1|

9618 CU = CU(ID

9628 IF CU ¢ = .5 GOTO 5456

5638 FL = - 1

S48 CU = 1 - CU ‘

9438 IF CU < = 8 THEN PRINT "¥X%XX '!!! PUNT !''!'!' ¥X¥¥%X": PRINT

" STAGE WEIGHTS PRODUCE NEGATIVE OR ZERO CUMULATIVE. RECHECK

WEIGHTS.": GET R$:2Y = 1: RETURN

96468 T = SER ¢ - 2 ¥ LOG (CW»

5678 YC(K) = ( = T 4+ (C8 + C1 ¥ T + C2¥TX¥XT) 7/ (1 + T ¥% <D
+ T X (D2 + T ¥ D3)>>) ¥ FL

96868 NEXT 1

5698 GOTO 5775

5699 REM GET ARRAY OF STANDARD DIAMETERS FOR SPLINE OUTPUT

3780 PRINT D$;"OPEN XPOINTS.DAT" + ",Di"

5785 PRINT D$;"READ XPOINTS.DAT" :

5718  INPUT NP

9738 FOR I = 1 TO NP

9748 INPUT XPC(I?

27468 NEXT 1

9778 PRINT D%;"CLOSE": RETURN ‘

5775 § = § - MR: REM NUMBER OF DATA POINTS FOR SPLINE FIT

9776 FOR I =1 TO NP

9777 XX(I) = LOG (XP(I))> / LT: REM LOG TRANSFORM OF STANDAR

D DIAMETER ARRAY

3778 NEXT 1

3788 FOR I =1 TOS / 2

9798 TX = X(I):TY Y{ID

2808 X(I> = X(S + = DY(I) = ¥Y(5 + { - D)

59818 X(s + 1 - D TX:Y(S + 1 - 1D =TY

5828 NEXT 1

5838 FOR I = { TO S -

9848 FOR J =1 + 1 TO S

9838 IF X(IH > = X(I) GOTO S8%a

9868 TX = X(D):TY = Y(D)

9878 X(I) = X{DiY(D = YD

3888 X(J) = TX:Y(I = TY

9898 NEXT dJ

9908 NEXT 1

[ |

3718 IF F1 = 1 THEN XX(8) = LOG (X&8 / S@R (RH)) / LT: GOTC
S926 :
9910 XX(@) = LOG (X@) / LT
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5928
4008
4801
4805
6018
6828
6838
6646
4858
6868
5870
4688
4850
6108
6118
6128
6138
4148
6158
4160
5178
46160
5159
46268
6210
52¢1
6220
6238
6248
6250
6268
6278
4288
6290
4508
£520
8525
6530
8548
46558
6548
6579
4588
4599
4488
64618
6420
6430
£635
5448
&£445
I

6658
54648
6478

RETURN
REM C{LXX¥% SPLINE FIT X%XX32

>

REM USES METHOD OF LAWLESS — EPA 6886/7-78-187

YY(gy = - l6d

oM = 1.8717968: REM ‘RELAXATION PARAMETER”

UT = SGER (46.2832)
REM - FIRST DIFFERENCES

FOR 1 =170 S - 1
HC(I) = XTI + 1) — X(DD

DLCI> = (Y(1 + 1) - YC(I)> / H(D)
NEXT 1

REM - SECOND DIFF &

FOR 1 =2 TO0 S - 1

HZ{1> = H{(1 - 1D + HCD)

B(I> = .5 ¥ H(I - 1> / H2(D)

DALIY = (DLCI> - DLCI - 1)) / H2<CDD
S2¢1Y = 2 ¥ DA(D)

C(Iy = 3 %-DR(D

NEXT 1

52¢(1> = @

S2(8) = 8

REM - SUCCESIVE OVER -RELAXATION SOL‘N
ET =8

FOR 1 =2 TO 8§ - 1
W= (CLI) - BCI>» ¥ S82(1 - 1L -
Yy ¥ OM

.5 - B(I)) ¥ 82(1 + 1> -

IF AaBS (W > ET THEN ET = ARS (W

S2¢I> = 82(I) + W

NEXT 1

IF ET > 1E - 5 GOTO 41%8

REM - THIRD DIFF’S

FOR 1 =1T0 5 - 1
S3¢1) = ¢82(1 + 1> - S2(I)> / H
NEXT 1

REM ¥%XX NOW INTERPOLATE XXX
FOR J = 1 TQ NP

FRINT *."%j3

1 =1

IF XX(Jy = X(1) GOTO 6758

IF XX¢J) ¢ X(1) GOTO &8326

IF XX{Iy = X(S) GOTD 4738

IF XX(J> > X(8) GOTO 4488

I =1+ 1

IF XX{I X{I) GOTO &759

IF XX > X(I>» GOTO 4586
GOTO &748

REM EXTRAPOLATE BELOW X(1)

S1 = DLC1Y = HC(1)Y / (HCD + HCZ2))> ¥ 2 ¥ (DL(2

IF S1 < 8 THEN S1 = DL{1D
YY¢I = Y1) + (XX{J)y — X(1)) %

IF YY(Iy € YY<(J - 1) THEMN 51 =
- X(1)> % S1
Y1i¢Jy = 51

GOTO 4828

REM - EXTRAPOLATE ~BOGVE X(S)
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6688 S1 = DL(S = 1) + H(S - 1) ¥ 82(8 -

6485 IF S§1 < 8 THEN S1 = DL(S - 1)

6698 YYC(J) = Y(8) + (XX{(J) - X(S)) ¥ Si

6694 IF XX(J) > = XX(8) THEN YY{(J) = 1E&:Y1¢(J) = B: GOTO 47
18

4696 X3 = XX(J) = XX(@) :X1 = X(8) - XX(@8):1X2 = XX(J) - X(
4698 YY(J) = YY(I) + ((X2 ¥ X2 /7 X1 = X2 / X1 + 1) / X1 -t /
X3

6784 YI(I) = 81 + (2 ¥ X2 /X1 - 1) / X1 / X1 + 1 / X3 / X3
6718 GOTO 4820

4728 REM —INTERPOLATE BETWEEN X(%)

6738 I = §
67248 1 =1 ~ 1
6758 H1 XX - XD

6768 H2 XX{I) = XTI + D)

4770 PR H1 %X H2

4788 Y2(J) = S2(I> + Hl1 ¥ S3(D»

6798 DR = (S2¢I) + S2¢I + 1) + Y2(I))> ~ &

4888 YY(J) = Y(I> + HIl X DLCI> + PR ¥ D@

6885 IF YY(J) < Y(I> THEN YY(J) = Y{(I) + H1 ¥ DL(D)
6818 Y1(J) = DLC(I) + (H1 + H2) ¥ DQ + PR ¥ S3¢I) ~ &
6813 IF Y1(J) < @ THEN Y1(J) = DLC(I)

6828 DG(J) = EXP ¢ - YYD X YY(I) / 2) ¥ YI(I ¥ TC /7 VT
64838 NEXT J

6831 PRINT

6835 =S8 + MR

6848 RETURN

7888 REM CCCXX%X DISPLAY RESULTS X¥¥%>>>

7885 X2% = "PHYS DIA.":XY$ = "IMP. AERO DIA.":XX$ = "CLASS. A
ERO DIA."

7886 F$ = " HH.H##; HHH 04, H HH AN H.HHg A A

7887 IF F1 = 8 THEN 2Z% = XY$

7888 IF F1 = 1 THEN 22% = XZ%

7809 IF F1 = 18 THEN 22% = XX%

7818 HOME : PRINT 22% + " CUMX CONC. DM/DLOGD"

7815 D8 = ,47847 / SOR (2):C1 = ,34882:C2 = - .8958798:C3 =
» 7478554

7620 FOR I = 1 TO NP

7625 X1 = YY(I]): GOSUB 9988

7038 CALL BU,R$,F$,XP(I) ,(X3 ¥ 188) % (X3 > .@8085) ,X3 X TC,
DG(I)> : PRINT R$

7048 NEXT 1

7858 INPUT “DO YOU WANT TO SAVE THE RESULTS";Y$

7640 IF LEFT$ <Y$,1) = "N" THEN RETURN

7876 IF LEFT$ (Y$,1) < > "Y" THEN 7@5@

7879 REM SAVE RESULTS TO DISK

7088 PRINT D$;"OPEN" + NM$ + ",D2": PRINT D$;"WRITE" + NM$
7090 PRINT DT$: PRINT T$

7118 PRINT L$: PRINT RR$: PRINT 22Z%

7120 PRINT TC

7138 FOR I = | TO NP

7148  PRINT XPCI>: PRINT YY(I): PRINT DG(I)

7156 NEXT 1

7151 PRINT S

7152 FOR I = 1 TO §
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7193 PRINT DS<I>: PRINT D&CI)>: PRINT CUCI)>: PRINT YC(D)

7154 NEXT 1

7154 FPRINT AV: PRINT ND: PRINT IS: PRINT U: PRINT RH

7168 PRINT D%;"CLOSE"

7165 IF FIs$ = NM$ THEN RETURN

7169 REM ADD RESULTS FILE NAME TO INDEX FILE

7172 PRINT D#$;"0PEN RUN/NAM" + * . D2": FRINT D$;"READ RUN/NAM

7188 INPUT FI: FOR I = 1 TO FI: INPUT Z22%(1)>: NEXT I1:FI = FI
+ 1: PRINT D%;"CLOSE"

7185 ZZ2%(FI1) = NM$

7198 PRINT D$;"0PEN RUN/NAM® + * ,D2": PRINT D$3;"WRITE RUN/NA

MII

7288 PRINT FI: FOR I = 1 TO FI: PRINT Z22%(1): NEXT 1: PRINT

D$;"CLOSE"

7228 FI$s = NM$

7248 RETURN

880 REM {LLEXXHARDCOPYXX%20 0

818 HOME : INPUT "DO YOU WaNT HARDCOPY (Y/N) ?";R$: IF R$ =
"NY THEN RETURN

?815 IF R ¢ > "Y" THEN GOTO %8619

7628 HOME : PRINT "TURN PRINTER ON"

20838 D = CHR$ (4): PRINT D$;"PR#1": PRINT CHR$ (9) + "88 N
“ 4+ CHR$ (9 + "i8L" + CHR$ (24)

848 PRINT * EEEXRXXXXXXXEREXRXAXR" sFB(B) 3" XRXAXXXXXKKRREX
XXXXX" 1 PRINT

7858 PRINT * FEEXXXXXXXXXX INPUT DATA XEXXXXXXXXXX": PRINT
¢ PRINT .

9848 PRINT F$(29);: IF F1 = 1 THEN PRINT "PHYSICAL"
9865 IF F1 = @ THEN PRINT "IMPACTION AERODYNAMIC®
987¢ IF F1 = 18 THEN PRINT “CLASSICAL AERODYNAMIC®
9888 PRINT F$(1) ;DT$

9898 PRINT F$(2);T$

9188 PRINT F$(3) ;L%

9118 CALL BU,R$,F$(4) ,TN: PRINT R$

9128 PRINT F$(27) ;1%

$138 PRINT F$(5) ;RN$;"-FILE NAME:" ;NM$

9148 PRINT F$(4) ;RR$

9188 PRINT F$(7) ;IMs$

9185 PRINT IN$

198 PRINT

9288 CALL BU,R$,F$(24) ,BiW ¥ 188: PRINT R$

9218 CALL BU,R$,F$(28) ,C0,CM: PRINT R$

9228 CaALL BU,R$,F$(22) ,02,N2: PRINT R$

9225 CALL BU,R$,F$(30) ,R0%: PRINT R$

9227 PRINT F$(31) + SM$

9238 PRINT : PRINT

9246 CALL BU,R$,F$(8) ,UM: PRINT R$

9258 CALL BU,R$,F$(9) ,DP: PRINT R%

9248 CALL BU,R$,F$¢18) ,0P: PRINT R$

9278 CALL BU,R$,F$(11) ,PS: PRINT R%

9288 CALL BU,R$,F$(12) ,PB: PRINT R%

9285 CALL BU,R$,F$(13) ,TS: PRINT R$

9298 CALL BU,R$,F$(14) ,TM: PRINT R$

9388 CALL BU,R$,F$(15),Tl: PRINT R$
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9318 CALL BU,R$,F$(1&) ,TD: PRINT R$

9328 CALL BU,R$,F$(17) ,AV / &48: PRINT R$

9338 CALL BU,R$,F$(18) ,PC / 13.54%: PRINT R$

9348 CALL BU,R$,F$(19) ,ND: PRINT R$

9358 CALL BU,R$,F$(21) ,X8: PRINT R$

9352 CALL BU,R$,F$(32) ,WA: PRINT R$

9354 CALL BU,R$,F$(33) ,MF: PRINT R$

93468 PRINT : PRINT

9378 FOR I = 1 TO S + 1

9388 X$ = "STAGE " + STR$ (D)

9398 IF I = S + | THEN X$ = "FILTER "

9408 CALL BU,R$,F$(24) ,X$,M(I>: PRINT R$

9418 NEXT 1

9412 PRINT :X$ = "MASS GAIN OF BLANK SUBSTRATE  ##.##": CALL
BU,R$,X$,5C: PRINT R$

9414 X$ = "MASS GAIN OF BLANK FILTER ##.848": CALL BU,R$,
X$,FC: PRINT R$

9428 PRINT CHR$ (12)

9588 PRINT "XXXXXXXXX¥ RESULTS KEXXERRRNKR"

7383 PRINT : PRINT “TEST NUMBER: ";TN;" RUN NUMBER: “;RN$: PRINT

9518 F$ = “ACTUAL FLOW RATE ##.H#H CFM": CALL BU,R$,Fs$
,@I: PRINT R%

9528 F$ = "FLOW RATE AT STANDARD CONDITIONS  ##.H## CFM": CALL
BU,R$,F$,05: PRINT R$

9538 F$ = "PERCENT 1SOKINETIC HHH.HHH %" : CALL BU,R$,F$
,1S: PRINT Rs$
9556 F$ = "UISCOSITY _ HH#, #~~~~GM/CM-SEC": CALL B

U,R$,F$,U: PRINT Rs. : A | _

9555 IF DP = 8 THEN F$ = "CALCULATED IMPACTOR DELTA P = ##.#
# IN. HG": CALL BU,R$,F$,PS(®) - PS(S) + DP(S): PRINT R$

9558 PRINT : PRINT

95468 IF F1 = 18 THEN X2Z%$ = "(CLAS AERO)"

9565 IF F1 ¢ > 18 THEN X2$ = "(PHYSICAL) °

9578 PRINT "STAGE  CUNN. DP DP CUM R

E. UXD5a "

9575 PRINT ° CORR. ";X2%$;"(IMP AERQ) FREQ. NC.
UM-M/S" ‘

9588 F$ = °  ##; H.HHE; HH . HHE HH L HEH #.HHEH;
HHEH; B, 4

596 FOR I =1 TO S

7688 CALL BU,R$,F$,1,CCCI),DSCD) ,D&CI) ,(CUCTIY X 18@) ¥ (CUCI

? > .8088835) ,RE(I) ,DSC(I) ¥ VYJ(I) ¥ SGR (RH) / 188: PRINT R$
7618 NEXT 1

7613 PRINT : PRINT "STAGE CUT DIAMETERS BASED ON ";: IF THe =
"C" THEN PRINT "FILE VALUES OF STAGE CONSTANTS": PRINT

9616 IF TH$ = "T" THEN PRINT "THEQORETICAL VALUES OF STAGE C

ONSTANTS" : PRINT

7428 IF MR = @8 GOTQ 9450

625 FOR I = 1 TO MR

7438 PRINT "NOTE: THE MASSES ON STAGES “;MZCI) ;" AND *;M2<(D)
+ 13" HAVE BEEN COMBINED FOR THE SPLINE FIT BECAUSE OF CUTS
BEING TOO CLOSE TOGETHER"

P4635 PRINT

9638 F$ = "TOTAL MASS CONCENTRATION = #.##~~~~ MG/DRY NORMAL
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CuUBIC METER": CALL BU,R$%,F$,TC: PRINT R$

9651 PRINT .

9455 IF Fi = 1 THEN PRINT "SPLINE FIT ON PHYSICAL DIAMETER
BASIS": PRINT

92468 IF F1 = 8 THEN PRINT "SPLINE FIT ON IMPACTION AERODYNA
MIC DIAMETER BASIS": PRINT

645 IF F1 = 1@ THEN PRINT "SPLINE FIT ON CLASSICAL AERQDYN
&aMIC DIAMETER BASIS": PRINT

478 PRINT "PARTICLE DIaA. CUMFR CUMFR CUM.MASS DM/DLOG
D L]

9688 PRINT * (MICRONS) (STDDEW (PERCENT) (MG/DRY N.CU.METER
) L]

2498 PRINT :D8 = ,47847 / SQR (2):C1 = .34862:C2 = - .89358
798:C3 = .74785354
2493 F$ = " H#.#HHH; —HH.HHHHE; HHH . HH# HoHH g #.88"

AAaAD

9768 FOR I = 1 TO NP

9786 X1 = YY(I): GOSUB 9968

9718 CALL BU,R$,F$,XP(I),YY(I),(X3 ¥ 188> ¥ (X3 > .8068% ,X3
X TC,DG(I): PRINT R$

9728 NEXT 1

9725 PRINT

9738 IF F1 < > 18 THEN GOTO 9798

9735 PRINT : PRINT

748 PRINT “¥XX¥ INHALABLE PARTICULATE MATTER XXX%"

9745 PRINT

9758 1 = &: GOSUB 9868
9748 1 = 8: GOSUB %889
9778 1 = 11: GOSUB 98868

97898 1 = 12: GOSUB 9868

9785 PRINT "NOTE: DIAMETERS FOR INHALABLE PARTICULATE MATTER
ARE" : PRINT "ON CLASSICAL AERODYNAMIC BASIS.® )
9798 GOSUB 9848: RETURN

2888 X1 = YY(I>: GOSUB %9988

2818 CALL BU,R$,F$(28) ,XP(I) X3 ¥ TC,X3 ¥ 186: PRINT R%

2828 RETURN

2848 REM ¥¥% PRINT SIZE DIST. PARAMETERS

9842 IF MR > 1 OR F1 18 THEN PRINT CHR$ (12

?843 IF MR > | OR F1 18 THEN PRINT " %X¥XX RESULTS CONTIN
UED xxxx®

28453 PRINT

$85@ PRINT "LOG-NORMAL SIZE DISTRIBUTION PARAMETERS": PRINT

tn

9855 F$ = “"LEAST SQUARES LINE: Y=##.H#; + ##. 8#X"

9848 CAlLL BU,R$,F$,Ls,LS5: PRINT R$

9845 F$ = "MASS MEDIAN DIAMETER: ###.###": CALL BU,R$,F$,L7: PRINT
R$

9878 F$ = "GEOMETRIC STANDARD DEVIATION: H##. ###": CALL BU,R
$,F$,L8: PRINT R$ : '

98808 F$ = "CORRELATION COEFFICIENT: HH#.#HH": CALL BU,R$,F$,

L9: PRINT R%$

9898 FPRINT CHR$ (12): RETURN

9988 REM ¥%¥% CALC., NOX)-THE NORMAL FCN xXxXx
985 IF X1 > = 8 THEN FL = 1
92918 IF X1 < 8 THEN X1 = - X1:FL = -1
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9928 X2 =1 / (1 + DB X XD
?938 X3 = 1 - ((C3 X X2 + C2> ¥ X2 + C1) %¥ X2 ¥ EXP ¢ - X1 ¥
X1l /7 2

9948 X3 = (1 + FL ¥ X3 / 2

92958 RETURN

99468 REM XXX INSERT COEFF-’S.

9976 DB = .47047 / S@R (2)

9988 C1 = .34882:C2 = - ,8958798:C3 = .7478554

9990 RETURN

l6ege REM XXX CALCULATE LOG-NORMAL LEAST SQUARES FIT TO D
ATA XXX

16028 LZ = 8:L1 = 6:L.2 = 6:L3 = 8:1.4 = 8:L5 = 8:Lé& = 0:L.7 = @
L8 = 8:L? = 8
ijgg3e FOR I = 1 TO N2

16048 LZ = LZ + X(I): REM X({I> IS LOG OF STAGE DSe
168658 L1 = L1 + Y(I>: REM Y(I) IS LOGNORM TRANSFORM OF CUM
FRACTION

18855 L2 = L2 + Y(I) ¥ X{(D)

18848 L3 = L3 + X(I> ¥ X(ID

18678 L4 = L4 + Y(I) ¥ Y(I)

18888 NEXT 1

16898 LS = (L2 - L1 ¥ LZ / N2) 7/ (L3 - LZ % LZ / N2»

10168 Lé = L1 / NZ - LS ¥ LZ / NZ

18118 L7 = 18 ~ ( - L& / LD

18128 L8 = 18 ~ (1 / U3

186138 LY = LS ¥ SOR ((L3 - LZ ¥ LZ / N2) / (L4 - L1 ¥ L1 / N

2))

16148 L? = L? ¥ L? :

181435 PRINT "MMD= "3;L7;" SIGG= ";L8;" R2= ";L%: PRINT : PRINT
“TO CONTINUE PRESS ANY KEY ": GET R$

10158 PRINT R$: RETURN

19999 REM CALCULATE THEORETICAL SQUARE ROOTS OF PSIS@

28868 INPUT "SUBSTRATE TYPE IS G)REASE (OR BARE) OR F)ILTER
“sFF$: IF FF$ ( > "G" AND FF$ < > "F" THEN 20000

2068108 INPUT "USE THEORY FOR STAGE 1 (Y/N) ";R#$: IF R ¢ > "

Y" AND R$ ¢ > "N" THEN 20818

28028 BS = 2: IF R$ = "Y" THEN BS = 1

28821 IF R$ { > "Y" THEN GOTO 20825

286822 INPUT "IS STAGE 1 THE RIGHT ANGLE PRECOLLECTOR?";R$: IF
R$ = "Y" THEN BS = 2: REM IF YES, CALCULATE RAPC SQRT PSIS8
FROM FIT TO EMPIRICAL CALIBRATION DATA FOR VARIOUS NOZZLE TIP
SIZES.

20923 IF R$ = "Y" THEN IF ND > = .25 THEN SI<1) = ,245: GOTOQ
28825

280824 IF R$ = "Y" THEN IF ND ¢ .25 THEN SI(1) = ,645 + .2 ¥
ND / .25

20025 WX = - ,81184:WY = ,232:W2 = - ,215:WN = ,4343:WD = .
7:6X = ,93:6Y = 1.26:6Z = .798 ¥ SQR (3.14159) :FA = .98:FM =
.13 / S6ea

28829 REM ACTUAL CALC’S OF STAGE SGRT PSISB’S

20038 FOR I = BS TO S ‘ ‘
2060648 SW = JSCI) / DJCI):OF = WX ¥ SW ¥ SW + WY ¥ SW + W2
20058 ZP = (WN X LOG (RECI>) - OF) / WD: IF ZP < 8 THEN ZP =
8

28868 SICI) = GX X GY ¥ ¢ EXP ¢ - 2P ¥ 2P / 2)) 7/ GZ + GX ¥ .
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52 / SGR (2D
28878 IF FF$ = "F" THEN SI(I)> = SIC(I) %X (FA - UJ(I) X FM): REM
CORRECT FOR EFFECTS OF FIBROUS SUBSTRATES IF USED.

28875 PRINT I,SI(D

28689 NEXT 1

28898 RETURN

29999 REM DATA SAVE - BINARY SAVE OF ALL REAL ARRAY VARIAB

LES IN PROGRAM AFTER FIRST PLACING NON-ARRAY VARIABLES INTO D
UMMY ARRAY

308988 DA(B) = F1: DAL = UM:DA(2) = DP:DA(3) = OP:DA(4) = PS:
DA(S) = PB:DA(S) = TS:DA(Y) = TM:DA(8) = TI1:DA(Y) = TD:DAC16)
= AV:DA(31) = WA:DA(32) = MF

390818 DAC11) = PC:DAC12) = ND:DA(13) = XB:DA(14) = TN:DAC13 =
RH:DAC1&) = S:DACLIYY = MR:DACI®D DCZ2:DAC1?> = NN:DACZE) = D
1:0AC21) = CO:DAC22) CP:DACZD CT:DAa(24> = PP:DA(23) = BW
1DAC28) = N9

38828 DA(27) = CD:DA(28) = CM:DA(Z2%) = 02:DA(38) = NZ

39848 DA = PEEK (187) + 2546 ¥ PEEK (188):DL = PEEK (189 +
256 ¥ PEEK (118) - DA: REM START AND LENGTH OF ARRAY STORAG
E

38845 DL = 1e6a

388472 REM SAVE STRING DATA

38856 PRINT : PRINT D$;“BSAVE" + NM$% + " .DATA" + " ,A";DA3",L
" ;DL

38848 PRINT D$;"OPEN™ + NM$ + ", TEXT"

36878 PRINT D$;"WRITE" + NM$ + " . TEXT"

il
i

36888 PRINT DT$: PRINT T$: PRINT L#$: PRINT I%: PRINT RN$: PRINT

NM$: PRINT RR$: PRINT IM$: PRINT IN$: PRINT RO%: PRINT SM$
38898 PRINT D$;"CLOSE": RETURN

38999 REM RELOAD OLD RUN DATA

318868 PRINT "ENTER FILE NaME OF RUN TO BE RETRIEVED:": INPUT
Fis

31818 DA = PEEK (187) + 2546 ¥ PEEK (168)

318280 PRINT D$;"BLOAD" + FI$ + ".DATA,A";DA;",D2": REM REST
ORE REAL ARRAY UVARIABLES FROM DISK

21829 REM RESTORE NON-ARRAY VARIABLES FROM DUMMY ARRAY
3i{838 F1 = DA(E) :UM = DACL) :DP = DACZ2) :0P = DA(3) :PS = DA(4)
PB = DA(S) :TS = DACA) :TM = DACZY :TI = DACS) :TD = DA(Y) :AV = D
&a(18)

31848 PC = DAC11):ND = DAC12) : X8 = DACI3) :TN = DA(14) :RH = DA
(15):S = DA 18) :MR = DAC17) :DC2 = DAC18) :NN = DAC19) :DI = DAL
20> :CQ = DA(21) :CP = DA(22) :CT = DACZ23) PP = DA(Z4) :BW = DA(Z
3 N9 = DAC2&)

31858 CD = DA(27) :CM = DA(28) :02 = DAR(ZY) :NZ = DA(36) kA
(31) :MF = DA(3D)

31935 FF = M(S + 1):FC = M(S + 3:1SC = M(S + 2

31859 REM GET STRING VARIABLE DATA

31848 PRINT D$;"0OPEN" + FI$ + " .TEXT"

31878 PRINT D$;"READ" + FI$ + " .TEXT"

oA

31888 INPUT DT$: INPUT T$: INPUT Ls: INPUT I%: INPUT RN$: INPUT

NM#$: INPUT RR$: INPUT IM$: INPUT IN$: INPUT RO$: INPUT SM$
31885 F$(24> = " 2JWATER VAPOR HH . HELY

31898 PRINT D#$;"CLOSE": RETURN

63999 BU = PEEK (121> + 256 ¥ PEEK (122 + 284: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (7> : CALL BU + 3: RETURN : REM
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==> DO NOT EDIT 43999%.

