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Foreword

Broadly speaking, one can divide the ARB current or potential needs with
respect to particle sizing into three classes: (1) regulatory, including sett-
ing of emission standards and compliance testing; (2) control strategy
development (emission inventories) and permitting (control device selection,
etc.): and (3) basic research and development. Of course, considerable overlap
exists in the types of information needed for each of these activities.

As currently foreseen, possible regulatory action on emission may take
place based on one or both of two particle size classes. The first, and more
likely, of these possible regulatory actions is related to the PM,, class
(particles having aerodynamic diameters smaller than 10 um) for which a state
ambient air regulatory standard has already been set. The second class for
possible action concerns fine particles, those particles having aerodynamic
diameters smaller than 2.5 um. In either case, the regulations may be chemical
species and/or industry or process specific as well as particle size specific.
If particle size specific regulations are set, compliance test methods would be
a concomitant necessity. Development of an emissions inventory would be a
preliminary activity prior to such regulatory action - such an inventory is
currently being constructed within the ARB for the PM;; class based on such
information as is now available. The number of size classes (and the
resolution) required for these activities is obviously limited - only one or
two size cuts are needed and relatively simple and inexpensive techniques are
desirable if they are to be used as compliance tools.

Greater resolution than that needed for compliance testing is desirable
for activities related to permitting. The performance of many (or most)
particulate control devices can be predicted for a given source from a broad
base of experimental data and models provided that the gas stream conditions
and the particle size distribution of the material to be collected are known.
In most cases, the critical size range for estimating the probability of
achieving a required level of control in this fashion is from about 0.1 um to
20 um. Resolution into about eight size classes, evenly spaced in terms of the
logarithm of particle diameter, over the latter range is generally sufficient.
In some instances specific target chemical species are of interest which may
not be homogeneously distributed with respect to particle size. In those
cases, size segregated samples suitable for chemical analysis may be needed in
addition to data for overall size distribution. Three to five size fractions
may be adequate for this application.

The needs of the agency with respect to basic research presently fall into
three areas. The first is providing support for the activities previously
described; the second is the development of a data base characterizing the
principal types of industrial emission in the state; and the third is concerned
with particulate chemistry. At present the main concerns in the area of
particulate chemistry are primarily emissions of toxic substances and
substances which act as catalysts in secondary aerosol formation.
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This document describes detailed procedures for using cascade (series)
cyclones to obtain size fractionated particulate samples from industrial flue
gases for subsequent post test chemical analysis (organics, inorganics, and
trace elements). The instrumentation described collects bulk quantities (tens
of grams) for each of six size fractions with nominal cuts of 6.0 um, 2.8 um,
1.4 ym, 1.0 um, .42 pym, and filter. This method is not intended for use as a
possible compliance method nor is it well suited for measuring particle size
distributions of emissions from stationary sources. Although it might be used
for either of those purposes in some situations, alternative methods which are
specific to those purposes are described in companion reports (Attachments 1
and 3 to the project final report).
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Abstract

This report is an attachment to the Final Report of ARB contract A3-092-32
and concerns the use of Cascade (Series) Cyclones to obtain size fractionated
particulate samples from industrial flue gases at stationary sources. The
instrumentation and procedures described herein are designed to protect the
purity of the collected samples so that post test chemical analysis may be
performed for organic and inorganic compounds, including instrumental analysis
for trace elements. The instrumentation described collects bulk quantities for
each of six size fractions {up to tens of grams in some fractions). The exact
diameter boundaries for these size fractions depend on the actual flue
conditions (temperature, pressure, gas composition, etc.) and the selected flow
rate, but nominal values in units of micrometer (10-6m) diameter are as
follows: (1) greater than 6.0, (2) 6.0 to 2.8, (3) 2.8 to 1.4, (4) 1.4 to 1.0,
(5) 1.0 to 0.42, and (6) less than 0.42 (filter catch}).

Although the purpose of this method is to collect size segregated samples
for chemical analysis, the same instrumentation may be used to obtain particle
size distribution information. This report describes the operating principles,
calibration, and empirical modeling of small cyclone performance. It also
discusses the preliminary calculations, operation, sample retrieval, and data
analysis associated with the use of cyclones to obtain size seqregated samples
and to measure particle size distributions. Sample calculations are presented
and documentation is given for a microcomputer program which at the user's
option may be used to perform all the calculations associated with instrument
setup, operation, data reduction, analysis, and graphical presentation of size
distribution information. All programs have been written for the Apple II
series of personal computers. Although cyclones may be used to measure size
distributions, the additional steps required to obtain the information may
conflict with the main objective of obtaining clean segregated samples for
chemical analysis. A different technique (cascade impactors) has been
recommended as the preferred instrumentation for obtaining size distribution
information. A procedures manual for the use of cascade impactors is available
as Attachment 1 to the Project Final Report.
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SECTION 1

INTRODUCTION

The environmental effects of particulate emissions from stationary sources
depend on both the composition and particle size distributions of the emis-
sions. Although composition information obtained from bulk samples can be used
in estimating potential effects, the possibility - indeed, probability in many
cases - of the composition of emissions being inhomogeneous with respect to
particle size makes it desirable to have the capability of determining conposi-
tion by particle size. Redispersion and separation of bulk samples might be
used for this purpvose; however, if all or part of the aerosol material were
capable of coalescing it would be impossible to reconstitute the original size
and composition distributions. Further, even in the case of dry solids, it
becomes difficult or impossible to remove submicron particles from the surfaces
of larger ones once contact has been made. Therefore, redispersion and subse-
quent partitioning by size of a bulk sample is a poor choice for the purpose.

A method in which the particles are separated by size as they are collected is
needed.

Two forms of inertial particle size separators are commonly used in source
sampling ~ cascade impactors and cyclones. Impactors have a number of advan-
tages for use in measuring particle size distributions and have been
recommended the CARB for that purpose. But they are not well suited for
providing samples for chemical analysis. The quantities of material that can
be collected on an impactor stage are limited to a few milligrams at most and
many stages in an impactor sample will have catches of only fractions of a
milligram. (The fact that only small amounts of material can be collected is
no problem in a sige distribution measurement. In fact, the need to collect
only small amounts can be advantageous because it reduces the time required to
do the sampling.) Omission of stages in impactors frequently results in opera-
tional failures because of particle bounce so that approach cannot be used to
rediuce the number of fractions and increase catch sizes. Moreover, the adhe-~
sives or surface coatings used for particle retention in impactors can result
in intolerably high backgrounds and/or interferences. Cyclones, on the other
hand, do not suffer problems from particle bounce or retention, have capacities
of the order of grams, and require no surface coatings which might lead to
interferences. Therefore, they were recommended as the means to obtain size
fractionated samples for chemical analysis. Cyclones may also be used to good
advantage for measuring particle size distributions when the particulate
concentration in the stream to be sampled is very high. In such circumstances
cascade impactors which are normally used for size distribution measurement may
be impractical for the application because of too rapid overloading.

The use of cyclones is not without drawbacks. First, particulate catches
are frequently distributed over rather large surface areas within the cyclone,
making sample recovery difficult, especially if the recovery is to be
sufficiently complete that the data can be used reliably for concentration



measurement. This is not a problem if the catches are large, but long sampling
durations may be reguired to obtain them. Second, current theories on cyclone
operation are rudimentary at best, and none do well in predicting cyclone
performance from geometrical and flow considerations. Therefore, extensive
calibrations are needed so that good empirical relationships can be developed
for use in calculating the sizes of the collected particles. This results in
less flexibility in construction and operation being available to the user than
is the case with impactors.

Target cutoffs for particle size fractions for chemical analysis were set
as follows: A cut at or near a diameter of ten (10) micrometers was desired to
provide samples which conform to the PM10 ambient air standard. Isolation of
the fraction commonly designated as respirable suggests that a cut near 2.5 to
3 micrometers is desirable. Isolation of the one (1) micron and smaller frac-
tion was desired by researchers working in the field of catalytic effects in
the atmosphere, and finally, a cut near 0.25 micrometers was suggested since
many combustion aerosols contain a sub-micron mode in their distributions which
is known to differ chemically from the remainder of the material and which
almost always falls below that size. The sampler which most nearly met these
specifications was the SoRI/EPA designed Five Series Cyclone. These cyclones
are avalilable commercially from a number of manufacturers both in and out of
the United States.



SECTION 2

DESCRIPTION OF THE SAMPLER

The design goal for the SoRI/EPA Five-Stage Cyclone Sampler (Smith and
Wilson, 1978) shown in Figure 1 was five equally spaced particle size cuts
(DSO) on a logarithmic scale within the range of 0.1-10 pm. This in situ
sampling system operates at a nominal sample flow rate of 28.3 L/min (1 ACFM),
and is compact enough to fit through a 10 cm (4 inch) diameter port. The
sampler consists of five cyclones and a backup filter connected in series.
Since the backup filter is a separate unit, either a flat filter mat can be
used or, in the case where there is a large percentage of fine particulate
present, a thimble filter. The first of the five cyclones, Cyclone SRI-I
(which separates the large fraction of particulate matter from the gas stream),
accepts a range of nozzles to facilitate isokinetic sampling. The Sampler is
available commercially from at least two U.S., vendors, Andersen Samplers Inc.
and Intox.

The standard material of construction is 316 stainless steel. Other
materials such as titanium (alloy 6AL-4V) or Hastelloy (X) may be used where
either low weight or high temperature operation is required. Some special
applications may require the use of flanges or some other device for connecting
the parts rather than threads. For those applications, the outside dimensions
can vary without affecting the collection characteristics provided that flow
into the nozzle is not disturbed and critical interior dimensions are un-
changed. To avoid flow disturbance, short nozzles should not be used.

The critical, internal dimensions of a cyclone are illustrated in Fig-
ure 2. These are critical because a change in any one of them may affect the
operational characteristics of the cyclone (with the exception of H ° and Dcuo
for some designs). The thickness of the gas exit tube wall is not expected to”
be critical as long as it is small compared to the diameter of the tube. Since
there is no cyclone theory that analytically describes the performance of a
small cyclone as a function of the critical dimensions, it is necessary to hold
close tolerances during manufacture. Cyclones II through IV are all of
conventional design; however, in Cyclone I the gas exits through a tube which
extends up through the bottom of the catch cup and cyclone body into the normal
exit tube. The normal exit tube is then blanked off flush with the top of the
cyclone. Because the effect of a degraded surface finish on the performance of
the cyclones is not known, the internal surfaces should be maintained to the
smoothness of finish provided by the manufacturer.

Two versions of Cyclone IV have been made and calibrated. The original
prototype (IV proto in Figure 2) is the version described by Smith and Wilson
(1978). Problems with bridging and plugging of the hopper inlet led to a
modified version with a shorter cone and large hopper opening being made. The
latter, identified in Figure 2 as IV Comm., is the version which is produced by
the commercial vendors.



CYCLONE !

CYCLONE IV

CYCLONE V

CYCLONE 11l

CYCLONE Il

4546-1

Figure 1. Environmental Protection Agency-Southern Research Institute
Five-Stage Cyclone.



CYCLONE DIMENSIONS
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Figure 2. The critical internal dimensions of the cyclones.
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The cyclones are designed to provide a leak-free system when used with
proper o-ring seals. Viton is preferred if the samples are to be analyzed for
organic compounds. However, other materials such as silicone may be used.
Metal o-rings composed of Inconel X-750 are recommended for wvery high
temperature operation. Care should be taken when ordering o-rings to insure
the dimensions are proper for good seal.



SECTION 3

OPERATING PRINCIPLES, CALIBRATION, AND EMPIRICAL MODELS

Cyclones are forms of centrifugal particle collectors in which the circul-
ation of a particle laden gas stream about a central axis is induced by conver-
sion of forward motion through the cyclone inlet. The gas enters through the
inlet tube from whence it passes into the cylindrical body of the device. Here
it acquires a spiral motion, descending along an outer spiral toward the base
of the cyclone for some distance; it then undergoes an abrupt change of direc-
tion and continues upward to and through the exit tube. The length of the exit
tube is made great enough that the gas does not simply "short-circuit” the
intended flow path and flow directly from the inlet to the outlet tube. The
flow in the central core of the cyclone, after the gas has turned upward, may
proceed in a tighter inner spiral, or may flow in a rectilinear path to the
outlet tube. The latter is believed to be the case when the Reynolds number of
the flow in the outlet tube is low (Ayer and Hochstrasser, 1979). Large parti-
cles, because of their inertia, will tend to cross the curving flow streamlines
and thus drift towards the wall of the cyclone body where they become dis-
entrained upon contact. Additional separation may take place by impaction on
the wall opposite the inlet and at the bottom of the outer spiral where the
reversal in flow direction occurs (Fuchs, 1964).

The flow field within a cyclone is highly complex and cannot be modeled in
two dimensions as has been done for impactors. Generally, the flow consists of
a double spiral with the outer spiral moving down and the inner moving up to
the exit tube. The flow pattern within a cyclone can, under some conditions,
be unstable; resulting in two possible operating pressure drops and efficiency
curves for a given flow rate (Hochstrasser, 1976). This may be indicative of
transitions from operation with the core flow forming an inner spiral to a mode
in which the core flow becomes laminar and rectilinear (Ayer and Hochstrasser,
1979). There is also evidence that the particle collection characteristics can
be significantly influenced by flow perturbations located downstream of the
exit tube (Knight, 1976). The lack of a complete understanding of the flow
fields within cyclones makes it very difficult to accurately predict their
performance on the sole basis of information concerning geometry, flow rate,
and gas properties. A number of theories have been developed based upon
simplified models (Rosin et al., 1932; Davies, 1952; Lapple, 1951; Leith and
Licht, 1972; Soo, 1973; Dietz, 1981). Some of these models could be made to
reproduce the shape of measured cyclone efficiency curves reasonably well, but
these all relied upon the adjustment of empirical constants to make the calcu-
lated curves match the measured data. For small sampling cyclones the
agreement between predicted and measured performance was never very good for
theoretical models which did not use adjustable constants.

Typically the theories are based on the classical equations for
centripetal force and include additional terms to account for viscous drag on
the particles, turbulence, and particle exchange between the outer and inner
vortices. The models then usually attempt to relate the cyclone efficiency to



cyclone dimensions, flow rate and aerosol properties. The behavior is normally
expressed in terms of the Dy, the diameter for which the collection efficiency
is 50%. One of the more widely used equations, that of Lapple, is

2
9H Bt (1/2

P50 2w Nep Q
where
Hc = height of the cyclone inlet,
B, = width of the cyclone inlet,
Dz, = the particle diameter at which the efficiency is 50%,
u = the gas viscosity,
Ne = the number of turns made by the gas stream in the outer spiral,
P = the particle density,
and Q = the volumetric flow rate.

The gas viscosity is a function of the gas composition and temperature so that,
with the exception of We, the Dgy is given in terms of easily measured
variables: gas composition, gas temperature, flow rate, particle density, and
cyclone dimensions. Unfortunately, the number of turns made by the gas stream
within the cyclone is difficult to measure, may not be a constant for a given
cyclone, and, at present, is impossible to predict (with sufficient accuracy to
be useful), from the cyclone geometry and £low.

Leith and Licht's theory results in the following equation for cyclone

DSOS:
18DB H 1/2
2n+
Dsg = [ ¢ cC )Xy (1D 2
E (1+n) P2
where
D = the cyclone diameter,
E = a coefficient which depends solely on the cyclone geometry, and
(0.394D)0.1% . 03
n o=1-(1- =)
2.5 283
where ,
T = the gas temperature in degrees Kelvin.

This equation includes the same Y1/0Q term as did Lapple's equation, but
has another temperature dependent term, n, in addition to the gas viscosity.
The /u/DQ term results in the predicted Dy, increasing as the square-root of
viscosity, which itself increases with temperature. The effect of n is to
cause a further increase in the D5y with increasing temperature above that
which would result from the increased viscosity alone. For cyclones of the
sizes of interest here, the effect of n is to cause an additional increase in
the calculated Dg s by amounts ranging from zero to about twenty percent as the
temperature is increased from 10 to 250 degrees Celsius.



All of the theoretical models developed to date result in the term vYU/F0
being the dominant factor in calculating the cyclone performance. Thus all
models result in the Dy, having an inverse square-root of flow rate dependency.
Chan and Lippmann (1977) showed that this flow rate dependency did not hold for
many small sampling cyclones. In fitting an equation of the form D 0=an to
experimental data, they found n to lie between -.636 and -2.13 for several
cyclones. Similarly Smith and Wilson (1977) reported values of ranging from
-.63 to -1.11 for the SoRI/EPA Five-Stage Cyclone set. Figure 3 illustrates
the Dso—flow rate relationships reported by Chan and Lippmann and Smith and
Wilson. Based on data taken with air in the temperature range from 20 to 200
degrees Celsius, the latter authors found the cyclone Dgj exhibited a more
nearly linear than square-root dependence on viscosity. Thus the theoretical
models are found to be deficient in predicting the forms of the dependencies on
the gas conditions and flow rates.

As a consequence of the inadequacies of current theories, empirical models
based on fits to measured behavior have become the basis for calculation of
cyclone performance. Beeckmans (1979) concluded that the collection efficiency
(by particle size) of a cyclone is related to the particle Stokes number, Stk,
and the Reynolds number, Re, of the flow. For the cyclones which he studied,
he found that the collection efficiency, expressed in transfer units, could be
well represented by an equation of the form

N, = a_ + aj 1nRe + azlnStk

t 0
where
Nt = the number of transfer units,
= -1n (penetration)
and

ayr 3qr and a,, are regression constants and the penetration
is the fraction of the particles passed by the cyclone.

Stk and Re in the equation are given by:

p_Cud?
Stk = ;
uD
and
4o gQ
Re =
TubD
where
pp = the density of the particle,
c = the Cunningham slip correction (C is dependent of the size of the

particle relative to the mean free path of the gas molecules and is described
in Section 7),

the gas velocity at the cyclone inlet,
the particle diameter,

the cyclone inlet diameter,

the gas viscosity,

T ogoc
n
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[}

p the gas density,

9
Q

and

the total volumetric flow rate.
Thus the value of Stk for a collection efficiency of 50% becomes a function of
Re. Note, Stk and Re can also be defined in terms of the exit tube diameter

and in some contexts it may be more appropriate to do so.

Similarly, Saltzman and Hochstrasser (1983) found that the D_.,s of
eighteen small cyclones could be calculated from an equation of the form

R
log (Dcq/D ) = log Kd + m log (—=-)
e

1000
where
De = the diameter of the cyclone exit tube,
Kd = a dimensionless constant characterizing each cyclone
and
m = an empirical constant.

In their study, the performance measurements were made using air at
laboratory conditions. Saltzman and Hochstrasser concluded that a single value
of m, -0.713, could be used to describe the behavior of all eighteen cyclones
studied. The values of K3 for seventeen of the eighteen cyclones were quite
close to one another, falling in the range 0.0002 to 0.00026.

A laboratory study conducted by Lee et al. (1985) revealed that the DSOS
of four other small sampling cyclones were highly correlated with Re. On the
other hand, they found that with Argon as the carrier gas, the DSOS of the
cyclones decreased as compared to Dggs for air in spite of the higher viscosity
of Argon, as shown in Figure 4. This behavior was contrary to the increase in
D5y attributed by Smith and Wilson to increased viscosity in air at elevated
temperature. Three of these cyclones were from the SoRI/EPA Five-Stage Cyclone
set. In the study by Lee et al., the Dgps of the cyclones were measured over a
range of flow rates using both air and argon as carrier gases. By using
different gases, variations in viscosity and Reynolds numbers could be achieved
independently of variations in flow rate. The results of the study indicated
that gas density as well as viscosity has a strong influence on cyclone Dggys.

Additional calibrations of the Five-Stage Cyclone Sampler have been
carried out at Southern Research Institute (Farthing, 1985). These
calibrations were carried out over a wide range of flow rates with air, helium,
carbon dioxide, and argon as carrier gases. Again, the use of gases other than
air permitted independent variation of flow rate and Reynolds number. The
results of these calibrations are shown in Figures 5 through 10. The earlier
calibrations reported by Smith and Wilson (1979) have also been incorporated in
these figures. From these figures one can see that the particle Stokes number
for 50% collection can be determined for each cyclone from the Reynolds number
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Calibration data for Cyclone | of the five-stage cyclone sampler. Data from Smith
and Wilson (1979), Farthing, et al. (1985) and unpublished data from this contract.
(Air only, variable temperature and flow rate).
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Calibration data for Cyclone Il of the five-stage cyclone sampler. 1 —data from Smith and
Wilson (1879), air only. variable temperature and flow rate. +—data from Farthing (1985),
air, COy, Argon, and Heliumn, laboratory conditions, variable flowrate.
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Figure 8.
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Calibration data for prototype Cyclone IV (1V proto.) of the five-stage cyclone sampler.

O - data from Smith and Wilson (1979}, air only, variable temperature flow rate. +- data
from Farthing (1985), air, CO 3, Argon, and Helium, laboratory conditions, variable flowrate.
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Figure 9. Calibration data for commercial Cyclone IV (1V comm.) of the five-stage cyclone sampler.
Q - data from Smith and Wilson (1979), air only, variable temperature and flow rate. +- data
from Farthing (1985), air, CO 5, Argon, and Helium, laboratory conditions, variable flowrate.
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of the inlet flow. A similar set of curves would have been obtained had the
outlet Reynolds number been used instead of that for the inlet. The exit tubes
of these cyclones are only slightly larger in diameter than the corresponding
inlet tubes (4 to 18 percent), so the outlet Reynolds numbers would only be
slightly lower than those calculated for the inlet, It is worth noting that
the data for each cyclone can be represented by a smooth continuous curve or,
almost equally well, by two straight line segments. If two line segments are
used, the transition point between the two would be located at a Reynolds
number near 2000. The location of the break point is thus consistent with the
change in the behavior of the core flow postulated by Hochstrasser.

In order to make use of the calibration data in the analysis of field

Samples, a mathematical relationship must be established between Stkgy and Re,
A satisfactory fit to the calibration data was obtained for each cyclone using
an equation of the form:

ln /SEK;; = C + A (1nRe) + B(1lnRe)l/2
where A, B, and C are regression constants based on a least squares fitting

procedure. Values of A, B, and C and their standard errors (SE) are given
below:

Cyclone A SE B SE C SE
I -0.197 0.054 - - . 156 0.408
IT 1.982 0.665 -13.596 3.786 20,894 5.372
IIT 4,732 0.604 -29.370 3.422 43,462 4.841
v 2.841 0.820 -18.929 4,719 29.494 6.768
v -0.472 0.016 - - 2,707 0.135

The fits result in the following error ranges in reproducing the
calibration results.

Error
Cyclone Minimum Maximum
I -7 +10
II -4 +8
I1I -7 +7
v -12 +9
\Y -6 +6

These fitting equations have no known underlying physical basis and simply
represent a means of using the calibration data for performance prediction.
Caution should be exercised in using the fits to extrapolate beyond the range
of the Reynolds numbers in calibration data for each cyclone. The lines drawn
in Figures 5 through 10 show the values obtained from the curve fitting
equations.






SECTION 4

PRETEST OPERATIONS

4.1 CLEANING, INSPECTION, AND ASSEMBLY

The interior surfaces of each cyclone should be inspected for gquality of
finish and for defects due to corrosion, scouring, or deformation. The o-ring
grooves and mating surfaces should be flat and smooth and have no transverse
scratches. Certain concentric scratches from machining tools are allowable if
they do not affect the leak-seal integrity of the cyclone. The o-rings should
also be inspected for dents, cracks, scratches, and deformation. Nicked or
bent o-rings should be replaced. Metal o-rings should last several tests,
depending on the test conditions, but the pliable silicone or viton o-rings,
especially those in the back-up filter or thimble holder may need to be
replaced after each run. The filter holder should be cleaned between each run.
The nozzles should be c¢leaned and inspected for dents on the rim of the nozzle.
Large dents that cannot be straightened by hand tools may require the nozzle
rim to be re-machined.

Before using the sampler, it should be cleaned with a mild detergent in an
ultrasonic bath, rinsed with distilled or dionized water, and dried. All the
internal surfaces must be cleaned. Any surface which comes in contact with the
sample gas is considered an internal surface. If analysis for organic
compounds is to be done, additional rinses of all the internal surfaces with an
organic solvent such as methylene chloride should be made. Teflon wash bottles
should be used to hold the solvent during the wash procedure. All glassware to
be used during the wash should be thoroughly cleaned and rinsed with the
solvent.

A complete second rinse of each cyclone with the chosen solvent is recom-
mended prior to taking the cyclone set into the field. An analysis of this
rinse should be made to insure the absence of contaminants in the cyclones. At
the same time, this preliminary rinse analysis serves as a check that appropri-
ate cyclone cleaning procedures were used. This rinse should be performed long
enough in advance of the field test that any action dictated by the results of
the analysis may be carried out.

The internal surfaces of each cyclone (i.e., the body underneath the cap,
the outside of the gas exit tube, the inside walls, and the underside of the
body) should be rinsed with the solvent and the wash collected in a c¢lean glass
beaker. For each cyclone the inside of the gas exit tube and the connecting
tubing should be rinsed together with the downstream cyclone. Metal or viton
o-rings should be washed and rinsed as described above but their solvent rinse
should not be included with the cyclone rinse. The collected rinse should be
stored in glass bottles with Teflon caps and labeled with the appropriate
cyclone I.D. After completion of the rinse procedure, the cyclone set should
be assembled and sealed with Saran wrap or aluminum foil to prevent contamina-
tion during transport to the field site.



The sampler should be assembled as shown in the assembly drawing, Figure
1. The proper nozzle and filter holder should be selected and attached to the
sampler at the appropriate places. Threads should not be coated with anything
(such as thread lubricant) which could contaminate the sample. Before the
sampler is used in the field, the threads can be silver or chromium plated to
plated to prevent galling. Sealant is not needed for the threads on the
nozzle; the metal-to-metal seal is sufficient. Teflon tape may be used, if
temperatures permit, as a sealant and thread lubricant on any tapered pipe
threads and screw-together parts.

Once the cyclone set has arrived at the field test site, a blank wash of
the set should be performed using the desired solvent prior to any test runs.
This blank wash should be performed in the same manner as the wash procedure
descrived previously.

4.2 GAS VELOCITY AND ANALYSIS

The results of a velocity traverse, stack gas temperature measurement, and
gas analysis are used to determine testing parameters such as flow rate and
nozzle size.

The velocities and temperature in the flue, as well as the static pressure
in the flue, should be measured. An extra effort should be made to obtain the
point velocities at the proposed sampling points if those suggested in Section
5 are to be used. If possible, velocity fluctuations at those points should
also be noted. If the velocity fluctuations are so large that *20%
isokineticity cannot be maintained, alternate sampling positions should be
selected, if possible, where the velocity is more stable. It should be noted
that the flow rate through the sampler must be constant.

A gas analysis should be performed to determine the composition (molecular
weight) of the gas, including the amount of water vapor. The molecular weight
of the gas can then be accurately determined for viscosity and flow rate calcu-
lations. Supplemental heating of the sampler may be needed if the gas tempera-
ture is near the dewpoint or if the gas is saturated. It may be acceptable to
use an estimation of the flue gas composition based on previous tests. This is
especially true if this particular source has been tested often. In such a
situation, an estimate of the gas composition for the purpose of determining
the gas viscosity is appropriate.

4,3 SAMPLING TIME

The length of time required to collect an adequate sample is dependent
upon the mass loading of the aerosol, the size distribution of the particles,
the flow rate of the sampler, and the amount of material needed for the
analyses to be performed. If the results of a mass test are available, the
mass loading can be obtained from them. If not, an estimate should be made
based on the pre-test survey or other available information. Given the mass
concentration, an estimate of the sampling time for initial tests can be
obtained from Figure 11. Results from the initial tests can then be used to
more accurately establish the optimum sampling time. The curves in the figure
are based on collecting a one-gram sample. If more or less material is needed,
the user should adjust the sampling time as appropriate.

4-2
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4.4 BACK-UP FILTER

The selection of the back-up filter should be made according to the size
distribution of the aerosol, mass loading, flow rate, amount of sample
required, and the type of analysis which will be performed. If a large frac-
tion of the aerosol is fine particulate, a flat filter will blind before the
cyclones have collected adequate samples. In such cases, a thimble should be
used. Similarly, if the mass loading is high, a thimble should be used to
allow longer run times so that well integrated samples can be obtained. If
either the mass or the amount of fine particulate is low, a flat filter should
be used so that weighing errors will be minimized. At times, it may be
advantageous to use a final filter during only a portion of the total sampling
time.

Glass filters may react with constituents in the gas stream (especially
SOX), and the filter could lose or gain weight (Felix, et al., 1977). This
weight change due to flue gas exposure may be comparable to the weight change
due to the collection of the aerosol. Consequently, glass filter materials
should be avoided. If temperatures permit, Teflon filters should be used.
Otherwise, pure quartz fiber filters are recommended.



SECTION 5

SAMPLING

Figure 12 shows the locations of the sampling points that are recommended.
After a measurement of the velocity profile has been made and the nozzle has

been selected, samples should be taken at the locations shown. In sampling the
effluents from variable or cyclical processes, the test should extend through
several process cycles to insure that a representative sample is obtained.

Regardless of the velocity distribution in the flue, the flow rate through
the sampler must remain essentially constant. It is desirable to maintain
sampling within *20% of isokinetic throughout the sampling period, but the
sampling rate should not be altered to accomplish this. If a zone of the duct
has a velocity that would result in a large deviation from isokinetic, it
simply should be avoided.

5.1 SELECTING THE SAMPLE FLOW RATE AND NOZZLE

The D of a cyclone is dependent on gas density, gas viscosity, and flow
rate. Of these variables, only the flow rate can be set by the user.
Therefore, if a specified size cut off must be obtained in a particular
sampling application, the required sampler flow rate must be determined. Plots
of the D;;s of the five cyclones versus flow rate are shown in Figures 13
through 17. 1In these figures, curves are shown for operation at 25, 100, 150,
and 200 degrees celcius. A gas composition typical of many industrial flue
gases was used in generating these curves (10% C02, 8% 02, 82% N2 on a dry
basis and 10% moisture). Estimates of the required flow rate needed to obtain
a particular Dgy can be obtained from these curves for most cases. However, if
the gas temperature is much higher than 200°C or if the composition is
radically different from that used here, the required flow rate should be
obtained by back calculation from the D equations. The data reduction
computer program described in the Appendix may be used to facilitate these
calculations. WNote that flow rate selection can be used to obtain a specified
cut with any one, but only one, of the five cyclones. After a flow rate is
selected, the cuts of the remaining four cyclones are fixed. These cuts can be
estimated from the figures.

Once the desired flow rate is known, the appropriate nozzle can be
selected using Figure 18. Only straight nozzles should be used.

5.2 LEAK TESTING

Before use, the sampler should be leak tested. The first test should be
made immediately after assembly. This test can be performed in the field lab
with a minimum amount of equipment. A leak check should also be made after the
cyclones have reached the sampling temperature. Some slight leakage is
expected, especially if metallic o-rings are used, and the sampler should not
be expected to meet the Method 5 leak check criterion. The probe and the
remainder of the sampling system should, however, meet the Method 5 criterion.



- a —
A l
!
|
|
a/4 :

Ot - -3 ®

A i
' |
b/4 {
! i
* |

h f————=—— e —
I
1
[
|
|

o : o

1
1
1
1
H
' 1

4181-28

Figure 12. Recommended sampling points for circular and square or rectangular ducts.
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Figure 16. Dgq versus flow rate for Cyclone IV of the five-stage cyclone sampler.
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There can be no substitute for trained and experienced personnel to oper-
ate the Five-Stage Cyclone Sampler. Exceptional care should be taken through-
out all phases of operation, from preparation to clean-up.

5.3 FLOW RATE

To ensure stable cut points the predetermined flow rate must be maintained
throughout the run. Any attempt to modulate flow to provide isokinetic
sampling will compromise the utility of the data by shifting the cut points of
the cyclones.

As the final filter collects particulate, the pressure drop across it will
increase, lowering the sample flow rate. The flow rate should be monitored and
adjusted as necessary to compensate for this filter loading effect. Filter
changes or removal may be necessary if the pressure drop becomes excessive,

5.4 TRAVERSING

During traversing (moving to a new point or new port), all motion should
be smooth and brief to avoid bumping or vibrating the sampler. When removing
or inserting the sampler, care must be taken not to scrape the nozzle on the
port wall. Also, the sampler should not be allowed to bump against the far
inside wall of the flue. Flow is maintained while moving from port to port as
well as point to point. If flow is stopped and then restarted it is possible
that particulate matter collected in one cyclone could be reentrained and
accidently transferred to a lower cyclone, thus compromising the integrity of
the samples.

5.5 ORIENTATION

The Five-Stage Cyclone Sampler is designed to operate in any orientation
with equal results. However, the flow should not be terminated until the run
is complete and the sampler is in a horizontal position. Otherwise, some
material might fall from one stage of the sample to another and thus be
measured where it is not collected. After the flow has been terminated, the
sampler can be transported to the lab., It should be kept in a horizontal
position with the nozzle plugged or covered to avoid contamination or loss of
sample.

