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FLUE SIMULATOR VERSION 4.2

BEFORE YOU RUN FLUE SIMULATOR
FIRST run INSTALL to set up FLUE SIMULATOR for your system:

With the supplied "PROGRAMS AND DATA FILES" disk in
Drive A:, type - B

INSTALL<ENTER>
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NOTICE

Canada Mortgage and Housing Corporation commissioned Scanada
Consultants Limited to develop the FLUE SIMULATOR program. It is
intended to be used as a research tool and will be of interest to
researchers and engineers in the building science community, the
heating appliance industry and the energy supply industry. In
view of its research nature, results obtained using FLUE SIMULA-
TOR should not form the only basis for design or installation
decisions, but should be supplemented by hard research data and
practical experience. While CHMC and Scanada have strived to
ensure that the algorithms and constants in FLUE SIMULATOR
reflect reality and have conducted verifications and sensitivity
analyses to this end, neither CMHC nor Scanada can accept any
responsibility for the consequences of decisions based on use of
FLUE SIMULATOR.
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WHAT IS THE FLUE SIMULATOR PROGRAM?

The FLUE SIMULATOR Program is the result of a research project
undertaken by Scanada Consultants on behalf of Canada Mortgage
and Housing Corporation (CMHC). The end product of the project
was a model that dynamically simulates combustion products flow,
air flow and heat transfer in a flue or other (near-) vertical
duct all within a house of specified airtightness and exhaust fan
flow characteristics. Energy Mines and Resources Canada (EMR)
and CMHC sponsored the further development of the model to make
it more comprehensive, and more easily usable by persons other
than the original researchers.

This manual is intended to assist users in understanding how to
make the necessary inputs to the model, control its operation,
and understand the outputs. However, it does not attempt to
explain the inner working of the model and its algorithms. Users

wishing to learn more about the model in this regard are referred
to the reports listed in Appendix I.

FLUE SIMULATOR takes into account the effect of:

- the size and mass of the flue pipe (vent connector) and
chimney

- indoor/outdoor temperature differences

- the flue location (interior/exterior)

- the airtightness of the building envelope

- the location of make-up air openings

- other cross-envelope flows such as fans and fireplaces

- the vertical centre of leakage (see Page 7 for the explana-
tion)

- wind action at the top of the flue and on the envelope

- openings in the flue pipe (barometric dampers and draft
hoods)

- the presence of a mechanical draft inducer in the flue pipe
- furnace type (oil or gas) and its design characteristics

- the presence of flue dampers and caps
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The program predicts flow rates and temperature changes in the
system by iteratively calculating, for an instant in time, mass
flows and pressure differences (including temperature-induced
buoyancy differences) until the flows and pressures are consis-
tent. Also, all mass flows in the furnace/flue/building system
are balanced. Heat gains or losses are accounted for in a
“temperature update" module, resulting in changes in buoyancy
pressures, and a new balance is calculated.

FLUE SIMULATOR can be used to study the effect of factors such as
the following on the rate and direction of flow in the flue:

- envelope airtightness

- exhaust fan flow rates

- changes in draft hood design

- light versus heavy flues

- interior versus exterior flues

- insulated versus uninsulated flues

- various sizes of air supply openings in the envelope
- various furnace firing rates

- effectiveness of passive ventilation ducts

- furnace efficiency

- shared flues

- wind

- thermostat settings (including setback)

- the use of mechanical draft inducer

- the use of various types of flue dampers

- the use of various types of flue caps

- sharing of vent connectors by furnaces and water heaters

FLUE SIMULATOR is intended primarily as a research tool for
studying the performance of various furnace/flue systems and
their interaction with the building and other mechanical systems.
It is not intended to be a tutorial aid on the function of flues.
It is assumed that the user of this program is already familiar
with basic principles and terminology relating to space heating,
ventilation and the function of the building envelope. However,
a glossary of terms is provided in Appendix "E" since all terms
are not uniformly understood to have the same meanings throughout
the building and space heating industries.
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PROGRAM LIMITATIONS

There are a number of residential heating appliances that cannot
yet be modelled directly by FLUE SIMULATOR. These are:

- induced draft gas fired furnaces with no dilution devices

condensing gas furnaces

furnace heaters

boilers

The FLUE SIMULATOR program could be modified by Scanada to handle
each of these.
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FILES ON THE PROGRAM DISK

The FLUE SIMULATOR

- INSTALL.BAT

- INSTALL4 .DAT

- FLUEIN4.EXE

- FLUE-G4.SLB

- FLUESIM4.EXE

- BRUN20.EXE

- USERLIB. EXE

- DISPLAY.EXE

- FLUESIM.BAT

- ASK.EXE

- CR

program disk has the following files:

a DOS "batch" program to assist you in
setting the FLUE SIMULATOR program on your
system

- RUN THIS ONE FIRST -~
the file created by INSTALL.BAT

the program which allows the user to
create and modify the input data
required by the model

a library of graphic screens used by
FLUEIN4

the main simulator program which is
automatically CHAINed by FLUEIN4 .

a "run-time" library used with compiled
programs

a "run-time" library used with compiled
programs

the program used to display and print
saved graphs

a DOS "batch" program that executes the
FLUE SIMULATOR programs in the proper order

a public domain utility which is used in
the INSTALL.BAT program

a file, containing only a carriage return,
which is used in the INSTALL.BAT program

The compiled programs and data files are on one disk, ready for
installation. The source .BAS files are on a separate disk.
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In addition to the programs described above, the program disk
includes a number of input data files, describing a variety of
furnace/flue/house systems, which you can use as starting points
in developing your own input data files. All involve essentially
the same house - a two storey house of average airtightness.
These files are as follows:

- OINTMAS .FM4 - o0il furnace with interior masonry chimney

- GINTBVNT.FM4 - gas furnace with interior B-vent

gas furnace with interior B-vent and draft
inducing fan

- DRFTIND .FM4 -

OEXTAVNT.FM4

OEXTLIMS.FM4

GEXTBVNT .FM4

OEXTINFP.FM4

LONGUNFP.FM4

LONGINFP.FM4

DYNHOUSE.FM4

EDAMPER.FM4

TDAMPER .FM4

SEALED.FM4

DHW.FM4

- OINTAVNT.FM4 -

0il furnace with interior A-vent
oil furnace with exterior A-vent

oil furnace with exterior lined masonry
chimney

gas furnace with exterior B-vent

oil furnace with exterior A-vent and
insulated flue pipe

0il furnace with long uninsulated flue pipe
and exterior A-vent

0il furnace with long insulated flue pipe
and exterior A-vent

same as GINTBVNT.FM4 but with thermostat
control of furnace

gas furnace with exterior B-vent and
electrically activated damper

gas furnace with exterior B-vent and
thermally activated damper

sealed combustion chamber and sealed
venting system on an oil fired furnace.

same as GINBVNT.FM4 but with flue shared by
furnace and water heater

The contents of the disks are NOT copy-protected and may be
copied for backup purposes. The user should make a backup copy
before attempting to use the program. The original disk can then
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be stored in a safe place for use in replacing damaged or lost
backups.

Note that the FLUE SIMULATOR disk you received from CMHC does not
include the MS-DOS operating system since this is a proprietary
product of Microsoft Corporation. Therefore the disk can not be
used, as received, to "boot" your computer.
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MINIMUM SYSTEM REQUIREMENTS

The following are the minimum hardware and software required to
run FLUE SIMULATOR:

- IBM~-PC or compatible computer

- 2 double-sided 360 kilobyte floppy disk drives

- PC/MS-DOS 3.0 or subsequent version

- an Epson-compatible dot-matrix printer capable of printing
233 characters per line in condensed mode or a utility
program which can print sideways for shorter carriage
printers

In order to be able to use the graphical output capabilities of
FLUE SIMULATOR, it is necessary that your system incorporate an
IBM Color/Graphics Adaptor (CGA) or equivalent. However, the
program can be used without this by choosing tabular output.

The graphical output option of FLUE SIMULATOR will not work with
the Hercules Monochrome/Graphics Adapter. It has not been tested
with the IBM Enhanced Graphics Adapter or equivalents, but should
work with any EGA board capable of CGA emulation.

The graphical input screens are a type of “"pseudo-graphic" on the
text screen and should work with any type of video adaptor.
However, their appearance will be slightly different on a mono-
chrome adapter than on a CGA.

The programs on your disk will not support a math co-processor
chip such as the 8087.
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THE "INSTALL" PROGRAM

Running the INSTALL.BAT program is the first thing you should do
after reading this manual. It installs the FLUE SIMULATOR
program and its related files on your system and edits a small
file on the disk (INSTALL4.DAT) which records whether your system
is capable of displaying 640 x 200 resolution graphics (which is
provided by the COLOR/GRAPHICS ADAPTER and other video adapters
with a COLOR/GRAPHICS emulation mode). The main program uses
this information to avoid attempting to display graphics on a
system that does not have this capability. The INSTALL4.DAT file
also includes a record of whether you prefer to have the
program’s numeric output sent to the disk or to the printer.

With your computer booted and the supplied "PROGRAMS AND DATA"
disk in Drive A:, type -

INSTALL<ENTER>

The INSTALL program will take over the installation process,
asking you for occasional instructions. When used to install
FLUE SIMULATOR on a hard disk, the INSTALL program DOES NOT alter
the AUTOEXEC.BAT or CONFIG.SYS files. It creates a new directory
called "FLUESIM" with a subdirectory call "FLUEDAT".

Alternate Configuration for a System With Two Floppy Disk Drives

Because the programs, runtime libraries, etc. take up almost an
entire 360 K disk, there is not enough room on such a disk for
the MS-DOS system, COMMAND.COM, and any utilities you might want
to use, such as a graphics screen dump program (see "GRAPH"
Outputs). It is therefore suggested that you set up a separate
disk for booting your system. This FLUE SIMULATOR BOOT DISK
could include a graphics screen dump program, which could be
executed by an AUTOEXEC.BAT program, plus whatever software you
require to read your system’s hardware clock, etc. The FLUE
SIMULATOR programs would then be on a separate disk which would
replace the BOOT disk in Drive A:. This disk should include a
copy of COMMAND.COM. Input (.FM4) and output (.PRN) files would
be kept on a series of disks which would be used in Drive B:. A
single such disk could include all input and output files for
several simulations.
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LOADING AND RUNNING FLUE SIMULATOR - OVERVIEW

Using FLUE SIMULATOR will involve the use of the compiled
versions of the input and main programs. The source code is
available mainly to allow you to modify the programs to suit your
own needs (see MODIFYING FLUE SIMULATOR).

The general flow of information within the programs is il-
lustrated on the chart on the following page. One must always
start a .FLUE SIMULATOR session by running the input module -
FLUEIN4.EXE. (This can be done by typing FLUEIN4<ENTER> or, if
you forget the name of the input program, typing FLUESIM<ENTER>
will execute the FLUESIM.BAT batch file, which, in turn, executes
FLUEIN4.EXE.) The program begins by asking which of the input
data files it finds on the disk in the default drive you want to
load. It is always necessary to load such a file to begin. Even
if you want to create a new file, you must do so by modifying an
existing file. Choose the file that you know to be closest to the
conditions you want to simulate. Simply press the number of the
file you want to load, followed by <ENTER>.

Once a data file is loaded, the input module presents the follow-
ing main menu:

- CHANGE FILE DATA

- SET RUN TIME CONTROLS

-~ SELECT GRAPHICS FORMATS OR PRINT CONTROLS
- SAVE FILE ‘

RUN PROGRAM

- CONTINUE OR EXTEND SIMULATION

- LOAD ANOTHER DATA FILE

- QUIT

YOUR SELECTION (NUMBER FROM 1 TO 8) =-->

W20 N &N
I

If you next select Option 1, you will be prompted to enter values
for each item of input data and will be shown the value currently
in memory as the default value for that item.

Before the main program is run, the new set of input data can be
stored back to disk under the same or a new file name using
Option 2 of the main menu. You can also save data at the end of
a run so that that data as modified by FLUE SIMULATOR could be
used as a new starting point for subsequent simulations.

The output options available under Option 3 are explained in the
PROGRAM OUTPUTS section of this manual. If you select graphics
output, and the information in the INSTALL4.DAT file says that
your system is not capable of displaying graphics, a message to
this effect will be displayed and you will not be able to proceed
unless you select the "TABLES" output option or "QUIT" and
correct the information in the INSTALL4.DAT file by re-installing
FLUE SIMULATOR (see Page 9).
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CHART OF INFORMATION FLOW

paTA MAMACERENT PROCRAN EHECUTION

FLUEIN4 FLUESIM4
OR
- ,
SCREEN
LIBRARY s —

A
S E

DEFAULT NEW —
DATA FILE lDﬁTﬁ FLEI GRAPHICAL TABULAR
11 OUTPUTS  OUTPUT

ON DISK

PRINTED | ===
QUTPUT [E2===|

USER’S MANUAL



FLUE SIMULATOR VERSION 4.2 PAGE 12

When Option 5 of the main menu is selected, the input module then
runs the main simulation program and passes the values of the
input data to it.

For each time step, the program searches for the furnace inlet
flow rate and flue flow rate that satisfy the existing
temperature/pressure states. Generally, 2 to 10 iterations are
required for each time step. The number of required iterations
decreases gradually when the flow approaches steady-state
conditions, so that the calculation rate speeds up. However, at
steady-state operation, the flow rates are high and the time
steps are reduced so that the speed of simulation is nearly
constant.

1f you have selected the "TABLES" output option, at predetermined
time intervals (i.e. simulation time intervals), the program will
print a row of output data - various pressures, flows and
temperatures. For simulations longer than about 10 s you have
the option of skipping several time intervals between printouts -
this allows the program to run faster and avoids printing data
which is mostly repetitive as conditions approach steady state or
change very little due to the fact that the program is using a
very short calculation time interval.

1f you have chosen the "TABLES" output option and are sending
output directly to the printer, speed of execution is governed by
the printer output. It may therefore be preferable to choose the
briefest form of output -the "PRESSURE PARAMETER SUMMARY" choice
on the first screen of the program. However, you may not want to
sacrifice information for speed; in which case, you should choose
the "DETAILED SUMMARY".

Speed of execution would of course benefit significantly from
use of a print "spooler" or "buffer" (either hardware or

software).

You also have the option of printing the output to a data

file (e.g. GASDFALT.PRN) on your disk. This option also speeds
up the execution of the program and allows you to store outputs
on disk for future printing or deletion.

I1f you have chosen the "GRAPH" output option, a graph of the
selected data versus time appears on the screen as the simulation
proceeds. If the duration of your simulation is less than or
equal to 60 seconds, the time step will be set at 0.1 seconds
automatically. This is necessary to produce clear graphical
outputs.

When the program has reached the elapsed (simulation) time
specified at the outset, the computer "beeps" and the simulation
stops.
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If you have chosen the "GRAPH" output option, you are given a

choice of printing the graph, saving the graph to disk,

or exiting. The "EXIT" option returns you to the input module
main menu. After a "PRINT" or a "SAVE" you also return to the
input module main menu. "CONTINUE" allows you to continue

drawing the graph.

If you have chosen the "TABLES" output option, the final outputs
(see next section) are printed on completion of the simulation,
the input module is CHAINed and you are returned to its main

menu.

More detail on the various output options is provided in the
PROGRAM OUTPUTS section of the manual.

Choosing Option 4, "SAVE FILE" will save the values of all the
variables, as changed by the simulation, to disk. Assign the
file a new name if you want to keep both the original and changed
versions. If you use the original name you will be asked if you
want to replace the file.

If you want to stop the execution of a simulation for any reason,
press the <A> key (for abort). At the end of the next iteration,
FLUE SIMULATOR will stop and the subsequent actions and options
will be as described above for the situation where the simulation
is allowed to go to completion, with the exception that the
additional option of continuing the simulation is offered.
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PROGRAM INPUTS

The program requires data describing the following categories of
parameters:

- ambient conditions at start of the simulation which will
remain unchanged during the simulation
- e.g. exterior temperature, wind speed

- ambient conditions at start of the simulation which will be
changed by the simulation
- e.g. flue liner temperature, flue gas temperature

- physical dimensions and characteristics of the furnace, flue
and building envelope

- time data
- e.g. furnace on-time, initial time interval for
calculations

The input module, FLUEIN4, prompts the user for all required
input data. However, it is best to have this data prepared ahead
of time in order to reduce computer use time. The forms in
Appendix "F" can be copied and used for this purpose. They are
replicas of the input screens displayed by FLUEIN4.

It is important to realize that each of the more than 180 user
inputs is necessary to fully describe the system and conditions
being simulated. Although the influence of some inputs is more
significant than that of others, a change in any one of these
inputs will result in a different outcome of the simulation.
Therefore it is essential that you ensure that the data in the
input file you use accurately reflects the system and conditions
you wish to simulate. This is especially important when
attempting to match FLUE SIMULATOR’S predictions with the results
of field or laboratory tests.

N.B.

It is also important to realize that each input data file
contains a value for every variable used in FLUE SIMULA-
TOR - several hundred variables. The data which is
actually input by the user is only a fraction of the data
in the file. The balance of the data was incorporated in
the provided default files, or was generated by FLUE
SIMULATOR in data files saved at the end of a simulation.
Most of the hidden data is adjusted by FLUEIN4 in
response to the user inputs; but, for a few of the
variables, this adjustment can only be done by the
iterative process in the FLUE SIMULATOR program. For
example, a user might start with a file generated by a
simulation involving a water heater that was on during
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the simulation and simply change the water heater to
standby for a new simulation; however, the flue gas, flue
pipe, and flue structure temperatures in the data file
would be inconsistent with the standby condition. If
FLUE SIMULATOR were run for a short period in the standby
mode, it would adjust these temperatures to be consistent
with standby and the ensuing simulation would more
closely model the situation the user intended. On the
other hand, if the data were to be used without this
"massaging" by FLUE SIMULATOR, the ensuing simulation
would produce different, and possibly erroneous, results.

Thus it is possible for two users to input exactly the
same data and get different results, if they start with
different default files ... UNLESS ... FLUE SIMULATOR is
used to process the data before a full-fledged simulation

is undertaken.

Therefore, if you make any significant change in a data
file, you should use FLUE SIMULATOR to process the data
before attempting to simulate the new conditions. If the
data represents a standby condition, FLUE SIMULATOR
should be run for a short period in the standby mode and
the file should be saved with the adjusted data. If the
data represents a condition with the furnace or water
heater firing, FLUE SIMULATOR should be run for a short
period with this firing continuing. The length of this
"short period" depends on the system being modelled. For
systems involving furnaces with light heat exchangers and
low thermal inertia flues, 300 seconds should suffice;
for heavier systems, this period should be greater.
Plotting temperatures during this preparatory simulation
will allow you to judge when steady state conditions are
being approached.

In light of the comments in the introduction regarding the
background knowledge required for use of FLUE SIMULATOR, there
are perhaps only a few of the inputs which require elaboration -

Firebox Leakage Area (0Oil Furnaces)

If a value less than 0.001 m? is input here, the program will
automatically assume that the furnace has the type of
retrofit that is applied to oil furnaces in which the
barometric damper is eliminated and the flue pipe and firebox
are sealed. :
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Furnace Outlet Area

For oil furnaces, the area referred to here is simply the
area of the furnace outlet breech. However, for gas furnaces
it is the area of the smallest restriction(s) the products of
combustion must pass through before leaving the furnace heat
exchanger and entering the dilution port area. Often this
area is hard to measure because the heat exchanger outlet(s)
(there are often more than one and the total area is re-
quired) must be reached through the dilution port area and
often the most easily reached openings are not the smallest
restrictions - these are often recessed back into the heat
exchanger. Nevertheless, it is necessary to have an accurate
value for this area since it is an important determinant of
the amount of excess air flow through the furnace and hence
of total flow in the venting system.

Vertical Centre of ILeakage

This term refers to a hypothetical elevation at which all the
leaks in the envelope can be thought to be located -~ the
vertical "centre of gravity" of the leaks. It is similar to
the neutral pressure plane concept and, in fact, would be the
same as the neutral pressure plane location if there were no
chimney or wind. In the absence of field data, a reasonable
assumption would be that the VCL is located midway between
the exterior grade level and the top storey ceiling.

However, if there were known large leaks above or below that
point, the VCL would be located away from this midway point
in the direction of those leaks.

Note that the location of the VCL is measured downwards from
the top of the chimney.

Simulation Start Time

Normally a simulation start time of 0 would be used.

However, if a long standby (say 60 s) before furnace start-up
at time 0 were desired, then a start time of -60 s and a
furnace turn-on time of 0 would be input.

Note that the "GRAPH" output does not begin plotting until
time 0 is reached.

Another case where a non-zero start time might be used would
be when the final conditions of a previous simulation had
been stored as a data file and were to be used as starting
conditions for another simulation. In this case it might be
useful to input a start time equal to the finish time of the
previous simulation. (This is done automatically if a run is
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interrupted by the abort key - <A> - and resumed later, as
explained at the end of the next section.)

Furnace Thermostat Controls

The input data required is described on the FLUEIN4 screen.
However, you should be aware that if a value of 0 is input
for the furnace thermostat band, then the furnace will be
turned on and off according to the times set in the "run time
controls". On the other hand, if a value other than 0 is
input for the furnace thermostat band, this will over-ride
the furnace on and off times set in the "run time controls”
and the furnace will be turned on and off in response to the
simulated house temperature as it relates to the thermostat
set point and band. The house temperature, in turn, is
determined by the house heat loss characteristics and the
outdoor temperature. At the start of the simulation, the
indoor temperature will automatically be set to the thermos-
tat setting minus half the band, over-riding the indoor
temperature set on the ambient conditions screen.

House Heat Loss Characteristics

If the effects of thermostat control are to be simulated then
you will have to specify the total house heat loss factor,
heated air volume of the house and type of construction
(light, medium or heavy). "Light" construction means typical
wood-frame construction. "Medium" construction also means
wood-frame but with massive elements; e.g. interior masonry
or stone partitions, fireplace, etc. "Heavy" construction
means solid masonry or concrete.

Fresh Air Intake

If you are modelling a house with no fresh air intake, simply
input an area of 0. If the fresh air intake has no duct
(i.e. it is simply a hole in the wall) input 0 for the number
of elbows. If the fresh air intake uses flexible duct, then
you will have to input an equivalent number of elbows based
on resistance data for the type of duct used.
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Flues Shared by Furnaces and Water Heaters

There are three items on this screen (Item 7 on the FILE
CHANGE menu) that may require some amplification -

Standby Capacity

This refers to the combination of the pilot light output
and the heat loss from the water in the tank.

Type of Connection (Y, T, B)

A "Y' connection refers to the most common type of
connection between the furnace and water heater flue pipes
(vent connectors) in which the two pipes come together at
an angle of less than 90°. A "T" connection is one in
which the water heater flue pipe connects to a straight
section of the furnace flue pipe at 90°. A "B" (for BASE)
connection is one in which the water heater flue pipe does
not connect to the furnace flue pipe at all but enters the
base of the chimney directly.

Connection: flue pipe element no.

Under FILE CHANGE menu Item 3, "FLUE PIPE/VENT CONNECTOR
SPECIFICATIONS", you will have entered the number of
separate straight sections connected by elbows that there
are in the furnace flue pipe. Here you are asked to name
which of these the water heater flue pipe is connected to.
If the water heater is connected directly to the chimney
base (a "B" connection), enter here a number one higher
than the number of sections entered under Item 3.

Flue Caps

Appendix H includes wind pressure coefficients and friction
factors for a number of common flue caps.

Because the research on which this data is based was unable
to determine any systematic correlation between pressure
coefficients with the flue blocked and unblocked, the user of
the model must pick the flow coefficient that best suits the
situation being investigated. If a low draft/low flue flow
start-up is being investigated then the choice of the
"blocked flue" wind pressure coefficient is recommended.

For comparison of full heat-up/cool down simulations to field
data, then the unblocked coefficients should be specified.

USER’S MANUAL
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PROGRAM OUTPUTS
"TABLE" Outputs

The options available after you have chosen the "TABLE" output
option are presented in a menu. There are several types of
outputs that can be produced, both during the execution of a
simulation and at its completion. The default output options are
stored with each input file.

The outputs described below will either be sent to your printer
or to a disk file, depending on which option you selected when
running the INSTALL4 program. You can also override that
selection for a particular simulation.

Outputs During the Execution of the Simulation

The user has the choice of two types of outputs to indicate
the progress of calculations at each time step -

- detailed summary, and
- pressure parameter summary.

Detailed Summary

This gives a one line summary of the status of all system
elements as the simulation marches through each time step.
Outputs are:

- simulation time
- volumetric flow rates of the furnace, dilution device,
flue, DHW, and envelope

- temperatures of - furnace heat-exchanger surface
- stack gas
- DHW branch
- flue gas - after dilution
- mean
- exit (top)

- flue liner - mean
- instantaneous furnace efficiency (i.e. heat delivered from
heat exchanger to circulation air over that time step
divided by heat input from fuel over same time step)
- mean flue film heat transfer coefficient
- mean flue flow friction factor
- location of probable condensation of water in the flue

Key outputs in the above list are the dilution flow, which
indicates combustion product spillage when negative, and

chimney flow rate, which indicates backdrafting when nega-
tive. Key cross-over conditions are identifiable in these
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outputs when the signs of the above flows change from
negative to positive or vice versa.

Pressure Parameter Summary

This form of output shows the progress of the pressure
parameters throughout the simulation. These show how the
buoyancy and wind pressures are dissipated into envelope,
furnace and flue friction losses. The program’s pressure
accounting process is thus revealed.

The absolute values of the net flue driving pressure, the
furnace driving pressure, and dilution port pressure drop are
all equal. (The differing signs are due to calculation
conventions.) Cross-over conditions are indicated by the
change in signs from one time step to the next. This
particular output also illustrates that the net driving
pressure of the furnace has to be negative in order to avoid
spillage. Spillage occurs when the furnace is a more
efficient chimney than the flue (e.g. low draft start-up).

System Parameter Table

This is a table produced just before the furnace is turned on.
These parameters can be used to predict the performance of the
furnace at start-up.

Detailed Final Status Printouts

At the end of a run, or before turning off the furnace, the
program gives a summary of all calculated values; i.e. -

gas and structure temperatures at each element along the
flue-pipe and flue,

air temperatures at each calculation point around the
flow systems (see Figure 1 of Appendix "F" for location
of calculation points),

air densities,

mass flow rates,

volumetric flow rates,

flow velocities, and

the system pressure parameters.

This status table also shows all of the properties used in
the calculation at each point.
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Final Summary Printout

The final summary output simply lists many of the key inputs and
outputs at the final time step of the simulation. Although it
might be expected that the input information would be listed at
the beginning of the program, these have been purposely located
at the end so that all the time and paper will not have been
wasted if you should decided to abort the run when initial
outputs of the simulation indicate an undesired start-up situa~-
tion. This feature will be useful when attempting to create a
desired start-up condition by trial and error.

The numerous headings used on the various tabular outputs, which
are necessarily somewhat cryptic, are defined in Appendix E.
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"GRAPH" Outputs

The options available after you have chosen the "GRAPH" output
option are presented in menus and are fairly straightforward.
Perhaps only the following points need elaboration:

O

The horizontal (time) axis is automatically scaled to suit
the length of simulation you have chosen under Main Menu
Option 5, "SET RUN TIME CONTROLS". Three scales are
available - 60 s, 300 s and 1200 s

The graph will have better resolution for the early part
of the simulation if you choose a small time step in
setting the run time controls. The program automatically
adjusts the time step to suit the flue flow velocity once
the simulation is underway; but choosing too large an
initial time step can result in gaps in the early
plotting. (To correct this problem for the 60 s. scale, a
maximum 0.1 s. time step is imposed by the program.)