63535 REM
BUILDUSING (2.8) ~AFPPENDED.

COPYRIGHT (C) 198t
ROD STOUVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> TO REMOVE ‘APPENDAGE’, ENTER:
JEXEC BU.STRIP

]
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STATIS

i REM STATIS V 2.1 - AVERAGES DATA AFTER MAKING CORRECTIO
N FOR ISOKINETIC SAMPLING ERROR - USES BELAYEV & LEVIN ALGLRI
THM - 8/14/84

2 REM COMPUTES AVERAGES AND CONFIDENCE INTERVALS FOR DM/
DLOGD AND CUM. LOADING. CUM. LOADING OBTAINED BY INTEGRATION
OF AVG DMDLOGD AFTER OUTLIER REMOVAL.

3 REM ORG 2/25/83 JDM - Vi.3 4/2/83 - V1.4 2/22/84 - V
2.8 8/17/84 — V2.1 4/17/86

4 D$¥ = CHR$ (4):KF = 1808800808:BA = 2:BB = .817

18 HOME

28 DIM X(21),Y(21,48) ,XP(28) ,YY(28) ,DG(28) ,CP(28) ,RN%(18@) ,F

$(28) ,FMHE( 18

380 GOSUB &3999: REM INITIALIZE PRINT FORMATTER

35 GOSuB 1808: REM INIALIZE PROGRAM

48 HOME : PRINT Fe¢: PRINT : PRINT

58 PRINT "DO YOU WANT THE DATA CORRECTED FOR": INPUT "ISOKIN
ETIC SAMPLING ERRORS (Y/N)? *;IC%: IF IC$® < > "Y" AND IC% <
> "N" THEN 49 )

i@ HOME : PRINT "IMPACTOR DATA STATISTICS PROGRAM®

118 GOsSUB 2008

115 IF OK = 8 GOTO 140@

128 GOSUB 3669

138 ©60TO 1186

149 GOSUB 40069

i58 GOSUB 35669

168 GOSUB 4808

iv8 GOSUB 7686@

188 REM PRINT D%;"RUN MAIN-MENU"

999 END ’

1888 REM ¥¥ INITIALIZE"

18681 NP = 28

1885 Ci = .34802:C2 = - .8958798:C3 = .7478554:08 = .47047 /
SR (22

1816 N = 8:10% = "INLET":I$ = ".IT"

1820 F8$ = " STAT. VER 2.1"

1638 Fi1$ = “HH.H "

1848 F2% = "HHH.HH; H.HH N3 HOHENNNN; BOBENASND

1858 F3% = "H#HHH.#HHY

18469 REM GET INDEX FILE FOR REDUCED RUN DATA
1678 PRINT D$;"0PEN RUN/NAM* + " ,D2"

1680 PRINT D$;"READ RUN/NAM"

1898 INPUT NR

1118 FOR I = 1 TO NR

1128 INPUT RN$CI)

1138 NEXT 1

1148 “PRINT D%;"CLOSE RUN/NAM®

11780 FM$(2) = "1> TEST TYPE &3 2> TEST NUMBER H##"
1180 FM$E(3) = "3DRUN H## ; &°

1399 RETURN

1408 REM MENU INSTRUCTIONS A

1418 VUTAB 23: PRINT "C)AT. OF RUNS, @ UIT, OR NUMBER OF ITEM
TO ENTER/CHANGE: "; '
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1420 INPUT R%

1423 IF R$ = "C" THEN GOTC 1448

1438 IF R® = "G" THEN CK = @: RETURN

1448 A = UAL (R#>: IF A < 1 OR A > 3 THEN GOTQO 14886
1458 RETURN

1459 REM DISPLAY RUN INDEX FILE CONTENTS
1468 HOME : VTAB 3

1465 GOSUB 18746

1467 SPEED= 180

1478 FOR I = |1 TO NR

1488 PRINT RN$(D

1498 NEXT 1

1495 SPEED= 255

1588 VTAB 1: PRINT "THE AVAILABLE RUNS ARE :"
1318 VTAB 23: PRINT "TO CONTINUE PRESS SPACE BAR.": GET R$:4
= 4: RETURN

2880 REM MENU

2616 P = |

28280 HOME : PRINT Fe@$;" - PAGE | OF 1"

20638 CALL BU,R$,FM$(2) ,10%,TN: PRINT R%

2858 IF N = 48 THEN MX = 48

2068 IF N ¢ 68 THEN MX = N + 1

2665 IF P > 12 THEN P = 12

2078 FOR I = { TO MX

20688 CALL BU,R%,FM$(3) ,1,F$<(1)>: FRINT Rs$

2180 NEXT I

2185 NI = MX

2118 GOSUB 1489

2115 IF R$ = "G@" THEN OK = @: RETURN

2120 ON A& GOTO 2136,2150,2178,2829

2136 IF I0% = "INLET" THEN 10% = "QUTLET":I% = ".0T": GOTO 2
82a

2135 10$% = "INLET":I1% = ",IT": GOTO 2626

21536 VUTAB 24: HTAB 19: PRINT " "1 UTAB 24: HTAB
19: INPUT "TN= ";TN: GOTO 2620

2178 VUTAB 24: HTAB 19: PRINT * "1 UTAB 24: HTAB
19: INPUT “"RUN = ";RN$

21753 NM$ = "T" + STR$ (TN) + "R" + RN$ + I$:0K = 8

2176 FOR I = 1 TO NR

2177 IF NM% = RN$(I) THEN OK = 1

2178 NEXT 1

2179 IF OK = 1 THEN RETURN

2188 UTAB 24: INVERSE : PRINT " RUN NOT IN CATALOG - TRY AGA
IN ": NORMAL : FOR I = 1 TO 20088: NEXT 1: GOTO 2028

366@ REM READ RUN FILES

386180 CK = @

3619 REM GET RUN DATA

3828 PRINT D$;"OPEN" + NM$ + " ,D2": PRINT D#; "READ" + NM$
3838 INPUT DT$: INPUT T$: IMPUT L$: INPUT RR$: INPUT DB$: INPUT

TC

3848 FOR I = 1 TO NP: INPUT XP(I)>: INPUT YY(I): INPUT DG(I)
NEXT 1

3841 IF IC$ = "N" THEN 2848

3842 INPUT S :

3644 FOR I = | TO S: INPUT X: INPUT X: INPUT X: INPUT X: NEXT
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1
2044 INPUT AV: INPUT ND: INPUT IS: INPUT U: INPUT RH

3948 PRINT D$;"CLOSE": IF IC$ = "N" THEN 38358

3949 IF AV < =8 ORND < =8 OR IS < = @8 THEN FPRINT "NO
VELOCITY OR NOZZLE DIAMETER FOR RUN": PRINT "SPECIFIED - CANN

OT DO ISOKINETIC ERRORY: PRINT "CORRECTION - RUN REJECTED": RETURN

3656 IF NI = 1| THEN 22% = DB$: FOR I = 1 TO NP:X(I) = XP(I):
NEXT 1

3659 REM CHECK FOR CONSISTENT DIAMETER BASE AND DIAMETERS
348 FOR I = 1 TO NP: IF XP(I) < > X(I> THEN CK = 1: NEXT 1

3865 IF DB < > 22% THEN CK = 1
3978 IF CK = 1 THEN UTAB 24: INVERSE : PRINT "LAST RUN WAS
INCOMPATIBLE IN DIAMETERS": NORMAL : FOR I = 1 TO 2666: NEXT

I: RETURN

3888 X1 = YY(1): IF X1 > = 68 THEN FL = 1

3898 IF X1 < 8 THEN X! = - X1:FL = -1

3168 X2 = 1 - (1 + DB X XD

3118 X3 = 1 — ¢{C3 ¥ X2 + C2) ¥ X2 + C1) ¥ X2 ¥ EXP ( - X1 ¥
X1/ 2>

3128 Y(B,NI> = TC ¥ €1 + FL ¥ X3) / 2:Y(NP + I,NID = TC
3125 IF IC$ = "Y" THEN R = 188 / IS:AV = AV ¥ .588:ND = ND X
2.54: REM SET UP FOR ISIKINETIC CORRECTION

3138 FOR I = 1 TO NP

3132 IF IC® = "N" THEN Y¢I,NI> = DG(I): GOTO 315@

3134 REM MAKE CORRECTION FOR ISOKINETIC SAMPLING ERRORS
3135 RT = RH ¥ XPC(I) ¥ XPCI) 7 (KF % W

3148 B = (BA + BB / R) ¥ RT X AV / ND

3145 Y(I,NI) = DG(I) / (1 + (R - 1) ¥ B / (B + 1M

3158 NEXT I

3178 REM  HOME : PRINT NI,Y<@,NI),Y(1,NI)>,Y¢28,NI),TC
3186 REM FOR I = 1 TO 5090: NEXT I

3198 N = N + 1:CK = 1:F$(NI) = NM$: RETURN

4388 REM XXX NOW DO AVERAGES,STATS ETC.

4884 HOME : PRINT : PRINT "GOMPUTING STATISTICS®

4628 DIM TCC1@) ,CI(NP + 1)

4848 TC(2) = 6.314
4858 TC(3) = 2.928
4848 TC(4) = 3.353
4878 TC(5) = Z.132
4888 TC(&) = 2.813
4898 TC(7) = 1.943
4188 TC(8 = 1.8%>

4119 TCL9 = 1.8B6

41282 DIM M(NP + 1) ,S(NP + 1) ,C(NP + 1)
4125 INPUT "REMOVE OUTLIERS ? (Y/N>";OL$: IF OL$ < > "Y" AND
OL$ < > “"N* THEN 4125

4138 FOR I = 8 TO NP + 1

4135 PRINT "C";

4148 SX = @

4156 S5 = @

41480 FOR J = 1 TO N

4176 z = Y(I,d

4188 SX = SX + 2
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4198 S8 = 85 + 2 % 2

4288 NEXT J

4218 M(I)» = 8X / N

4215 IF N = 1 THEN 42360

4228 S(I> = GSOR ( ABS ((S8 - SX ¥ SX / N) / (N - 1))

4238 IF N { 2 THEN C(I> = 3E33: GOTO 4380

42353 IF N = 2 THEN CIC(I) = TC(2) % S(I) / S&R (2): GOTO 438
8

4237 IF OL$ = "N" THEN NN = N: GOTO 4378

4248 SX = @

4256 SS = @

4268 NN = 8

4278 IF N < 3 THEN 2z = 3E33

4274 IF N > 3 AND N < 18 THEN 22 = S(I> ¥ TCND

4276 IF N > 18 THEN 22 = S(I)> % 1.445

4288 FOR J = 1 TO N

4298 2 = Y(1,D

4388 IF ABS (Z - M(I») > ZZ GOTO 4340

4318 SX 8X + 2

4328 S8 85 + Z ¥ 2

4336 NN = NN + 1.

4348 NEXT J

433538 M(I> = SX / NN

4355 IF NN ¢ = 1 THEN S(I) = 0:C(I) = 3E33

4348 S(I) = SOR ( ABS ((SS —~ SX ¥ SX / NN) / (NN - 1)»)>: REM
STANDARD DEVIATION

4369 REM FIND 98 PERCENT CONFIDENCE INTERVAL

4378 IF NN > = 2 AND NN < 18 THEN CI(I> = S(I) ¥ TC(NN) / SGR
CNND ‘ :

4375 IF NN > 18 THEN CICI) = 1.445 ¥ SCI) / SQR (NN

4388 NEXT 1

4381 REM INTEGRATE FOR AVERAGE CUM, USING MODIFIED SIMPS
ONS“8 RULE - MOD. GIVES VALUES AT EVERY X RATHER THAN ONLY FO
R ALTERNATE X’S

4382 YY(1) = M(B):DG(1) = CI(B) ¥ CI(®

4384 FOR I = 2 TQ NP

4386 YYC(I) = YY(I - 1) 4+ 8.2 ¥ (((] - INT (1 / 2) ¥ 2) = @) ¥
(2 % MCID +# MCDT = D) + (I = INT (I / 2) ¥ 2> = 1) ¥ (2 ¥ M
(I = 1) + MCID)) / 3:DGCI) = DGCI - 1) + (CICI) ¥ CICIY + CI¢
I - 1) X CICI - 1)) % .81

42388 NEXT I

4389 PRINT

4488 RETURN

0888 REM X¥X¥ DISPLAY RESULTS %¥¥

5818 HOME
2812 PRINT 2Z%: PRINT
5815 PRINT "DIA. MEAN STD DEV PBACON, INT."

9628 FOR I = 8 TO NP + 1

o838 K =1 - 1|

5848 IF K/ 18 ¢ > INT (K / 18) THEN Sesb

59858 PRINT " DIA. MEAN STD DEV PAXACON. INT, "

Ses@ REM IF I ¢ = NP THEN CALL BU,R$,F1$,X¢(1): PRINT R&;
5878 CaALL BU,R$,F2#% ,X(I) ,M(I),S(I>,CICI): PRINT R$

5871 REM FIX SO THAT NA IS PRINTED IF CI=3E33

5898 IF I < > NP AND I / 18 = INT (1 / 18> THEN PRINT "<F
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RESS SPACE BAR FOR MORE>": GET R%

5188 NEXT 1

5185 PRINT "<PRESS SPACE BAR TO CONTINUE>:GET R%
S118 RETURN

4888 REM XXX HARDCOPY XXX

6885 PRINT

4818 PRINT "DO YOU WANT HARDCOPY ? (Y / N> ": GET R%$: IF R$ <
> "Y" AND R$ < > "N" THEN GOTO 4816

46828 I1F R$ = "N" THEN RETURN

4838 PRINT : PRINT "TURN PRINTER ON"

4833 PRINT D$;"PR#1"

- 4848 PRINT CHR$ (1> + "88N" + CHR$ (24

6845 PRINT CHR$ (9) + "8L" + CHR$ (24

4850 FA$ = * DIA. DM/DLOGD STD DEV  9@% CON CUM LO
AD. 8% CON CuMx" .
4855 FB$ = * MICRON  MG/DNM3 ~INT MG/ DN
M3 INT *

4B&B FM$ = " HEH.##; H.OHESSNN; HUBRSNAN BOBENNNY #.
BEAAAN S HLBENANN THELHEY

4865 FPE = " HH#t# . #8; H.HEASN T BB NA .8
gAnan s NA 3 HH L HH

4878 IF ICS = *Y" THEN PRINT "XXX¥XX RESULTS OF STATISC(TICS
) WITH ISOKINETIC CORRECTIONS XX¥X¥%X": GOTO 6675

6072 PRINT "X¥XX¥XX RESULTS OF STATIS(TICS) ¥XXXXXX"

5875 PRINT : -

4688 PRINT " RESULTS OF AVERAGES FOR RUNS :": PRINT

$898 FOR I = 1 TO N

4188 PRINT F$(D)

6118 NEXT 1

46128 PRINT : PRINT 224: PRINT : PRINT

6138 PRINT FA$: PRINT FB$: PRINT

4148 FOR I = 1 TO NP

6142 CP(I> = 188 ¥ YY(I) / YY(NPY: IF CPCI) < = .885 THEN CP
(1) = 8 -

4145 IF CIC(I> > 1E32 THEN CALL BU,R$,FF$,XCI)> ,MCI) ,SCI) ,YY(
1>,CP(I): PRINT R$: GOTO 6148

4158 CALL BU,R$,FM$,X¢I) ,MCI) ,S¢I) ,CICIY ,YYC(I), S@R (DBC(I)),
CP¢1): PRINT R$

6188 NEXT 1

6178  PRINT

46186 PRINT "FOR TOTAL MASS: (UNCORRECTED)"

46198 CALL BU,R$,FM$,9999,M(NP + 1) ,SCI> ,CI(NP + 1>: PRINT R$

46268 PRINT CHR$ (12)

6380 PRINT D%;:"PR#2"

46488 RETURN

7808 REM %X%XX% DISK SAUVE X¥¥

7616 HOME : INPUT * DO YOU WANT TO SAVE THE RESULTS ON DISK?
CY/N) " 3R$

7628 IF R$ = "N" THEN RETURN

7838 IF R$ > *Y* GOTO 7610

7848 INPUT "ENTER A FILENAME FOR THE RESULTS :";NM$

7858 PRINT D$;"OPEN" + NM$ + ",D2": PRINT D$;"WRITE" + NM$

7855 PRINT 22%

7868 FOR 1 = @ TO NP + 1

N
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7885 IF I = NP + 1 THEN PRINT XCI): PRINT MCI): PRINT S¢I):
PRINT CICI>: GOTO 7086

7678 PRINT X<I>: PRINT M(I>: PRINT S¢I): PRINT CICI): PRINT

YY(I>: PRINT SGR (DG(I))

7888 NEXT I

7885 PRINT 10$

7898 PRINT D$;"CLOSE"

7188 RETURN

63999 BU = PEEK (121) + 256 ¥ PEEK (122) + 28&: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (?): CALL BU + 3: RETURN : REM

==> DO NOT EDIT &4399%9.

63535 REM
BUILDUSING (2.@) APPENDED.

COPYRIGHT (C) 1981
ROD STOVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> TO REMOVE ‘APPENDAGE’, ENTER:
1EXEC BU.STRIP

]
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SYNTRAV

{ REM STAT(ISTICS) PROG. V1.4 REVISED 8/28.84 TO MAKE VEL.
WGTD AVERAGES — REV = SYNTRAU XX SYNTRAMV IS INTENDED TO BE US
ED TO SYNTHESIZE @& FULL TRAVERSE FROM SEVERAL FARTIAL TRAVERS
ES

2 REM COMPUTES AVERAGES AND CONFIDENCE INTERVALS FOR DM/DLO
6D AND CUM. LOADING. CUM. LOADING OBTAINED BY INTEGRATION OF
AUG DMDLOGD AFTER OUTLIER REMOVAL.

3 REM ORG 2/25/83 JDM - V1.3 4/2/83 - U1.4 2/22/84

4 REM V2.8 ADD ISOKINETIC CORRECTION FROM STATIS 12/19/85

6 D% = CHRS (&) :KF = 1800008808:BA = 2:BB = .4617

18 HOME :

15 PRINT "THIS PROGRAM 1S INTENDED TO BE USED TO SYNTHESIZE
A COMPLETE TRAVERSE FROM SEVERAL PARTIAL TRAVERSES. THE
RUNS BEING COMBINED SHOULD, TAKEN TOGETHER, COVER THE EN

TIRE DUCT BUT THE AREAS SHOULD NOT HAVE OVERLAPPED";:

16 PRINT " OR HAVE BEEN DUPLICATED.": PRINT " THE AREAS (OR
RELATIVE AREAS) COVERED BY EACH RUN WILL BE NEEDED AS INPUTS

UNLESS THEY WERE EQUAL.*

17 PRINT * THE CONFIDENCE INTERVALS AND STANDARD DEVIATIONS
PRODUCED BY THE PROGRAM MAY NOT BE MEANINGFUL.": PRINT * T
HE PROGRAM <COMBO‘ CAN BE USED TO AVERAGE SETS OF RESULTS
FROM THIS ONE." .

18 WUTAB 23: PRINT "PRESS ANY KEY TO CONTINUE": GET R$

28 DIM X<(21),Y(21,28) ,XP(2@} ,YY(20) ,DG(28) ,CP(2@) ,VE(28) ,ARE

AC28)

38 GOSUB &3999

48 HOME : PRINT F@$: PRINT : PRINT

58 PRINT "DO YOU WANT THE DATA CORRECTED FOR": INPUT "ISOKIN
ETIC SAMPLING ERRORS (Y/ND? ";IC$: IF IC® < > "Y" AND IC$ <
> "N" THEN 48

48 PRINT "WERE THE AREAS OF THE SAMPLING SUBZONES EQUAL? Y./

N)": GET AR$: PRINT AR$: IF AR$ ¢ > "Y" AND ARs ¢ > "N* THEN
&8

98 GOSUB 1008

168 HOME : PRINT “IMPACTOR VELGCITY WEIGHTED AVERAGES®

114 GOSUB 2689

115 1IF OK = @ GOTO 148

128 GOSUB 30800

138 GOTO 118

149 GOSUB 4889

158 GOSUB 5008

168 GOSUB 4808

178 GOSUB 7808

180 REM  PRINT D$;"RUN MAIN-MENU®

$99 END

1888 REM XX INITIALIZE®

1681 NP = 28 _

1885 C1 = .34882:C2 = - .8958798:03 = .7478554:08 = .47847 /
SAR (2>
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1818 N = 8:10% = "INLET":I% = ".IT"

1828 Fes = " SYNTRAV VERSION 2.8 ¢

1836 F1$ = "#4.# "

1040 F2% = "HHH#.HH; H.HH "5 H.HEA N HOHHANNA
1856 F3% = "HHHH.HHH"

1869 REM GET RUN INDEX FILE

16768 PRINT D%$;"0OPEN RUN/NAM®* + * D2°

1688 PRINT D%$;"READ RUN/NaM"

1698 INPUT NR

1188 DIM RN$(NR

11i8 FOR I = 1 TO NR

1128 INPUT RN$(I)

1138 NEXT I

1148 PRINT D%;"CLOSE RUN/NAM"

1156 DIM F$(206) ,FM$(18)

1176 FM$(2) = "1) TEST TYPE &; 2) TEST NUMBER H###"
11886 FM$(3) = "3D>RUN ## ; &"

1399 RETURN

1488 REM MENU INSTRUCTIONS

1418 UVUTAB 23: PRINT "C)AT. OF RUNS, ) UIT, OR NUMBER OF ITEM
TO ENTER/CHANGE: "3

1428 INPUT R%$ '

14253 IF R = "C" THEN GOTO 1448

1438 IF R$ = "Q@" THEN CK = 8: RETURN

1448 A = VAL (R$>: IF A < 1 OR A > 3 THEN GOTO 1464
1458 RETURN .

14539 REM DISPLAY RUN INDEX FILE

1468 HOME : VUTAB 3

1465 SPEED= 188

1476 FOR I = 1 TQO NR

1488 PRINT RN$<CI)

1498 NEXT 1

1495 SPEED= 255

1568 UTAB 1: PRINT "THE AVAILABLE RUNS ARE :"
1518 VUTAB 23: PRINT "TO CONTINUE PRESS SPACE BAR.": GET R$:A
= 4: RETURN

2088 REM MENU

2818 P = |

2028 HOME : PRINT Fe$;" - PAGE 1 OF "

2038 CALL BU,R%,FM$(2) ,10%,TN: PRINT R$

2858 IF N = 28 THEN MX = 20

2068 IF N <€ 28 THEN MX = N + 1

2845 IF P > 12 THEN P = {2

2878 FOR I = 1 TO MX

2888 CALL BU,R%,FM$(3),I1,F$<(I>: PRINT R%$

2188 NEXT I

2183 NI = MX

2118 GOSUB 1406 '

2115 IF R$ = "@" THEN OK = 8: RETURN

2126 ON A GOTO 2138,2156,2170,2020

21386 IF I0% = "INLET" THEN 10% = "QUTLET":I$ = ".0T": GOTO 2
82a

2135 I10% = "INLET":I% = ",IT": GOTO 262@

2158 VTAB 24: HTAB 19: PRINT " " UTAB 24: HTAB

12: INPUT "TN= ";TN: GOTO 282¢
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2178 VUTAB 24: HTAB 19: PRINT ° 3 YTAB 24: HTAB
19: INPUT "RUN = ";RN$