5.6 DATA LOGGING

In addition to the sampling parameters and process information normally
recorded such as gas composition and temperatures, pressures, gas volumes,
etc., the operator of the Five-Stage Cyclone Sampler should also record the
sampler identification, orientation, filter identification, gas velocity,
flow rate and the run time. A data sheet for manual setup data entry which
might be used in the field is shown in Figure 19. An alternate form for use
with a computer program for doing the setup calculations (velocity traverse,
nozzle and flow rate selection, and orifice meter settings) is given in the
Appendix.




RUN SHEET FOR CARB SIZE DISTRIBUTION METHOD
USING A CASCADE IMPACTOR SAMPLING TRAIN

REAL 3LANK
RUN CODE DATE DIFFERENTIAL
STACK PRESSURE (IN. Ho0}
CONTROL BOX ID
START TIME AMBIENT PRESSURE
{LAB BAROMETER) {IN. Hg)
GAS METER ID
END TIME
AMBIENT TEMPERATURE R
THE CALCULATED TARGET aH
VALUES REQUIRES THE OPERATOR TO USE SAMPLING DURATION (MIN.) | —80 SEC LEAK TEST— PRE HOT
A. i% IN. Hg W/SAMPLER FT
ORIFICE ID
GAS METER-START FTH
SAMPLING ASSIGNMENT B. 5IN. Hg W/SAMPLER Fr3
INLET. OUTLET, OTHER:
GAS METER-FINISH 73y | C. 15 IN. Hg W/O SAMPLER T3 POSTHOT
NOTE: RELEASE VACUUM AT NOZZLE TO
TOTAL VOLUME BY GAS METER (ACP) AVOID RUPTURING FILTER.
TARGET AH PASS <0.02 FTAFORAORBORC
VISUAL CHECK OF NozzLE [
RUN PORT GAS GAS FLUE ORIFICE | PUMP PROBE
TIME NO. METER | METER GAS aH VACUUM | TEMP. —WATER—
(MIN) | TRAVERSE| READING | TEMP. TEMP. CONDENSER 1D NO.
POINT IN. (H20} | (N, # 2}
o il il e A L N CONDENSER Hz0 CATCH {mi)
Pre
; DRYING COLUMN WEIGHT CHANGE
1D NO. INFTTAL WT. {gm)
2 FINAL WT. {gm)
3 (tgm=1m) Hy0 GAIN (i)
4 TOTAL VOLUME Ho0 {mi}
5
NOTES AND OBSERVATIONS
[
7
8
9
10
11
12
13
" SAMPLING LOCATION
INLET  OUTLET
185
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
28 HORIZONTAL
TOP ENTRY VERTICAL
26 W/ TURN ARQUND
27 W/0 TURN AROUND
28 BOTTOM ENTRY VERTICAL
OTHER
29
30
POST TEST CALCULATIONS: OPERATORS
TOTAL
2
AVG.

Figure 19. Run sheet for manual setup data entry.
This data form is also used for Cascade Impactors.
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SECTION 6

SAMPLE RETRIEVAL AND WEIGHING

After the sampler has cooled to nearly ambient temperature and brought
into the lab, it should be carefully "unloaded."™ Unloading consists of remov-
ing all of the particulate matter retained in the sampler. Great care is re-
quired in this procedure to insure that all of the particulate is recovered and
placed in the proper sample containers.

The sample collected in cyclone SRI-I should be removed first, followed by
the samples collected in cyclone SRI-II, SRI-III, SRI-IV, and SRI-V, respec-—
tively. The particles adhering to the internal surfaces of the cyclone, i.e.,
the body underneath the cap, the outside of the gas exit tube, inside the
nozzle, the inside walls, and the underside of the body, should be brushed,
scraped, or rinsed into a pre-weighed sample container along with the material
from the collection cup. If the particulate matter is a dry powder, a No. 7
camel's hair brush is suggested for this operation. The dust deposited inside
a gas exit tube and the connecting tubing to the next cyclone should be
included in the sample for the downstream cyclone. The dust collected on the
inside of the gas exit tube and connecting tubing to the filter should be
brushed onto the filter. When all internal surfaces directly upstream of the
filter have been brushed clean, remove the filter and place it in its proper
sample container.

In some cases, it may also be necessary to wash the internal surfaces of
the nozzle and cyclone with a solvent, such as methylene chloride, into
preweighed bottles. If organic analyses are to be performed, glass bottles
with Teflon caps should be used. If the material is hard and dry, the
particles can be brushed off into the container; if the particles are sticky or
wet, a washdown procedure should be followed as described previously in Section
4, PRETEST OPERATIONS. The solvent must be considerably more volatile than the
particles (Methylene chloride is recommended, but other solvents may be needed
for some compounds.) A teflon spatula or Teflon version of a "rubber
policeman"” may be useful in the recovery of sticky particulate matter or as an
aid in recovery when solvent rinses are being made.







SECTION 7

DATA ANALYSIS

After obtaining a sample, the data must be reduced to obtain the desired
size distribution from the stage weights, sampling information, and hardware
specifics. Data taken in various studies of particulate emissions should be
readily comparable, regardless of the sampling team. The data should therefore
be presented in a uniform format. The data analysis method presented below is
recommended for use in all studies of particulate matter performed with cyclone
systems.

The data most often required from cyclone measurements are composition
with respect to particle size. Other data needs may include particle-size
distributions across emission control devices and perhaps fractional collection
efficiencies of these devices. 1In all these cases it is necessary to determine
the size range of the particles collected in each cyclone. The effective
cutoff diameter, or lower limit to the size collected, is taken to be the
cyclone's D ;. The D;, of a cyclone is the particle diameter for which the
cyclone achieves a 50 percent collection efficiency; half of the particles of
that size are retained by the cyclone and half are passed., This D50 analysis
method simplifies the capture efficiency distribution by assuming that a given
stage captures all of the particles with a diameter equal to or greater than
the Dg; of that cyclone and less than the D5y of the preceding cyclone. Thus,
for the purpose of constructing a size distribution, particles collected by a
specific cyclone are assumed to have diameters between the D5y of that cyclone
and the D;, of the cyclone prior to it.

The simplification described above does not take into account the shape or
slope of the calibration collection efficiency curves. It is assumed, rather,
that the collection efficiency curve is a step function (see Figure 20). Since
deconvolution techniques which use the entire calibration graph are not
sufficiently advanced enough to yield reliable results, the D50 method is
recommended and is the only method described herein.

7.1 CALCULATION OF CYCLONE D VALUES

50

The general form of the empirical equation used here to describe the
behavior of a small cyclone is the same as that used for cascade impactors:

18 u D; g, 12

D, = (-——@-—l——) (1)
50 ij

where Dgy = diameter of a particle having 50% probability of collection by the
cyclone, cm
B = viscosity of gas passing through the cyclone, poise
Dj = diameter of cyclone inlet, cm,
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V5o = inertial size parameter determined by calibration, dimensionless
= Stk /2

C = Cunningham slip correction factor, dimensionless

p = density of particle, g/c3
v. = mean velocity of gas through the cyclone inlet, cm/sec (calculated
using upstream pressure)
The Cunningham correction, C, is given by:
29 -0.44 D

C=1+ 553'[1'23 +0.41 exp (———29)] (2)

where % = mean free path of air molecules in the cyclone (at upstream
conditions), cm

The mean free path, 2, in cm is given by:

9 = 0.7323E VTR (3)
where P = gas pressure, cm Hg,

T = gas temperature, °K,

and
MW

wet molecular weight of the gas.

Note that the cyclone inlet pressure conditions are used throughout these
calculations. The pressure, in fact, drops continuously from the inlet to the
outlet,

The Stokes diameter of a particle, as defined by equation 1, is of
interest for most applications. However, at times, for example for PM; g
purposes, data must be expressed in terms of the aerodynamic diameter,
defined as the diameter of a sphere having unit density and the same
settling velocity as the particle of interest. 1In order to calculate the
D5y of a stage on an aerodynamic basis, Pp is set equal to 1.0 g/cm3 and
equation 1 becomes:

18) ¢ qu D, 172

D, ) (4)

50 = ( -

Y3
The values of Vs g for each stage must be found by calibration. Then, since C
is dependent on particle size, the Dgq can be calculated using an iterative
solution of equations 2 and 1 or 3 as appropriate. Such an iterative approach
is used in the computer data reduction system described in the Appendix.

Based on experimental data, the following equation has been derived for

cyclones SRI-I through SRI-V. These equations relate /¢50 to the Reynolds
number -of the flow at the cyclone inlet.
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In (V35,) = A ln(Re) + B (1n(re))1/2 + C (5)

where A, B, and C are empirically determined constants. The values, obtained
by least squares fits to calibration data, are as follows:

Cyclone A B C
I -0.197 0.0 -0.191
1X 1.982 ~-13.596 20,547
ITI 4,732 . -29.370 43,115
v 2.841 -18.929 29,147
v -0.472 0.0 2.360

These values are based on calibrations obtained over a wide range of flow
rates (2 to 55 lpm) with air at temperatures from ambient to 200° C and carbon
dioxide, helium, and argon at ambient conditions (Farthing, 1985). The equa-
tions generally reproduce the calibration values of /¢50 to an accuracy of 10%
or better.

Although the equations may be solved by hand calculation, it is generally
impractical to do so, and a system of computer programs has been provided for
the purpose (see Appendix). The programs are modified versions of those used
for reducing impactor data and generally follow the same conventions and
provide the same outputs as the impactor versions described in Attachment No. 1
to this same project report.

7.2 PARTICLE SIZE DISTRIBUTIONS

The true particle size distribution of almost any particle-laden gas
stream (outside the laboratory) is a smooth and continuous curve. As cyclone
systems have a finite number of stages, they break this continuous particle-
size distribution into a series of discrete steps in separate but overlapping
size intervals. The object of the cyclone system data analysis is to transform
these discrete steps into a good approximation of the real, continuous
distribution.

It is assumed for the purpose of analysis that all of the material caught
in a particular cyclone consists of particles having aerodynamic diameters
equal tO, Or greater than, the D50 of that cyclone, and less than the D50 of
the vreceding cyclone. For the first cyclone, it is assumed that all of the
particles caught have aerodynamic diameters greater than, or equal to the Dg
for that cyclone, but less than the maximum particle size. When possible, the
maximum particle size should be measured, for example, with an optical
microscope. If this is not possible, an arbitrary value of 1000 uym or larger
should be used for uncontrolled sources and a value of about 20 ym to 100 um
for controlled sources.

Particle size distribution data should be presented on both a differential
basis and a cumulative basis as discussed below.
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7.2.1 Differential Particle Size Distributions

Since the true particle size distribution is continuous, the amount of
material with particle diameters between D and D+dD can be represented by dM.
Then the integral

D,
[T WM (6)
D dp

yields the total amount made up of particles with diameters between D, and D,.

The Five Stage Series Cyclone Sampler was designed so that the relation-
ship between successive stage Dgps is logarithmic. For this reason, and to
minimize graph scaling problems, the differential particle size distributions
are plotted on log-log or semi-log paper with dM/d(log D) as the ordinate and
log D as the abscissa. The mass of the material on stage "n" is designated by
AMn and is, in approximation, the mass of particulate matter with particle
diameters between (DSO)n and (Dso)n+1- The A (log D) associated with M, is
log(tgo) 1" log([%o)n. Using these approximations, the derivative term asso-
ciated with the stage "n" is:

M n n
dm/d (log D) = n = mass on stage "n 7
/dios Dy A(log D5g)p 1og (D5p)p-q = log (Dgq)y )
Plotting this approximation of dM/d(log D) versus log D results in a
histogram. From such a histogram, the total mass of particles with diameters
between (D'so)i and (Dso)j can be calculated as the sum:

3 AM,
Mass = Z (Alog Dg,) (8)
k=i 2(log Dgg)g k

where "k" takes on values corresponding to the discrete increments of the
histogram.

If a cyclone system with an infinite number of stages were available, the
histogram would approach a continuous function, the A (log Dgp) terms would

approach d(log D), and the mass between D and D, could be calculated as

Dy

Mass = [ ™ 3(log D) (9)

Dm d(log D)

Such a system does not exist, but the histogram can be plotted as a smooth
curve by assigning some average of (D5g)n-1 and (Dgp), to the AM/A (log Dso),n
term. The geometric mean of the Dy s is generally used. This curve is then a
continuous function approximating the actual particle-size distribution. Note
that the area under the curve in a given size range is equal to the mass of the
particulate matter in that interval. Such a curve is needed to calculate
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fractional collection efficiencies of control devices if the Dgys differ for
inlet and outlet measurements. To normalize the differences in the masses of
samples collected by various instruments, the mass collected in each cyclone is
usually divided by the volume of the sampled gas at standard temperature and
pressure, yielding concentration units. The accuracy of the approximation
described above is limited by the number of data points and by neglecting any
non-ideal behavior. An example of such a distribution is shown in Figure 21.

7.2.2 Cumulative Particle Size Distributions

Two forms of cumulative distributions are commonly used - cumulative conc-
entration and cumulative percentage. These are denerated, respectively, by
summing the concentrations of particles smaller than the Dg,s of successive
stages or by summing the percentages of the total concentration smaller than
the successive Dgys. Distributions in this form are conventionally plotted
commencing at the smallest diameter for which data was obtained and progress-—
ively summing to the larger sizes.

Cumulative distributions do have some disadvantages compared to different-
ial distributions. An error in a stage weight is propagated forward throughout
the remainder of the distribution in a cumulative analysis, but is isolated by
the differential approach. Also the differential method need not involve the
use of data for sizes outside of the range over which the sampler provides size
resolution and so is useful in comparing results obtained using cyclones with
those obtained from instruments which cover only restricted particle size
intervals (e.g. optical particle counters). Cumulative distributions are also
not amenable to making direct comparisons of concentrations at selected sizes
as can be done with differential distributions.

Cumulative Concentration Format

A cumulative concentration particle-size distribution is shown in Figure
22. Distributions in the cumulative concentration format are formed by first
calculating the concentrations for each size fraction provided by the sampler
and successively summing these concentrations. 1In the conventional format, the
summation begins at the smallest D.,. The small particle end of the size
spectrum is selected for the beginning of the summation because in most
instances the larger particles dominate the distribution and the addition of
the smaller particles to the larger would be undetectable in the presentation.
Note that it is possible to present data in a form of cumulative concentration
format in the absence of information regarding concentrations at one extreme of
the distribution.
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The value of the ordinate at a given Dgy would be:
k-1
Mass concentration smaller than (DSO) = z o (10)
i=o *
where i = o corresponds to the filter,
i k corresponds to the selected stage,
o] concentration determined from the stage i particulate catch,
i
N

total number of stages (including the precollector).

This equation requires that the stages be counted upward from the final

filter. There is no (D5p)p since the "O" stage corresponds to the backup
filter. (DSO)1 is the cut-point of the final stage.

Cumulative Percentage Format

Many aerosols have particle size distributions which follow, or can be
approximated by, the "Normal" or Gaussian function if the logarithm of the
particle diameter is used as the independent variable. Such distributions,
called log-normal distributions, can be characterized or described by three
parameters: a normalizing constant which defines the total concentration, and
two constants which define the location and shape of the distribution.
Generally, the mass median diameter and the geometric standard deviation are
used for the latter two parameters. The mass median diameter, or MMD, locates
the diameter about which the distribution is centered and is the diameter at
which half the particulate mass is contained in particles having smaller
diameters and half in those which are larger. The geometric standard
deviation, or o _, defines the spread of the distribution and is defined by
ratios of the médian diameter and the plus and minus one sigma diameters in the
log-normal function. It is approximately equal to D(84%)/MMD and/or MMD/D(16%),
where D(84%) and D(16%) are the diameters below which sizes one finds
respectively 84% and 16% of the particle mass.

Size distribution presentations on a cumulative percentage basis are
formed as the sums of the percentages of the total catch collected by each
stage of the sampler. When plotted, they are usually displayed on special
log-probability paper as shown in Figure 23, with the logarithmic axis used for
particle diameter, and the "probability", or percentage, axis for the
cumulative percentage. True log-normal distributions form straight lines when
plotted on this paper, making estimation of the mass median diameter and
geometric standard deviation a simple task. Deviations of a distribution from
the log-normal form will result in curvature or slope changes in this type of
plot.
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Disadvantages of the cumulative percentage format are that a knowledge of
the complete size distribution is required in order to form it, and an error in
the measured concentration in any size interval is propagated throughout the
entire presentation. It should also be remembered that a distribution
presented in a cumulative percentage format is incompletely specified, as it
does not contain information with regard to absolute concentrations. In order
to make full utilization of the data possible, the total concentration should
be specified in the plot legend.

The value of the ordinate at a given Dg would be:

Mass percent smaller than (Dg,), = —g— n

where O corresponds to the filter
k corresponds to the stage under consideration
mass collected on stage i, and

corresponds to the total number of stages.

i
i
my
N

Again, this equation requires that the stages be counted upward from the
final filter.

An example of data analysis for a hypothetical sample is detailed in
the following paragraphs. The illustrations shown in Figures 21, 22, and 23
are from that example. The large solid points in the fiqures represent the
hand calculated results obtained as described the sample circulations which
follow. The smaller points show the results for the same example as calculated
by the data reduction program described in the Appendix.

7.3 SAMPLE CALCULATIONS FOR DATA ANALYSIS

The following is an example of the data analysis procedure recommended for
a typical cyclone sampler test run. In the material below, the steps necessary
to obtain particle size distributions from the run information are detailed.
Values of important quantities are calculated for stage 3 of a hypothetical
cyclone sampler run with the sampling parameters listed in Table 1. The values
in Table 1 were generated from the data given by the sample field data log (Run
Sheet) shown in Figure 24.

7.3.1 STAGE CUT DIAMETERS (Dgo)

The aerodynamic Dg, cut points of the cyclone stages can be calculated
using equations 1 through 5, and the equations shown below.



TABLE 1

SAMPLING PARAMETERS FOR A CYCLONE SAMPLER TEST

Cyclone Type SoRI Five-Stage Sampler

Stack Temperature 148.9°C (300°F)

Cyclone Temperature 148.9°C (300°F)

Stack Pressure 75.3cm Hg (29.6 in.Hg)

Sampler Flow rate 14.5 &/min (0.51 £t3/min)
Sampling Duration 120 minutes

Gas Composition (wet) 0.21% C02, 0.03% CO, 76.08% NZ,

18.78% 0,, 4.90% HyO

Assumed Particle Density 1.0 g/cm3
Maximum Particle Diameter 100um

Mass*, mg

Stage 1 3.32
Stage 2 5.05
Stage 3 1.81
Stage 4 1.10
Stage 5 .30
Filter 1.28

* Masses represent the amounts of a particular compound
found in the samples, not the total catches of the
cyclones and filter.



RUN SHEET FOR CARB SIZE DISTRIBUTION METHOD
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The gas viscosity, u, is calculated (in poises) by equations 12 and 13
from the gas composition and the viscosities of the individual gas components

{(Wilke, 1950).

The viscosities of the gas components are calculated from

polynomial fits to published data.(Hodgmen, 1960) Eguations 14 through 18 give
these polynomial fits:

where

where TCI

£
W) -5

i x 106 (12)

1 +
£,

o1 (E5059)
i i

=]
1l
—

Wl I~ n [ B

[l +(Ui/Uj)1/2(Wj/Wi)1/q]2
L= (13)

ij (/) 1+ (wi/wj)]l/z

= pure gas viscosity, micropoises

= gas viscosity of CO,

138.494 + 0.499 Teyp - 0.267 x 1073 Tp? (14)
+0.972 x 1077 Tqf

gas viscosity of CO
165.763 + 0.442 Top — 0.213 x 1073 Tgp? (15)

gas viscosity of N,
167.086 + 0.417 Top - 0.139 x 1073 T ? (16)

gas viscosity of 0,
190.187 + 0.558 Top - 0.336 x 1073 T2 (17
+0.139 x 107° T{

gas viscosity of H,0
87.800 + 0.374 Top + 0.238 x 107% Tuy? (18)

temperature, °C
wet gas fractions of C02, co, Nz, 02, and HZO' respectively
molecular weights of CO,, CO, N,, O,, and H;0, respectively



For C02
p, = 138.494 + 0.499 (148.9) -0.267 x 1073
+ 0.972 x 10~7 (148.9)°3

u; = 207.2 micropoises
Likewise

u, = 226.9 micropoises

U3 = 226.1 micropoises

u, = 266.3 micropoises

e = 144.4 micropoises

The molecular weights are:

w, = 44.10 (CO,)
w, = 28,01 (CO)
wy = 28,02 (N,)
wy, = 32,00 (Op)
we = 18.02 (H,0)

(148.9)2

With these values and the wet gas fractions, the viscosity can be calculated

from equations 11 and 12 to be 230 micropoises.
For Cyclone 3:

The gas density is given by:

P
3 ) ( 273

273+T;

- MW
P = Psea (i) |

)

std

where
Psrg = 1.29 x 10-3 g/cm3

MW = wet molecular weight of flue gas

= (0.0021 x 44) + (0.0003 + .7608) x 28

+ (0.1878 x 32) + (0.049 x 18)

= 28,29
MA = 28,97
P

= 75.3 - A = 75.3 cm Hg

Pcyc1 - APcyc2

and Potg = 76.0 cm Hg

Thus for Cyclone 3:

- 1.29 x 103 28.294(75.3y¢ 273
P3 * (28.97)(76.0)( 273+149)

= 0.807 x 10~3 g/cm?

The pressure drop created by Cyclone III (needed to calculate the inlet
rate for Cyclone IV) can be estimated by treating the cyclone inlet and
as orifice plates. The pressure drop for an orifice plate is given by:
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Pq ( v )2 dynes/cm? = 3.75 x 10> Py ( v )2 cm Hg.

€3

(19)

flow
outlet

(20)



where

pg = gas density at orifice inlet, g/cm3
v~ = plug flow gas velocity, cm/s
and cg = coefficient of discharge, dimensionless

The coefficient of discharge can be taken to be 0.61 with suitable accuracy so
the equation becomes:

AP = 1.008 x 10~% Pg v2 cm Hg. (21)
and v = 22 (22)
m i,o

is respectively the

where Qn is the volumetric flow rate in cm/s and Di,o

cyclone inlet and outlet diameter.

Q is given by:

P
Q = Qinlet ¥ ;E (23)
where Qinlet = cyclone flow at stack conditions, cm3/s
s = absolute gas pressure in the stack

and P = gas pressure at the inlet to the part of the

cyclone being considered

=Py - {sum of the APs of the preceding cyclone inlets

and outlets)

Thus AP,; = 1.008 x 107 x (0.807 x 1073) x ( —22 241 )2

m™=x 0.75 x 0.75

1]

0.024 cm Hg.

75.3
75.28 )2

™ x 0.8325 x 0.8325

4 x 241 x

and APy = 1.008 x 10~ x (0.807 x 1073) x (

0.016 cm Hg.

0.024 + 0.016 cm Hg. = 0.04 cm Hg.

or AP,
The Reynolds number is given by:

Re = 20 Q (24)
TyuD

where for Cyclone 3
Q = 0.51 acfm = 241 cmi/s
D, = 0.75 cm

Therefore
=3
4x0.807x1077°x241 _ 7449

mx230x10~0x0.75

R83 =



and
(1n /@50)3 = A; (lnRey) + B3(1nRe3)1/2 + C,

4.733 (1n 1410) - 29.374 (ln 1410)1/2 + 43.121
-1.673

Thus for this run

(VP5q)3 = 0.1877

and (1[)50)3 = 0.0352
18y Dy
= 50 y1/2
Now Dgy = ( Y )
P
22 [ —0.44D50 )]
where C=1+—11.23 + 0.41 exp ( ———
Dsg L
When .
D5p/%2 >2.7 the exponential term can be neglected so
2.462
C=1+ (25)
D5 g
The mean free path, £, is given by the expression:
0.7923p
where U = viscosity in poise
T = temperature in °K
MW = wet molecular weight of the flue gas
and P = pressure in cm Hg.

The above approximation for C, neglecting the exponential term, will generally
be applicable in reducing cyclone data and makes it unnecessary to use an
iterative method of solving for the stage Dg,S. This greatly facilitates hand
calculation. The computer data reduction program which is provided in the
appendix does not use the approximation and solves for the DgyS using the more
generally applicable iterative technique.

Therefore

-6
g, = L7775%230x1077 /~r3737T50y /283

9.36x10 %cm = 0.094pm

D.. 2 = 18u Dy, ¥sy (27)
50 cC Pp V

18uD; D
= in%s0 for ——%g >2.7
(1 + 2.46%

D5y




or
18uD;n¥sg

Dgg2 + 2.46¢Dgg - ( —s—5— ) = 0

Therefore

jw)
1]

e = [1/2] (-2.462 + [(.462)2 + 4(18uDin¢50)/(ppUin)])1/2

-1.23g + [1.513g2 + (18uDin¢50)/(ppuin)]1/2 (28)

The inlet velocity for a cyclone is given by

Vin = | ?ﬁ )2 ]« i ) (29)
%0’ 3

So for Cyclone 3

U = Ax241 545 cm/s

in  mx(0.75)2
Therefore for Cyclone 3

11 , 18x230x107°%0.75x0.0352 1/2
T X 545

Do = -1.15x107° + (1.513%8.76x10~

= -1.15x10-5 + (1.325x10-10 + 2.005x1077)1/2
= -1.15x10"> + (2.006x10-7)1/2
-1.15x10"° + 4.47x107% cm

4.35x10°% em = 4.3 Hm

The Dg g for all five cyclones, calculated as above, will be found to be as
follows:

Stage 1 Dgy = 11.7 um

Stage 2 Dsg = 7.7 um

Stage 3 Dy = 4.3 um

Stage 4 Dgg = 2.9 um

Stage 5 Dy = 1.2 ym



7.3.2 MASS LOADING

After the D has been calculated the process of transforming the stage
weights into particle size distributions can begin. Sample run data needed
(other than those given above) are sampler flow rate, Q; stack temperature, TS;
stack pressure, Pg; sampling duration, t; and the mass collected each stage,

:« The mass loading, My, is calculated from the total gas volume sampled,
Oot, and the total mass, M , of the particles collected:

My = e (309)
where M =) MA (31)
3
where
j = stage 1, stage 2, stage 3,...stage n, backup filter,
N = number of stages in sampler.

It is convenient to let the first cyclone have a j value of 1 and the
backup filter a j value of N+l.

Thus
N+1

M o= ) MA
j=1
The preferred units of M; are milligrams per cubic meter of gas at dry
normal conditions (mg/DNm3). Normal conditions are defined as 20°C and 760mm
Hg (Torr). In addition, the mass loading may be given in mg/am3 {(milligrams

per actual cubic meter at stack conditions), gr/dscf (grains per dry standard
cubic foot), and gr/acf (grains per actual cubic foot).

For this run,

M. = 12.86 mg

7.39 mg/am3
L (14.5 x 10-3m3/min) (120 min)

11.3 mg/DNm3



7.7.3 CUMULATIVE SIZE DISTRIBUTION

The percentage of the total mass sampled contained in particles with
diameters smaller than a particular Dggy is designated the cumulative percent of
mass smaller than Dg,. It is the mass accumqlated to stage j divided by the
total mass collected on all the stages, and converted to a percentage:

N+1
3 MA
i=j+1
CUM %. = X 100% . (32)

j
My

For stage 3:

(.10 + 0.30 + 1.28) mg . 1q03

CUM 3, 12.86 mg

20.83

The cumulative mass loading (at normal conditions) of particles smaller in
diameter than the corresponding Dgy for a particular stage i is given by:

N+1
) MA,
i=j+1 T. (760 mm Hg) 1
CuM (DN)§ = x —= . x (33)
ot Ps (2937°K) (1 - fHZO)
where: T, = stack temperature, °K,
Py = stack pressure, mm Hg{
fH20 = fraction of water vapor in the gas sampled.

The cumulative mass loading (at actual conditions) of particles smaller in
diameter than the corresponding D5y for a particular stage j is given by:

N+1
MA.
i=j+1  *t
CoM (a) = oE (34)
3
For stage 3:
CUM (A) 3= 2.68 mg

(14.5x10-3m3/min) (120 min)
= 1.57 mg/am3

The cumulative concentration for Stage 3 at dry normal conditions, CUM(DN), is
then:



CUM (DN), = 1.57 mg/am® x (148.9+273°K) (760mm Hq) , 1
3 (753mm Hg) (293°K) 1-0.049

2.40 mg/DNm3.

CUM (DN),

For graphical presentation, the cumulative mass loading is plotted as the
ordinate and the corresponding aerodynamic D5, as the abscissa.

7.3.4 DIFFERENTIAL SIZE DISTRIBUTION

The mass concentration for each size range defined by the D cut points
is labeled AMj and is calculated by dividing the mass collected on each stage
by the total volume of gas (at normal conditions) sampled.

AMy = x —={160mm Ha) ! (35)
Qt P, (293°K) (1-£g o)

For stage 3:

M, = ~—5-5L g — x 1.53

(14.5x107°m°/min) x 120 min

AM; = 1.59 mg /DNm3
Now Alog D is defined as:

(Alog D)j = log10 (DSOj—T) - log;, (Dsoj) (36)
For stage 3:

(Alog D)3 = logyy (7.7) ~ log,, (4.3)

(Alog D)3 = ,25

In the calculation of Alog D for the first cyclone, the maximum particle
diameter is used. For a maximum varticle diameter = 100.0 um:

(Alog D); = logj, (100) - log,, (11.7) = 1.11

A pseudo D, for the filter stage (N+1) is often obtained by arbitrarily
making it to be half of the D5y of the last cyclone (stage N).

50N~ 39

(Alog D)yyq = 109, (B5oy) = 109y

The differential mass distribution is calculated from:

AM. AM.
] 3
. S = (37)
Alog D (Alog D)j 10910(D50j—1) - 10910(D50j)




For stage 3:

AM AMg 1.59 mg/DNm3
= = 6.36 mg/DNm3.
Alog D3 (Alog D)3 «25

The differential size distribution is usually plotted as the ordinate on a
graph where the abscissa is the geometric mean diameter, GMDj, for the
corresponding stage j.

_ (38)

For stage 3:

GMD, = /DSO3 < D502 = /4.3 x 7.7

GMD, = 5.8 um.

As in the Alog D calculation, the maximum particle diameter is again used
for the first cyclone calculation and half the D5y of stage n for the filter
stage calculation. For the first cyclone (assuming the maximum particle
diameter = 100 um):

GMD, = VYT0.7 x 100 = 34.2 um

1

and for the backup filter:

GMDy,q =7V (Dggy / 2)XDggy = (Dgyy / Y2)=0.85

The finite~difference method used here results in values for AM/Alog D for
the first cyclone and the backup filter which can have little physical meaning
because of the large size intervals covered by log D.

An alternative method of calculating the differential particle size
distribution is to measure the slope of the cumulative mass loading curve at
selected intervals and plot this slope versus the corresponding particle size.

A differential number distribution can also be derived. Since AM: is the
mass per unit volume for stage j then we can define AN. as the number of
particles per unit volume for stage j. WNow AM: and AN: are related by the
equation AM; = AN. x M, where M, is the average mass Of the particles
collected oh one Stage. Dividing both sides of the equation by Mp X Alog D
yields: .

(AM/Alog D)j

D.
Mp 0g j
Now M, = p V where p is the assumed density of the particle and Vp is the

average volume of one particle on one stage:



Ty, (GMD) 43

Mp = p (40)

Therefore:
(AN/Alog D)y = 6 (AM/AlogD)j/wpp(GMD)j3 (41)

For cyclone 3:

]

(AN/Alog D), = 6(6.36 mg/DNm3)/(3.14 (103 mg/cm3) (5.8 x 10~*cm3)

(AN/Alog D)y = 6.23 x 107 particles/DNm3.
The results for all stages from the run, for each form of the
digtribution, are given in Table 2.

7.3.5 Combining Data from Multiple Runs

The previous parts of this section deal with the analysis and presentation
of data from a single run (sample). However, in some cases a number of runs
will be made at each source and condition tested, and the data from these
several runs are to be combined or averaged to produce the desired final
distribution. These runs may represent repeated samples taken at a common
location, or they may be samples taken from a number of locations across a duct
to insure that a representative result is obtained in circumstances where
stratification may or does exist. Even under the best of circumstances,
combining data from multiple samples can be difficult. Differences in sampling
flow rates, temperatures, and perhaps in the hardware used from one run to
another will result in variations in the cut diameters (Dso's) for any one
stage from one run to the next at any location. Because of these differences
in stage Dso's, it becomes improper to simply average the results for
individual stages or to directly compare them for calculating control device
efficiencies. The solution to the problem is to generate a continuous analytic
function (or series of functions) which fit the measured results for each run.
Interpolation using these functions permits one to express the results of all
the runs at a common set of selected diameters. Once the data are adjusted to
a common diameter basis, it becomes a simple matter to average and compare
runs. Adjustment to a common set of selected diameters also facilitates
comparison with data taken at other sources, or using other instruments.