In order to get a proper printout of a graph, it is
necessary to load a graphic screen dump program prior to
running FLUE SIMULATOR. If you omit this, pressing "P" at
the end of the simulation will result in only the text
characters on the graph being printed. If you foresee
making extensive use of the graphics outputs, you may
want to include instructions for loading a graphics screen
dump program in an AUTOEXEC.BAT file - it is very fru-
strating to have spent half of an hour watching a graph
develop just the way you wanted it to and then realize
that you won’t be able to print it.

However, you can use the "SAVE" option to capture (BSAVE)
the screen to disk. The file has the input file name with
extension ".PIC". This file can be displayed and option-
ally printed using DISPLAY.EXE.

The GRAPHICS.COM graphics screen dump program supplied
with DOS works satisfactorily, but others are available
which provide more flexibility in terms of size of the
printed graph and its orientation on the page. For
instance, "PRTSCR" by Domus Software Limited of Ottawa has
the above-mentioned features and also allows the printing
of the input graphics screens (for record purposes) on
non-IBM-compatible printers.

When you choose the "GRAPH" output option, the tabular
data that would have been printed if you had chosen the
“TABLE" option is saved to a disk file so that, if the
graph indicates some interesting results, you will also
have the results available in detailed numeric form. This
file has the input file name with extension ".PRN". The

USER’S MANUAL



FLUE SIMULATOR VERSION 4.2 PAGE 23

INSTALL4 program lets you select which drive the PRN file
will be stored on. It is a good idea to have it stored on
a "RAMDISK", such as that created by the VDISK.SYS program
provided with PC/MS-DOS 3.0 or similar programs provided
with many expansion boards. This will minimize the delay
in program execution caused by the disk storage operation.

The .PRN file name extension was chosen to facilitate
IMPORTing the file into a LOTUS 1-2-3 worksheet for
further analysis.

The contents of the PRN file can be displayed on the
screen when you are in DOS by placing the disk containing

it in the default drive and typing -
TYPE filename.PRN <ENTER>

Use the "Ctrl"+"NumLock" key combination to pause the
display.

The file can be printed by typing -

TYPE filename.PRN >PRN <ENTER>
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ADDITIONAL CONSIDERATIONS IN USING FLUE SIMULATOR

Realistic Steady State Conditions Prior to Furnace Start-up

It may be difficult to make realistic assumptions for steady
state conditions prior to furnace start-up. The program will
work them out but you don’t want it to have to do so every time
if what you’re really interested in is what happens after furnace
start-up. Therefore run the simulator without furnace start-up
for an elapsed time long enough to achieve steady state condi-
tions. Then use the "SAVE FILE" option at the end of the run to
store this set of finishing conditions for use as starting
conditions in subsequent simulations. When using this file to
start future runs, simply reset the RUN TIME CONTROLS as desired.

Gas Furnaces versus 0il Furnaces

FLUE SIMULATOR uses slightly different algorithms for oil
furnaces than for gas furnaces. The essential differences are as
follows:

Dilution Devices

Naturally aspirating gas furnaces have open-type draft hoods
- either incorporated in the flue pipe or built in to the
furnace. Such a device has a fixed opening for which the
area and friction factor are the same (or nearly the same)
whether the flow is into or out of the device. In FLUE
SIMULATOR, the area of the opening and its friction factor
are specified as inputs and remain fixed through the simula-
tion.

On the other hand, the friction factor and area of opening of
the barometric damper on an oil furnace vary with both the
amount and direction of flow. FLUE SIMULATOR models the
variation of these with amount of flow in the positive
direction (i.e. flow into the flue pipe). It also takes into
account the closing of the damper on reverse of the flow
(i.e. flow out of the flue pipe). The input module asks for
a percentage closure on reverse flow if you are simulating an
oil furnace. It will not accept 100% closure. If a value of
0% is input for the closed area as a per cent of the open
area, it will automatically be changed to 5%. This is because
the algorithm would calculate an infinite velocity through
the remaining 0 area opening and the program would crash.
This remaining 5% opening can be thought of as leakage around
the damper plate and other leakage areas in the flue pipe -
probably a realistic assumption.
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Fuel and Combustion Air Mass Flows

In modelling a gas furnace, the mass flow of the fuel is
added to the mass flow of the combustion air inside the
furnace. The combustion air flow is affected by friction
factors of the furnace inlet and outlet and also by the
buoyancy pressures calculated during the simulation. The key
characteristic of the furnace that controls the quantity of
combustion air and excess air flowing through the furnace is
the size of the furnace exhaust ports. By trial and error it
was found that exhaust ports sized to provide about 0.0004 m2
per kW of furnace capacity (e.g. 0.012 m2 for a 30 kW burner)
yield approximately 130% excess air at steady state opera-
tion. Adjustments to the inlet area will be needed to
achieve a target excess air, and the magnitude of this
adjustment will depend on other characteristics of the system
(e.g. furnace height, draft hood design, etc.). The fuel flow
is assumed to be constant throughout the simulation and is
only determined by the input firing rate.

In modelling an oil furnace, the fuel mass flow is added to
the combustion air mass flow inside the furnace. The
combustion air flow is determined by the burner blower and
can be assumed to be essentially unaffected by the pressure
drop across the blower. For oil furnaces, therefore, the
combustion air flow is treated as a constant which is input
as percentage of excess air. Some small leakage flow, to
account for leaks around the burner/furnace connection and
the flame inspection port, is calculated in when the burner
is off. The user is therefore asked to input an area to
represent this leakage area. It should be a small value - a
minimum of 0.0015 m4 is recommended.

The user can modify all these values iteratively to achieve
the proper steady state operating temperatures, efficiency
and excess air, in a manner similar to the process described
above under "Refining Assumptions on Furnace Characteris-
tics".

Effect of Interior Partitions and Doors

It may be of interest to model the effect of interior partitions
with closed doors in separating the furnace/flue from the
available leakage paths in the house envelope. In order to do
this it is necessary to have data on the effect such a condition
has on the effective leakage area of the envelope. This would be
obtained by conducting an airtightness test on the house with the
indoor pressure tap located in the furnace room and with the
interior doors closed according to the condition that is to be
modelled. It was felt that it would be a fruitless exercise to
attempt to model such a condition using assumed values for the
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leakage areas and friction factors of interior partitions and
doors since these values are likely to vary greatly from house to
house and no typical values are available in the literature.
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MODIFYING FLUE SIMULATOR

There are a number of reasons why the user might wish to modify
the program. For example, the user might want a printout of data
not included in the present printout (e.g. all flue liner
temperatures over a full simulation run). The user might also
wish to change some of the constants incorporated in the BASIC
code such as the furnace friction factors or various heat
transfer coefficients. Another possibility would be the intro-
duction of a wider variety of event sequences.

Changing the Code

Whatever the reason for modifying the program, a user who is
familiar with most standard dialects of BASIC should not find
such modifications difficult as the program is relatively
straightforward in terms of coding and is amply commented. To
assist such modifications, the following addit‘onal aids have

been provided:
- the complete program listing - Appendix "B"
- a list of variables with cross-references to the line numbers
where each is used - Appendix "C"

The program is divided into sections as shown in Table 1.

Re-compiling the Modified Program

To use the program you will have to re-compile it after mo-
dification. You will, of course, have to have a PC/MS-DOS BASIC
compiler. The following procedure assumes the use of the
Microsoft QuickBASIC 2.0 compiler, although others may work as
well:

o Place the QuickBASIC 2.0 Compiler disk in Drive A:
o Type - QB/L <enter>. (The "/L" loads the USERLIB.)
o Load your version of FLUESIM4 and make any modifications.

(Note: If you change the name of FLUESIM4 you will have to
modify FLUEIN4 to CHAIN to that name.)

o Compile the module to create an .EXE file.

You will need to have the file containing the runtime library on
your disk for execution. This is called "BRUN20.EXE" for
programs compiled by QuickBASIC 2.0. You will also need "USER-
LIB.EXE" on the disk.

USER’S MANUAL
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Figure 2. Calculation Points for a Gas Furnace
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PARAMETERIZATION OF THE CORE ALGORITHMS OF THE MODEL

PRESSURE MODEL ALGORITHMS

The pressure parameters were derived by summing all pressure gains
and drops along the two main flow circuits of the system: the
chimney-house circuit and the furnace circuit. These circuits are
defined by the calculation points in Figure 1 repeated on the next
page:

Chimney-house: e -d-b-a-f-g-h-e SNelNe)
Furnace: e-h-i-j-k=-1-e (o 2. 00

Each circuit has buoyancy pressure gains and friction pressure
drops. The chimney- house circuit also has an induced pressure at
the chimney top due to wind effects and an envelope pressure drop
that is “amplified" by fan and fireplace air requirements that
originally pass through the envelope.

CHIMNEY-HOUSE CIRCUIT

OPey = buoyancy rise + induced wind pressuré -
envelope pressure drop - friction pressure
drop in the chimney - friction pressure

through the dilution device = 0 (i.e. closed
loop)



FADOVNHNS

3dOT3IANST

i 3DIA3Q
mzo_tj_o

10A Idid  3N4

N

[9pow MO|} 9y} Jo} syiod
uonDINJIDd € Syl MOys
Saull paysop 310N

<« AJNWIHD

U?"’"‘"— A

lllllllllllllllllll q JILVYINWTHDOS
13dOW MOT14

T 39nold



3

AP« — Bmb x5 X(Hc _VeL _(Hc—vcu>

R T T T
+ (CWHX /esz:) + <va X /OoZV\:v>
B <Qﬁm + Qeredace + (Qcimney x%)f
C
-_ == CQcimne z i 2-—-
(G - @) o

FURNACE CIRCUIT

O Py = buoyancy pressure rise - friction drops through furnace +

friction drop through dilution device = 0 (closed loop)

Pamb X 9e < H¢ H#)
oy = — am 2 ¢ X -
& R Te T ,

474 Q{'uma.ce : 474 qumace

—_ 2= X (2T e e X |—
T ELA¢ Te ELA%
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Note: In the application of the above equations, a check is made
on whether each flow is positive or negative, and the sign
of the friction pressure term is changed accordingly. This
has to be done because the square of the flow rate in the
friction terms negates the effect of the sign of that flow
rate.



Symbols

R - gas constant of air (287 N * m/kg * K) = (287 Pa -
m3/kg + K)

Pamb - ambient pressure (Pa)

9c - gravitational constant (m/sec?)

He - height of chimney (from dilution device to top) (m)

H¢ - ?e;ght of furnace (furnace intake to dilution device)
m

VCL - Tlocation of the envelope's Vertical Centre of Leakage
(fixed, measured from chimney top)

Cyy - horizontal wind pressure coefficient

Cyy - vertical wind pressure coefficient

Vyi - horizontal component of wind speed (m/s)

Vyv - vertical component of wind speed (m/s)

Y - density (kg/m3)

Qfan - fan flow rate (m3/s)

Qffreplace - fireplace flow rate (m3/s)
Qchimney - chimney flow rate (m3/s)

Qdi1 - dilution device flow rate (m3/s)

ELAc - equivalent leakage area of chimney (m?)

ELAp - equivalent leakage area of dilution device (m2)
ELAFj - equivalent leakage area of furance inlet (mz)
ELAFo - equivalent leakage area of furnace outlet (m?)
To - outdoor temperature (K)

Ty - 1indoor temperature (K)

Tdi1 - mixing temperature in dilution device (K)

T¢ - furnace stack gas temperature (K)

Te - mean gas temperature in the chimney (K)

The equivalent leakage areas, based on a discharge coefficient of
0.611, can be calculated from the actual area "A" and the pressure
coefficient of the flow "K" from:

1.64
ELA = A X
(K)g



It will be noted that the proper operation of all systems (no
spi]lage or backdraft) will occur if Q47 is positive. If
both sets of parameters are therefore equated to the dilution loss
expression, it can be seen that, to meet the above condition, the
summation of chimney/house buoyancy, wind, enye]ope and friction
terms must be positive, and the summation of the furnace buoy-
ancy and friction terms must be negative, and equal 1in magni- -
tude to the result of the chimney/house summation. That is, the
furnace must always be a less efficient “chimney" than the
chimney/house system. Furthermore, the negative summation of
furnace terms indicates that friction terms in the furnace must
exceed buoyancy terms - which is only possible if the chimney is
inducing additional flow through the furnace, over and above what
would occur through its own buoyancy forces.

THERMAL MODEL
A11 transient thermal equations for each element in the model have

been reduced from the equations of page 8 and are written in the
universal form:

(- ()

where:
dTy - change in temperature of mass m over time dt
OTyn - temperature difference between mass 1 and mass m

OTm2 temperature difference between mass m and mass 2
Tin - time constant of heat flowing into the mass
Tout - time constant of heat flowing out of the mass



It 1is interesting to note that (aTlm/Tin) and (ATmz/ Tout)
are the initial rates of temperature change (initial slopes on the
temperature versus time curves) for incoming and outflowing heat.
When the rates into and out of the mass are equal, the term goes
(1 -f%ﬁﬁ%%%}) to zero and there is no change in tempera- -
ture of the mass. This is the condition of steady-state heat
flow, which can be checked in the program to indicate that steady-

state flow has been achieved.

Also, when the "Rate-out" is very much smaller than the “Rate-in",
that ratio of those terms goes to zero. This indicates that'the
dynamics of the mass would depend primarily on incoming condi-
tions. In this case, conditions on the other side of the mass do
not have an impact on the problem and nodal points on that side of
the network can be neglected from the calculation.
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GLOSSARY OF TERMS

airtightness A
- the degree to which unintentional openings in the building

envelope have been avoided

backdrafting
- a condition where all flow in the flue is downwards and
all of the stack gases as well as the outside air flowing
down the flue flow out the dilution device

chimney
- a primarily vertical shaft enclosing at least one flue

combustion air .
- the air drawn or forced into the combustion chamber of a
heating appliance for combustion of the fuel

combustion chamber
- a metal or refractory chamber located within a heating
appliance and used to contain the combustion flame

combustion products
- the mixture of suspended particles and gases resulting
from the complete and incomplete chemical reactions that
take place during combustion of fuel in the presence of
air

dilution air
- ambient or room air admitted to a venting system at the
dilution device



dilution device

draft

a device for admitting room air to a venting system to mix
with the stack gases for the purpose of controlling the
draft at the heating appliance exit

also referred to as a draft regulator or draft control
device

includes barometric dampers and draft hoods (draft

diverters)

the difference between the pressure at a specific point in
an appliance or venting device and the pressure of the
ambient air at the same elevation outside the appliance or

venting device

excess air

flue

that portion of the combustion air which is in excess of
the amount required for complete (stoichiometric) combus-
tion

an enclosed conduit for conveying flue gases out of a
building
often referred to as a vent in the context of gas heating

flue gases

the mixture of stack gases and dilution air

flue pipe

the conduit connecting the flue collar of a heating
appliance to a chimney (This term is usually applied to
0il furnaces although the definition of a gas furnace
"vent connector" is identical.)



passive ventilation duct
- a vertical or near vertical duct passing through the top
storey ceiling and intended to provide ventilation of the
interior of the building by exhausting interior air under
the influence of buoyancy- and wind-induced pressures
without the use of fans |
- also referred to as "dummy chimney"

spillage
- flow of stack gases out of the dilution device caused by a
condition where flow in the flue is upwards but not of
sufficient magnitude to remove all of the stack gases

stack gases
- the mixture of combustion products and excess air in its
state as it leaves the heating appliance but before the
introduction of dilution air

vent connector N
- that part of a venting system that conducts the flue gases
from the flue collar of an appliance to a chimney or vent,
and may include a-?raft control device
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122
125
158
170

180
190

310

320
330

340
350

360
370
380
390
400
410
420
421
426
427
428
429
430
440
441
442
443
444
445
446
448

470
480
490
500

510
520

530

PRFLAG2%=0

14

CLS:
PRINT:
PRINT" EXECUTION OF THE FLUE SIMULATOR PROGRAM"
PRINT" cemccecrmm e r e e m e m e "

T=TIMER :
WHILE TIMER < T+1 :
WEND
IF F1 = 0

THEN F1=.000001
MFIPOT=0!

IF FT$="0" AND AR(15) > 0.001
THEN MFIPOT=4

Ki=.1

UI = 5%1.8

UF = 5 *1.8
MU = .0000184
CPAIR = 1035
GC = 9.8
PIE=3.141593
TA = 273.15
GF =0

XD = 0

YDEW=0
ONTIME=0

FOR Y$=1 TO NE$%
[ DEW(Y%)=0
NEXT

CLS

RISET=ABS (CHBOT-HT(5) )

ELAENV= 1.157 * ((353.6/(T1+TA)) ~ .5) * C * ((10) ~ (N - .5))
KEINT=(NELINT*1)+2.69+1

ELAINT=ARINT*1.64/SQR(KEINT)
VCL=( (LNPP*ELAENV )+ (VCLINT*ELAINT) )/ (ELAENV+ELAINT)
ELAENV=ELAENV+ELAINT
CC=ELAENV/ ( (10~ (N-.5))*1.157*(353.6/(T1+TA))".5)
HT(8)=VCL :
HT (9 )=VCL
PRINT #2, "MODEL OF THE TRANSIENT PERFORMANCE OF FURNACE & FLUE I

N NON-DESIGN FLOW CONDITIONS"

PRINT #2, e T T T I T r T P e b
PRINT #2, :

PRINT #2, "PROGRAM DEVELOPED BY: SCANADA CONSULTANTS LIMITED"
PRINT #2, " FOR: CANADA MORTGAGE AND HOUSING COR

PORATION"

PRINT #2, " DATE: 1984 - 1987"

PRINT #2, Ly T T T T T T T T T P P b o o ot b
PRINT #2,

PRINT #2,
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540

550

1000
1010
1020
1022
1025
1030
1040

1050
1060
1070
1080

1090
1100
1105
1110
1120
1130

1140

1150
1160
1170
1180
1190
1200
1220
1230
1245
1250

1255
1257
1260
1270
1500
1510
1520

1530
1540
1550
1560
1570
1580

1583

GOTO 1580

REM

REM====s=s=ssSsssSssssssss === ==== == =
REM TABLE OF CONTENTS :
REM========== == === = === === ==

GOTO 2000 ’'-INITIALIZATION OF VARIABLES

GOTO 3000 ’'-EXECUTION CONTROL

GOTO 4000 ‘-FRICTION FACTORS AND ELA’'s OF THE SYSTEM

GOTO 4500 ’'-INITIAL TEMPERATURE PROFILES FOR FLUE AND GAS FLOW N

ETWORK

GOTO 5000 ’-MASS FLOW SUBROUTINE

GOTO 6000 ’'-CALCULATION OF PRESSURE PARAMETERS

GOTO 7000 ’-FURNACE TRANSIENT HEAT TRANSFER ROUTINE

GOTO 8000 ’'-SPECIFICATION OF ELEMENTAL PROPERTIES OF THE FLUE &

FURNACE

GOTO 9000 ’'-FLUE TRANSIENT HEAT TRANSFER ROUTINE

GOTO 10000 ’'-FURNACE MASSFLOW CALCULATION

GOTO 10500 ’'-MATH MODULE

GOTO 11000 ’'-PARAMETER ANALYSIS AT FURNACE STARTUP

GOTO 12000 ’~TEMPERATURE UPDATE ROUTINE

GOTO 12500 '-FLUE FILM HT. TRANSFER COEFFICIENT AND FRICTION FAC

TORS
GOTO 13000 ’-OUTPUT ROUTINE TO PRINT TEMPERATURES OF FLUE ELEMEN
TS

GOTO 14000 ’'-FLOW NETWORK PARAMETER ROUTINE

GOTO 15000 '-PHYSICAL CHARACTERISITCS OF THE SYSTEM

GOTO 16000 ‘-GUIDE TO IDENTIFY NETWORK POINTS

GOTO 17000 ’'-SUMMARY TABLE OUTPUT

GOTO 18000 ‘-LINE SUMMARY OUTPUT FOR EACH CALCULATION INTERVAL
GOTO 18500 ’-HEADINGS FOR LINE SUMMARY

GOTO 19000 ’-FURNACE TURN-OFF INDICATOR

GOTO 19500 ‘-FURNACE TURN-ON

GOTO 20000 ’'-OUTPUT GRAPHICS ROUTINE

GOTO 22000 ’'-DYNAMIC MODEL OF THE HOUSE ENVELOPE, WITH THERMOSTA

T CONTROLS

GOTO 22500 ‘'-CODENSATION POTENTIAL MODULE

GOTO 23000 ’-HOT WATER HEATER BRANCH FLOW MODULE
REM=====sssoormoomss=SSSsSSmsSsms=s === ===

REM = ====

REM

REM  BOUNDARY CONDITIONS AND INITIAL CONDITIONS TO START THE I
TERATIONS

REM
REM
REM
REM BOUNDARY CONDITIONS
REM
IF THETAW = 0
THEN PVC=1l:

GOTO 1590
IF THETAW < 0
THEN SN = -1
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THEN PRINT #2,"*** ITERATION CONVERGENCE PROBLEMS -- FLO
W RATES OF LAST TIME STEP USED":
GOTO 3520
3310 Q2 = Q6:
ER2 = Cl
3320 IF ER1 = ER2
THEN Q9=.002:
X3 = .003
ER3=.16
Q6=.02 :
Q1=.026 :
ER1=.2 :
GOTO 3190
3340 Q6 = (Q2 * ERl - Q1 * ER2) / (ERl - ER2)
3350 REM: IF ITER > 50 THEN Q6 = (Q6 + 1.2 * Q2) / 2.2
3355 IF FL1%=1
THEN 3370
ELSE 3360 .
3360 REM PRINT USING"##. FLUEFLOW (Kg/S) AND ERRFUNCTION (PA) =
#.h##%  #.##4$ $44 . #44";ITER,Q2,MDHW,ER2
3370 Ql = Q2:
ER1 = ER2
3380 GOTO 3190
3390 C2 = PB(9) - PB(10)
3400 IF ABS(C2) > 1lE+11
THEN Q9=.002:
X3 = .003
ER3=.16
Q6=.02 :
Q1=.026
ER1=.2 :
GOTO 3190
3410 IF ABS (C2) < .001
THEN GOTO 3520
3420 ER4 = C2:
X4 = Q9
3430 IF ER3 = ER4
THEN Q9=.002:
X3 = .003
ER3=.16
Q6=.02 :
Q1=.026
ER1=.2 :
GOTO 3190
3440 Q9 = (X4 * ER3 - X3 * ER4) / (ER3 - ER4)
3445 IF FL1%=1
THEN 3460
ELSE 3450
3450 REM PRINT USING"##. FURN INLET FLOW (Kg/S) AND ERRFUNCTION
(PA) = #.#### ##4.#4##";ITER, X4, ER4
3460 X3 = X4:
ER3 = ER4
3470 REM

SCANADA CONSULTANTS LIMITED
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3480 GOTO 3190
3490 REM
3500 REM END OF CONVERGENCE ROUTINE
3510 REM
3520 Q6LAST=0Q6
Q9LAST = Q9 :
DHWLAST = MDHW
3525 REM
3530 REM OUTPUT OF CALCULATION RESULTS
3540 REM
3545 GOSUB 18000
3550 IF SCS »>= ST
THEN GOSUB 3750
GOTO 3670
3552 IF TMONOFF<>0
THEN GOSUB 3800
GOTO 3640
3560 IF SCS >= AUFF AND F$= "ON"
THEN F$="QOFF":
Z21=0:
S%=1:
GOSUB 19000
3640 GOSUB 7000
3650 GOSUB 9000
3653 IF DHWS = "Y"
THEN GOSUB 24000
3655 GOSUB 22500
3660 ABORTS=INKEYS:
IF ABORTS="A" OR ABORTS$="a"
THEN GOTO 3670
3662 NEXT S%

3663 REM
3664 REM========== == === == ==
3665 REM END OF EXECUTION LOOP
3667 REM
3670 BEEP:
SCSFLAG%=1:
IF FL1%=1
THEN GOSUB 3675
ELSE 3671
3671 CLOSE #2:
CLS:
LOCATE 20,60:
COLOR 19,0:
PRINT"Please Standby":
COLOR 7:

CHAIN FLUEINS
REM ,30000,ALL
3672 END
3673 REM PRINTOUT CONTROL SUBROUTINES
3674 REM SCREEN GRAPHICS PRINT OPTION
3675 LOCATE 1,13:
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3676

3677

3678

3679

3680

3681

3682
3683

3684
3690

3692
3693

3694

3695

3696

3750
3754
3756
3758
3760
3762
3800
3802

PRINT "Press 'P’ for PRINT, 'S’ for SAVE"
LOCATE 2,13:
IF SCS>=ST
THEN PRINT "'E’ for EXIT "
ELSE PRINT "’'E’ for EXIT or ‘C’ to CONTINUE"
JUNK$=INKEYS:
IF JUNKS$=""
THEN 3677
IF JUNK$="E" OR JUNK$="e"
THEN 3696
ELSE 3679
IF JUNK$="P" OR JUNK$="p"
THEN JUNKS$="P"
GOTO 3690
ELSE 3680
IF JUNK$="S" OR JUNK$="s"
THEN 3690
ELSE 3681
IF JUNK$="C" OR JUNK$="c"
THEN 3682
ELSE 3677
LOCATE 1,13:
PRINT " "
LOCATE 2,13:
PRINT " "
GOTO 3662
LOCATE 1,13:
PRINT USING"\ \";TITLES
LOCATE 2,13:
PRINT USING"DATE: \ \ " ;DATES
IF JUNKS$="P"
THEN CALL PRTSC
GOTO 3696 :
REM: ASM=-51973.8
CHKS$=".":
LOCDOT=INSTR(DOCS,CHKS) :
FAULT$=LEFT$ (DOC$,LOCDOT-1)
REM: PRTSCR%=VARPTR(ASM)
DEF SEG=&HBS800
BSAVE DRIVES$+FAULTS$+".PIC",0,16384
DEF SEG :
REM: CALL ABSOLUTE(PRTSCR%)
CLS:
SCREEN 0,0:
RETURN

REM: FINAL SYSTEM PRINTOUTS

GOSUB 15000
GOSUB 13000
GOSUB 14000
GOSUB 17000
RETURN

REM CONTROL OF DYNAMIC HOUSE ANALYSIS

IF T9>THS AND F$="ON"

SCANADA CONSULTANTS LIMITED PAGE
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3804

3806
3830
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4125
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240
4250
4260
4270

4280

4290
4300
4305
4306

4310
4500
4510
4520
4530
4540

THEN 3804
ELSE 3806
FS="OFF":
RNGTM=0:
OFTIM=SCS:
z1=0:
S%=1:
GOSUB 19000
GOSUB 22010
RETURN
REM=========== === = == === = =moom==