2175 NM$ = "T" + STR$ (TN> + "R" + RN$ + I$:0K = 8

2176 FOR I = 1 TO NR

2177 IF NM$& = RN$(I) THEN OK
FILE NAMED

2178 NEXT 1

2179 IF OK = 1 THEN RETURN
2188 UTAB 24: INVERSE : PRINT " RUN NOT IN CATALOG - TRY AGA
IN ": NORMAL : FOR I = 1 TO 2008: NEXT 1: GOTO 2620

36688 REM READ RUN FILES

3818 CK = 8

3628 PRINT D$;"OPEN" + NM$ + ",D2": PRINT D$%;"READ* + NM3

i

1: REM CHECK FOR VALIDITY OF

3838 INPUT DT$: INPUT T$: INPUT L$: INPUT RR$: INPUT DB%: INPUT

TC
3846 FOR I = 1 TO NP: INPUT XPC(I>: INPUT YY(I): INPUT DG(I):
NEXT 1

3842 INPUT S
3844 FOR I =
I

2844 INPUT aV: INPUT ND: INPUT IS: INPUT U: INPUT RH:VE(NIY =
AavY

3648 PRINT D$3“CLOSE": IF IC% = "N" THEN 3836

3849 IF AV ¢ =8 ORND ¢ =8 OR IS5 ¢ = 8 THEN PRINT "NO
VELOCITY OR NOZ2ZLE DIAMETER FOR RUN": PRINT "SPECIFIED - CANN

1 TO S: INPUT X: INPUT X: INPUT X: INPUT X: NEXT

OT DO ISOKINETIC ERROR": PRINT "CORRECTION - RUN REJECTED": RETURM

3856 IF NI = 1 THEN 22% = DB$: FOR I = 1 TO NP:X(I> = XP(I):
NEXT 1

3659 REM CHECK CONSISTENTCY OF DIAMETER BASE AND DIAMETERS
3848 FOR I = 1 7O NP: IF XP(I> < > X{I)> THEN CK = 1: NEXT I

3845 1F DB < > 22% THEN CK = 1

3878 IF CK = 1 THEN UTAB 24: INVERSE : PRINT "LAST RUN WAS
INCOMPATIBLE IN DIAMETERS": MORMAL : FOR I = 1 TO 2888: NEXT
1: RETURN

3988 X1 = Yy(i): IF X1 > = 8 THEN FL = 1

3898 IF X1 ¢ @ THEN X1 = - X1:FL = -1

3188 X2 = 1 7 (1 + DB X XD

3118 X3 = 1 — ((C3 ¥ X2 + C2) ¥ X2 + C1> ¥ X2 ¥ EXP ( - X1 ¥
X1 7/ 23

3126 Y(B8,NI> = TC ¥ (1 +# FL ¥ X3 / Z:Y(NF + {,NID = TC

3125 IF IC$ = "Y" THEN R = 188 / IS5:AV = AU ¥ .588:ND = ND ¥

2.54: REM SET UP FOR ISIKINETIC CORRECTIONS

3127 AR(NIY = 1: IF AR® = "N" THEN HOME : PRINT "ENTER AREA

OF SAMPLING ZONE FOR®:: PRINT "RUN "jNM$3;": ";: INPUT ARIND
REM GET AREA FOR WEIGHTING

3138 FOR I = 1 TG NP

3132 IF IC$% = "N" THEN Y(I,NI)> = DG(I>: GOTO 3158

3134 REM MAKE ISCOINETIC CORRECTION

3135 RT = RH ¥ XP(I) ¥ XP(I) / (KF ¥ WU

3140 B = (BA + BB / R) ¥ RT ¥ A&V / ND

3145 Y(I,NI) = DG{I) / {1 + (R - 1) ¥ B / ¢B + 13

3158 NEXT I :

2178 REM  HOME : PRINT NI,Y<@,NI>,YC1,NI)>,Y(26,NI),TC
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3188 REM FOR I = 1 TO 56688: NEXT I

3198 N = N + {:CK = 1:F$(NI) = NM$: RETURN

4888 REM XXX NOW DO AVERAGES,STATS ETC.

4884 HOME : PRINT : PRINT "COMPUTING STATISTICS®
4885 PRINT "C";

4828 DIM TCC18) ,CI(NP + 1)

4848 TC(2) = 4. 314
48568 TC(2 = 2,926
48408 TC(4> = 3.353
4878 TC(3) = 2,132
4888 TC(&) = 2.815
4898 TC(? = 1,943
4198 TC(8) = 1.89%95
4118 TC(9 = 1.86

4128 DIM MI(NP + 1) ,S¢(NP + 1) ,C(NP + 1)

CNND
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4125 INPUT "REMOVE QUTLIERS ? (Y/N> " 30L#$: IF OL$ < > “Y" AND
OL$ < > "N" THEN 4125

4136 FOR 1 = 8 TO NP + 1

4135 PRINT "C";

4148 SX = 8

4145 yS = g

4150 SS = 8

4160 FOR J = 1 TO N

4178 2 = YC(I,00 % VECD ¥ ARCD

4175 VS = US + VE(J) ¥ AR(D

4180 SX = SX + 2

4190 S5 = S5 + Z ¥ 2

4288 NEXT J

4218 M(I) = SX / VS

4220 SCI) = SAR ( ABS ((S5 - SX X SX / NY / <N - 13)) / (US ~

N)

4238 IF N < 2 THEN C<(I)> = 2E33: GOTO 4380

4235 IF N = 2 THEN CICI> = TC(2) ¥ SCI) / S@R (2): GOTO 438
@

4237 IF OL% = "N" THEN NN = N: GOTO 4378

4248 SX = 8

4258 SS = @

4268 NN = @

4278 1F N < 3 THEN 22z = 3E33

4274 IF N > = 3 AND N < 18 THEN 2Z = SCI) ¥ TCCN)

4276 IF N > = 18 THEN 22 = SCI) X 1.445

4280 FOR J = | TO N

4298 2 = Y(I,d)

4380 IF ABS (Z - M(I)) > 2Z GOTO 4348

4318 SX = SX + 2

4328 5SS = S5 + Z ¥ 2

4338 NN = NN + 1

4348 NEXT J

4258 MC(I) = SX / NN

4355 IF NN < = 1 THEN SCI) = 0:C(I) = 2E33

4368 S(I> = SER ¢ ABS (¢SS - SX X §X / NN) / ¢NN - 1))): REM
STANDARD DEVIATION

4349 REM CALCULATE 98 FERCENT CONFIDENCE IMTERVALS

4378 IF NN > = 2 AND NN < 18 THEN CICI) = S¢I) ¥ TC(NN) ~ SGR




4375 IF NN > 18 THEM CI<I> = 1.445 ¥ S<I> / SRR (NN

4388 NEXT I

4381 REM INTEGRATE FOR AVERAGE CUM. USING MODIFIED SIMPS
ONS“S RULE - MOD. GIVES VALUES AT EVERY X RATHER THAN ONLY FO
R ALTERNATE X’S

4382 YY(1) = M@ :DG(1) = CI(8) ¥ CIC@

4384 FOR I = 2 TO NP

4388 YY(I) = YY(I - 1) + 8.2 ¥ ({1 = INT (1 / 2> ¥ 2) = @) ¥
(2 % MCI) + MCI - 1) + (1 = INT (I / 20 ¥ 2) = 1) % (2 ¥ M
(1 = 1) + MCIY)Y)Y 7 3:DGCIY = DGCI — 1) + (CI<I) ¥ CICIY + CIY
I - 1) ¥ CICL - L)Y % .81

4388 NEXT 1

4389 PRINT

4486. RETURN

5868 REM xx¥ DISPLAY RESULTS XX

Se18é HOME
S812 PRINT 22%: PRINT
5815 PRINT "DIA. MEAN STD DEV PEACON.INT."

5828 FOR I = 8 TO NP + 1

5838 K=1 -1

5648 IF K ./ 18 < > INT (K / 18) THEN S8sé8

5858 PRINT " DIA. MEAN STD DEV F8ACON. INT."

Se&B REM IF I ¢ = NP THEN CALL BU,R$,F1$,XC(1>: PRINT R%j
5878 CALL BU,R$,F2%,X(I) ,M(I)> ,SCI>,CIC(I): PRINT R%

S371 REM FIX SO THAT NA 1S PRINTED IF CI=3E33

S898 IF I < > NP AND I / 18 = INT (I ~/ 18> THEN PRINT "<P
RESS SPACE BAR FOR MORE>": GET R%

Sie8 NEXT 1

5185 PRINT "<(PRESS SPACE BAR TO CONTINUES:GET R%

5118 RETURN

4888 REM x¥X%X HARDCOPY XXX

46885 PRINT

4818 PRINT "DO YOU WANT HARDCOPY ? (Y ~ N> ": GET R%: IF R% <
> "Y" AND R ¢ > "N" THEN GOTO 4@1d

6820 IF RE = "N" THEN RETURN

6838 PRINT : PRINT "TURN PRINTER ON*

4835 PRINT Dd;"PR#1”

4848 PRINT CHR$ (1> + "8BMN" + CHR$ (249

46045 PRINT CHR$ (9> + "4L" + CHR$ (24

46858 Fa® = "  DIA. DM/DLOGD STD DEV 284 CON cuM LO
AaDb., 984 CON  CuUMAt

6855 FB = " MICRON MG/ DNM3 INT MG/DN
M3 INT *

4848 FM$ = " HHH.HH; H. HH "y HOHENNNN D HOERNSTT H.
$H " HLOHENYYT JHB L HEY :

&BS&S FP$ = " HH##. ##; H.HE " H.HETTN NA 8.4
Ei SRR NA jHE . HE"

4878 PRINT "XX¥X¥X¥¥X VELOCITY WEIGHTED AVERAGES XXXXXXX"
4875 PRINT

48868 PRINT " RESULTS OF AVERAGES FOR RUNS :": PRINT
6898 FOR I = 1 TO N

46188 PRINT F$(I>

&118  NEXT 1

4128 PRINT : PRINT 2Z2%: PRINT : PRINT

4138 PRINT FA$: PRINT FB$: PRINT
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6148 FOR I = 1 TO NP

4142 CPCI) = 188 %X YY(I) / YY(NP): IF CP(1) ( = .885 THEN CP
(I) =8

6143 IF CICI> > 1E3Z THEN CALL BU,R%,FP$,X(I)> ,MCI) ,SC1),YY(
I>,EP(I): PRINT R$: GOTO 6148 '

6138 CALL BU,R$,FM$ ,X(1) ,M(I),8CI) ,CICI) ,YYCI), SGR (DGC(IYy,
CP(I): PRINT R$

46168 NEXT 1

6178  PRINT

6188 PRINT "FOR TOTAL MASS: (UNCORRECTEDY"*

4198 CALL BU,R$,FM$,9999 ,M(NP + 1) ,S(I),CI{(NP + 1): PRINT R$

462868 PRINT CHR$ (1) + "48N" + CHR$ ¢24)

4308 PRINT D$;"PR#0"

4408 RETURN

7888 REM ¥X%¥ DISK SAVE XX¥

7818 HOME : INPUT * DO YOU WANT TO SAVE THE RESULTS ON DISK?
CY/N) " ;R$

7628 IF R$ = "N" THEN RETURN

7838 IF R$ < > "Y* GOTO 7610

7848 INPUT "ENTER A FILENAME FOR THE RESULTS :";NM#

7858 PRINT D$;"OPEN" + NM$ + ",D2": PRINT D$;"WRITE" + NM$
7855 PRINT 22%

7868 FOR I = 8 TO NP + 1

7065 IF I = NP + 1 THEN PRINT X¢I): PRINT MCId: PRINT SCI):
PRINT CICI): GOTO 7080

7878 PRINT X<I>: PRINT M(I>: PRINT S¢IY: PRINT CICI): PRINT

YYCI): PRINT SGR (DGC(I))

7888 NEXT 1

7885 PRINT 10%

7898 PRINT D$;"CLOSE"

7188  RETURN

63999 BU = PEEK (121) + 256 ¥ PEEK (122) + 28&: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (7): CALL BU + 3: RETURN : REM

==> DO NOT EDIT 463999.

43535 REM
BUILDUSING (2.8) AFFPENDED .

COPYRIGHT (C> 1981
ROD STOVER

DISTRIBUTED BY:

SENSIBLE SOFTWARE
==> TO REMOVE ‘APPENDAGE’, ENTER:
JEXEC BU.STRIP

]
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COMBO

{ REM COMBO - AVERAGES SIZE DISTRIBUTION TRAVERSES, EACH S

YNTHESIZED BY SYNTRAV OR STATIS FROM SEVERAL PARTIAL TRAVERSE
S

2 REM COMPUTES AVERAGES AND CONFIDENCE INTERVALS FOR DM/DL
0OGD AND CUM. LOADING. CUM. LOADING OBTAINED BY INTEGRATION OF
AUG DMDLOGD AFTER OUTLIER REMOVAL.

3 REM ORG 12/38/85 JDM

6 D$ = CHR$ (4):KF = 18088880008:BA = 2:BB = .&17

18 HOME

28 DIM X<21),Y(21,28) ,XP<(21) ,YY{21) ,DG(21) ,CP(21) ,M(Z21) ,S(21
»,C(21) ,CI¢21)

38 GOSUB &399%

35 GOSUB 18608 :

168 HOME : PRINT "IMPACTOR DATA STATISTICS PROGRAM®

118 GOSUB 2008

115 IF OK = 8 GOTO 146

138 GOTO 108

148 GOSUB 4820

158 GOSUB 5000

168 GOSUB 4008

178 GOSUB 70888

188 REM  PRINT D#$;"RUN MAIN-MENU®

999 END

1688 REM %X INITIALIZE"

1801 NP = 28:0K = 1

1865 C1 = .34882:C2 = - .8958798:C3 = .724783554:08 = .47847. /
SAR <2

1418 N = 8:10% = "INLET":I% = ".IT"

1828 F8% = " COMBO VER 1.8"

1830 F1% = "#4#.# "

1848 F2% = "HH#.HH#; #.88"~"";  H. HENMNy HoEEHAANT

1856 F3% = "HHHH.HEH"

1158 DIM F$(28) ,FM%(18)

it78 FM$(2) = "{) TEST TYPE &"

1188 FM$(3) = "2) FILE ## ; &"

1399 RETURN :
1488 REM MENU INSTRUCTIONS

141a UTABR 23: PRINT "OOATALOG, @ UIT, OR ITEM TO ENTER: "j;:
Re: PRINT R$

1425 IF R$% = "C" THEN GOTO 1448

1438 IF R$ = "@" THEN CK = @: RETURM

1448 A = UaL (R : IF A C 1 OR A > 2 THEN GOTO (408

1458 RETURN '

14468 HOME : PRINT D#%;"CATALOG,D2"

1518 VTAB 23: PRINT “"TO CONTINUE PRESS SPACE BAR.": GET R%:A
= 3: RETURN :
2886 REM MENU

za18 P = 1

2628 HOME : PRINT Fé%;" - PAGE 1 OF 17

2838 CAll BU,R$%,FM$(2) ,10%: PRINT R%
28538 1IF N = 26 THEN MX = 2@
2848 IF N < 28 THEN MX N+ 1
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2865 IF P > 12 THEN P = 12

2876 FOR I = 1 TO MX

2888 CALL BU,R$,FM$(3) ,1,F$(I): PRINT R$

2188 NEXT I

2183 NI = MX

2118 GOSUB 1400

2113 IF R$ = "Q" THEN OK = @: RETURN

21286 ON A GOTO 2136,2158,2029

2138 IF I0% = "INLET" THEN 10% = "OUTLET": GOTO 2028

2135 10% = "INLET": GOTD 2629

2158 HOME : PRINT : PRINT "ENTER NAME OF FILE:": INPUT " sNM
$

2135 ONERR GOTO 2188

2159 REM CHECK FILE NAME AND IF VALID, LOAD DATA FROM FILE
2168  PRINT D$;"VERIFY" + NM$ + " ,D2"

2176 PRINT "VERIFIED": POKE 214,8: GOTO 3608

2188 VTAB 24: INVERSE : PRINT " RUN DOES NOT VERIFY - TRY AG
AIN ": NORMAL : FOR I = 1 TO 2008: NEXT I: POKE 214,68: GOTO 1
i@

36608 REM READ FILES

3001 PRINT "ABOUT TO READ FILE"

3665 PRINT D$;"OPEN" + NM$: PRINT D% ; "READ® + NM$

3810 CK = 8: ONERR GOTO 2189

3828 INPUT DB$

3022 FOR I = @ TO NP + 1

3024 IF I = NP + | THEN INPUT XP<I>: INPUT MCI)>: INPUT SCIs
: INPUT CICI>: GOTO 3828

3826 INPUT XPC(I): INPUT M(I): INPUT SCI>: INPUT CICI): INPUT
YY(I) ¢ INPUT DGCID . '
3828 NEXT I

3038 INPUT Is$

3948 PRINT D$;"CLOSE"

3049 PRINT NI: PRINT DB%: PRINT I$: PRINT "READ FILE"

3058 FPOKE 216,8: IF NI = 1| THEN 22% = DB%: FOR I = 1 TO NP :X
(I> = XP(I): NEXT 1

3854 REM CHECK FOR CONSISTENT DIAMETER BASE AND DIAMETERS
38535 IF I$ < > 10% THEN CK = 1

3860 FOR I = 1 TO NP: IF XPCI> ¢ > XCI) THEN CK = 1: NEXT 1

3865 IF DB$ ¢ > 22% THEN CK = 1|

3878 IF CK = 1| THEN VUTAB 24: INVERSE : PRINT "LAST RUN WAS
INCOMPATIBLE IN DIAMETERS": NORMAL : FOR I = | TO 2800 : NEXT
I:CK = 8: RETURN

3128 Y(B,NI) = YY(1):Y(NP + 1,NI> = MINP + D)

3138 FOR I = 1 TO NP )

3132 Y(I,NIY = M(D)

3158 NEXT 1

3198 N = N + 1:CK = 1:F$(NI) = NM$: RETURN

4888 REM XXX NOW DO AVERAGES,STATS ETC.

48684 HOME : PRINT : PRINT *COMPUTING STATISTICS"

4828 DIM TC(1a)

4848 TC(2) = &.314
49358 TC(3 = 2.928
4848 TC(4) = 3.353
40878 TC(5 = 2.132
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4888 TC(&) = 2.615
4998 TC(7> = 1.943
4188 TC(8 = 1.893
4119 TC(%» = 1.88

4126 REM

4125 INPUT "REMOVE OUTLIERS 7 <Y/N)";0L$: IF OL® < > "Y" AND
OL$ ¢ > "N" THEN 4125

4136 FOR I = 8 TO NP + 1

4135 PRINT "C";

4148 SX = 8

4150 SS = @

4168 FOR J = 1 TO N

4178 2 = Y(1,D

4188 SX = SX + 2

4199 S5 = S5 + 2 ¥ 2

42868 NEXT J

4218 M(I) = SX 7 N

4215 IF N = 1 THEN 4239

4278 SCI) = SGR ( ABS ((SS - SX ¥ SX / N) / (N — 1

4238 1F N < 2 THEN C(I)> = 3E33: GOTO 4380

4235 IF N = 2 THEN CICI) = TC(2) ¥ S(I) / S@R (2): GOTO 438
8

4237 1F OL® = "N" THEN NN = N: GOTO 4376

4248 SX
4258 SS
42468 NN
4278 1IF N < 3 THEN 22 = 3E33

4274 IF N.> 3 AND N < 18 THEN 2Z = S(I> ¥ TC(ND
4276 IF N > 18 THEN 22 = S¢I) ¥ 1.445

4288 FOR J = 1 TO N

4298 2 = YC(I,0

4388 IF ABS (Z - M(IY) > 2Z GOTO 4348

4318 SX = SX + 2

4328 SS = S5 + Z ¥ 2

4338 NN = NN + 1
4348 NEXT J .

4358 MCI) = SX / NN
4355 IF NN ¢ = 1 THEN SC¢I> = 0:C¢I> = 3E33

8
@
9

i

4348 S(I) = SER ¢ ABS ({88 - SX ¥ SX / NN) / (NN - 1229
4378 IF NN > = 2 AND NN ¢ 18 THEN CICI> = SCI) ¥ TC(NN) / SGR
(NND

4375 IF NN > 18 THEN CI(I) = 1.445 ¥ S(I) / SR (NN

4386 NEXT 1

4381 REM INTEGRATE FOR AVERAGE CUM, USING MODIFIED SIMPS
ONS‘S RULE - MOD. GIVES VALUES AT EVERY X RATHER THAN ONLY FO
R ALTERNATE X’S

4382 YY(1) = M(8):DG(1> = CI(@) % CI{8

4384 FOR I = 2 TO NP

4386 YY(I) = YYC(I - 1) + 8.2 ¥ (<1 - INT (1 / 20 ¥ 2) = @) X
(2 % MCID) + MCT — 1) 4 (1 - INT (I / 20 ¥ 2> = 1> ¥ (2 ¥ M
C1 = 1) + MCIX)Y) / 3:DGCIY = DG(I - 1) + (CICI) ¥ CIKI) + CIC
I - 1> % CIC1 - > % .81

4388 NEXT 1

4389 PRINT

4488 RETURN
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50008
SB 1@
Se12
5815
5829

REM XXX DISPLAY RESULTS XX¥X

HOME

PRINT 2Z$: PRINT

PRINT *DIA. MEAN  STD DEV $8%CON. INT,
FOR I =8 TONP + 1

o838 K=1 -1

5848 IF K / 18 < > INT (K / 18) THEN Sa4@
5658 PRINT " DIA. MEAN STD DEV  9@%CON.INT."
Seé@ REM IF 1 ¢ = NP THEN CALL BU,R$,F1$,X(1): PRINT R$;
5678 CALL BU,R$,F2%,X(I) ,M(I>,SCI),CICI): PRINT R%
5871 REM FIX SO THAT NA IS PRINTED IF CI=3E33
5698 IF I < >NPAND I / 18 = INT (I ~/ 18> THEN PRINT "¢P
RESS SPACE BAR FOR MORE>': GET R$
51808 NEXT 1
5185 PRINT "<PRESS SPACE BAR TO CONTINUEY>:GET R$
S118 RETURN
4808 REM X¥X¥% HARDCOPY XXX
6885 PRINT
4816 PRINT "DO YOU WANT HARDCOPY ? (Y / N)": GET R$: IF R$ <
> "Y" AND R$ < > "N" THEN GOTO 4018
46828 IF R$ = "N" THEN RETURN
46838 PRINT : PRINT "TURN PRINTER ON"
4835 PRINT D$;"PR#1"
6848 PRINT CHR$ (1) + “86N" + CHRS (24)
6845 PRINT CHR$ (9) + "SL" + CHR$ (24)
4858 FA$ = " DIA. DM/DLOGD STD DEV  98% CON CUM LO
AD.  98% CON  CuM/® _
. 4855 FB$ = " MICRON  MG/DNM3 INT MG/ DN
M3 INT * ' ‘
4868 FM$ = " HHH.HH;  H.HEAAA 3 H HHAAA D HOHEN AN H.
HEAAAA S BOBHANAN D HE L HEY
865 FPE = " HHH.HE; H.HEAA A H HEAAN NA H.o#
grann s NA THE L HH"
4878 PRINT "%%%¥¥ AVERAGES OF SYNTEHESIZED TRAVERSES XXXX"
6875 PRINT
4888 PRINT " RESULTS OF AVERAGES FOR RUNS :": PRINT
4890 FOR I = 1 TO N .
4188 PRINT F$(1)
6118 NEXT I
46128 PRINT : PRINT 22$: PRINT : PRINT
6138 PRINT FA$: PRINT FB#%: PRINT
6148 FOR I = 1 TO NP
6142 CP(IY = 188 ¥ YY(I) / YY(NP)
6143 IF CP(1) < = ,885 THEN CP(I) = @
6145 IF CICI> > 1E32 THEN CALL BU,R$,FP$,X(I) ,M(I) ,SCI),YY¢(
1) ,CPCI): PRINT R$: GOTO 4140
6158 CALL BU,R$,FM$,X(I) ,M(I>,S¢I),CICI) ,YY¢I), SQR (DGC(I)),
CP(I): PRINT R$ _ .
6168 NEXT 1
6178  PRINT
6188 PRINT "FOR TOTAL MASS: (UNCORRECTED) *
6198 CALL BU,R$,FM$,9999,M(NP + 1> ,S(I),CI(NP + 1): PRINT R$
6288 PRINT CHR$ (12)
4309 PRINT D$;"PR#9"
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46488 RETURN

78688 REM XXX DISK SAVE X¥X¥

7816 HOME : INPUT " DO YOU WANT TO SAVE THE RESULTS ON DISK?
{(Y/N) " ;R$

7828 IF R$ = "N" THEN RETURN

7838 IF R$% < 2> "Y" GOTO 7916

7848 INPUT "ENTER A FILENAME FOR THE RESULTS :";NM$

7858 PRINT D$;"0PEN" + NM$ + " ,D2": PRINT D$;"WRITE" + NM$
78533 PRINT 22%

78680 FOR I = 8 TO NP + 1

7863 IF I = NP + 1 THEN PRINT X{I1>: PRINT M(I): PRINT S¢(I):
PRINT CI<I)>: GOTO 7988

7878 PRINT X(I): PRINT M(I>: PRINT S<CI)>: PRINT CICI)>: PRINT

YYCI): PRINT SGR (DG(I>)

7888 NEXT I

7885 PRINT 103

7898 PRINT D$;"CLOSE"

7188 RETURN

43999 BU = PEEK (121) + 256 ¥ PEEK (122) + 28&: CALL BU:BU =
PEEK (6) + 206 ¥ PEEK (7): CALL BU + 33 RETURN : REM

==2> DO NOT EDIT &399%.