Two approaches have been tried in generating analytic expressions fitted
to measured data. In one approach, least squares or other optimizing
procedures are used to fit any one of a number of common distribution functions
to the data (e.g. the log-normal function). However, except in rare instances,
these functions are only approximations and may be poor approximations at that.
The more widely favored and used approach is to make a piecewise continuous
spline fit to the data. Usually such a fit is made to one of the forms of the
cumulative distribution because in the limit the stage cuts become true step
functions and, fits to the cumulative distribution become exact. In any case,
such techniques provide useful interpolation methods, and, by making use of
some boundary conditions, can be used to make reasonable extrapolations beyond
the size range spanned by the largest and smallest Dgy's of the sampler.
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A spline technique was recommended for use by the ARB and is implemented
in the computer data reduction package detailed the Appendix. The technique is
a modification of one proposed by Lawless (1978) in which a cubic spline fit is
made to the cumulative percentage form of the measured distribution in log-
probability space. Modifications have been made to Lawless's technique to
insure that no negative slopes are generated and to force continuity in slope
in the extrapolation regions beyond the span of the c¢cyclone Dgy's. The results
of the fit to the cumulative percentage data points are converted back to a
concentration basis for the remaining steps. Once obtained, the analytic
expression(s) for the fit can be used to generate values of the cumulative
distribution at user selected particle sizes and can be differentiated to
obtain values of dM/dlogD at any desired diameter. Results from the spline fit
to the data from the sample run used in the previous paragraphs can be found as
an example the Appendix and were shown in Figures 21 through 23.

An alternative spline fit procedure was developed by Johnson et.al. (1978)
as a part of the development of CIDRS (Cascade Impactor Data Reduction System)
for the US Environmental Protection Agency (EPA). In the EPA CIDRS the fit is
made in log-log space to the cumulative concentration form of the distribution.
Modeling of impactor performance in sampling unimodal and bimodal particle size
distributions and comparisons of the resulting apparent distributions produced
by the EPA CIDRS with the originals showed excellent agreement within the span
of the impactor Dgy's and fair agreement in extrapolations to beyond a factor
of two in diameter from the limits of the measurement range (McCain et.al.,
1979). Similar tests of the EPA CIDRS by Smith et.al. (1982) showed that the
maximum errors which might be expected in extrapolations of cumulative
concentrations to diameters of about twice the Dgg of the first impactor stage
were about 15% and typical errors would be 5% or less. Because most aerosol
size distributions are approximately log-normal, the curvatures of the
distribution plots are much less radical in log-probability space and
consequently easier to fit without generating artifacts; therefore, the cubic
spline fit in log-probability space was selected for use by ARB. Experience in
fitting the same data by both the Lawless and SoRI techniques has shown good
agreement between the two when the data are well behaved and superior
performance by the log—-probability fit when the cumulative concentration curve
showed extreme curvatures. Therefore, the errors associated with the
extrapolations made using the Lawless method are expected to be comparable to,
or smaller than, those from the EPA CIDRS technique.

Averages of size distribution data are generally desired in both
differential and cumulative forms together with measures of the scatter in the
data (e.g., variances and/or confidence limits). Having obtained the spline
fits, it becomes a simple matter to obtain average values of dM/dLogD and
associated variances for a standard set of user selected diameters. 1In
addition, standard statistical tests for outliers can be used to flag and, if
desired, remove values from the averaging process if they deviate too greatly
from the rest of the data. Outliers are identified by comparing the deviation
of the suspect data from the mean of the entire set relative to the standard
deviation of the set to the critical value of Student's t-Distribution for the
number of samples and desired confidence level. The value Xi is considered to
be an outlier and may be excluded if the following condition is met:
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> C (5-42)

where
X. = individual value,

mean of all wvalues,

=8

145]
L]

standard deviation of the data set,

Cn

critical value from Student's t-Table.

The application of this test requires that there be three or more runs to
be averaged. Care should also be taken by the user to not exclude values
arbitrarily which might represent real states of the process being measured.

The situation becomes more complicated when averages for the cumulative
forms of the distribution are sought. Direct averaging of data in the
cumulative percentage form is quite inappropriate because all information
regarding relative concentrations among the runs is lost in the cumulative
percentage distribution form. The average cumulative percentage distribution
must instead be generated from the average cumulative concentration. Because
errors in values for single impactor stages are propogated forward from the D50
of the stage throughout the remainder of the distribution, valuable information
from stages other than the one with the bad data will be lost if the cumulative
distributions are averaged directly with removal of outliers. On the other
hand if direct averaging is used without omitting erroneous values detected
through outlier analysis, the errors are incorporated in the final results. 1In
order to circumvent these problems, average cumulative distributions are better
constructed by numerically integrating the averaged differential distribution.
This results in the omission of data from the averaqing process only for sizes
in the immediate vicinity of the range covered by the stage(s) for which the
values are suspect. Variances for the resulting points on the cumulative
distribution curve are estimated by using the fact that the variance in the sum
of two quantities is equal to the sum of their individual variances.
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Appendix
Cascade Cyclone Data Reduction System (Cyclone CIDRS)

Although it is possible to reduce data obtained from cascade cyclone by
hand or with calculators, the number of calculations which must be done to
treat the data from just one run make hand calculations impractically
laborious. When the treatment of data from multiple runs is considered it
becomes obvious that a computer is regquired, In March 1978 a system of
programs known by the acronym "CIDRS" (for Cascade Impactor Data Reduction
System) was published for this purpose for cascade impactor applications 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 of CIDRS written in BASIC for the TRS-80
micro-computer in March 1980. The system described here, Cyclone CIDRS, is a
modified version for cyclones of 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 cyclone
configurations used in sampling for later use in calculating stage D50's.

4) Reduce the data from individual 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) Plot the size distributions and fractional efficiencies obtained
above,

In Addition, programs are also provided to facilitate program selection,
for carrying out disk file "housekeeping” chores, and defining orifice
constants for use in flow rate calculations.

Cyclone CIDRS 1s written to be used with a single disk drive Apple II
system operating under Apple DOS 3.3. 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 is desired.

The programs making up Cyclone CIDRS are supplied on a single floppy disk.
This contains the data reduction programs, several necessary data files and
some sample data files. Also included is a configquration file for the SoRI/EPA
Five-Stage Cyclone Sampler. The disk is copyable and it is recommended that
the original be write protected and preserved as a master copy and duplicates
be used as working versions.

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

CYCPROG - This is the main program of the system. It accepts and reduces the
raw data from individual runs. The program calculates stage D50's, particle
concentrations for each stage, 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., The
final results can be saved to disk 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
CYCPROG.

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

DEF/CYC - This program builds files containing specific hardware information on
the cyclone configurations used in sampling. Information on the type of
cyclone (round or rectangular inlets), number of stages, inlet and exit
dimensions of the jets on each stage, and calibration constants for calculating
values of /ﬁg; for each stage must be entered. The information in these files
is used by CYCPROG for calculating the stage D50's.

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



Combining data from multiple runs is accomplished through 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 anisckinetic 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.

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 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 whether the data to be
plotted is from single run analyses (files from CYCPROG) or from combined runs
(files from STATIS.)

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.
The results are plotted in the same three forms as used in the single run
plotting, Error bars representing 20% confidence limits are also shown.

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 linking 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.



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

Field setup for a run can be facilitated by program SETUP. This is a program
for reducing velocity traverse data, selecting nozzle diameters and flow rates
for isokinetic sampling, selecting metering orifices for impactor sampling, and
generating orifice meter pressure drop settings for sampling.

Most of the programs in Cyclone 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
"g" are strings, and all that end with a "(" are arrays. Samples of the
results from each program follow the respective detailed descriptions. WNo
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 CYCPROG and the auxilliary programs, as shown below:

MAIN MENU
TO SELECT OPTION ENTER APPROPRIATE NUMEER

1) ORSAT

2) METHOD 4 (H20)

3) CYCPROG

4) DEFINE CYCLONE CONFIG.
5) DATAPLOT

6) STATIS (AVERAGE RUNS)

7) DELETE RUNFILE

8) DEFINE ORIFICE CONSTANTS
9) RUN SETUP

Q)UIT

YOUR CHOICE

MATN 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 CYCPROG program.

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

3) CYCPROG is the primary program.

4) DEF/CYC write files on the cyclone inlet and exit diameters and calibration
constants for the specific cyclone in the set. The program CYCPROG uses this
file information to set the number of stages for the particle sample weight
input data page (page 3 of 3 of input data to MPPROG) and for calculation of
the stage D50s.



5) DATAPLOT loads the binary plotting routines and allows selection of data
from CYCPROG or STATIS 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 CYCPROG output will show the actual original
points (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 CYCPROG 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) DELETE RUNFILE- This program deletes old impactor run files from the disk
and an index catalog that is accessed by STATIS and CYCPROG. 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.

8) DEF/ORI - This program accepts calibration data for flow metering orifices
and calculates the value of the calibration constant, AH@, used in setting up
for a sampling run. The data and results can be printed and/or saved to a disk
file for later use.

9) SETUP - This program accepts data from a pitot traverse (pitot Ap and
temperatures) and calculates point and average velocities from the traverse
measurements. The flue gas composition, barometric pressure, and stack
pressure are also required as input data. The program can then be used to
provide flow rates for isokinetic sampling for each nozzle size which one has
available, thereby facilitating nozzle and flowrate selection for isokinetic
sampling. After a nozzle and flow rate are selected, the program will provide
the required orifice meter setting needed to obtain the selected flowrate.

Q) Exit to BASIC.

If you plan to input cascade impactor data into the CYCPROG program, you
will first need to input data into ORSAT and METH4 (and DEF/CYC if you are not
using a cyclone set 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 1in.



Description of Variables

A - option selected
A$ - input dummy
D$ - DOS command flag



ORSAT

ORSAT is a program for generating a disk file of the dry gas composition
to be used in CYCPROG 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 V 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 Save).
The input data will be saved for use in CYCPROG, which performs the particle
size data reduction calculations, and control will be passed back to the MAIN
MENU program.



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 -~ input 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$S( - print format statements
F1$ - hardcopy flag

F28 - 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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METH4

METH4 is a program for generating a disk file of the flue gas moisture
content to be used in CYCPROG 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).

METH4 V 1.0

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

1) YES HARD COPY OPTION

2) YES DISK FILE UPDATE

3) 0.000 GAS METER VOL. (CU FT)

4) 0.00 ML WATER COLLECTED

5) 0 GAS METER TEMP (DEG.F)

6) 0.00 GAS M. DP (IN.H20)

7) 0.00 P BAROM. (IN.HG)

8) 1.000 GAS METER CORR. FACTOR
0.000 MOISTURE CONTENT (%)

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

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$S( - print format statements

F1$ - hardcopy flag

F2$ - disk update flag

FMS$ -~ print format

MF - gas meter correction factor

PB - barometric pressure

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

TG - gas meter temperature

VG - gas meter volume

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

WA - volume of condensed water
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DEF/CYC

DEF/CYC is used to generate files to use in data reduction by CYCPROG.
These files contain the needed hardware information on the specific series
cyclone 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 name to be used in identifying the file, the number of
stages which make up the set and the constants for calculating the value of
/Egg'from the Reynolds numbers and the inlets and outlets diameters for each
cyclone The files can be called up for review by simply entering the name of
the set. The disk files can be updated and printed copies of a configuration
file 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 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.



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

3) Cyclone set: The file name to be used is the set 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.

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

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

6) Enter the number of stages making up the set configquration. This does not
include the backup filter. The program is dimensioned for a maximum of 15
stages.

DEFIMP V2,4-Page 1 of 2

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

FILE NAME: ~—————w———
4) DESCRIPTION:
5) SHAPE OF JETS (CIRC./SLIT): CIRC.
6) NUMBER OF STAGES: 0

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.

A, B, and C are the constants for calculating szo from the Reynolds
number.,

DEFIMP V2,4-PAGE 2 of 2

STAGE INLET EXIT
NO. A B C DIA. DIA.
1 0 0.000 0.0000 0.000 0.00
2 0 0.000 0.0000 0.000 0.00
3 0 0.000 0.0000 0.000 0.00
4 0 0.000 0.0000 0.000 0.00
5 0 0.000 0.0000 0.000 0.00

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 information will be printed and/or saved to disk depending on the users
selected options.

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 2490, with pre-existing files being checked
and loaded in lines 2367 through 2450. 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.
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Identification of Variables

A - option selection dummy

A$ - 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

JD{ - inlet diameter

JK( - /ﬁg; constant, A

JL{ - outlet diameter

JN( - Y¥_. constant, B

Js( - /E?% constant, C

N$( - names of sets on file

NIS$ - set name

NM$ - set file name

NS - number of stages

OK - flag for pre-existing file

P - menu page number

PF - format selector

R§ - dummy for input and printing
RMS - set description

SH - set type flag

SHS - set type

TI - number of set on file

Y$ - input dummy
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CYCPROG

This program is the heart of the entire system and is the longest and most
complex program in Cyclone CIDRS. The required inputs are cyclone set
configurations from DEF/CYC, stage weights from the cyclone 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 cyclone 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 Aerodynamic, and Impaction Aerodynamic.

2) Obtaining printed output of the input data and the results.

3) Saving either or both the input 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
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. 1In
the fifth block, the best log-normal fit is made and the spiine 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 CYCPROG Program from the Main Menu, press 3 and then the
Return key. Then the CYCPROG program will load and run. 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:

CYCPROG V3.1 - 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%
CO2 00.00% CO 0.00%
02 0.00% N2 00,00%

10) Sampler Type:
11) Particle Density 0.00 GRAMS/CC
12) Orifice ID (optional):

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

CYCPROG, Page 1 of 3, as shown on screen

If you wish to enter or change the 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).

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 is
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)

11)

12)

Enter run designation (ALPHA NUMERIC).

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

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 sample run (ALPHA NUMERIC). If
lengthy comments are made, some of the menu items may be pushed off the
screen display.

The percent water wvapor 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 cyclone set that was used in DEF/CYC for
specifying the hardware configuration. Data on the number of stages,
stage geometry, and stage calibration constants will be obtained from
the impactor file which was generated by the program "DEF/CYC". You
must run "DEF/CYC" before CYCPROG to generate the cyclone file unless
you select a configuration which is already on file. A hardware
definition file for the SoRI/EPA Five-Stage Cyclone Sampler is stored
on the disk under the name SORI5/IMP. Enter only the selected name
(such as SORI5). Do not include 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 prcgram 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.
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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:

CYCPROG, Page 2 of 3 as shown on screen

Now if you wish to enter the cyclone 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 CYCPROG are as follows:

1) 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.

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

3) 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 METH5 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 sampler temp. (degrees F). May differ from stack gas
temperature.

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

Enter the stack gas velocity (ft/sec). This is optional but needed if
the isckinetic 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 isckinetic 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 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 CYCPROG data entry is shown in below:

Cyclone Version 3.1 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 8 BLANK SUBST. .00 MG
MASS GAIN OF 9 BLANK FILTER .00 MG

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

CYCPROG, Page 3 of 3, as shown on screen

Note that the number of stages shown on the monitor screen is dependent
upon the sampler specified in item #10 on page 1 of 3 of CYCPROG. For example
the SORI5 has 5 stage weights, 1 filter weight, 1 blank cyclone weight, and 1
blank filter weight (8 weights in total). '

To enter the masses collected by the stages, the outlet filter, and 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 stage weight other than a blank 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 CYCPROG from the test number, the
run number, and the test type (inlet to control equipment or outlet from
control equipment). An example of a filename is T1R2.0T (corresponds to test
#1, run #2, outlet from contrcl 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 and then proceed to calculate the DSOS'
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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 and/or raw data
are to be saved to disk. 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 CYCPROG.
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 validity of disk files from which input is requested. Cyclone
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. An 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 is straightforward and self-explanatory.

Calculation Sequence

Upon 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 flow rate at standard conditions 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, 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 inlets and outlets as orifice plates
having coefficients of discharge as of 0.61.



4) Theoretical stage constants for D50 calculations are calculated,
in lines 5051 and 5052. The stage constants are calculated from curve fits to
calibration values of szo versus Re (Farthing, 1985).

5) stage D50's are calculated in an iterative loop from lines 5000 to
5160. In 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 wvalues 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. BAny 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 is 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 CYCPROG

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

CO-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

D0-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

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 total pressure drop

DP( - stage pressure drops

DQ - dummy used in spline interpolation

DQ{ - dummy used in spline fit

DTS - date

ET - convergence test value in spline fit
F$ - format strings

F$( - format strings

F( - gas composition fractions as array

F1 - flag for diameter basis on which spline fit is made

FC - blank backup filter weight gain

FF - backup filter weight gain

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

FI - number of reduced data sets stored on disk
FI$ - file name for reduced data
FL. - flag in normal and inverse normal transforms



FR - constant used in transforming form deg. ¥ to deg. Rankine

FS - cyclone flowrate at dry normal conditions

GD - gas density

H( - 1st differences for spline fit

H1l, 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$ - cyclone type

IN$ - cyclone comments

IS -~ percent isokinetic

J - loop index

JD( - inlet and outlet diameters

JK( - YY_., constant, A

IN( /Ei& constant, B

Js( - /ﬁ?& constant, C

K - loop index & counter

L - mean free path

L$ - test location

L1-19 - used in log-normal fit

LR - Log (Reynolds number) in base 10

LT - Ln(10)

L.Z - 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

Md - wet molecular weight

MW( - individual constituent molecular weights

MX - number of menu items per page

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

OK - file validity flag

OM - relaxation parameter used in spline fit

OP - metering orifice pressure drop

P - menu selection variable

PB - barometric 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



QC - flow rate conversion factor cfm to cc/s
QI - sampler flow rate (acfm at impactor conditions)
Q0 - orifice flow rate

QS - sampler flow rate at dry standard conditions
R$ - dummy string for input and printing

RE( - stage Reynolds numbers

RH - particle density

RN$ - run designation

ROS$ - corifice ID

RR$ - run remarks

S - number of cyclone stages in set, does not include the backup filter
S1 - used in spline interpolation

s2(, S3( - used in spline fit

SC - weight gain of blank stage

SH - sampler type flag

SI( - values of /$§; for each stage

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

TI - sampler temperature

TK - temperature, deg. K

TM - gas meter temperature

TN - test number

TNS - test remarks

TS -~ stack temperature

TX, TY - dummies for sorting

U - gas viscosity

U( - single constituent viscosity

VJ{ - stage inlet velocities

VM -~ meter volume

VI - total pressure drop

W - goodness of fit estimater for spline fit
WA - volume of condensed water

X - dummy for file input

X3 - input dummy

X( - array of log(D50)'s

X0 - maximum particle diameter

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

XP( - array of standard diameters

XX - dummy for printing

XX( - LOGs of standard diameters

X¥$, XZ$ -~ dummies for printing

Y - test number
Y( -~ normal transforms of cumulative percents
¥Y1( - slope of spline fit
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Y2( - used in spline fit
YY$ - dummy for file checks

YY( - cumulative percents in probability space
2Y - error flag

ZZ$ - dummy for file input
ZZ${ - names of files in index file
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FEFEXAXXFFAXEXXXEXXXCYCPROG V

—

.

1

FEXXXREXRAXERAXXKELAX

FFEFEEXAXLEEX INPUT DATA XXEXXRXXXXXX

1Y PART. DIAMETER

2)DATE OF TEST:
3IDTIME OF TEST:

4) LOCATION QF TEST:
S)TEST MUMBER 8 REMARKS:
4)TEST TYFE
7Y RUN NUMBER: DEMO-FILE NAME:TARDEMO.OT

8) RUN REMARKS: EXAMPLE FROM PROCEDURES MANUAL

18) SAMPLER TYPE: SORIS SORI 3 CYC’S
11 PARTICLE DENSITY

CUTLET

1.88 GRaMS/LC

CLASSICAL AERODYAMIC

(NEW#4) WITH WEF’3 CONSTANTS

{KEYBO&RD)

PIWATER VAPOR 4.%8/%
coz . 22% Co .83
02 19.75%4 N2 86.808X

12> ORIFICE ID :

1> GAS METER VOL

2> SAMPLER DELTA P .88 IN. HG.

I ORIFICE DELTA P .88 INCHES HZ0
4) STACK PRESSURE .B8 INCHES H20
5) BAROMETRIC PRES 29.88 INCHES HG
6) STAHCK TEMP 3088 DEGREES F
7YMETER TEMP ig8 DEGREES F
8) SAMPLER TEMFP 380 DEGREES F
9)SAMPLE TIME 126 .86 MINUTES
18>AVG GAS VEL 58.88 FEET/SEC
11D ORIFICE PRES .88 INCHES HG
12YNQZZLE DIA . 188 INCHES

13)MAX PART - DIA

MASS
MASS
MASS
MASS
MasSSs
MASS

MASS
MASS

GAIN
GAIN
GAIM
GAIN
GAIN
GAIN

GAIN
GAIN

ON
ON
aN
ON
ON
ON

QF
OF

STAGE
STAGE
STAGE
STAGE
STAGE
FILTER

N W e

BLANK SUBSTR
BLANK FILTER

3.32
35.83
{.81
1.18

.38
1.28

ATE

1886 .8 MICRONS

MG
MG
MG
MG
MG
MG
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RRRXAXENX RESULTS RERXXKREEXX

ACTUAL FLOW RATE .31t CFM

FLOW RATE AT STANDARD CONDITIONS . 334 CFM

PERCENT ISOKIMETIC 88.423 «

VISCOSITY 22%.2E-4s86M/CH SEC

CALCULATED SAMPLER DELTA P = 54 IN. HG

STAGE CUNN . bp DP CUM. INLET SART

CORR. DP{(CLAS AERD (IMP AERD FREQ. RE PSISH

1 1.822 i1.481 11.524 74,1835 832 220
2 1.832 7.4880 7.B883 34.9145 1882 213
3 1.857 4.344 4.467 28 .8398 1443 . 187
4 1.886 2.718 2.832 12.2862 2122 227
5 1.284 1.23¢9 1.348 ?.9533 3548 . 228

TOTAL MASS CONCEMTRATION = 1.13E+81 MG/DRY NORMaAL CUBIC METER

SPLINE FIT ON CLASSICAL AERODYNAMIC DIAMETER BASIS

PARTICLE DIA. CUMFR CUMFR CuM.MASS DM/DLOGD

(MICRONS) (STDDEW (PERCENT) (MG/DRY N.CU.METER)
188 - 1.,8483 4.96 S.62E-81 2.87E-91
. 159 - 1.3581¢ 5.68 6.43E-81 4.30E-91
.251 - 1.5153 4.48 7.34E-61 4,77E-81
.38 - 1.4486 7.37 8.34E-81 S.27E-81
431 - 1.3820 8.35 ?.45E-461 5.79E-481
1.688 - 1.3154 ?.42 1.87E+80 4.33E-81
1.585 ~ 1.2488 18.59 1.26E+69 46.986E-01
2.512 - 1.2514 18.54 1.19E+880 2.25E+00
3.981 - .8773 19.82 2.15E+468 5.95E+008
6.318 - .8224 26.49 3.82E+960 6.48E+08
16.880 . 2538 40 .82 6.79E+080 2.74E+01
15.8580 2.3798 ?9.13 1.12E+81 3.22E+80
25.129 4.8822 166.00 1.13E+81 5.38E-84
37.818 7.2332 186 .80 1.13E+81 2.40E-14a
&63.1080 ?.4839 1608.0848 1.13E+81 2.41E-1%
1660.064 12.1795 100.00 1.13E+01 3.89E-31
158.56 14.7362 106 .40 1.13E+81 @.08E+60
251.28 17.4452 1608 .060 1.13E+81 8.88E+B8
398. 180 28 .3657 166 .94 1.13E+81 B.8BE+94
631.89 25.3436 160 .08 1.13E+81 g.00E+50
¥%¥%¥ INHALABLE PARTICULATE MATTER XXX
CUM MASS LESS THAN 1.888 MICRON: 1.87 MG/DNMZ { 9.42 X0
CUM MASS LESS THAN 2.512 MICRON: 1.19 MG/DNM3 ¢ 18.54 X
CUM MASS LESS THAN 19.868 MICRON: &.79 MG/DNM3 ( 68.82 Y0
CUM MASS LESS THAN 15.856 MICRON: 11.22 MG/DNM3 { 99.13 YO
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XXXX RESULTS CONTINUED ¥%X¥¥%
LOG-NORMAL SIZE DISTRIBUTION PARAMETERS
LEAST SQUARES LINE: Y=-1.78 + 1.86&X
MASS MEDIAN DIAMETER: B.912

GEOMETRIC STANDARD DEVIATION: 2.454
CORRELATION COEFFICIENT: 799
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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

Upon selecting the source, the program loads the appropriate

to be plotted.
The selection of the source is

BASIC program to deal with the actual plotting.
made by entering one of the following:
R - plot data from CYCPROG (single run data, run PLOT3)

S - plot combined run data from STATIS

There are no user modifiable variables in the program.



PLOT3 and STATPLOT

PLOT 3 and STATPLOT are programs for plotting size distribution results.
PLOT3 plots single run data from files generated by CYCPROG, while STATPLOT
plots combined run results from STATIS. 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 abcissa 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 CYCPROG.

2) Differential distribution - Done in a log-Log format with particle diameters
as the abcissa and dAM/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 CYCPROG. Error bars representing 90% confidence limits are added
if the data are from STATIS.

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.

The range of the particle size axis is fixed in the program as 0.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 1is 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. 1In 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.

A-36



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 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 CYCPROG:

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 maximun
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 displaved 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 concentraticn 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.



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
DS - DOS command flag

DO-D3 - used in normal transforms

D5( - stage D50s on selected diameter basis
D6{ - stage DS50s on Impaction Aerodynamic basis
DB - sorting dummy

DBS -~ diameter basis

DG( - dM/dLogD

DL -~ sorting dummy

DTS - 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
TS - run time

TC - total concentration

X1 - dummy wvariable

X2 - dummy used in normal transform

X3 - linearized cumulative fraction

XP( - array of standard diameters

Y¥$ — 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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PURGE RUNFILE and PURGE IMPACTOR FILE

These programs are used for purging obsolete reduced run data files and
sampler 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
here together.

Program Operation

A catalog of the disk will be displayed and the user will be prompted for
entry of the file to be deleted. 1In the case of deleting run files, the test
number, run ID, and test type will be requested and the file name will be
constructed from these. 1In the case of impactor files, the name of the
sampler (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 inline 230.

Description of Variables

D$ - DOS command flag

I - loop index

I$ - inlet/outlet flag

K( - flag for index of run/sampler to be dropped
M -~ number of names left in index file after deletion
MMS$ - name of sampler file to be deleted

NM$ - name of sampler or of runfile to be deleted
NR - number of entries in the index file

R$ - input dummy

RN$ - 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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SETUP

SETUP 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 and cyclone 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 and cyclones, but it can also be used in conjunction with the program
MTOP for setting up to do Method 5 and Method 17 sampling.

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) AMBIENT 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 CYCPROG followed by
"I" or "O" for inlet or outlet is suggested. This code can consist of any
alpha-numeric string without commas or semicolons.

2) Enter

3) Enter
traverse

4) Enter

5) Enter

6) Enter

7) Enter

8) Enter
mercury.

9) Enter

the number of ports used in making the traverse.

the number of points at which measurements were made along each
line.

the date in a form which suits the user. (NO commas or semicolons).
the oxygen content of the flue gas as a percentage on a dry basis.
the CO2 content of the flue gas as a percentage on a dry basis.

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

the barometric pressure at the sampling location in inches of

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 ech
of the number of ports entered on page l. Entering "N" will advance to the
page for the next port in the sequence. The program "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 0 0.00
2 0.000 0 0.00
3 0.000 0o 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.

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 Sampler 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 for impactor runs can only be numeric.

IMPACTOR OP & VELOCITY PROGRAM
1) RUN NUMBER (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 toc 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 5mm and decrease in
steps of .5mm to 2mm and then in steps of .lmm to lmm. These sizes are set in
lines 1750 through 183C. 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 systems,
smaller orifice meters are needed than are used with Method 5 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 O.1lcf. 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
orifice inlet pressures. It is desirable to us 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 problems at any one time, thus the flow can be set with 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 velocitiy output, the flow rate selection
segment, or to fall through to the velocity traverse data input as appropriate.
Input of the velocity traverse data is 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 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 1is done in lines 1110 through 1190 and
the options at that peint are handled in lines 1190 through 1240. The disk
save of the point wvelocities 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
sampler 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
AS$ - dummy for menu selections
A2 - substrate set number

Bl - 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 1l6ths 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 jumps

F9 - internal flag for jumps

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

FOS - format statement

G - sampler type selector

GS$ - date

Gl - % 02

G2 - % CO2

G4 - % N2

G5 - % H20

H1 - orifice calibration constant (H)
H2 -~ orifice calibration constant (H)
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loop index

sampler 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

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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NOTES AND OBSERVATIONS

Note Your Observations on the APPEARANCE of EACH
Stage, Subsirate, or Cycione Upan Disassembly

PRECUTTER CYCLONE

STAGE ZERO

STAGE ONE

STAGE TWO

STAGE THREE

STAGE FOUR

STAGE FIVE

STAGE 8IX

STAGE SEVEN

STAGE EIGHT

BACK UP FILTER(S)
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DEF /ORI

DEF/ORI is used to generate files to be used in data reduction by CYCPROG
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 AH@ 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: 2

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 1is 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: BEnter 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 "P" 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) (CFM) (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

PS( - 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( - pressure differential
Jb( - pressure
' JL( - temperature
JIN( - 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

Pr - format selector

R$ - dummy for input and printing

RMS - set description
TI - number of sets on file
Y$ - input dummy
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STATIS

STATIS is a program for combining data from multiple runs. STATIS
provides results by forming simple averages of the data from the selected
runs. The program 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 program as it is currently
dimensioned.

The program actually averages only the differential form of the
distribution. The values of dM/dLogD for the standardized set of diameters
generated and stored on disk by CYCPROG 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 removed 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 into 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 ".O0T" 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 CYCPROG 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 CYCPROG 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 next run to
entered, if any, will be advanced and a new prompt line for input option "3"
will be added.,

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 guestion 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
rmeaningful 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. If the results are to be saved to disk, a prompt
for a file name will be given. WNo index file is maintained for these file
namnes. If plots of the averaged results are desired or 1f they are too used
for calculating fractional efficiencies, they must be saved on the disk.



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 anisckinetic sampling are made in lines 3125 through 3150. The
Corrections for anisokinetic sampling are made using an equation developed by
Beleyev and Levin (1972).