REM FLOW FRICTION FACTORS
REM
FOR X% = 1 TO 19
[ READ KE(X%)
NEXT X%
paTa 0,1.,1.4,1.0 ,0.5,0,0,0,0,0,4.0,0,0,0,3.0,0,0,2.0,0
KE(2)=FCAPL
KE(4)=(NELBOWS*.5)
REM
REM
REM
ADR = AR(11l) * APRD / 100
REM
REM EQUIVALENT LEAKAGE AREAS
REM

REM 1 - CHIMNEY ELA
REM 2 - DILUTION PORT ELA (DESIGN FLOWS)
REM 3 - DILUTION PORT ELA (REVERSE FLOW)
REM 4 - FURNACE INLET ELA
REM 5 - FURNACE OUTLET ELA
REM 6 - FLUE-PIPE ELA
ELA( ) = ARD(3)* ((2.68 / (KE(3) + KE(2))) " .5)
LA(2) = (AR(11l) * ((2.68 / KE(11l)) " .5))
REM +(DHWAR* ( (2.68/3.68)".5))
ELA(3) = (ADR * ((2.68 / KE(1l1)) ~ .5))
REM +(DHWAR*((2.68/3.68)".5))
ELA(4) = AR(lS) * ((2.68 / KE(15)) ~ .5)
ELA(5) = AR(18) * ((2.68 / KE(18)) ~ .5)
ELA(6) = ARD(5)* ((2.68 / (KE(4) + KE(5))) ~ .5)
ELADHW = DHWAR*((1-.096)"2) * ((2.68 / (.45*DHWNEL + 1! + KECON))
~.5)
RETURN
REM= =
REM
REM INITIAL TEMPERATURE PROFILES FOR FLUE
REM AND GAS FLOW NETWORK
REM

SCANADA CONSULTANTS LIMITED
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THEN Q9=0Q6
5080 MF(6) = Q6
5090 MF(19) = Q9 + MTFUEL
5092 IF DHW$="N"
THEN MDHW = 0

TDHW=T9 :

GOTO 5100
5095 IF ABS(Cl) < .001

5100
5110
5120
5125

5130
5140
5150
5160
5170
5180
5190
5200
5210
5220
5230
5240
5250
5260
5270
5280
5290
5300
5310
5320
5330
5340
5350
5360
5370
5380
5390

5400
5405

5410
5420

5430
6000

THEN GOSUB 23000 :
MDHW = (.3*MDHW +.7*DHWLAST):
REM - THE HOT WATER BRANCH
FOR X% = 1 TO 3
[ MF(X%) = MF(6)+MDHW
NEXT
MF(4) =.MF(6)
MF (5)=MF (6)
REM
-FOR X% = 10 TO 12
MF(X%) = MF(6) - MF(19)
NEXT
REM
-FOR X% = 13 TO 14
MF (X%) = MF(19) - MTFUEL
=NEXT
MF(15)=MF(19)-MTFUEL
REM
-FOR X% = 16 TO 18
MF(X%) = MF(19)
NEXT
REM
-FOR X% = 7 TO 9
MF(X%) = MF(10) + MF(13) + MCOMP + MDHW
NEXT
REM
-FOR X% = 1 TO 19
VF(X%) = MF(X%) / RO(X%)
NEXT
REM
REM
REM: —————- VELOCITIES-——————-
REM
FOR X% = 1 TO 19
IF AR(X%) < .0004
THEN VL(X%) = 0
GOTO 5410
VL(X%) = VF(X%) / AR(X%)
IF X%>1 AND X% < 6
THEN VL (X%)=VF(X%)/ARD(X%)

LNEXT X%
IF VF(11) < O

THEN VL(11) = VF(1l) / ADR
RETURN

REM === = = == P

SCANADA CONSULTANTS LIMITED
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6290

6300
6310
6320
6330
6340

6350

6355

6360
6370
6380

6390
6400
6410
7000
7010
7020
7030
7040
7050
7060
7070
7080

7090
7100

7110

7115
7120
7130
7140
7150

7155

PB(8) - SN * (473.8 * ((ABS (VF(18)) / ELA(S5)) ~ 2) / (TN(18)

0
TR))
PB

II:I>'||

PB(9)
REM
REM CLOSING LOOPS #1 & #2 THROUGH THE DILUTION DEVICE
REM
SN = 1:

II = 2
IF VF(11) < O
THEN SN = 0 - 1:

(6) + PB(7) + PB(8)

IT = 3:
GOTO 6360
IF FT$="0" AND AR(11l) > 0.005
THEN KBD= 7*(1 EXP(—VF(ll)/.Ol)):
ELA(2)=AR(11)*((2.68/KBD)".5)
B(10) = 0 - SN * (473.8 * (( ABS (VF(1ll)) / ELA(II)) ~ 2) / (TN(
11) + TA))
IF FT$="G"

THEN GOTO 6410
IF F$ <> "ON"
THEN GOTO 6410
PB(9)=PB(10)
PB(7)=PB(9)-PB(8)-PB(6)
RETURN
REM ===== === === = === =
REM
REM FURNACE TRANSIENT HEAT TRANSFER MODEL
REM
REM ============= = ========
REM
TN(16) = T9 + (FW / (CPAIR * ABS (MF(16)+0.0000001)))
M6 = 0.85*FICV * (353.6 / (T6F + TA))
IF TN(16) > 3000
THEN TN(16) = 3000:
PRINT #2, "WARNING: INSUFFICIENT FURNACE AIR FLOW -- INC
OMPLETE COMBUSTION"
INDT% = 3
ITW =(M6*CPAIR + MFIPOT*500) / ABS ((MF(16)+0.000001)*CPAIR):
OTW= (M6 * CPAIR + MFIPOT*500) / UlA
DITM = TN(16) - T6F:
D2TM = T6F - TMF:
IF VL(18) < O
THEN DITM = TN(17) - T6F
D3TM=0! :
ITDHW=10000!
GOSUB 12020
D6F = T6F + DTM

INDTS = 2:

ITW = M2CP / UlA:
OTW = M2CP / U2A
D1TM = T6F - TMF:
D2TM = TMF - T9
D3TM=0! :
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7160
7170
7180
7190
7200

7210

7215

7220
7230
7240
7250
7260
7270
7280
7290
7300

7310
7320
7330

7340

7350
7360

7370

7380
7390

7400

7410
8000
8010
8020

8030
8040
8050
8060
8070
8080

ITDHW=10000!
GOSUB 12020
TMF = TMF + DTM
M7 = .15 * FICV * RO(17)
INDT% = 3
ITW = M7 / ABS (MF(17)+0.0000001}):
OTW= M7 * CPAIR / ABS(MF(17)+0.0000001)
D1TM = T6F - TN(17):
D2TM = 0:
IF VL(17) < O
THEN D1TM =
D3TM=0! :
ITDHW=10000!
GOSUB 12020
T7F = TN(17) + DTM
T6F = D6F

TN(6) - TN(17)

T7F
TN(17)

TN(17)
TN(18)

REM
REM
REM
IF MF(6) = 0
THEN GOTO 7

340

TN(6) = ((MF(18) *CPAIR* (TN(18) + TA)) + (MF *CPAIR* (TN(11)
+ TA)) )y / (MF(6)*CPAIR)
IF MF(10) < O
THEN TN(6) = TN(18) + TA
IF MF(10) < 0 AND MF(6) < .0000001
THEN TN(6) = ((MF(18) * (TN(18) + TA)) + ( ABS (MF(5)) * (TN(5
) + TA))) / (MF(18) + ABS (MF(5)))
IF MF(18) < 0
THEN TN(6) = (TN(5) + TA)

TN(6) = TN(6) - TA

TN(19) = TN(6):

TN(12) = TN(6)

IF MF(5) > 0

THEN TN(5) = TN(6)
TN(11l) = T9
IF MF(11) < O
THEN TN(11) = TN(6)
IF MF(17) < 0
THEN TN(18) = TN(6)
RETURN
REM
REM
REM SPECIFICATION OF ELEMENTAL PROPERTIES OF THE FLUE & THE FUR
NACE

REM
REM
REM

U(l,Y%) =
U(2,Y%)=THC

[FOR Y$ = 1 TO NE%

L(Y$%)

SCANADA CONSULTANTS LIMITED
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8090
8100
8110
8120
8130
8140
8145

8150

8160
8170
8180
8190
8200
8210
8220
8230
8240
8250
8260
8270
8280
8305

8306

8320
8330
8340
8350
8355

8360

8370
8380
8390

8400
8410

U(3,Y%)=THCS(Y%)

U(4,Y%)=THCO(Y%)
REM
REM ALL "M" "HC" "A" TO BE SPECIFIED HERE
REM
-FOR J=1 TO 4

IF DI2(J,Y%)=0

THEN A(J,Y%)=A(J-1,Y%) :
GOTO 8170
IF Y%<(NFPSEGS%+1)
THEN A(J,Y%)=DHF (Y%)*DI2(J,Y¥%):
GOTO 8170

A(J,Y%)=HF*DI2(J,¥%)/8
LNEXT J
REM:A(1,Y)=A(2,Y)*.98

HC(1,Y%) = CPAIR
REM

M(2,Y%)=DENL(Y%)*A(2,Y%)*ELTL(Y%)
M(3,Y%)=DENS (Y% )*A(3,Y%)*ELTS(Y%)
M(4,Y%)=DENO(Y%)*A(4,Y%)*ELTO(Y%)
LNEXT Y%
REM
REM SPECIFICATION OF FLUEPIPE PROPERTIES
REM
FOR Y$ = 1 TO NFPSEGS%
IF M(3,Y%)=0

THEN M(3,Y%) = M(3,NE%):
U(3,Y%)=U(3,NE%):
HC(3,Y%)=HC(3,NE%):
FPIS="U"

IF M(4,Y%)=0

THEN M(4,Y%) = M(4,NE%):
U(4 Y%)=U(4,NE%):
HC(4,Y%)=HC(4,NE%):
FPIS="U"
LNEXT Y%
REM
REM CHECK OF TIME CONSTANTS
REM
IF FL1%=1
THEN 8460
ELSE 8360
CLS :

PRINT "OUTFLOW TIME CONSTANTS OF CHIMNEY ELEMENTS FROM LINER TO
SURROUNDINGS: " :
PRINT
FOR J = 2 T0 4
(M(J,NE%) * HC(J,NE%)) / (U(J,NE%) * A(J,NE%))
PRINT USING"FROM POINT ## TO POINT ## : ######.";J,J+1,T2

NEXT J
PRINT
PRINT "INFLOW TIME CONSTANTS OF CHIMNEY ELEMENTS FROM LINER TO

SURROUNDINGS: "¢
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8420
8430

8440

8450
8455

8460
8470
8480
8490
8500
8510
8520
8530
9000
9010
9020
9030

9040
9050
9060
5070
9075
9076
9077

9080
9090
9100
9110
9120
9130

9140
9150
9160

9170
9180
9190

9200

9210
9220

PRINT
-FOR J = 2 TO 4
Tz = (M(J,NE%) * HC(J,NE%)) / (U(J - 1,NE%) * A(J - 1,NE%))

REM SAME COMMENT ABOUT NE% AS LINE 8380

PRINT USING"FROM POINT ## TO POINT ## : ######.";3-1,J,TZ

=NEXT J
T=TIMER:

ILE TIMER < T+3 :

ND
REM
REM FURNACE PHYSICAL PROPERTIES
REM

UTA=(F2*SSEFF)/ ( (TSSGE-T9))
UlA = 4 * UTA
U2A=1/((1/UTA)~-(1/UlA))
U2AR=U2A
RETURN
REM === === ==
REM
REM TRANSIENT HEAT TRANSFER MODEL OF THE FLUE
REM PARAMETERIZED TEMPERATURE ALGORITHMS ARE CALLED IN SUBROUTI
NE 12000
REM

KE(3)=0
KE (4 )=(NELBOWS*.5)
JUNCTLOSS=1.
IF DHWS$="Y" AND DHWFPN <= NFPSEGS$%
THEN KE (4 )=( (NELBOWS+JUNCTLOSS)*0.5)
UF = 0
REM
REM
FOR Y% = 1 TO NE%
REM FLUE GAS ELEMENT MASS = VOLUME x DENSITY
IF Y%<(NFPSEGS%+1) .
THEN M(1,Y%) = ((ARD(4) * DHF(Y%)) * (353.6 / (TI(1,Y%)
+ TA)))
IF Y$>NFPSEGS%
THEN M(1,Y%)=((ARD(3)*(HF/8))*(353.6/(TI(1,Y%)+TA)))
REM
REM SUBROUTINE 12500 CALCULATES THE HEAT TRANSFER COEFFICI
ENTS NEEDED FOR THE FOLLOWING WORK & FRICTION FACTORS FOR
THE PRESSURE LOSS ROUTINE
REM
GOSUB 12500
IF Y% = 1
THEN TB = TN(5)
IF Y% = 1
THEN GOTO 9220
TB = TI(1,(Y%- 1))
IF MF(5) > 0

SCANADA CONSULTANTS LIMITED PAGE 18



FLUESIM4 AUGUST 13, 1987
THEN GOTO 9250
9230 IF Y%= NE%
THEN TB = TN(1):
GOTO 9250
9240 TB = TI(1l,(Y%+ 1))
9250 INDTS = 1
9255 IF DHWS$="Y" AND Y% <= DHWFPN
THEN MFIN=MF(5)
ELSE MFIN=MF(3)
9260 ITW = M(1,Y%) / ABS (MFIN)
9270 OTW = (M(1,Y%) * HC(1,Y%) / (U(1l,Y%) * A(1,Y%)))
9280 D1TM = TB - TI(1,Y%)
9290 D2TM = TI(1,Y%) - TI(2,Y%)
9291 ITDHW=10000
9292 D3TM=0!
9293 IF DHWS$ = "Y" AND DHWFPN = Y%
THEN 9294
ELSE 9300
9294 IF MDHW <= 0
THEN 9300
9295 ITDHW = (M(1,Y%)/ABS(MDHW))
9296 D3TM =TIDHW(1,NDHWFP%)-TI(1,Y%)
9300 GOSUB 12020
9310 TF(1,Y%)= TI(1,Y%$) + DTM
9320 -FOR J = 2 TO 4
9330 INDTS = 2
9340 ITW = (M(J,Y%) * HC(J,Y%) / (U(J - 1,Y%) * A(J - 1,Y%
)))
9350 OTW = (M(J,Y%) * HC(J,¥%) / (U(J,Y%) * A(J,Y%)))
9360 DITM = TI(J - 1,Y%) - TI(J,Y%)
9370 D2TM = TI(J,¥%) - TI(J + 1,Y%)
9375 ITDHW=10000!
D3TM = 0!
9380 GOSUB 12020
9390 TF(J,¥%) = TI(J,¥%) + DIM
9395 IF FPIS$="U"
THEN GOTO 9400
ELSE GOTO 9410
9400 IF Y% <(NFPSEGS%+l1) AND J > 2
THEN TF(J,Y%) = TN(9)
9410 INEXT J
9420 ENEXT Y%
9430 §FOR Y% = 1 TO NE%
9440 FOR J = 1 TO 4
9450 [ TI(J,Y%) = TF(J,Y¥%)
9460 NEXT J
9470 ENEXT Y%
9490 UF = UF / NE%
9500 REM
9510 REM CALCULATE NEW COLUMN WEIGHT OF THE FLUE GAS BASED ON THE N
EW FLUE TEMPERATURES------
9520 REM
9530 GF = 0!
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9535 GFF= 0!

9540 pFOR Y$ = 1 TO NE%

9550 RW = 353.6 / (TI(l,Y%) + TA)
9560 GF = GF + (RW * GC * EH(Y%))
9565 IF Y% > NFPSEGSS%

THEN GFF = GFF + (RW * GC * EH(Y%))
9570 LNEXT Y%
9575 TT = ((353.6 * GC * (HF +RISET)) / GF) - TA
9576  TTFF= ((353.6 * GC * HF ) / GFF) - TA
9580 REM
9590 REM
9600 TN(4) = TI(1,1)
9610 IF MF(5) < 0

THEN TN(5) = TN(4)

9620 TN(3) = TTIFF

9630 TN(2) = TI(1,NE%)

9640 REM

9650 REM NEW DENSITIES

9660 REM

9670 FOR X% = 1 TO 19

9680 [ RO(X%) = 353.6 / (TN(X%) + TA)

9690 LNEXT X%

9692 REM NEW FLOW AREAS ACCOUNTING FOR DISPLACEMENT THICKNESS

9693  ARD(2)=PIE*(DIA(1,NE%)"2)/4:
ARD(3)=ARD(2):
ARD(4)=PIE*(DIA(1,1)"2)/4:

ARD(5)=ARD(4)
9695 IF FDAMP$="N"
THEN GOTO 9900
9710 IF FT$="G" AND SCS > (AUFF+14)
THEN ARD (5 )=ARDAMP
9715 IF FT$="0" AND SCS > (AUFF+120)
THEN ARD(5)=ARDAMP
9720 IF F$ = "NOT"
THEN ARD (5 )=ARDAMP
9730  IF DAMPACTS$<>"T"
THEN GOTO 9900
9740 IF TI(1,1) < DAMPTCL
THEN ARD(5) = ARDAMP:
GOTO 9900
9750 IF TI(1,1) > DAMPTOP
THEN ARD(5) = ARD(4):
GOTO 9900
9760  ARD(5) = ARDAMP + (ARD(4)-ARDAMP)*(TI(1,1)-DAMPTCL)/(DAMPTOP-DAMP
TCL)
9900 RETURN
10000 REM
10010 REM
10020 REM
10030 REM
10040 REM = ==
10050 REM
10060 FU=FW*3.413

FURNACE MASSFLOW CALCULATIONS
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10070
10080
10090
10100

10110
10120

10130

10140

10150

10160
10490
10495
10500
10505
10507
10510
10514
10515
10520
10525

10530

10535

10540
10545

10550
10555
10560

10565
10570
10575
10580
10585
10590
10595
10600
10605
10610

MGAS = ( INT (1000 * FU * (20.5 / 3.6E+09) + .5)) / 1000
QGAS = MGAS / (RO(9) * .589)
QGAS = ( INT (10 * QGAS * 1000 + .5)) / 10
MTOIL= ( INT (1000 * FU * ((24.8+342%((EXAIR/100)+1)) / 3.6E+09)
+ .5)) / 1000
MOIL= ( INT (1000 * FU * ((24.8+ 0) / 3.6E+09) + .5)) / 1000
IF F$<>"ON"
THEN MTOIL=0!
MOIL=0!
MTFUEL=MGAS :
IF FT$="0O"
THEN MTFUEL=MTOIL
MFUEL =MGAS :
IF FT$="0O"
THEN MFUEL=MOIL
QFUEL=QGAS :
IF FT$="0"
THEN QFUEL = MOIL / .97
RETURN

REM== == = =

REM

REM MATH MODULE TO IMPROVE CONVERGENCE OF ITERATION

REM

REM====

REM

AREFF=1/((.5/ARD(3))+(.5/ARD(5)))
ELAl = AREFF * ((2.68 / (KE(2) + KE(3) + KE(4) + KE(5))) " .3)
TP = ((353.6 * GC * (HF +RISET)) / GF) - TA '

PB(1) = (353.6 * GC * (((HF + RISET + ABS(HT(6
L )) / (TN(9) + TA)) + ( ABS (VCL ) / (TN(1)
SET) / (TT + TA)) - (ABS(HT(6)-HT(5)) / (TN(

SN = 1:

IF VV < 0
THEN SN = 0 - 1
PB(2) = (((PHC+CPWENV(LEAKDIST)) *
PVC .5 * RO(1l) * ( ABS (VV) *
TEF =
PB(6)
) /|
Bl=(TN(1
B2=(TN(1

) - TA

((1 / (TN(16) + TA) ))
HT(19)-HT(18)
))

) *
3.6 * GC * ((HH / (TN(9)
TA)) + ((HT(19)-HT(18
(CC* (TN(9)+TA)
(CC*(TT  +TA

(2 /
= (35
EF +
+TA)/
+TA)/ )
TTF =-TA+( (KE(4)+KE(5)+KE(2))/((KE(4)/(TN(4)+TA)) + (KE(5)/(TN(5)
+TA)) + (KE(2)/(TN(2)+TA))

B3=(473.8/(TT+TA))*( (TTF+TA)
B4=473.8/((TN(11)+TA)*ELA(2)
B5=PB(1)+PB(2)
B6=473.8*(TN(15)+TA)/(((TEF+TA)*ELA(4))"2)
B7=473.8*(TN(18)+TA)/(((TEF+TA)*ELA(5))"2)
B8=-B4

B9=PB(6)

B10=353.6/(TEF+TA)

B11=353.6/(TN(11)+TA)

B12=353.6/(TT+TA)

TT+TA) *ELAL) ) *2

et~
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10615 -
10620 ’
10625 BA=B5+(B2"2/(4*B3))-(B1*(QF+FP)/1000)
10630 BB=B9+(B6*(QFUEL/1000)~2)/(1+(B6/B7))
10635 BC=(B7*B10*(QFUEL)/1000)/(B6+B7) =~ (B2*Bl2)/(2*B3)
10640
10645 -
10650 2z0=(BC + (B12*SQR(ABS(BA/B3))) - (Bl0*SQR(ABS(BB/(B6+B7)))))/Bl1
10655
10660 ZCOR=(B4/B11) * ((B12/SQR(ABS(BA*B3))) + (B10/SQR(ABS(BB*(B6+B7))
))
10665 QD%L=Z0-(.5*ZO“2)*ZCOR
10670 QFLUE = SQR(ABS((BA-B4*QDIL"2)/B3))~ (B2/(2*B3))
10675 QFURN = SQR(ABS((BB+B4*QDIL"2)/(B6+B7))) = (B7*(QFUEL/1000)/(B6+B
7
10680 CHH%%= ((Bl* (QF+FP)/1000) + (B2*QFLUE) + (B3*QFLUE~2) + (B4*QDIL"
2) - BS
10685 CHH%Z = (%6*QFURN‘2) + (B7*(QFURN+QFUEL/1000)"~2) + (B8*QDIL"2) -
B9
10690 CHHK3 = (BLO*QFURN) + (B11*QDIL) - (Bl2*QFLUE)
10700 QFLUE=QFLUE*(353.6/(TT+TA))
10705 QFURN=QFURN*(353.6/(TEF+TA))
10710 QDIL=QDIL*(353.6/(TN(11)+TA))
10715 Q6=QFLUE
10716 Q9=QFURN
10720
10730 ER1=ER1+.5:
ER3=ER3+.5
10735 RETURN
11000 REM =c=c==sssocososossSoSssSsSSSSsSsS=sm e Y
11010 REM
11020 REM PARAMETER ANALYSTIS
11030 REM AT FURNACE STARTUP
11040 REM
11050 REM ==== = =—======== == TSRS EREES
11060 IF TMONOFF <> 0
THEN 11540
11070 PRINT #2,
PRINT #2,
11080 PRINT #2, "S Y S T E M PARAMETERS"
11090 PRINT #2 p oo omss———ss—=m===o=ss=s=======m=m==
PRINT #2,
11100 REM
11110 PAR(1l) = INT (100 * (((QF + FP) / (1000 *CC)) ~ (1 / N)) + .5)
/ 100
11120 SN = 1:
IF VW < 0
THEN SN = 0 - 1
11130 PAR(2) = 0 + INT (100 * (((PHC+CPWENV(LEAKDIST)) * .5 * RO(1) *
(VH ~ 2)) + (SN * PVC * .5 * RO(1) * ( ABS (VV) ~ 2))) + .5) /
11140 (3) = PAR(2) - PAR(1)
11150 PAR(4) = INT (100 * (353.6% GC * (((HF - ABS (VCL )) / (TN(9) +
3A)) ( ABS (VCL ) / (TN(1) + TA)) - (HF / (TT + TA)))) + .5)
100
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11155 IF MDIS="Y"

THEN PB(11)=((CONST * VF(5)~2) + DPO)

ELSE PB(11)=0 :

REM: DRAFT INDUCER

11160 PAR(5) = INT (100 * (PAR(4) +
11170 L1A = AR(15) * (2.68 / KE(15))
11180 L2A = AR(18) * (2.68 / KE(18))
11190 IF L1A <.01

THEN L1A=1000000!
11200 PAR(6) = INT (1000 * (1 / ((1 / Ll1A) + (1 / L2A))) + .5) / 1000

PAR(3)+PB(11)) + .5) / 100
~ .5
~ .5

11209 AREFF=1/((. 5/ARD(3))+( 5/ARD(4)))

11210 L1A = AREFF * ((2.68 / (KE(2) + KE(3 ) + KE(4) + KE(5))) ~ .5)
11220 PAR(7) = INT (1000 * L1A + .5) / 10

11230 L1A = ADR * (2.68 / KE(11l))" .5

11240 PAR(8) = INT (1000 * L1A + .5) / 1000

11250 LlA ='1.157 * (RO(1) ~ .5) *CC * ((10) ~ (N - .5))

11260 PAR(9) = INT (1000 * L1A' + .5) / 1000
11270 PAR(10) = INT (.5 + 1000 * PAR(8) /PAR(7) ) / 1000
11280 PAR(11) = INT (.5 + F2 / (1000 * PAR(6)))
11290 PAR(12) = INT (.5 + M2CP / UlA)
11300 PAR(13) = INT (10 * (M(2,NFPSEGS%+1)*HC(2,NFPSEGS%+1l) / (U(1,NFP
SEGS%+1) * A(l,NFPSEGS%+1))) + .5) / 10
11350 HD$(1)—"ENVELOPE ADVERSE PRESS.(FANS & FIREPLACE) (Pa):"
11360 HD$(2)="WIND INDUCED DRIVING PRESSURE (Pa):"
11370 HD$(3)="NET BOUNDARY DRIVING PRESSURE (Pa):"
11380 HDS$(4)="CHIMNEY/HOUSE BUOYANCY PRESSURE AT STANDBY (Pa):"
11390 HDS$(5)="NET DRIVING PRESSURE PARAMETER (AT STANDBY)(Pa):"
11400 HDS$(6)="FURNACE EQUIVALENT LEAKAGE AREA OF FLOW (m2) "
11410 HDS$(7)="CHIMNEY EQUIVALENT LEAKAGE AREA OF FLOW (m2):"
11420 HD$(8)="E.L.A. OF REVERSE FLOW OF DILUTION PORT  (m2):"
11430 HD$(9)="ENVELOPE EQUIVALENT LEAKAGE AREA AT 10 PA (m2):"
11440 HD$(10)="DILUTION PORT/CHIMNEY E.L.A.  RATIO (==)s"
11450 HDS(11)="FURNACE HEAT FLOW DENSITY PARAMETER (kW/m2):"
11460 HDS$(12)="FURNACE HEAT TRANSFER TIME CONSTANT (s):"
11470 HDS$(13)="CHIMNEY LINER HEAT TRANSFER TIME CONSTANT  (s):"
11472 ¢FOR X% = 1 TO 13
11473 IF X%=5 AND MDI$="Y"
THEN PRINT #2, USING"DRIVING PRESSURE OF THE DRAFT INDUC
ER (Pa): ####.4"; ((CONST * VF(5)~2)+DPO0)
11475 IF X%=6
THEN PRINT #2,
11476 PRINT #2,HDS$(X%);:

IF X%>5 AND X%<10
THEN PRINT #2, USING" ####.###";PAR(X%)
ELSE PRINT #2, USING" ####.#";PAR(X%)