43535 REM
BUILDUSING (2.8) APFPENDED.

COPYRIGHT (C) 1981
ROD STOVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> T0 REMOVE “APPENDAGE’, ENTER:
JEXEC BU.STRIP

]
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EFFICIENCY

1 REM EFFICIENCY V1.8

2 REM CREATED 4/29/84

i@ GOSUR 188@: REM INITIALIZE

38 IN = 1:T$ = "INLET": GOSUB 16690: GOSUB 2080:ID% = DI$:IB$
= DB®: REM GET IN LET DATA

46 IN = 2:T$ = "QUTLET": GOSUB 10860: GOSUB 2008:0D% = DIs: IF
DB < > IB% THEN PRINT “FILES ARE NOT ON SAME DIAMETER BASI
S": PRINT "REDO SELECTIONS": STOP : GOTO 38: REM GET OUTLET
DATA

58 GOSUB 48886: INPUT "SAUE TO DISK ? (Y/N)";Re: IF R$ = "Y" THEN
GOSUB 4068

35 INPUT "HARDCOPY ? (Y/N)";R$: IF R$ = "Y" THEN GOSUB 7daa

68 INPUT "MORE SETS 7 (Y/ND";R$: IF R$ = "Y* THEN CK = @:CFL

AG = 1: GOTO 38

998 PRINT D$;"RUN MAIN MENU®" + * Di"

$99 END

1808 CK = @:NP = 28:CFLAG = 1:D$ = CHR$ (4)

1018 DIM XP¢(21) ,M(2,21),01¢(2,21) ,TC(2)

10286 GOSUB &3999: REM INITIALIZE PRINT FORMATTER

1838 F$(1> = " DIA. ¥PENE. CI(YP) Y“EFF"

1848 F$(3) = "  H#. ##; H. U A B HANAA; B faaaan
1999 RETURN

2000 IF RIGHT$ (I$,1) = *M* THEN GOSUB 2208: RETURN

2818 GOSUB 3080: RETURN

2260 CFLAG = @ o

2285 IF CK > 8 THEN 2290

2269 REM GET RUN INDEX FILE

2218 PRINT D$;"OPEN RUN/NAM" + " D2n

2228  PRINT D$;"READ RUN/NAM®

2238  INPUT NR

2248 DIM RN$(NR)

2258 FOR I = 1 TO NR

2268 INPUT RN$(I)

2278 NEXT 1

2288 PRINT D$;"CLOSE"

2285 CK = 18

2289 REM DISPLAY RUN FILE INDEX

2298 HOME : UTAB 3: SPEED= 180

23860 PRINT "THE AVAILABLE RUNS ARE:"

2318 FOR I = 1 TO NR

2328 PRINT RN$(I)

2348 NEXT 1

2358 SPEED= 255

2348 VUTAB 23: PRINT "PRESS ANY KEY TO CONTINUE": GET R$

2378 PRINT "FOR ";T$;" ENTER TEST NUMBER": INPUT "AND RUN DE
SIGNATION (#,ALFPHA) * ;TN,RN$

2372 PRINT "I1S THIS THE CORRECT FILE ?": HTAB 5:DI$ = "T" +
STR$ (TND + "R" + RN$

2374 IF IN = 1| THEN DI$ = DI% + ".IT": PRINT DIs;" (Y/N) "2
GET R$: IF R$ < > "Y* THEN 2370
2376 IF IN = 2 THEN DI$ = DI% + ",0T": PRINT DIs$;" CY/ZND g
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GET R$: IF R$ < > "Y" THEN 2378
2388 REM READ RUN FILES
2488 PRINT D$;"OPEN" + DI$ + ",D2": PRINT D$;"READ" + DI%
2418 INPUT DT$: INPUT TT$: INPUT L$: INPUT RR$: INPUT DB®: INFUT
TCCIND
2428 FOR I = 1 TO NP: INPUT XP(I>: INPUT S: INPUT MCIN,I>: NEXT
1: PRINT D%$;"CLOSE"
2568 RETURN
2996 REM GET DATA IF AVERAGE OF RUNS IS TO BE USED IN EFFIC
IENCY CALCULATIONS
2088 PRINT D$3"CATALOG" + *,D2"
3818 PRINT : INPUT "ENTER STATIS SAVE FILE NAME
":DI%
3312 PRINT "IS “*;DI$;"‘ THE CORRECT FILE NAME (Y/N)>?";: GET
R$: PRINT R$: IF R$ ¢ > “Y" THEN 3808
3028 PRINT D$;"OPEN" + DIs%
3838 PRINT D$;"READ" + DI$
2848 INPUT DB$
3958 FOR 1 = 8 TO NP + 1
28 IF 1 = NP + 1 THEN INPUT XP(I>: INPUT MCIN,I>: INPUT S
: INPUT CICIN,IY: GOTO 3088
3878 INPUT XP(I): INPUT MCIN,I>: INPUT S: INPUT CICIN,I): INPUT
S: INPUT S
2888 NEXT 1
3885 TCCINY = MCIN,NP + 1)
3898 PRINT D$;"CLOSE"
2188 RETURN
3999 REM CALCULATE PERCENT PENETRATIONS
4888 FOR 1 = 1 TO NP ]
4816 1IF M(1,1> > 8 THEN M(@,D> = 188 ¥ M(2,1) / M(1,1)
4828 IF CFLAG < > 8 &ND M(1,I> > @ AND M(2,10 > @ THEN CI¢@
JI) = M(B,I) X SQR ({(CIC1, 15 7 M(1,10) ~ 20 + ((CIC2,1) / M
(2,13) ~ 20
4838 NEXT 1
4835 M(@,8) = 188 ¥ TC(2) / TC(1>: REM TOTAL PENETRATICON
4939 REM DISPLAY RESULTS
4648 HOME : PRINT F3$(1)
4958 FOR I = 1 TO NP
4848 CALL BU,RS$,F$(3 ,XP(I1) ,M(8,1>,CI¢8,1>,188 - MC@,I>: PRINT
R$
4878 NEXT I
4988 PRINT "TOTAL EFFICIENCY ="3;:
4885 F$ = "H.H AN
4859 CALL BU,R$,F$,180 - M(8,8): PRINT R3$
4188 PRINT "PRESS SPACE BAR TO CONTINUE®
4999 RETURN
4868 REM DISK SAVE
4816 HOME : INPUT * DO YOU WANT TO SAVE THE RESULTS ON DISK?
CY/ND " 3R$
6828 IF R$ = "N" THEN RETURN
6038 IF R$ < > "Y" GOTO 4819
4848 INPUT "ENTER A& FILENAME FOR THE RESULTS :"j;NM$:NM% = NM
$ + ", EFF"
6858 PRINT D$;"0PEN" + NM$ + *,D2%: PRINT D$;"WRITE" + NM$
5848 PRINT NP
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é676 FOR I = 8 TO NP + 1

6888 PRINT XP(I): PRINT M(8,I>: PRINT CI<@,I)

4898 NEXT 1

4188 PRINT D#;"CLOSE"

6999 RETURN

78688 PRINT "TURN PRINTER ON": REM HARDCOPY

7818 PRINT D$s;"PR#1"

7828 PRINT CHR$ (9) + "8BN" + CHR$ (9) + "S5L" + CHR$ (24)

78638 PRINT "OUTLET DATA FROM ";0D$: PRINT *INLET DATA FROM °
;1D$: PRINT

7835 PRINT "OVERALL EFFICIENCY =";: CALL BU,R$,F%,188 - Mcg,
@) : PRINT R$: PRINT : PRINT

7048 PRINT F$¢1)

7656 FOR I = 1 TO NP

7868 CALL BU,R$,F$(3) ,XPC(I) ,M¢@,1> ,CI(@,1),188 - MCB,1)>: PRINT
R$

7878 NEXT I

7999 PRINT D$;"PR#8": RETURN

18608 HOME : PRINT "SELECT ";T#: INPUT "FROM M)PFROG OR S)TA
TIS ";1%

16018 IF I$ = "M" AND IN = 1 THEN 1%
16828 IF I$ = "M" AND IN = 2 THEN I$
16638 IF I$ < > "S" THEN 10608

"IM": RETURN
"OM" : RETURN

16948 I$ = "IS": IF IN = 2 THEN I% = "gs"
186856 RETURN
63999 BU = PEEK (121> + 258 ¥ PEEK (122) + 284: CALL BU:BU = -

PEEK (& + 236 ¥ PEEK (?): CALL BU + 3: RETURN : REM

==> DO NOT EDIT 43999,

633535 REM
BUILDUSING (2.8) APPENDED.

COPYRIGHT (C) 1981
ROD STOVER
DISTRIBUTED BY:
SENSIBLE SOFTWARE
==> TO REMOVE ‘APPENDAGE’, ENTER:
1EXEC BU.STRIP

)
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PLOT3

8 REM WRITTEN BY J.D.MCCAIN, SOQUTHERN RESEARCH INSTITUTE -
REVISION 8/1/84

1 TEXT : HOME : PRINT : PRINT "A CATALOG OF RUNS ON FILE WIL
L BE LISTED NEXT. SELECTTHE RUN TO BE PLOTTED AND TYPE IN FIL
E NAME WHEN REQUESTED. NOTE AMPERGRAPH LOADER MUST HAVE BEEN
RUN PRIOR TO THIS PROGRAM."

2 PRINT * THE RUN WILL THEN BE PLOTTED FIRST AS CUM. X VUS. D
Ia., THEN AS DM/DLOGD VS DIA., AND FINALLY AS CUM. CONC. VS D
Ia. TO PLOT ANOTHER RUN SIMPLY TYPE ‘RUN‘ AFTER THE LAST HAS
BEEN COMPLETED. TO HALT CATALOG SCROLLING USE “CTRL-S7 "

3 PRINT "TO CONTINUE PRESS ANY KEY": GET R$: PRINT R%: PRINT

4 REM :PRINT : INPUT "ENTER FILE NAME OF RUN TO BE PLOTTED
" sNMS
S HIMEM: 158383
18 D% = CHR$ (4
12 DIM XP(28) ,YY(28) ,DG(28)
156 NP = 28
17 PRINT D$;"0PEN RUN/NAM®" + " ,D2": PRINT D%;"READ RUN/NAMY:

INPUT NR: DIM Y$(NRY: FOR I = { TO NR: INPUT Y$(I1): NEXT I: PRINT

D$:"CLOSE": REM GET INDEX FILE

18 FOR I = 2 TO NR: PRINT Y$¢I)>: NEXT I: PRINT : REM DISPLA
Y RUN FILE INDEX

19 PRINT : INPUT "ENTER FILE NAME OF RUN TO BE PLOTTED "
:NMs$

28 PRINT D$;"OPEN" + NM$ + " Dz"

38 PRINT D$;"READ" + NM$ :

48 INPUT DT$: INPUT T$: INPUT L$: INPUT RR$: INPUT DB®: INPUT
TC

S8 FOR I = 1 TO NP

&8 INPUT XP(Id>: INPUT YY(I): INPUT DGC(I)

78 NEXT I

71 INPUT S

72 DIM DS5(S) ,D&CS) ,CUCS) ,Y(S)

73 FOR I =170 S

74 INPUT DS(I): INPUT D&CI>: INPUT CUCID): INPUF YC(ID

75 NEXT I

g8 PRINT D$;"CLOSE"

85 CB = 2.515517:C1 = .882853:C2 = .0818328
86 D1 = 1.432788:02 = .18%926%:03 = .881368
?8  PRINT XP{(1) ,XP(20)

9 HGR2

99 REM DRAW AND LAREL GRID FOR CUMULATIVE PERCENT PLOT
1680 & SCALE,.1,18@, - 4,4

116 % LOG X ,

128 LX$ = "DIAMETER, MICRONS"

138 LY$ = "CUMULATIVE PERCENT®

140 & LABELAXES,1,.8 :

141 LABEL$ = ".1-": & LABEL,.8&8, - 3.22

142 LABEL$® = * i-": & LABEL,.0848, — 2.44
142 LABEL$ = "18-": & LABEL,.848, - 1.42
144 LABELS = "26-": & LABEL,.848, - .97
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145 LABEL$ = "58-~-": & LABEL,.B848, - .13

146 LABEL® = "88-": & LABEL,.8&8,.71

147 LABEL$® = "98-": & LABEL,.08468,1.14

148 LABEL® = "99-": & LABEL,.848,2.2

149 LABEL® = " =-": & LABEL,.848,2.94

156 & LABEL,.868, - 2.785: & LABEL,.848, - 1.775: & LABEL,.0
68, - .855: & LABEL,.868, - .385

151 & LABEL,.868,.125: & LABEL,.868,.395: & LABEL,.848,1.515

: & LABEL,.868,2,445 '

154 LABEL$ = NM$: & LABEL,.2,3.5

158 REM PLOT SPLINE FIT IN LINES 159-174, PLOT RAW DATA IN
LINES 172-177

139 FOR I = 1 TO NP

168 & OPENCIRCLE,XP(I>,YY(I>

176 NEXT 1

171 GOSUB 5588

172 FOR I =1 TQ 8

173 IF DB ¢ > "PHYS DIA." AND DB$% { > "CLASS. AERO DIA." THEN
& CLOSEDCIRCLE,D&C(ID>,Y(1): GOTO 177

174 & CLOSEDCIRCLE,DSC(I),Y(I)

177 NEXT I

178 FOR I = 1 TO 5@80: NEXT I

179 TEXT : HOME : INPUT "HARDCOPY? (REGUIRES GRAPHITTI CARD)
Y/N "3Ré: IF R ¢ 2> "¥Y" THEN 2080

188 PRINT : PRINT : INPUT "S)MALL (3X4) OR L)ARGE (&X8) SIZE
FOR PLOT ";Ré: IF R$ ¢ 2> "S" AND R$ ¢ > "L" GOTO 189

185 1IF R$ = "S" THEN P$ = "G2R"

186 1IF R® = "L" THEN P$ = "G2ZRD"

187 PRINT D#%;"PR#1" . : ' A : :
196 PRINT CHR$ (9 + P$: PRINT CHR$ (12): PRINT D%;:"PR#a@"
199 REM FIND RANGE OF DM/DLOGD

2868 DB = @8:DL = 1.QE32

218 FOR I =1 70O 15

215 IF DG(I) < = @ THEN DG(I) = {.BE - 1S5: GOTO Zz48a

228 IF DG(I> > DB THEN DB = DG(ID)

228 IF DGC(I> < DL THEN DL = DG(I)

248 NEXT 1

249 REM SELECT PLOT RANGE

258 TEXT : HOME : PRINT "MIN DM/DLOGD=" ;DL

268 PRINT : PRINT "MAX DM/DLOGD=" ;DB

278 PRINT : PRINT : INPUT "SELECT RANGE FOR DM/DLOGD PLOT -
MIN,MAX. MUST BE INTEGRAL POWERS OF TEN ";YL,YM

271 HGRZ : REM CLEAR SCREEN AND DO DM/DLOGD PLOT

275 & SCALE,.1,108,YL,YM

288 & LOG X: & LOG Y

278 Ly$ = "DM/DLOGD, MG/DNM3"

360 & LABELAXES,1,YL

318 LABEL$® = NM#: & LABEL,.2,.4 ¥ ¥YM

328 FOR I = 1 TO 1S5

325 IF DGC(IY ¢ = @8 THEN GOTO 344

338 & OPENCIRCLE,XP(I> ,DG(ID)

348 NEXT 1

341 FOR I = { 70O S886: NEXT I: TEXT : HOME : INPUT "HARDCOPY

7?7 (REQUIRES GRAPHITTI CARD) Y/N";R$: IF R$ { > "Y" THEN 358
342 PRINT : PRINT : INPUT "SOMALL (3X4) OR LYARGE (&X3) SI1ZE
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343 IF R% = "§" THEN P% "G2R"

344 1IF R$ = "L" THEN P% "G2RD"

345 PRINT DH:"PR#1"

344 PRINT CHR$ (92 + P$: PRINT CHR% (12): PRINT D$;"PR#8"

358 REM CuM CONC PLOT

248 DB = .47847 / SGQR (2):C1 = .34882:C2
. 7478556

349 REM SHOW MIN AND MAX CuM. CONC.

3786 TEXT : HOME : PRINT "MIN CONC.="j:X1
: PRINT X3 ¥ TC

388 PRINT : PRINT "MAX CONC.=";:X1 = YY(15): GOSUB 99@8: PRINT

X3 ¥ TC

398 PRINT : PRINT : INPUT "SELECT RANGE FOR CUM. CONC. PLOT

- MIN,MAX. MUST BE INTEGRAL POWERS OF TEN ";YL,YM

3¢9 REM DO CUM, CONC. PLOT

488 HGR2

418 & SCALE,.1,168,YL,TYM

438 & LOG X: & LOG Y

448 LY$ = "CuM. CONC., MG/DNMI"

458 & LABELAXES,1,YL

488 LABEL$Y = NM$: & LABEL,.2Z2,.5 X YM

318 FOR I = 1 TO NP

528 X1 = YY(I1): GOSUB ¢7@R

525 IF X3 < = 8 THEN 576

5938 & OPENCIRCLE,XPC(I> X3 ¥ TC

548 NEXT I

258 FOR I = 1 TQ S

S55 IF DB% < > "PHYS DIA." AND DB% < 2> "CLASS. AERO DIA." THEN
& CLOSEDCIRCLE D&(I) ,CUCIY>: GOTO 578

S48 & CLOSEDCIRCLE,DSCI) ,CUCIY X TC

578 NEXT 1

Sg@ FOR I = 1 TG S8@86: NEXT I: TEXT : HOME : INPUT "HARDCOPY

? (REQUIRES GRAPHITTI CARD> Y/N"i;R$: IF RE < > "Y" THEN 788
598 PRINT : PRINT : INPUT "S)MALL (3X4) OR L>ARGE (&X&8) SI1Z2E-
FOR PLOT "3;R%: IF R$ < “S* AND R < > "L" GOTO 598

488 IF Re = "S" THEN P% "G2ZR"

é18 IF R$ = "L" THEN P% "GZ2RD"

4628 PRINT D$;"PR#1"

4638 PRINT CHR% (%) + P3: PRINT CHR$ (12): PRINT D#%;"PR#8"
788 HIMEM: 384689

g9 END

357%¢ REM CUM X TO STD DEV TRAMSFORM

5588 FOR I =1 7O S

5488 FL = 1

FOR PLOT "3R$: IF R { > "S" AND R ¢ > "L" GOTO 342

- .B8938798:C3 =

¥YY{1>: GOSUB 9988

!

It~

9618 CU = CUCID

S5&zZ8 IF CU ¢ = .5 GOTO 5854@
59638 FL = - 1

3648 CU = 1 - CU

5658 REM

S668 T = 5QR ¢ - 2 ¥ LOG (CW>

5678 Y(I) = ¢ - T + (CO + C1 X T + C2 X T ¥ T ~ (1 + T ¥ (DI
+ T ¥ (D2 + T ¥ D3¥)3)> ¥ FL

5688 NEXT I

5788 RETURN
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7899
9900
9918
?928
?93@
X1 7
y94a
2958
i6gge

]

REM TRANSFORM FROM STD DEV TO LINEAR ¥

IF X1

IF X1
X2 1
X3 1
2

>

<
/

= 8 THEN FL = 1

8 THEN FL = - 1:X1 = - X1

(1 + DB ¥ XD

(€C3 ¥ X2 + C2) ¥ X2 + C1) ¥ X2 ¥

X3 = (! + FL ¥ X3) 7/ 2

RETURN
END
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STATPLOT

@ REM WRITTEN BY J.D.MCCAIN S0. RESEARCH INSTITUTE REVISION
8/1/84

i{ TEXT : HOME : PRINT : PRINT "A CATALOG WILL BE LISTED NEXT
SELECT THE STATIS FILE TO BE PLOTTED AND TYPE IN FILE NAME

WHEN REQUESTED. NOTE AMPERGRAPH LOADER MUST HAVE BEEN RUN PRI

OR TO THIS PROGRAM.®

2 PRINT * THE RUN WILL THEN BE PLOTTED FIRST AS CUM.LOADING

US. DIA. AND THEN AS DM/DLOGD VS .DIA. TO PLOT ANOTHER RUN SIM

PLY TYPE “RUN‘ AFTER THE LAST HAS BEEN COMPLETED. TO HALT CAT

ALOG SCROLLING Usg “CTRL-57 *

2 PRINT "TO CONTINUE PRESS ANY KEY": GET R$: PRINT R%: PRINT

S HIMEM: 14383: REM PROTECT GRAPHICS SCREEN DISPLAY AREA

18 D¢ = CHR$ (4

12 DIM XP(2D) ,M(21),5(21D ,CI(21) ,YY(21),CY(2D)

16 NP = 28

17 PRINT D$;"CATALOG" + ",D2": REM SHOW CATALOG TO FACILITA
TE DATA FILE SELECTION

18 REM GET FILE NAME TO BE PLOTTED

19 PRINT : INPUT "ENTER FILE NAME OF RUN TO BE PLOTTED "
sNM$

28 PRINT D$;"0OPEN" + NM%

38 PRINT D#%$;"READ" + NM$

48 INPUT DB%

56 FOR I = 8 TO NP + 1

55 IF I = NP + { THEN INPUT XPC(I>: INPUT M(I>: INPUT SCI): INPUT
Ci<I>: GOTO 7a

46 INPUT XP(I): INPUT MCI>: INPUT S(I): INPUT CICI): INPUT Y
Y{Id: INPUT CY(ID)

78 NEXT 1

88 PRINT D#%;"CLOSE"

85 C8 = 2.513517:C1 .882853:C2 .818328

86 D1 = 1.432788:D2 . 189249:D3 .801388

89 REM DISPLAY MIN AND MAX CUM. CONC.S FOR SCALE SELECTION
9?8 PRINT "MIN CUM = ";YY(D) ;" MaAX CUM = ";YY(L3)

92 INPUT "ENTER YMIN,YMAX FOR CUM LOADING PLOT (MUST BE INTE
GRAL POWERS OF TEN) ";YL,YM

3 HGR2

9 REM PLOT CuM. CONC. GRAPH

188 & SCALE,.1,168,YL,YM

118 & LOG X: & LOG Y

120 LX$ = "DIAMETER, MICRONS"

136 LY$ = "CUM., LOADING, MG/DNM3"

148 & LABELAXES,1,YL % 18

154 LABEL® = NM$: & LABREL,.2,.6 X M

159 FOR I = 1 TO NP

168 IF Yyc¢l) < = @ THEN 170

163 & OPENCIRCLE,XP(I) ,YY(I): REM PLOT POINT

165 & ERR OR BARS,6,CY(1): REM PLOT ERROR (CONFIDENMCE LIMIT
) BARS .