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 pefformed 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 wvalues 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 is 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

DS - DOS command flag

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

DG( - dM/dLogD

DTS - run date

F$( - print format statements

FO$~F3$ -~ print format statements

FAS - print format statement

FBS - print format statement

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

FM$( - print format statements

FP$ -~ print format statement

I - loop index
I3 ~ input file type designation
IC$ - flag for anisockinetic correction

10$ - run type

IS - percent isokinetic

J - loop index

K -~ loop index

KF - constant in anisokinetic correction
L3 - 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

RNS - run designation

RR$ - run remarks

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

S( - standard deviations

SS - sum of squares of deviations

SX sum of dM/dLogD's

TS - 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

Y¥( - cumulative percent in probability units

Z - dummy for outlier test

2Z - dummy for outlier test

2728 - diameter basis
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MAIN MENU

1 REM XXXX MaAaIMN MENU %X%
7 DE = CHR$ (4
¥ HOME : PRIMT ° MaI MERMUY 2 PRINT @ PRINT

18 PFRINT "TO SELECT OPTION ENTER @&PPROPIATE MNUMEER®
11 PRINMT " i) RUN ORSAT"
12 PRINT " 2) RUN METHQD 4 (HZO» "
2 PRIMNT " 2 RUM “CYCPROGM
i4 PRINT " 4 RUM DEFIMNE CYCLOME COMFIG.™
12 PRINT " 5% RUNM DATaPLCGT"
14 PRINT " &) RUM STATIG™
18 PRINT " ¥) RUN DELETE RUNMFILE"
1 PRINT " 2} RUM DEFINE ORIFICE COMSTAMTS
286 FRINT " %) RUN SETUR®
88 PRINT " UIT™

F8  FRINT : INFUT "YOUR CHOICE" ;&%
73 IF A% = "G" THEN PRINT : HOME : END
FPoR o= WAl dadr
& IFA {1 OR A& % GOTO 76
116 IF A = | THEM PRIMT DE;"RUN ORS&T"
126 IF A = 2 THEM PRINT D#$;"RUN METH4"
138 IF A = 2 THEN PRINT D#%;"RUN CYCFROG"
148 IF A = 4 THEN PRINT D$;"RUN DEF/CYC"
198 IF A = S THEM PRINT D¥:i"RUN DaATaFLOT®
158 IF A = & THEN PRINT D$;"RUN STATIS
126 IF A = 7 THEMN PRIMT D%;"RUN FURGE RUNMFILE"
1835 IF A = g THEM PRINT D$;"RUN DEF-/ORI"
27 IF A = % THEM PRINT D#%;"RUN SETUR"
178 GOTG 76
Za8  IF & > 1 THEN PRIMT " PROGRAM MOT READY YET": END
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ORSAT

1 REM ¥% ORSAT PROGRAM U 1.@"

F REM ¥¥CREATES/UFDATES/LISTS ORSAT.OAT
= REM #$%%DRI VERS,Z&-NOU-7¥

4 REM X% SRI VERS.2/1/83

S REM

& DBOSUE $2977

7 DE = CHRE 4

18 F1$ = "YES":F2% = “YES"

188 REM ¥% MAIN PROGRAM %2

118 GOSUE 19680

izg GOSUE Zagé

128 IF Fisx = "YES" THEM GOSUE 2888
146 IF F2% = "YEZ" THEM GOSUBR 4684

145 PRINT
27  PRINT DEi"RUN MaIMN MERU®

7?28 GO0TO 1186

%7 EMD

igaa REM ¥¥ FORMAT DEFIRITION
1818 HOME
1gze F = |1
1628 FEoal
fade FEOD
1658 F${2
lash FEL30
1678 F${4D
1aga FEO3
1878 F${4

" ORZ&T W 1,80

1) & HaRD CoPY OFTION "

2y & DISKE FILE UPDATE

TOZy HCOH,H#E CARBON MONOXIDE 27
T4y HLAH. 8 CARRBON DIDXIDE XU
Sy HIBH.HE  OXYGEW WU

&) H{OH .88 MNITROGEW X°

1

il F$07) = 1 {04 884 DREY MOLECULAR WEIGHT®
1118 P2 = " # o#H . #HE EXCESS AIR WY

1126 COMERR GOTO 1178

1125  PRINT D#:"OPEN ORSAT.DAT”

1138 FRINT D%;"READ ORSAT.DAT"

1148 IMPUT CM,CD,02,NZ,MW,EX

1156 PRIMT DE:;"CLOSE ORSAT.DAT®

1148 RETURN

1178 FRIMT "ERRCOR:; TO CONTIMUE FRESS AMY KEv: ERROR CODE =
"y PEEK (222): INPUT A&$: GOTO 126

{120 FPRIMT D$;"CLOSE"

1198 RETURMN

1448 REM  ¥¥ MENU INSTRUCTICHS

2888 REM  ¥¥ MASTER MENU AND COMPUTATIONS
2085 HOME : FRINT F$(8): PRINT

2618 FRIMT "TO EMTER/CHAMGE AN ITEM PRESS MUMBER OF ITEM TH
EM NEW UALUE aND PRESS <RETURMD®

ZH26  GOTCO 2838

Z33@  UTAE &: CALL BUL,R$ ,FE(1) ,Fif: FRINT R$
2648 Call BU,RE,F$02) ,F2%: FRINT R$

2ASA  Call BU,RE,F$(2 ,0M: PRINT R

2648 CAlLL BU,RE,FE(4) ,CD: PRINT R%

ZATHE  CalL BU,R$,FE(S) ,02: FRINT R$

2a88 CALL BU,R$,F$(4) ,NZ: PRINT R$

2678 PRIMT



21l M = .44 ¥ CD + L33

2 O0¥ 02 4+ .28 ¥ (CM + M2
2118 X = 284 ¥ N2 - {02 — .5 ¥ CM): IF ¥ = 8 THEM E¥ = B: G070

2128

2115 EX = (02 - .3 ¥ CMx ¥ 188 / x

21z8  Call BURE,FEO7) ,MW: PRINT R3

2iza CalL BULRE,FEOE) ,EX: PRINMT RE: FPRINT

2148 X = CM + CD + 02 + NZ

2143 MME = "WARMING: TOTaL ADDS TO ##8<a# . #4, HNOT gk

2138 IF X ¢ > 189 THEN CALL BU,R%,MHE.X: FPRINT R=®

21s8  IF X { 2 AMD M2 > 8 THEM PRINT "WARMIMG: ENTER ¥ R&aTH
ER THaN FRACTIOMAL Wb UES®

2145 PRINT "

2178 WUTAR 21: PRIMT : PRINMT "SELECT S)AVE, OR ENTER NUMEBER
OF ITEM TO BE CHAMGED"

2175 VUTABR 221 HTAE 13: GET &%

2138 IF A% = "5" THEM RETURN

21598 a = UalL (A%

2123 IF A R A > & GOTO 2178

<01
2zed  IF A = 1| THEW Fif = "MO": FPRINT : GOTO Z8Zé@
2218 IF A = 2 THEM F2% = "MNO": PRINT : GOTO 2824
2Z21% HTAE 15: FRIWT Ty WTaR 23: HTAE 1S
2228 IF & = 32 THEN IMPUT "CM= ";CM: GOTO 2820
2228 IF & = 4 THEM INPUT "CD= ":CD: GOTO 2824
2248 IF A = S THEN IWPUT "0O2= ";02: GOTO Z&20
2258  IF A = & THEW INFUT "NZ= "iN2Z: GOTO z28z@

38868 REM xx HARDCOPY COPTIOM
2818  FRIMT "PRIMTED COPY CGPTION NOW BEING EXECUTED-TURM FRI

MTER ON aARND PRESS ANY KEY': GET a%

@12 PRINT

3813 PRINT DE;"PRH#L"

ZezZe  PRIMT AREAT DETA": PRINT

30538 Call BU,R#,FH(3Y ,CHM: PRINT R%

sas8 CALL BUR$,FEO3 ,CD: PRINT R%

3878 Cabll BU,R$,F$05y ,02: PRINT R%

26828 Call BU,R%,F%{4) ,NZ: FRINT R%

2128 Call BU,R%,FE(?) MW PRIMT R$

3128 CalLL BU,RF,FEO2) ,EX: PRINT R%

2148 PRINT D%;"FPRHG"

2138  RETURM

48866 PRINT

4881 PRINT DE;"OPEM OREAT.DAT": PRINT D#;"CLOSE ORSAT.DAT":
FRIMT D$;"DELETE ORSAT.DAT"

4885 FrE = "HEH, HE4~~~

4@87  PRIMT D#%;"0OPEN ORSAT.DAT®

46 1@ PRINT DE3;"WRITE ORSAT.LAT®

4828  PRINMT CM: PRINT CD: PRINT 02: PRINT MN2: PRINT MW: FRINT
EX

46328  FRINT D%;"CLOSE ORSAT.DAT®

4848 RETURN

43799 BU = PEEK (1Z21) + 254 ¥ PEEE (122> +
= PEEK (&) + 254 ¥ PEEK (7): CaALL BU +

284 CALL BU:BU
3: RETURM : REM

== DO NOT ELIT &439%%.
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£5535  REM
i

BUILDUSIMG (2.8) AFPPEMNDED.
COPYRIGHT (C) 1981
ROD STOVER
GISTRIBUTED BY:
SEMSIBLE SOFTWARE
==3 T0O REMOVE “aFFEMDAGES, EMTER:
IEXEC BU.STRIP

]



DU IS ST VS

-y

L

METHA

REM % METH4 PROGRAM W 1.8°

REM ¥RCREATESAUPDATESALISTS METHS . D&T
FEM #xEDRI “EF;.k;—Hﬁ“ i

FEM ¥% 5SRI VERS.Z2/27°82

FEM

GOSUE 482997

= (CHR: (&

18 Flg = "YES":F2% = "YEZ"

184
114
128
134
144
145
7
o8
Edda
tama
ig1a
1824
1638
teda
1858
1a48
1a7@
1624
1878
1164
111a@
112@
1125
11za
1148
1138
1148
117a

REM ¥ MAIM FROGRAM XX
GOSUE 1@se
GOSUE Zags

IF Fi$f = “YES" THEW GOSUB 3806
IF F2% = "YES" THEM GOSUE 4890
PRINT
FRINT Dfi;"RUMN M&IN HENUY
GOTO 116
ErD
REM ¥¥ FORMST DEFIMNITION
HOME
Po=1
Feray = © METH4 W 1.&"
FECLY = " 1) % HARD COPY OPTION "
F$(Z) = " 2y & DISK FILE UPDATE "
FEc3y = " 20 ##{aH.H## GAS METER MOL.CCUFT®
Feody = " 4) HH#C0H.HH ML WATER COLLECTED®
F${3) = " S H#H#¥ - GAS METER TEMPC(DEG.F) "
Feidy = " &) HHE{GH.H#H# GAS M. DPCIM.HzE"
FEi7) = " 73 HH .88 P BAROM.CIN.HGY "
Feegy = ¢ #ECAE BHR MOISTURE COMTEMNT 00

OMERRE  GOTO 1176

FRIMNT D#%;"0PEM METHS.DAT"

FRINT D% "READ METH4.DAT"

IMPUT WGE,MA,TG,PG,PR,BW

PRINT D#;"CLOSE METH4.DAT"

RETURM

FRIMNT “ERRCOR; TO CONTINMUE PRESS AaNY KEY; ERROR

"y PEEK (222): INPUT a%: GOTO 126

1ize
11246
t4aa
29460
Zea3
218

FRINT 0% ;" CLOSE®

RETURM
REM  xx MERU INSTRUCTIONS
REM % MASTER MENU AMD COMPUTATIONS

HOME @ FPRIMT F$(G): FPRINT
PRINT "TO EMTER/CHAMGE AN ITEM FRESS NUMBER OF

B MEM UALUE &ND PRESS {RETURR> M

2829
20328
28449
254
2844
zZava
20286

GOTO 26346

UTaE &: Call BUR$,F$01) ,Flf: PRINT R%
CALL BU,RE,F502) ,F2%: FPRINT R%

Calt BU,P%,FE03 ,WUG: PRIMNT R%

CAaLL BU,RE,F£04) WA PRINT E$

Call BU,RF,FEC3) ,TG: PRINT R%

CAaLL EU.R$_FER~).PG: PRIMT R$
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Zegs  CAaLL BULR% ,F£(F) (FBE: FRINT K

2896  FRIMT

2188 UH = 8472 x WA

2183 M8 = 17.45 ¥ UG ¥ (PB - PG ~ 12.58y 7 (TG + 4@

2118 IF UH + W5y = @ THEWN BlW = 8¢ E0T0 2124

2115 BW = VH ~ (UH + V&)

zZiza CAall BUR$F,FF02:,BW ¥ 188: PRINT RE%

2178 UTABR 21: PRINT : PRIMT "SELECT S)AVE, OR ENTER NUMBER

OF ITEM TO BE CH&MGED®

2175 UTAB 22: HTAB 12: GET A%

Zgigs  IF &% = "g' THEM RETURN

21?768 & = VAL {(as)

21?0 IF & £ 1 OFR & > 7 GUTO 2174

2268 IF & 1 THEM F1l% THOT r PRINT @ GOTO 2026

2218 IF A 2 THEN F2% TNO": PRIMT @ GOTO 2826

S: PRINT "1 UTAB 23: HTAE 15

THEN  IMPUT “WG= "jUG: GOTO 2628

THENM INMPUT "kAa= “ila: GOTO 2628

THEN IMFUT *TGE= ";TG: GUTO Zaze

THEN INPUT "PE= ";PG: GOTO 2626

2248 IF ¢ THEN INPUT "FB= ";PE: GUOTO 2Rz
2a88  REM ¥¥ HARDCOPY OPTION

3@ ia PRINT "PRINTED COPY OPTION MOW BEING EXECUTED-TURNW FRI

NTER 0O AND PRESS ANY KEY": GET A%

31z FRINT

381S PRINT D$;"PR¥LT

@ze  PRINT METHS DAaTa": PRINT

3858 CALL BU,R%,F$H(3) ,UG: PRINT R%

384 CALL BU,RFE,FFO4) WA PRINT R

78 CALL BU,R%,F${35:,TG: PRIMNT RE%

3838 CAalLL BUR$,F3(& PG PRINT RF

2128 CALL BU,R%,F$(7) ,PB: PRINT E%

2128 PRINT " O

3138 CALL BU,R%,F$(8),Bk ¥ 188: PRIMT R$

3146 PRIMT DF;“"FPEHA"

2158 RETUREN

4a6@68  PRINT

4681 PRIMT O#%;"0OPEN METH4.DAT": FPRINT D#;"CLOSE METHA.DAT":
PRINT D#%3;"DELETE METH4.D&T"

4885 FHE = "HHEH . H{EHgcm

4687 PRINT D#;"0FPEM METH4.DATY

4418 FRIMT DF3;"WRITE METH4.DAT®

4828 PRINT UG: PRINT Wa: PRINT TG: PRINT PG: PRINT PE: PRINT

Bl '

48326 FRINT D#:"CLOSE METH4.DAT®

4648 RETURN

L2755 Bl = PEEK (121) + 254 % PEEK (122 + Z8&: CallL BU:EU
= PEEK (& + 2546 ¥ PEEK (7»: CaLL BU + 3: RETURNM : REM

N

nmwnnmnw—nt

~]

Pcx(

== DO NOT ERIT &2¢2%.

45535 REM
BUILDUSIMNG (Z,82 AFPEMDED.



COPYRIGHT «C» t7ei
ROD STOVER
DISTRIBUTED BY:
SEMSIBLE SOFTWARE
== TO REMOME “AFPEMDAGES , EMTER:
1EXEC BU.STRIP
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1 R ¥¥¥ DEFINE CvCOLONE PROGRAM U 2.8 XXX

2  REM ¥XCREATES/UPDATES-LISTS CYCLOME INFORMATION IM
Ll . IMP FILE

4 REM ¥X VERS.1.1 3729783

% REM VERS. 3.8 /9784 JDM - WEF FZSI138 CAL CURMVES

&  GOBUB £3797

7 D = CHRE (4

16 F13 = "YES":F2% = "YEZ"

13 DIM JNCIS (JSO15) ,JDCO1S JLOLSY \MZ0 13D

28 DIM FH{12) ,~E 0387

21 DIM MNB(FF

I8 NME = "o "iSHE = "CIRC.":8H = 1:EF = 4@

168 REM X¥ MaIN PROGRAM £x

tia  GOSUE 1aad

126 GOSUB Z286#l

121 IF R = "@" THEM GOTO 133

122 GOSup 2504

122 IF R% = Q" THEN GOTO 125

124 IF RE = "P" GUTO 128

135 IF Fi1% = "YES" THEN GOSUBR 4608

146 IF F2% = “"YES" THEWM GOSUE Sbaa

145 REM  FRINT "RUM MaAIN HENUY

o7  REM  FPRINT D;"RUNM MaIN MENUY

778 REM GOTO 114

279 END

iaad REM ¥¥ FORMAT DEFIMNITION

1@1a HOME

fazg F = 1

g2 Fo@dy = " b E F CYCLONE WZ.a"

1846 F£{1> = " 1) HaARD COPY OPTIOM: 21

1ace F(Z) = " 2y DISK FILE UFDATE: &0

1855 Fi4dr = 1" FILE MNAME: 2"

1a4a F2(3> = " 3 CYCLONE SET NAaME: &7

1878 FE(3» = " 4) DESCRIPTION: °

1aga FE(7> = " &) HMNUMBER OF STAGES: H#'

1699 FHisr = " 5 INLET BH&PE (CIRC.SLOTY @&t

1128 F%C11) = "CYC & E C Irl ouT™

1148 F£012) = “MO,. DIa. DI&s.”
1156 F$O13) = "HH# ; HH.858#: HE . HH{H; HH, B8 #.H88E. B, HH3ERY
1155 REM OMERR GOTO 1178

1148  RETUEN

1178  PRIMT "ERROF; TO CONTINUE PRESS &Y KEY: ERROR CODE =
" PEEK (222 IMPUT R$: GOTO 1Z4

l1ae  UTaER 2Z2: PRINT "F)aGE, UIT, CR MUMBER OF ITEM TO EMT
ER/CHAMGE: " ;

141a  INFUT E2

1428 IF RE = "Q" THEM RETURR

1428 1F RE = "P" THERN F = P + 1: IF P % 2 THEN P = 1: RETUREN
1425 IF R+ = "P" THEN RETURN

1446 & = Ual r$Fr: IF A <€ 1 GR A > 7 THEM GOTO 1484

EM

DEF/CYC
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1458
28006
Zaie
2828
2638
ZB48
28354a
2655
2848
2874
28848
2878
2188
2114
2115
2124
2138

L £
5 BRa I B

=00 ts I Lllh.'l'—h@l_'f_l

PIERIPD R PIRY = R B PI ) R PO N B

i

03 00 00 00 0 03 L0 ZF 00 01 00 0 G0 0) L0 0 (0 D)
SO0 00 0D 00 00 [T 00 00 00 g ) e~
B R 0 R B O R

[N LRI L B U Y B

2420
2430
50

e
2425

2448 NF = @: PRIMT "FILE ERROR "; PEEK (222) iEF = 1:

24354
24958

F

0

RETURM
REM EX MAIN MENMU
= 1

HOME : PRINT F$(8) + "-PAGE 1 OF 2v
YTaB 3: CALL BULRS,F$(1) ,Fig: PRINT R%
CaLL BU.R%E,FH02) ,F2%: FRINT R$
CALL BU,R%,F£(3) ,NI$: PRINT R%$
CaLL BU,R%E F£(4) \NM3: PRINT R$
PRINT F${5) + RMs%
Call BULRE,F£(4) (SHE: PRIMT R%
Call BU,R$,F£(7) NZ: PRIMT R%$
GOSUE 1466
IF {R% = "Q") OR (P = 2> THEMN RETURM
IF & > & THEN GOSUE 1484

= @ GOTO 2666
O A GOSUE 2326,2340 2248, 2440, 2488, 24748
GOTOD 2824

A= B IF Fig = "YES" THEW Fi1% = "pO": RETURN
Fl% = "YE5": RETURN

4 = @1 IF Fi% = "YES" THEM FZ% = "MO": RETURM
Fes = "YES": RETURN

A= B: HOME @ PRIMT F%{&) + " PAGE 1 aF 2¢
MTRE 30 INPUT *KEY IN CYC. SET MNAME: ":vs$

IF ¥% = MNI% THEN RETURN

MI% = ¥$:MF = 1M = ¥$ + "/IMP": REM OMERR

FRINT v&: PRIMT D%;"OPEN IMP./NaM®
PRINT D%;"READ IMP/NaM"
Kk =4a

INPUT TI: IF TI = B THEM PRIMT D% ;"CLOSE IMP-Ret"

FOR I = 1 TO 2888: NEXT 1: RETURN
rGP I = TO TH
IMNPUT N#£LI)
IF M£({I» = MI$ THEN OK = |
MNEXT 1
FRIMT DH;"CLOSE IMP/MNet"

GOTO

244

FRINT

IF OK = @8 THEM PRINT "OK=8 TI="TI: FOR I = { TO 288a:

1: RETURM

FRIMNT "0OK=1 TI="3TI: FOR I = { TOQ Z@@ad: MEXT I

REM RETURMN

FRIMT D%;"0OFPEN" + NME
PRIMNT D%;"RESD" + NME
IMNPUT MS

IF NS = @ G0TO 245a
FOR I = 1 TQ NS

IMPUT JONCIY (JDCID ,JA(T2 , 5010 ,JLOD) ,JKCI) ,MZC DY

NEXT 1

INFUT RM% ,MF,SH: IF SH = @ THEMN SH% = "SLOT.":

IF 5H = | THEMW SH% = "CIRC.": GOTQ 2456
A .

FRINT D#2:"CLOSE" + MM$: RETURN
IF A =8 THEM RETURN

2941 A = @1 HOME : FRINT F$o@

A=T1

GOTO 24

3TOP



2455 UTAE 32: INPUT "EMTER REM&SRES/DESCRIPTION: "iRM¥: RETURN

2478 & = @: HOME : FRINT FXE

2475 UTAEB 2: INPUT "ENTER MUMEBER OF STAGES: ";NE: RETURN
2486 & = @: IF SHE = "CIRC." THEMW SHE = "SLOT MNOT INSTALLED®
1SH = 8: RETURN

2485 SH$e = "CIRC.":8H = @: RETURN

2568 REM ¥¥%¥ MENU PAGE 2

IHaE REM
2|81 J = @
s8as PF = 13
3@ia  POKE 21i5,8

IEzAa  HOME @ PRINT F%d(8) + "-PAGE = OF Z2¢

3E38  UTAB 2: PRINT F${11): PRINT F$O122

IASA FOR I = 1 TO NG

IR7HE CALL BU,R$,FE013) ,1,JKD) (JHCTDY ,JS010 DTy LT FRIMT

@3E NEXT I

sa78  UTAE Z1: HTAE 1: PRIMT "TO EMTER/CH&MGE DAaTa FOR A& STa

GE EMTER ST&GE MO. OR @ UIT OR PYAGE naer UTHE 2

=i HT&E 27: INPUT Rf: IF R$ = "G" OR R$E = "P" THEM RETURN

3tes J = @

211@ 1 Ual (R$E): IF 1 ¢ 1 OR I 3 NS GOTO 3898

3112 WUTAE 21: PRINT "PRESS “RETURN’ TO ACCEPT CURREMT WALUE
OR ENTER NEW VALUE. "

3115 UTAB I + 4: CALL BU,R$,F$CID 1,JKID (MO ,J5(1), JDC]

y ,JL{I): PRINT R$;: HTAE HH — 1: INPUT "";R$: IF R$ = °" SOTO

3388

i

-

2128 J = J + 1: OM J GOTCO 21260,2149,321508,3156,2174
3138 JK{I» = UAL (R$Y:HH = HH + 7: GOTO 2115

148 JHCIY = wabk (R$EY:HH = HH + 7 GOTO =113

158 JS(I» = VAL (R$Y :HH = HH + 7: GOTO 3115

T1éd JDCIY = Wl (R sHH = HH + T GOTO 2115

3178 JLOIy = UAL (R$):HH = 8: GOTQ 2649

Z171 GOTO Zea4

228 J = J + 1: ON J GOTO 2314,3326,3328,2348 , 3354
3218 HH = HH + F: GOTO 3115

2328 HH = HH + ¥: GOTO 2113

2328 HH = HH + 7@ GOTO 2113

2348 HH = HH + 73 GOTO 2113

3258 HH = &: GOTO ZRAA

24%¢  STOF

48686 REM ¥¥ HaRDCOPY OPTION

3@ 1@ FRIMT "PRINTED COPY OPTION NOW BEING EXECUTED-TURM FRI
NTER ON AND PREESS ANY KEY": GET R$
4812 PRINT

43 1S PRINT DH;"PR#1"

4az@  PRIMT F3i@D

4848 CALL BU,R$,F3(2) ,F2%: PRIMNT R#$
a5 Call BULRE,FHO2) (WNI%: FRIMT B3
4855 CALL BU,R$,FHC4) NME: PRINT R%
4a4a  PRINT F£(3) + RM3

478 CAll BU,R$,FH{&: ,5HE: PRINT R%
4@a%6 CALL BU,R$,F$(72 M5S0 FRINT R$



4898 FPRINT : FRINT : FPRINT

4118 PRIMT F#(11): PRINT F#i{12)

4128 FOR I = 1 TO NS

4148  Call BULRE (FEOIZ ,1,JKD) , IHOTY L0501 ,JDCTy ,JL0 1Y ¢ PRIMT
IR

4158 MEXT I

4148 IF MR = 8 THEMN FRINT DE;"FR#8": RETURM

4266 PRINT @ PRINT : PRINT

4288 FOR I = | TO MR

4318 FRINMT " THE MASS OM STAGE "iMZ(I 3" @MD "MZ¢Iy + iy
WILL BE ASSIGNED TO THE CUTFOINT OF STAGE ";MZ(I) + ;" FOR
THE SFLINE FITS, &MD STAGE “MZ{Id 3" WILL BE OMITTED IM SPLI
NME FITE": PRINT

4328 MEXT 1

447@  PRIMT D$;"PR¥G"

453604 RETURN

SefE  REM ¥% DISEKE UPDATE

Sa@l  FRIMT "": PRIMT D#%;"0PEN" + MMs: FRIMT D%;"CLOSE" + MM
E: PRINT D$;"DELETE" + MNM%

06T REM OHERRE  GOTO S768

2807 PRINT D#;"OPEN" + HM%

2818 PRIMT DE;"WRITE" + MM=*

=828  PRIMT NS

S8z FOR I = 1 TO NS

2848 PRIMT JNOIY 1 PRINT JDoId: PRINT JadId: PRIMT JS:Id: FRIMT
JLCIY 2 PRINT JKOI>: PRINT MZild

S84S5 MEXT 1

5838  PRINT RM#%: PRINT MR: PRINT SH

oBYE  PRINT D#:"CLOSE"™ + MNME

9823 PRINT "OK=";0K: INPUT "TO COMNT.ENTER V" iR$
=18@a IF OK = 1| THEM RETURN

o388 PRINT D%;"0OPEM IMPATNaM"

ST 1l8  PRIMT DE;"READ IMF/MaM®

2528  IWPUT TI

9038 TI =TI + |

5548 PRINT D$;"CLOSE IMPoReM"

2338 PRINT D%;"0OPEM IMPTe®

2348 PRINT D#;"WRITE IMPAMNaM®

2378 FRIMT TI

53868  PRIMNT DE;"CLOSE IMP/RM®

TO¥E PRINT D% "aPPEMD IMPTMaM®

54868 PRINT DE;"WRITE IMP/HAM®

3418 PRINT MI#

o628 PRIMT D#;"CLAOSE IMP/NAM®

8268 RETLURN

=788 PRINT "DISK ERROR: "; FPEEHE (222

3718 PRIMT "CHECK DRIVE, ETC. IF MEEDED PRESS “CONTROL C° &

WD THEM RESTART DISK S&WE WITH “RUN Seea-

SYZ26 GOTO 5834
£377% BU = PEEK (121) + 25& ¥ PEEK (122) + ZB4: CaLL BU:BU
= PEEK (&) + 258 ¥ PEEK (7): CALL BU + 3: RETURN : REM

==> DO MOT EDIT &£299%.



45335 REM
BUILDUSINMNG 2.

Pacs]

CORYRIGHT (L) 1%¥81
ROD STOVER

DISTRIBUTED BY:

SEMSIBLE SOFTWARE

==3 T{ REMOVE “SFPEMDRGET,

JEXEC BU.STRIP

]

) ~FPPENDED.,

EWTER:
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CYCPROG

I REM  ¥XEX CYCLOME PROGRAM VERSION 3.1 $¥x¥

Z REM EEEXE MAIM CYC., DATA REDUCTION

2 REM ¥xX¥x BASED OR SORI APPLE CILDRS ¥X¥¥%

4 FREM EXxE APPLE VERSIONW BY J D MCCAIN

I REM Xx¥¥X VEREION 1.8 CREATED Z-28-°33 XXX

&  REM V.1 3718783 V2.2 185725832 V2.8 1-8-88 (SWITCH
TO KEF S FZ156 UC RE METHOD

REM U3.1 Z251%9-84 ADD DRY GAS INPUT AMD BW FROM COMDEMSER
FﬁTCH

¥  GOSUE $297%

15 DE = CHR$E ©13) + CHR$E (4
14 WE = G:RH = 2.5:D&4 = 6:0L = 8
26 DIM MOE3) (JINC28) ,JDC28) 8028 (JSCE0) , JLOZE) KO ZE) , Did 4
B2 U5y (FUS) MWIS) ,MZ{20) ,REL 267 :
2@ 1% = "IRMLET®

S6 DIM DI$(SE)

B DIM F${32) 2% 16E)

188 HOME : GOSUB 1866

165 FPOKE 21&,8: PRIMNT "DO vOU MWANT TO RETRIEWE & OLDY: FRIMT
"DATE SET? (YN ": GET R#%: IF R = "Y* THEM GOSUBE 21664

116 POKE 21&4,08: GOSUER Zo@m@

115 2Y = @ ‘

126 HOME @ PRINT "CALCULATIONS®

146  PRINT : PRINT "FLOW RATES": GOSUR 4686

155 PRINT "DELT& P": GOSUB 4788

148 POKE 21&,8: PRINT "CUTPQIMTS": GOSUR SAae

176  HOME : PRINT "CALCULATIONS®

188 PRINT "FIT - IMIT": GOSUE SSaa

182 IF 2Y = | THEW GOTO 1i@

185 PRINT "LOG-MORMaL SIZE DISTRIBUTION": GOSUE 168
198 FRINT "SPLINE FIT": GOSUE &AQE

. 288 GOSUB 796a

228 POKE Z1&,8: GOSUE S@@Q

23@ PRINT D$;"FREG"

235 PRIMT "DO vOU WANT TO SAVE RalW DATET (YAMNi": GET Rf: IF
RE = "¥" THEM GOSUE 20600

248 HOME : UTAE S: PRINT "RYETURNM TO M&IM MEMU OR": IMFUT "
CYONTINUE WITH MORE RUMNS" ;R%

25 IF R% = "R" THEN %77

248 IF R$ < "C" THEM 248

276 GOTO 1@

P97  PRINT DF;"RUM M&INM MENU®

$9%  EMD

o
D]

leae  REM ol EEE OINITIALIZATION XEX>>>
1882 DIM XX(28) ,YY (26 ,Y1{28) ,Y2(20) ,D6(20) <P{2ay 512>
16@d  DIM HOIS) ,DLOIS) JHZO1S ,BO1S ,DROLSY ,S241%) , 0015 ,S30 1

o

1685 DIM CUC1EY CCOLS) ,PEOLSY ,DPCLSEY ,WI01S) ,DS0 1S ,Da0 15
1865 F£(27) = " 1PART. DIAMETER "

1888 F&{28) = "12) ORIFICE ID : &"

1618 FE{22) = "1 WATER VOLUME HHHE.H CC"



igiz F2021 = "15YMETER FACTOR H.HHHB

1615 FHE TOYCOPROG W 20100

Taza FECD *o2yDwTE OF TEST:

1938 FE(22 " 3»TIME OF TEST: °©

1a48 FEO3 "4y LOCATION OF TEST:

1858 FHid * S3TEST NUMBER #### REMaRKS: "

iass FE(3 " PYRUN MUMBER:

1878 F${4) " 8yRUM REMARKS: "

1628 F$(M " i@y eaMPLER TYPE: ¥

1824 FH{2 " 1 GEAS METER VOL HH## . 888 CUBIC FEET®
1186 FH{%2 oy SAMPLER  DELTA F OHE.## IM., HE.
1118 F&{1a: " SYORIFICE DELTA P #.88 IMCHEZ HzO"
1126 FE0112 " 4) §TACK PRESSURE #H.4#H% INMCHES HZzO"
11328 FHO123 " S EAROMETRIC PRES  #H#.## INCHES HG®

W now o

1146 F$5 130 " &) STACK TEMP HiHH DEGREES F*©

1150 F$¢14y = " 7IMETER TEMP B DEGREES F"

1148 F$(1%) = " &) SoMPLER TEMF  ####  DEGREES F"

1176 F$(14) = " $)SaMPLE TIME H#HH . #8 MINUTES"

1186 F$(17) = "1E)AMG GAS WEL HH##, B8 FEET/SEC®

1198 F${18) = "{1)ORIFICE PRES ##, #8 INCHES HG"

1286 FEL19) = "{Z)MOZZLE DIA ¥, HE8 INCHES®

1265 FE(21) = "13)Ma¥ PART DIa  ###.#8% MICROMS®

1218 F3iZEy = ° COZ ##. 8817 CO BE.HES"

1226 FE(22) = ° 02 ##.BH N2 HE.HHE

1236 F$¢24) = " 7)WATER WAFOR B, HHL

1248 F$(25) = "11) PARTICLE DENSITY ##.## GRAMS/CC

1256 Fi(Eé) = "MESS GAIM ON &  HHEEE.HH MG

1268 F3(27) = " & TEST TYPE u

1245 F$’””? = “CUM MASS LESS THAN #8.8HH: MICROM: H$8H.88; ME

SDNMR CHEHR.BE YO

1278  PRINT D%:"0FEM METH4.DAT": PRIMT 0$i"READ METHS.DAT®
1288 INPUT 3%, 30X, BW

1298 PRIMNT 0%;"CLOSE”

{Zaa  PRINT DE;"OFEM CORSAT.DAT": FRINT D$;"RE&D ORSAT.DAT®
1218 INPUT CM,CD,0Z,M2

12268 PRINT D%;"CLOSE"

1220 GO = 1.Z93E — @3:FM = 1.4784E - BS:iMA = 28.97:DC2 = .4&1
¢ A1iHG = 19.4:10C = 471.95:FR = 448:FS = 492:5P = 27.92:X8
= {AEE:F1 = 16:MF = 1

1348 RETUREN

14d REM ¥¥¥¥ MEMU IMSTRUCTIOMS

1418 UTAE 21: PRINT "ENTER: @ UIT, PYAGE, OR MUMBER OF ITEM
TO EMNTERSCHAMNMGE D

1478 VUTGE 2Z: HTAB 2a: INPUT R$: IF R$ = "Q" THEN RETLRM

1426 IF RE = "P" THEN RETURH

144 P = Vsl cR$x: IF P € 1 OR P > M THENM GOTO 1414
14536 RETURN
Z2a8e  REM ¥¥E{4L MENU, PAGE 1 233XXX

2818 Mx = 1Z
2HZE  HOME : PRINT FE{@> ;" - PFAGE 1 OF 3": FPRINT

2625 PRINT F£(2%)3: IF F1 = 1 THEN PRINT "PHYSICAL": GOTO
g it

2az26 IF F1 = 4 THEN

FR
2627 F1 = 18: PRINT “CLA

IMT * IMF. AERC.": S0TO Za3@
35. AERD."
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ZEZE  PRIMT F£(1) ;DT4