11478 LNEXT X$
11480 PRINT #2, :
PRINT #2,
11490 PRINT #2, "FLUE LOCATION: ";:
IF CHIMTS="I"
THEN PRINT #2, "INTERIOR"
ELSE PRINT #2, "EXTERIOR"
11500 PRINT #2, "CHIMNEY FLOW DIRECTION AT STANDBY: ";
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11510 IF VL(4) < O
THE7 PRINT #2, "REVERSED ("; INT (100 * VL(4) + .5) / 100;"
M/S)":
GOTO 11530
11520 PRINT #2, " UPWARD  ("; INT (100 * VL(4) + .5) / 100;" m/s)"
11530 PRINT #2,
11540 GOSUB 18570
11550 RETURN
12000 REM ===
12010 REM
12020 REM TEMPERATURE - UPDATE
12030 REM : ~-—--PARAMETERIZED ALGORITHMS---
12040 REM
12050 REM =========== ==
12060 REM
12070 IF INDT% = 1 AND SEC > .9 * ABS (ITW)
THEN SEC = .9 * ABS (ITW) :
12075 TIF INDT% = 1 AND SEC > .9 * ABS (ITDHW)
THEN SEC = .9 * ABS (ITDHW)
12080 IF INDT$ > 1 AND SEC > .3 * ABS (ITW)
THEN SEC = .3 * ABS (ITW)
12090 IF INDT% > 1 AND SEC > .3 * ABS (OTW)
THEN SEC = .3 * ABS (OTW)
12170 DTM = ((D1TM/ITW) + (D3TM/ITDHW) - (D2TM/OTW)) * SEC
12190 RETURN
12500 REM ========= === ====== =
12510 REM
12520 REM
12530 REM
12540 REM
12550 REM = == = ==
12560 REM
12570 IF Y%<(NFPSEGS%+1)
THEN V = (DHF(Y%)) / (M(1,Y%) / BABS (MF(5)))
12580 IF Y%>=(NFPSEGS%+1)
THEN V = (HF/8) / (M(1,Y%) / ABS (MF(5)))
12590 RE = (353.6 / (TI(1,Y%) + TA)) * V * DIA(1,¥%) / MU
12600 U(1,Y%) = 1.8%(.0238 / DIA(L,¥%)) * (.021 *.(.78 ~ .5) * RE " .8)
12610 FF(Y%) = DHF(Y%)*((38700! / RE) " 1.24)/10
12620 IF (TI(1,Y%) - TI(2,Y%)) < 10
THEN FF(Y%) = K1*DHF(Y%)
12630 IF FF(Y%) <(K1*DHF(Y%))
THEN FF(Y%)=(K1*DHF(Y%))
12640 IF U(1,Y%) < UI
THEN U(1,Y%)= UI
12650 IF Y% < (NFPSEGS%+1)
THEN KE(4)=KE(4)+FF(Y%)
ELSE KE(3)=KE(3)+FF(Y%)
12660 UF = UF + U(1,Y%)
12662 DIA(1,Y%)=(DI2(1,Y%)/PIE)*(1-.096):
IF Y%<(NFPSEGS%+1)
THEN A(1,Y%)=(PIE*DIA(1,Y%))*DHF(Y%)
ELSE A(1,Y%)=(PIE*DIA(1,Y%))*HF/8

FLUE FILM HEAT TRANSFER COEFFICIENT & FRICTION FACTORS
AS A FUNCTION OF REYNOLDS NUMBER
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12670 RETURN
12680 REM
12690 REM=====s======== == ========= momomms====
12700 REM
12710 REM : END OF CALCULATIONS
12720 REM
12730 REM=========s=== == =
13000 REM === ==== = o=mo——=czss===o=m=s
13010 REM
13020 REM : OUTPUT ROUTINES BEGTIN
13030 REM : ROUTINE TO PRINT OUT TEMPERATURES OF THE FLUE ELEMENTS
13040 REM :
13050 REM === =
13060 REM
13070 DS = CHRS (4):
REM : CTRLD VALUE
13110 PRINT #2,
PRINT #2, :
PRINT #2, USING"TIME = ######.# SECONDS";SCS
13120 PRINT #2, e ns=s==os==nss==x g
PRINT #2,
13130 PRINT #2, :
PRINT #2, "TEMPERATURES OF THE FLUE GAS, LINER, AND STRUCTURE" :
PRINT #2, "=cem—cemmmm e e r e e e c e e e m e ——m oo oo — S sm eSS S s

"o

PRINT #2,
13140 PRINT #2, TAB( 23);
13150 §FOR X% =1 TO 9

13155 IF X% <= NFPSEGS%
THEN PRINT #2, "  FP";X%;:
GOTO 13170
13160 PRINT #2, " F";X%;

13170 LNEXT

13180 gFOR X% = 10 TO NES%

13190 PRINT #2, "  F";X%;

13200 ENEXT

13210 PRINT #2, ""

13220 PRINT #2,

13230 PRINT #2, "FLUE GAS TEMP (C)";
13240 PRINT #2, TAB(22);

13250 gFOR X% = 1 TO NE%

13260 [ PRINT #2, USING " ###.4";TI(1,X%);
13270 ENEXT X%

13280 PRINT #2, ""

13290 PRINT #2, "INNER LINER (C)":

13300 PRINT #2, TAB(22)

13310 gFOR X% = 1 TO NE%
13320 [ PRINT #2, USING" #4## . #";TI(2,X%);
13330 ENEXT X%

13340 PRINT #2, ""
13350 IF IND10 =1
THEN GOTO 13700
13360 PRINT #2, "INSUL OR STRUCT (C)";
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13370 PRINT #2, TAB(22)

13380 gFOR X% = 1 TO NE%
13390 [ PRINT #2, USING" ### . #";TI(3,X%);
13400 LNEXT X%

13410 PRINT #2, ""
13420 PRINT #2, "OUTER STRUCTURE(C)";
13430 PRINT #2, TAB(22)

13440 §FOR X% = 1 TO NE%
13450 [ PRINT #2, USING" ### . #";TI(4,X%);
13460 ENEXT X%

13470 PRINT #2, "*
13480 PRINT #2, "SURROUNDING (DEG C)";
13490 PRINT #2, TAB(22)

13500 gFOR X% = 1 TO NE%
13510 [ PRINT #2, USING" ### . #";TI(5,X%);
13520 ENEXT X%

13530 PRINT #2, ""
13570 PRINT #2,:

PRINT#2,
13580 PRINT #2, "CONDENSING TIME (%)";
13590 PRINT #2, TAB(22)
13600 fFOR X% = 1 TO NE%
13610 [ PRINT #2, USING"  ###.#"; (DEW(X%)*100/(ONTIME+.000001));
13620 LNEXT X%
13630 PRINT #2, "
13700 RETURN
14000 R ===== == = = ===
14010 REM
14020 REM FLOW NETWORK PARAMETER OUTPUT
14030 REM
14040 REM == ==== ==
14050 REM
14060 PRINT #2, :

PRINT #2, "THE MASSFLOW SYSTEM PARAMETERS"

14070 PRINT #2, "=m-mcem——mmmmm oo e "
14080 GOSUB 16020:

PRINT #2, :

PRINT #2, TAB( 23);

14090 gFOR X% = 1 TO 19
14100 [ PRINT #2, USING" 41 X%;
14110 LNEXT
14120 PRINT #2, "":
PRINT #2,

14130 PRINT #2,
14140 PRINT #2, "TEMPERATURE (DEG C)";
14150 PRINT #2, TAB(23)
14160 [FOR X$ = 1 TO 19

14170 PRINT #2, USING" ####.# ";TN(X%);
14180 BENEXT X%

14190 PRINT #2, ""

14200 PRINT #2, "DENSITY (KG/M3) "

14210 PRINT #2, TAB(23)
14220 gFOR X% = 1 TO 19
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14230 L PRINT #2, USING" ##.##";RO(X%);
14240 ENEXT X$%
14250 PRINT #2, ""
14260 PRINT #2, :
PRINT #2, "MASS FLOW (KG/S) ";
14270 PRINT #2, TAB(23)
14280 gFOR X% = 1 TO 19
14290 [ PRINT #2, USING" #.##4#" ;MF(X%);
14300 ENEXT X%
14310 PRINT #2, ""
14320 PRINT #2, "VOLUME FLOW (M3/S) ";
14330 PRINT #2, TAB(23)
14340 gFOR X% = 1 TO 19
14350 [ PRINT #2, USING" #HHEHE";VE(XS);
14360 LNEXT X%
14370 PRINT #2,
14380 PRINT #2, "FLOW VELOCITY (M/S)";
14390 PRINT #2, TAB(23)
14400 gFOR X% = 1 TO 19
14410 [ PRINT #2, USING" ###.## ";VL(X%);
14420 ENEXT X%
14430 PRINT #2, ""
14440 PRINT #2,
PRINT #2,
14450 PRINT #2, "PRESSURE PARAMETERS OF THE FLOW SYSTEMS"
14460 PRINT #2, "-cmemmeee e e e = "
14470 PRINT #2, " NET BUOYANCY WIND EFFECT . ENVELOPE LO
ss FRICTION LOSS NET DRIVING FURN BUOYANCY INLET
DROP OUTLET DROP NET FURNACE DILUTION PORT
DRAFT INDUCER DHW INDUCED DHW BUOYANCY"
14480 §FOR X% = 1 TO 11
14490 [ PRINT #2, USING" ##4# . ##4#" ;PB(X%);
14500 ENEXT X%
14510 PRINT #2, USING" ### .###"; (-DPDIL-DPFP) ,-DPBUO
14530 RETURN
14540 REM
15000 REM s=====ssosss==== = ===zs=s========
15010 REM
15020 REM PRINTOUT OF PHYSICAL CONSTANTS OF ALL SYSTEMS
15030 REM
15040 REM ===== = ==== ====
15050 REM
15060 WIDTH #2,255
15070 PRINT #2, "PHYSICAL CHARACTERISTICS OF THE SYSTEM"
15080 PRINT #2, "———ecmmemcmemecmec e eemmmm e ———— oo —— o "
PRINT #2,
15090 GOSUB 16000
15100 PRINT #2, TAB( 23);
15110 gFOR X% = 1 TO 19
15120 [ PRINT #2, USING" ##":X%;
15130 ENEXT
15140 ©PRINT #2, "":
PRINT #2,
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15150 PRINT #2, "DISTANCE->DATUM (M)";
15160 PRINT #2, TAB(23);

15170 gFOR X% = 1 TO 19
15180 [ PRINT #2, USING" ## .##" ; ABS (HT(X%));
15190 LNEXT X%

15200 PRINT #2, ""
15210 PRINT #2, "AREA OF OPENING (M2)";
15220 PRINT #2, TAB(23);

15230 gFOR X% = 1 TO 19
15240 [ PRINT #2, USING" #.###";AR(X%);
15250 LNEXT X%

15260 PRINT #2, ""

15270 PRINT #2, "K FACTOR NORMAL";

15280 PRINT #2, TAB(23);

15290 gFOR X% = 1 TO 19

15300 [ PRINT #2, USING" #.#";KE(X%);

15310 ENEXT X%

15320 PRINT #2, ""

15330 RETURN

16000 REM === ======== ===========
16010 REM

16020 REM : GUIDE TO IDENTIFY NETWORK POINTS

16030 REM

16040 REM =====sssszmsss==s=== = T T P e N LS
16050 REM

16060 PRINT #2, TAB( 31)

16070 PRINT #2, "€ccommmcmcerrmmn e FLUZE-—cec—crsccmcne——- >"s
16080 PRINT #2, " <--mweeee- ENVELOP E-eerm= >

16090 PRINT #2, "<--DRAFT HOOD INLET->";

16100 ©PRINT #2, " <c—emmemecmcrmmeer———— FURNACE--meemrmmermmee o

16110 RETURN
16120 REM
17000 REM ===z====smm===== PP == e T P
17010 REM
17020 REM : SUMMARY TABLE OUTPUT
17030 REM
17040 REM = === = ========= ==
17050 REM
17060 gFOR X% = 1 TO 19
17070 FM(X%) = ( INT (1000 * MF(X%)+ .5)) / 1000
17080 TN(X%) = ( INT (10 * TN(X%) + .5)) / 10
17090 VQ(X%) = ( INT (10 * VF(X%) * 1000)) / 10
17100 ENEXT X%
17110 PRINT #2, CHRS$(18)
17120 PRINT #2, :
PRINT #2,
17130 PRINT #2, "S UMMARY TABLE"
17140 PRINT #2, "==cmm—eeme-—————————————— "
17150 PRINT #2,
17160 PRINT #2, USING"OUTDOOR TEMPERATURE
17170 PRINT #2, USING"INDOOR TEMPERATURE
17180 PRINT #2,

#### C";T1
###4# C";T9

SCANADA CONSULTANTS LIMITED PAGE 28



FLUESIM4 AUGUST 13, 1987
17190 PRINT #2, USING"STANDBY FIRING RATE = #####4#4 W';FL
17200 PRINT #2, USING"FULL FIRING RATE = #####E W F2
17210 FE = 100 * U2A * (TMF - T9)/ (FW+.00001)
IF FE > 100
THEN FE = 100
17220 PRINT #2, USING"INSTANT. EFFICIENCY = ###.4 %";FE
17230 PRINT #2,
PRINT #2,
17240 PRINT #2,"WIND SPEED & PRESSURE SPEED PRESSURE COEFFI
CIENTS"
17250 PRINT #2,"COEFFICIENTS: (M/S) CHIM TOP IN
SIDE HOUSE"
17260 PRINT #2,"==—---e—e—mme————==== =====  —mososes -
17270 PRINT #2, USING"HORIZONTAL COMPONENT ##H4 . # ## . ##
##.##";VH; PHC; CPWENV (LEAKDIST)
17280 PRINT #2, USING"VERT. COMPONENT (+VE UP) #H# . # ##. 44" ;VV
; PVC
17290 PRINT #2,
PRINT #2,
17300 PRINT #2, "FLOW RATES: L/S KG/s*"
17310 PRINT #2, "====-———=-- -—- _——
17320 E1 = INT(((MF(16)/(353.6/TA)) - ((286 * FW * 3.413) / 3.6E+09))/
(2.625* FW * 3.413 / 3.6E+09))
17330 E2 = INT(((MF(6)/(353.6/TA)) - ((286 * FW * 3.413) / 3.6E+09)) /
(2.625% FW * 3.413 / 3.6E+09))
17340 IF E1>1000
THEN E1=0 :
E2=0
17350 PRINT #2,
17360 PRINT #2, USING"FUEL FLOW $HEH #EH #.###";QF
UEL; MGAS -
17370 PRINT #2, USING"FURNACE OUTLET FLOW #H44 . # #. #EE (#4
## % EXCESS AIR)";VQ(18);FM(18);El
17380 PRINT #2, USING"DILUTION FLOW INTO HOOD #H44 . # #.##4";V0Q
(10);FM(10)
17390 PRINT #2, USING"FLUE INLET FLOW $H4H . # #.H4E (#4
## % EXCESS AIR)";VQ(5);FM(5);E2
17400 PRINT #2,
17410 PRINT #2, USING"FAN FLOW #HHEH . # #.#44";QF
; FANM
17420 PRINT #2, USING"FIREPLACE FLOW #H44 . # #.###4";FP
s FIRM
17430 PRINT #2, USING"INCREMENTAL ENVELOPE FLOW  ####.# #H4 . ##E (A
T OUTDOOR TEMPERATURE)";VQ(8);FM(8)
17440 PRINT #2, USING"INDUCED PRESSURE DROP ACROSS THE ENVELOPE = ##. ¥
Pa";PB(3)
17450 PRINT #2, :
PRINT #2, :
PRINT #2, "TEMPERATURES:"
17460 PRINT #2, "—-——---e—m——e——- "
PRINT #2,
17470 PRINT #2, USING"FURNACE FLAME TEMPERATURE = ####. C";TN(16)
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17480
17490
17500
17510
17520
17530
17540
17545
17550

17560
17570

17580
17590
17600
17610
17620
17630

17640
17650

17660

17670

17680

17690

17700

17710
17720
17725

17730

17740
17750

PRINT #2, USING"FURNACE EXIT TEMPERATURE
PRINT #2, USING"FLUE GAS T. AFTER DILUTION

###.4 C";TN(17)
###.4 C";TN(6)

[}

T = 0
T™Q = 0
FOR Y$ = 1 TO NE%
T = TT + TI(1,Y%)
TQ = TQ + TI(2,Y%)
NEXT Y$%
TT=TT/NE%:
TQ=TQ/NE%
PRINT #2, USING"MEAN FLUE GAS TEMPERATURE = ##4 .4 C";TT

PRINT #2, USING"MEAN FLUE LINER TEMPERATURE= ###.# C";TQ
PRINT #2, : .
PRINT #2,
PRINT #2,
PRINT #2, "THERMAL PROPERTIES OF FURNACE & CHIMNEY"
PRINT #2, "=wemm——ee———cc—mm oo cm e e "y
PRINT #2,
PRINT #2, USING"HEAT CAPACITY OF FURNACE HEAT EXCHANGER
= #####. W.S/C";M2CP
PRINT #2, USING"DESIGN HEAT TRANSFER RATE FROM GAS TO FURN HEAT-E
XCH= #####. W/C";UlA
PRINT #2, USING"FURNACE HEAT TRANSFER TIME CONSTANT
= #####. SECS";M2CP / UlA
PRINT #2, USING"FURNACE HEAT TRANSPORT TIME CONSTANT (FINAL CONDI
T) = #####.4 SECS";M6 / (MF(16)+0.000001)

PRINT #2,

PRINT #2, "AT THE BASE OF THE CHIMNEY: FLU
E GAS LINER SLEEVE STRUCTURE"

PRINT #2, "=mmme—ee——m—mmeemmmm oo —

PRINT #2, "HEAT TRANSFER COEFF. ‘U’ (W/(M2.C)) "

;e

PRINT #2, USING"  #######.###";UF;U(2,NFPSEGS%+1);U(3,NFPSEGS%+1
);U(4,NFPSEGS%+1)

PRINT #2, "ELEMENTAL SURFACE AREA 'A’ (M2) "o

PRINT #2, USING" ##4##44# . #4#";A(1,NFPSEGS%+1);A(2,NFPSEGS%+1);A
(3,NFPSEGS%+1);A(4,NFPSEGS%+1)

PRINT #2, "ELEMENTAL MASS ‘M’ (KG) . "

PRINT #2, USING"  #######.###";M(1,NFPSEGS%+1);M(2,NFPSEGS%+1);M
(3,NFPSEGS%+1);M(4,NFPSEGS%+1)

PRINT #2, "HEAT CAPACITY OF MATERIALS ‘CP’ (W.S/KG.C)";:

PRINT #2, USING"  ######%.# ";HC(1,NFPSEGS%+1);HC(2,NFPSEGS%+1)
;HC (3,NFPSEGS%+1);HC(4,NFPSEGS%+1)

PRINT #2, "HEAT TRANSFER TIME CONSTANTS-OUT (S) "7
-FOR J = 1 TO 4
IF J=1

THEN TW(J) = (M(J,NFPSEGS%+1) * HC(J,NFPSEGS%+1)) / (UF
* A(J,NFPSEGS%+1)):
GOTO 17740
TW(J) = (M(J,NFPSEGS%+1) * HC(J,NFPSEGS%+1)) / (U(J, NFPSEGS
$+1) * A(J,NFPSEGS%+1))
PRINT #2, USING"  ####4##.# ";TW(J);

-NEXT J
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17760
17770
17780
17790
17800

17810
17820
17830

17840
17850

17855
17860

17870
17880
17930

17940
17950

17955

17958

17960

17965
17970
17980

17999
18000
18010
18020
18030
18040
18050
18070
18080
18090
18100
18110
18120

PRINT #2,
PRINT #2, "HEAT TRANSFER TIME CONSTANTS-IN (S) "
PRINT #2, " "
FOR J = 2 TO 4
TW(J) = (M(J,NFPSEGS%+1) * HC(J,NFPSEGS%+1)) / (U(J - 1,NFP
SEGS%+1) * A(J - 1,NFPSEGS%+1))
PRINT #2, USING" ####4##.# "3 TW (J);
NEXT J
PRINT #2, :
PRINT #2,
PRINT #2,
PRINT #2,"ENVELOPE CHARACTERISTICS: WITHOUT WITH"
PRINT #2,"-re—cmmmm e m e AIR INTAKE AIR INTAKE
(IF ANY)"
PRINT #2,"  esss—meco—co  c-o-co-o—o- "
PRINT #2, USING"FLOW COEFFICIENT (M3/(S.PA“N) = # . ## 44 #.#4##
#":C;CC
PRINT #2, USING"FLOW EXPONENT (--) = #.### #. 444
II;N;N
PRINT #2, USING"LOCATION OF VCL BELOW CHIM TOP= #.#4# #.#4#(
m) " ; ABS (LNPP);ABS (VCL )
PRINT #2,
PRINT #2,
PRINT #2,
PRINT #2,"HOT WATER HEATER SPECS. FOR A SHARED FLUE ARRANGEMENT"
PRINT #2,"~————-eemmmrm e e e m e e s e ——— e — oo = "3
PRINT #2,
IF DHWS = "N"
THEN PRINT #2,"----—- NONE --=e- "o
GOTO 17999
IF DHWOS$="0" OR DHWOS$="o"
THEN PRINT #2, "HOT WATER HEATER IS ON, OPERATING AT STEADY ST
ATE CONDITIONS"
ELSE PRINT #2, "HOT WATER HEATER IS AT STANDBY"
PRINT #2,:
PRINT #2, USING"BURNER CAPACITY (W) =#####4." ; DHWC
PRINT #2, USING"STANDBY CAPACITY (W) =#####4." ; DHWSBC
PRINT #2, USING"HEATER EFFICIENCY (%) = ###.";DHWEF*100
PRINT #2, USING"AREA OF THE DHW FLUE-PIPE (m2)= #.##4#4" ; DHWA
R
RETURN
REM=== =
REM
REM : LINE SUMMARY OUTPUT FOR EACH CALCULATION INTERVAL
REM
REM ==
REM
REM
00(1) = SCS
00(2) = SCS / (M2CP / UlA)
00(3) = VF(18) * 1000
00(4) = VF(10) * 1000
00(5) = VF(3) * 1000
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18130 00(6) = VF(8) * 1000
18140 00(7) = PB(3)
18150 00(8) = TMF
18160 00(9) = TN(17)
18170 00(10) = TN(6)
18180 TT = 0:
TQ = 0
18190 fFOR Y%= 1 TO NE%
18200 TT = TT + TI(1,Y%)
18210 TQ = TQ + TI(2,Y%)
18220 INExT Y%

18230 TT = TT / NE%
18240 TQ = TQ / NE%

18250 00(11) = TT
18260 00(12) = TI(1,NE%)
18270 00(13) = TQ

18280 FE = 100 * U2A * (TMF - T9)/(FW+.00001)
18290 1IF ABS(FE) > 100
THEN FE=100
18300 00(14) FE
18310 00(15) UF
18320 O00(16) KE(2)+KE(3)+KE(4)+KE(5)
18325 1IF FL1%=1
THEN GOSUB 20000
18326 IF SCS>=8T
THEN GOTO 18328
18327 IF Z1<Z2 AND S%>11
THEN GOTO 18460
18328 Z1=0
18330 1IF PS = "D"
THEN GOTO 18400

18340 PRINT #2, USING" #H####.#";8CS

18350 §FOR X% = 1 TO 11

18360 PRINT #2, USING" #4# . ###";PB(X%);

18370 LNEXT X%

18380 PRINT #2, USING" ##4#.#44"; (-DPDIL-DPFP), -DPBUO

18390 GOTO 18460
18400 gFOR X% = 1 TO 16

18410 IF X%=2
THEN PRINT #2, USING" ## . ###";00(X%);
GOTO 18430
18420 PRINT #2, USING" #4#4 . %" ;00(X8%);
18425 IF X% = 4
THEN PRINT #2, USING" ###4#.4" ; QDHW*1000;
18428 IF X% = 10
THEN PRINT #2, USING" $#44#.4" ; TDHW;

18430 ENEXT X%

18440 IF YDEW > 0
THEN PRINT #2, USING" ## AND UP";YDEW
ELSE PRINT #2," _——

18459 REM: IND10=1 : GOSUB 13230 : IND10=0

18460 RETURN

18500 REM========= ===
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18510
18520
18530
18540
18550
18560
18570

18580
18590
18600
18610

18620
18630

18632

18640

18642

18650
18660
18670

18680
18690
19000
19010
19020
19030
19040
19050
19055

19060

REM
REM : HEADINGS FOR LINE SUMMARY
REM
REM—_—:—-——— 1 = == == P S 55
REM
PRINT #2, CHRS (15)
PRINT #2, :
PRINT #2, :
PRINT #2, :
PRINT #2,:
PRINT #2,"C A S E: ";
IF FTS$="G"
THEN PRINT #2," GAS FURNACE "3
IF FT$="0"
THEN PRINT #2," OIL FURNACE - "“;
PRINT #2, TITLES;:
PRINT #2," DATE: ";DATES
PRINT #2, "======================================================

14
PRINT #2,
IF P$ = uwp"
THEN GOTO 18670
PRINT #2, " TIME TIME(IN # FURNACE DILUTION
HOT WATER CHIMNEY INC. ENVEL ENVELOPE FURNACE FU
RNACE MIXING "; .
PRINT #2, "DHW BRANCH MEAN FLUE GAS EXIT MEAN FLUE  INSTAN
T. FLUE FILM FLUE CONDENSATION"
PRINT #2, " (s) FURN. T-C) FLOW(L/s) FLOW(L/s)
BRANCH(L/s) FLOW(L/s) FLOW(L/s) PRES DROP  HT-EX TEMP EX
IT TEMP TEMP(C) "
PRINT #2, "TEMP (C) GAS TEMP TEMP (C) LINER TEMP EFFICI
ENCY LOSS COEFF FRICTION AT ELEMENT:"
PRINT #2, " "
GOTO 18680
PRINT #2, " TIME NET BUOYANCY WIND EFFECT
ENVELOPE LOSS FRICTION LOSS NET DRIVING FURN BUOYANCY IN
LET DROP  OUTLET DROP NET FURNACE DILUTION PORT  DRAFT
INDUCER DHW INDUCED DHW BUOYANCY"
RETURN
REM
R ] == ==
REM
REM : FURNACE TURN-OFF INDICATOR
REM
REM = =
REM
IF TMONOFF > 0
THEN 19110
PRINT #2,:
PRINT #2, "**%** THE FURNACE IS ABOUT TO BE TURNED OFF. THE STAT
E OF ALL FLOW SYSTEMS IS AS FOLLOWS:"
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19070 GOSUB 13000
19080 GOSUB 14000
19090 GOSUB 17000
19100 PRINT #2,
PRINT #2,
PRINT #2,
19110 PRINT #2, "***** FURNACE WAS JUST TURNED OFF ****%%"
19120 PRINT #2, 3
PRINT #2,
PRINT #2,
19130 GOSUB 18500
19150 FW=F1
19160 GOSUB 10000
19170 RETURN
19500 REM===== ===
19510 REM
19520 REM : FURNACE TURN ON
19530 REM
19540 REM============ == ============
19550 REM
19560 FW=F2
19570 GOSUB 10000
19580 PRINT #2,
PRINT #2, "#****** FURNACE WILL BE TURNED ON AT ";( INT (100 * S
CS + .5) / 100);" SECONDS **#*#xx"
19590 IF TMONOFF > 0
THEN 19600
ELSE GOSUB 11000
19600 RETURN
19610 REM
2 0 0 0 O REM : P—t—t-t ] p=t—1 3 ===
20010 REM
20020 REM: GRAPH PLOTTER ROUTINE
20030 REM
20040 REM:= == =
20050 REM
20070 IF AXIS=0
THEN 20080
ELSE 21300
20080 CLS
20090 SCREEN 2
20100 KEY OFF
20102 N$(0) = "BR2H2U6E2R3F2G4E4D6G2L3BR7"
20104 N$(1) = "BRIR2U9G2E2D9R2BR5"
20106 N$(2) = "BUIR6D4LED5REBR3"
20108 N$(3) = "BUIR6D4L4R4D5SLEBRY"
20110 N$(4) = "BU9IBR4G4R6L2U4DIBR5"
20112 N$(5) = "R6USL6EU4R6BDIBR3"
20114 N$(6) = "USD5R6USL6U4R6BDIBR3"
20116 N$(7) = "BUIR6D2G4D3BR7"
20118 N$(8) = "UIR6D4L4R4D5SLEBRY"
20120 N$(9) = "BUSU4R6D4L6ER6DSLEBRI"
20122 N$(10) = N$(1) + Ng(0)
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20124 N$(15) = N$(1) + N$(5)
20126 N$(20) = N$(2) + N$(0)
20128 N$(30) = N$(3) + NS(0)
20130 N$(40) = N$(4) + N$(0)
20132 N$(50) = N$(5) + N$(0)
20134 NS$(60) = N$(6) + N$S(0)
20136 N$(120) = N§(1l) + N$(2)+N$(0)
20138 N$(180) = NS(1) + N$(8)+Ns(0)
20140 N$(240) = N$(2) + N$S(4)+N$(0)
20142 N$(300) = N$(3) + NS(0)+N$(0)

20180 LT(1)=&HFFFF
20182 PATTRN%(1)=32767
20184 ANDNO%(2)=96:
PATTRNS% (2)=771
20186 ANDNO%(3)=128:
PATTRN% (3)=511
20188 ANDNO%(4)=192:
PATTRN% (4)=
20190 PTIS$(1)="CHIM/HOUSE BUOYANCY"
20192 PTI$(2)="FLUE FRICTION LOSS"
20194 PTI$(3)="FURNACE BUOYANCY"

(

(
20196 PTIS$(4)="FURNACE OUTLET LOSS"
20198 PTIS(5)="ENVELOPE LOSS"
20200 PTIS$(6)="NET DRIVING PRESS."
20202 PTI$(7)="FURNACE INLET LOSS"
20204 PTIS(8)="NET FURNACE DRIVE *
20206 PTIS$(9)="DILUTION PORT LOSS"
20208 PTIS$(10)="WIND EFFECT"
20209 PTI$(11)="DRAFT INDUCER"
20210 PTIS(12)="DHW INDUCED"
20211 PTIS$(13)="DHW BUOYANCY"
20212 TTIS$(1)="FURN. STACK GAS TEMP."
20214 TTIS$(2)="DILUTION MIXING TEMP."
20216 TTIS(3)="MEAN FLUE GAS TEMP."
20218 TTIS$(4)="FLUE EXIT GAS TEMP."
20220 TTI$(5)="MEAN FLUE LINER TEMP."
20222 TTIS$(6)="FURN. HEAT-EXCH. TEMP."
20224 TTIS$(7)="ROOM TEMP. x 10 "
20225 TTIS(8)="DHW FLUE GAS TEMP."