176  NEXT I

176 FOR I = 1 TO 5608: NEXT I
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179 TEXT : HOME : INPUT "HARDCOPY? (REQUIRES GRAPHITTI CARD)
Y/N "3jR$: IF R$ < > "Y" THEN 269

188  PRINT : PRINT : INPUT *S)MALL (3X4) OR LYARGE (4X8) SIZE
FOR PLOT ";R$: IF R ¢ > "S" AND R$ ¢ > "L" GOTO 188

185 IF R$ = “S" THEN P$ = "G2ZR"

186 IF R$ = "L" THEN P$ = "G2RD"

187 PRINT D$;"PR#1"

198 PRINT CHR$ (9) + P$: PRINT CHR$ (12): PRINT D$;"PR#a"

129 REM FIND MIN. AND MAX. DM/DLOGD’S

268 DB = 6:DL = 1.8E32

218 FOR I = 1 TO 15

215 IF MC(I> < = 8 THEN M(I) = 1.6E - 15: GOTO 24¢

220 IF M(I> > DB THEN DB = M(I)

238 IF M({I) < DL THEN DL = MCID)

248 NEXT 1

249 REM DISPLAY LIMITS AND SELECT PLOT SCALE

258 TEXT : HOME : PRINT "MIN DM/DLOGD=" ;DL

268  PRINT : PRINT "MAX DM/DLOGD=" ;DB

278  PRINT : PRINT : INPUT "SELECT RANGE FOR DM/DLOGD PLOT -

MIN,MAX. MUST BE INTEGRAL POWERS OF TEN ";YL,YM
271 HGR2

274 REM DO DM/DLOGD PLOT

275 & SCALE,.1,188,YL,YM

286 % LOG X: & LOG Y

298 LY$ = "DM/DLOGD, MG/DNM3"

299 % LABELAXES,1,YL ¥ 18

318 LABELS = NM$: & LABEL,.2,.6 ¥ YM

328 FOR 1 = 1 TO 28 .

325 IF M(I) < = @ THEN 348

330 & OPENCIRCLE,XP(I) ,M(I)

335 & ERR OR BARS,®,CI(I)

348 NEXT I :

341 FOR I = 1 TO S@88: NEXT I: TEXT : HOME : INPUT "HARDCOBY
? (REQUIRES GRAPHITTI CARD) Y/N";i;R$: IF R$ < > “Y" THEN 488
342 PRINT : PRINT : INPUT "S)MALL ¢SX4) OR L)ARGE (&X®) SIZE
FOR PLOT ";R$: IF R$ ¢ > "S" AND R$ ¢ > "L" GOTO 342

342 IF R$ = *S" THEN P$ = "G2ZR"

344 IF R$ = "L" THEN P% = “G2RD"

345 PRINT D$;"PR#1"

346 PRINT CHR$ (9 + P$: PRINT CHR$ (12): PRINT D%;"PRHG"
480 HGR2

484 REM SET UP GRID FOR CUM. PERCENT PLOT

405 & SCALE,.1,100, - 4,4

418 & LOG X

420 LX$ = "DIAMETER, MICRONS" -

438 LY$ = "CUMULATIVE PERCENT"

449 % LABELAXES,1,8

441 LABELS = ".1-": & LABEL,.B48, - 3.22

442 LABEL$ = " 1-": & LABEL,.B848, - 2.44

443 LABELS = "16~": & LABEL,.848, - 1.42

444 LABEL$ = "20-": & LABEL,.048, — .97

445 LABEL$ = "S@-": & LABEL,.848, - .13

446 LABEL$ = "8@-": & LABEL,.848,.71

447 LABEL$ = "98-": & LABEL,.848,1.1&

448 LABEL$ = "$9-": & LABEL,.048,2.2
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449 LABELS = " -": & LABEL,.8&8,2.94

458 & LABEL,.Bé8, - 2.785: & LABEL,.888, — 1.775: & LABEL, .9
&8, - .495: & LABEL,.848, - .383

451 % LABEL,.8648,.125: & LABEL,.068,.395: & LABEL,.868,1.515
: & LABEL,.868,2.445

454 LABEL$® = NM$: & LABEL,.2,3.5

459 REM DO CUM. PERCENT POINT PLOTTING

468 FOR I = 1 TO 19

478 FL = 1:CU = YY(I) / YY(286)

488 IF CU ¢ .5 THEN 588

498 FL = - 1:CU =1 - CU

S8 IF CU ¢ = 8 THEN 488

585 T = SGR ( - 2 ¥ LOG (CU>

S18 Y = ¢ - T + (C8 + C1 ¥ T + C2 ¥7T ¥ 7T / (1 + T %X (D1 + 7T
¥ (D2 + T ¥ D32 % FL

528
469
418
4628
Y/N
&38
FOR
448
638
&48
&78
4998
4999
5579
5588
5488
5610
S&28
5439
Q4648
3650
5440
5678
+ T
5688
o798

188049

]

& OPENCIRCLE,XP(I),Y
NEXT 1
FOR I = 1 TO 5668: NEXT I
TEXT : HOME : INPUT "HARDCOPY? (REQUIRES GRAPHITTI CARD)
“sRe: IF R$ ¢ 2> "Y" THEN 4998 .
PRINT : PRINT : INPUT "S)MALL (3X4) OR LYARGE (&X8 SIZE
PLOT "3R$: IF R$ ¢ > "S" AND R$ < > "L" GOTO 438
IF R$ = "S" THEN P$ = "G2R"
IF R$ = "L" THEN P$ = "G2RD"
PRINT D$;"PR#1"
PRINT CHR$ (% + P$: PRINT CHR3$ (12): FRINT D%;"PRH8"
HIMEM: 38408
END - . :
REM LINEAR PERCENT TO STD. DEV. TRANSFORM
FOR I =170 S

FL = 1
Cu = CUCI
IF CU ¢ = .3 GOTO 5458
FL= -1
cu=1-CU
REM

T= SOR ( - 2 % LOG (CUW>
Y{I) = ¢ =T + CB + C1 ¥ T+ C2XxTXxXT (1 + 7T x (DI
¥ (D2 + T ¥ D3X))) %X FL
NEXT I
RETURN
END
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EFF/PLOT

1 TEXT : HOME : PRINT : PRINT "A& CATALOG WILL BE LISTED NEXT
. SELECT THE .EFF FILE TO BE PLOTTED AND TYPE IN FILE NAME WH
EN REQUESTED. NOTE AMFPERGRAPH LOADER MUST HAVE BEEN RUN PRIOR
TO THIS PROGRAM."

2 PRINT " THE RUN WILL THEN BE PLOTTED. TO PLOT ANOTHER RUN
SIMPLY TYPE “RUN‘ AFTER THE LAST HAS BEEN COMPLETED. TO HALT
. CATALOG SCROLLING USE “CTRL-S- "

3 PRINT "TO CONTINUE PRESS ANY KEY": GET R$: PRINT R$: PRINT

S HIMEM: 14383

6 REM %%%XX%X PLOT SQUARE ¥¥¥¥

18 D$ = CHR$ (4

12 DIM XP{(21) ,M(215,CI(21)

16 NP = 28

17 PRINT D$;"CATALOG" + ",D2"

19 PRINT : INPUT "ENTER FILE NAME OF RUN TQ BE PLOTTED "
1NM$

28 PRINT D$;“OPEN" + NM$ + " ,D2"

38 PRINT D$;"READ" + NM$

48  INPUT NP

58 FOR I = @ TONP + 1

48  INPUT XP(I)>: INPUT MC(I>: INPUT CIC(I>

78 NEXT 1

88 PRINT D$;"CLOSE"

288 DB = 9:DL = 1.8E32

218 FOR 1 = 1 TO 28 : .

2153 IF MCI> ¢ = 6 THEN M{I) = 1.8E - 15: GOTO 248

228 IF MCI> > DB THEN DB = M(D)

230 IF MCI> < DL THEN DL = MDD

246 NEXT I

258 TEXT : HOME : PRINT "MIN PENE.=";DL

268 PRINT : PRINT "MAX PENE.=";DB

270 PRINT : PRINT : INPUT "SELECT RANGE FOR FENETRATION PLOT
= MIN,MAX. MUST BE INTEGRAL POWERS OF TEN ";YL,YM

271 HGRZ

275 - & SCALE,.1,188,YL,YM

274 & LIMIT,.Z26,.7,6,1

288 & LOG X: & LOG Y

2598 LY$ = "PENETRATION, X":LX$ = "DIAMETER, MICRONS"

380 & LABELAXES

310 LABELS = NM$: & LABEL,.2,.48 ¥ YM

328 FOR I = 1 TO 29

325 IF M{I) < = @8 THEN 344

338 & QOPENCIRCLE,XP(I)> ,M{I)

335 & ERR OR BARS,8,CICD)

340 NEXT 1

341 FOR 1 1 TO S@888: NEXT I: TEXT : HOME : INPUT "HARDCOPY
? (REQUIRES GRAPHITTI CARD) Y/N";R$: IF R$ ¢ > "Y" THEN 350
342 PRINT : PRINT : INPUT "S)MALL <(3X4) OR L)ARGE (&X8) SIZE
FOR PLOT ";R$: IF R$ ( "S" AND R ¢ > "L" GOTO 342

343 1IF R$ *S" THEN P$ "G2ZR"

344 1IF Rs$ "L" THEN P% "GZRD"

W
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345 PRINT D%;"PR#1!"

346 PRINT CHR$ (%> + P$: PRINT D%;"PRH#6"
348 HIMEM: 28468

358 END

PURGE RUNFILE

5 RO = 8

10 D$ = CHR$ (&

15 PRINT D$ + "CATALOG" + ",D2": FOR I = 1 TO S5868: NEXT I
28 HOME : PRINT : INPUT "ENTER TEST NUMBER OF RUN TO BE DELE
TED *;TN

38 PRINT : INPUT "ENTER RUN ID OF RUN TO BE DELETED " ;RN$

35 PRINT : INPUT "ENTER I)NLET OR OYUTLET RUN? ";I%

48 NM$ = "T* + STR$ (TN> + "R" + RN$ + ", + I$ + "T*
S8 PRINT "CHECK FILE NAME AND VERIFY THAT": PRINT NM$: PRINT
"1S THE FILE TO BE DELETED -Y/N “: GET R$: PRINT R$: PRINT

48 IF R® ¢ > "Y" THEN HOME : GOTO 20 .

42 PRINT D$;"0PEN" + NM$: PRINT D$;"CLOSE"™ + NM$
&3 PRINT D% + "DELETE" + NM$

78 K=8:M=2

72 D% = CHR% (&

75 PRINT D% + "OPEN RUNA/NAM"

88 PRINT D% + "READ RUN/NaM"

78 INPUT NE

168 1IF RO = 8 THEN DIM Y${(NR) ,K{(NR)

118 FOR I = 1 TO NR

128 INPUT Y$C(I)

138 IF NM® = Y$(I> THENM =M + 1:K(M) = 1

148 NEXT 1

1S58 PRINT D% + "CLOSE"

152 IF M =8 THEN END

148 PRINT D% + "OPEN RUN/NaM"

178 PRINT 0% + "WRITE RUN/NAM"

175 PRINT NR - M

188 FOR I = 1 TO NR

178 IF NM$ = Y&(I) THEN GOTO 218

288 PRINT Y$<(1)

218 NEXT 1

228 PRINT D$ + "CLOSE" )
238 INPUT "MORE 7O DELETE? (Y/N) "3R$: IF R$% ¢ 2> "Y' THEN END

248 RO = 1
238 GOTC 1S

-
J
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PURGE IMPACTOR FILE

SRQO=a

18 D = CHRE (4

153 PRINT D% + "CATALOG" + *,D2": FOR I = | TO 5888: NEXT I
28 HOME : PRINT : INPUT “"ENTER IMPACTOR NAME TO BE DELETED *
sNM$

48 MME = NM$ + "/IMP*

38 PRINT "CHECK FILE NAME AND VERIFY THAT": PRINT MM$: PRINT
" 18 THE FILE TO BE DELETED -Y/N ": GET R$: PRINT R$: PRINT
48 IF R$ ¢ > *Y" THEN HOME : GOTO 289

62 PRINT D$;"0OPEN" + MM$: PRINT D#%;"CLOSE" + MMs$

45 PRINT D$ + "DELETE* + MM®$

78 K = 68:M =8

72 D% = CHR% (4

75 PRINT D$ + "QOPEN IMP/NAM"

88 PRINT D% + "READ IMP/NaM”

?8 INPUT NR

1@ IF RO 8 THEN DIM Y$(NR) ,K{(NR)

118 FOR 1 1 TO NR

128 INPUT Y$<CI)

138 IF NM$ = Y$(I) THEN M =M + {:KM) = I

146 NEXT 1

158 PRINT D% + "CLOSE"

1S5S IF M =6 THEN END

168 PRINT D$ + "0OPEN IMP/NaM"

176 PRINT D% + "WRITE IMP/NaM"

175 - PRINT NR - M

188 FOR I = 1 TO NR

199 IF NM$ = Y$(1) THEN GOTO 218

288 PRINT Y$(I)

218 NEXT 1

228 PRINT D$& + "CLOSE™

238  INPUT "MORE TO DELETE? (Y/N> “;R$: IF R$ ¢ > "Y' THEN END

248 RO = |
258 GOTO 1S

]
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DEF/ORI

REM ¥¥%¥ DEF/0ORI PROGRAM V1.2 XXX

REM X¥CREATES/UPDATES/LISTS INFORMATION IN &.0RI FILE
REM ¥X¥ VERS 1.2 272783

REM REVISED 2/24/84

GUSUR &3999: REM INITIALIZE PRINT FORMATTER
D$ = CHR$ (4

i@ Fi% = "YES":F2¢% = "YES"

13 DIM JN(15 ,J8¢15) ,JD(15) ,JLC1S) ,MZ( 130 ,KC(1DD

28 DIM F${15) ,A%(38) ,N&(186) NI1s(1886)
38 NM$ = "—————mm "38H$ = "CIRC.":SH = @:1EF = 8

ige REM ¥¥ MAIN PROGRAM XX

iie GOSUB 1008

126 GOSUR Zaee

izl IF R$ = "@" THEN GOTO 135

122 GOSUB 2566

123 IF R$ = "Q" THEN GOTO 135

124 IF R = "P" GOTO 128

135 IF F1$ = "YES" THEN GOSUB 48086

148 IF F2% = "YES" THEN GOSUB S66@

141 HOME : VUTAB S: PRINT "COONTINUE WITH MORE SETS, OR"
142 INPUT "ROETURN MAIN MENU";;R$: IF RE = "C" THEN GOTO 1Z2@

SN BN e

143 IF R$ ¢ > "R" GOTO 141

145 PRINT "RUN MaIN MENU"

997. REM PRINT D&3"RUN MAIN MENU"+",D1"
?98 REM GOTO 118

P99  END

igg8 REM %X FORMAT DEFINITION

18182 HOME

1ez2e P = 1

1638 FH(B) = * DEF ORI vi.z2*

1840 F$(1> = " 1> HARD COPY OPTIOM: &"

igsSe F$(2) = " 2> DISK FILE UFDATE: &"

1855 F$(4) = " FILE NAME: &7

1868 F$(3) = " 3> ORIFICE SET NaME : &"

1878 F$(5) = " 4) DESCRIPTION: "

1888 F$(?7) = " S NUMBER IN SET: ##"

1198 F%(8) = "ORIFICE DlAa.(IN> QCal JET"

1138 F2(11> = "ORI. DIA. acAL PCAL TCAL DRCal”
1148 F$(12) = "NO. (IMND (CFM) <IN HG>(DEG F)> (H20)"
1158 F$C13) = "H## ; #.HHH; H.HHHH; HHE.HH; HE#; BH . 68"
1151 F#(14) = "0ORI. DIA. GcAL PCAL TCAL DPCAL KC
Al {>HB"

1152 F$(15) = "HH ; H.8HHH; #H. H#HH; HH . #H; HEH; HHE . HH;
C OHHEHE . BE; HEHH . HB"

1155 REM ONERR GOTO 117@

1148 RETURN

1176 PRINT *ERROR; TO CONTINUE FRESS ANY KEY; ERROR CODE = °
;3 PEEK (222): INPUT R$: GOTO 128

1399 REM MENU SELECTOR

1468 UVUTabB 22: PRINT "P)AGE, @ UIT, OR NUMBER OF ITEM TO ENTE
R/CHANGE: "3 ‘
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1416 INPUT Rs$
1428 IF R$ = "0Q" THEN RETURN

1438 IF R® = "P" THEN P =P + 1: IF P > 2 THEN P =

1435 IF R$ = "P" THEN RETURN

1: RETURM

1448 A = VAL (R : IF A (1 OR A > 2 THEN GOTO 1460

14568 RETURN

2008 REM ¥%X MAIN MENU

2818 P = |

2828 HOME : PRINT F#{(@) + "-PAGE 1 OQF 2"
2038 \UTAB 3: CALL BU,R$,F$(1),Fi$: PRINT R$
2648 CALL BU,R%,F$(2) ,F2%: PRINT R$

2056 CALL BU,R%,F$(3) ,NI%: PRINT R$

2833 CAalLL BU,R#%,F$C4) ,NM$: PRINT R%

2048 PRINT F$(3) + RMs$

2088 CAlLL BU,R%,F$(?) (NS: PRINT R%

2899 GOSUB 1480

2188 IF (R$% = "Q"> OR (P = 2) THEN RETURN
2116 IF A > S THEN GOSUB 14489

2115 IF A = 8 GOTO 29686

2120 ON A GOSUB 2320,2340,2348,2440,2470
2138 GOTO 268286

2328 A = B: IF Fi$ = "YES" THEN Fi$ = "NO": RETURN

2325 Fl1% = "YES": RETURN

2348 A = 8: IF F2% = "YES" THEN F2% = "NO": RETURN

2345 F2¢ = "YES": RETURN
2368 A = @: HOME : PRINT F#(8) + " PAGE 1 OF 2"

2363 VTAB 3: INPUT "KEY IN ORIFICE SET LETTER DESIG: ";Y$ .

2366 IF Y$ = NI$ THEN RETURN '

2367 NI$ = Y$:NF = 1:NM$ = ¥Y$ + "/0RI": ONERR GOTC 2448

2368 PRINT Y$: PRINT D$;"0PEN ORI/NAM®* + " ,D2"

2378 PRINT D$;"READ ORI/NAM": REM GET ORIFICE SET INDEX FIL

E
2371 0K = @

2372 INPUT TI: IF Tl = 8 THEN PRINT D$;"CLOSE ORI/NAM": FRINT

"TI=0": FOR 1 = 1 TO 20808: NEXT I: RETURM

2374 FOR 1 = 1 TO TI1

2376 INPUT N&(I»

2378 IF N#(I) = NI% THEN OK = 1

2338 NEXT I

€381 PRINT D%;"CLOSE ORI/ZNAM"

2382 IF OK = @ THEN PRINT "OK=@8 TI="TI: FOR I
I: RETURN

= 1 TQ 268808:

2385 PRINT "OK=1 TI=";Tl: FOR I = 1 TO 28680: NEXT I

2386 REM RETURNMN

2387 REM IF SET ALREADY EXISTS, LOAD IT FROM DISK

2388 PRINT DH3;"0PEN" + NM$ + " ,D2"

2389 PRINT D$;"READ" + NM$

2398 INPUT NS

2391 IF NS = a4 GOTO 245¢

2395 FOR I = 1 TO NS

2428  INPUT JN{I) (JSCD) ,JDCDY ,JLCTD ,JACD)
2426 NEXT 1

2438 GOTO 2450

2448 NF = @: PRINT "FILE ERROR "; PEEK (222):EF
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NEXT




2458 PRINT D%;"CLOSE" + NM$: ONERR GOTO 1178: RETURN

24948 IF A = 8 THEN RETURN

2461 A& = B: HOME : PRINT F$(6>

2443 WVTAEB 3: INPUT "ENTER REMARKS/DESCRIPTION: " jRM®: RETURM

2478 A = 8: HOME : PRINT FA(@)
2473 UTAB 3: INPUT "ENTER NO. OF DRIFICES IN SET :";NS: RETURM

2586 REM XXX MENU PAGE 2

3888 REM

3081 J = B:HH = 4:SH = 1

3928 HOME : PRINT F$(@> + "-PAGE 2 OF 2"

3838 VUTAB 3: PRINT F$(11)

3048 PRINT F$(12)

3958 FOR I = 1 TO NS

3878 CaALL BU,R$,F$(13) ,1,JINCD> ,JSCI) ,JDCIY ,JL{IY ,JALID ¢ PRINT
R$ '

3888 NEXT I

3098 VUTAB 21: HTAB 1: PRINT *"TO ENTER/CHANGE DATA FOR AN ORI

. ENTER ORI. NO. OR @YUIT OR PY>AGE "1 UTAB 2Z2: HTAB
22: INPUT R$: IF R$ = "GQ" OR R% = "P" THEN RETURN

3188 J = 8

1 I = VAL R$): IF 1 ¢ 1 OR T > NS GOTO 3898

3112 WVUTAB 21: PRINT "PRESS "RETURN’ TO ACCEPT CURRENT UnalLLUE
OR ENTER NEW YALUE. "
3113 VUTAB I + 4: CALL BU,R$%,F$(13> ,I,JINCI) (JSCID) (JDCID ,JLCTD

,JA(I) PRINT R#$3;: HTAB HH - 1: INPUT "";R$: IF R$ = "" GOTOQ
33086 :

2iz8 J =J + 1: ON J GOTO 31=8,2148, 4196 ;3148 ,3176

3138 JNCI> = VAL (R$):HH = HH + 7: GOTO 3115

3146 JS(I) = VAL (R$):HH = HH + 8: GOTO 3115

3158 JD(IY = UAL (R$):HH = HH + 8: GOTO 2115

3148 JLCI) = VAL (R®):HH = HH + 7: GATO 2113

3178 Jadl) VAL (R$) :HH é: GOTO 3089

2388 J = J + 1: ON J GOTO 3318,2320,33%6,33464,3358
3318 HH = HH + 7: GOTO 3115

3328 HH = HH + 8: GOTQ 311S

3338 HH = HH + 8: GOTO 3115

3240 HH = HH + 7: GOTO 3115

3358 HH = 4: GOTO 3069

2499 STOP

4988 REM ¥¥ HARDCOPY OFTION

481@ PRINT "PRINTED COPY OPTION NOW BEING EXECUTED-TURN FRIN
TER ON AND PRESS ANY KEY": GET R$
4812 PRINT

4815 PRINT D$;"PR#1"

4628 PRINT F$(@)

4848 CALL BU,R$,F$(2) ,F2%: PRINT R$
4858 CALL BU,R%,F$(3) ,NI%$: PRINT R$
4855 CALL.BU,R$,F${(4) ,NM$: PRINT R%
4848 PRINT F$(S) + RM3$

4888 CALL BU,R$,F$(7) ,NS: PRINT R$
4898 PRINT : PRINT : PRINT

4116 PRINT F$(14) : PRINT F$(12)
4126 FOR 1 = 1 TO NS
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4138 KCC(I) = (468 + JL(I>) ¥ JACI) / (JSCI) ¥ JSC(1> ¥ JD(I) ¥
28.%97): REM CALCULATE KCAL PER EPA &88/7-77-858

4133 HA = .9234 X KC(I): REM CALCULATE DELTA H A (METHS ORIF
ICE CALIBRATIDON CONSTANT)

4148 -CALL BU,R$,F$(15),I,JN(I),JS(I),JD(I),JL(I),JA(I),KC(I)
sHA: PRINT R$

4158 NEXT 1

4148 PRINT D$;"PR#6": RETURN

S@eee REM ¥X DISK UPDATE

5881 PRINT "": PRINT D®;"OPEN" + NM$ + " ,D2": PRINT D$;"CLOS
E"™ + NM$: PRINT D$;*DELETE" + NM%$

5885 REM ONERR GOTO S%ee

o887 PRINT D$;"O0FEN" + NM$ + " D2"

0818 PRINT D$;"WRITE" + NM$

5828 PRINT NS

0838 FOR I = 1 TO NS

5848 PRINT JNCI)>: PRINT JSCI>: PRINT JDCI>: PRINT JL(I)>: PRINT

JACD)

@45 NEXT 1 :

5898 PRINT D%;"CLOSE" + NM$ .

2895 PRINT "OK=";0K: INPUT "TO CONT.ENTER Y";R$

9180 IF OK = 1 THEN RETURN

2185 IF Tl = @ GOTO 5556

3499 REM ADD SET NAME TO INDEX FILE

55088 FRINT D$;"0PEN ORI/NAM" + " D2"

5318  PRINT D%$;"READ ORI/NaM"

3528 INPUT TI1

35938 FOR I = 1 TO TIl: INPUT NI$(I): NEXT 1

9948 PRINT D¢;"CLOSE ORI/NAM"

2958 TI = Tl + 1:NI$(TI) = NI%

50968 PRINT D$;"0OPEN ORI/NAM® + " ,D2": PRINT D$;"WRITE ORI/NA

M (] .

9378  PRINT TI1

2588 FOR I = 1 TO TI: PRINT NI$(I): NEXT I

9598 PRINT D$;"CLOSE"

59638 RETURN

3788 PRINT "DISK ERROR: "; PEEK (222

5%18 PRINT "CHECK DRIVE, ETC. IF NEEDED PRESS “CONTROL C’ AN
D THEN RESTART DISK SAVE WITH ‘RUN 5646

o928 GOTO Sa@ee

63999 BU = PEEK (121) + 256 ¥ FEEK (122) + 28&: CALL BU:BU =
PEEK (&) + 256 ¥ PEEK (7>: CALL BU + 3: RETURN : REM

==> DO NOT EDIT &23997.