2840 FPRINT F£:2) ;T%

2858  FRINT F$£{3) ;L%

2848  CALL BU,R$,F$04) ,TN: PRINT R$;TRS

ZA78  PRIMT F$027) ;1%

2988 PRIMT F${S) jRM$;" —-FILE NAME: * ;M3

ZB¥A  FRIMT F$(&) iRRE

2168 CALL BU,R$,F$(24) Bl ¥ 188: PRINMT RE
Z184 CALL BU,R$,F$(Z28) ,CD,CM: PRIMT R$

z184 CALL BU,R$,F$(22) ,02,M2: PRIMT R$: PRINT
2118 PRINT F$L7) jIMB;"  »;IN% '
2155 CALL BU,R%,F$(25) ,RH: PRINT F%

2157 Call BU,R$,F$(3Z8) RO%: FRIMT R3

2148 GOSUB 1488

2288 IF R$ = "G" THEM RETURM

2218 IF R$ = "F" THEM GOTO 3688

225368 ON F GOSUB 22S52,2240,227@,2280,2290,2390,2426,2528 ,272
8,2520, 2240 , 2418

2235 GOTO z@la

2248 UTAE HT&E 15: INPUT " PART. DEMS.= ";RH: RETURN
2252 \UTAB 23: HTAB 1S5: PRINT "ENTER DIAM.B&SIS 1DMP.AERG, ©

PLASS . AERC,OR POYHYSICAL": GET X%: IF X% = "I THEM Fi = @G: RETURM

P
L)

]
3

2233 IF X$ = "C" THEW F1 = {8: RETURN
2254 F1 = 1: RETURN
2248 WTHB 232: HTAE 15: INPUT "EMTER TEST DATE " :DT$: RETURN
2278 WTak 221 HTAER 15: INPUT "ENTER TEST TIME ";T$: RETURM
Zge  VTAB 23: HTAB 1S5: IMPUT “"TEST LOCATION ":L%: RETURN
296 VTabB 23: HTABR 15: IMPUT "EMTER TEST NUMBER "3v: IF TH =
HEM RETURM
TN =Y

TNE = "DEFT” + STR$ (TM» + " . DaT"
¥$ = "DEFT" + STRE (THD
2Z% = "TEST"
GOsSUB 25646
IF OK = & THEM RETURM
PRIMT D#f;"0OPEN" + ThN%: PRINT D$%;"READ" + TH%E
IMPUT 2,3, 5, X, ® RH,TR%
FRIMT D%;"CLOSE"
CLOSEL: IF RME = "" THEN RETURN
GOTn 24328
RESUME Zzz&a
OHERE GOTO 2%%%: WTAB 24: PRINT "THAT TEST 1S NOT DEF

D L IRV B SR N T I 8 ISR~ B~ R B s o

Pl e o o B O e Do R R | I Y IS e I |

A B O O O I NI VU oS TSI AV I W B % I SV

00 2 03 02 0D 03 L) G D0 00 G G G0 ) R

FOrR I = 1 TO 286868: NEXT I:TH = A:MNME = "":RN$ = "": RETURM

2398 UTAE 23: HTAB 1S: INPUT "ENTER DNLET OR OO UTLET *jx#:
IF X% = "I" THEM I% = "INLET": RETURN

24aE X$ = "0":I$ = "OUTLET®

2418 IF RN$ = "" THEMN RETURN

2415 GOTO 2438

2428 UTAE 22: HTAB 15: INFUT "ENTER RUN NUMBER °;RNE

A~T7



2433 NME = "T" + STR: (ThHd + "R" + RN + "." + LEFT$ «I%,1

} + u T fl

72431 Z2% = "RUMN":YE = NM$

74322 GOSUBR 2caa4

2434 IF OK = @ THEM EETURM

2478 WTHE Z4: PRINT "aA FILE FOR THaT TEST/RUN aLREASDY EXIST

8 0

zZdge FOR 1 = 1 TO Zega: MEXT I

24908 RMF = "":pNM$g = v RETUEN

Z5ae  RESUME z29ia

2516 ONERR  GOTO 277%: RETURN

2528 UTaE 23: HTAER 1S: IHPUT "EMTER RUN REMARKS " ijRR$: RETURMN

53R UTAaE 22 HTSE 1S: INMPUT *ENTER CYC. TYPFE "si¥$: IF IMF =

%€ THEN RETURN

2535 IME = Y&

2534 Z22% = "IMp"

337  GOSUE z&aa

2538 IF DK = 8 THEM RETURM

7548 PRINMT DE;"0PEM" + IME + *"/IMP": FRINT D#;"READ" + IM* +
»IMPE

2558 IMFUT S

2548 FOR I = 1 70 5

ZE7E  INPUT JNCIY ,JDCI) \JACTY (JSCI)Y ,JLCT) (IKCDY (HMZ20T0

2588 NEXT I

296 INPUT INE MR

2888 PRINT D3:"CLOSE": RETURN

2418 UTABE 22: HTAE S: INPUT "ENTER ORIFICE ID (.DDDLY " iROF
Y% = RIGHT® (RO%,1):72% = "0ORI": GOSUB 2388

782 IF OK = @ THEWN RCO% = ROF + * NOT IN FILE": RETURM

2430 PRINT DE; 0OPEN" + ¥% + "/0RI": PRINT D¥:;"READ" + ¥% +
"SORIM

24848 INPUT WM

Z&S@  FOR I = 1 TO NW

z&s@  INPUT DI, CQL,CR,CT PP

Z&FE OIF DI = VAL (ROF) THEN PRINT DE;"CLOSE": RETUEN

zage  MNEXT 1

ZETH ROE = ROT + " MNOT IW FILE": FRIMT DE;"CLOSE": RETURN

27308 WTABR 22: HTAB 2ZR: INPUT "% H2Ze= ";R$: IF R% = "" THEN
GOTO 2742

2725 B = WAl (REY1BM = B S 188:kA = 4

274 F$»J4a = LEFT$ (F£(2z24>,22) + " (KEYBD&RDY "

7747 UTAE 23: HTAE 28: PRIMT "CHANGE OTHER GASEST"i: GET R
: PRINT R$: IF Rt < > "Y' THEN RETURM

2743 WUTaE 23: HTabB z6: PRINT Y o WTeE Z
2: HTAR 26: INPUT “"EMTER COZ: ":Rs$: IF R < > "" THEM CD =
Vgl (R

2744 UTHE 23: HTak za: PRINT " "1 UTARE
Z: HTaER 28: INPUT "ENTER CO : ":RE: IF R < > "" THEN M =
Vel (E$)

2748 VUTaE 22: HTaE za: FRINMT " T UTAR 2
Z: HTaEBE 26: INPUT "ENTER 0Q2Z: "3:FR%: IF RE < > "" THEMW 0Z =
el CRED

2758 Nz = 1g@ - (02 + €D + M
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ﬁqaa
258

"N
ZEBZ OK = @

28685
E FO

2816
2813
Z82a
2E3A

"EIL

RE CONTIMUEING": FOR I = 1 TO

2844
Ja\a
3818
SEZE
2838

S
o

L3 D 0] G0 00 L0 D) 00
— e e O G5

P e 220NN O3

LD B It

3138
148
2158
3182
3154

R

E

P

RETURM
FRIMT D®;"0PEM" + Z22% + "/MAM": PRINT D$3"RE&D® + Z2% +

IMPUT N%: IF N = @ THEN PRIMT D%;"CLOSE": PRINMT "FIL
PREZESAMNAM CEMPTY " FOR I = 1 TO 3866: NEXT 1: RETURN

FOR I = 1| TO W#

IMNPUT Y¥%: IF Y¥$ = Y% THEN OK = 1|

MEXT 1

FRINT D%;"CLOSE": IF M% = 188 THEM HOME : FLASH : FRINT
FOR ";2Z%;"/MAaM FULL": MNORMA&L @ PRINT "PURGE FILE BEFO
1@ MEXT 1

RETUREMN
REM CLCXER MEMU, PAGE 2 ¥¥¥555
= 1

HOME @ FRINT F${@) ;" — PAGE 2 OF 3": PRIMT
CALL BU,R$,F$(8) ,UM: PRINT R$

CALL BU,R$,FE(7) ,DF: PRIMT R%

CALL BU,R$,FE({18) ,0F: PRINT R$

ALl EUL,R$ ,FEC11) ,PS: PRINT RS

CALL BU,R$,F$(12) ,PB: PRINT R%

CaLL EU,R$,F$(13) ,TS: FRINT R$

CALL BU,R$,F£:14) ,TM: PRINT R%

CALL BU,R%,F$(15) ,T1: FRINT R%

CALL BU,R$.F%£{14) .TD: PRINT R%

CaLL BU,RE,F$(17) & ~ &B: PRINT R%
CALL BU,R$,F$(13) ,PC ~ 13.5&%: PRIMT R%
CALL BU,R$,F$C15) ,ND: FRINT R% :

CaLL BUR$,FECZ1) ,XB: PRIMT R$

Call BU,RE,FH¢32) ,Wa: PRINT R$

Call BU,R$,F£031) ,MF: FRINT R$

3156 MM = {5: GOSUE 1468

2174

1
Fad b

o g =

U PR Ul T N
Do 3 WG I R B R I

QU Y

(2N

i3] i
3] 3
~) A

(S
[
350

By By ]

[V TR s IS

B ) BY e 3
Dov By By B

SRS RV Y]

o
]
N
()

L
7%}
Cr.
m

IF R$ = "Q" THEW RETURMN
IF R = "P" THEW GOTO 2544
0N P GOSUBR 3248 ,3278,3230,3299,22608,3210,323208,2332328 , 334
ol 3348 ,32270,3388 ,3370 2404
GOTD 3824
YTAaR 24: HTAR S IRPUT "M (@ FOR ORIFICE FLOMY = " UM
TURM
MTaR Z24: INMPUT "SAMPLER DP (CALCS THED.DPY DF= "iDF: RETURM
VTAE 24: HTABR 15: IMPUT "ORIFICE DP= ";0P: RETURM
UTAR 24: HTAB S: IMPUT "STACKE DP TO HHE IENT = "3P5: RETURN
UTel 24: HTAE 15: INPUT "Pi= ";PE: RETURM
YTAB 24: HTAB 1S5: IMPUT "TS= ":T7S: RETURN
UTaE Zd: HTAE 1S: INFUT "TH= " :TM: RETURM
UTak 2d: HT&R 15: INPUT "TI= ";T7TI: RETURH
UTAE Z4: HTAE 15: INPUT *SaMPLE DURATION= "3TD: RETURM
MTAE 24: HTAB 15: INPUT "alV= "aUa = &l ¥ 48: RETURM

YWTREB 24: HTABR 15: INPUT "ORIFICE DF TO AMEIENT = "iPC:
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PC = PC % 13.5&6%: RETURM

IZ7E UTABE 24d: HTAR 15: INPUT "KD= " ;ND3: RETUEM

33268 WTaABR 24d: HTaBR 15: INPUT "Max DIa= "ix6: RETUREM

IT%E UTAE 2d: HTABR 1S: INFUT "kaTeER VOL.= "ilka: RETURM

488 UTAE 24: HTAE 1%: IMPUT "METER FACTOR = "iMF: RETLRM

2588 REM L4 ¥¥X¥ MEWU, PAGE 2, CYCLOME STAGE WEIGHT

S XXX

2918 P = 1:WG = |

ZF6 HOME 1 PRINT F2{@) ;" - PAGE 2 OF 2 (5TAGE WEIGHTSY "

3548 N2 = § - MRiM{ = S + 2: FOR I = 1 TG & + 3

3558 IF 1 £ = 5 THEMW x% = "STaAGE Y + STRE (I

3576 IF I =& + 1| THEN X% = "FILTER " + STR$ <12

IS7FS IF I = 5 + 2 THEM FRINT X = STRE (I + " BLANK SUE

ST."

578 IF 1 = S + o THEN Wi = STR:E (I + " BLaMK FIL.®

3588 CALL BU,RB,FHCZS) L3 MII): PRINT B%

3978 WEXT 1

I5AE GOSUB 1444

2448 IF R = "G" THEM RETURN

25856 IF RPE = "P" THEW GOTO Z684

JETE O UTABR 22: HTABE 18: PRINT "ENTER Mas3S " P UTAR Z3: HTAE

221 INPUT """ ;MIP)

3&%8 FF = M(S + 1):FC = M{E + Z2:50C = MiS + 2 GOTO -~

4868 REM L XEF UBPDUTINE FLOM ¥xx>>3

4aE2Z2  IF We > @ aND W > B THEN WMH = .E4?2 ¥ WeUS = 17045 %

VM X MF ¥ (PB - 0P — PCy / 12.8) 2 (THM + FEX:BW = VH /7 (UH +

e

4ap3  FRINT "VISCOSITY" : GOSUE 45449

4665 IF UM = @ THEM Q0 = CQ ¥ SOF (OP % CF ¥ Ma ¥ (THM + FR

v S PP S LCT + FR 7 M/ (PB + PC 7 HG)) Q5 = @ x (FER + PC
S HGY ¥ FS / 8P / (TM + FRY QI = G5 % (71 + FR» % 2F 7 FS 7
{FE + FS 7 HGy -~ (1 — BhD

4828 IF VM < 2> @ THEN QI = WM ~ TDh ¥ «PB — (0OF — PCY  Hi
S (PR + P /. HGY % (TI + FR2 (LTM + FR)Y £ (1 — B2

g@za IF WM £ > B THEMN G5 = WM ~ TD ¥ 17.48% % (PB - (0OF - F

Cy /7 HGY » (M + FRJ

da4a  IF AW < > 8 aND ND < > @8 THEW IS5 = 183.3% % Q1 D
¥ ND ¥ A ¥ 18 £ (TS + FRO (TI + FRO

4845  FRINT QI = "3;@l;" QS= ";053" I5= ";15

48568 RETURNM

4z68 REM 44 %XEE SUBROUTIME JET ¥xEx>22

4218 YU = B8

dzz8 FOR I =1 To 3

238 WJILI) = OaC % QI 2 (J&adlx £ JINCIYS

4248 VU = LU0 0+ WBAI0Tr ¥ WIID

42538 MEXT 1
248 UT = @

4278 FOR I = 1 T4 5

4288 DRI = UJI{I) ¥ WI(Iy ~ U ¥ DF

4298 UT = UT + DRI

436 FPSIIy = FE + PS 7 13.4 — UT

4218 WVICIy = WI{Iy» ¥ (PR + PE / HGY ~ PSSO

4228 MEXT 1

43268 RETURH
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4=@a6
4514
4528
4538
4538
4558
4548
4578
b=l
4578
4568
4&16

M = M

4528
4538

REM
Mg L2
M2
M 30
| R
M S0
Fiis
F{2d
Fi3
F{ds
Feso
MM

I
[ I T

mni

= i

T
Ud 1o

TSI

P2E — 7

q&4
44558
4&&8

IPE -

4&78
q4430
qEPH
47040
47 1@
4728

738
4748
4758
4748
)
4778
4738
4778
4775
4360
4c 186
47Ea
4% 14
4720
4734

(PEB + PSS ~
2307

s
4935
FE +

= DPYI

4748

Uiz =
ey =
Hedy =
S0
ues) =

b=

FOR I
IF F{I
Sy 0]

=1
= S

S

¥ FOD

MEXT J
u +
MEXT 1
FRINT
o=
RETLURN
REM
DFia
FOR 1
IF ¢ 1
H

u

V4

IF ¢ 1
FS
- 1

DRI

LOCERR

a4.1

T

LT

g1

28,82

32

2.
ch -
cM S
Ao1aa
Ao 1aa

Mz
0z
Eid

FOR 1

MM

185
167
156

)

[

Bz
106
18u

* 1

¥

i

=
P}

TO0 B

a GOTO

1OTO 4

+ T %

Bl

ST

+

(.

GOTO 4776

4778

J GOTO 4774

+

e Ts

HJlS = o : U : "

iE -

SOR CUCT)
+ UT ¥ UT

&

&

Bimk =

MT
G

MT

HG

3

DEI

1

.',

=
Z

TO
1

&K

(FE + PSS

(1 7
At

) ¥ MW X FS ¥ WJOD
FE + FS

4254
4748
445
4274
pageycyt
1510

PS(Ly
MEXT
FS(2 %
RETURN
REM
Fe =

I

H#

5 0+

Hi

1

HEH#

C1

®¥x¥¥ THEO.

2.
2
2

¥

N

HG -

2y
x

iy
%

FE

i

AU
4

+ SU

uE

FREZ.

1415% ~

s
JD¢ 1
oF

2

¥ 2
JLOT S

+ FM

ARG ]
S HG

—
fun]

+ F

Hi#.

B

499

L
*

+

+ + +
- -~
[ N 4

¥

SGR

SUBROUTIME W ISCOSITY

......

Mid + FOI

£ MRS

T =

‘

S FCIdD

OrROF
4

1>
+
i1

I

-
2

¥ GD

s SR S

DRI

S HGE —~

H#;
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129
5!
JLo Y
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(T1

15
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(FE
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N

o

DE Y

SUBROUTIMNE CUT ¥¥%>35

e
L
.1
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o
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LY O) e

MG
+ MWCTD

i

H

0]
mmm

[N

m

THEM VJI{I2
237

<2

# . #.-\ EIEL N :

FS
FR

)

2

[X3]

®
*

s

THER I 12

o« 4

;
&

K

Jhi 1 o+

HE -

P

HHE . HHH"

el
(FE + FS .~/

MEXT T:D

S MWCT D
&P T

[ELN
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DRI

N i DY
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SgES IF F1 = 1@ THENM RH = 1

S@A16 TK =5 / % % (T1 - 220 + 27

Se 15 PRINT "CYC FE U Gh SQRT(FSISEY ™
5826 FOR I =
SEzE L = .3

5848 CU = 1.85
TSR X o= |
a5 GDCI) = GD ¥ FS{(zZ ¥ 1 - 1> ¥ MW ¥ F2 / SP ~ (Tl + FM2

Mo sRECIY = GDCIy ¥ WI2 ¥ 1 — 1 ¥ JD(I» ~ U: FEM Gas DEMS
ITY aD REYMNOLDS NG AT CCLONE INLET

SESz SI1(Iy = EXP (JS{Iy + JK{ID ¥ LOG (RE{IM) + JNOIX ¥ SUR
CLOG (RECI>3 2 REM SOUARE ROOT OF FSIGE FﬂF CYCLOME

= FCM OF RE

SaS3  Call BU,RE$,F%,I1,RECIX AWNJEZ2 ¥ 1 — 13 ,GD(I) ,SI4D): FPRINT
R%

SRR DS = SER (18 ¥ ¥ JDCId S (RH ® WJICZ X T - 1y ¥ Q) X
S51¢D)
Seava CC = U
Sasa CU i
LD

SaFE ¥ o= W o+ 1

SReS REM O ¥¥XLIMIT TGO MO. OF ITEEQTIDNQ SET IN LIME S188%E%
5186 IF ¥ > 18 THEN PRINT "STaGE "3I1:;"F&ILED TO CONVERGE®:
GUTO S124@

S1ES  REM  ¥XCONVERGENCE CRITERIUM SET IN LIME S1la@x:

5118 IF aBsS (1 - CC / Cly > 881 GOTO S84

=128 DA ¥ loegd

il

[ove
—
[
1

¥ 0¥ SQR (TE < MW S PECZ ¥ D

il

+ 2 ¥ L S DS X 1,22 + .41 ¥ EMP ¢ - .49 ¥ D3 S

513/ CC{Iy =

5id@ D&CIY = DSOIY ¥ SER (CCCIY % RHD
S14m  MNMEXT 1

5178 M = @

51838 FOR I
Siv8 XM o= XM o+ MO
57286 MNEXT I

5265 XM o= XM - (S %

5218 FOR I = 1 7O 5
S2Z2E CUCIY = @

5228 FOR J =1 + 1 7O & + 1

SZ4aw CUCIs CU{Iy + pMOID

5245 IF J <4 5 + 1 THEMW Cudiy = CUcly -
Sza7 IF J S+ 1 THEW CuUgI» = CUCTY -
5258 MEXT
SzaE CUCID
S27e 0 NEXT
5275 FRINT "PRESS alY KEY TO CONTINUE": GET R#

Szer HOME

szed IF F1 £ > 1la THEMN PRINT "ST&GE C.CORE. CUHFR DREOP
Hyy DP{I .AERO": GOTOD 5277

525 FRINT "STaGE C.CORE CUMFR DRICL.&Y DRII AT

5227 F: = " Hi; HEB.HHH;  HE L HEH;  BEOBEE; HELOBHHED

SZEa FOR I = 1 TO S '

5218  Call BU,RE,F$,1,CC010 ,CUCTY ¥ 188,050 D& s PRINT I
%+

52328 MNEXT 1

il
i

]
)

i)
[

AL I

bl
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338 PRINT

o348 PRIMT "FRESS ably KEY TO CONTIMUE®: GET R%

S258  HOME

S388 TC = =M / (0% ¥ TD ¥ ,82832): REM MASE FER DHMZ
5378 RETURM

STEE  REM CCC¥E¥ SUBROUTIME FIT ¥¥X33>

5518 08 = 2.3515517
55268 Cl = A,8BZ833
0038 02 = @,818328
948 D1 = 1.4327&8
2358 DZ = &, 1892s8%7
556@ D2 = 6.68013203

4978 LT = LOG (1@}

5578 K = o
5586  FOR I
5581 FOR J

5582 IF MZoD
SS58E MNEXT J

S585 K = K + |
558 IF F1 » 8 THEM X{K) = LOG (DS(I») / LT: GOTO Sé&

5571 XC(K) = LOG (D&CId) ~ LT

S&AE FL = |

5618 CU = CUCD

S&26 IF CU < = .5 GOTO S45@

5638 FL -1

Séd4@ CU = 1 - CU

SESE  IF CU ¢ = @ THEM FRIMT "¥¥¥¥ 010! PUNT !'!! $¥¥¥": PRINT
"STAGE WEIGHTS PRODUCE MESATIVE OR ZEROD CUMULATIVE. RECHECK

WELGHTS.": GET R$:2Y = 1: RETLRM

nu

——

—
Lo I e N oo
— T m
Irm

|

EN I =1 + 1

D
s
(]

I}

b

Sé&88 T = [50R { - 2 ¥ LOG {CIH)D
5678 YCK) = - T + (C8H + C1 27T + C2 % T % Ty ~ 41 + T % iD
+ T % (D2 + T % D202y ¥ F

N

2488 MNEXAT I

4878 GOTO 5766

S/E PRINT DH;"OFEN XPOINTS.DAT"
S78: FRINT Df;"READ XPOIMTS.DaT®
a71e  INFUT MNP

2728 FOR I = 1 TQ NP

S48 IMPUT xFCI2

2758 MH(Iy = L0G (xP{Iv) S LT
SITEE MNEXT 1

2778 PRINT D#;"CLOSE"

3773 8 = 8 - MR

3788 FOR I = 1 TO 5 7
PP T = HOlysTY i
28p8 Xl = KiS +
=8l Xi5 + 1 - DD
SB28  NEXT I

=838 FOR 1 1 TG 5 - 1

2848 FOR J I + 1 T0 5

TET6 IF XDy X o= X{1) GOTO SE96
9888 T = H{1):TY = ¥(I»

SRR XAl = XKOJyawiIly = YO

=888 MiJy = THaW(Jry = TY

ny
¢

il
n

onoaon

]

™,
.,

ot
I

2
2
p

Il

0]
-1
TXiY0S

]

n

(1]

inn

n

I
)

it

J
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5878 NEXT J
Seas  MNEXT 1
s%1@ IF F1 = 1 THEN X¥<8y = LOG (XA ~ SaR (RH)Y ~ LT: GOTC

3915 Xx{8) = LOG (X&) 7 LT
S728  RETURM

L@@ REM  4C{¥¥EX SPLIME FIT Xx#E:55
S8RT Yyigy = - 1
SE1E M = 1.8717%
428 UT = SQR ¢
Ss826 REM - FIRES
4848 FOR I = 1 T
&BTE H{Il» = {1 + 1y - XK{Id
&asR DLOIY = (I + 10 — ¥{I)) / H{I>
LEFE MEXT 1
A3 REM - SECOND DIFF‘S
da¥a FOR I = 2 TO 5 - 1
4188 HZ{I» = H(I - 1> + H{IDD
&11@ B(I» = .5 % H{I — 1 2 H2Z(DD
4126 DRI = (DLA{I> - DLYI — 13> »~ H2(I2
&138 S2(1y = 2 % DOl
2148 C({I1» = 3 ¥ DRI
&128  MNEXT 1
A188 5201 = 8
&178 S2(5: = @

42188 REM - SUCCESIVE OVER RELAXATION SOLN
&198 ET = @

sz FOR I = 2 7O 5 - 1
AZ18 W = (C{I» - BLIY ¥ S2{1 - 1) - .5 - B{Id) ¥ SZil + 13 -
S52¢1»> % OM
&2z IF ABS
52(1» = 52
MEXT 1

IF ET > 1E — 5 GOT0Q &174d
REM - THIRD DIFF'E

FOoR I = 1 70 5 - 1
SaC1y = (3240 + 1y = S20INy S HOD
MEXT 1

REM  ¥¥F MNOW INTERPOLATE X3%x

FOR J = 1 TGO NP

PRIMT ".%1

I =1

EH TRELAMATION PaRESMETERS

EEENCES

Wy > ET THEM ET = abBS (kD

p
I + W

0
4]

Ik
1

r

[N NN

[ SN N 0 N S 4 O Y
(oo o S A B O O IO O o B A I R B LS T )

IF #<0J0 = X{1y GOTO &75M
(I 2 X1y GOTO 5538

= ¥i{5) GOTO &7326

IF \/tJi > XiSy GOT0O Ss4B@

I =1+ 1
IF #=d(I 4 GOTO
IF X0 d) > x<I>» GOTGO
GOTO 4744
REM EXTEaFOLATE BELOW {12
S1 = DLOid — HOly 2 (HOL + HO2)>» ¥ 2 % (DLeZy — DLOLYD

o O O
il
—
S

LNV N N
Ch O
-
(U |
[ I 0]

(NI O BSOS R B A BRI R B S W) QY (0
DA I NI AR S RO DS I ROA R B I s < BN s~ B R i

[V

0
I~
[ K]

IF 1 <€ 8 THENW S1 = DLC1D
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S4d8 YVOI = Y1)
&84S IF rrtJ\ <
Iy o~ Xi1x)y ¥ 51
A408 Y1I(I) = 51
A&a8 GOTO &B828
FEM — EXTRAFOGLATE SBOUME X©35)

= DLYS - 1) + H{Z = 1) ¥ 852{3 - {1
IF 51 < 8 THEM 51 = DLYS - 1)
YYLJY = Y(8) + {J) — H{S)) ¥ &

IF XE0J) 2 = ¥X{8) THEMN YY(I) = (E4:¥1¢0) = @: GOTO

+ (XEOTY - KOlxy % 51
YYLT = 1y THEM 51 = DLOD i) = Yo1iy +

-

o 1 O O
i

18}

[

B ] E

VYOI = YW Jy + (X2 ¥ K2 /X1 - ®EY SOXL o+ 1y S M1 -

N0 E 0 00 0 )

O O~k O
B Tt N N LY O 1 N 1 N %

I+ 02 % 82 7/ X1 - 1 2 X1 2 %1 + 1/ %3 7/ 0¥

[N

&
2
g4 viddy =
S718 GOTO &3228
&7Z8  REM  —IMTERFOLATE BETHWEEM (%)
4738 1 = &
748 I =1 - |
A708 HI = XXOJy - #(Id
748 HZ = Xy - X1 + D
&77E PR = H1 ¥ HZ
A&7838 YZ2(J) = SZ0I) + H1 ¥ S3(D)
&7%8 DO = iSE(I) + 5241 + 1y + Y20y S8
&E88 YY{(Jy = ¥Y(I>) + H1 ¥ DL{IY + PR ¥ D@
6885 IF rrfT3 COVCDY THEN YOI = Y{I» + H1 ¥ DLIID
G818 Y1cI) = DL{I> + fHLI + HZ) ¥ DG + FR ¥ 83013 ~ &

6815 IF Y1{J)» { 8 THEN Y1i{Jy = DLCDD

S8268 DECIY = EXP O - WYL X YYC(I) /2 ¥ YidJ) ¥ OTC ST
4838 MEXT J

S831 PRINT

4235 5 = 5 + MR

4848 RETURN

FEuE REM CoCkxx DISPLAY RESULTS $¥¥2323

o o= MO - XEOB) 1¥1 o= MOS) - XEO@) P o= HEOJr - KOS
~

LY

CEAT XZ2% = "PHYS DIa.":ixvE = "IMP. AERD DIA.":¥XE = "CLASS,

AERD DI, "
TRAE FE = " HHOHHE; HEHOBEESD —H BHSSOS D o HEc e

7887 IF F1 = 8 THEN ZZ2¢% = ®¥%
7 IF F1 = | THEM ZZ2% = ¥7%
7 IF F1 = 18 THEM ZZ% = xx3%
7 HOME : PRIMT 22% + " CUMFR SLOFE DM/DLOGD"

FOR I = 1 TO NP STEP Z

CALL BURE,F$,XFCI) YOI, 1012 ,DGECTIY : PRINT R
MEXT 1

IMNFUT "DO YOU WANT TO SAVE THE RESULTSY;v$

IF LEFT$ (wv$,1) = "N" THEN RETURM

IF LEFT# (%%,1) < > "¥Y" THEM 785a

FRINT D$;"0PEN" + NM$: PRIMT DE;"WRITE" + NMs
FRINT DT#%: PRIMT T%

18 PRINT L#$: PRINT RR#: PRINT 22%

28 PRIWNT TC

7138 FOR I = | TO HP

S148  FRIMT XFPCId @ PRIMT Yvols: PRIMT DGLID

7158 MEXT I

.."J-\\l-.\_d-\.J
HHIQE\@@IQ!B:SIIBEAE‘IAEA
WOt O O 0 PO e 0SS
R R 3R D ® R O3

S B L BN L TR |

&

1



7151 PRINT S

7152 FOR I = 1 TO S

7152 PRINT DSCIx: PRINT D&CId 1 PRINT CUCDY ¢ PRINT YOI

7154 NEXT I :

7154 PRINT &8: FRIMT pD: FPRINT IS5: FPRINT U: PRIMNT RH

7148 PRINMT Dsi"CLOSEY '

718% OHERR GOTO 77A8: FRINT DFE;"VERIFY EUNSNAMT: FPOEE 214,
7

7176  PRINT Df;"0OPEN RUNSZNAMT @0 PRIMT D "READ RUMNNAMY

7188 INFUT Fl: FOR I = 1 7O FIl: INPUT ZZ$(I>: NEXT 1:F1 = F
1 + 1: PRINT D®i"CLOSE"

7185 ZZ%(FI) = NME

7178 PRINT D¥:"0OPEN RUNMANAR® ¢ FRINT DE:"WRITE RURM/HAMY

726868 PRINT Fl: FOR I = 1 TO Fl: PRIMT Z2$(I1: NEXT I: FPRINT
DE"CLOSE"

7246  RETURN

7R F1 = 2:Z2%01y = "F9977": POKE Z1&4,@: GOTOQ 7153
fe@fn REM C{{EERHARDCOPY X% 22

SR1E  HOME @ IMPUT "DO YOU WANT HaRDCOPY (YANy 7Y iR$: IF RF =
"NF THENM HOME : GOTC %8448

1S IF RE < > "Y' THEN GOTO 7814

ZE2A  HOME : PRINT "TURM PRINTER OM"

SETA  FPRINT DE3"FRE1": PRINT CHE: 7> + "g@ N" + CHR% (Z4:

va4a FEIHT " FE¥FEFFFERFRLEENEEEFE " P (0 "R RXEAKRRERHNIE

¥XXXERY": PRINT

FESE O PRINT ¢ FAXXNFXRARHEEE INPUT DATA XXXEXEEEREX": PRINT
RINT

PRINT F$(2F>3: IF F1 = 1 THEN FRINT "FHYSICAL"
IF F1 = 8 THEN PRINT "IMP&CTIOM AERODYNAMIC
IF F1 = 16 THEN PRIMT "CLASSICAaL AERODYAMIC®
PRIMT F$:01) :DT$

FRIMT FE(Z2);T%

FRIMT F$i2) L%

Call BRULRE,FE.4) ,TN: PRINT R3;TRF

PRIMT F$(27):1%

FRINT F${5) jRMNE;"~-FILE MNaME:" jNHE

PRINT F${&) ;RR:

PRINT F$(7r sIME;" "IN

CALL BU,RE,F$:125) ,RH: PRINT R%

FRINT

Call BUL,RELFEC(ED ,BW ¥ 188: FRINT R$

CaLL BU,R$,F$(28) ,CD,CM: PRINT R%

Cell BULR®,FH(2Z) ,0FZ,M2Z: FRINT E#

RO a e RN I o s My s I B S

000 N0 N D ) e
[r B RO s B o)

o) 00 00 B L B e S
R AR N B RO AR A R

RS A I R e e T o o S S

S IR IR I B s B BT IR a BT A (R B o Bt B A B e AR i VR

1

225  Call BU,R$,F$38) ,RO$: PRIMT R%
238 PRINT : PRINT

z4@ CaLL BU,R$E,FH{ ,UM: PRINT R3
=@ CallL BU,R$,F$(5) DF: FRINT R%
248 CaLL BU,R:,F$(18) ,0P: PRINT F$
278 CAllL BU,R$,FE(11) ,FS: PRIMT R3
288 CAaLL BU,R3,F$(12) ,PE: PRINMT R%
zas  Call BU,R$ F$413: ,TS: PRINT R%
299 CALL BU,R$,F$(14) ,TM: PRINT R3
388 Call BUL,RE,FE01%) ,Tl: PRINT R%
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CALL BU,R# ,F$018) ,TD: PRINT R®

CaLL BU,RE F$017) 80 ~ &B: PRINT R$

CalLL BU,R$,F$(18) ,PC / 13.5&%: PRINT R3

CaLL BU,R®,F$C15) ,ND: PRINT R$

CALL BU,R$,F$(Z1) ,%8: PRINT PR3

FRIMT : FRINT

FOR I = 1 T0 & + 1
X% = "STAGE " + STR$ (1)

IF I =35 + 1 THEN X% = "FILTER

CALL BU,R#,F2£024) ,X%,M(10 1 PRINT R3

MEXT 1
412 PRINT :¥$ = "MASS GAIM OF BLANK SUBSTRATE  HH.88": CAlLL
BU,R%,X%,5C: PRINT R%
414 X% = "MASS GAIN OF BL&ME FILTER HE. 88" CALL BU,R%
\X%,FC: PRINT R$
$4268 PRINT CHRE (12)

BT VI U PR VRO (R RV Y

S0 G O U I ) kY o
AR A

RO VI G IR S BRI v BT B A B 4

Y
-
[n)

7088  PRINT "X¥¥¥¥¥Xx¥ RESULTS REXEEXERXEEX
o318 F& = "HCTUAL FLOW RATE He . @88 CFM": CALL BU,R$,F

2,01 PRIMT R%
F328 F$ = "FLOM RATE AT STAMDARD COMDITIONS HEOHHE CFM": CalL
BU,R:,F%,05: PRINT R3$

5238 F% = "PERCEMWT ISOKIMNETIC HeH 888 X" CALL EBU,R%,F%
15 FRINT R%
Fo58 Fx = "UISCOSITY HHH . H° " GMACM-SEC" o Call

BU,RE,F%,U: PRINT R$

FA33 IF DP = @ THEN F$ = "CALCULATED S&MPLER DELTS P = ##.8#
# IN. HG": CALL BU,R$,F$,DP:S ¥ 2): PRINT R$

FSEE  PRINT ¢ FRINT

?568  IF F1 = 18 THEM XZ2% = "DPRiCLA&S AERO) "

#7343 IF F1 < > 18 THEM X2% = "DP{PHYSIOaL) "

P78 PRINT "STaGE CHkM . DP DP CiM.,

IMLET SERT"

7375 PRINT ¢ CORR. "3x¥Zsi;"(IMP aEROH FREGQ. RE
FSISE”

o328 F: = " HH: H.HH#H, Hi . HHH; HH . HEH; HH . HEHH,

HHESHE; B, HuH
¥5%8 FOR 1 = 1 TO S
7486 CALL BULR$,F$,1,C0C(1) ,DSCD) ,DECIY ,CUCIY ¥ 16@,RECI) ,SI
(1): PRINT R$
FE1E NEXT 1
2426 IF MR = 8 GOTO 945@
P4ES FOR 1 = 1 TO MR

AL
1N

FE3IB  FRINT "NOTE: THE MASSES ONW STAGES "MZCI) " a&MD R SR

>+ 1:" HAVE BEEM COMBIMED FOR THE SPLINE FIT BECAUSE OF CUT
S BEIMG TOO CLOSE TOGETHER®

531 PRINT @ PRINT

F&38 F¥ = "TOTAL MASS COMCEMTRATION =  #. 88"~ MG/DRY MORMS

L CUBIC METER": CALL BU,R%,F$,TC: PRINMT R3$

451 PRINT

7833 IF F1 = 1 THEM FRINT "SPLIME FIT OM FHYSICSL DISMETER
BASIS" : PRINT

Fa48  IF F1 = @ THEM FRIMT "SFLIME FIT ON IMPACTION SERCDYM

AMIC DIAMETER BASIS": PRIWNT

F&8T  IF F1 = 18 THEN FRINT "SPLINE FIT ON CLASSICAL AERODY



NAMIC DIAMETER BASIS": PRINT

S&76  PRIMT "PARTICLE DIA.  CUMFR CUMER Clt.MAss LG EARRN
GD*"

&0 FRINT " (MICRONS {STDLDEW (PERCENTY {MG-ORY M.CU.METE
Ry "

S498 PRINT D& = 47847 / SGQR (Zy:C1 = .24882:C2 = - .@8%
g87%98:C3 = .747R554

ETT OFE o= " HELHHEH;  —HEOHEHE; HHH . BH; H.HHE #.HH
FF7Ed FOR I = 1 TG MNP

S7BRS X1 = ¥y¥i(ly: GOSUEB 7724

7718 CALL BU,RE,FE,<PCD) ,YYOI2 X3 ¥ 188 ,X2 ¥ TC,DG(10 ¢ FRINMT
RE

P2 MEXT 1

725 PRINT

@73 IF F1 < > 18 THEN GOTO #7%7d

PT3ZS PRINT @ PRINT

748 PRINT "3%¥% INMHALAELE PARTICULATE MATTER XXX

745 PRINT

L)
1
n

¢7ER 1 = &: GOSUR ¥odw
P74 1 = 8: S0OSUR FZ08
@778 1 = ti: GOSUR yo6@
F7aR 1 = 12: GOSUB 9869

725 PRINMT “"MNOTE: DISMETERS FOR IMHALABLE PARTICULATE MATTE
F aRE CLASSICAL AERODYMAMIC DIAMETERS”

798  GOSUBR 9348: FRINMT CHR% (11): RETURN

2oaa X1 = Yy{I>): GOSUB ¥9B8
2818  Call BU,RE , FFC28) ,XPOI) X1
7326 RETURN

~a48  REM ¥¥¥ PRINT SI1ZE DIST. PARAMETERS

2347 IF MR > 1 OR F1 = 18 THENM PRINT CHR$ (120

2842 IF MR > 1 OR F1 = 18 THENM PRINT " #¥%% RESULTS CONTI
MUED #%Xxx"

845 PRINT

FESE  PRIMT "LOG-MOREMaL SIZE DISTRIBUTION PARAMETERS": PRINMT

(k]

¥ TC,X2 ¥ 18@: PRIMT R%

855 F$ = "LEAST SQUARES LINE: Y=8##.##; + ##.#d#7

7848 CAlLL BU,R%,F$,L4,L5: PRINT R%

4% F: = "MASS MEDIAR DIAMETER: ###.8#H#": CalLL BU,R$,F%F,LV:
PREIMNT B3

7R F& = "GEOMETRIC STaRDARD DEVIATION:  HE#.HEH": Call EBU,

R&,F$,L8: PRINT HF

FEaf F$ = "CORRELATION COEFFICIENT: #H#.#H#8": CALL BU,RF.F%
7: PRINT R%

AR

$8 RETURN

a8  REM ¥¥E¥Y CALT. M) -THE MNORMAL FON XX

A5 IF X1 > =8 THEM FL = 1

16 IF X1 <€ & THEN X1 = - Xl:FL = -1

28 ¥z = 1 7 (1 + DB ¥ X1

ap X3 = 1 - C¢C3 ¥ XE o+ L2y F M2 + C1) ¥ X2 X EXP { - X1 =%
rd !

I

a

SIQND 2 ND D N D N )
SO0 N e NI O NN ) DT

48 ¥3 = {1 + FL % ¥2» 7 2
= PETURN
&8 REM X¥¥ IMSERT COEFF S,
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778 DA = 47847 S SOQOR (2

gean Gl = .234882:02 = - [@FSE7FFE:CE = ,7470855E

7¥R  RETURM

laaad  REM  ®xx CALCULATE LOG-NORMalL LEAST SQUARES FIT TO De
TA xxx

faaze LZ B:L1 = @:L2 =8:L3 = 8:L4 = A:L5 = @G:1Lé& = &:1L7 =
B:l8 = 6:L.%9 = 8
ldg=zd FOR I = 1 T0O N2

16840 LZ = LZ + X{I): REM X{I) IS LOG OF STAGE D56
1aaza L1 = L1 + ¥iIY: REM Yd{I) IS LOGMORM TRAMNSFORM OF CUM
FRACTION

laagss Lz L2 4+ YW{IY ¥ ®{I}

16848 L3 L3 + #{I> % (I

lagra L4 Ld + YOI ¥ ¥YOI)

198328 NEXT I

1ag7a LGS (L2 - L1 ¥ L2 /7 M2y /(L3 - L2 ¥ LZ / M2

tatosg L& LI /N2 = L3 £ LZ ~ N2

fatia L7 ta ~ & - La /L3

18128 L3 g ~ {1 / LS

a1z LY LS ¥ S@R (0L - L2 ¥ L2 7 M2y 7 (Ld - L1 ¥ L1 ~
MZ2)

19148 Ly = L% ¥ L?

181453 PRINT *MMD= " jL73;" SIGGE= ";LE8;" RIZ= ";L%: FRINT : PRINT
"TO CONTIMNUE PRESS AMY KEY ": GET R%

1éi58 PRINT R$: RETURN

Je888 DACE) = F1:DACLY = UM:iDACZY = DP:DAa(3) = OF:Dadd) = PS5
:DACI) = PBiDACE) = TS:DACT) = TMiDAME) = TI:DA(PY = Th:Dadl

8 = ADACIEL) = WA:DAR(IZY = MF

Zeaia DACLD FCiDA(LZ2y = ND:DATL3) = H8:DAa 14D
FHiDAC & S:DACL?) = MR:DAC1EY = DCZ:DACLS
DI:DAcz21 CO1DA22) CP:DA(Z23) = CT:DA(Z24
Bld:De(da) M

[ |

Wwuniu

TH DA 15
BN 2 Dy 26
PP :Dmd 250

[ T

nunu
i
i

SABZ8 DAacZYY = CD:DACZEE) = CHM:DAadi29) = GZ:DA(IR) = NE
386848 Da = PEEK 167> + 254 ¥ PEEK (183»:DL = PEEK (1689 +
=234 ¥ PEEK (118) - Dm: REM STaRT &MD LEMNGTH OF ARRaSY ITOR

AGE

JEA4S DL = 160646

@638 PRIMT : PRIMT DFE;"BSAVE" + HME + ".D&TA" + " A" D&y
L"s;DL

ZEASR PRIMT DE"OFEN" + NME + " TEXT"

38876  PRIMNT DF;"WRITE" + MM® + " TEXT®

Z9age  PRIMT DT$: PRINT T#: PRINT L$: PRINT I%: FRINT RM%: FRINT
RNHME: PRINT RR%: PRIMT IM$: FRINT IM%: PRINT FRO$: PRINT SME

S@eyE  PRIMT D$;"CLOSE": RETURN

397y REM RELOAD OLD RUM DATA )
3188a  FRINT "ENMTER FILE WNAME OF RUN TO BE RETRIEVED:": IWNPUT
FIs

21816 Dy = PEEE (1872 + 254 ¥ PEEK {183

21z PRIMT DE3;"BLOAD" + FI% + ".DaTa,a"0s

18368 Fl = D@y sUM = DACL) :DF = DROZ2) t0P = DaCRY tPS = DR 4D

tPEB = DA(Z TS = DACS 1 TM = DAY iTI = DALCEY :TD = DAC?r 14l =

D&y 1@

21648 PC = DRI MDD = DACLZ2Y iX8 = DAC13Y TN = DACI9 tRH = D
A1) 38 = DACLISY MR = DACLT) iDCZ = DAC18) NN = DACL?) :DI = D
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AOZEY i CE = DACZL1Y 0P = DACZEY iCT = DARIZI PP = DRd24r B = D
BHLZ230 (NP = Dl Z2ad _
21858 CD = DACZE7Y 1M = D&O2E 102 = DA(ZY)Y N2 = Dacze) ke = D
{31 tMF = DRO32
31855 FF = M{(S + 13:FC = M{S + 22150 = MOCS + 2D
21846 PRIMT D#;"0OPEN" + FI$ + " TEXT"
21876  PRINT DH;"REsDY + FI$ + " TEXT"
21828  INPUT DT$: INPUT T$: INPUT L£: INPUT I%: IMPUT RRH$: IMFUT
MNME: INFUT RRE$F: INMPUT IM$: INPUT IM$: INPUT REO®: INFUT SHME
31885 F$(24y = " 2iWATER VAPOR BE . HE0
31a%8 PRINT CH;"CLOSE": RETURM
£2992 BUY = PEEK (121 + 258 ¥ PEEK (122 + 284 CalL BU:EBU
= PEEK (&) + 254 ¥ PEEK (¥y: CALL BU + 321 RETURM REM
== DO NOT EDIT &3%99%.
43525 REM

BUTLDUSIMG <2.8) &PPEMDED,
COPYRIGHT <L) 1%81

ROD STOVER

DISTRIBUTED EBY:
SEMSIBLE SOFTWARE

==% T REMCVE “APFEMDSGES, EMTER:
JEXEC BU.STRIP
3



PLOT3

8 REM WMRITTEM BY J.D.MCCAIMN, SOUTHERM RESEA&RCH IMSTITUTE -
REVISION 8/1/284

1 TEXT : HOME ¢ PRINT : PRINT "& CATALOG OF RUNS OM FILE WI
LL BE LISTED MEXT. SELECTTHE RUN TO BE PLOTTED a&MD TYPE IM F
ILE MaME WHEM REQUESTED. WOTE AMPERGRAPH LOSDER MUST HAWE EBE
EM RUM PRIOR TO THIS PROGRaM."

2 FRIMT " THE RN WILL THEM EBE PLOTTED FIRST &S CUM. ¥ WS,
DIa., THEM AS DM/DLOGD WS DIA., AMD FIMSLLY &S CUM,. CONC. WS

DIA. TO PLOT AMOTHER RUM SIMPLY TYFE “RUM" &FTER THE L&ST H
A3 BEEN COMPLETED. TO HALT CATALOGE SCROLLING USE “CTRL-S°
¥ PRINT "TO COMTIMUE FPRESS AMY KEY": GET R$: PRINT Rf: FRINT

L

REM :FRINT : IMFUT "ENTER FILE N&ME OF RUN TO EE PLOTTED

" NME

HIMEM: 143253

REM ¥¥¥¥ PLOT SOUARE X¥%%
DF = CHRE 4

DIM XP{2E) ,YY{26) ,DGL20)
NFE = Z@

PRINT D#;"0OPEN RUNAMAM" + " . D2": PRINT D$;”READ RURL/MAM®
INPUT MR: DIM Y#(NR)>: FOR I = 1 TO MR: INPUT ¥&:(1): NEXT 1
PRINT D%;"CLOSE®
18 FOR 1 = 2 TO MR: PRINT ¥$£{1): NEXT I: PRINT
1%  PRINT : INFUT "ENTER FILE N&ME OF RUM TO BE FLOTTED
" NME
26 FRINT D%;"OPEN" + MME + " ,DZ"

28 PRINT D%:"READ" + NM#

48  INPUT DT$: INPUT T$: INPUT L%: INFUT RR$: IMPUT DE$: IMPUT
TC

S8 FOR I = 1 TO NF

&0 IMPUT XPCId: INPUT YY¥O(Id: IMPUT DG{ID

7@ NEXT I

71 INPUT S

72 DIM DS(S),D4(Sy ,CUCE) YIS

73 FOR I = 1 TO & _
74 INPUT DS¢Id: IMPUT D&CId: IMPUT CUCIY : INFUT oD
NEXT 1

PRINT D%;"CLOSE"

LD T IR . |
~J o R

Cé = 2.515517:C1 = .802853:C2 = .A168328
Dl = 1.432788:D2 = ,189247:D3 = @@ 1368

PRIMNT XPC1) ,XP{26)
HGRZ
% SCALE,.1,188, ~ 4.4
2 LOG x
Lx% = "DIAMETER, MICROMS"
LY = "CiMMULATIVE FERCENT®
& LABELAXES,1,B

N e e LB A WA S|
03 Mo @] D e (0D
IS 3

—
L
0o

141 LABELE = ", 1-": & LABEL,.848, - 2.22
142 LABELE = " 1-": & LABEL,.848, — 2.48
142 LABELE = "18-": & LABEL,.A&8, - 1.42
144 LABEL$® = "28-": % LARBEL,.843, - .¢7
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—
(1A

145 LABELS LsBEL , .

= "Sf % Bad, — .
148 L&BELE = "28-": & LABEL,.828,.71
147 LABELE = "28-": & LABEL,.855,1.14
1428 LARELS = "27-": & LABEL,.B58,2.2
149 LABELF = " -": % L&BEL,.B&48,2.795
158 & LABEL,.8s&88, - 2 ”ﬁﬁ %: L&BEL, .B8&8, — 1.7FD: & LaBEL,.
@el, - L4559 & LABEL, - .2EG
151 % LABEL,.858,. 1Lq' & LQBEL,.BGS.,E?S: & LABEL, .852,1.51
S & LABEL,.848,2.445

124 LABELS = NM$. 4 LAREL,.2.3.5

159 FOR I = 1 TQ MF

148 4% OPENCIRCLE XPOI2 (1D

178 MEXT 1

171 GOSUB S9594

172 FOR 1 = 1 TO S

{72 IF DB+ ¢ > "PHYS DIa." &ND DBE: (> "CLASS. SERD DIs®
THEN & CLOSEDCIRCLE,D&CI) ,vW4I»: GOTO 177

174 & CLOSEDRCIRCLE,DSCIN ,vild

177 WEXT 1

178 FOR 1 = | 7O S@ad: MNEXT 1

179 TE¥T :+ HOME : IMPUT "HARDCOPY? (REQUIRES GRAFHITTI CAELD
» ¥/ "3R$Es IF RE > "Y' THEN ZB@

188 PRINT : PRINT : INPUT "SiMaLL (3xXd4> 0OR LIYARGE [ &XE)

E FOR FLOT ";R$: IF R ¢ > "S5% @AND RE £ > "LY GOTO 1o
185 IF RFE = "5" THEM P% = "GZE"

igg IF R = "L" THEN P% = "GZEREL"

127 PRINT DF;"PRHELT

198 PRINT CHR$ (%) + P$: FRIMT CHREF (12): FRIMT D®"FRHZ"

DE = @:DL = 1,9E3
FOR I = 1 TO 15
IF DG(I> < = @ THEM DGIIy = 1.BE - 1S: GOTO 244
IF DECI> > DB THEM DB = DG(ID
IF DG(I1» ¢ DL THEM DL = DGE(D)

MEXT 1

TEXT : HOME : PRIMT "MIN DM/DLOGD=" ;DL

PRINT : PRINT "M& DM/DLOGD=" ;DB

PPINT : FRIMT : IMPUT "SELECT RANGE FOR DM/ DLOGD PLOT -

M,MEs(. MUST BE INTEGRAL POWERS OF TEM “¥L,YM
HERZ
4 SCALE,.1,188,YL,¥H
5, LOG X: % LOG ¥

LY$ = "DM/0LOGD, MG/DNM3"

% LABELSXES,1,7L

I*-.l

Y L I R ) I S

BRI B BDRY R ORI R B
nglmrzltﬂ,,.a.t—-tlxllsj I Uy B [ R ]

=00 ] g X

SV PRSI SRR SV RS I SV O VI Y]

18 LABEL® = NM®: & LABEL,.2,.4 % ¥M

Z8 FOR I = 1 7O 13

25 IF DG(CIY ¢ = 8 THEM GOTG 246

38 % OPENCIRCLE,XPCI? ,DGCI2 :
48 PMNEXT 1

241 FOR I = 1 TO S866: WEXT I: TEXT : HOME : INFUT "HARDCOF
Y7 (REQUIRES GRAPHITTI CARDY YoM";R$: IF R#® Yr O THEN 35
i

242 FRINMT : PRINT : IMPUT "S)MALL (3X¥4) OR L)ARGE ©&X&8) 51
E FOR PLOT ":;R$: IF RE ¢ > "S" &ND RE < > "L GOTO 342

]



n G::R i

243 IF R = "5" THEM F%
= tE2RDY

244 IF R = "L" THEM P$
345 PRINT D$i"FRH¥LC
244 PRIMNT CHR$ (%) + P23 FRINT CHR$ {12): FRINT D%;"FRE@"

I

258 REM UM COMC PLOT

348 DB = 47847  SGR (2):Cl = .Z4Z82:02 = - ,AFSETYS:CI =
FAVEE54

78 TEXT @ HOME @ PRINT "MIN COMC.=";::¥1 = Y¥{1): GOSUE 729G

B: PRINT X3 ¥ TC

Zgd PRIMT @ PRIMT "Ma&x CONC.="3:X1 = YY(15) 1 GOSUBR 976E: PRINT
®3 % TC

37@  FRIMT : PRINT : IMNPUT "SELECT RAMGE FOR UM, COMC. PLOT

- MIM,M@X. MUST EE INTEGRAL POWERS OF TEM ";YL,¥M

488  HGRZ

418 % SCALE,.1,106,¥L,YM

434 & LOG ¥X: & LOG ¥

448 Lr$ = "CUM. COMC., MG/DNMZ"

458 % LABELAXES,1,YL

488 LABELE = NM$: & LABEL,.2,.& ¥ ¥M

518 FOR I = 1 TO WP

528 X1 = Y¥il): GOSUE 9%6@

525 IF X3 ¢ = @ THEM S7@

S38 & OPENCIRCLE,XP(1) ,X3 ¥ TC

S48 NEXT 1

SS@ FOR I = 1 TO S

SS5 IF DEFE < "PHYS DIA." aND DB% ¢ > "CLASS. AERD DIa.®
THEN % CLOSEDCIRCLE,D&¢I),CUCIy: GOTO 578

S48 & CLOSEDCIRCLE,DS(I) ,CUCIY ¥ TG

S7@  NEXT 1

Se@ FOR I = 1 TO S888: NEXT I: TEXT : HOME : IMPUT "HARDCOE
¥? (REQUIRES GRAFHITTI CARDY Y MN";R$: IF RE < > "v" THEN 7@

o}

278 PRINT @ PRINMNT @ INPUT "SiMabll (3x4y OR LYARGE (&x&) =12
E FOR PLOT ";R$: IF R < > "S" aMD R$ { > "L" GOTO S%8

88 IF R = 'S THEMW PF = "G2ZR"

18 IF R = "L" THEM P% = "GZRD"

&28  FPRIMT DHEi"FRHEL"

428 PRIMT  CHR® (%) + P$: FRINMT CHRE (12): PRINT Df;"PR#a"
7aa  HIMEM: Z&8d4a4

P79 END

9588 FOR I = 1 TGO S
488 FL = |
S4le T o= CUCD

S&288 IF CU ¢ = .5 GOTO 5456
2428 FL = - 1

S&48 CU = 1 - CU

S&498  REM

D6EB T = SR (- 2 2 OLOG (CUM
34678 YD) = £ - T + (CB + C1 ¥ T + C2%¥T ¥ T /1 + T ¥ (D
1 + 7T % (D2 + T % D22>2) ¥ FL

34888 MEXT 1
2788  RETURM



e IR s e e

Ld

REM TRAMSFORM FROM STD DEY TO LIMEAR ¥

IF 1 > = @ THEM FL = 1

¢ @ THEN FL
i1 + DB
{1

[oasy
l'T'I
=

[

r
&

¥
Rl
i

Y +

C2) £ X2 + €D #® X2 ¥ EXF

|
—

< b KX

L) 03 rd

= (1 + FL ¥ ¥2» - 2
RETURN
g END

&
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STATPLOT

VOTEXT ¢ HOME @ PRIMT @ FPRIMT & CATALOG WILL EE LISTED MEX

T. SELECT THE ST&TIS FILE TO BE PLOTTED AND TYPE IN FILE MaM
E WHEM REQUESTED. MOTE AMPERGRAFPH LOSDER MUST HeV'E BEEM RUN
PRIOR TO THIS PROGRAM.

2 FRINT " THE RUM WILL THEN BE PLOTTED FIRST A5 CUM.LOADING
VS. DIA. AND THEM &S DMADLOGD WS DIA. TO PLOT ANOTHER RUN S
IMFLY TYFE “RUNY AFTER THE LAST HAS BEEM COMPLETED. TO HaLT
CATALOG SCROLLING USE “CTRL-32 ¢

FRIMT "TO COMTIMUE FRESS aMNYy KEYY": GET FEf: FRIMT R%f: PRINT

DA

S HIMEM: 18383
& REM E¥x%¥ PL
18 DF = CHR$:
12 DIM =Fo2i) 1
14 MF = 2@
17 FPRINT D#;"CaTalLoge
1% PRIMT : INPUT "ENTER FILE MaME OF RUNM TO BE PLOTTED
" : r'l l» 4 .i_
268 PRINT D3"0FEM" + RM$
28 PRINT D$:"READ" + MNM$
46  IMPUT DE$
58 FOR I =8 TO MNP + 1
I3 IF I = MF + 1 THEWM IRPFUT ¥P¢Id: INPUT MOI}: INFUT S013:
INPUT CI¢I): GOTO 7@
S8 INPUT ®POI2: INPUT MOId s IMPUT S(Id: IMPUT CI¢Idy: IMPUT
YY¥(Iy: INPUT CY<ld
78 OMEXT I
28 PRINT D%;"CLOSE"
B85 CA = 2,3i5517:01 = .SA2E8S3:02 B 1a3zE
Ll = 1.,4232788:D02 = . 1839249102 sJe
FRINT "MINM CUM = "3¥Y (1) 3" Max CUM = " yyozm
F2  INPUT "ENTER YMIN,"MaX FOR CUM LOADIMNG PLOT (MUST BE INT
EGRAL FOMERS OF TEM) " 3vL,vM
25 HGRZ
tea 2 SCALE, .1, 18@,7vL, M
11 & LIMIT,.2,.7,.8,1
118 & LOG x: 2 LOG ¥
128 L¥3 = "DIAMETER, MICRONS®
128 LY$ = “CUMULATIVE LUéDINu, MG/ DS
139 % AXES,.1,vL,1,"M ~ 2
148 REM 2 LAEELAXES, 1,3
152 & FRAME
133 LABEL® = "CUM. LOADING, MG/DMM3": % CENTERVLAREL, .82, =0R
YL E YM)
154 LABELE = MM$: & LABEL,.Z,.4 ¥ YM
S FOR I = 1 TO NF
148 % OPEMCIRCLE xPil) ¥yl
145 & ERR OR BARS,8,CYV0I>
176 MEXT I
176 FOR I = 1 TO S866: NEXT I
177  TExT : HOME : INFUT "HARDCOFY? (REGQGUIRES GRAFHITTI CARD

0T SOUMRE #2xx
a7
MCZ1Y (SO20 10210 (21 ,CY LR

<0 0d
=[x

A]
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7OYAMN "sRE: IF RE 4 > "Y" THEM 2840

eE  PRINT : PRINT @ INPUT "SOmMALL (3X4) OR LXARGE (4x8) 514
E FOR PLOT ":R#$: IF RE ¢ > "3" AND R$ ¢ > "L" GOTO 124

125 IF R$ = "S" THEW PE = “GEZR"

186 IF R$ = "L" THEN P$ = "G2RD"

187  PRIMT DE; FR#L"

198 PRINT CHRE (%) + P$: PRIMT O#%;"PR#8"

2E6 0B = @:DL = 1.8E3E

1@ FOR I = 1 TO 28

215 IF McI» € = @ THEM M¢1) = 1.8E - 15: GOTO 244
22 IF M(IY > DE THEM DB = M(D)

2z@  IF M{IY < DL THEM DL = MDD

248 NEXT 1

258 TEXT : HOME : FRINT "MIN DMsDLOGL=" ;DL

268  PRINT : PRINT "M&X DMs/DLOGD=";DE

278 PRINT : FRINT : IWPUT "SELECT R&MGE FOR DMADLOGD PLOT -
MIM,MAX. MUST BE INTEGRAL POWERS OF TEM "3YL,YM

71  HGRZ

4 SCALE,.1,

g LIMIT,.28,.7,8,1

4 LOG ¥: % LOG Y
LABELE = "DM-DLOGD, MG/DMM3®
G BXES, .1, 7L, 1, 7H 7 2
& FRAME

U
~l -

1688 ,YL,vYM

00N Q0

R TN B~ I WD -ORR SO S o)

o1

2

2

eyt

S8 & CEMTERYVLABEL,.8Z, SOR (YL X YMD

318 LABELE = NM$: & LABEL,.2,.46 % WM

32 FOrR 1 = 1 TO Z@

33 & COPEMCIRECLE,xXPCI) (MOID

22 % ERR 0OF Ba4RZ,6,C1C12

24 MNEXT 1

24 FOR I = 1 TO S@@a: MEXT 1: TEXT : HOME : INPUT "HARDTOF
Y7 (REGQUIRES GRAPHITTI CaRDy Yo N";R$E: IF RE { > "¥" THEMN =3
ol

=47 FPRINT : PRIMT : IMPUT "SoMall (3xX4y QR LIARGE (£x8) =1L
E FOR PLOT "3:R$: IF R$ < > "S" &ND RE ¢ > "L" GOTO 34%2

24z IF RE = "S" THEW F¥ = "GZR"

344 IF R$s = "L" THEM P% = "GZRD"

245 PRINT DE;"PRH#LT

344 PRIMT CHR$ (9 + P$: PRINT Df;"PRE#E"

z4s  HIMEM: 224448

258 END

S5 FOR I = 1 TOD 3

SSo88 FL = 1

S&1| CU o= CUdlD

Ssza IF CU ¢ = .5 GOTO Sa&54

S&3@ FL = — 1

=84 CU = 1 - CU

S54TE REM

848 T = S@R (- 2 ¥ LOG (CWDo

SATR O YLIY = ¢ - T + fC& + C1 ¥ T + C2 %7 %x T ~ <1l + T % (D
1+ T % (D2 + T ¥ DIy2233 % FL

3438 MNEXT 1
S7ER RETURM
lagaa  ERD
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PURGE RUNFILE
o RO = 4@
16 B = CHR% (4
15 PRINT D% + "CATSLOG": FOR I = 1 TO SEAG: WHEXT 1
28 HOME PRINT INFPUT "EMTER TEST NUMBER OF RUNM TO EBE DEL
ETED " 3TN
28 PRINT @ INFUT "EMTER RUM ID OF RUN TO EBE DELETED " iFMM$
33 PRINT : IMPUT "EMTER IXNLET OR OOXUTLET RUN? "31%
48 pME = "T" + ETR$ (TM) + "R" + RMNE + ", + I% + o™
28  PRINT "CHECK FILE NAME AND YERIFY THAT “"iNM$:"" IS THE
FILE TQ BE DELETED -¥ /M ": GET R#%: PRINT R$: PRINT
88 IF R$ < I "¥" THEMN HOME : GOTO 28
&2 FRINT DFE;"OPEM" + MWME: PRIMT D$i"CLOSE"™ + MHMF
&3 PRINT D% + "DELETE" + HMNME
K = B:iM =4
72 D% = CHR$ {4
S5 PRIMT DF + "OFEN RUN/MAM!
88  PRINT D% + "READ RUNANaM®
e INPUT NR
18 IF RO = @& THEM DIM veONREY L KINR?
118 FOR I = 1 TO NE
126 IMNPUT v{I2
138 IF MNM$ = Y$(I) THEM M =M + 1:KM) = 1
146 MEXT 1
158 PRINT D% + "CLOSE"
132 IF M =8 THEW END
158 PRINT D% + "OPEN RUNAREM"
178 PRINT D% + "MRITE RUNSRASM®
1753 PRINT MR - M
igg FOR 1 = 1 TO NR
196 IF NM% = Y${(I) THEN GOTO 218
28 PRIMT Y4$.(12
218 MEXT I
zZzZe  PRIMT DF + "CLOSE"
226 IMPUT "MORE TO DELETE? {v /Ny "iRf: IF R: < I "¥" THEN
EMD
2448 RO = 1
238  GOTO 1S
]
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PURGE CYCLONE FILE

S RO= 08

18 D = CHRE$: (47

15 PRINT D$F + "CaTaloG": FOR I = 1| TO S@aa: NEXT I

26 HOME : PRINT : IMPUT "ENTER IMPACTOR MAME TO BE DELETED
"y hNME

48 MME = NME + "SIMPY

=@ PRINT "CHECK FILE MAME anND VERIFY THAT": PRINT MME: FRINT
" 15 THE FILE TO BE DELETED —-Y/N ": GET R$: PRIMT R%: PRINT