20226 FTIS$(1)="FURNACE FLOW"
20228 FTI$(2)="DILUTION FLOW"
20230 FTI$(3)="CHIMNEY FLOW"
20232 FTI$(4)="NET ENVELOPE FLOW"
20234 FTI$(5)="DHW FLOW"
21000 AXIS=1
21002 TITS(0) "TEMPERATURE vs. TIME"
21004 TITS(1) "PRESSURE vs. TIME"
21006 TITS(2) "FLOW RATE vs. TIME"
21008 A$ = TITS$(FL2% )
21010 LOCATE 25, (80 - LEN(A$)) * .5
21012 PRINT AS
21014 IF ST>300

THEN B$=" TIME (MIN.)"

SCANADA CONSULTANTS LIMITED PAGE 35



FLUESIM4 AUGUST 13, 1987
: ELSE B$ = "TIME (SECS)"
21016 LOCATE 23, INT(80 - LEN(BS$)) * .5
21018 PRINT BS
21020 PSET(90,15)
21022 DRAW "D148 R465"
21024 IF FL2%=1 OR FL2%=2
THEN 21026
ELSE 21028
21026 LINE (90,115)-(550,115),,,257
21028 PSET (110,163)
21030 1IF FL2%=1
THEN 21032
ELSE 21044
21032 gFOR X%= 1 TO 9
21034 A%=163-16*X%
21036 PSET (90,A%)
21038 DRAW "L8"
21040 ENEXT
21042 GOTO 21054
21044 §FOR X% = 1 TO 12
21046 A% = 163 - 12 * X%
21048 PSET(90,A%)
21050 DRAW "L8"
21052 ENEXT
21054 PSET(90,115)
21056 IF ST<=70
THEN YY% =6:
A% = 76:
NSCAL% =10:
J=6:
SCAL=76:
XSCAL=7.6:
ANDFACT%=16
21058 IF ST<=310 AND ST>70
THEN YY% = 5
A% = 92 :
NSCAL% = 60
J=10:
SCAL=46:
XSCAL=1.53:
ANDFACT%=4
21060 IF ST>310
THEN YY%=4 :
A%=115:
NSCAL%=5 :
J=8:
SCAL=57:
XSCAL=.38:
ANDFACT%=1
21062 gFOR X% =1 TO J
21064 B% = 90 + SCAL * X%
21066 PSET(B%,163)
21068 DRAW "D2"
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21070 LNEXT

21072 VAR% = 0

21074 gFOR X% = 0 TO YY%

21076 B% = 87 + A% * X%

21078 BS = STRS(B%)

21080 DRAW "BM" + B$ + ",174"
21082 DRAW "S 3;" + N$(VAR%)
21084 VAR% = VAR%® + NSCAL%
21086 ENEXT

21088 T$ = Y$(FL2%)

21090 Y$(0) = "TEMPERATURE C"
21092 Y$(1) = "PRESSURE Pa "
21094 Y$(2) = " FLOW L-S5 "

wnun

21096 pFOR X% = 1 TO 13

21098 LOCATE X% + 3,3

21100 PRINT MIDS(TS$,X%,1)

21102 LNEXT

21104 YTEMPS$= " 0 50100150200250300"

21106 YFLO$ = "-50-25 0 25 50 75100°"

21108 YPRS$ = "-15-10 -5 0 5 10 15 20 25 30"

21110 IF FL2% =0
THEN YNUMSS$ = YTEMPS:
YSCAL=.48
21112 IF FL2% =1
THEN YNUMS$ = YPRSS$:

YSCAL=3.2
21114 IF FL2% = 2
THEN YNUMS$ = YFLOS:
YSCAL=.96
21116 IF FL2%=1
THEN 21118
ELSE 21134
21118 PP%=1:
P%=21
21120 gFOR X%= 1 TO 10
21122 LOCATE P$%,8
21124 PRINT MIDS (YNUMSS,PP$%,3)
21126 P%=P%-2
21128 PP%=PP%+3

21130 ENEXT

21132 GOTO 21150
21134 PP% = 1

21136 P% = 21

21138 gFOR X% =1 TO 7

21140 LOCATE P%,8

21142 PRINT MIDS (YNUMSS,PP%,3)
21144 P% = P% - 3

21146 PP% = PP% + 3

21148 ENEXT

21150 T$ = Y$(FL2%)

21152 Y$(0) = "TEMPERATURE C"
21154 Y$(1) = "PRESSURE Pa "
21156 Y$(2) = " FLOW L-S§ "
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21158 gFOR X% = 1 TO 13
21160 LOCATE X% + 4,3
21162 PRINT MIDS$(TS,X%,1)
21164 ENEXT
21166 IF FL2%=0
THEN 21168
ELSE 21176
21168 TISETS$(1)=TTIS$(TMP1%)
21170 TISETS$(2)=TTIS$(TMP2%)
21172 TISETS$(3)=TTIS$(TMP3%)
21174 TISETS(4)=TTIS$(TMP4%)
21176 1IF FL2%=1
THEN 21178
ELSE 21186
21178 TISETS(1)=PTI$(P1l%)
21180 TISETS$(2)=PTIS(P2%)
21182 TISETS$(3)=PTIS(P3%)
21184 TISETS(4)=PTIS$(P4%)
21186 IF FL2%=2
THEN 21187
ELSE 21194
21187 TISETS$(1)=FTIS(FR1%)
21188 TISETS(2)=FTIS$(FR2%)
21189 TISETS$(3)=FTIS$(FR3%)
21190 TISETS$(4)=FTIS$(FR4%)
21194 gFOR X%=1 TO 4
21196 LOCATE X% ,56:
PRINT TISETS(X%)
21198 ENEXT
21199 PUT (405,2),BOX%:
PUT (405,10),TRI%:
PUT (405,16),CIR%:
PUT (405,25),DIAMNDS%
21200 LINE (384,8*1-4)-(430,8%1-4)
21202 §gFOR X%=2 TO 4
21204 FOR XX%=384 TO 430
21206 IF XX% AND ANDNO%(X%)/32
THEN 21208
ELSE PSET (XX%,8*X%-4)
21208 NEXT XX$%
21209 ENEXT X%
21300 REM
21302 REM PLOTTING BEGINS
21304 REM
21305 XNEW=SCS
21346 IF SCS < 0 OR SCS > 1200
THEN 21940
21348 GTOUT(1)=00(9)
21350 GTOUT(2)=00(10)
21352 GTOUT(3)=00(11)
21354 GTOUT(4)=00(12)
21356 GTOUT(5)=00(13)
21358 GTOUT(6)=00(8)
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21360 GTOUT(7)=T9*10!
21361 GTOUT(8)=TDHW
21362 GPOUT(1)=PB(1)
21364 GPOUT(2)=PB(4)
21366 GPOUT(3)=PB(6)
21368 GPOUT(4)=PB(8)
21370 GPOUT(5)=PB(3)
21372 GPOUT(6)=PB(5)
21374 GPOUT(7)=PB(7)
21376 GPOUT(8)=PB(9)
21378 GPOUT(9)=PB(10)
21380 GPOUT(10)=PB(2)
21382 GPOUT(11)=PB(11)
21522 GPOUT(12)=(-DPDIL-DPFP)
21523 GPOUT(13)=-DPBUO
21526 GFOUT(1)=00(3)
21527 GFOUT(2)=00(4)
21528 GFOUT(3)=00(5)
21529 GFOUT(4)=00(6)
21530 GFOUT(5)=QDHW*1000!
21850 IF FL2%=0
THEN YNEW(1)=GTOUT(TMP1%):
YNEW (2 ) =GTOUT ( TMP2%) :
YNEW ( 3)=GTOUT ( TMP3%):
YNEW (4 ) =GTOUT (TMP4$% )
YST=163
21860 IF FL2%=1
THEN YNEW(1)=GPOUT(P1%):
YNEW ( 2 ) =GPOUT (P2%):
YNEW (3 )=GPOUT (P3%):
YNEW( 4 ) =GPOUT (P4%):
YST=115
21870 IF FL2%=2
THEN YNEW(1)=GFOUT(FR1$%)
YNEW (2 )=GFOUT (FR2% ) :
YNEW (3 )=GFOUT (FR3%):
YNEW (4 ) =GFOUT (FR4%) :
YST=115
21875  PSET ((XNEW*XSCAL)+90,YST-INT(YNEW(1)*YSCAL))
21877 PT1=XNEW*XSCAL+90
21880 pFOR OP% = 1 TO 4
21882 IF ABS( (XNEW-XOLD)*XSCAL)>16 OR ABS((YNEW(OP%)-YOLD(OP%))*Y

SCAL)>16

THEN LINE (XOLD*XSCAL+90,YST-INT(YOLD(OP%)*YSCAL))-(PT1,
YST-INT (YNEW(OP%)*YSCAL)),,, PATTRN% (OP%):

GOTO 21900
21884 LINE (XOLD*XSCAL+90,YST-INT(YOLD(OP%)*YSCAL))-(PT1,YST-INT(
YNEW (OP% ) *YSCAL) )
21886 IF OP%=1
THEN 21900
21887 IF PT1 < PT-40 AND PT1 <> PT

THEN GOTO 21909

21888 IF (SCS*10) AND (ANDNOS%(OP%)/ANDFACTS%)
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THEN PRESET ((XOLD*XSCAL)+90,YST-INT(YOLD(OP%)*YSCAL))
21900 IF PT1 < PT
THEN GOTO 21909
21901 PT=PT+50
21902 YTl = YST-2-INT(YNEW(1)*YSCAL):
YT2 = YST-2-INT(YNEW(2)*YSCAL):
YT3 = YST-4-INT(YNEW(3)*YSCAL):
- YT4 = YST-3-INT(YNEW(4)*YSCAL)
21903 IF YTl > 0 AND YT1 < 200 AND PT1 < 630
THEN PUT (PT1,YTl),BOX%
21904 IF YT2 > 0 AND YT2 < 200 AND PT1 < 630
THEN PUT (PT1,YT2),TRI%
21905 IF YT3 > 0 AND YT3 < 200 AND PT1 < 630
THEN PUT (PT1,YT3),CIR%
21906 IF YT4 > 0 AND YT4 < 200 AND PT1 < 630
THEN PUT (PT1,YT4),DIAMNDS
21909 YOLD(OP%) = YNEW(OP$%)
21910 ENEXT

21920 XOLD = XNEW
21930 XNEW=SCS
21940 LOCATE 1,13:
PRINT USING"TIME = ######.4# s";SCS
21941 IF TMONOFF > 0 :
THEN GOTO 21945
21942 LOCATE 2,13:
PRINT USING"TIME STEP = #.### s";SEC
21945 IF TMONOFF > 0
THEN LOCATE 2,13:

PRINT USING"ROOM TEMP = ##.## C "3T9
21950 RETURN
22000 REM=== == == == == =
22010 REM:EXPONENTIAL MODEL OF THE THERMAL CHARACTERISTICS OF THE HOUSE
ENVELOPE
22020 REM=== ====== ==

22022 IF HMASS$= "L"
THEN HHC= 24000!*1630
22024 IF HMASS$= "M"
THEN HHC= 55000!*1300
22026 IF HMASS$= "H"
THEN HHC= 10000!*1000
22030 EA = 4 * ((HVOL/7.2)".5)*7.2+(HVOL/7.2)%2

REM: ENVELOPE AREA
22040 AHT = EA/.12 :
'RSI = .12 BETWEEN AIR AND GYPSUM
22050 AHC = (353.6/(T9+TA))* HVOL * 1005 * 2
22060 TOW1=AHC/AHT:
TOW2=HHC/HTC
REM: TIME CONSTANTS
22070 WTSIN=U2A*(TMF-T9)
22072 T91=T9-T1 :
TAG = T91*(3/30)
22080 IF F$="OFF"
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22090
22091
22092

22094
22100

22110
22120

22130
22131
22132

22134
22140

22150

22160

22500
22510
22520
22530
22540
22545

22550
22560
22570

22580

22582

22590
22600
23000
23010
23020
23030

THEN 22130
ELSE 22090

TIN=T9+SEC* (WISIN-AHT* (T9-TGYP)-.3*HTC* (T9-T1))/AHC
TGYPN=TGYP+SEC* (AHT* (T9-TGYP)~.7*HTC* (TGYP-T1) ) /HHC

T9=T9N :
TGYP=TGYPN

REM: LOCATE 10,40 : PRINT USING"###.###

IF T9>THS
THEN 22110
ELSE 22120
RNGTM=0:
RETURN
RNGTM=RNGTM+SEC:
RETURN

";T9,TGYP

T9N=T9+SEC* (WISIN-AHT* (T9-TGYP )~ .3*HTC* (T9-T1))/AHC
TGYPN=TGYP+SEC* (AHT* (T9-TGYP)~.7*HTC* (TGYP-T1) ) /HHC

T9=T9N :
TGYP=TGYPN

REM: LOCATE 10,40 : PRINT USING"###.###

";T9,TGYP

IF T9<(THS-TMONOFF)
THEN 22150
ELSE 22160
F$="ON":
FS=SCS:
RNGTM=0:
GOSUB 19500:
RETURN
RNGTM=RNGTM+SEC:
RETURN
REM=============ss===== == ====
REM: KEEPING TRACK OF CONDENSING POINTS IN THE FLUE
REM=== = ==== =
REM
YDEW=0
IF VF(3)<=0
THEN 22600
-FOR Y% = NE$ TO 1 STEP -1
BLTEMP=(TF(1,Y%)+TF(2,Y%))/2
IF F$="ON" AND BLTEMP < FLUEDP
THEN YDEW = Y% :
DEW(Y%)=DEW(Y%)+SEC
IF F$="OFF" AND BLTEMP < ROOMDP
THEN YDEW = Y%:
DEW(Y%)=DEW(Y%)+SEC
IF F$="NOT" AND BLTEMP < ROOMDP
THEN YDEW = Y%:
DEW(Y$%)=DEW(Y%)+SEC
NEXT
RETURN
REM==
REM: HOT WATER HEATER BRANCH: BOUNDARY PRESSURES & FLOW RATES
REM=
REM
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23040

23050
23060

23062

23063
23070
23072
23080
23090

23140
23160
23200
23210
23299
24000
24020
24040
24060

24080
24100
24120
24180
24200
24220
24240
24260

24280
24340

24410
24415

24420

24460

24480
24500

IF VF(11) > 0
THEN SN = 1
II = 2
ELSE SN = -1
I1=3
DPDIL= 0 - SN * (473.8 * (( ABS (VF(1l)) / ELA(II)) " 2) / (TN(11
) + TA))
IF VF(4) > 0
THEN SN = 1
ELSE SN=-1
IF DHWFPN > NFPSEGS%
THEN KE4=KE(4)
ELSE KE4=(.5*NELBOWS*.5)
ELA6M = ARD(5)* ((2.68 / (KE4 + KE(5))) ~ .5)
DPFP= - (SN * (473.8 /(TN(5)+TA)) * (( ABS (VF(5) / ELA6M) " 2)))
DPBUO=353. 6 *GC*DHWFPH* ( (1/ (TDHW+TA)) - (1/(TI(1,1)+TA)))
DPDHW=DPDIL+DPFP+DPBUO
IF DPDHW > 0
THEN SN
ELSE SN
REM
REM
ODHW=SN*SQR (ABS (DPDHW) * (TA+TDHW) /473 . 8 ) *ELADHW
MDHW=(353. 6/ (TA+TDHW) ) *QDHW
RETURN
REM== s=== =
REM
REM
REM

-1
1

TRANSIENT HEAT TRANSFER MODEL OF THE WATER HEATER FLUEPIPE

PARAMETERIZED TEMPERATURE ALGORITHMS ARE CALLED IN SUBROUT
INE 12000

REM

REM
FOR Y% = 1 TO NDHWFP$%
REM :--—-MASS OF THE FLUE GAS ELEMENT = VOLUME OF ELEMENT
X DENSITY AT INITIAL TEMPERATURE-----
GMASSDHW = ( (DHWAR * DHWFPLE/NDHWFP%) * (353.6 / (TIDHW(1,Y
%) + TA)))
REM
UDHW = UI
IF DHWO$="0"
THEN DHWAC=DHWC
ELSE DHWAC=DHWSBC
IF Y% = 1 AND MDHW > O
THEN TB = T9+(DHWAC* (1-DHWEF))/(MDHW*CPAIR)
GOTO 24480
TB = TIDHW(1, (¥%- 1))
IF MDHW > 0 |
THEN GOTO 24540
IF Y%= NDHWFP%
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THEN TB = TI(1,DHWFPN):

GOTO 24540
24520 TB = TIDHW(1, (Y%+ 1))
24540 INDTS = 1
24580 ITW = GMASSDHW / ABS (MDHW+.000001)
24590 SADHW=SQR (DHWAR/PIE)*2*PIE*DHWFPLE/NDHWFP%
24600 OTW = (GMASSDHW * HC(1,Y%) / (UDHW * SADHW))
24620 DITM = TB - TIDHW(1,Y$%)
24640 D2TM = TIDHW(1,Y%) - TIDHW(2,Y%)
24660 ITDHW=10000
24680 D3TM=0!
24780 GOSUB 12020
24800 TFDHW(1,Y%)= TIDHW(1,Y%) + DTM
24820 -FOR J = 2 TO 4
24840 INDTS = 2
24860 ITW = (M(J,Y%) * HC(J,Y%) / (U(J - 1,Y%) * SADHW))
24880 OTW = (M(J,Y%) * HC(J,Y%) / (U(J,Y%) * SADHW))
24900 DITM = TIDHW(J - 1,Y%) - TIDHW(J,Y%)
24920 D2TM = TIDHW(J,Y¥%) - TIDHW(J + 1,Y%)
249490 ITDHW=10000! :
D3TM = 0!

24960 GOSUB 12020
24980 TFDHW(J,Y%) = TIDHW(J,Y%) + DTM
25000 IF FPIS$="U"

THEN GOTO 25020

ELSE GOTO 25040
25020 IF J > 2

THEN TFDHW(J,Y%) = TN(9)
25040 LNEXT J

25060 LNEXT Y$%
25070 TDHW=0
25080 g§FOR Y% = 1 TO NDHWFP$%

25090 TDHW=TDHW+TFDHW (1,Y%)

25100 FOR J = 1 TO 4

25120 TIDHW(J,Y%) = TFDHW(J,Y%)
25130 REM LPRINT TIDHW(J,Y%);
25140 NEXT J

25160 ENEXT Y%
25170 TDHW=TDHW/NDHWFP$%
25180 IF TDHW > 260
THEN TDHW = 260
25200 REM
25240 REM
25760 RETURN
29000 REM USER ERROR HANDLING ROUTINES
29110 SCREEN O:
COLOR 7
29120 IF ERR=27 OR ERR=24
THEN LOCATE 20,40:
PRINT"CHECK PRINTER":
RESUME
29130 IF ERR=61
THEN LOCATE 10,40:

SCANADA CONSULTANTS LIMITED PAGE 43



FLUESIM4 , AUGUST 13. 1987

29140

29999
30000

30010
30015
30017
30020

30030

30040
30050
30055
30060
30070
30100
Jolto
30120
30130
30110
30150
30160
0210
30215
30220
30230
30240
30250
30260
30270

PRINT"DISK IS FULL - USE ANOTHER DISKETTE":
LOCATE 20,1:
PRINT SPACES$(79):
PRINT SPACES(79):
RESUME 4750
IF ERR=5 AND (ERL=21020 OR ERL=20090)
THEN GOTO 30000
ON ERROR GOTO 0
BEEP:
CLS:
LOCATE 5,5:
PRINT "You have chosen 'GRAPH' output and the ' INSTALL4 .DAT' file
LOCATE 7,5:
PRINT"indicates that your computer is capable of 640x200"
LOCATE 9,5
PRINT"resolution graphics, but this is not the case for™
LOCATE 11,5:
PRINT"the present configuration”
LOCATE 14,5:
PRINT"DO YOU WISH TO -"

LOCATE 16,1:
PRINT"1. RETURN to the main menu to SAVE the current input data,
then EXIT to DOS "

LOCATE 18,1:PRINT“2. Correct *INSTALLA.DAT' 8 CONTINUE the simutation with a TARULAR output -
LOCATE 22,10: INPUT "Your choice 1 or [21 ";A

1F A=1 THEN GOTO 3671

GOSUR 30100

FL1%=0: GD$="T":RESUME 18326 *SET UP FOR TABLES

CLOSE 711

OPEN "INSTALLA.DAT" FOR INPUT AS #1

| INE INPUT #1, L1

LINE INPUT #t, L2§

LINE INPUT #1, L35

LINE INPUT #1, LA4S

CLOSE #1

OPEN "INSTALLA.DAT" FOR OUTPUT AS 41

TSCR-=2

PRINT #1,TSCR

PRINT #1,L2%

PRINT #1,L38

PRINT #1,LA45

CLOSE #1

RETURN
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VARIABLE LIST FOR PROGRAA: FLUESIN4,BAS DATE: 03-01-1989

THE PROGRAN HAS 1547 LINES OF CODE

HOTE: A NURRER OF VARIABLES ARE USED AS UTILITY VARIABLES TO TEMPORARILY STORE OR HANOLE INFORMATION
RORE EFFICTENTLY. THESE VARIABLES ARE CLASSIFIED AS “UTILITY™ IN THE "VARIABLE TYPE™ COLUMN.