45535 REM
BUILDUSING (2.8 APFENDED.

COPYRIGHT ¢C)> 1981 ROD STOVER  DISTRIBUTED Ev: SENSIBLE SOFTWARE

==> TO REMOVE ‘AFPENDAGE’, ENTER:
IEXEC BU.STRIP
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IMPOP

i REM UPDATE TO SAVE VELOCITY TABLES 11/15/84 JDM

2 REM CLEAN UP PROMPTS & CONVERT FROM KCAL TO <>HE 12/27/85
JDM

188 REM %% IMP OP & VEL TRAV FROG XX

118 DIM X(28) ,Y(28) ,C(28) ,T(28,20) ,U{20,208) ,0(28,28) ,S(52) ,J
(52) ,F$(48)

128 GOSUB 43999

128 D$ = CHR$ (4

146 GOSUB 118689

158 HOME : PRINT F$(8): PRINT

1648 PRINT "NEW VELOCITY TRAVERSE (Y OR N>? *j: GET Q%: PRINT
@$: PRINT : IF G% = "N* THEN F1 = 1

141 GOTO 178

165 HOME : PRINT F$(8): PRINT

178 1IF @3 = "Y" THEN HOME : GOTO 278

188 IF @% > < *N"-THEN 156

198 REM  ¥X% START

288 HOME : PRINT F$(8): PRINT

218 CALL BU,R$,F$(1) ,N$: PRINT R$

228 REM GOSUB RUN CODE CHECK

238 CALL BU,R$,F$(2),A2: PRINT R$

248 CALL BU,R$,F$(3),I1%$: PRINT R$

258 GOTC 338

278 REM XX VEL START

288 CALL BU,R$,F$(4) ,M$: PRINT R%$

296 F3 = @

38@ IF RIGHTS (M$,1) = 0" THEN F3 = 1

31@ CALL BU,R$,F$(5) ,Bl: PRINT R$

328 CALL BU,R$,F$(&) ,B2: PRINT R$

338 CALL BU,R$,F$<(7) ,G$: PRINT R$

348 CALL BU,R$,F$(S),Gi: PRINT R$

358 CALL BU,R$,F$¢(9) ,62: PRINT R%$

368 CALL EU,R$,F$¢ 19> ,65: PRINT R%

378 CALL BU,R$,F$(11> ,P1: PRINT R%

388 CALL BU,R$,F$(12) ,P2: PRINT R$

358 CALL BU,R$,F$(13),F: PRINT R$

295 PRINT “B) STACK TYPE ", ST$

394 IF ST$ = "ROUND" THEN CALL BU,R$,F$(52) ,DL: PRINT R$
397 IF ST$ = °"RECT." THEN CALL BU,R$,F$(S@) ,DL: PRINT R$: CALL
BU,R$,F$(S51) ,DB: PRINT R$

a6@ WUTAB 2@8: PRINT "PRESS ITEM NO. TO CHANGE, C TO CONTINUE,

R TO RETURN TO MENU, OR ¥V FOR NEW VELOCITY"
418 VUTAR 22: HTAB 13: GET A%
428 IF A% = "R" THEN PRINT "ARE YOU SURE YOU WaANT TO EXIT P

ROGRAM?" 31 GET R$: PRINT R$: PRINT : IF R$ = "Y" THEN PRINT
D$;® RUN MENU"
425 1F &% = "R" THEN GOTO 145

438 IF A% = "C" THEN 428

432 IF A% = "U" THEN F? = @:F1 = g:F4 = @: GOTO 15@

435 HTAB 15: PRINT * ": UTAB 22: HTAB 1
S

448 IF A% = "A" THEN INPUT "aMB TEMP = ";3;F: GOTO 143
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443 IF A% = "B" THEN IF ST$ = "ROUND" THEN ST$ = "RECT.": 30TOC
185

444 IF A% = "B" THEN ST$ = "ROUND":B1 = 4: GOTO 145 .

447 IF A% = "D" AND ST$ = "RECT." THEN INPUT "ENTER DUCT LE

NGTH: "3;DL:D2 = DL ¥ DB: GOTQ 145

448 IF A% = "E" AND ST$ = "RECT." THEN INPUT "ENTER DUCT DE
PTH : ";DB:D2 = DL ¥ DB: GOTO 145 :

449 IF A% = "D" AND ST$ = "ROUND" THEN INPUT "ENTER DUCT DI
A. ¢ ";DL:DZ = 3.14159 %X (DL ~ 2> / 4: GOTO 145

450 A = VAL (A®

468 IF A = 1 AND @% = "N" THEN INPUT "RUN NO. = ";N$: GOTQ
185

478 IF A = 2 AND Q% = "N" THEN INPUT "SUBSTRATE SET = ";AZ:
GOTO 165

488 IF A = 3 AND G3$
I$: GOTO 165

"N®" THEN INPUT "TYPE/SHELL/PLATE = ";

498 IF A = | AND Q% = "Y" THEN INPUT "TEST CODE = "iM$: GOTQ
165 :
568 IF A =2 AND G% = "Y" THEN INPUT "NO. PORTS = ";Bi: GOTC
165

518 IF A = 3 AND @% = "Y" THEN INPUT "MO, POINTS/PORT = ";B
2: GOTO 165

528 IF A = 4 THEN INPUT "DATE = ";G$: GOTO 145

338 IF A =35 THEN INPUT "X 02 = ";G1: GOTO 145

348 IF A = & THEN INPUT *4 C0O2 = ";G2: GOTQ 145

358 IF A = 7 THEN INPUT "X H20 = ";G65: GOTO 145

568 IF A = 8 THEN INPUT "AaMB FRES = ";Pl: GOTO 145

378 IF A = 9 THEN INPUT "DEL P STACK = ";P2: GOTO 145

o988 GOTO 145

4680 G4 = 166 - G1 - G2

618 P3 = Pl + P2 / 13.6

620 M1 = ,32 ¥ Gl + .44 ¥ G2 + .28 ¥ G4

638 M2 = (186 - G5 ¥ M1 / 186 + ,18 % G5

448 FK = F + 440

445 IF F1 = | THEN 111@

438 IF F4 = 1 DR F? = 1| THEN 1388 REM GOTO PORT #

468 REM ¥X VEL TRAVERSE

678 1 =8

688 1 =1 + 1

683 IF I > Bl THEN I = 1

698 HOME : PRINT "VELQCITY TRAVERSE": PRINT

788 CALL BU,R%,F$(14),1: PRINT R$

718  CALL BU,R%,F$(15) ,C: PRINT R%

728 PRINT : PRINT "POINT # Vp(H28)> T(degF> VELCFft s>

768 SP = 1: IF ST%# = "ROUND" AND I = | THEN SP = @

763 FOR K = SP T0 B2 '

778 CALL BU,R$ ,F$(16) ,K,0C1,K), T¢I ,K) ,U(I,K): PRINT R$

788 NEXT K :

798 CALL BU,R$,F$(1?) ,v(I): PRINT R%

888 CALL BU,R%,F${18) ,X(1): PRINT R$ .

885 CALL BU,R$,FO0%,0AC(1): PRINT R$

887 IF SP = @ THEN PRINT : PRINT "NQTE: PQINT ‘8’ 1S CENTER
(FOR CONTOQURS®

818 VUTAB zz: INPUT "ENTER POINT NO. OR ITEM NO., N FOR NEXT

PORT, C TO CONTINUE, ¥ TO RESTART ";A$
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812 IF A% = "U" THEMN 145

828 IF A% = "N" THEN 489

838 IF A% = "P" THEN HTAB 13: INPUT "PORT NQ.= ";I: GOTQ &7

8

848 IF A% = "K" THEN HTAB 13: INPUT "PITOT CONST. = ";C: GOTO
718

858 IF A% = "C" THEN 1838

848 A = VAL (A%

g7a IF A4 < 8 OR A > B2 THEN 498

888 HTAB 13: PRINT "FOR POINT NO. *;

898 HTAB 13: INPUT "VUp = "3R$: IF R$ < > "" THEN Q(l,m =
(R$?

988 HTAB 13: INPUT "T = "iR%: IF R$% ¢ > "" THEN T(I,AR) =
(R%)

71 CJ = 8

P15 X(I) = 8

716 Y(I) = 8

218 IF SP = & AND & = 8 THEN VU(1,8) = 85.48 ¥ C ~ SQAR (P3 X

M2) ¥ S8R (0¢1,8Y ¥ (T(1,8) + 448))

928 FOR J = 1 TO B2

948 U(1,J) = £85.48 X C / SGR (P3 ¥ M2) ¥ SGR (0CI,] ¥ (T(1
S+ 468))

958 X(I1) = X(I) + TCI,D

948 Y(I) = Y(I) + W(I,]

978 CJ = CJ + 1

988 NEXT J

998 IF CJ = 8 THEN 1826

1898 X<I> = X(I) / CJ

1816 YC(I) = YCI) / CJ :

1815 0ACIY = YCI) / (¢ SAR (X{I) + 44@8)) ¥ 85.48 ¥ C) ¥ SGR
(P3 % M2

1828 GOTO &98

18308 21 = 8
i84a 22 = @
18435 23 = @
1658 FOR I = 1 70 Bt
1869 21 = 21 + Y<(I>
1878 22 = 22 + X{D)

- 7

1875 23 = 23 + 0ACD

1888 NEXT I

1898 21 = 21 / Bl

1168 22 = 22 / B!

1185 23 = /s B1

1118 HOME : PRINT "WELOCITY TRAVERSE": PRINT :Fl = @
1128 CALL BU,R%,F$(48) ,721: PRINT R#%

1138 CALL BU,R%,F$(49) ,22: PRINT R$

1135 CALL BU,R%,F0%,23: PRINT R%

1148 PRINT : CALL BU,R$,F£019) ,DZ2: PRINT R$: PRINT
1156 Q2 = 21 ¥ D2 ¥ &8

|
™
w

1188 Q3 = Q2 ¥ 538 / (488 + 22 X P2 / 29.92 ¥ (168 - GD 1

88
1178 CALL BU,R$,F£{26) ,QZ2: PRINT R$
1186 CALL BU,R$,F$(21) ,Q3: PRINT R$

1198 VTAB 28: PRINT "PRESS ITEM NO TO CHANGE,F TC PRINT DaTA

,0 FOR DELTA P PROGRAM,V FOR NEW VELOCITYPROGRAM, S FOR DISK
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SAVE™"
1192
1193
ISK
1194
1206

1219
1220
1225
1238
1248
1360
1231e

UTAB 23: HTAB 13: GET A%
IF A$ = "S" THEN GOSUB 20808: REM  SAVE TRAVERSE TO D

IF A% = "3" THEN INPUT "DUCT AREA = "3;D2: GOTO 1ile

IF A% = "P" THEN GOSUB 8686: GOTO 1118 REM VEL OUTPUT
IF A% = "U" THEN F? = 8: GOTO 158

IF A$ = "D" THEN Q% = "N":F? = {: GOTO 199

IF A% = "1" THEN INPUT “DUCT VEL = “";Z21: GOTO (11@

IF A% = "2" THEN INPUT "DUCT TEMP = ";Z2: GOTO 11184
GOTO 111@

REM XX PORT NO.

PRINT : PRINT "SELECT:": INPUT "PORT NO., M(=MANUAL), O

R A(=ALL) ";0%

1328
13380

"30%:

1346 N
1258 V
1368 T

1378
1388
13%a
1480
i41@
1428
1438
1448
1458
14680
1479
1480
v TO
1560
1518
1528
1539
13

1549
1550
1548
1578
1575
1580
15v8
is04
1618
1815
1628
14630
1635
15840
1650
1568

v
T

IF 0% = "A" THEN 1488

IF 0% = "M" THEN INPUT "MANUAL CALCULATION ON PORT NO.
GO0TQ 1454

vVaL (0s$)

Y (NY

XIND

PRINT : CALL BU,R$,F%(24),V: PRINT R%

CAaLL BU,Rs$, F$(°5) T PRINT R&

GOTO 15?@

= 21

= 22

PRINT : CALL BU,R$,F$(17),V: PRINT R%

CALL BU,R$,F$(18) ,T: PRINT R$

GOTO 1574

HOME : PRINT "MaNUAL VELGCITY ": PRINT

CALL BU,R$,F$(2é) ,UV: PRINT R$

CALL BU,R$,F$(27),T: PRINT R$

PRINT : PRINT "PRESS 1| OR 2 TO CHANGE,C TO CONTINUE,

I (I

RESTART ";: GET A%: PRINT As

IF A% = "U" THEN 190
IF A% = "C" THEN 158a

A= Val (A%

UTABR 8: PRINT " “: UTARB &: HTAB
IF A = 1 THEN INPUT "GAS VEL = ";V: GOTO 1458

IF A = 2 THEMN INPUT "GAS TEMP = ";T: GOTO 1458

GOTQ 1456

REM ¥%¥ IMP FLOW RATE
PRINT : PRINT "C TO CONTINUE";: GET Z¢: PRINT
HOME : PRINT "IMPACTOR FLOW RATE CALCULATIOM": PRINT

PRINT "IMPACTOR TYPE 1> ANDERSEN"

PRINT * 2)  BRINK"

PRINT * 3> PILAT"

PRINT " 4) SERIES CYCLONE®
PRINT * 3 MANUAL SEARCH"

PRINT : INPUT "YOUR CHOICE ";:;G: PRINT
IF G < 1 ORG > 5 THEN {586
ON G GOTO 1458,174@,1450,1725, 1840

DI = 11:1 = @

I

=1+ 1
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{478 01 = D! - 1

1475 IF D1 = 8 THEN PRINT "NQ MORE!'!! - WILL RESTART": GOTO
14658

1488 D4 = D1 ~ 16 %X 25.4

1698 Q1 = 5.872E — 84 X V X Dqg ~ 2

1768 IF G =1 AND G1 > 1.205 THEN 1&4@

1719 IF G = 3 AND Q1 > 2 THEN 1448

1715 PRINT : PRINT "NOZ.DIA. = "3;D4;"MM Q@ = "3Q1;" ACFM": PRINT
*ARE THESE OK? (Y/N)";: GET R$: PRINT R$: IF R = "N" THEN 1é
48

1716 IF R$ < > "¥Y" THEN 1713

1728 D1 = D1 / 14: GOTO 2088

1725 1 = 13: REM NO. OF CYC. NOZZLES+1

1726 1 =1 - 1: IF 1 ¢ = 8 THEN PRINT "NO MORE - WILL RESTA
RT®: GOTO 1725

1728 D1 = CN(I>:Q1 = 5.872E - 4 ¥ V X D1 ~ 2

1729 1IF Q1 > 2 AND I > 1 THEN 1724

1738 PRINT : PRINT *"N0Z.DlA. = ";D1;"MM Q= ";Q1;" ACFM": FRINT
"ARE THESE OK? (Y/ND";: GET R$: PRINT R$: IF R$ = "N" THEN 1/
24

1732 IF R$ < > "Y" THEN 173@

1735 GOTO 208496

1746 PRINT : INPUT "5 OR 6 STAGE BRINK " ;M3

1745 IF M3 ¢ S OR M3 > & THEN 1748

1758 D1 = S

1749 Q2 = .,825

1778 IF M3 = 3 THEN Q2 = .84

1775 1 = 8

1786 I =1 + 1

1798 Q1 = 5.072E - B84 X V X D1 ~ 2

1888 IF G1 ¢ @2 THEN 1948

1818 1IF D1 = 1.4 THEN 1948

1828 IF Dt ¢ 2.5 THEN DI = Dt -~ .1: GQTO 18486

1838 Dt = D! - .5

1848 IF 1 { 28 GOQTOQ 1786

1858 GOTO 1944

18468 VUTARB 1@

1878 CALL BU,R$,F$(28),D1: PRINT R%

1g88 Q1 = S5.672E - 84 x V X D1 ~ 2

1896 PRINT : CALL BU,R$,F$(2%) ,01: PRINT R$

1988 PRINT : PRINT "1S THE FLOW RATE OK <Y OR N)? "j;: GET A%
: PRINT a$: PRINT

1918 IF A% = "N" THEN INPUT "NGZ DIA = "3D1l: VTAB 14: PRINT
: PRINT : PRINT : GOTO 1848

1926 IF A% = "Y" THEN Z806

1930 GOTO 1848

1948 IF G = 2 THEN PRINT : CALL BU,R$,F$(28) ,D1: PRINT R3%: GOTO
1978

1958 D1 = DY / 16

1968 CALL BU,R$,F$(30) ,D1: PRINT R%$

1978 CALL BU,R$,F$(29),G1: PRINT R%

1988 PRINT : PRINT "ARE THESE NUMBERS OK <Y OR N)?"3: GET A%
: PRINT A%: PRINT

1998 IF A% = "N" THEN 18246

1995 IF A% < > "Y" THEN 1986
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2088 X = (@1 ¥ (188 - G5) / 1896 ¥ P3 / (T + 448)) ~ 2 ¥ FK ¥
Ml / .9234

2818 REM ¥X ORIFICE SELECTION

28628 M = 1: IF 6 = 2 OR G = S THEN PRINT : PRINT "1 ORIFICE
OR 27 "3: GET M: PRINT M: IFM < 1t ORM > 2 THEN Za2@

28058 IF M = 2 THEN 236e

28648 HOME : PRINT "ONE ORIFICE": PRINT

2878 CALL BU,R$,F$(31),1,1,01%: PRINT R$

28688 CALL BU,R$,F$(32),2,1,H1: PRINT R$

2898 R = - 1.5

21686 FOR I = { TO 24

2118 R =R + .5

2128 S(ID X X HI 7/ (P1 - R)

2138 J(ID 6 ¥ FK ¥ (P1 - R - S(I) / 13.4) / (Q1 ¥ FK ¥ P3 ¥%
(188 - GS> - 18@)

2148 NEXT 1

2158 PRINT : PRINT "Psys (2P Tsec Psys {>P Tsec"
218 R = - 1.5
2178 RR = @

2188 FOR I = 1 TO 12

2198 K =1 + 12

2280 R = R + .5

2218 RR = R + &

2228 CALL BU,R$,F$(32),R,S(1) ,JC(I) ,RR,S(K) ,J¢(K): PRINT R$

2238 NEXT I '

224@ PRINT : PRINT "PRESS C TO CONTINUE,! TO CHANGE ORIFICE
ID,2 TO CHANGE <{>H@,F TO REPEAT FLOW RATE CALCULATION,S TO
SKIP THIS CALC ";: GET A$: PRINT A% '

2258 IF A% = "F" THEN 157@

2255 IF A% = "S" THEN 190

2268 IF A% = "1" THEN UTAB 23: HTAB 13: INPUT "QORIFICE 1D =

";01%: GOTO 2640
2278 IF A% = "2" THEN VUTAB 23: HTABR 13: INPUT "{>HE = "yH1:
GOTO 2840

2288 IF A% = "C" THEN 2400

2299 GOTO 2040

2388 HOME : PRINT "2 ORIFICES": PRINT
2318 CALL BU,R%,F$(31),1,1,01$: PRINT R$
2328 CALL BU,R$,F$(32),2,1,H1: PRINT R$
2338 CALL BU,R$,F$(31),3,2,02%: PRINT R$
2348 CALL BU,R$,F$(32) ,4,2,H2: PRINT R$

2358 R = - 1.5
2348 FOR I = 1 TO 24

2379 R =R + .5

2388 S(1) = X ¥ HY / (Pl - R) _

2398 J(I) = X ¥ H2 / (P1 - R - S(I)M)

2488 NEXT 1

2418 PRINT : PRINT “Psys <{OP1 <(>P2 Peys <(>P1 (>P2"
2420 R = 8

2430 RR = @

2448 FOR I = 1| TO 12

2458 K =1 + 12

2468 R = R + .5

2478 RR = R + &
2488 CALL BU,R$,F$(33) ,R,S¢1),JCI) ,RR,S¢(K) ,J(K) : PRINT R%
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2498 NEXT 1
2588 PRINT : PRINT "C TO CONTINUE,1-4 TQO CHANGE DATA,F FOR
NEW FLOW RATE CALC,R TO REPEAT ";: GET A%: PRINT A3
2518 IF A% = "R THEN 198
2515 IF A% = "F" THEN 1578
2528 1IF A% = "C" THEN 2466
2538 A = VAL A%
2548 IF & = 1 THEN HTABR 13: INPUT "ORIFICE #1 1D = ";01%: GUTO
2388
2558 IF A = 2 THEN HTAB 13: INPUT "Kcal #1 = "jH1: GOTO 239
8
2548 IF & = 3 THEN INPUT "ORIFICE #2 ID = ";02%: GOTQ 2384
2578 IF A = 4 THEN INPUT "Kcal #2 = ";jHZ
2588 GOTO 2360
2488 REM ¥¥ FULL OUTPUT
2418 PRINT PRINT "INSERT RUM SHEET": PRINT "C TO CONTINUE,
S TO SKIP ";: GET Z%: PRINT Z%
2612 1F 2¢ ¢ > "C" AND 2% < > "S" THEN 2418
2615 IF 2% = "S" THEN 198
2628 FPRINT D$;"PR#1"
24638  PRINT " " sN$
z448 PRINT CALL BU,R%,F$(34),1%,61,P1,08: PRINT R%
24658 PRINT cAatlL BU,R$,F$(37) ,6%,G2,F,V: PRINT R%$
26468 PRINT CcaLL BU,R$,F$(38 ,A2,64,P2,T: PRINT R$
2678  PRINT call BU,R$,F$(34) ,65,P3,Q01: PRINT R%$
2788 PRINT : PRINT PRINT : PRINT : PRINT : PRINT : PRINT
2785 CAlLL BU,R$,F$(39) ,D1: PRINT R$: PRINT
2767 1F M = 2 THEN 2849
2718  PRINT "
ORI 1D: "3;01%
2728 PRINT "
{>He: "3HI1
2738 PRINT "
GAS METER #:°
2748 R = - 1.5: PRINT
2758 PRINT *
Psys {>P TIME"
2768  PRINT °
Hg HZ0 sec"
2778 PRINT "
27%@ FOR 1 = 1 TO 24
2798 R =R + .3
28080 CALL BU,R$,F${33> ,R,S¢(I) ,J(I): PRINT R%
2818 NEXT 1
2828 PRINT PRINT D%;"PR#6"
2838 GOTO 1949
2848 PRINT *
ORI #1 ID: ";01%
2858 PRINT "
{>He #1 : ";H1
2848 PRINT °
ORI #2 ID: ";02%
2878 PRINT ™
{>He #2 : "j;H2
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2888 R = @: PRINT
2898 PRINT "

Psys {OP {>pe
2988 PRINT *
Hg Hz0 Hz20*

2918 PRINT *
2928 FOR I = 1 TO 24

2938 R=R + .5 .

2948 CALL BU,R$,F$(35) ,R,S(I),J(I): PRINT R$

2958 NEXT I

2948 PRINT : PRINT D%;"PRH#@"

2976 GOTO 150

8088 REM XX VEL OUTPUT

8018 PRINT : PRINT "LOAD TRAVERSE FORM INTO PRINTER, C TO
CONTINUE ": GET 2Z$: PRINT 2%

8615 PRINT D$;"PRH#1"

8826 CALL BU,R$,F$(4G),M$,G$: PRINT R$: PRINT

8838 CALL BU,R$,F$(41),G1,G64,P1,C,D2: PRINT R$: PRINT

8840 CALL BU,R$,F$(42) ,62,G5,P2,F: PRINT R$: PRINT : PRINT
88508 1 = 1

8048 11 =1 + 1:12 =1 + 2:13 =1 + 3

8870 IF B1 ¢ I3 THEN 8148

8688 CALL BU,R$,F$(43 ,1,11,12,13: PRINT R$: PRINT

8898 PRINT "PT PV T  VEL PV T VEL PUOT U
EL PV T VEL"

8188 PRINT " # H20 F ft/s H28 F  ft/s H20 F  ft
/s H28 F §ts/s": PRINT

8118 FOR K = 1 TO B2 ‘

8128  CALL BU,R$,F$(44) ,K,0C1,K) ,T(I1,K) ,UC1,K ,0C11,K),T¢I1,K
Y UCIL,KY ,0012,K) JTCI2,K) WUC12,K) ,0C13,K TCI3.K LUCI3.K) 3 PRINT
R$

8138 NEXT K-

8148 FRINT : CALL BU,R$,F$(4%) ,0ACI) ,X(D),Y(I) ,048C11) ,XCI1),

YCID ,0ACI2) XTI Y(I2) 0ACI3D X(IB) Y(IS)' PRINT R$: PRINT
: PRINT

8158 GOTOD 84148

8168 IF Bl { 1z THEN 8256

8178 CALL BU,R$%,F$(43),1,11,12: PRINT R$: PRINT

glga PRINT "PT Py T VEL Py T VEL Py T V)
ELII

8198 PRINT " # H20 F ft/= H20 F ftr/=s H20 F ¢t
/8"y PRINT

8288 FOR K = 1 TO BZ

821 CALL BU,R$,F$(44) ,K,0¢1,K),T(I,K) yVCT LK) ,OCT 1 ,K) ,TC(1L,K
Y LVCT LK, 0(12 K) s TC12, K) U(IZ K) PRINT R%

822@ NEXT K

8238 PRINT : CALL BU,R$,F$(45) ,0AC1) ,XCI) ,Y<¢D) s0ACT D X1 1),
YCI 1) ,0ACI2) XC12) Y(IE) PRINT R%: PRINT : PRINT

8248 GOTO 241@

8258 IF Bl { 11 THEN 2348

8248 CALL BU,R%,F$(43),1,11: PRINT R$%: PRINT

8279 PRINT "PT PV T VEL Py T VEL®

8288 PRINT " # Hz28 F ft/= H28 F ft/a": PRINT

8298 FOR K = { TO BZ
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2288 CALL BU,R$,F$(44) K, 001K ,TCT K ,UCT K ,0CT1,K ,T(I1,K
Y ,VU(I1,K): PRINT R%$

8318 NEXT K

8328 PRINT : CALL BU,R$,F$(45) ,0A8¢1) ,X<(I) ;Y1) ,0aCI 1) ,X(I1),
Y(I1): PRINT R$: PRINT : PRINT

2338 GOTO 8410

83408 CALL BU,R$,F$(43) ,1: PRINT R$: PRINT

8358 PRINT "PT PV T  VEL"

8368 PRINT " # H28 F +$ts/s": PRINT

8378 FOR K= 1 TO B2

2388 CALL BU,R$,F3$(44) ,K,0CI K> ,TC(I,K) ,U(T,K): PRINT R$

8398 NEXT K

8488 PRINT : CALL BU,R$,F${(4%) ,08¢1) ,X(I)>,Y{(I>: PRINT R#: PRINT
: PRINT

g4is 1 =1 + 4

8428 IF I ¢ = Bt THEN 8840

9438 CALL BU,R$,F$(46),21,02: PRINT R3%

8448 CALL BU,R$,F$(47),22,83: PRINT R$

8445 CALL BU,R$,F0%$,23: PRINT R$

8458 PRINT : PRINT D%;"PR#8"

8448 RETURN

11998 REM %X FORMATS X%

118685 C = ,83:F1 = 38: DIM CN(12) :5T$ = "RECT."

11816 F$¢@8) = "IMPACTOR OP & VELOCITY PROGRAM"

11820 F$( 12 "1) RUN NUMBER (xxxxI-n) HHUHHHE"

11839 F$(2> = "2> SUBSTRATE SET BHHHHER"

118468 F$¢(2 = "2 IMP TYPE/SHELL NO/FLATE NO HHHHHER"
‘11858 F$(4). = "1) TEST CODE _ (xxxxI) BHUAH"

11668 F$(5 = "2) NUMBER OF PORTS #HCOH"

11878 F$(& = "2> NUMBER OF POINTS PER PORT #H#<O#"

11888 F$(?> = "4) DATE HHHHBHHR"

11898 F$(8 = "5 ¥ 02 H{OH.H"

11168 F$(P> = "&) X COZ H(GH.H"

11118 F$(18) = "7 X H20 HCOH. 8"

11128 F$(11> = "8 AMBIENT PRESSURE HH(GH.H¥% in. Hg"
11136 F$(12) = "9) DELTA P STACK HHH(OH. .44 in. HZ20"
11148 F$(13> = "A) AMBIENT TEMP HHHCOH, deg F"
11158 F%(14> = "P> PORT NO HHH"