& IF RE £ > "wM THEN HOME : GOTO Z8

&2  PRIMNT DE;"0OPEN" + MME: PRINT D$;"CLOSE" + MM
&5 PRINT D + "DELETE" + HM%F

T K = @: =@

72 DFE = CHEx (4

75 PRINT D% + "OPEN IMP/NaM"

g6  FRINT D% + "READ IMP/HAM"

78 INPUT ME

166 IF RO = @ THEM DIM YEINRY KIINRD

118 FOR I = 1 TGO NRE

128  IMPUT ¥{ID

126 IF MME = Y${I) THEM M =M + 1:KOD = 1
148 NMNEXT 1

15 PRINT Ds$ + "CLOGSE"

155 IF M = & THEM EMD

146 PRINT D$ + "OPEM IMPA/MNAMT

178 PRINT 0% + "WRITE IMP/HAM®

175 PRIMT MR - M

1gg FOR I = 1 TQ HR

198 IF WNM$ = Y${I» THEN GOTO 219

za8  PRINMT Yy®(12

218 MNEXT I

zZ28  PRINT D + "CLOSE"

238  IMNPUT "MORE TO DELETE? <Y /My "iR$: IF RE < > "v" THEM
END

2d4a RO = 1

252 GOTJ 15

]
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REM

1
2 REM

= JDOM

laa
1ia

REM

UFDATE TO SaUE
CLEAN UF PROMPTS & COMVERT FROM KCAL TO <{>HE

% IMP OF %

DIM XO2@) 028 ,C02
JOSZY (FRA

SR

SETUP

VELOCITY TaBLES 11715784 J0M

N
1272778

VEL TRaY PROG %%

83 ,TC28 26,028,268 ,00(28,28) ,5052,

128 GOSUE $3997
128 Df = CHRE (4)
148 GOSUE 11666
158 HOME : PRINT F$48): PRIMT
168  PRINT "NEW VELOCITY TRAVERSE ¢¥Y OR M)? ";: GET G$: PRINT
G$: PRIMT : IF @2 = "N" THEN F1 = 1
141 GOTO 178
185 HOME : PRINT F208): PRINT
178 IF GF = "Y" THEN HOME : GOTO 278
188 IF Q% > < "N" THEM 15@
198 REM  ¥¥ ST&RT
288 HOME : FRINT F$(@): FRINT
218 CALL BU,R$,F$(1) ,Nf: PRIMT R%
22# REM GOSUE RUM CODE CHECK
236 CALL BU,R$,F$(2) ,42: PRINT R$
248  CAlLL BU,R$,F$E(3 ,1%: PRIMT R
258 GOTOD 338
278 REM XX VEL STERT
286 CALL BU,R$,F$(4) M$: PRINT R$
298 F3 = B
266 IF RIGHTS (M$,1) = "0" THEN F3 = 1
318  CALL EU,R$,F$(S) ,Bl: PRINT R%
328 CALL BU,R:,F:(4) B2: FRINT P2
336 CALL BU,R$,F$(7) ,B%: PRINT R3
348 Call BU,R$,F$(5) ,G1: PRINT R%
350 CALL BU,R$,FE($) ,GZ: PRINT R$
346 Call BU,R$,F$016) (55: FRINT RE
378 CALL BU,R$,F$£:11) ,Fl: PRINT R3
286 CALL EU,R$,FE(12) .PZ: PRINT R$
278 CALL BU,R$%,F$(13) ,F: PRINT R%
295 PRINT "B) STACK TYPE "IETE
394 IF 5T# = "ROUND" THEM CALL BU,R$,F$(S2) ,DL: PRINT R$
397 IF ST$ = "RECT." THEM CalLL BU,R$,F$(SE) ,0L: PRIMT R$: CaLL
BU,R% ,F${51) ,DE: PRINT R% '
446 UTAR 2#: PRINT "PRESS ITEM MO. TO CHAMGE, © TO COWTIMNUE
R TO RETURN TO MENU, OR ' FOR MEW VELOCITY ™
41 WTAE Z2: HTABR 13: GET Az
428 IF A% = "R" THEM PRINT "&RE vOU SURE YOU WenT To EXIT
PROGRAM?" 31 GET R#: PRINT R$: FRIMT : IF R$ = "¥* THEN FRINMT
DE3" RUN MENU"
425 IF &% = "R THEM GOTO 1&5
428 IF &% = "C" THEN 408
22 IF A% = "U* THEN F9 = @:F1 = @:F4 = @: GOTOD 156
435 HTAB 15: PRINT * "y UTAB 22: HTAE
15



a4
445
145
444
447
EMGT

IF &%

"a" THEN IMPUT "@MB TEMP = "iF: GOTD 145

IF A% = "B" THEN IF ST% = "ROUNMD" THEMW S5T¢ = "RECT.": GOTO

IF A% "E" THEM ST$ = "ROUND":B1 = 4: GOTO 185
IF A% "D aND ST = "RECT.® THEMW IMPUT "EMNTER DUCT L
H: ";DL:DZ = 0L % DBE: GOTO 1&5

448 IF 4% = "E" AMD ST$ = "RECT." THEN IMPUT "ENTER DUCT O
EFTH : ";DB:D2 = DL % DE: GOTQ 145
449 IF A% = °"D" AMD ST$ = "ROUND" THEM IMPUT "ENTER DUCT D
I&. & ":DL:DZ = 2.14159 ¥ <DL ~ 2) ~ 4: GOTO 145
458 & = VAl (A%
448 IF & = 1 AND GF = "N" THEM INPUT *RUM NO. = "N$: GOTO
145
376 IF &4 = = AMD 0% = "N° THEM INFUT "SUBSTRATE SET = ":iAZ
: GOTO 145
486 IF & = 2 AND 0% = "N" THEN IMPUT "TYPE/SHELL/PLATE = *
(1% GOTO 145
498 IF & = 1 AND 0% = *¥" THEM IMFUT "TEST CODE = "iM$: GOTO
145
SeE IF & = 7 AND 0% = "¥" THEN INPUT *MNO. PORTS = ";E1: GOTO
145
=@ IF & = 2 &MD 0 = *¥" THEN INPUT "NO. POINTS/FORT = ";
BZ: GOTO 145
sz@ IF & = 4 THEM INFUT "DATE = *;GE: GOTO 145
536 IF & = 5 THEM IMPUT "X 02 = ":Gl: GOTO 145
S48 IF a4 = & THEN IMFUT "¥ COZ = "3;G2: GOTO 165
=53 IF A& = 7 THEN INPUT "% H20 = *;G5: GOTO 145
S&E IF & = & THEM IMFUT "@ME PRES = “:1F1: GOTO 145
s7@ IF & = ¢ THEM INPUT "DEL P STACK = ";P2: GOTO 145
S8A GOTO 1585
488 G4 = 198 — Gl - G2
&18 PZ = FL + PZ / 13.68
628 M1 = .32 ¥ G1 + .44 ¥ GZ + .28 ¥ G4
43@ MZ = (1@ - GS) ¥ ML/ 18@ + .18 ¥ GS
448 FK = F + 448
£4% IF F1 = 1 THEM 111@
&5@ IF F4 = 1 OR F$ = 1 THEN 1388 REM GOTO PORT #
&48  REM  ¥¥  UEL TRAVERSE
4784 1 = @
sz@ 1= 1 +
485 IF I > BL THEN I = 1
58 HOME : PRIMT "UVELOCITY TRAUVERSE": FRINT
7A@  CALL BU,R$,F$(14),1: PRIMT R$
718 CALL BU,R%E,F$(1%),C: PRINT R3%
2@ PRIMT : PRINT "POINT #  VUpiHz@8:  TidegFr  WEL(ftssd®
748 SP = 1: IF ST% = "ROUMD" AND 1 = 1 THEM SF = &
745 FOR K = SP TO B2
778 CaLL BU,R3 F3(1&) (K,001,K ,TCI,K V(DK FRINT R$
738 NEXT K
798 Call BU,R$,F£C17) ,v(I): FRINT R%
ga@ CaLl BU,R$,F$¢18) ,X(I): PRINT R$
a5 Call BUL,RE FOE,04(1) 1 PRINT RE )
507 IF SP = @ THEN PRIMT : PRINT "NOTE: POINT & IS DENTE

A-100



R (FOR COMTOURS"

16 UTAE 22: INPUT "EMTER FOINT NO. OF ITEM MO., N FOR MEXT
FORT, © TO CONTIMUE, W TO RESTART ;&3

15 IF A% = "W' THEM 145

B28 IF A% = "M" THEN 4&#8

Z38  IF A% = "P" THEN HTAR 13: INPUT *FPORT MO.= "31: GOTD &

?8

=248 IF A% = "K' THEM HT&E 13: IMPUT "PITOT COMST. = "i;C: GOTO
? 14

2038 IF &% = "C" THEW 14326

838 A = UL (A%

278 IF & €8 OR A » EZ THEW &%@

888 HTaAB 13: PRIMWT "FOR POINT MO, "i&

SF8 HTaE 12: INFUT "Up = "3R$: IF RE ¢ > "" THEMN 01,8 =
Ul {R$)

EB  HTaBE 13: IMFUT "T = "iR%: IF R% < > "" THEN TiI.&) =
VAL CR$D

FiR CJT = @

1T K1
P1é ¥(Id
718 IF &P

M2 ¥ S@R

@ AMD A = @ THEN Wi1,8) = 25.48 ¥ © / SQR (F3 ¥
Oii,8) % (TO1,8) + 448))

i
ol B

260 FOR J = 1 TO BZ
48 WI,J) = 85.48 ¥ C ~ SQR (P32 ¥ M2) ¥ SER (041, ¥ (T¢

1,00 + 4&8))
FEE K01y = XiId + ToI,Jd

PE8 YOID = YOI) + UOL,D)

$768 CJ = CJ + 1

988 NEXT J

798 IF CJ = @ THEN 1828

1688 X(I) = ¥(Iy ~ CJ

1616 Y(Id) = Yily # CJ

1815 0ACIY = Y4I) ~# (¢ SOR (X<I1) + 4&R)) ¥ 85,48 ¥ ) ¥  SOF
(P35 ¥ M2)

1828 GOTO 494

1638 21 = @

1648 22 = @

1845 23 = @

1858 FOR I = 1 TO Bl

1848 21 = Z1 + ¥(D)

1678 22 = 22 + ¥{D)

1875 23 = 23 + O&dIDD

1888 NEXT 1

tasa 21 = 21 / Bl

1188 22 = 22 / B

1185 23 = 23 / B1

1116  HOME : FRINT "WELOCITY TREVERSE": FRIMT :F1 = @
1126 CALL BU,R$,F$:48) ,Z1: PRINT R%

1136 CaALL EBU,R$,F$:4%) ,Z22: PRIMT R%

1135 CALL BU,R$,F0%,23: PRINT R$

1146  PRIMT : CALL EU,R$,F$£(19) ,DZ: PRIMT R$: FRINT
1156 0F = 21 ¥ D2 % 4@

1146 Q3 = GZ % 538 / (448 + Z22) ¥ P2 / 29.92 ¥ (1a@ - G5

164
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1174

CaLL BULREFEROZED

—

PRE Yo

PRIMT E%

1188 CaLL BU,P%,F$¢21) ,03: FRINT R$

1178 WUTEE 28: PRIMT "PRESS ITEM MO TO CHAMGE,F TO FRIMT DAT

&,D FOR DELTE& P PROGR&M,V FOR MEW WELOCITYPROGRAM, S FOR DIS
K SAVE®

1192 UTaE 23: HTAE 13: GET A

1193 IF &% = "S" THEM GOSUB 280888: REM  SAVE TRAVERSE TO
LI SK

1194 IF @ = "2 THEM IMNFUT "DUCT ARES = ";D2: GOTO (ii@
1268 IF A% = "P" THEWM GOSUB S86@: GOTO 1118 REM WEL CUTPU

T

1Z18 1F &% = "U" THEN F% = 6: GOTO 15@

1228 IF &% = "D" THEN G3% = "N":F? = 1: GOTO 176

1275 IF &% = "1 THEM IMPUT "OUCT VEL = ";Z1: GOTO 1til@
1228 IF &% = "2" THEM INPUT "DUCT TEMP = ";Z2Z: GOTO 1118
1246 GOTO 1118

12886 REM  ¥¥ PORT MNO.

1316 FRINT : PRINT "SELECT:": IMFUT "PORT M., Mi=MabUaly,
OR a(=ALL) ":0%

1376 IF 0% = "&* THEN 1346

1238 IF 0% = "M" THEN IMPUT "MaMUAL CALCULATION ON FORT HNO
. tiC: GOTO 1458

1348 N = AL (0%

1356 W = YN

1348 T = XN

1376 PRINT : CaLL BU,R$ ,FE024) ,U: FRIMT R

1388 CaLL BY,R$,F$(25) ,T: PRINT R$

1356  GOTO 157

1488 4 = 21

1418 T = 22

1478 PRIMT : CALL BU,R$,F$C17) ,4: PRINT R%

1438 CALL BU,R$,F3c12),T: PRINT R%

1448 GOTO 1578

1456  HOME : PRINT "MAMUSL WELOCITY “: FRINT

1468 Call BU,R$,F$(24) W1 PRINT R%

1478 Call BU,.F%,F2¢27) ,T: PRINT R%

1488 PRINT : PRINT "PRESZ 1 OF 2 TO CHANGE,C TO CONTIMUE,
U TO RESTART "3: GET &F: PRINT A%

1588 IF A% = "U* THEN 178

151 IF &% = "C" THEN 158@

1528 & = WAl (&%)

1536 UTAE S: PRINT ° " UTEE S: HTAE
13

1S4 IF & = 1 THEM INPUT "G&S VEL = "i4: GOTO 1458

1S58 IF & = 2 THEN IMPUT "G&S TEMP = ":T: GOTO 1458

1546 GOTO 1454

1578 REM  ¥% IMP FLOW RATE

1575  PRIMT : PRIMT *C TO COMTINUE®j;: GET 2%: FRINT

1S88 HOME : PRINT "IMP&CTOR FLOW RATE CALCULATION®: PRINT
1598 FRINT "IMPACTOR TYPE 13 AHNDERSEN®

1488  PRINT * 2)  BRINK®

1416 PRINT * & PILAT®

1415 PRINT " 4) SERIES CYCLOME®

1426 PRINT * =) MaNU&L SESRCH”
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1838 PRINT IMNPUT "YOUR CHOICE ";G: PRINT

1835 IF G < 1 OR G » 5 THEMN 1526

1446 OM G GOTO 1858,1748, 1450, 1725, 1846

158568 D1 = 11 I =@

e I =1 + |

le?@ DL = D01 - 1

123 IF DI = @ THEM FPRINT "NO MORE!!! — WILL REST&RT": GOTO
1854

{8 D4 = DI 7 14 ¥ 25.4

1578 Q1 = S.872E - 84 % U £ D4 2

1788 IF G = 1 &aND Gt 1.232 THEM 1&4&6

1718 IF G = 3 AMD 01 > 2 THEN 1548

1715 FRINT FRINT "NOZ.DI&x. = ";D4;"MM = ";Q@1:" ACFM":
PRINT "ARE THESE OK? (¥Yo/Mr"j3;: GET R#: PRIMT R$: IF R = "N"
THEMN 1848

1718 IF R3% < > *¥" THEN 17195

17z D1 = D1 16 GOTO ZAed

1725 1T = 13: REEM WO, OF CYC. MOZZLES+1

1724 1T =1 - 1: IF 1 € = & THEN PRIMNT "NO MORE - WILL REST

ART" GOTO 1725

1722 D1 = CHNCIY 1l = S,872E - 4 ¥ U % DI 2

1729 IF @1 > 2 AND I > 1 THEN 1"°

1728 PRINT @ PRIMT "MOZ.DIa. = 1:7"HM Q= "Rl &CFMY
PRIMT "ARE THESE OK? (Y/MN)";: GET Ri: PRINT R$: IF R = "M
THEM 1724

1732 IF R$ O "¥"' THEM 17328

1735 GOTO Z2E846

1748  PRINT INFUT "5 OF & STAGE BRINK " M3

1745 IF M3 € 5 OR M2 > & THENW 1748

17568 DI = 5

1748 Q2 = 825

1778 IF M2 = 5 THEMN Q2 = .44

1773 1 =@

iveg 1 =1 + 1

1798 Q1 = 5.,872E — 84 ¥ U ¥ DI 2

1= IF Q1 4 Q2 THEMW 1744

1218 IF DI = 1.4 THEN 1?44

lgzg IF D1 < 2.5 THEM DI = Di - .1: GOTO 1844

1gz8 01 = D1 - .5

g4 IF 1 4 28 GOTO 17%Z@

1256 GOTO 1744

a8 UTHE 1@

1878 OCall BUR®FH028) ,01: PRINT R%

lgga 1 = S.872E - @4 2 W ¥ Dt ~ 2

12%8  PRINT CaALL BU,R®,F£{(292 ,01: PRINT R%

19ad PRINT FRIMT 1% THE FLOW R&TE QK oY OR N> 72 "3t GET &

$: PRIMT a$: PRINT

1718 IF A% = "M" THEM INFUT "NOZ DI&a = ";Dl: UTAE 14: PRINT

PRINT PRINT SOTO 1848

1926 IF &% = "Y' THEM Z6daa

1928 GOTO 13248

1748 IF. G = 2 THEN FPRINT CALL BU,R%,FE0282 ,D1: PRINT R#:
GOTO 1978 .

17538 D1 = D1 - 1&
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1748  CALL BU,R®,F$(30) ,D1: PRINT R

1978 CALL BU,R$,F$(29) ,G1: FRINT R$

1988 PRINT : PRINT "ARE THESE MUMBERS OK (Y OR M) ?";: GET &

$£: PRINT a: PRINT

1998 IF A% = "M* THEM 1328

{995 IF & ¢ > "Y' THEN 17G#

ZeEa X = (01 ¥ (168 — G5 ~ 188 ¥ P3 ~ (T + 4&8)» ~ 2 ¥ FK ¥

M1/ .9234

ZE18 REM  ¥¥ ORIFICE SELECTION

2628 M = 1: IF G =2 OR G = 5 THEN PRINT : PRINT "1 ORIFICE
QR 27 “y: GET M: PFRIMT M: IF M < 1 QR M > 2 THEM 25-9

2658 IF M = 2 THEM 23@a

ZE4E  HOME : PRINT "OME ORIFICE": PRINT

2678 CALL EBU,R$,FH(31),1,1,01%: PRINT R$

688 CALL BU,R$,F$(32) ,2,1,H1: FRINT R%

2098 R = - 1.5

2i@E FOR I = 1 TO 24

2118 R = R + .5

2176 S41) = X ¥ H1 # (F1 — R

Z13@ JiIy = & ¥ FK ¥ (Pl - R — S¢I3 ~/ 12.8) / (@1 ¥ FK ¥ P3
¢lpE - G5 S 1@

2148 NEXT I

2158 PRINT : FRINT "Fswvs <3P Tsec Fsys ‘3P Tzec®

Z148 R = - 1.9

2178 RR = @

2185 FOR I = 1 ToO iZ

21%8 K = 1 + 1%

2208 R = R + .5

2218 RR = R + &

2278 CALl BU,R$,FE(33) ,R,S(1) ,J01) \RR,S(H) ,J0K) : FRINT R

2230 NEXT I

2248 PRINT : PRINT "PRESS C TO CONTINUE,1 TO CH&MGE ORIFICE
10,2 TO CHANGE <3HE,F TO REPEAT FLOW RATE CALCULATION,S

TO SKIF THIS CALC  "3: GET a%: PRINT A

2256 IF A% = "F" THEM 1578

2255 IF Af = "5" THEW 198

2248 IF &% = "1" THEN UTAB 23: HTAB 12: IMPUT "ORIFICE ID

= “i0i%: GOTO Z@4a

2278 1F A% = "2" THEN WUTAE 23: HTAE 13: INFUT "<3HE = °;H1
: GOTO ZBSE

zzo@ IF &% = "C" THEN Z&@a

2298 GOTO 26048

2386 HOME : PRINT "2 ORIFICES": FRINT

2318 ©CALL BU,R$,F$(31),1,1,01%: PRINT R$

2328 CALL BU,R$,F$(32) ,2,1,Hl: PRIMT F%

5338 CALL BU.RE.F$(31),3,2,02%: PRIMT R$

2Z4n  Call BULR3,F$(32),94,2,HZ: PRINT R$

2258 R = - 1.5

2348 FOR I = 1 7O Z4

2578 R = R + .5

ZREE SOIY = ¥ ¥ H1 2 iFP1 - R

2358 J(I) = X ¥ HZ / (P1 — R — S(I)}

24660 MEXT 1 .

24168 PRIMT : FRIMT "Fzys <3Pl <3PEZ Peys <3F1 {3PZ"
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2428 R = @
2436 RR = @

24948 FOR I = 1 TG 12
24958 K = 1 + 12
24588 R = R + .5
2478 RE = R + &
24868 CALL BUR$,FE(330 ,B,50I2 , 001 (RR(SOEY (JiKY : PRIMT R$
24976 MNEXT 1
Z2oan PFRINT FRIMT "C TO CONTIMUE,1-4 TO CHaMNGE DaTa,F FOR
HEW FLOW RATE CALC,R TO REPEST "3: GET Af: FRIMT A%
2318 IF &% = "RY THEN 198
251% IF A% = "F" THEN 157
252 IF A% = "C" THEM Zs&@g
2528 A = VAl (afl
2548 IF & = 1 THEWM HTAEBE 13: INPUT "ORIFICE #1 10D = ";01i%: GOTO
2348
2208 IF & = 2 THEM HTAE 13: INPUT "Kcal #1 = ";Hi: GOTO 23
(7]
2348 IF A4 = 3 THEW IMPUT "ORIFICE #2 ID = ":02%: GOTO 2386
2378 IF A = 4 THENM INWNPUT "Kcal #Z = ";HZ
2588  GOTO 2368
2a6@ REM ¥%  FULL QUTPUT
Z&aip PRINT PRIMNT "INSERT Rl SHEET": PRINMT "C TO COWTIMUE
« 5 TO SKIF "3: GET Z2%: FRINT 2%
2812 IF 2% < > “C" &MD 2% £ > "S" THEN 2416
2415 IF 2% = "S" THEM 1764
2628 PRINT DE:;"PR#1"
2438 PRINT " R 3
2448 PRINT : CALL BU,R$,F£(34) ,1%,61,F1,0%: PRINT R3$
ZA0H  PRINT CaLL BU,R%,F${37) G%,G2,F,V: PRIMT R%
24558 PRINT CalLl BU,RE,F$(28) ,A2,64,PZ,T: PRIMT R=
2878 PRINT Call BU,R:,F£03247 ,GE,P2,01: PRINT R%
2788 PRIMT PRINT PRIMNT PRINT PRIMT PRINT PRINT
2785 CALL BU,R$,FE(3%) ,01: PRIMT Rf: PRINT
278Y  IF M = 2 THEM 2846
2718 PRIMT "

ORI ID: ";0D1%
2F2a PRINT

LaHES "iH1
2736 PRIWT *

GeE METER #:¢
2748 R = - 1.5: PRINT
2758 PRINT "

Feys L{>P TIME"
2748 PRINT

Hag H20 sec”

2778 PRINT "
27868 FOR I = 1 TO 24
27998 R = R + .5
28688 CALL BU,R$ ,F$(35 ,R,S{10 ,J01): PRINT R3
28168 HNEXT I
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ez FRINT : PRIMT D#;"FRH#8"
zgz2e GOTO 1974
2g44  PRINT "
ORI #1 ID: ";01=%
Zese  PRIMNT M

N
A
T
)
kS
-

3HI1
2848 PRINT

ORI #2 ID: ";02Z%
2evs  PRINT

{XHE #2 @ "iHZ
ZegE R = @: PRINT
2394 PRINT *

Feys <P L3R
29a@s PRINT "

Hg Hz20 Hz0"

2918  PRINT °

n

228 FOR I = 1 70 24

2728 R = K + .3

2748 Call BU,R$,F$EOZ5 ,R,5C(1) (J{I): PRIMT R%

2738 NEXT I

Z7&E PRINT : PRIMT D "FPRH#E"

2778 GOTO 174

SeAd  REM ¥¥  VEL QUTRUT

2818 PRINT : PRINMT "L0OAD TRAVERSE FORM INMTO PRINTER, © TO
CONTIMUE ": GET Z%: PRINT Z%

2615 PRINT D®:;"FRE1"

aaz8  CalLlL BUR%,FH.048) ME,GF: FRINT R$: PRINT

ea3n  Call BU,R%E,F3(4D) ,G61,G4,FP1,C,DE2: PRINT RE$: PRIMNT
sed4a  CalL BU,R%,F$(42) G2,65,P2,F: PRINT RE: PRINT : FRIMT

gt 1 = |
gasE 11 =1 + 13112 =1+ 2:12 =1 + =
5878 IF BL1 < I3 THEM 3184

SAaZe  Call BYL,RE,F3R0420 ,1,11,12,1%: PRINT RE: PRINT

2898 PRINT "PT P T VEL PU T UEL YT
UEL P T VEL®

Sila@m  FRINT * # HzO F  ft/c Hze F fiss Hzo F f
t/s Hze F  fts2": PRINMT

2118 FOR K = 1 TO B2
£128 CALL BU,R$ FE(44) K,001,K) ,TOT, KY W0 T Ky 0001,k ,TOI L,
Ky JUCTL,K) ,0012,8) ,TCI2,K) VT2, K 0013, Ky TeI3, K ,WI3,Kr : PRINT

2138 MEXT ¥

2148 FRIMT : CALL BURE,FEC45) ,04¢010 ,XC1) ,Y(I) 0801 1) 1Ol 1D
YOI L OMCI2Y KT 2) Y012y ,0a013) KOI3) ,W(13): PRINT R&: PRINT
: PRINT

2158 GOTO S41@

148 IF B1 < IZ THEM &25@

178 CALL BU,R$,F$(43y ,1,11,12: PRINT R#: PRINT

S1g@  FRINT “FT FU T VEL PO T UEL PAT
LEL"
2198 FRINT " # HzO F  firs HZO F  ftrs HzO F f

2y PRINT
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8288 FOR K = 1 To BZ

2218 Call BU,R$,F$044) ,H,041 K s TOT G B JRCT KDY (O0T T, KDY, TOI T,
Ky W T 1, h).DfIz V‘ T(IE,H\,UfI’ k): PEINT RE%

2228 HEfT K

2238 PRIMT CHLL EU FELFE0450 ,0800 ) ,MOI) Y01 0T 1  MOT D
S YL LY OA/CTRY (XTI, I°>: PPINT FFf: PRINMT PRINT

2z4da RﬁTﬁ Q41M

2238 IF Bl < I1 THEN 834

2248 ChLL BURE,F$£0420 ,1,11: PRINT R$: FRIMT

2278 PRINT "PT PV T VEL P T VEL"

5238 PRIWT " # Hz8 F +ft/= Hzé F  +ft72": PRINT
8298 FOR K = 1 TQ g2

c2RE Call EU,H%,F$<44),H,D(I,H),T(I,H},U{I,H),Dili,ﬁh,T(Il,
K ,WiT 1, Ky s PRINT R%

83168 NEXT K .

23268 FPRIMT CalL BURE,FE0S50 ,080T0 (000 , v (Osd T 10 0T 1
WYL T 1y PRINT R&: PRIMT FRINMT

338 GOTO 2418

2348 Call BU,R%,F$(43) ,1: PRINT R%: PRINT

2258 PRINT "PT P T EL Y

2358 PRINT " # Hza F  ft7=": PRINT

2378 FOR K = 1 TO BZ

2E8E Call BURE F£0440 ,K,000 (KX ,TOI LK) (WOTLED ¢ PRINT R%
2328 MEXT K

24868 PRINT : Call BU,R*: . F£:45), fOECTY W XOT2 Y1)y PRINT R2: PRINT
: PRINT

gd4ie I =1 + 4

5420 IF 1 < = Bl THEN S646@

g8436 Call BU,RE,F£(48) ,21,02: PRINT R$

34468 CallL BU,RF,F£I(47) ,22,033: FPRINT R$

2445 CALL BU,R%,FO%,232: PRIMT R3

2456 PRINT PPIHT DE;"PRHE"

S4s8  RETURN

1168 REM %% FORMATS  ¥X

tigas © = ,83:P1 = 268: DIM CN{12):5T$¢ = "RECT."

11gle F&(@) = "IMPACTOR OFP & WELQCITY PROGRaM"

11828 FO1y = "1 FUM RUMBER  (xuxx]-m HHEHHHHH"

118368 F$H{(2) = "2 SUBSTRATE SET RHEHHHER"

1igd4e F£i3) = "3 IMP TYPE/SHELL MNO-FLATE WO HEHHHHH"

11458 F£(4) = "1 TEST CODE fwuxxl) HHEHHH"

1180 F$03) = "2 HMUMEBER OF PORTS HHCaH"

11878 FE£(4y = "2 NUMBER OF POINTS PER FORT ##ies"

1128 F£(7) = "4 DeTE HHHAHHHE"

11699 F£(2) = "% ¥ 02 H<GH . 8"

111688 F$i%) = "&) ¥ COZ H<aH . #"

11116 FEi1@y = "7 * H20 H{OH,.H"

11128 FECLLy = "&) AMEBIENMT FRESSURE HHCAH.8H in. Hg"
11138 F£012) = "9) DELTA P STACK HHE<OH. 88 in. HZO"
111468 F£013) = "2)  &MBIEMT TEMP HHEHBH. deg F*"
11158 Fsi1d4y = P PORT MO HEH"

111468 F$O15 = "¥) FITOT CONSTAMT HH{OH, H#8"

11178 F$(18y = H¥s HCOH. HEH THEHCOH;, HE B
H,HE"

11188 F$£017) = "pUG DUCT VELOCITY = HHCGH.H ftrzec"
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111968 F£418 = "AUG DUCT TEMP = HHHH# deg F°
tizaea FEO17) = "3y DUCT AREA HE<aH.H fL2

11218 FEoz28)
11228 F£0213

I

"FLOW RATE

BH, HHE ,BHCBH. 8 actm”
HH, HH#, HEBH .8 scfm”

11228 FE(22 ! ¥ONZ HEH. 8"
11246 F®LZ30 " STACHE FRES HHE .88 in.

| T | | B |

112568 Fi24 "AMG PORT VELOCITY = HHH.H 1
11248 FEL25 "HMG PORT TEMP = #H#B deg
11278 F$< "1 GAS VELOCITY HE<QH.H ftrsec”

11228 F{
11278 F=%1
1i1zae FE1
11318 F#%«
11328 F#%1

"2 GaS TEMF HHEHaH
"MOZZLE DIAMETER
"FLOW RETE

"NOZZLE DIAMETER

R R
L v

AR SRR A B TR A0 I I o B S % T O o I S

00 B e =

HH{#. B mm"
HEH . 88 ACFH
HHEE.BE 1n."
“Hed QRIFICE RO ##; 1D HESRHY

113268 FH(32) = "#;) ORIFICE MO ##; PCP0HE H8H(OH. #HE"
11248 FE033) = "HE.H; H8H.8; #8388, Hi . H 1 B H
11358 F${34> = ° v H28 FPetack

Hit . B TMP FLOW: #.##8"
11348 F${35:) = "

HiL.#; BES.H; HEH. 80

11378 F$(3&) = " IMP 1D:  HHEHHEH, AR AME P
T BB FORT #: H#H#"
11288 F$037) = " DATE:  HESHEHEHE; YoCoz: AME T
T HHEHHH GAS VEL: #i . HH"
11398 F$(35) = " SUB SET #: H###; v M2 PLTYF

stack: #HHH.H; GAaS TEMF:  HEHA"
11488 F${3% !

MOZ DIf:- #3, Higo
11418 F(4@) = ° HUHUHHEE, e
B
11928 F2(41 = "% 021 ##.8; wONZ: HEELH; By #
#; Cp: $E#8. B DUCT @RER: H##"
11436 F$:42) = "XCO2: ##.#; VHEG : HE# . H#: P3Ptk #
BH LB AME T: B
11446 F£{43) = °* PORT ##; PORT ##; Fa
RT ##: PORT #8"
11458 FE044) = "##; #,HE HHEE; SH.H;  H.HH Hr &
JHE HHEHEE: HELH:  H.HE HEHHH; BE.HY
114648 FE(A5) = "AUG H.HE; HEHE; BH.H; B, HE; B8 #.
Hit: BERS: BE . B:  H.BH; HEHE; HE.BO
11476 FE(4£) = GUG DUCT VEL = ###.# ftos;
UOLUME FLOW = ##, 888, 388 acfm"
11488 F¢a7) = ° AUG DUCT TEMF = #8#%#

= W, HHE, HEH scfm”

11497 F£(4S) = "13 AUG DUCT VEL = HH#<a#.# ftrsec"
11491 F$(58) = "D} DUCT LEMGTH BCO® . BE FEET"
11492 F£i52 = "0D) DUCT DISMETER HOGH . #% FEET”
11493 F$¢51) = "E) DUCT DEPTH BCBH . HE FEET"
11495 F2(45) = "2) AUG DUCT TEMP = H###¥  deg F"
11495 FOS = "AUG SORT DELTE P = HCOH.H#H IN.
114597 CMC13 = Z.S5:CHC2) = 4:CNLZ = 4,5:CM(D = =.