VARTARLE DESCRIPTION UNITS

L w VERTICAL CONPOMENT OF THE WIND VELOCITY (+VE UPWARDS) (a/s)

2 DR COEFFICIENT IN THE DAMPER FRICTION LOSS EQUATION
3 WCOEFY  VERTICAL WIND PRESSURE COEFFICIENT

4 CONST COEFFICIENT TN THE DAAPER FRICTION LOSS EQUATION
3 WCOEFE  HORTZONTAL WIND PRESSURE COEFFICIENT

& CFVENV  VIND PRESSURE COEFFICIENT OF YHE HOUSE ENVELOPE

7 PI¢ TOTAL VIND PRESSURE COEFFICIENT

8 vt EFFECTIVE ENVELOPE CENTER OF LEAKAGE INCLUDING INTAKE (»)

9 RISE THE RISE OF EACH SEGAENT IN THE MAIN FLUE PIPE {n}
10 VCLINT  LOCATION OF THE FRESH AIR INTAKE (w)
11 DIA FLUE PIPE AHD FLUE INSIDE DIAMETERS {u}
12 RISET THE TOTAL RISE OF THE RAIN FLUE PIPE (n)
13 FF FLUE FRICTION FACTOR
14 TCAPL FRICTION LOSS FACTOR OF THE FLUE CaP
15 €08 TRTE FUNCTION
16 MDY INDICATOR OF WHETHER OR NOT THERE IS A DRAFT INDUCER
{7 LEAKRIST INDICATOR OF THE ORIENTATION OF ENVELOPE LEAKS
18 ELAENV  EQUIVALENT LEAKAGE AREA: OF THE ENVELDPE (n2)
19 ELA EQUIVALENT LEAKAGE AREA: ARRAY OF ALL ELA’S IN THE SYSTER (s2)
20 KRD FRICTION FACTOR FOR THE BARONETRIC DAAFER
21 ELAINT  EQUIVALERT LEAKAGE AREA: OF THE FRECH AIR INTAKE (n2)
22 KE4 FRICTION FACTOR OF THE FLUE PIPE UP TO THE DHW CONNECTION
23 RECON FRICTION FACTOR OF THE DHV CONMECTION 10 THE RAIN VENT
24 KE DYNARLC PRESSURE LOSS FACTORS AT EACH POINT IN THE FLON KETWORK
25 PR PRESSURE PARAMETERS USED IN THE STER RY STEP CALCULATION (PA)
26 EXAIR OIL FURNACE EXESS AIR (1}
27 K1 AIHIAUN OVERALL PRESSURE L0SS FACTOR OF FLUE PIPE I CHIAMEY
28 KEINT FRICTION FACTOR OF THE FRESH AIR INTAKE
29 &R AREA OF OPERINGS AT THE NETWORK POINTS (n2)
30 ARINT FRESH ATR INTAKE AREA (a2}
31 ARDANP  AREA OF THE BARORETRIC DAAPER (n2)
32 ARD AREA OF FLUE PIPE AND FLUE OPENINGS (a2}
33 NFPSEGS  NUMBER OF SEGAENTS IN THE MAIN FLUE PIPE
34 NELBOWS ~ NUMBER OF ELBOWS IN THE MAIN FLUE PIPE
33 MELINT  NUNBER OF ELRONS IN THE FRESH AIR INTAKE
36 AFIN UTILITY: RASS FLOV INTD THE FLUE PIFE (kg/s)
37 JUMCTLOSS EQUIVALENT NUMBER OF ELBOWS DUE 7O THE DHU JUNCTION
38 VWIND UTILITY: VIND SPEED (kg/h)
39 ophy VOLUAETRIC FLOW RATE OF THE HOT WATER BRANCH (a3/s}
40 VWINDH  UTILITY: WIND - HORTZONTAL COMPOMENT (a/s)
41 QFLUE VOLUNETRIC FLOW RATE OF THE FLUE GAS (ad/s)

SET VALUE

(7

1.43 + 1.8

TYPE OF VARIABLE

BOUNDARY CORDITION
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
OINENSION
DIAENSION
OINENSION
DIAENSION
DIRENSTON

FACTOR

FACTOR

FUNCTION

INDICATOR
INDICATOR
PARARETER
PARARETER
PARARETER
PARAMETER
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER
PHYSICAL DIREHSION
PHYSICAL DIRENSION
PHYSICAL DIMENSION
PHYSICAL OIRERSION
PHYSICAL QUARTITY
PHYSICAL QUANTITY
PHYSICAL QUANTITY
QUANTTTY

QUANTITY

QUARTITY

QUANTITY

QUANTITY

QUANTITY

RODULE REFERENCED

AERODYRARIC
AERODYHAATC
AERODYRAAIC
ALRODYNANIC
RERODYNARIC
AERDDYNARIC
AERODYNARIC
AERODYHARIC
AERDDYNAAIC
AERDDYNARIC
AERODYRANIC
AERDDYNARIC
AERBDYNAAIC
AERTOTNARIC
RERBDYHARIC
AERBDYNARIC
RERDDYRAAIC
AERODYRARIC
AERODYNARIC
RERDDYHAMIC
AERDDYHARIC
AERDDYNARIC
AERDDYNARIC
AERODYNARIC
AERDDYRARIC
AERDDYHANIC
AERDDYNARIC
AERDUYRARIC
AERDDYRARIC
AERDDYNARIC
AERDDYRARIC
AERODYNARIC
RERDDYNANIC
AERDDYNARIC
AERDDYRARIC
AERNDYNARIC
AERODYNARIC
AERODYNARIC
AERODYNARIC
AERODYNARIC
AERODYNARIC



VARIABLE

42 VRINDT
A3 oot
44 VHINDY
45 OFUEL
46 ATFYEL
47 ADIL
48 RTOIL
49 QFURK
30 DARPTEL
S DARPACTS
32 DAMPTOP
33 SNFP
34 TRETAW
33 SM

36 OF

37 QEAS
36 FF

39 W

60 FAMA
61 FIRM
62 TX

61 PUC

8 C

63 FHC

b4 6C

67 RO

68 TEF

69 F1
ny
11

72 LNPF
73 BN

74 01

75 M

76 M

77 L2A

78 BFF

79 L1A

80 6f

i HT

82 ADR

83 APRD
g4
85 ¥

86 a9

87 86

88 ACOAP
BY NDHRFFP
90 GRASSDH¥
91 AFUEL
92 #F

93 MGAS
9%
L)

96 HE

97 RE

98 EH

DESCRIPTION

WIND SPEED - TOTAL

VOLURETRIC FLOW RATE OF THE OILUTION FLOW

UTILITY: WIND SPEED - VERTICAL COAPONENT

VOLUAETRIC FLOW RATE OF THE FUEL

TOTAL MASS FLOW OF THE FUEL. ATFUEL = EITHER ATOIL OR AGAS
AASS FLOW OF THE 011

TOTAL RASS FLOW OF THE OIL & EXCESS AIR

VOLURETRIC FLOW RATE OF THE GAS THROUGH THE FURNACE

UTILITY: EFFECT OF FLUE DAMPER OPENING ON EFFECTIVE FLOU ARER
UTILITY: EFFECT OF FLUE DARPER OFENING O EFFECTIVE FLOW AREA
UTILITY: EFFECT OF FLUE OAAPER OPENING ON EFFECTIVE FLOW AREA
UTILITY: KEEPS TRACK OF THE FLOV DIRECTIOK IN TRE FLUE PIPE
ANGLE OF THE WIND # CHINEY TOP

UTILITY: TO KEEP TRACK OF VERTICAL WIND DIR (+VE UP) FOR V2
VOLURETRIC FLOV RATE OF THE FANS

VOLURETRIC FLOW RATE OF THE FUEL (E6. BAS OR OIL)

VOLURETRIC FLOW RATE OF THE FIREPLACE

HORIZONTAL CORPOHENT OF THE WIND VELOCITY AT THE CHIMKEY T0P
BASS FLOW THROUGH THE FANS

MASS FLOW RATE OF THE FIREPLACE

TEAPERATURE AT EACH NETWORK POINT

PRESSURE COEFFICIENT OF THE VERTICAL COAPONEMT OF WIND
ENVELOPE FLOW COEFFICIENT

FRESSURE COEFFICIENT OF THE HORIZONTAL CORPONEKT OF WIRD
GRAVITATIONAL CONSTANT

DENSITY OF THE BAS AT EACH NETWORK POINT

AVERAGE FURNACE GAS TENPERATURE TO CALCULATE BUOYANCY OF FURNACE

TOTAL PRESSURE

VELBCITY OF FLUE GAS THROUGH EACH ELEAENYT OF THE CHIRNEY
CHARACTERISTIC DIARETER OF OPENINGS AT KETRORK POINTS
LOCATION OF THE NEUTRAL PRESSURE PLANE (NO FLUE) REL TO DATUA
HEIGHT OF THE HEATING APPLTANCE (FROM AIR INTAKE TO DIL DEVICE)
CHARACTERISTIC OIARETER OF OPENINGS AT NETWORK POINIS
VISCOSITY OF AIR

ENVELOFE FLOW COEFFICIENT

DURAY VARIABLE USED 10 CALCULATE E.L.A. OF OPENINGS

SURMATION OF GRAVITATIONAL HEAD UP THE FLUE

DURNY VARTABLE USED TO CALCULATE E.L.A. OF OPENIKGS

SURRATION OF GRAVITATIONAL HEAD UF THE FLUE

VERTICAL DISTANCE FROM DATUA TO NETWORK POINT

EFFECTIVE AREA OF THE OILUTION OEVICE OPENING WHEN FLOW REVERSED

LEAKAGE -AREA OF THE BARDAETRIC DAAPER WHEN CLDSED

VELOCITY (SCALER) OF BAS/AIR AT EACH NETUORK POINT
VOLURETRIC FLOW RATE

INITIAL & SUBSEQUENT GUESS AT MASS FLOW RATE OF STACK GASES
INITIAL & UPDATED GUESS AT NASS FLOW RATE THROUGH THE CHIMMEY
SUN OF FAN & FIREPLACE MASS FLOWS

NURBER OF OWH FLUE PIPE SEGAENTS

PASS OF THE AIR IN THE DHV FLUE PIPE

AASS FLOW OF THE FLUE

PASS FLOW RATES AT EACH NETWORK POINT

RASS FLOW OF THE FUEL (E6. GAS OR OIL)

HOUSE TEMPERATURE

OUTODOR TERPERATURE

HEIGHT OF CHIANEY FROM OILUTION DEVICE TO YOF

REYNOLOS NUABER - OF THE FLUE FASES IN THE CHIANEY

VERTICAL HEIGHT OF EACH ELEAENT OF FLUE-PIPE & CHINNEY

(8d/s})

(DEG}

(ad/s)
(0d/s)
(1/s)
(n/s)
(K6/5)
(ky/s)
(€)

p/(s.Patn)

{n/s2)
(kg/ud)

(€

(P4}

(e/s)

{12

(A2)

{n)

(a2}
(kg/sln.s))

(A2)
(Fa)
(42)
(Pa)
(w)
(22)
(1 OF OPEN)
{a/s)
(43/5)
(kg/s)
(ky/s)
(hg/s)

{kq)
(ke/s)
(hy/s)
(kg/s)
()
()
(n)

(s)

SET VALUE

(+1 OR -1}
(4 08 -1)

(1.}

(0.5)
7.8

(-2.0)
(iw)

1.84E-5
(0.5 -1

(20)
{8)
n

TYPE OF VARIARLE

BUANTITY
BUANTITY
QUANTITY
QUARTITY
QUANTTTY
QUARTITY
QUANTITY
QUARTITY
UTILITY
urILITY
UTiLITY

VECTOR

VECTOR

VECTOR
BOUKDARY COND
BOUNDARY CONDI
BOUNDARY COMDI
BOUKDARY CONDI
BOUNDARY CONDI
BOUNDARY CORDT
BOUKOARY CONOITION
COEFFICIENT
COEFFICIENT
COEFFICIENT
CONSTANT

DEPENDENT PROPERTY

OEPENDENT PROPERTY
DEPENDERT VAR
DEPENDENT VAR
DIAENSION
DIRENSTON
DIRENSTON
DIRENSION

FIXED FROPERTY
FIXED PROPERTY
PARARETER
PARARETER
PARARETER
PARARETER
PHYSICAL DIRER
PHYSICAL DIAEN
PHYSICAL DIRENSIOR
PRYSICAL QUART
PHYSICAL QUART
PHYSICAL QUANTITY
PHYSICAL QUANTITY
QUANTITY

QUARTITY

QUANTITY

QUARTETY

QUANTITY

ROUKDARY CONDITION
BOUNDARY CONDITION
BOUKDARY CONDITION
DIAENSION
PARARETER

PHYSICAL DIREN

AODULE REFERENCED

AERDDYRANIC
AERDDYKANIC
AERDDYHARIC
AERDDYHARIC
AERDDYMARIC
AERDDYMARIC
AERODYRARIC
AERODYNARIC
AERODYNARIC
AERODYNARIL:
AERDDYHARIC
AERODYNARIC
ACRODYNANIC
AERADYNARIC
AERODYNARIC
RERODYKAAIC
AERODYNARIT
AERODYNAAIC
AEROGYNARIC
AERODYNARIC
AERDDYHARIC
AERRDYNRAIC
AERDOYRARIC
AERODYHARIC
AERODYEARIC
AERDDYRARIC
AERBDYRARIC
AERODYHANIC
AERODYNARIC
AERODYRANIC
AERDOYHANIC
AERODYNARIC
AERDOYNARIC
AERDDYHARIC
AFRODYNARTC
AERDDYNARIC
RERDDYNARIC
AERDDYKAAIC
AERDDYNARID
AERDDYNARIC
AEROOYRANIC
RERODYKARIC
AERDDYRARIC
AERODYRARIC
AERNDYHANIC
AERODYRAAIC
AERDDYHANIC
AERODYHAAIC
RERADYNARIC
AERODYHARIC
AERODYRARIC
AERODYRARIC/THERRAL
AERODYNARIC/THERRAL
AERDDYNAAIC/THERRAL
AERCOYNARIC/THERRAL
AERODYNARIC/THERRAL
AERODYRANIC/THERRAL



VARIARLE DESCRIPTION UN1TS SET VALUE  TYPE Bf VARIARLE AODULE REFERENCED

9% DF DIAETER OF THE CHIANEY SHAFT OR LINER (a) (0.175) PRYSICAL QUANT AERDDYHANIC/THERRAL
100 X UTILITI: LOOP COUNTER FOR THE NUMBER OF NETWORK POINTS CONTROL ALL

103 1 UTILITY: LOOP COUNTER COKTROL AlL

102 4 LOOF COUNTER FOR THE NUNBER OF CALCULATION PLANE IN-DUT OF CHIAN CONTROL ALL

103 11 UTILITY: LOOF COUNTER CORTROL fLL

104 SEC CALCULATION INTERVAL (S} (h CONTROL ALl

105 DHF LENGTH OF EACH SEGRENT OF THE FLUE PIPE (n) DIRENSION ALl

106 ELHT HEIGHT OF EACH FLUE ELERENT - (s) DIRENSION ALL

107 LEFTS FURCTION FURCTION ALl

108 FAR ARRARY OF KEY PARAMETERS THAT OEFINE THE CASE PARAMETER ALL

109 E SYARDL TO SIGNIFY "EXPONENT® - NOT A VARIABLE syapoL ALL

110 ERR ERROR TRAP INFO: ERROR NUMBER UTILITY ALL

111 ERL ERROR TRAP INFO: ERROR LINE UTILIny AL

" n Ty UTILITY COARON

113 PRREGS  UTILITY UTILITY COARDN

114 PRUUN urIuTy ‘ UrILInY COANON

115 CHRC UTELITY uyILITY conany

114 CHELTL  UTILITY UTILITY CORDK

117 TLFLAE OTILITY UTILITY ConAoN

118 CHOEML  UTILITY UrIeTy ComRoN

119 PRISE UTILITY urILITY COAROK

120 CHELTD  UTIEITY UTILITY CONRDN

121 CHDERD wTILIny UTILITY COAROH

122 CHELTS  UTILITY UTILITY CORRON

123 CHAS wrrery grIeamy CORADN

126 TCHTYPE  INDICATOR OF CHIANEY TYPE (NOT USED IN THE CALC MODULE) UrILITy CoRnOK

15 1 vrIcIny UTILITY COmADY

126 6E UrILITY ' UrILImy  COnnON

127 CHTHCL  OTILITY UTILITY COMADK

128 118 UTILITY UIeamy COARON

129 1R UTILITY UTILITY CORADN

130 ENTRY UriLImy UTILITY Comnon

131 COUNT vriLony UHILITY COMROH

132 FrOI1Z UrILITy UTILITY COnMON

113 CHOI2 UTILTTY URINAR] CORRDN

134 CHHKZ UriLIny UTILITY COMNON

135 CHIHCO  UTILITY ULy COMAOH

136 CHHK3 UTILITY ] UTILITY conmm

137 FPAR urILany utILITy connok

118 PRCORDS  UTILITY : uriermy connoN

137 CHPENS  OTILITY UIRIRAN ConAoH

140 PRELAG  UTILITY Uty CONRON

141 CHHKL uTnLnyY RN CORROH

142 PRFF$ UTILITY UTILImY (NELI

143 CHTHCS  OTILITY UTILIvY CORACH

144 FCAFND  UTILITY Ty COMNDN

§45 ADKE ULy ] BrILITY COMADK

146 PRFLAGZ  CONTROL UTILITY CORRON

147 102 gTiLmy uTIerny COARDN

148 PCODE UTILETY UTILITY COMRON

149 LMD utILITy UTILITY COANDR

130 ROOADP  ROOM OEW POINT TEMPERATURE 9] (8} REFERENCE QUAKTITY  CONDENSATION
151 BLTEAP  ROUNDARY LAYER TEMPERATURE THERRAL PARARETER  CONDENSATION
152 OEW DURATION QVER WHICH CONDENSATION IS EXPERIENCED AT EACH ELEAENT  (5) TINE PARAMETER CONDENSATION
153 YOEW UTILITY: LOCATES THE VERTICAL LOCATION OF THE ONSET OF COMDENSATION uriermy CONDERSATION
154 FLUEDP  DEWPOINT TEMPERATURE IN THE FLUE - (6) 34C REFERENCE QUANTTITY CONDENSATION

135 F¢ INDICATOR: FURNACE ON, OFF, NOT YET FIRED (NOT,ON,OFF) INDICATOR CONTROL



VARTABLE

156 9N
157 T6YPH
158 T6YP
159 WISIN
160 HyOL
161 HNASSS
142 T0N2
163 1081
164 191
185 TAR
146 HIC
167 £A

168 TAOKOFF
169 THR
170 BHC
171 AT
172 AHC
173 RHBTH
174 ERROR
175 L1$
176 L1
77 An
178 L4$
179 RESURE
180 T5CR
181 SPACES
182 R4
183 FR3
184 fR]
185 XX

188 AXIS
187 FR2
188 FUT
a9 L

190 14

191 12
192 B4

193 P2

194 £2

195 P

196 YHUASS
197 ANDHO
196 1714
199 GPOUT
200 TISETS
201 ANDFACT
202 GFoUT
203 4¢

204 GT0UY
205 DIANND
206 18

207 TAP2
208 Y14
209 B

210 Y13
21 YTEAPY
212 VAR

DESCRIPTICN

UPDATED ROOM TERPERATURE

TERPERATURE OF THE BYPSUK AFTER THE TIRE STEP (NEW)
TERPERATURE OF THE GYPSUR

DELIVERED HEAT TO THE HOUSE FROR THE FURNACE

HOUSE voLUNE ~

HOUSE BASS INDICATOR

SECOND TIME CONSTANTS OF THE ENVELOFE

FIRST TIRE CONSTANTS OF THE ENVELOPE

INDOOR QUTDOCOR TEAPERATURE DIFFERERCE

INDOOR TEAPERATURE AMPLITUDE PARAMETER (NOT USED)
CONDUCTIVE HEAT TRANSFER COEFFICIENT THROUGH THE ENVELOPE
EHVELOPE AREA

BAND WIDTH OF THE THERMOSTAT

THERAOSTAT CUT OFF TEAPERATURE

HEAT CAPACITY OF THE HOUSE

HEAT TRANSFER RATE BETHEEN HOUSE AIR & ENVELOPE

HEAT CAPACITY OF THE RASS OF AIR IN THE HOUSE

RECORDS THE DURATION OF FURNACE OPERATION & STANDBY TIAE
ERROR TRAP INFQ: ERROR FUKCTION

UTiLInY

urrny

BTILITY

UTILITY

FUNCTION (RESURES EXECUTION AFTER & TRAPPED ERROR)
UTILITY: SPECIFIES TABULAR OUTPUT WHEN SCREEN CAN'T SHOW GRAPHS
UTILITY: RECORDS THE AVAILARLE SFACE DN THE DUTPUT DISK
UTILITY: CONTROL OF WHICH GRAPH IS TO BE PRESENTED
UTILITY: CONTROL OF WHICH GRAPH IS 70 BE PRESENTED
UTILITY: CONTROL OF WHICH GRAPH 15 T0 BE PRESENTED
UTILTTY: COUNTER

GRAPHICS CONTROL: INDICATOR OF WHETHER AXES HAVE BEEN ORAUN
UTILITY: COWTIROL OF WHICH GRAPH IS 70 BE PRESENTED
FUNCTION

FUNCTION

UTILITY: TO DISFLAY TITLES ON THE GRAPHS

UTILITY: USED TO PLOY THE Y-COORDIRATE

UTiLITy

grILITY

griLIny

uriLny :

UTILITY: USED TO LABEL THE SCALES ON THE Y-AXIS

UTILITY

UTILITY: GRAPH TITLE

UTILITY: STORING FRESSURE PARANETERS FOR GRAPHS
OTILITY: GRAPH TITLE

ULty

UTILITY: STORING FLON RATES FOR GRAPHS

UTILITY

UTILITY: STORING TERFERATURES FOR SRAPHS

CONTAINS CODRDINATES TO DRAW A DIAROND ON THE GRAPHS
UTILTTY: TITLES FOR THE Y-AXIS IN GRAPHS

INDICATOR: SPECIFIES WHICH TEAPERATURES WILL BE PLOTTED
UTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY

UTILITY: USED TO FLOT THE Y-COORDINATE

UTILITY: USED TO LABEL THE SCALES ON THE Y-AXIS

UTILITY

UNITS SET VALUE

)
{[)
(0)
(¥-5)
{nd)
i,am
(s)
{s)
{€)
(€
(V/¢)
{Y3]
(C)
(C)
(8.5/kg K)
/0
(N.s/33)
{s)

{byles)
L3,

Ll Bt

(0,1
(1,2,3,4)

(Fa)

{Us)
(C)

TYPE OF VARIABLE

BOUNDARY COKDITION
DEPEHDERT PROFERTY
DEPENDENT PROPERTY
DEPEXDEHT VARIRBLE
OIRENSION
INDICATOR
PARARETER
PARBRETER
PARARETER
PARARETER
PARARETER
PHYSICAL DIAEK
SETPOINT

SETPOINT

THERRAL PARAM
TRERRAL PARANETER
THERMAL PARARETER
urILImy

UTILITY

urIeIny

UTILInY

UTILITY

UTILTTY

RESURE

UTILETY

uTiLIny

CORTROL

CORTROL

CONTROL

CORTROL

CONTROL

CORTROL

FUNCTION

FURCTION

UrILImy

UTILITY

UTILITY

yrrtTny

UTILITY

uTILInY

UTiLITY

urILITY

Uiy

UTILITY

UTILITY

UTILITY

urTILITy

UrILny

Uiy

UrILITY

UTILITY

vTLIny

UTILITY

UTILITY

ULy

UTiLIny

UTILITY

AODULE REFERENCED

DYHANIC ERVELOPE
DYNARIC EMVELOPE
DYNARIC EHVELOPE
DYRARIC ERVELOPE
DYHARIC EHVELBPE
DYNARIC ENVELOFE
OYNARIC ERVELOPE
DYNARIC EHVELOPE
DYNARIC ENVELOPE
DYRARIC ERVELOFE
OYNARIC EHVELOPE
DYNARIC ERVELOPE
DYNARIC ENVELOPE
DYRARIC ERVELOFE
DYNARIC ERVELOPE
DYRAMIC ERVELOPE
DYNARIC ERVELOPE
DYRANIC ERVELOPE
ERROF TRaP

ERROR TRAP

ERROR TRAP

ERROR TRAP

ERROR TRAP

ERROR TRAPPIHG
ERRAR TRAPPING
ERROR TRAPPING
GRAFRILS
GRAPRICS
GRAFHICS
BRAPRICS
GRAFHICS
ERAPHICS
GRAFHICS
GRAPHICS
GRAFHICS
GRAFRICS
GRAFHICS
GRAPHICS
GRAPHIES
BRAPHICS
GRAPHICS
GRAFHICS
GRAFHILS
GRAPHICS
GRAPHICS
GRAFHICS
GRAFHICS
GRAPHICS
GRAPHIES
BRAPKICS
GRAPHICS
GRAFHICS
GRAPHICS
ERAPRICS
GRAPRICS
GRAPHICS
GRAFRICS



VARTARLE

2T PF

214 HeB0o
215 181
26 P1IS
27 xouo
218 XSCAL
219 YPRSS
220 P11
221 YHEW
222 &Y
223 1Ap1
24 F

225 K¢
61

227 YFLO$
228 P4

229 TITLES
230 YSCAL
231 TIR
232 TR1
233 7118
234 8CAL
235 F118
236 TAR3
237 PATIRN
218 111
239 YHEW
240 BOX
241 TAF4
242 YOLD
243 HFFFF
244 NSCAL
245 SEB
246 FRTSC
247 LOEDOT
248 PIE
249 X4

230 o

251 JURE$
EY N
253 F18
234 MASTER
B5F5
256 FL2
257 2

238 TTER
25 W
260 FLUEINS
261 £

2 11
283 (2

264 DRIVES
245 FLL
26 13
267 6b%
28 §

269 51

DESCRIPTION URITS

UrLITY

UTILITY

UTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY: GRAPH TITLE

UTILITY: USED TO LOCATE X-COORDINATES IN PLOTS

UTILTIY: X-AXIS SCALING FACTOR IN GRAPHICS ROUTINE

UTILITY: USED 70 LABEL THE SCALES DN THE Y-AXIS

UTILITY: X-AXIS VALUE FOR GRAPHICS

UTILITY: USED 1O LOCATE X-COORDINATES IK PLOTS

UriLIny

INDICATOR: SPECIFIES WHICH TEAPERATURES WILL BE PLOTTED

UrILIY

UTILITY: STORES THE SPECS FOR DRAING NUMBERS OK THE GRAPHS
UTILITY: USED TO THE SCALE THE Y-AXIS

UTILITY: USED TO LABEL THE SCALES DX THE Y-AXIS

UTILITY

UTILITY: GRAPH TITLE

UTILITY: USED 7O THE SCALE TRE Y-AXIS

CONTAINS COORDINATES 10 DRANW CIRCLES IH THE GRAPHICS RBUTINE
CONTAINS COORDINATES TO ORAW A TRIANGLE ON THE GRAPHS

UTILITY: GRAPH TITLE

UTILITY: SCAL FOR AXIES IN THE GRAPH ROUTINE

UTILTTY: GRAPH TITLE

INDICATOR: SPECIFIES WHICH TEMPERATURES WILL RE PLOTTED

iy

UTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY: USED TO PLOT THE Y-COORDIRATE

CONTAINS COORDINATE TO DRAW & BOX ON THE GRAPHS

INDICATOR: SFECIFIES WHICH TEAPERATURES WILL BE PLOTTED
UTILITY: USED TO PLOT THE Y-COORDINATE

uriLIny

UTILITY: SCALE GUANTITY IN HTE GRAPHICS PROGRAM

FUNCTION USED IN COMRECTION WITR BSAVING THE SCREEM

FUNCTION (FROM ONE OF THE LIBRARIES) PRINTS A GRAPH

FURCTION

GEOMETRIC CONSTAKT

UTILITY: VARTABLE USED IK THE ITERATIVE PROCESS

VARIABLE USED IN THE ITERATIVE PROCESS (kg/s}
CONTROL: STORES USER'S CHOICE OF OPTIONS AT THE END OF A SIAULATION
VARTABLE USED IN THE ITERATIVE PROCESS

FURNACE TYPE INDICATOR

CONTROL TO IMDICATE WHETHER THIS IS THE FIRST ACCESS TO FLUESIA
TIAE (IW SECONDS) AT WHICH FURMACE STARTS (5)
CONTROL INDICATOR

UITLITY VARIABLE USED IR THE ITERATIVE PROCESS

CONTROL: ITTYERATION COUNTER

VARIABLE USED IN THE ITERATIVE PROCESS (kg/s)
UTILITY

UTILITY VARIABLE USED IM THE ITERATIVE PROCESS

UTILITY: LOOF COUNTER _

VARIABLE USED IN THE ITERATIVE PROCESS

TNDICATES WHICH DRIVE THE DEFAULT DATA IS LOCATED

COHTROL INDICATOR

UTILITY: VARIABLE USED IN THE ITERATIVE PROCESS (kg/s)
CONTROL: SPECIFIES GRAPHICS OR TABULAR OUTPUT

UTIETTY: INTERVAL COUNTER

NUNBER OF TOTAL CALCULATION STEPS FOR THE RUN

SET VALUE

{3.131593)

(0/6)

(0,1

(,1)
(6/1)