11148 F$(13) = "K) PITOT CONSTANT HH<COH  HHH"

11176 F$(16) =" HH; #HCOH.H8H sHEHAH; HH#do s

HE"

11189 F&CLID
11198 FE(18)
11288 F$(1%)

"aUG DUCT VELCQCITY = HH{@H#.H# ft/cec”
"AVG DUCT TEMP = HH#H# deg F"
"3 DUCT AREA #H{@H. . ¥ FL2"

11218 F&(28 "FLOW RATE = HH, H#H HHCOH . H acfm”
11228 F$(21D " = H§ {44, HHOH. H scfm”
11238 F$(22 " “ N2 HHH . H"

11248 F$C23) " STACK PRES AHH.H¥ in. Ho"

11258 F&{(29)
112588 F$(25

"G PORT VELOCITY
"AVG PORT TEMP

H#H# .8 ft sec”
#### deg F"

| T T (T 1 1 (I T Y |
n

11279 F$(28) "1> GAS VELOCITY BH{OH#.H¥ frt/sec”
11288 F®(27) "2) GAS TEMP HUH<BH deg F"
11298 F$(28) "NOZZLE DIAMETER = H###.#% mm"

11388 FH(29 "FLOW RATE = HHH.HHAE ACFM"

11318 F$(38> "NOZZLE DIAMETER HEH . HE in."
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11228 F$(31D
11338 F$(32)

"H:) ORIFICE NO ##; ID HHHH#"
"$:) ORIFICE NO #H; 2<?OHR HHHECOH . HEy"
11348 F$(33) "HELH; HHH.H; HEH. HE L H; HEE.H; HEH, 8
11358 F$(34) " Y. H20: H#.H#; Pstack:
HE L H; IMP FLCOW: #.8#4"
11368 F$(35) = "
HH.H; HEH.H;  HEH . HY

113768 F$(36> = " IMP ID: HedHEHE; A 02: HH#.H; AMB P
H . HH; PORT #: HH##"

11388 F$(37) = " DATE: HEBHHHHE; /4 CO2: ##.4#; ~AMB T:
Hi#Hd4; GAS VEL: H#.H#4"

11398 F$(38) = " SUB SET #: #HHHH; 2 N2: HH#.#; PLP>Ps

tack: Hi#.H; GAS TEMP: HHH#"
11488 F$(3%) = "
NOZ DIA: HH, H#HH#H"

11410 F$(4@) = * HHARHHEH HHRHEH
“#ll .
11428 F$(41) = "% 02: ##.#; % N2t H##.#8; AME P: H#.H4
; Cp: HE#HE,HY; DUCT AREA: HH#"
11438 F$(42) = "YCO2: #%.#; YH28 1 HH#H.H; PCP>Pstk: H#
8.4 AMB T: ###"
11440 F$(43) = * PORT ##; PORT ##; POR
T ##;  PORT ##"
11458 F5(44) = “HH; H.## HHHH; HH.8;  H. HE JHEEH; HH.H; H.
HE pHEHE; BH.8;  H.OHH HEEH; 288"
11468 F$(A5) = "AUG H.H#; SHEE; BH.H;  H.HE; HH88; SH.8; H.#
By HHEH; BH.H;  H.HE; HEHE: BE.HY
11478 F$¢44) = AUG DUCT VEL = HH#H.¥4 ft/s; U
OLUME FLOW = H#,###, 888 acfm”
11480 F$(47) = ° AVG DUCT TEMP = #H## deg F;

= B, HHHE, BHE scfm”
11498 F$¢48) = "1) AUG DUCT VEL = H#H<OH#.# ft/cec"
11491 F%(S58> = "D) DUCT LENGTH H(OH.HH# FEET"
11492 F$(52) = "D) DUCT DIAMETER HCO#.HH FEET"
11493 F$(51) = "E) DUCT DEPTH HCO#,H4 FEET"

11493 F$(49 "2) AVG DUCT TEMF = #H## deg F"

11494 FO% = "AUG SGRT DELTA P = H{@#.HH#H# IN. H20"

11497 CNC1) = 3,5:CN(2) = 4:CN(3) = 4,.5:0NC4) = S;CN(S) =
$ENCE) = S:CN(?) = 7iCN(8) = 8:CN(P) = 9:CN(18) = 1@8:CNC11
11:ONC12) = 12: REM CYC NOZ2ZLE SET

11588 RETURN

19999 REM TRAVERSE SAVE

20860 PRINT :D$ = CHR$ (4):Fl$% = "VEL DATA." + M$

26188 PRINT D$;"0QPEN" + Fl4

28118 PRINT D%;"WRITE" + FlIs$

5'4
y =

28128 PRINT ST$: PRINT B1l: PRINT B2: PRINT DL: PRINT DB: PRINT

INT (21 ¥ 100 + .5) ~/ 186: PRINT INT (U(1,8) ¥ 188 + .5 /
168
28138 FOR 1 1 TO B1
20148 FOR J 1 TO B2
281368 PRINT INT (WI,0) ¥ 186 + .5 / 106
20168 NEXT J
28178 NEXT 1
20188 PRINT D$;"CLOSE": RETURN
63979 BU = PEEK (121> + 256 ¥ PEEK (122) + 28é&: CALL BU:BU
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PEEK (&) + 256 ¥ PEEK (7): CALL BU + 3: RETURN = REM

==> DO NOT EDIT &39%9.

635535 REM
BUILDUSING (2.8) APPENDED .

COPYRIGHT (0> 1981
ROD STOVER

DISTRIBUTED BY:

SENSIBLE SOFTWARE

==> TO REMOVE ‘APPENDAGE’, ENTER:
JEXEC BU.STRIP

]
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APPENDIX B

COMMERCTALLY AVAILABLE HARDWARE

B.1 Calibration Data for Commercial Impactors

Southern Research Institute (SoRI) has published (Cushing et.at., 1976,
1979) calibration data for five different models of commercially available
cascade impactors used for stack sampling. SoRI has subsequently calibrated
multiple individual impactors for four of these five models., Table B-1
presents a summary tabulation of these calibration results., Since both the jet
diameter (D.) and the stage constant (/E—_3 are used together in the data
reduction calculations, the stage constants (/wso) have been normalized to the
manufacturer's nominal hole diameters. Where multiple impactors of the same
model were calibrated, the wvalues shown in Table B-1 represent averages of the
normalized stage constants. Comparisons for like stages indicate that DSO
values under identical operating conditions typically vary within a standard
deviation from 5 to 10% of the mean stage value.

Those averages refect the calibration data from seven Andersen
(fiberglass), four Brink (grease), eight Brink (fiberglass), eight UW Mark III
(grease), seven UW Mark V (grease) and three MRI Model 1502 impactors.

The data for the Sierra Model 226 was obtained on a single impactor and
the data on the Flow Sensor was obtained from the manufacturer since this
impactor has not been calibrated at SoRI. The following paragraphs describe
the calibrations of the different impactors.

Several stages of the Pollution Control Systems, University of Washington
Mark III impactor are common to the Mark V impactor. One should, however, note
that stages 6 and 7 of the Mark III are different from stages 6 and 7 of the
Mark V. Stage constants for both impactors are presented together in Table
B-1. Impactor parameters (/wso) for stages 1-3 with greased substrates were
cbtained by calibration of a single impactor using monodisperse dye particles
generated by a vibrating orifice aerosol generator (VOAG) as described by
Cushing et.al. (1976). Stage constants for the lower stages are averages of
calibrations for 8 Mark III and 7 Mark V impactors with greased metal
substrates using the uniform latex spheres (PSL) technique as described by
Cushing et.al. (1976). Consequently, the stage constants for stages 4, 5, and
7 of the Mark V represent normalized averages of calibrations on 15 different
units. Standard deviations are typically under 8 percent of the mean,
extending to 12 percent for stages 11, 12, and 13.
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Stage
No

N/A

(Page 1 of 3)
Table B-1 IMPACTOR PARAMETERS

I. Round Hole Impactors

Calibration Data .

Jet Lab Condition;___
Jet To Plate Stage Constants (/wso)
No. of Diameter Distance Greased Fiber
Jets D., cm S, ¢cm Metal Mat
A E— — |

EPA/SORI Design Right Angle Precollectors:

1 1.2700 0.850 0.240

Pollution Control Systems (U of W) Mark III/V Cascade Impactor:

III v
1 1
2 2(0ld)
- 2(new)
3 3
a 4
5 5
- 6
6 7
7 -
- 8
- 9
- 10
- 11
- 12
- 13

1

2
3
4
5
6
7

1 1.8237 1.437 0.144

6 0.5791 0.520 0.331
6 0.4305 0.520 ‘ ' -
12 0.2438 0.318 0.381
90 0.0790 0.318 0.365 0.352
110 0.0508 0.318 0.371 0.352
110 0.0390 0.318 0.366
110 0.0343 0.318 0.383 0.355
90 0.0254 0.318 0.386 0.347
105 0.0300 0.318 0.347
105 10.0262 0.318 0.363
78 0.0262 0.318 . 0.366
56 0.0262 0.318 0.369
40 0.0262 0.318 0.382
36 0.0262 0.318 0.369

Belfort (MRI) Model 1502 Cascade Impactor:

8 0.8700 0.767 0.12
12 0.4760 0.419 0.25
24 0.1984 0.1 0.34
24 0.1191 0.1 0.372
24 0.0838 0.191 0.367
24 0.0533 0.191 0.360

12 0.0533 0.191 0.351




(Page 2 of 3)

Calibration Data

Jet Lab Conditions_

Jet To Plate Stage Constants (/wso)
Stage No. of Diameter Distance Greased - Fiber
No Jets D., cm S, cm Metal Mat

I

Andersen Mark III Cascade Impactor:

1 264 0.1638 0.254 0.305
2 264 0.1253 0.254 0.430
3 264 0.0948 0.254 0.410
4 264 0.0759 0.254 0.385
5 264 0.0533 0.254 0.369
6 264 0.0343 0.254 0.360
7 264 0.0254 0.254 0.362
8 156 0.0254 0.254 0.274
Brink Model C Cascade Impactor:
Cyc Cyclone (Catch assigned to Jet No. 0)
0 1 00,3607 1.016 0.321 0.380
1 1 0.2490 0.747 0.312 0.359
2 1 0.1775 0.533 0.364 0.342
3 1 0.1396 0.419 0.373 0.365
4 1 0.0946 0.282 0.334 0.308
5 1 0.0731 0.220 0.381 0.338
6 1 0.0559 0.178 0.375 0.358
Flow Sensor Mark IV Cascade Impactor:
1 72 00,1613 0Q.254 . 0.38
2 44 0.0991 0.272 0.36
3 144 0.0742 0.272 0.38
4 144 0.0610 0.272 0.37
5 144 0.0457 0.293 0.35
6 144 0.0343 0.293 0.38
7 72 0.0343 0.293 0.34



(Page 3 of 3)

II. Radial Slot Type Impactors

Jet Jet Jet

Slit Slit To Plate
Stage No. of Width Length Distance Greased Fiber
No Slits W, cm L, cm S, cm Metal Mat

Sierra Model 226, 228, and 2210 Cascade Impactor:

]
td
(@]

1 1 1 4 0.3590 5.156 0.635 0.33
2 2 2 4 0.1988 5.152 0.318 0.48
3 3 3 4 0.1147 3.882 0.239 0.36
4 4 4 4 0.0627 3.844 0.239 0.40
5 5 5 4 0.0358 3.869 0.239 - 0.47
6 6 6 4 0.0288 2.301 0.239 0.47
- 7 7 4 DNA DNA DNA DNA*
- 8 8 4 DNA DNA DNA : DNA*
- - 9 4 DNA DNA DNA : DNA*
- - 10 4 DNA DNA DNA . DNA*

A = Model 226, B = Model 228, C = Model 2210,
* Mfg. data
DNA = Data Not Available




Data for the first three stages of the MRI Model 1502 were taken from VOAG
calibration of a single impactor. Lower stage data use a normalized average of
calibrations on three impactors using the PSL technigue. Standard deviations
were less than 7 percent of the mean.

Data for the first four stages of the Anderson Mark III were taken from
VOAG calibrations of a single impactor. Lower stage data use a normalized
average calibrations on seven impactors using the PSL technique. Standard
deviations were less than 5 percent of the mean.

Stages 0 and 1 of the Brink Model C were taken from VOAG calibrations of a
single impactor, once with fiberglass substrates and onece with greased metal
substrates. The remaining four stages are averages of PSL calibrations with 4
(for greased metal) or 8 (for glass fiber) impactors. Standard deviations were
generally less than 7% of the mean values. It is significant to note that
typically calibration constants for glass fiber substrates are smaller than the
corresponding constants for greased metal substrates.

The Flow Sensor calibration data was taken from the equipment manual
furnished by the manufacturer. Calibrations are for fiberglass substrates.
SoRI has not calibrated this impactor.

The Sierra model 226 Source Sampler was calibrated by Cushing et.al.
(1976, 1979), but no further calibrations were performed as was done for the
other four impactors in their report. The results of Cushing et.al. for 7
L/min operation are presented in Table B-1 for fiberglass substrates. The
Sierra uses a radial slot design rather than a round hole geometry.

B.2 Description of Commercially Available Impactors

Figure B-1 shows the six commercially available impactors discussed in
Section B.1 and the EPA/SoRI designed Right Angle Precollector. The following
paragraphs give detailed equipment descriptions for each of these impactors.
Table B-2 gives a condensed summary of the different impactors.

B.2.1. Pollution Control Systems, University of Washington Impactor
(Pilat) Mark III and Mark V Impactor

The Mark III and Mark V impactors are round-hole, multiple-jet cascade
impactors. The Mark III impactor has seven stages and can be operated at high
flow rates (0.5 cfm). The Mark V has 13 stages, of which 10 or 11 are used at
any one time, permitting operation over a wide range of flow rates from 3 to
13 L/min (0.1 to 0.4 acfm). This low flow rate capability permits the Mark V
to be used in high concentration sampling situations. Although not commonly
used, when the aerosol is sticky and bounce is not a problem, sample flow rates
of up to 50 L/min (2 acfm) are possible with the removal of certain stages.

The jets and substrate stages are interchangeable between the two impactors.
The impactors are similar except for the number of stages and range of flow
rates. It is often useful to have use of a Mark III shell with six or seven
Mark V plates permitting an impactor to be configured for optimum performance
in specific sampling circumstances., The design of the impactor readily permits
the use of either greased metal substrates or fiber mat substrates. The
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Figure B-1. Schematics of six commercial cascade impactors (Sheet 1 of 3).
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5598-27
Figure B-1. Schematics of six commercial cascade impactors (Sheet 2 of 3).
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Figure B-1. Schematics of six commercial cascade impactors (Sheet 3 of 3).
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Mark III and Mark V were designed by Professor Mike Pilat of the University of
Washington.

Pollution control alsc offers three other stack sampling impactors;
Mark 8 and Mark 10, and Mark 20B. The Mark 8 is a high grain loading impactor.
Literature was not available on the Mark 8 at the time of this writing but it
is planned to collect bulk quantities in four to five size fractions (somewhat
comparable to the EPA/SoRI 5-Series Cyclone Set). The Mark 10 has 27 stages,
over the size range 0.05 to 20 um and operates at 0.1 - 0.2 acfm. Six of the
stages are low pressure stages. The upper stages are similar to the Mark V.
The low flow of the Mark 10 makes it suitable for high concentration (high
grain loading) flue gas. The Mark 20B is the companion impactor to the
Mark 10. The Mark 20B has 14 stages, six of which are low pressure stages., It
also covers the 0,05 to 20 pm size range but has a flow rate of 2 acfm, thus
shorter run times are possible at the outlets of high efficiency pollution
control equipment.

B.2.2 Belfort Instrument Co., Model 1502 (MRI) Impactor

The Belfort 1502 was designed by Metrology Research Institute and was
originally marketed as the MRI Model 1502, Most of the data in the literature
(Cushing, 1976) refers to this instrument as the MRI Model 1502. The Model
1502 is a round-hole, multiple jet high flow rate (0.5 cfm) cascade impactor.
The impactor design readily permits the use of either greased metal substrates
or fiber mat substrates. The design also permits the user to configure the
impactor as desired for a particular sampling situation, although only seven
stages are available to select from.

B.2.3 Andersen Impactor Division of Andersen Group, Mark IIT Impactor

The Andersen Mark III is a round-hole, multiple jet high flow rate
(0.5 cfm) cascade impactor. The impactor design uses offset concentric jet
stage hole patterns (odd and even). As shown in Figure B-1, this design uses
an elaborately cut pattern fiber substrate (odd and even) which uses the
subsequent stage for support. The odd type substrate is designed to be placed
beneath an odd numbered jet stage so that the collection area is directly
beneath the jets of the odd numbered stage but does not block the jets of the
even numbered jet plate serving as a support. The concentric slots in the
filter allow the gas to pass through the jets of the next stage.

The even type substrates is designed to be placed beneath an even numbered
jet stage so that the collection area is directly beneath the jets of the even
numbered stages but does not block the jets of the odd numbered jets plate
serving as a support. This design procedures a compact sampler but one must be
careful to use the correct type substrate for each of the two types of jet
plates (odd and even). If a substrate is loaded in the wrong place the jets of
the subsequent stage will be totally blocked. The normal procedures for
loading an impactor already requires that a preweighed numbered substrate be
loaded in a specific location (sequence number assignment), consequently the
use of an odd/even design does not cause any additional complications., The
disadvantage of this design is that if one desires to delete a given stage, he
must delete a pair of stages (or substitute a stage of the appropriate parity
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but much larger DSO)' The second disadvantage is that such a design is not
well suited to the use of greased substrates. Lightweight metal foil
substrates are available from the manufacturer but the slotted design can
permit the. grease to flow from the substrate (carry over) onto the backside of
the foil and the support plate (subsequent jet plate). Large weight changes
for blank runs could indicate that such carry over is occurring but observation
of the jet plates provides a positive test for grease carry over problems.

When fiberglass substrates are used the spacer rings can cut the substrate if
the top is tightened too much. Thin metal rings are available from the
manufacturer for use as inserts to overcome these problems.

Andersen also offers the HCSS Impactor, High Concentration Stack Sampler.
It offers three size fractions of 1.5, 5.8, and 11 pm at a flow rate of
0.5 cfm. As the name implies, it is designed to collect bulk quantities
(several grams per stage) at high concentration sources (inlets). It is thus
comparable to the EPA/SoRI 5-Series Cyclone Set.

B.2.4 Zoltec Corporation, Brink Model C Impactor

The Brink impactor was originally designed by J.A. Brink, Jr. (1958) of
the Monsanto Chemical Company Research Department for measuring emissions from
mist elimination eguipment at phosphoric acid plants. By using single hole
jets stages, the impactor operates at a very low flow rate and is thus well
suited for sampling high concentration aerosols, The Brink Model C
incorporates an integral cyclone which serves as a right angle precollector.
Because of the low flow rate (0.03 acfm) normal Method 5 Sampling Train flow
control units must be modified with-smaller orifices (0.020 to-0.060 inch -
orifice plate) in order to obtain a measurable pressure drop at 0.03 acfm. In
some cases, the dry gas meter may not function at these low flows. If it does
function, it must be calibrated for this flow range. The design of the
impactor easily permits the use of either greased metal foil insexrts or fiber
mat inserts (fiberglass or quartz). The cyclone is used to both remcve large
particles that could cause overloading and permit the impactor to be oriented
at right angles to the direction of flow in the duct. The cyclone cut is
nominally 15 to 20 pm but is not sufficiently calibrated to permit a D5 to be
calculated for stack conditions. Consequently the cyclone catch and nozzle
wash are assigned to the first calculated D50 (stage 0).

B.2.5 Flow Sensor Division of Andersen Group,
Mark III and Mark IV Impactor

Flow Sensor offers two impactors, the Mark III and Mark IV. Both are
round-hole multiple jet high flow rate (0.5 cfm) cascade impactors. Both use
the same jet stages. The difference is that the Mark IV uses an exXternal right
angle precollector but the Mark III has a built in, in-line precollector (not
right angle). The design of the impactor does not readily permit the use of
greased substrates. Fiber mat substrates are used which are punched with a
hole pattern. These holes align with holes on the collection dish which permit
the gas to pass to the next stage. If a metal insert was cut to match the hole
pattern in the support dish, the same grease coating problems discussed with
the Andersen would apply to the Flow Sensor.
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B.2.6 Sierra Instruments Division of Andersen Group,
Model 226, 228, and 2210

The Sierra Series 220 impactors use a radial slot design as shown in
Figure B-1. The differences between the three models is the addition of extra
stages. The Model 226 has six stages, the Model 228 has eight stages and Model
2210 has ten stages. Stages 1-6 are common to all three models, Stages 7 and 8
are common to the Model 228 and Model 2210. The flow range is from 0.035 to
0.35 cfm.

The Model 2210 covers the range 0.09 um to 23 um at 0.1 acfm {(max flow for
stage #10). At 0.25 acfm with the number 10 stage removed the range is 0.16 to
9.2 ym.

B.2.7 Other Impactors

Various other impactors have been developed to the prototype stage but are
not currently available from vendors. Also, numerous impactors have been
designed for ambient use. Discussion of these prototype and ambient impactors

are beyond the scope of this document.

B.3 Manufacturer's Addresses

Andersen Samplers Div, of Pollution Control Systems Corp.
Andersen Group 4530 Union Bay Place N.E,

4215 Wendell Drive Seattle, Washington 98105
Atlanta, GA 30336 : ) : .

Belfort Instrument Co. Sierra Instruments Div. of

Subsidiary of TransTechnology Corp. Andersen Group

727 South Wolfe Street 4215 Wendell Drive
Baltimore, MD 21231 Atlanta, GA 30336
Flow Sensor Div. of . Zoltek Corporation
Andersen Group 3101 McKelvey Road
4215 Wendell Drive St. Louis, MO 63044

Atlanta, GA 30336
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Table C-1

PRELIMINARY SURVEY FOR PARTICULATE SIZING

PLANT DATA Date:

Company Name:

Address: City:

Name of Contacts: (Key)

Telephone Number:

Union Labor Craft Restrictions:

Title:

Title:

Title:

State:

Copies of Previous Compliance Testing:

PLANT OPERATIONS

Process Description:

(Operating Schedule):

(Batch or Continuous):

(Rates/Variability):




Table C-1 (Continued)

Page 2
Preliminary Survey for Particulate Sizing

AIR POLLUTION CONTROL EQUIPMENT

Description:

{Operating Schedule):

(Rate/Variability):

SKETCH OF SAMPLING SITES (with approximate dimensions, port locations, upstream
and downstream to equipment).




Table C-1 (Continued)
Page 3
Preliminary Survey for Particulate Sizing

CONDITIONS AT SAMPLING SITES INLET - OUTLET
(circle one)

Pressure

Temperature

Stake Gas Velocity

Duct Dimensions/Port Locations/Internal Obstructions to Traversing/Port Size/ Fitting Type

(see also sketch)

Gas Composition (Moisture, SO,, etc,)

Particulate Loading

Pre-cutter Required?

Approx. Size Dist.

Substrate Type/Loss
by Filter Type Filter

Blank Weight Gain/Loss

by Substrates:
Filter:

Particulate Condition--

hard, sticky, wet, dry

(Use back of page for additional notes)



Table C-1

Page 4

(Continued)

Preliminary Survey for Particulate Sizing

1)

T 2)

3)

OTHER ITEMS

Electricity Source

do.

Amperage per circuit/number of circuits

Location of fuse box

Extension cord lengths

Adapters Needed

Quantity

Electrician

Safety Equipment Needed

v b .

4)

5)

6)

4. Hard hats d. Safety shoes
b. Safety glasses e. Alarms
c. Goggles f. Other
Ice
a. Vendor
Location
Solvents
a, Vendor
b. Location
Sampling Ports
a., Who will provide Welder:
b. Size opening
Scaffolding
a. Height
b. Length
C. Vendor
Address
Telephoné




Table C-1

Page 5

Preliminary Survey for Particulate Sizing

OTHER ITEMS (Cont.)