C:
GrCM{EY = &:CNCTY = 7:OM{8) = Z:CNIZr = 2:CNI1ED

C
= 11:CHC12) = 12: REM CYC MOZZLE SET
115868 RETURN
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1#%2¢ REM TEaAVERZE SaVE

2886868  PRINT :D¢ = CHR% (4):1FI% = "UVEL DaTa.® + MF

26188 PRINT DFE;"0OPEN" + FiIg

zZelieg PRIMT D#3;"WRITE" + FlIs

28 1z2a  PFRIMT 5T%: PRINT El: PRIMT BZ: PRINT DL: PRINT DE: FRINT
INT (21 % 186 + S  188: PRINT INT (U{1,68) % 188 + .S 7
164

Za1za FOR I = 1 TO Bl

28148 FOR J = 1 TO BEZ

26158 PRIMNT  IWT (M(I,J2 ¥ 166 + .5 7 1

ZB 148 NEXT J

281768 MEXT I

28138 PRINT D$;"CLOSE": RETURM

&I¥YY BU = PEEK 1210 + 296 ¥ PEEK (1Z2) + 284: CaLL EU:BU

PEEK (&) + 254 % PEEK (7x: CALL BU + 3: RETURN : REM

o
b

==> DO MOT EDIT 43799,

55535 REM
BUILDUSIHG (2.6 AFFEMDED .

COPYRIGHT () 1781
ROD STOVER
DISTRIBUTED EY:
SENZIBLE SOFTWARE
==> TO REMOVE “APPEMD&GES , EMTER:
JEXELD BU.STRIF

3
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DEF/0RI

1 REM ¥¥¥ DEFS0ORI PROGRAM W11 xxEx"

2 REM ¥¥CREATES/UPDATES-LISTS INFORMATION IN &.0ORI FI
LE

4 REM XXX VERSIOM 1.1 2525783 XXX

S REM

&  GOSUBR &43%F7F

7 D = CHE: (42

1@ Fi1d = "YES":F2% = "7YES"

132 DIM JN{1D ,JS015 ,J00 15 , JLO15 ,M20 15D

28 DIM F&{13) ,A%CZ80

38 MM = e ":SHE = "CIRC.":ZH = 8:£F = A

18  REM ¥¥ M&INM PROGREAM %X

118 GOSUR 1eay

128 GOSUE Z688

121 IF R = "' THEM GOTO 1328

122 GOSUER Z5aa

123 IF R%x = "@" THEN GOTO 133

124 IF R% = "F" GOTO 126

125 IF Fi% = "YES" THEWM GOSUE d688

144 1F F2% = "YES* THEW GOSUR S@ea

145 PRINT "RUN MAIN HMENUT

P27 REM PRINMT D#i"RUN MAIM MENLDY

783 REM GOTO 118

7% EMD

1gaa REM ¥ FORMAT DEFINITION

18t HOME

iaza P =1

18z@8 F%c@; = " DEF ORI wi.a"

1648 F$L1> = * 1) HARD COPY OPTION: &"

1858 F${2x = " 2y DISK FILE UPDATE: &"

1a35 FEid4d = " FILE MNAME: &

1648 F£{2» = " 2 ORIFICE ZET MNAME 1 &"

1878 F£(35y = " 4> DESCRIPTIOM: *©

128 F:(7y = * S  RNUMBER INM SET: #H"

1188 F$(8» = “"ORIFICE DIAa.CIN? QCAL JET™

1126 F${11i> = "ORI. DIA. QCAL FCAL TOAL DRCAL®
1148 F£{12) = "NO.  CIN? [CFMY CIN HGY <DEG F> (H2OX "
1158 FEOI1Sy = “"H## 1 8S.88#:  H.H###; HHE.HHE;  BHEE;  HE L HRY
11533 REM ONMERR  GOTO 1178

11488 RETURM

1178 PRINT "ERROR:; TO CONTIMUE PRESS AWNY KEY; ERROR CODE =
" PEEK (222 : INPUT Rf: GOTO 126

1488 UTAB ZZ: PRINT "FyatE, @ UIT, OR NUMBER OF ITEM TO ERMT
ER-CHAMGE: ";

1416 INFUT R%

i4z28 IF RE = "0" THEN RETURN

1428 IF Ff = "P" THEN P = P + 1: IF P > 2 THEN F = 1: RETURM
1425 IF R = "P" THEN RETUREMN .

1448 & = YaL (R IF A < 1 OR A > 2 THEM GOTO 1464
1436 RETURM
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20809
2B 14
Z0za
2838
Zaag
26858
2855
2858
Z8g4a
284
21a4a
2114
2115

o
£op PR DR
=

SR OB VA U SU S U R (VI SV I VI L U U Y
o Cr-
T M @0 N e @ ® D

0 O3 N G Q0 0 D3 00 01 0 0 0 e

e e BN BN IS B s o N s
[un)

~J
= 1

)
!

o) -

by

BRSO ROPS RN RO

=

DR IO RN I ) B X R, '

O R TN N IO I VN Y el A U N IV TR
R G D QD 0000 00 00 [T 00 O3 00

i
w
=

PRI FD BRI BY PR R RO R R

446
2450
2448
2441
2445

LN

\J =)

4
4

I"J I

FEM ¥ MAIM MERLU

P =1

HOME : FRIMT F${8) + "-PaGE 1 OF 2zv
WTmB 32: CAalL EH FELFECL L FI$E: PRIMT R%
CALL BU,RE,FE(2) ,F2%: FRINT R%

CaLl BU,.R%, F$'?),NI$: FRINT R%

Call BU,RE,FE04) NME: PRINT R

PRINT F$'|> + FME

CALL BU,R$ ,F£{7) NE: PRINT R#

GOSUE 1466

IF (R = "G") OR «F = 2) THEM RETURHN

IF & > 5 THENM GOSUB 1488

IF & = & GOTO 2684

oM oA GOSUR 2228 ,2348 ,23468,2448 ,2476

GOTO =2&8za
A= @1 IF Fi$ = "YES" THEW Fig = "HNO": RETURM
Filg = "YEE": RETURM
A= By IF F2% = "YES" THEM FZ% = "NO": RETURM
F2% = "YES": RETURN
A= 8 HOME @ PRINT FEi8) + " FAGE | OF 2

UTAaB 3: INPUT "KEY IMN ORIFICE SET LETTER DESIG: ":v%
IF ¥% = MI$ THEM RETURM

NI%# = Y$:iNF = 1:NM$% = ¥$ + "<ORI": OMERR GOTO 2446
FEINT v%: PRINT DEi"0FEN ORI1/NaM"

FRINT D#f:"READ ORI MNAM®

K = @

INPUT TI: IF TI =

s FOR I = 1 TO 28608: MEXT 1: RETURN

DIM MNECTI? ’

FOR I = 1 T4 TI

IMNFPUT HECID

IF R${I) = NI$ THEN OK = 1

MEXT 1

FRINT D% i"CLOSE DRI/MAM"

IF Ok = & THEM PRIMNT "0Ok=& TI="Tl: FOR I = { TQ Z@6a:

I: RETURM

PRIMT "OH=1 TI=";TI: FOR I = 1 TO Z88&@: NEXT I

REM RETURM

PRIMT D% 0OFEN" + MNME

FRIMT DE;"READ" + NME

IMPUT HE

IF NS = 8 GOTO 2454

FOR I = 1 TO HNE

IMPUT JMOT (. J80T) (JD0TY ,JLOT g JACTD

MEXT 1

GOTO 245hA

HF = &: PRIMT "FILE ERROR "; FEEEK (2
PRIMT D#%;"CLOSE" + MNM*: ONERR GOTO
IF A = @8 THEN RETURN

A = #d: HOME : PRIMNT F$i@>

ATAR 2 INFUT "ENTER REMARKS-DESCRIPTION: " ;RM#: RETURRN

22y 1EF = {: STOF
1178

178 RETURM

A = B: HOME : PRINT F¥i@)

WTAB 32: IMPUT "ENTER MD. OF ORIFICES IN SET :";RS: RETURN
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Z258a REM ¥¥x MEMU PAGE 2

3668  REM

881 J = @:HH = S:EH = 1

228 HOME : PRINT F$i@> + "-PAGE 2 QF 2"

ZE3A UTAE S PRINT FE411)

38468 PRIMT F®{12

ZESe FOR I = 1 TO NS

2E78 CALL BU,R$E FH012) ,1,dMNCD) ,J501) (JB(T) ,JLOT) ,JACIY 1 FRINT
HE

IASE NEXT 1

|/FE UTAE Z1: HTAE 1: PRINT "TO ENTER/CHAMGE DAaTA FOR AN OR
I. ENTER ORI. MO. OR GXUIT GR PYAGE i UTHBR Z22:

HTeB 27: IMFUT RE: IF RE = "Q@" OR R$F = "P" THEM RETURN
31848 J = 4@

2118 I = WAL (R$dX: IF T < 1 ORI > NE GOTO Za7@
3112 UTAB 21: PRINT “TO CHANGE EMTRY AT CURSOR PRESS €7 -
TO MOVE TO NEXT ENTRY PRESS any OTHER KEY "1 HTHBE ¢
3115 WTaR I + 4: HT&B HH — 1: GET R$: IF R$ { > "C" GOTO =
Sed

2126 JTAE 1 + 4: HTAR HH - 1:J = .0 + 1: OM J GOTO 3138,3146
\3158,3148,3178

21538 UTAE 1 + 4: HTHE HH - 1: IMPUT JM<I?: WTAE I + 4: CalLl
BU,R® ,FE£413) , 1, M) ,JSCI) ,JDCTY (JLCIY ,JALIY 1 PRINT R$;:HH =
HH + 7: GOTO 2115

S148 UTEE 1 + 4: HTAB HH + @: IMPUT JSCI0: UTAE I + 4: CALL
BU,R$ ,F$( 13 ,1,INCI? ,JSE1 ,JDCIY ,JL{D) (JaCId : PRINT RE;:HH =
HH + 2: GOTO 3115

3158 UTAE 1 + 4: HTAE HH - 1: IMPUT JD{Id: UT&E 1 + 4: CALL
BULR$,F3013) ,1,INCD) ,JS(1) I 10, JLED) ,JACIY 1 PRINT R$i:HH =
HH + 7: GOTO 2115

3152 HH = ?: GOTO 3864

3155 GOTO 3115

2148 UTAB I + 4: HTAB HH - 1: INPUT JLIID: YUTAB 1 + 3: CALL
BULRE,F$(13) 1, N(1) (JSCI) ,JDCD) (JL{ID ,JACI) ¢ PRINT REj:HH =
HH + S: GOTO 2115

21768 UTAB 1 + 4: HTAE HH — 1: IMPUT JA(Dd: UTAE I + 4: CALL
EUR3,FE013) ,1,IN01) ,J3CT ,JD00 10, JLOD) (JACIY 1 PRINT R¥i:HH =

S GUTO 2648

oee J = J + 1: OW J GOTO 23216 ,33260,23368,332340 , 3208
2318 HH = HH + 7: GOTO 3115

3328 HH = HH + &: GOTO 2113

2238 HH = HH + 7: GOTO 2115

2Z48 HH = HH + S: GOTO 3113

3378 HH = 5: GOTO 38%a@

2499 STOP

4888 REM ¥¥ HARDCOPY OPTION

4618 FRINT "FRINTED COPY OFTION MNOW BEINMG EXECUTED-TURM FRI
NTER ON ARD PRESES &MY KEY": GET R%

4eiz  PRIMNT

4815 PRINT DE;"FR#1"

4az2a  PRINT FEC/2

4348 Call BU,R$, FE0Z2) ,F2%: PRINT R%

4658 CALL BU,R:, F£C30 MI%: FRINT EF

A-112



4855 CAaLL BURE,F£047 ,WNM$: FR
4348 PRIMT F$(5) + RM%

INT RE#f

4828 CALL BU,R$,F$(7) ,NE: PRINT R#$

48768  PRIMT @ FRINT : PRIMT

4118  PRINT FE{11): PRIMNT F$E{12)

4128 FOR I = § TO HE

4148 CALL BU,R$,F$013) ,1,INCIY (JSCT) (JDCIY (JLETD (JaD)

F$
4158 MNEXT 1
41588 PRIMNT DHy"PRE$A": REETURM

SEAE REM ¥*¥ DISK UPDNTE

gl PRIMNT “"": PRIMT D#;"OPEN
#: PRINT DEi"DELETE" + MNME

"+ MMH: PRINT DH{"CLOSE"

58835 REM ONERR  GOTO 576a@

S8e7  PRIMNT DE{"OPEM" + HM$
2818 PRINT DE3"MRITE" + MME
TRZE PRINT HNS

S838 FOR I = | TO ME

S848  PRIMT JNCIs @ PRINT J&012
JRTD)

5845 NEXT 1 )
2898  PRINT D#;"CLOSE" + MM#
TEFS O PRINT "GE=";CK: IMPUT "T
21 IF OK = 1 THEN RETURM
i8S IF TI = @ GOTO 5556

55868 PRINT D#;"OPEN GRIZNAM"
S5 18 PRINT D#3;"RE&D ORIZNaAM®

T PRINT JDCIN:

-~

5528 INPUT TI: DIM MNI£CTI + 1

5538 FOR I = 1 TQ TI: IMPUT M
95468 PRINT D$;"CLOSE ORIAMa"
2558 TI = TI + 1:MHI$CTI) = MIf
o948 PRIMT DE;"OPEN GRI/MNAM":
57 FPRIMNT TI1

%@ FOR I = 1 7O TI: PRIMT N
o578  PRINMT D#$;"CLOSE"

2438 RETURM

5986 PRIMT "0LISK ERROR: "; PE
S714 PRINMT "CHECK DRIVE, ETC.
MD THEM RESTART DISK S&VE WITH
528 GOTO 5689
&37%% BU =  PEEH (
= PEEK (& + 256

==> DO MNOT EDIT &439%%.

121y + 254 %
¥

45535 REM
BUILDUSING (2,8 ARFFENMDED.
COPYRIGHT «Cy 1921
ROD STOVER
DISTRIBUTED BY:
SEMSIBLE SOFTWARE

PEEK (732

T£013 1 WEXT

I

FRIMT

G CONT.EMTER v"3iR=®

JLOTI

PRINMT Dsi"WRITE ORI/MNaM!

[T MEXT

EH (222

IF NEEDED PRESS

SRUN S@8a”

PEEK (1222
CalL BU +

==> TO REMOUVE -“AFPEND&GE’, ENTER:

JEXEC BU.STRIF
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3:

TCOMTROL CF

FRIMT

+ M

PRIMNT

&

+ ZEs8: CaLL BUYEU

RETURMN

REM



STATIS

1 REM ISOCORR Y 1.8 - SVERAGES DATA AFTER MakRIRG CORRECTIO
M OFDOR ISOKIMETIC S&MPLIMG ERROR — USES BELAYEW & LEUVIN ALGLE
ITHM — 8718784

£ REM COMPUTES AMERAGES aMD CONFIDEMCE IMNTERUSLES FOR DM
SDLOGD ARND CUM. LOADING. CuUM. LOADIMG OBTAIMED BY INTEGESTIO
M OF AVG DMDLOGD &FTER OUTLIER REMOAL,

3 REM ORG 2725782 JOM — V1.3 4/2/83 - U1.4 Z/22/84 — U
2.8 81708
D$ = CHRE (4):KF = IBRAGGEARAEE:ES = 2:BB = .&17
HOME

DIM ®CZ1 (WO21,280 (HEPO26 MY OZ8) ,DEIZ2EY CFO2E)

GOSUE &3977

GOSUR 1dGa@

HOME @ PRIWT Fé$: FRIMT : PRINT

=4 PRINT "DO YOU MWaNT THE DA&TA CORRECTED FOR": IMPUT "13Z0KI

NETIC SaMPLING ERRORS (YN 2 “3IC#: IF ICE < > "Y' aiblD ICE
FOUHY O OTHEM 48

1@dg  HOME : PRIMT "IMPACTOR DaTa STATISTICE FROGEAM"

iia  GOSUB 2088 :

115 IF QK = & (07O 144

126 GOSUR 38ad

128 GOTO 11é

148 GOSUR 4608

158 GOSUE Saad

188 GOSUE &s88d

178  GOSUE 7éG@

03 0 ke O b
LN s omE

L
[xn)

F3% = "HHHH.HHH"
PRINT D#i"OPEN RUMATNeM™ + 0, D27
FRIMT D¥F;"REsD RUMNASTNAMY

pok o ks ks ed b e

126 REM  PRINT D$;"RUN MATN-MENU®

FFF  END

1688 REM %X INITIALIZE"

1ag1 MP = 28

1885 C1 = .I4BEZ:CZ = - .@P58778:03 = .747855&:08 = 47847
SER (2)

Ble No= @:10% = "INLET":1$ = ".IT"

B2 Fas = " STAT. VER 2.8"

B33 F1$ = "H#. 4 "

BAE F23 = THESOHH; BOBECCNN D HOBECSSS D g S
&5a

874

L

18768 INFUT NR

1166 DIM RMN$SONR)

111a FOR 1 = 1 7O NR

1126 IMPUT EH2(I2

1138 HMEXT I

1148 PRINMT DE;"CLOSE RURMSNAMY

1158 DIM FH0268) FM$BO 18D

1178 FMZE(Z) = "1 TEST TYFE &; 2 TEST NUMBER HH##"

1126 FMEi3r = "3PEUN B ; 4"

377 RETURM )

td4an REM MEMU IMSTRUCT IOMNS

1418 UTak 232 PRIMT "CHOAT. OF RUNS, @yudlT, GR MNMUMBER OF ITE
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M TO ENTERACHAMGE: "

1429 INFUT R%

142% IF R$ = "C" THEN GOTO 1444

1438 IF RE = "Q" THEM CK = 8: RETURMN

1448 A = Usl (RE: IF & ¢ 1 OR & > 3 THEWM GOTO 1484
1456  RETURM

1458 HOME @@ UTaAB 3

1445 SPEED= 1448

1478 FOR I = 1 TG MR

1488 PRINT REMNEII

1426 NEXT I

1495  ZFEED= Z35%5

15368 UTaB 1: PRINT "THE AVAILABLE EUME &SRE

1518 Utk 232: PRIMT "T0O CONMTIMUE PRESS SPACE BAR.": GET RE:
A o= 4: RETURN

Za@aa  REEM MEMU

2aig P = 1

Z@zZ8  HOME « PRIMT F@%:;" — PAGE 1 OF 1

2838 CALL BY,R$,FM$C2) ,10%,TH: PRINT F$

2a5B  IF M = z2&8 THEMN M = 24

2048  IF N < 28 THEN MY =M + 1

2845 IF P > 12 THEM P = 12

287 FOR I = 1 TO Mx

2686 CAallL BU,R$E, FMECOIY ,I,FE013: PRINT R%

2186 NEXT I

2185 MI = Mx

2118 GOSUB 1444

2115 IF R$ = "Q" THEN OK = @: RETURN

2128 ON & GOTO 2138 ,21568,2178,2626

21z IF I0% = "IMLET" THEM I0f = "0OUTLET":I¢ = ", 0O7T": GOTO

26280

2125 10% = "IMLET":I1% = ".IT": GOTO Z6Z&

21538 UTaAB 24: HTaB 17: PRIMT Ty UTAR Z24: HTAB
17y INPUT "Thi= "3TNM: GOTO Z8Z6

2178 WUTaB 24: HTaR 1% PRINT ® "1 UTABE 24: HTAR

1% INFUT "RUN = " ;RMN%

2173 NME = "T" +  STRE (THM) + "R" + RM% + I$:0K = 6

2176 FOR I = 1| TO NE

2177 IF MME = BEMN$£{I)» THEMN DK = 1

2178 MNMEXT I

2179 IF OK = 1 THEM RETURMN

218 UTaB 24: IMUERSE @ PRIMNT " RUNW MNOT IM CAT&LOG - TRY AG
AN " MORMaL @ FOR I = 1 TO 2008 MNEXT I: GOTO 2828

Z88s  REM READ R FILES

3818 CK = @

ZEZ2@ PRINT D#H;"0OPEM" + NME + " ,D2": FRINT D#;"RESD" + MNMFE

3838 IMPUT DT#$: INPUT TH: INPUT L$: INPUT RRE£: IMNFUT DB%: INMPUT

TC

@48 FOR I = 1 TO MP: INFUT ®PCI) s INPUT wY<{I>: INFUT DG(ID
NEXT I

S841 IF IC% = "N" THEN 2848

3642 IMFUT

2844 FOR 1

I

| ]

]

17O S IMPUT 3 IMPUT X: INPUT X: INPUT x: MNEXT
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FE4S IMFUT &V IWNPUT MD: INPUT IS: INPUT U INFUT EH

3643 PRINT DS CLOSE": IF IC$ = "N THEN 3938

Ze4%  IF &Y ¢ = a OR ND ¢ =8 Ok IS ¢ = & THEN PRINT "HMMO
VELQCITY OR NOZZLE DIAMETER FOR RUN": PRIWNT "SPECIFIED - C&
NMOT DO ISORIMETIC ERROR": PRINT "CORRECTION - RUN REJECTED®
RETLURN

2858 IF NI = 1 THEM 23% = DB$: FOR I = 1 7O MPiXtI) = XPIiD
MEXT I
g&sB FOR I

) =

1 TO MF: IF XPeId £ (1> THEM CK = 1: NEXT

&S IF DEE < > Z22% THEN CH = 1
478 IF CH = 1 THEWN WVTAB Z24: IMNVERSE

(O ] P ) e
=

PRIMT "LAST RUM WAS

I: RETURN

FAgE X1 = yy{iy: IF X1 > = @& THEM FL = |
B THEM X1 - ¥i:FL = -1

Fega IF X

=
-

S (1 + DB ¥

i
Zilaa X2 = 1 2
F118 X3 = 1 CL03 ¥ K2 o+ CEY ¥ X2 + C1) % X2 ¥ EXP ¢ - X1

®1 s 2

Zize Yo, MI» = TC % (1 + FL
3125 IF IC% = "Y" THEMN R
2.34

Fta@ FOR I = 1 7O NP
3122 IF IC$% = "N" THEW ¥{I NI = DG{I): GOTO 2138

2135 RT = RH % XKP{I) ¥ XPO1) 2 (KF X W

3148 B = (B& + BB - Ry x RT x &U . MND

2145 YOI ,NIY» = OG(IY /7 <1 + (R - 1) # B / (B + 13>

21568 NEXT I

It7e RHEM HOME @ FRIMT MWI,vo@ I 00 NI (YO8 ,MI T
3128 REM FOR I = 1 TC SB8&: NEXT 1

2198 N =M + 1:CK = 1:FF0MIY = ME: RETURN

a4an@ REM EEX MNOW DO AVERAGES,STATS ETL.

4484 HOME : PRINT @ FPRINT "COMPUTIMNG STATISTICE"

4824 DIM TCe18) ,CIINFP + 12

¥ NI O OZaWWMP o+ 1 NI = TC
168 /7 IS:al = AV % LSR5 :ND = D

fl

4848 TCL2) = 4.3214
4a5e TCL32) = 2,728
4@&E TCO4) = Z.353
4a78 TC(3r = 2.122
4AgE TCOL) = 2.815
4a7d TCO7y = 1.%943
4im@ TCLEy = 1,875
4118 TCO?r = 1.84

4178  DIM MONF + 1) (SCHF + 13 ,CCMP + D

INCOMPARTIEBLE IM DIAMETERS®": MORMaL @ FOR I = 1 TO 26668: NEXT

e
it

4125  INFUT "REMOVE OQUTLIERS 7 YA/ND "30L%: IF OLs O > "v" aAdb

oL < > "M THEMN 4125
4136 FOR I =8 TGO NP + 1
4135 PRINT "C"j

414 Sk = 8

4158 S35 #

4le FOR J = 1 TO N
airva Z2 = ¥

4128 SX = S8

4178 55 = E

478 MEXT
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4z18 M{Iy = SX  H

4213 IF N = 1 THEWN 4238

2280 201 = SQR ¢ 8BS (85 - S ¥ X MY S (M - 133D

4238 IF M < 2 THEM C4Ix = 3ZER23: GOTC 4384

4235 IF N =2 THEM CICIy = TCOZ2) ¥ 541 SGR (2): GOTO 43

88

4237 IF 0L = "N" THEM KWW = MN: GOTO 4378
4248 5x = @

4258 55 = @

42458 MN = 8

4278 IF N < 2 THEW 22 = ZEZIZ
4274 IF N > = 3 AND N € 18 THEM £2 = 501 ¥ TCOMD
4274 IF MW > = 18 THEN £2 = S{I» % 1.445

4288 FOR J = 1 TO N
4z7E 2 = ¥il,D

4366 1 5 (Z - M(IYy » ZZ GOTO 4344
4318 SX = 5¥ + Z

4328 S5 = S5 + Z ¥ 2

4338 MN = NN o+ 1

43468 HMNEXT J

4358 MOI) = 5¥ 7 MW

4333 IF N < 1 THEN S0Iy = 0:C(I) = 3E3Z

4248 S0I) = SQR ¢ aBS (IS5 - EXOX O BXM 2 NMY S (MW - 1230

4278 IF MM > = 2 AND MM < 18 THEH CI(I) = SCI) ¥ TCIMNM
SOR N2

4373 IF NN > 18 THEN CICId = 1.&45 ¥ S01) ~ SGER (NN

4388 NEXT I

4281 FREM INTEGRATE FOR AVERAGE CUM. USING MODIFIED SIMFP

SONS S RULE - MOD, GIVES VYALUES AT EVERY X RATHER THAM OMLY

FOR ALTERNATE x5 :

43282 YY{1r = M{@):DGLLy = CI(@y % CIi@

A~

42384 FOR 1 = 2 TO WP

G384 YOIy = YD - 1) 4+ BLZ ¥ C0(D = INT (1 / 2 % 2) = @&
¥ 02 % MCIY 4+ MOD - D3 o+ (C1 — INT {1 / 2 ¥ 2 = 13 ¥ (2
¥ MOD o~ 1y o+ MOTx2) / Z2:DGOIy = DGECL - 1 + (CICID % CICIDD

CI{I - 1» ¥ CICI ~ 1x) ¥ .81

g4z MEXT 1

42287  PRINT

4468  RETLURR

Saae  REM  #¥xE DISPLAY RESULTS #xx

e i HOME

3812 PRIMT Z2%: PRIMT

2813 PRINT "0I&.  MEAN STD DEW FOWCOM . INT "
D826 FOR I = &8 TO NP + 1

SE3e K =1 - 1

846 IF K 2 18 ¢ >  INT (K »~ 1@) THEN S@&a

3858  PRINT " DIA. MEAMN 5T DEW FPEMCAM .. IMT LY
-Rs8 REM O OIF I € = NF THEW CallL BU,RF,FI1%,xX01): PRINT R&j

Save Catl BY,R%,F2% 1) ,MCIy ,5C1) ,CICI0 : FRINT R$
“871  REM  FIX S50 THAT Ne 1S PRINTED IF CI=3EZZ

Savd IF 1 ¢ > MNP &ND I ~ 18 = INT ¢1 ~ 18y THEN FRINT "<
PRESES SPACE BaR FOR MORE>": GET R%
Tlae NEXT I
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S185 FRIMT “<PRESS SPACE BAR TO COMTINUEY :GET R3
5116 RETURH

&8E6 REM  ¥%¥ HARDCOPY ¥¥¥
S80S PRINT

&B18B  PRINT "DO YOU WANT HARDCORY 7 ¢ ~ Nd": GET R¥: IF F3 <
Yo"V AND R$ < 3 "N" THEN GOTO 4816

&8268 IF R$ = "M THEN RETLRN

£838  PRINT : PRINT "TURM PRINTER OM"

L8355  PRINT D "PRHEL®

&E46  PRINT CHR$ 1) + "88N" + CHRE {24

SB4S PRINT CHRE$ () + "4&4L" + CHRE <24

£858 Fafd = " DIa.  DMADLOGD  STD DEV  28% CON CuUM L
0ab. P8 CONM  CUM®

SBSS FEE = " MICROM MG/ DNM3 INT MGAD

MM E INT ®

SBEE FME = " BES.HH:  H.BESS; BUOHESSSS D HOBRSSSY #
CHESCCS T B UOBEAANS DHELBEY

SBES FRE = " HEH.HE; H.BESNN D BUOHESAN My .
BESS M P HE L HE

&B7E  IF ICE = "y THEM PRINT "¥¥¥¥¥% RESULTS OF STATIS(TIC

Sy WITH ISOKIMETIC CORRECTIONS ¥¥¥¥¥¥v": GOTO 4875

S872  PRINT "X¥¥¥¥¥¥% RESULTS OF STATISCTICS) ¥EE$XExe

5875  PRINT

&SB8E  PRIMT * RESULTS OF AVERAGES FOR RUMS :": PRINMT

s898 FOR I = 1 TO M

4168 PRINT FE¢DD

$118  NEXT I

&£128  PRINT : PRINT 22%: FRINT : PRINT

4138 FPRINT Fa$: PRINT FB$: PRINT

£14@ FOR 1 = { TO NP

5142 CRCIY = 186 ¥ v¥(I) / YY(NP): IF CP{I) < = .@@S THEM C

PLl) = @

£145 IF CI<Iy » 1E32 THEN CALL BU,R$,FPE 0D MOID ,S010 7Y
€1y ,CP(1y: PRINT R#: GOTO 4148

£158  CALL BU,RE,FME, (D5 MOID S0 ,CI012,YYily, SHR (DECIND
LCPiIY: PRINT R$

£148  MEXT I

5178 PRINT

4138 FRINT “"FOR TOTAL MASS: (UMCORRECTED)

5178  CALL BU,R$,FM$, 9999 ,MIMP + 10,8013 ,CLCNP + 1): PRINT R

FRINT CHEE (12

PRINT D%;"PRHG"

RETURN

REM X¥¥ DISK SAME ¥%¥%

HOME : IMPUT " DO YOU W&NT TO SAVE THE RESULTS ON DISE
A RS

IF F: = "N" THEM FRETURN

IF R ¢ > "¥" GOTO 7818

INPUT "EMTER & FILEMAME FOR THE RESULTS :" MMz

PRINMT D$;"0OPEN" + NME + ",DZ": PRINT DE;"WRITE" + MHME

FRINT 22%

FOR I = @ TO MP + 1

IF 1 = MP + { THEN FRINT ¥¢Iy: PRINT MCI): PRINT S0I3

e DD & m

Dol I R P I N ]
s N & m oD m -~ @D

S BN I N v S

-~
H
-

~d ) e

R NN RN
[yl > B I o
ool Js kg

=

[ N
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PRINT CIC(Ix:
FETE PRINT X

S48
SCGFR

GOTO Fa3a
i PRINT MOI):

CDEIIND

"CLOsE”"

Ciz1y + 2

WY1 r PRINMT
Fage REXT 1
78883 PRINT I0%
Taye  FPRIMT D¥g;
J168 RETURN
&29%9% BU = PEEK
= PEEK (&2

== DO

REM
LDUSTMG

AS535

BUI

COPYRIGHT QO
ROD STOVER

DISTRIBUTED

+ 258 %

MOT EDIT

2.8z

FPEEK

LEFeT,

-

1721

BY s

SEMSIBLE SOFTMASRE

== TO REMOWE
1EXEC BU.STRIP

]

*APPENDABE

o34 £ PEEK

FRIMT S0

L1222
-

Sy CALL BU +

APPEMDED.

EMTER:
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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 f£t3 = 0.02832 m3 = 28.32 liters 1 m3 = 35.31 ft3
1 1b = 453.6 gm 1 gm = 0.002205 1lb
1 grain = 0.06480 gm 1 gm = 15.43 grains
1 1b/ft3 = 1.602 x 10% gm/m3 1 an/m3 = 6.243 x 107> 1b/ft3
1 gr/ft? = 2.288 gm/m3 1 gmu/m3 = 0.4370 gr/ft3
Nozzle Sizes
Fractional Decimal Decimal
Others Inches Inches mm

1 m3 = 103 liters = 10%cm3 1/8 =  .125 = 3.18
1 cm3 = 1 cc = 10~31liters
1 um = 10~%m = 10%A 3/16 = .1875 = 4.76
1 1b = 7,000 grains
1 in. Hg = 13.6 in. H,0 1/4 =  .250 = 6.35
R = 0.08205 liter—atm/mole~RK
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 = 12.70
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.

MMy 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 O.SE if the geometry of the Pitot meets the dimensional
critera given in Method 2.

AH@ 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.

VA = (PN/PA) (TA/TN) V.., for absolute temperature.
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