TYPE OF VARIABLE

UTILITY
UTILITY
vy
UrILITY
UTIeIny
UTILITY
UTILITY
UrIeIny
UTILITY
urIeTy
ity
UTILITY
UTILITY
UTILITY
UTILITY
UTILITY
UrILITY
UTILITY
UTILITY
UTILITY
UTILITY
UTILITY
UTILITY
UTILITY
UTELITY
UTILITY
UTILITY
UTILITY
UTiLIny
urILy
griny
UTILITY
FUNCTION
FUNCTION
FURCTION
CONSTANT
CONTROL
CONTROL
COXTROL
CONTROL
COKTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
COXTROL
CONTROL
CONTROL

P L

AODULE REFERENCED

BRAPHIES
GRAPHICS
BRAPHICS
GRAPHICS
BRAPHICS
GRAPNICS
GRAPHICS
GRAFHICS
BGRAFHICS
GRAPHICS
BRAPHICS
GRAFRICS
GRAPHICS
GRAPRICS
BRAPHICS
GRAFHICS
GRAPHILS
GRAPHICS
GRAPHICS
GRAPHICS
GRAPHICS
GRAPKICS
GRAFHICS
GRAPHICS
GRAPHITS
GRAFHICS
B6RAPHICS
GRAPHICS
GRAFRICS
GRAPHICS
GRAPHICS
GRAFHICS
GRAPHICS OuTRUT
GRAPRICS/0UTRUT
INPU/OUTPUT
MAIH
RAIN
PATH
BATH
MATH
RAIN
RATH
AAIN
MAIN
RAIR
RATH
AAIN
MAIR
MAIN
MIN
MATH
RATH
AAITN
MAIN
AAIN
RAIN
RRIN



VARTABLE

270 PELHT
RG]
272 CHROT
273 TFPLN
274, TFLEN
275 TINER
276 OFF
277 BSAVE
278 INSTR
279 SCSFLAG
280 CHIATS
201 AITF
282 D00
287 BELAST
284 40
2057

284 CHYH
287 99LAST
208 FAULTS
289 QNTINE
280 OFTIN
291 ARORTS
292 £R
293 IR?
294 ERL
2905 ER3
294 REEP
297 ELAS
299 AREFF
299 18

300 11
301 B8

302 84
0307

304 83

105 85

304 £¢

307 B4

309 82

309 70

310 89

311 7008
31280
33 8

34 o

315 B0
314 &L

37 F8

318 IND10
39 1t

320 18
»n
0

323 1A
324 QUTPUT
325 0¢

326 00

DESCRIPTION UKITS SET VALUE

UTILITY: T0 HELP ESTABLISH WHICH FLUE ELEMENTS ARE INSIDE & OUT  (a)
FRACTION OF THE FLUE RETGHY USED TO DETERAINE EXT/INT LOCATION  (w)

LENGTH OF FLUE FROA TOP TO CHIMNEY 80TTOA {n)
TOTAL FLUE PIPE LENGTH (n}
TOTAL FLUE LENGTH (a)

FUNCTION USED 10 TIAE 4 PAUSE
FUNCTION: DEF SEG .
FUKCTION 10 STORE THE GRAPRICS SCREEW ON DISK
FUNCTION TO OBTATN LENGTH OF STRING VARIABLES

TILITY: INDICATOR THAT THE END OF THE SIMULATION HAS BEEN REACHED o, n
CHINNEY LOCATION INDICATOR (1/0)
FURKACE TURN OFF TIAE (s)

NARE OF THE DEFAULT DATA FILE

UTILITY: NASS FLOW THROUGH THE CHIAWEY AT THE LAST TIAE STEP {ky/s)
UTILITY: QUTPUT HEADING

UTILTTY: USED 10 TIAE A PAUSE

UTILITY

UTILITY: MASS FLOW THROUGH THE FURMACE AT THE LAST JIAE STEP (kg/s)
UTILITY

UTILITY: RECORD THE TOTAL DURATION OF FURHACE OPERATION (s)
UTILITY: STORES THE TINE THE FURNACE WAS TURNED OFF (s)
WiLIy

YTILITY: CHECKS FOR THE ERROR IN MASS FLOW - MAIN ITERATION {kg/s}
UTILITY: CHECKS FOR THE ERROR IN MASS FLOW - WAIN ITERATION {kg/s}
UTILITY: CHECKS FOR THE ERROR IN MASS FLOW - MATN ITERATION (kg/s)
UTILETY: CHECKS FOR THE ERROR IN WASS FLOW - WAIN ITERATION {ky/s)
FUNCTION TO PRODUCE A BEEP SOUND TO THDICATE THE HALTING OF EXECUTION
EQUIVALENT LEARAGE AREA® EFFECTIVE ELA OF FLUE PIPE & FLUE {v2)
EFFECIVE FLOW AREA OF THE FLUE PIPE AND FLUE CORBINED (a2}
UIILITY

Uy

UrILITY

UTILITY

urILITY

UTILIIY

vriLtny

UTILLTY

Uiy

UTELTTY _

UTILITY: ONE OF THE PARANETERS IN THE MATH AODULE

UTILITY

UTILITY: ONE OF THE PARANETERS IN THE MATH AODULE

UTILTTY

Uiy

UTELITY

UTILITY

UTILITY

UTILITY: TO PRIKT OUT MASS FLOWS {kg/s)
PRINT OUT CONTROL: INDIO = ! CHIANEY TEAP PROFILE AT EACH STEP (1,0
UTILITY: TINE COUNTERS TO CONTROL EXECUTIOK OF PRINT DYT5

UTILITY: CONTROLS THE PRINY OUT OF HEADINGS AND INITIAL CONDITIONS
UTILTTY: TIRE COUNTERS TO CONTROL EXECUTION OF PRINT OUTS

UTILITY: COUNTER FOR THE TERPERATURE PRINT OUT ARRAY

FUKCTION: CONTROLS LOCATION OF A COLUNN IN THE PRINTOUTS

FUNCTION

UTILITY - MO LONGER USED, LINE 13070 CAR 3E DELETED

UTILITY: DUANY VAREABLE TO OUTPUT FIREPLACE MASS FLOW

TYPE OF VARIABLE

DIRENSTON
DINENSTON
DIAENS10K
DINERSION
DIRENSION
FUHCTIOK
FUNCTION
FUNCTION
FUNCTION
TADICATOR
INDICATOR
TINE PARAETER
UTILITY
UTiLITY
UTILITY
priLITY
UTILITY
UTILITY
UTILITY
UTILIY
UTILITY
UTILITY
UTILITY
UTILITY
uriLITY
UTILITY
FUNCTION
PARANETER
PHYSICAL DIAENSION
WLy
UTILITY
UTILITY
UTILTTY
UTILITY
BTILITY
UTILITY
OTILITY
UTILITY
UTILITY
UTILITY
iy
ULy
uTILITY
UTLITY
UTILITY
DTILITY
UTILITY
UTILITY
CONTROL
CONTROL
CONTROL
CONTROL
CONTROL
FUNCTION
FUNCTION
uTILITY
uTILITY

NODULE REFERENCED

RAIN

faIK

RAIN

RAIK

MALN

NAIN

PalN

RAIN

LEIG]

AAIN

MATH

NATH

MAIN

RATH

LLI]

fATH

RAIN

RAIH

nalK

RETR

REIN

RGN
MALH/AERD
NAIH/AERD
RAIN/AERD
RATN/AERD
RAIN/ERROR TRAP
RATH NODULE
MATH RODULE
AATH RODULE
BATH AODULE
RATH KODULE
RATH ROQULE
RATH RODULE
RATE RODULE
RATH ARDULE
RATH RDOULE
AATH AODULE
RATH RODULE
RATH AODULE
RATH ROOLE
RATH NODULE
RATH AODULE
RATH RODULE
BATH AOOULE
AATH AODULE
MATE ADOULE
BuPtY
oureuY
BUTRIT
puTeuT
oureuT
ouTRUT
ouTRIT
ouTRUT
OUTRYT
QuTPuT



VARTARLE

mn

128 SCS§
329 ol
330 FLENAES
13fop
W

B3I AN

334 FU
335 UDHW
336 Uf

337 Utk
118 11

339 ¥

350 INOT
141 DoF
142 TIOHW
343 TF

4 71

345 TEOIW
344 TSSGE
47 e
348 FRLR
349 FPELTO
330 FPELYS
1 FPELTL
332 SADHW
g e
354 ELTS
355 FRIS
356 W
357 p21A
158 DITA
W

160 0378
361 SSEFF
162 HC

363 DERS
364 HOHE
165 DTA
146 DENL
167 FPOEND
168 U2AR
369 FPUC
370 FPTHCS
371 FPTHCO
372 THCS
173 Wit
VIR

375 FPDENRS
376 DENO
377 Uk
378 FROENL
379 FPTHCL
180 U24
381 THCO
828

383 AFIPOT

DESCRIPTION

UTILTTY: TO OUTPUT MEAX FLUE GAS TENPERATURE

ELAPSED TIME SINCE FURNACE START-UP

UTILITY: CONTAINS THE NAAE OF TRE OUTPUT (.PRN) FILE

DEFAULT FILE NAAE

DTILITY: DUNKY VARIARLE T0 OUTPUT FIREPLACE MASS FLOW

UTILITY: USED TO QUTPUT VOLUAETRIC FLOW RATES

FIRING RATE OF THE FURNACE EITHER AT STANDRY OR FULL OPERATIOR
FIRING RATE OF THE FURNACE EITHER AT STAHDBY OR FULL OPERATION
FILM HEAT TRAMSFER COEFFICIENT IN DHW FLUE PIPE

AVERAGE FILA HEAT TRANSFER COEFFICIENT OF GAS UP THE CHIMNEY
DVERALL HEAT TRANSFER COEFFICIENT OF THE FURRACE HEAT EXCHANGER
AINIAUM FILA HEAT TRANSFER COEFFICIENT BETWEEM GAS & LINER
UTILITY: COUKTER FOR THE NURRER OF ELEMENTS "NE® UP THE CHIAKEY
CONTROL INDICATOR FOR THE PARARETERIZED TRERMAL AODEL

FURNACE GAS TEAPERATURE IN THE HEAT EXCHANGE AREA

INITIAL VEAPERATURE OF THE DHW FP ELEMENTS BEFORE THE TIAE STEP
FINAL TEAPERATURE OF THE CHIRNEY LAYERS AT END OF TIME STEP
INTTIAL TEMPERATURE OF THE CHIANEY ELEMENTS BEFORE THE TIAE STEP
FINAL TEAPERATURE OF THE DHW F.P. LAYERS AT END OF TIAE STEP
STEADY STATE FLUE GAS FURNACE EXIT TERPERATURE

CHIAREY STRUCTURE: ELEMENY THICKNESS LINER

FLUE PIFE LENBTH

FLUE PIPE CIRCURFERENCE

FLUE PIPE CIRCURFERENCE

FLUE PIPE CIRCUNFERENCE

SURFACE AREA OF THE DHV FLUE PIPE

CHIANEY STRUCTURE: ELEMENT THICKNESS OUTER LAYER

CHIMNEY STRUCTURE: ELERENT THICKNESS INSULATION LAYER

{L/s)
mn

L)
(¥/02.0)
W/
(/1)
(4/r2.0)

(c)
(C)
(€)
{)
{0
(C)
(n)
(a}
(n)
(x)
()
(a2)
(n)
1}

INDICATOR OF WHETHER OR NOT THE FLUE PIPE IS INSULATED OR UNINSULATED

AIR CHANGE TIRE CONSTANT IN THE FLUE ELEMENTS

UTILITY: TEAPERATURE DIFFERENCE PARARETER

UTILITY: TENPERATURE OIFFERENCE PARAMETER

TIAE CONSTANTS OF ELEAENTS OF THE CHIAKEY (PRIKTED OUT)
UTILITY: TEAPERATURE DIFFERENCE PARAMETER

STEADY STYATE EFFICIENCY OF THE FURNACE

HEAT CAPACITY OF THE MATERIALS IN THE FLUE

DENSITY OF THE-INSULATION

HEAT CAPACITY OF THE HEAT EXCHANGER IN THE FURNACE

CHANGE IN THE TEAPERATURE OF THE HEAT EXCHANGER MASS

DENSITY OF THE LINER

NATERIAL DENSITY OF THE FLUE PIPE: OUTER JACKET

UTILITY: U2AR = U24

FLUE PIPE HEAT CAPACITY

FLUE PIPE HEAT CAPACITY

FLUE PIPE HEAT CAPACITY

HEAT TRANSFER COEFFICIENT OF THE CHIANEY INSULATION OR NID-LAVER
HEAT TRANSFER COEFFICIENT OF THE CHIMNEY LINER

HEAT TRANSFER COEFFICIENT OF THE CHIANEY LAYERS

RATERIAL DENSITY OF THE FLUE PIPE: INSULATION OR AIR

DENSITY OF THE OUTER CASING OF THE CHIANEY

HEAT TRANSFER COEFFICIENTS INTG 8 OUT OF FURMACE HEAT EXCHANGER
AATERIAL DENSITY OF THE FLUE PIPE: LINER

FLUE PIPE HEAT CAPACITY

HEAT TRANSFER COEFFICIENTS INTO & OUT OF FURNACE HEAT EXCHANGER
HEAT TRAKSFER COEFFICIENT OF THE OUTER PART DF THE CHINREY

MASS OF EACH ELENENT AND LAYER OF THE CHIANEY

RASS OF THE FIRE POT {(OIL FURNACE ONLY)

(s)

(£

()

(s)

{C)

{1)
(W.5/kg.0)
(kg/ad)
W.s/kg.C)
(C}
{kg/ad)
(kg/ud)
(W/e}
(¥.s/kq.0)
(¥.s/kg.0)
(¥.s/kg.C)
/2.0
(W/a2.0)
(u/e)
(kg/nd}
(kg/ad}
(¥/C)
(kg/ad)
tV.s/kg.0)
(W/€)
(W/n2.0}
(kg)

{kq)

SET VALUE

Fi OR F2
F1 OR F2

(1,2,

{1

(4 kgl

TYPE OF VARIARLE

vy

UTILIYY

UTiLITY

UTILITY

UTILITY

UTILITY

BOUNDARY CONDITION
BOUNDARY CONDITIOR
COEFFICIENT
COEFFICIENT
COEFFICIENT
COEFFICIENT
CONTROL

CONTROL

DEFENDENT FROP
DEPENDENT PROPERTY
DEPERDENT PROPERTY
DEPENDENT PROPERTY
DEPENDEXT PROPERTY
DESIGN CONDITION
DIRERSION
DIRENSION
DINENSION
DIAERSION
DINENSTON
DIRENSTOK
DIRENSTON
DIRENSIOR
INDICATOR
PARARETER
PARARETER
PARAMETER
PARAAETER
PARANETER
PERFORRANCE PARAA
PROPERTY

PROPERTY

PROPERTY

PROPERTY

PROPERTY

PROPERTY

PROPERTY

PROFERTY

PROPERTY

PROPERTY

FROPERTY

PROPERTY

PROPERTY

PROPERTY

PROPERTY

PROPERTY

FROPERTY

PROPERTY

PROPERTY

PROPERTY

QUANTITY

QUARTITY

h iy At

AODULE REFERENCED

pUTRUT
QUTRUT
OUTRUT
outPUT
puTeuT
ouTPyY
THERRAL
THERRAL
THERRAL
THERRAL
THERAAL -
THERRAL
TRERMAL
THERRAL
TRERAAL
THERRAL
THERAAL
THERRAL
THERAAL
TRERAAL
THERRAL
THERRAL
THERAAL
THERRAL
THERRAL
THERAAL
THERRAL
THERRAL
THERAAL
TRERRAL
THERRAL
THERRAL
TRERRAL
THERRAL
TRERRAL
THERMAL
THERAAL
THERRAL
THERRAL
THERRAL
THERRAL
THERMAL
THERNAL
THERRAL
THERMAL
THERRAL
THERRAL
THERAAL
THERRAL
THERRAL
TRERRAL
THERRAL
THERMAL
THERNAL
THERRAL
THERRAL
THERRAL



VARTABLE

384 OTW
R

386 A

387 FOAMTS
388 F

389 F2

390 1A

391 1o
392 FICY
393 11F
394 TIFF
395 CPAIR
396 THF
397 RY

398 10

399 KE

400 17
401 T4F
w2 N

403 M

404 FE

405 20
404 TV

407 DHWOS
408 DHWAR
409 DHHFPH
410 DHWFPLE
441 DINEF
£12 DHNTYPES
413 DHWS
414 OROIL
415 OPONY
416 ELASK
417 OPFP
418 1T0HY
419 DPRUD
420 ELADH
§21 DHNAC
422 DHC
423 DHNSRC
§24 DRVLAST
125 DN
126 DHWNEL
427 DHMFP

UTILITY: TRANSFER A TIAE CONSTANT VALUE TO THE THERMAL RODULE
UTILITY: USED 70 TRANSFER THE APPROP. TEAF IN CHIMNEY ADDEL
SURFACE AREA OF CHIRNEY ELEAENTS NORAAL TO LATERAL TO HEAT FLOV
INDICATOR: WRETHER OR WOT THERE IS A FLUE DANPER

FIRING RATE OF THE FURNACE AT STANDBY (PILOT)

FIRING RATE OF THE FURNACE OURING FULL OPERATION

OESCRIPTION

NUMBER OF KELVINS AT 0 O£6 €

TEAPERATURE OF THE GAS IN THE DHN BRAHCH

FURNACE INTERIOR (COMBUSTION) CHANRER VOLUAE

AEAH TEAPERATURE OF THE FLUE GAS (CORRESPONDS YO AEAW DENSITY)
AEAN TEAPERATURE OF THE FLUE PIPC GAS (CORRESPONDS TO AEAN DEAS)
HEAT CAPACITY OF AIR (SENSIBLE HEAT DHLY)

TEAPERATURE OF THE HEAT EXCHANGER SURFACE

UTILITY: USED TO PASS-OM DERSITY VALUES

DUMAY VARIABLE TO OUTPUT MEAM FLUE LIKER TEAPERATURE

NUNBER OF CALCULATION ELEAENTS UP THE FLOE PIPE & CHIMNEY
TEAFERATURE OF THE STACK GASES IN THE UPPER PORTION OF FURMACE
FURNACE 6AS TEAPERATURE IN THE AREA OF THE HEAT EXCHANGER

AASS OF THE FLUE GAS TN THE UPPER SECTION OF THE FURMACE

MASS OF THE GAS IH THE CONBUSTION SECTION OF THE FURNACE

DERIVED INSTANTANEOUS EFFICIENCY DF THE FURNACE

OVERALL HEAT CAPACITY OF THE FURNACE HEAT EXCHANGER MASS
UTILITY: TIAE CONSTANTS OF THE CHIANEY STRUCTURE

HBT WATER HEATER:
HOT WATER HEATER:
HOT WATER HEATER:
HOT UATER HEATER:
HOT WATER HEATER:
HOT WATER HEATER:
HOT WATER HEATER:

OR/OFF INDICATOR

AREA OF THE FLUE PIPE
HEYGRT OF THE FLUE PIPE
LENGTH OF THE FLUE PIPE

EFFICIENCY
INDICATOR

INDICATES WHETHER THERE IS A WATER HEATER
FRICTION LOSS THROUGH THE DHW DILUTION PORT

KEY DRIVING PRESSURE IN THE DHW BRANCH

EQUIVALENT LEAKAGE AREA: THE MAIN FLUE PIPE UP TO DHW COMNECTION
FRICTION LOSS THROUGH THE DHY FLUE PIPE

ATR CHANGE TINE CONSTANT IN THE FLUE PIPE ELEMENTS

FRESSURE RISE DUE T0 BUDYARCY IN THE DHW BRANCH REL T0 MAIN
EQUIVALENT LEARAGE AREA: OF THE DRW FLUE PIPE BRANCH

HBT WATER HEATER:
BOT VATER HEATER:
HOT WATER HEATER:
HOT WATER MEATER: UTILITY - STORES THE DNU PIPE MASS FLOW RATE

BURNER CAPACTTY
BURNER CAPACITY
STAKDBY CAPACITY

AASS FLOW IN THE HOT WATER BRANCH

HOT UATER HEATER: NUMBER OF EQUIVALENT 45 DEG ELBOWS
HOT WATER HEATER: NUMBER OF FLUE PIPE SEGAENTS

(s)
(€
(a2)

(BTU/HR)
(BTU/HR)
(K

()

fad)

(0

(o
.s/kg.K)
()
{kg/nd)
()

(C}
{c)
{hg)
(kg!

(4.5)1/K
(s)

(a2}
(22)
{a2)
(1)

{Fa)
(Pa}
{a)
(Pa)
{s)
(Pa)
(s2)
¥)
1 )]

(kg/s)

SET VALUE

{Y/8)
(750)
(100000)
213,13

{10}

(30600

(Y/¥)

TYPE OF VARIABLE

Uty

urIeny

PHYSICAL DIMEN
INDICATOR

BOUNDARY CONDI
BOUNDARY CONDI
CONSTANT

DEPENDENT PROPERTY
OIRENSION
PARARETER
PARARETER

FIXED PROPERTY
OEPENDENT PROPERTY
DUARY

QUTPUT VARIABLE
PHYSICAL GUANTITY
DEPENDENT PROPERTY
DEPEMDENT PROPERTY
DEPEROENT BUANTITY
DEPEHDENT VAR
DEPENDENT VAR
FIXED FROPERTY
PARARETER

CONTROL

DIMENSTON
DIRENSION
DIRENSION
EFFICIENCY
INDICATOR
INDICATOR
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER
PARARETER

PORER

PORER

BUARTITY

QUANTITY

QUARTITY

QUANTITY

QUAKTITY

RODULE REFERENCLD

THERRAL

THERRAL

THERAAL

TRERNAL & AERD
THERMAL & AERG FURH
THERNAL & ALRO FURK
THERMAL/AERD
THERNAL/AERD
THERRAL/AERD
THERNAL/ALKD
THERNAL/AERC
TRERRAL/ALL
THERNAL/CHIRKEY
THERRAL/CHIMNLY
THERBAL/CHIRNEY
THERNAL/CHIANEY
THERRAL/FURNACE
THERRAL/FURNACE
THERRAL/FURKACE
THERAL /FURKALE
THERMAL/FURNALE
THERRAL /FURNACE
THERRAL/BUTRYT
UATER HEATEE
WATER HEATER
NATER HEATEE
RATER HEATER
VATER HEATER
VATER HEATER
VATER HEATER
VATER HEATER
WATER REATER
WATER HEATER
WATER HEATER
FATER HEATER
VATER HEATER
WATER HEATER
WATER HEATER
VATER HEATER
VATER HEATER
RATER HEATER
WATER HEATER
BATER HEATER
WATER HEATER






VARIARLE LIST FOR PROGRAM: FLUESIN4,RAS DATE: 03-01-1989

THE PROGRAN HAS 1567 LINES OF CODE

NOTE: A WURRER OF VARIABLES ARE USED AS UTILITY VARTABLES TO TEMPORARILY STORE OR HANDLE IKFORNATION
MORE EFFICIENTLY. THESE VARIABLES ARE CLASSIFIED AS "UTILITY" IN THE "WARIABLE TYPE® COLUM.

VARTABLE

7 AHDFACT
8 ANDNO
9 AFRD
10 AR
11 ARD
12 ARDARP
13 AREFF
14 ARINT
15 AUFF
18 AXIS
17 R
18 8¢
198
20 B10
21 Bt
22 812
282
24 B3
25 B4
26 85
27 8%
28 7
27 8
1089
31 BA
12 BB
R
34 BEEP
35 BLTEMP
36 80X
17 BSAVE
B
I C1
40 2
ai

DESCRIPTION UNITS SET VALUE

SURFACE AREA OF CHIMNEY ELEMENTS NORMAL 7O LATERAL 10 HEAT FLOW  (a2)
urILITY

uriLITY

EFFECTIVE AREA OF THE DILUTION DEVICE OPENING WHEN FLOW REVERSED (a2)
HEAT CAPACITY OF THE WASS OF AIR IN THE HOUSE (W.5/0d)
HEAT TRANSFER RATE BETVEEN HOUSE AIR & ENVELOPE W/
UTILETY

Uiy

LEAKAGE AREA OF THE BAROAETRIC DAAPER WHEW CLOSED {1 OF OPEN)
AREA OF DPENTNGS AT THE NETWORK PDINTS (a2}
AREA OF FLUE FIPE AND FLUE OPENINGS , (n2)
AREA OF THE BAROMETRIC DAAPER (a2)
EFFECIVE FLOW AREA OF THE FLUE PIPE AND FLUE COABIMED (n2)
FRESH AIR INTAKE AREA {(a2)
FURNACE TURN OFF -TIAE (s
GRAPHICS CONTROL: INDICATOR OF WHETHER AXES HAVE BEEN DRAWN (0,1
UTILTTY

UTILETY

Uiy

UTILITY

UTILITY

gLy

UTILITY

Uritrny

UTILITY

UTILITY

Uty

UTILITY

UTsLITY

UTELITY

UTILny

UTILITY

UTILITY

FUNCTION TO PRODUCE A BEEP SOUND TO INDICATE THE HALTING OF EXECUTION
BOUKDARY LAYER TEAPERATURE

CONTAINS COORDINATE TO DRAW A BOY O THE GRAPHS

FURCTION Y0 STORE THE GRAPHICS SCREEN OK DISK

ENVELOPE FLOV COEFFICIENT 83/(s.Patn)
VARIABLE USED IN THE ITERATIVE PROCESS

VARIABLE USED IN THE ITERATIVE PROCESS

UTILITY

TYPE OF VARIAPLE

PHYSICAL DINEN
UTILITY

UTILITy

PHYSICAL DINEH
THERAAL PARANETER
THERMAL PARAMETER
UTILITY

UTILITY

PHYSICAL DIMENSION
PHYSICAL DIMENSION
PHYSICAL DIATNSION
PHYSICAL DIRENSION
PHYSICAL DIMENSION
PHYSICAL DIMENSION
TIAE PARANETER
CORTROL

grILmy

urILITy

uriLny

UrILomy

LIy

UTILITY

UTILITY

UTILITY

UTILITY

UTILITY

oIy

UTILITY

oIty

UtILITy

UTILITY

UTILITY

UTILITY

FUNCTION

THERMAL PARANETER
UTILITY

FUNCTION
COEFFICIENT
CoKTROL

CONTROL

UTILITY

AODULE REFERENCED

THERRAL
GRAPHICS
L
AERDDYNARIC
DYNANIC ENVELOPE
OYNARIC ENVELDPE
GRAPRICS
GRAPHILS
AERODYNANIC
AERODYNANIC
AERDDYNARIC
AERODYNARIC
ARTH RODULE
AERDDTNARIC
AAIK
GRAFHICS
GRAPHICS
GRAPHICS
AATH ADDULE
AATH AODULE
RATH AODULE
PATH NBDULE
AATH RODILE
AATH RODULE
RATH AODULE
RATH AODULE

. BATH RODULE

A&TH NODULE
NATH AODOLE
PATH MODULE
ARTH MODULE
MATH RODULE
NATH AODULE
RATN/ERROR TRAF
CONDERSATION
GRAPHICS
RATH
AERODYNARIC
RAIN