7)

8)

9)

10)

1)

12)

Distilled Water

a. Vendor

b. Location

Test Site Facilities

a. Parking

b. Restroom

c. Laboratory Facilities

d, Clean-up Area

Motels:

a. Phone Rate
b. Phone Rate
Cs Phone Rate
Restaurants:

a. Near Plant

b. Near Motel (late hours, carry out)

Airport Convenient to Plant Distance

Comments:

Survey By:
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Table C-2

SAFETY CHECKLIST

Date

Company

Location

A. MEDICAL:

1) Plant first aid available (yes/no) .
If available give location of unit and telephone
number

B. TEST SITE CHECKLIST: Check if OK.
1) Ladders:
General conditions ; rest stops , cage

Lighting

Comments:

2) Scaffolds/Platforms:
General conditions ,» guardrails

toeboards , screening

Comments:

3) Are Safety Warnings Below Sampling Platform Adequate:

Ropes , Flags

Signs (Danger Falling Objects, Men Working Overhead)
4) Are Plywood Inserts Needed to prevent hand tools from fallfng

through open metal grating?




Table C-2
Page 2

Safety Checklist

5)

6)

7)

8)

9)

Are plant paging phones nearby?

Are Two-way Radios Required (Elevator, Stack)?

Are Fire Extinguishers and First Aid Kits Available at Sampling

Site?

Is Non-flammable Thermal Protection Needed from Hot Metal

Ductwork?

Is adequate lighting available if testing is to be performed after

dark?

PERSONNEL PROTECTION EQUIPMENT: Check if needed.

1)

2)

Safety glasses , side shields
face shields , goggles , hard hat P
safety shoes electrical hazard shoes p

life belt and safety- -block e
hearing protective devices , ladder climbing

devices

Reséiratory equipment:
Alr purifying , air supplied p
self-contained R

Other




Table C-2
Page 3
Safety Checklist

3) Body protection:

Chemical protective garments

Heat protective garments

Chemical gloves

Heat resistant gloves

Leather gloves

Severe cold weather gear

Other

D. SPECIAL OR UNUSUAL TEST PROCEDURES AND

SAFETY PRECAUTIONS NECESSARY:
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RUN SHEET FOR CARB SIZE DISTRIBUTION METHOD
USING A CASCADE IMPACTOR SAMPLING TRAIN

REAL BLANK
RUN CODE DATE DIFFERENTIAL
STACK PRESSURE (N "20)
CONTROL BOX ID
START TIME AMBIENT PRESSURE
{LAB BAROMETER) (IN. Hg}
GAS METER 1D
END TIME
AMBIENT TEMPERATURE )
THE CALCULATED TARGET AH
VALUES REQUIRES THE OPERATOR TO USE SAMPUING DURATION (MIN.) | —60 SEC LEAK TEST— PRE HOT
A. 15 IN. Hg W/SAMPLER T3
ORIFICE ID
GAS METER-START (FT3)
SAMPLING ASSIGNMENT B. 5IN. Hg W/SAMPLER Fr3
INLET, OUTLET. OTHER:
GAS METER-FINISH 13y | €. 15 I1N. Hg W/0 SAMPLER FI3  POSTHOT
NOTE: RELEASE VACUUM AT NOZZLE TO
TOTAL VOLUME BY GAS METER (ACF} AVOID RUPTURING FILTER.
TARGET AH PASS <0.02 FT3FORAORBORC
VISUAL CHECK OF NOzzLE (]
AUN PORT GAS GAS FLUE ORIFICE | PUMP PROBE
TIME NO. METER | METER GAS AH vacuuM | TEMP. —WATER—
(MIN) |TRAVERSE| READING | TEMP. TEMP. CONDENSER 10 NO.
POINT F IN. {H»0O!' IN. Hg)
® ® i Al s B | CONDENSER Hz0 CATCH (i
Fre
; DRYING COLUMN WEIGHT CHANGE
IDNO. —  INITIAL WT. (gm)
2 FINAL WT. {gm}
3 figm=1ml}  Hy0 GAIN (i)
4 TOTAL VOLUME H,0 ]
5
NOTES AND OBSERVATIONS
8
7
8
9
10
i1
12
13
e SAMPLING LOCATION
INLET  QUTLET
15
IN THE SPACE BELOW GIVE THE UNIT, CHAMBER,
16 DUCT PANTLEG, ETC. WHERE THE SAMPLER WAS RUN.
17
18
19
PORT NUMBER(S)
20
21
22
23
SAMPLER ORIENTATION (CIRCLE ONE)
24
25 HORIZONTAL
TOP ENTRY VERTICAL
26 W/ TURN AROUND
27 W/0 TURN AROUND
28 BOTTOM ENTRY VERTICAL
OTHER
29
30
POST TEST CALCULATIONS: OPERATORS
TOTAL
2)
AVG.
5060-482A

Q
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LAB LOAD/UNLOAD SHEET FOR UNIVERSITY OF WASHINGTON IMPACTOR (SIX JET PLATES)

RUN CODE PERSON UNLOADING IMPACTOR AND DATE UNLOADED

NOTE YOUR OBSERVATIONS ON THE APPEARANCE OF EACH

STAGE, SUBSTRATE, OR CYCLONE UPON DISASSEMBLY
SUBSTRATE SET

IDENTIFICATION NO.

PRECUTTER
! P

PERSON LOADING IMPACTOR AND DATE LOADED

STAGE ZERO (DISK)
' D

* LOAD IMPACTOR
* MARK SHELL AND PRECOLLECTOR WITH RUN CODE
¢ LEAK TEST

UNIVERSITY OF WASHINGTON MARK V IMPACTOR

STAGE ONE (FIRST PLATE. NO. }
1 -1

SHELL ID NO.
JET PLATE SET 1D NO.
STAGE CONFIGURATION
PRECOLLECTOR ID NO.

NOZZLE ID NO.

STAGE TWO (SECOND PLATE, NO. )
1 -2

NOZZLE DIAMETER {(INCHES)

LAB LEAK CHECK (80 SEC PRESSURE CHANGE)
CHECK UNDER VACUUM (~ 8 IN. Hg)

WITH PRECOLLECTOR:

INITIAL __ — {IN. Hg) STAGE THREE (THIRD PLATE, NO. )
FINAL (N, Ha) 1 -3

WITHOUT PRECOLLECTOR (ONLY IF LEAKS FOUND ABOVE)

INITIAL {IN. Hg)
FINAL (IN. Hg}
STAGE FOUR (FOURTH PLATE, NO. )
NOTES AND OBSERVATIONS ! -4

STAGE FIVE (FIFTH PLATE, NO. )
| -6

STAGE SIX (SIXTH PLATE. NO. )
1 -6

BLANK OR BEHIND DiSK (CIRCLE ONE)
I -BX

BACK UP FILTER
1 -F

5050-481A
c-11




WEIGHT SHEET

University of Washington Impactors (Pilot)
Mark V Stages in a Mark 1l Type Shell

SUBSTANCE SET NO.

DATE OF INITIAL WEIGHING 1

O APIEZON H
O FIBERGLASS O BARE
O HERC. POLY. O OTHER

DATE OF INITAL WEIGHING 2
DATE OF FINAL WEIGHING 1
DATE OF FINAL WEIGHING 2

WASH DOWN

SOLVENT O ACETONE [ DISTILLED WATER

PRECOLLECTOR NOZZLE AND BODY:
EVAPORATOR DISH:
1D

INITIAL Wt (mg)

FINAL Wt (mg)

A (mg)

WASH VOLUME (mL)

RESIDUE, W,y

CORRECTED WASH WEIGHT [ mg

PRECOLLECTOR EXIT TUBE AND SQUID DISK:
EVAPORATOR DISH:

1D

INITIAL Wt {mg)

FINAL Wt (mg)

A (mg)
WASH VOLUME (mL)
RESIDUE, Wt

CORRECTED WASH WEIGHT

(ADD THESE WEIGHTS TO THE DRY WEIGHTS TO GET TOTAL WT GAIN)*

INITIAL

1D TARE 1
DESCRIPTION NO. {maq) (mag)

PRECOLLECTOR

SOLID DISK

ZERO

DISK DONUT:
CONTROL CTRL

S1

52

S3

S4

S5

S6

BLANK

FILTER 1

FILTER 2

ZERO

FINAL TOTAL
TARE 1 2 WT. GAIN
(mg) (mg) {mg) {mg}

-

SEE ALSO: (1) LAB LOAD/UNLOAD SHEET
(2) OPERATOR'S RUN SHEET

COMMENTS:

FILTER TYPE: O 2500 QAS QUARTZ

RUN NO.
DATE

O REEVE ANGEL 934AH FIBERGLASS O ACID WASHED ONLY

O GEIAH TEFLON
O OTHER

DESCRIPTION OF TARES USED:

O ACID WASHED AND STACK CONDITIONED
0 STACK CONDITIONED ONLY

56598-11



Dry Gas Meter I.D.
Barometric Pressure, PB
Run #

Orifice Setting, AH
Final Reading (Test)
Initial Reading (Test)

Volume V., £t3

T
Temp Tq, °F

Final Reading (DGM)

Initiai Reading (DGM)

Volume V .ft3

DGM
Temp Tpgy' °F
Elapsed Time ©, min.

DGM Flow Rate Q, acfm
AHT )

(
P MW

AH@

_ (0.0317)AH
AHE = “p*Trrien) |
B B

CALIBRATION PERFORMED BY

Date

DRY GAS METER

CALIBRATION SHEET

Wet Test Meter I.D.

in. Hg

Orifice I.D.

(Tp+460)

0]2

T

Vq(Pg) (Tg+460)

Y=
Vo P+ AR ) (T
B™B'13.%

c-13
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FIELD AUDIT OF GAS FLOW
for
SAMPLING SYSTEMS WITH LEAKLESS PUMPS
and
LEAK CHECK OF PITOT SYSTEM
(Dry Gas Meter Compared to AH Orifice)

Sampling Control System ID:

eM™Y neter ‘1 (acfm)
Qopi=V0-920/AHE

DGM ID: with pretest y

(acfm)

AH Orifice 1ID: with AH@

where o = TpoWAH[ (P, + %g - ) 28.97]

Ppar = ("Hg)

1. Zero the AH gauge.

2. Leak check by plugging the inlet to the sampling systen, adjusting the system
pressure, Pg,.v to -15"Hg, and measure the leak rate, (cfm). It must be
less than 0.%05.

3. Open the inlet to the sampling system and adjust AH to ("WG). Measure the
time to sample 2 ft3 according to the DGM and record parameters:

DGM AH Orifice Run Time

initial: (£t3) AH: ("WG)

(min:sec)

(°R)

final: (££3)  Tpgwm®
net = 2,000 {(ft3)

The run time must fall between to (min:sec)
The run time range is obtained by:

t = 2y /AHQ/0.92a = min: 0.97t to 1.03t.

LEAK CHECK OF PITOT: ID No. High side is [ | A or [ | B

1. Blow gently into high side so that pressure gautge registers 3"-6".

2, Seal the line and observe the gauge for loss of pressure. There should be no
detectable leak. WNote: With a manometer time is required for the fluid to drain
from the walls before a stable reading occurs.

No detectable change for 15 seconds.

Date: Time of Day: Operator:

C-14



Appendix D

Estimations of The Uncertainties Associated With Cascade Impactor Data
and Measured Fractional Penetrations in Control Device



APPENDIX D

Estimations of The Uncertainties Associated With Cascade Impactor Data
and Measured Fractional Penetrations in Control Device

The uncertainty (or confidence interval), CIP, in the measured
penetration, P, can be estimated as:

CI 2 cr. 2 172
= —_—0
crr =7 () + (= ) (b-1)
where
Cig = confidence interval of cutlet average

CI; = confidence interval of inlet average

AO = outlet average
AI = inlet average
P = AO/AI = penetration
CIP = confidence interval of the penetration.

The relative uncertainty in P is then given by:

cI 2 CI. 2 1/2
cre/e = ( (mo) + (=T ) ' : (p-2) -

Confidence intervals for the inlet and outlet averages are given by:

t S
CI = L = (D-3)
Y n
where
t, 1 = Students "t" factor for (n-1) degrees of freedom
I

at the desired confidence level, L.
S = standard deviation of the data set.
n = number of elements in data set (no. of runs).

Representative values of tn /¥Yn  are tabulated below for confidence levels of
95, 90, 80, and 50%. The 50% confidence interval is commonly called the
"probable error of the mean".



Table D-1

50%* 80% 90% 95%
n tn/v n tn/V n tn/V n tn/V n
2 71 2.18 4.46 8.98
3 .47 1.09 1.69 2.48
4 .38 .82 1.18 1.59
8 «25 .50 67 .84
15 .18 «35 45 «55
20 «15 «30 «39 .47

n >20 .67/¥n 1.28/vn 1.64//n 1.96/vn

* Commonly called the "probable error of the mean”.

For n greater than about 15 the values of t, are very nearly constant
and the relationship shown on the last line of the table is sufficiently

accurate for our purposes.

For equal numbers of inlet and outlet samples, the relative uncertainty in
the penetration is thus given by:

crey, ty 12 . Sg .2 S; .2 172
P = [ ( }/H) {( 20 ) + ( AI) ]'] (D~-4)
t S 2 Sy 0. 1/2
L
- 2 (57 @D (b-5)
tn,1L
= = vo(evy)? + (evg)? (D-6)

CVI and CVO, respectively, are the inlet and outlet coefficients of
variation and L is level of confidence (e.g., 90%, 50%, etc.).

S = (Standard Deviation), can be broken down into
components arising from several sources.

For the present purposes these can be taken to be

component due to weighing uncertainties,

wn
o
=

]

SSUB = component due to substrate blank run uncertainties,
which includes errors from both handling and gas-phase
reactions with the substrates,

Sypag = uncertainties due to sampling errors and process
variations.

D-3



SMEas San be broken down into components due to:

1) temporal process variations

2) spatial variations (concentration stratification)
3) isokinetic sampling errors

4) errors in flow rate, temperatures, pressures, etc.

or _SZMEAS = (82PROC + Szm), w?ere SZPROC_includes Items 1 and 2 while'

SZm includes Items 3 and 4. Strictly speaking Item 2 should not be considered
as introducing an uncertainty but because of the way the data are taken, its
effect cannot often be separated from that of Item 1.

+ 82

Thus: s2 = g2 + g2

BAT, MEAS (D-7)

Data taken during one typical test of a precipitator on a coal-fired
utility boiler resulted in the. following values as determined from blanks and
controls.

SBAL = .928 mng

Vs2 + 52 = .077 mg inlet stages

BAL SUB

Yy s2 + 825yp = 0.099 mg outlet stages

BAL

Errors from flow rates or gas volumes sampled were estimated by assuming
that the error arose only from the differences in the actual volumes sampled.
The estimates were made ignoring isokinetic effects and shifts in stage
collection efficiencies, both of which are second order effects.

The errors in the masses collected on each stage from this cause are then
estimated by,

S
s2, = @ (59)2 (D-8)
where

S2_ = contribution to variance in mass

M = sample mass
§2 = variance in sampled volume
V = sampled volume.

In the case_ of outlet data, for which gositive d}splacement dry gas meters were
used for volume measuremen&s, the quantity 1s given by,

2 52 2 2
(yio ko, %, Sz, S (D=9)
v R 2 2

v P T2 CAL



where

S% = variance in determinations of meter end points =
(0.05 £t3)2
S% = variance in determinations of gas meter pressure =

(0.1 in Hg)?2

s2 = variance in determinations of gas meter temperatures =
(5°R)2

V = volume sampled ~ 30 ft3

P = gas meter pressure = 25" Hg

T = gas meter temperature = 530°R
Scar?
(CAL ) = contribution to variance due to uncertainty in the gas

meter calibration = (0.02)2, i.e. 2% calibration error.

Thus for our outlet sample data set we have

S, .2 2 2 2 2
(% Voutret= (*38)" + (357 + (s35)” + (-02)
= 5,08 x 10~%

.(.0225)2

In the case of inlet data, for which orifice meters and sampling times were
used for sample volume measurements, the guantity Sy 2 is given by,

(v)

Sy 2 S, 2 S 2 s, 2 Sm. 2 Sap. 2
A = (-t —CATL, =T ZAp
(¥ = (&) + (&) + (D + (7 + (@ )} /4 (p=10)
where
St2 = variance in duration of sample time = (30 sec)?
t = duration of sample time ~ 30 min = 1800 sec
S 2
(E%%Lﬂ = (0.05)2, i.e. 5% uncertainty in orifice meter calibration
s, 2 2
__E — .1
(37 = (39

-
(@]
—
N

2D = (

3



‘variance in reading and setting orifice pressure drcp
= (0.2 in H,0)2

2
S Ap

Ap = orifice meter pressure drop = 6 in H,0.
Thus for our inlet sample data set we have

Sy, 2 2 2 2 2 2
30 . 10 .2
(¥ intet = (f809) + (-05)" + {(35)" + (3% + (&3 /4
= 0.00315
= (0.0561)2

The component of the standard deviation in the data arising from the process,

2 ion -
S PROC, can now be found from the expression:
2 - g2 _ g2 _ g2 - g2 ‘ -
Sproc T 5% - S%gar, " S°gus T S (p=11)
Sy, 2
_ 2 _ A -
= 82 - (s2gp + s2gyp) - M(F) (D-12)
where
2 ~ 2
Sy, (0.023)
(V Joutlet
and
2 - 2
EZ (0.056)
(V )inlet

Results of the data runs for the test used in this illustration are shown
in Table D-2. Note that the relative uncertainty in the stage weights and
hence the inlet and outlet concentrations for each size  fraction were dominated
bY Sproc*

Average values of 0.36 for CVI and CV as found from Table D-2 were used
to calculate the relative uncertainty in the penetration at the 50% confidence
level for various numbers of paired inlet and outlet runs. The results are
shown in Table D-3.



Inlet

AUV W = O

Stage

Outlet Stages
Set 1 (rap)

[o JJRCN o TN E LI S V3 I N

Set

[ 8]

OO B W=

{no rap)

Table D-2

Relative Uncertainty in Typical Data Sets

Average Average Mass,
Raw Mass M, on Stage
on Stage (Corrected
(mqg) for blanks)
(mg)
3.20 3.22
5.69 5.7
6.34 6.36
4.31 4.33
2.69 2.7
0.98 1.00
0.37 0.39
6.40 6.23
3.02 2.85
1.86 1.69
1.50 1.33
1.70 1.53
3.83 3.66
1.78 1.61
«293 «124
2.32 2.14
1.18 1.01
.86 .69
.59 .42
1.52 1.35
3.54 3.37
1.93 1.76
«74 57

S PROC Sproc/M
1.19 1.17 .365
2.70 2.68 .469
2.66 2.64 .414
2.03 2.01 .465
0.95 .94 .345
0.37 .36 .358
0.12 .089 .229
2.27 2.26 .363
0.94 .93 .327

.66 651 .385

.46 .448 .337
1.06 1.05 .689

.76 .749 .205

.70 .692 .430

.170 .138  1.114
1.13 1.12 .526

.39 .377 .373

.23 .207 .300

13 .084 .199

a7 .135 .100

.80 .790 .234

.50 .488 .278

.31 .293 .515



Table D-3

The Relative Probable Error in the Penetration, CIPSO/P, Versus Number
of Paired Runs

No. of paired CIip
runs, n P
2 «36

3 24

4 19

5 <17

8 -13

15 .09

20 .08

50 .05

For n > 20 the relative uncertainty in P beconmes inversely proportional
to V/no

A plot of the relative probable error in the measured fractional penetra-
tions, (CIPSO/P) is shown in Figure D-1, from which we find that about 12
paired inlet and outlet runs are required to obtain a "probable error" in P of
10%, about 50 paired runs for a 5% "probable error®, and 1200 paired runs to
obtain a "probable error" in P of 1%. These numbers are specific to the
particular test series described in Table D-2, but they are believed to be
typical for tests of a similar nature.

Table D-4 shows average values of CV and Cv, for a number of test sites
and industries taken from data cobtained by SoRI durlng a number of control
device evaluation programs. The values generally are about 0.4 with the
exception of two of the three metallurgical processes, for which the inlet
values appear to be closer to unity. Thus more samples must be taken in a
metallurgical sampling program than in sampling the other processes represented
in the table in order to achieve the same probable error in the penetrations.
Because of frequently occurring day to day variations in plant operating
conditions, e.g. load, temperatures, coal composition and space, sampling port,
and manpower limitations it is improbable in industrial sampling programs that
more than about twelve (12) paired runs can be obtained under any one
“operating condition". This limits the minimum probable error that can be
achieved in the measured penetrations to about 10%. More often, only about
four paired runs will be possible which results in a minimum probable error of
about 20% in the measured penetrations.



Table D-4

Average Inlet and Outlet Coefficients of Variation for Several Sources

Source Process & Control Device CVI CVo

A Pulv. coal boiler «38 .39
Dry E.S.P. «32

B Pulv. coal boiler «36 .35
Dry E.S.P. '

C Pulb. coal boiler 36 .28
Dry E.S.P.

D Open hearth steel furnace .81 <30
scrubber

E Electric arc ferro-alloy 1.19 ‘ .14

furnace scrubber

F Kraft recovery boiler «45 .46
Dry E.S.P.

G Aluminum potline .52 «21
Wet E.S.P.



Table D-5 provides the number of runs which would have been required to
obtain probable errors (50% confidence limits) of less than 10 and 20 percent
in the measured concentrations of particles within a given size band for the
sources shown in Table D-4. The required numbers of runs were calculated
separately for the control device inlets and outlets of each source. Note that
inlets typically require a greater number of runs than do outlets to obtain a
given degree of maximum uncertainty in the results. In the cases of the
metallurgical processes this reflects to a great extent the difference in
averaging times for inlet and outlet samples. The metallurgical processes were
batch operations with highly variable emissions and produced particle
concentrations which did not permit long sampling times at the control device
inlets. Hence the run-to-run variations in concentrations and size
distribution were very large as compared to those for the outlets for which
single samples could span the entire process cycle.

Table D-6 gives the number of runs required for each of the sources to
obtain 95% confidence that the true average concentration within a given size
band is within 20% of the measured value. It is obvious that the required
number to achieve this level of uncertainty is, in almost all cases, quite
impractical. For those sources having coefficients of variation, CV, of about
0.35, seven (7) runs are needed to cobtain 95% confidence that the true average
is within 30% of the measured value. The latter number of runs is probably
within the range of practicality in most situations.

Based on the previous discussions, it is recommended that a minimum of
three runs (traverses) be made to determine the particle size distribution of
emissions. from industrial sources. This number will often be sufficient ta
provide 20% maximum probable errors in the final results. Seven to ten (or
more) runs may be required in the case of measurements on a highly variable
source or if lower probable errors or greater confidence levels are needed.
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Table D-5

Numbers of samples required to obtain maximum probable errors of
10 and 20 percent in the measured concentrations of particles within
a given size band for the sources listed in Table D4.

Number of Runs for 10% Number of Runs for 20%

Source Maximum probable error Maximum probable error

Inlet Outlet Inlet Qutlet
A 7 8 3 3
B 7 7 3 3
C 7 5 3 2
D >20 5 8 2
E >20 2 18 2
P 10 10 3 4
G 15 3 4 2

.Table D-6

The Number of Runs Required for 95% Confidence that the True Average
Concentration Within a Size Band is Within 20% of the Measured Vvalue for
the Sources Listed in Table D4.

Number of Runs

Source Inlet ’ Outlet
A 18 20
B 15 18
C 15 10
D 70 12
E 150 5
F 30 25
G 30 7
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UNIT CONVERSION TABLE

English to Metric Metric to English
1 in = 25.40 mm = 2.540 cm 1 cm = 0.3937 in.
1 ft = 0.3048 m im = 3,281 ft
1 £e3 = 0.02832 m® = 28.32 liters 1 m3 = 35.31 ft3
11 = 453.6 gm 1 gm = 0.002205 1b
1 grain = 0.06480 gm 1 gm = 15,43 grains
1 b/ft3 = 1.602 x 10% gm/m3 1 gn/m3 = 6.243 x 10~> 1lb/ft3
1 gr/ft3 = 2.288 gm/m3 1 gm/m3 = 0.4370 gr/ft3
Nozzle Sizes
Fractional Decimal Decimal
Others Inches Inches mm

1 w3 = 103 liters = 10%cm3 1/8 = .125 = 3.18
1 cmd = 1 cc = 10~31liters
1 pum = 10~%m = 10"A 3/16 = L1875 = 4.76
1 1b = 7,000 grains _ '
1 in. Hg = 13.6 in. H,0 : 1/4 = -250 = 635
R = 0.08205 liter-atm/mole-K
1 gm/gm-mole= 1 lb/lb-mole = 1 amu 5/16 = .3125 = 7.94
°R = °F + 460
°K = °C + 273.2 3/8 = .375 = 9,53
°C = (5/9) (°F - 32)
°F = (9/5) °C + 32 1/2 = . 500 = i2.70
1 ft/sec = 0.6818 miles/hr

Normal conditions are 20.0°C, 760 Torr, (68°F, 29.92 in. Hg) on a dry basis.

MMW of Standard Air, dry is 28.95 amu.

The Pitot/coefficient, C_., for a isolated Type S Pitot Tube may be assigned a
baseline value of .82 if the geometry of the Pitot meets the dimensional
critera given in Method 2. ’

AHa is defined as the Method 5 orifice pressure differential (in. H,0) that
correlates to 0.75 cfm of dry air at 528°R and 29.92 in. Hg.

v, = (PN/PA) (TA/TN) Vyr for absolgte temperature.

A
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