DAIK

AATH ADDULE



VARTABLE

A2 CHROT
43 CHDENL
&4 CHDEND
45 CHOERS
46 CHDI2
47 CHELTL
48 CHELTO
49 CHELTS
30 CHHC
31 CHREL
32 CHHK2
33 CHIRI
34 CHINTS
35 CHES
36 CHAS
37 CHTHCL
38 CHTHCO
39 CHTHCS
60 CIR
61 COXST
82 00§
63 Count
64 CPAIR
65 CPUENV
LLR T
67 DLTA
68 D21A
47 DIIA
70 DéF
71 DARPACTS
72 DARFTCL
73 DAARTOP
74 08
75 DEF
76 DENL
77 BEKD
78 DEKS
.79 DEM
B0 of
BI DHF
82 DiW$
83 DHKAC
84 Dhvar
5 DHNC
66 DHVEF
87 DHWFPH
83 DHWFPLE
89 DHRFPN
70 DHWLAST
91 DHUKEL
" 92 DHos
3 DHUSRC
94 DHUTYPES
93 01
6 012
97 014
8 DIARND -

OESCRIPTION

LENGTH OF FLUE FRON TOP TO CHIANEY BOTTOM

urILITY

UTILInY

uTILTTY

UTILITY

UTILITY

UTILITY

UTILITY

UTILITY

YTILITY

UriLITY

niy

CHIRREY LOCATICN INDICATOR

uriLToy

Uiy

urILny

ULy

UTILITY

CONTAINS CODRDINATES TO ORAW CIRCLES IN THE GRAPHICS ROUTIME
COEFFICIERT IN THE DAAPER FRICTION LOSS EQUATION

TRIG FUNCTION

vrIerTy

HEAT CAFACITY OF AIR (SENSIBLE HEAT ONLY)

WIKD PRESSURE COEFFICIENT OF THE HOUSE ENVELOPE

UTILITY - NO LONBER USED, LINE 13070 CAN BE DELETED

UTILITY: TERPERATURE DIFFERENCE PARARETER

UTILITY: TERPERATURE DIFFERENCE PARAMETER

UTILITY: TENPERATURE DIFFERENCE PARARETER

FURNACE GAS TEAPERATURE IN THE HEAT EXCHANGE AREA

UTILTTY: EFFECT OF FLUE DAAPER OPEMING O EFFECTIVE FLOW AREA
UTILITY: EFFECT OF FLUE DANPER DPENING ON EFFECTIVE FLOW AREA
UTILITY: EFFECT OF FLUE DARPER OPENING ON EFFECTIVE FLOW AREA
utILLny

FUNCTION: DEF SEG

DENSITY OF THE LINER

DENSITY OF THE OUTER CASING OF THE CHIMNEY

DENSITY OF THE INSULATION

DURATION BYER WHICH CONDENSATION 15 EXPERIERCED AT EACH ELEMENT

- DIMETER OF THE CHIMNEY SHAFT OR LINER

LENGTH OF EACH SEGAENT OF THE FLUE PIPE

HOT UATER HEATER: INDICATES WHETHER THERE IS A WATER HEATER
HOT WATER HEATER: RURNER CAPACITY

HOT WATER HEATER: AREA OF THE FLUE PIPE

HOT WATER HEATER: BURNER CAPACITY

HOT WATER HEATER: EFFICIENCY

HOT WATER HEATER: HEIGHT OF THE FLUE PIPE

HOT WATER HEATER: LENGTH OF THE FLUE PIPE

HOT WATER HEATER: NUABER OF FLUE PIPE SEGAEATS

HOT WATER HEATER® UTILITY - STORES THE DHW PIPE AASS FLOV RATE
HOT WATER HEATER: NUMRER OF EQUIVALEWY 45 DEG ELBOWS

HOT WATER HEATER: ON/OFF INDICATOR

HOT WATER HEATER: STAKDBY CAPACITY

HOT WATER HEATER: INDICATOR

CHARACTERISTIC DIAAETER OF GPENINGS AT NETWORK POINTS
CHARACTERISTIC DIARETER OF DPENINGS AT NETWORK POINIS

FLUE PIPE AND FLUE INSIDE DIARETERS

CONTAINS COORDINATES 7O DRAW A DIAAOND ON THE GRAPHS

UNITS

SET VALt

(/o

(H.s5/kg.K)

(€}
(€
(C}
(€}

(kg/ad)
{kg/ad)
(kg/nd)
(s)
(0 (0.175)
{»)
(Y/K)
)]
(02}
W
n
{»2)
{n2)

(kg/s)

(mn)
(a8)
(n)

TYPE OF VARTARLE

DIRENSIOR
UTILITY
UrILaTy
UTILITY
UTILITY
urIerny
UTILITY
BTILITY
UrILIvY
vriLIny
UTILImy
gtILITy
INDICATOR
UTILITY
UTILITY
UTILETY
UTILITY
grieamy
UTILITY
COEFFICIENT
FUNCTION
uTILInY
FIXED PROPERTY
COEFFICIENT
UTILITY
FARRBETER
PARARETER
PARAMETER
DEPENDENT PROP
UHILITY
UTILInY
UTILITY
UTILITY
FUNCTION

"PROPERTY

PROPERTY
PROPERTY
TIAE PARARETER
PHYSICAL BUANT
DINENSTON
TNDICATOR
PORER
DIMENSION
FOVER
EFFICIENCY
DINENSION
DIRENSTON
QUARTITY
QUAKTITY
QUARTITY
CONTROL
BUARTITY
INDICATOR
DIRENSION
DIRENSION
DIRERSION
UTILITY

RODULE REFERENCED

KAIR

CORROX
COMROK
CORAOH
ConnDK
CORRON
CORMOR
CONRON
COMON
conmoN
CONRON
CommoK

MIN

L]

CORNON
CORRON
CONRON
ConnON
GRAPHICS
AERDDYRARIC
AERODYRANIC
CoAnDN
THERRAL/ALL
AERDDYNARIC
OUTPUT
THERAAL
THERMAL
THERNAL
THERAAL
AERODYHARIC
AERDDYNARIC
AERODYRARIC
Connok

NAIN

THERNAL
THERMAL
THERRAL
CONDENSATION
BOTH/CHIMNEY
ALL

WATER HEATER
VATER HEATER
VATER HEATER
NATER HEATER
WATER HEATER
VATER HEATER
WATER HEATER
VATER HEATER
UATER HEATER
WATER HEATER
VATER HEATER
WATER HEATER
WATER HEATER
AERODYRARIC/ALL
AERODYNARIC/ALL
AERODYNAMIC
GRAPHICS



VARIARLE

99 DOC
100 DPO
101 DFRUD
102 DPDHN
- 103 DPDIL
104 DPFP
105 DRIVES
106 018
107 E

108 £l

109 E2

110 EA

11 ER

112 ELA
113 ELAL
114 ELASA
115 ECADRW
116 ELAEWY
117 ELAINT
{18 ELHT
1Y ELIL
120 ELTO
121 EL1S
122 ENTRY
123 ERL
124 ER2
125 £R3
126 ER4
127 ERL
128 £RR
129 ERROR
130 EXAIR
131 F¢

132 F1
1R

134 FARR
133 FAULTS
136 FCAPL
137 FCAPNG
138 FOARFS
139 FE

140 FF

141 FICY
142 FIRA
143 FL1
144 FL2
145 FLENAES
146 FLUEDF
147 FLUETNS
148 FA

149 fp

150 FPAR
151 FPRENL
152 FPOEND
153 FPOENS
154 FPDI2
155 FPELTL

DESCRIPTION

NARE OF THE DEFAULT DATA FILE

COEFFICIENT IN THE DAMPER FRICTION LOSS EQUATION

PRESSURE RISE DUE 10 BUOYAKCY IN THE DHW BRANCK REL TO MAIN
NET DRIVING. PRESSURE IN THE DHW BRANCH

FRICTION LOSS THROWGH YHE OHW DILUTION PORT

FRICTION LOSS THROUGH THE DHW FLUE PIPE

INDICATES WHICH DRIVE THE DEFAULT DATA IS LOCATED

CHANGE TN THE TEAPERATURE OF THE HEAT EXCHANGER MASS
SYABOL 70 SYGHIFY "EXPONENT® - NDT A VARIABLE

UTILITY VARTABLE USED IN THE ITERATIVE PROCESS

UTILITY WARIABLE YSED IN THE ITERATIVE PROCESS

ENVELOPE AREM

VERTICAL HEIGHT OF EACH ELEWENT OF FLUE-PIPE § CHIAMEY
EQUIVALENT LEAKAGE AREA: ARRAY OF ALL ELA’S IN THE SYSTER
EQUIVALENT LEAKAGE AREA: EFFECTIVE ELA OF FLUE PIPE § FLUE

EQUIVALENT LEAKAGE AREA: THE WAIN FLUE PIPE UP TO OHW COMNECTION

EQUIVALENT LEAKAGE AREA: OF THE OHW FLUE PIPE BRANCH
EQUIVALENT LEAKAGE AREA: OF THE ENVELOPE
EQUIVALENT LEAKAGE AREA: OF THE FRECH AIR INTAKE
HETGHT OF EACH FLUE ELEMENT
CHIMNEY STRUCTURE: ELEMENT THICKNESS LINER
CHINEY STRUCTURE: ELEAENT THICKNESS DUTER LAYER
CHIANEY STRUCTURE: ELENENT THICKNESS INSULATION LAYER
UTILITY
UTILITY: CHECKS FOR THE ERROR IN WASS FLOW - MAIN ITERATION
UTILITY: CHECKS FOR THE ERROR IN MASS FLOV - MAIN ITERATION
UTILITY: CHECKS FOR THE ERROR IN MASS FLOW - AAIN ITERATION
UTILITY: CHECKS FOR THE ERROR TN MASS FLOV - MAIN TTERATION
ERROR TREP INFO: ERROR LINE
ERROR TRAP INFO: ERROR NUMBER
ERROR TRAP INFO: ERROR FUNCTION
OIL FURNACE EXESS AIR
INDICATOR: FURNACE ON, OFF, NOT YET FIRED
FIRING RATE OF THE FURNACE AT STAKDBY (PILOT)
FIRING RATE OF THE FURNACE OURING FULL DPERATION
MASS FLOW THROUGH THE FaNS
UTILITY
FRICTION LDSS FACTOR OF THE FLUE CAP
ATILITY _
INDICATOR: WHETHER OR HOT THERE IS & FLUE DAAPER
DERIVED INSTANTANEOUS EFFICIENCY OF THE FURKACE
FLUE FRICTION FACTOR
FURNACE INTERIOR (CONBUSTION) CHAWRER VOLUAE
MASS FLOW RATE OF THE FIREPLACE
CONTROL INDICATOR
CONTROL INDICATOR
DEFAULT FILE WAAE
DEWPOINT TEAPERATURE IN THE FLUE
UTILITY
UTILITY: TO PRINT OUT MASS FLOWS
VOLUNETRIC FLOW RATE OF THE FIREPLACE
UTILITY
RATERIAL DENSITY OF THE FLUE PIPE: LINER
MATERTAL DENSITY OF THE FLUE PIPE: QUTER JACKET
MATERIAL DENSITY OF THE FLUE PIPE: INSULATION OR AIR
oTILITY

- FLUE PIPE CIRCUMFERENCE

(Pa)
(Pa)
(Pa)
(Pa)

{C}

(a2}
(n)
(22)
{02}
(92)
(2]
(n2)
{n?)
(»)
(v}
(»)
()

(ky/s)
(kg/s)
(kg/s)
(kg/s)

)
(BTU/HR)

(BTU/HR)
(K6/5}

(ad)
{ko/s)

(€)

{(ko/s)
(1/5)

(kg/ad)
{kg/0d)
(ky/nd}

(n)

{1}

(NOT, 0N, OFF)
(750)
(100000)

v/

(6,1
wn

e

TYFE OF VARTARLE

vrIeny
COEFFICIENT
PARARETER
PARARETER
PARARETER
PARARETER
CONTROL
PROPERTY
SyaBat

CONTROL
CORTROL
PRYSICAL DIMEN
PHYSICAL DIAEK
PARARETER
PARARETER
PARANETER
PARARETER
PARAMETER
PARARETER
DIRENSION
DIAENSION
DIRENSION
DIAENSION
UTILITY
BrILITY
Urieny
priLImy
UTILITY
UTILITY
UTILITY
urrtiny
PARANETER
INDICATOR
BOUNDARY COKDI
BOUNDARY CONDI
BOUNDARY CONDI
UTILTIY

FACTOR

UTILITY
INDICATOR
DEPENDENT VAR
FACTOR
DINEHSION
BOUNDARY CONDI
CONTROL
CORTROL
UrILay
REFERENCE QUANTTITY
CONTROL
UTILITY
BOUKDARY COKDI
UTILITY
PROPERTY
PROPERTY
PROPERTY
UTIeLmy
DINENSION

AODULE REFEREHCED

LI

AERDDYNARIC

K0T WATER

HOT WATER

HOT WATER

HIT WATER

ARTH

THERRAL

AL

PAIN

LT

OYHANIC ERVELOPE
BETH/CHIAKEY
AERODYNARIC

MATH AODULE
VATER HEATER
VATER HEATER
AERODYNARIC
AERDDYNARIC

ALl

THERAAL

THERRAL

THERNAL

CORRON

ARTN/AFRO
MATH/AERO
ARIN/AERD
RAIN/ALRD

ALL

ALL

ERROR TRAP
AERODYNARIC
CONTROL

THERWAL & AERD FUR:
THERMAL & AERD FURK
AERODYNARIC ENVELDY:
RATH

AERDOYNARIC
COAROK

THERMAL & AERD
THERMAL /FURNALE
AERDDTNARIC
THERMAL 7AERD
AERODYNARIC ENVELOF
RATH

MAIN

OUTFUT
CONDENSATION
AAIR

ouryT

" AERODYNRRIC ENVELOF:

COMMON
THERAAL
THERNAL
THERRAL
COMMON
THERAAL



VARIARLE

134 FPELTR
157 FPELTS
- 158 FPHC
159 FPIS
160 FPLK
161 FRTHCL
162 FPTHCO
163 FPTRCS
164 FRI
165 F&2
146 FR3
167 FR4
168 £

169 F18
170 FYI4
171 FU

172 f¥

173 6C

174 60¢
175 6t

176 6f

177 6FF
178 sFouUT
179 GRASSDHN
180 GROUT
181 67007
182 HRBOO
183 HC

184 HCHE
183 HD$
186 HF

187 HFFFF
188 HH

189 BHC
190 HRASSS
195 HT

192 HIC
193 HYOL
194 1

195 ICHTYPE
196 11

197 1HD10
198 1HDY
199 INSTR
200 170KV
201 ITER
202 1TV
01

DESCRIPTION

FLUE PIFE CIRCUNFERENCE
FLUE PIPE CIRCUAFERENCE
FLUE PIPE HEAT CAPACITY

(0)
(w)
(W.s/kg.0)

INDICATOR OF WHETHER OR HOT THE FLUE PIPE IS INSULATED OR UNINSULATED

FLUE PIPE LENGTH

FLUE PIFE HEAT CAPACITY

FLUE PIPE HEAT CAPACITY

FLUE PIPE HEAT CAPACITY

UTILITY: CONTROL OF WHICH GRAPH IS 70 RF PRESENTED

BTILITY: CONTROL OF WHICK GRAPH IS T0 BE PRESENTED

UTILITY: CONTROL OF WHICH GRAPH IS 10 BE PRESENTED

UTILITY: CONTROL OF WHICK GRAPK IS T0 BE PRESENIED

TIRE (IN SECONDS) AT WHICH FURNACE STARTS

FURNACE TYPE INDICATOR

UTILITY: GRAPH TITLE

FIRING RATE OF THE FURNACE EITHER AT STANDRY OR FULL OPERATION
FIRING RATE OF THE FURNACE EITHER AT STANDBY OR FULL OPERATION
GRAVITATIONAL CONSTANT

CONTROL: SPECIFIES GRAPHICS OR TABULAR QUTRUT

uriLIny

SUMMATION OF GRAVITATIONAL HEAD UP THE FLUE.

SURMATION OF GRAVITATIONAL HEAD UP THE FLUE

UTILITY: STORING FLOV RATES FOR GRAPHS

AASS OF THE AIR IN THE OMW FLUE PIPE

UTILITY: STORING PRESSURE PARAAETERS FOR GRAPHS

UTILITY: STORING TEMPERATURES FOR BRAPHS

UrILY

HEAT CAPACITY OF THE WATERIALS IN THE FLUE

HEAT CAPACITY OF THE HEAT EXCHANGER IN THE FURNACE

UTILITY: DUTPUT HEADING

REIGHT OF CHIANEY FROR DILUTION DEVICE TO TOP

UTILTTY

REIGHT OF THE HEATING AFPLIANCE (FROM AIR INTAKE TO DIL DEVICE)
HEAT CAPACITY OF THE HOUSE

HOUSE WASS INDICATOR

VERTICAL DISTANCE FROM DATUM TO KETMORK POINT

CONDUCTIVE HEAT TRAMSFER COEFFICIENT THROUGH THE ENVELOPE
HOUSE VOLUAE

UTTLITY: LOOP COUNTER

INDICATOR OF CHIAWEY TYPE (NOT USED IN THE CALC ADDULE)
UTILITY: LOOF COUNTER

PRINT OUT CONTROL: INDIO = 1 CHIMMEY TEAP PROFILE AT EACK STEP
CANTROL INDICATOR FOR THE PARAMETERIZED THERMAL MODEL
FURCTION TO OBTAIN LEHGTH OF STRING VARIABLES

AIR CHANGE TIAE CONSTANT IN THE FLUE PIPE ELERENTS

CONTROL: TTERATION COUNTER

IR CHANGE TINE CONSIANT IN THE FLUE ELEMENTS

LOOP COUNTER FOR THE NUARER OF CALCULATION PLANE IN-DUT OF CHIMN

204 JUNCTLOSS EQUIVALENT WUABER OF ELBOVS DUE TO THE DHV JUNCTION
CONTROL: STORES USER'S CHOICE OF OPTIONS AT THE END OF A SIAULATION

205 JUNKS
206 K1
207 KRD
208 KE
207 K4
210 KECON
241 REINT
212 118

AININUN OVERALL PRESSURE LOSS FACTOR OF FLUE PIPE § CHIANEY
FRICTION FACTOR FOR THE BARDAETRIC DAAPER

OYNARIC PRESSURE LOSS FACTORS AT EACH POINT IN THE FLOV NETWORK
FRICTIGN FACTOR OF THE FLUE PIPE UP TD THE DHV CONNECTION
-FRICTION FACTOR OF THE OHY CONNECTION TO THE MAIN VENT

FRICTION FACTOR OF THE FRESH AIR INTAKE

UTILny

{a)

W.s/kq.0)
(¥.s/kg.0)
(V.s/kg.0)

(s)

W)
w
(u/52)

{Pa)
(Pa)
(t/5)
(kg)
{Fa)
9]

(N.s/kg.0)
(¥.5/kg.0)

{s)
{s)
{n)

1]
(ad}

(s)

()

SET VALUE

(I

Fi OR F2
FI OR F2
9.8
{6/T)

(8)
{1a)

(W.5/kg K)
(L8, H)

(1,0
{,2,3

1
43+ 1.8

s e A —r- -

TYPE OF VARIABLE

DIRENSION
DIAERSIOH
PROPERTY
TRDICATOR
OIRENSTON
PROPERTY
PROPERTY
PROFERTY
CONTROL
CORTREL
CONTROL
CONTROL
CONTROL
CONTROL
UTILITY
BOUNDARY CORDITION
BOUNDARY CONDITION
CORSTANT
CONTROL
IRIRAN)
PARARETER
PARRRETER
UrILITY
QUARTITY
UTILITY
urIeany
ureany
PROPERTY
PROPERTY
uricrny
DINENSTOM
urILIny
DIRERSION
THERNAL PARAA
INDICATOR
PHYSICAL DIMEN
PARARETER
DIRENSION
COKTROL
vy
CONTROL
CONTROL
CONTROL
FURCTION
PARARETER
CONTROL
PARARETER
CORTROL
QUANTITY
CONTROL
PARARETER
PARARETER
PARARETER
PARARETER
PARANETER
PARARETER
uriLImy

NODULE REFERENCED

THERRAL

THERRAL

THERNAL

THERNAL

THERMAL

THERRAL

THERRAL

THERNAL

GRAFHICS
GRAPHICS
GRAPRICS
6RAPRICS

MAIN

RATH

GRAFHICS

TRERRAL

THERMAL
AERODYNARIC/ALL
RATR

COmRON
AERODYNARIC CHIMMEY
RERODYNARIC CHIMNEY
GRAPHICS '
AERDDYNARIC DHM
GRAPHICS
GRAFHICS
GRAFHICS

THERAL

THERMAL

AAIN
BOTH/CHIAREY
BRAPRICS
AERODYNARIC/FURN
DYNARIC ENVELOPE
OYNARIC ENVELDPE
AERBDYNARTC/ALL
DYRARIC ERVELOPE
DYNANIC ERVELORE
ALl

CORNODN

Ll

BuTFUT

OYHARIC THERMAL
RATN

OYNARIC THERMAL/DHW
MIN

OYNARIC THERMAL
AL

* AERODYNARIC

RATH

AERDOYNANIC
AERGDYNANIC
AERNDYNARIC
AERDDYNARIC
AERDDYNANIC
AERODYRANIC
ERROR TRAP



VARIARLE

~ 3 UA

204 128
25 L2
UL LY
217 L4
218 LEAKDIST
219 LEFTS
220 LHE
221 LNPP
222 LoCo0T
pr2 N

224 8

225 mCe
226 N4
wmn

228 MASTER
229 nCoAP
230 ROV
231 A0l
232 WF

223 MFIN
234 AFIPOT
235 MFUEL
236 AGAS
217 ROHE
238 ROIL
239 ATFUEL
240 ATOEL
241 M
2420

PLR L]

244 NDHUFP
245 NE

246 NELBOWS
247 NELTNY
248 NFPSEGS
249 NSCAL
230 OFTIA
231 ONTIAE
232 00

253 0P

234 0T¥
255 0U¢
236 QUTPUT

T
297

238 P4
PEIY

280 ¥2

261 P}

262 P4

263 PAR
264 PATTRE
265 PR

266 PCADE
267 PELHT
268 FHC 7
269 PIE

DUNAY VARIABLE USED TO CALCULATE E.L.A. OF OPERIKGS

UTILITY

DUNAY VARIABLE USED TO CALCULATE E.L.A. OF OPENINGS

UTILTTY
UTILETY

INOICATOR OF THE ORIENTATION OF ENVELOPE LEAKS

FUNCTION
UTILIY

LOCATION OF THE MEUTRAL PRESSURE PLANE (ND FLUE) REL TO DATUM

FUNCTION
FUNCTION

RASS OF EACH ELEMENT AMD LAYER OF THE CHIANEY

OVERALL HEAT CAPACITY OF THE FURMACE HEAT EXCHANGER MASS
AASS OF THE GAS IN THE COMBUSTION SECTION OF THE FURNACE
AASS OF THE FLUE 6AS IN THE UPPER SECTIOH OF THE FURNACE
CORTROL TO INDICATE WHETHER TRIS 15 THE FIRST ACCESS TO FLUESIA
SUN OF FAN & FIREPLACE MASS FLOWS

AASS FLOW IN THE HOT WATER BRANCH

INDICATOR OF VHETHER OR NOT THERE IS A DRAFT IKDUCER
RASS FLOV RATES AT EACH NETWORK FOINI

UTILITY: MASS FLOW INTO THE FLUE PIPE

#ASS OF THE FIRE POT (DIL FURNACE ONLY}

MASS FLOW OF THE FLUE

MASS FLOW OF THE FUEL (EG. GAS OR OIL)

UTILITY
PASS FLOW OF THE OIL

TOTAL MASS FLOW OF THE FUEL,
TGTAL MASS FLOW OF THE OIL & EXCESS AIR

VISCOSITY OF AIR
ENVELOPE FLOW COEFFICIEMY

UTILITY: STORES THE SPECS FOR DRAING NUMRERS OK THE GRAPKS
NURRER OF OWH FLUE PIPE SEGAENTS

HURBER OF CALCULATION ELEMEHTS UF THE FLUE PIPE & CHIANEY
NUABER OF ELROWS IN THE MAIN FLUE PIPE

UMBER OF ELBOWS IN THE FRESH AIR INTAKE

NUMBER OF SEGAENTS IN THE RAIN FLUE PIPE

UTILITY: SCALE QUARTITY IR HTE GRAPHICS PROGRAA

UTILTTY: STORES THE TIME THE FURNACE WAS TURNED OFF
UTILITYs RECORD THE TOTAL DURATION OF FURNACE OPERATION
UTILITY: OURAY VARIABLE TO OUTPUT FIREFLACE RASS FLOV
UTILITY: DUMAY VARIABLE TO OUTPUT FIREFLACE MASS FLOW
UTILITY: TRANSFER A TINE CONSTANT VALUE 70 THE THERAAL RODULE
UTILITY: CONTAIRS THE NARE OF THE OUTPUT (.PRM) FILE

FUNCTION
urrtIny
UTILITY
BTILITY
UTILITY
UTILITY
urILITY

ARRARY OF KEY PARANETERS THAT DEFINE THE CASE

grILIny

PRESSURE PARARETERS USED IN THE STEP BY STEP CALCULATION

UTILITY

UTILITY: T0 HELP ESTABLISK WHICH FLUE ELEAENTS ARE INSIDE & OUT
PRESSURE COEFFICIENT OF THE HORIZONTAL CONPONENT OF VIND

GEORETRIC COHSTANT

ATFUEL = ETTHER ATOIL OR AGAS

UKITS SET VALUE

(A2)

(82)

(n2) (-2.8)

(kg)
W.5)/k (30600}
(kg
(kg)

(kg/s)

(v
(kg/s)
{kg/s)
(k) (4 kg)
(kg/s)
{kg/s)

(kg/s)
(kg/s)
(kg/s)

(kg/sims))  1.B4E-5
(0.5-1

(10

(s)
(s}

(s)

SEE QUTPUT
(rA)
(w

£0.3)
(3.131593)

TYPE OF VARIARLE

PARARETER

UTILITY

PARKRETER

UrILITY

urILITY

THOICATOR
FUNCTION

UrILITY

DINENSIOH
FUNCTION

FUKCTION

QUANTITY

FIXED PROPERTY
DEPENDENT VAR
DEPENDERT QUARTITY
CORTROL

BUARTITY

QUANTITY
IRDICATOR
QUARTITY

QUARTITY

BUARTITY

RUARTITY

BOUNDARY CONDITION
UTILITY

QUARTITY

BUARTITY

QUANTITY

FIXED PROFERTY
FIXED PROPERTY
UTILITY

BUARTITY

PHYSICAL QUANTITY
PHYSICAL QUANTITY
PRYSICAL QUAKTITY
PHYSICAL QUAKTITY
UTILInY

uriLIny

UrLnY

UTILITY

UTILIvY

uriLImy

WIILITY

FUNCTION

UTILInTy

UrILITY

UIILITY

urILInY

UTILITY

urIerny

PARARETER

UTILITY

PARAETER

UriLITY

DIAENSION
COEFFICIENT
CONSTANT

e SO

RODULE REFERENCED

AERODYNARIC/ALL
ERROR TRAP
AERODYRANIC/ALL
ERROR TRAF
ERROR TRAP
AERODYRARIC

ALL

connoN
AERODYNANIC/ERVELOPT
INPUT/QUTRUT
BRAPHICS
THERRAL
THERMAL/FURNACE
THERMAL/FURNACE
THERRAL/FURKACE
RAIN
AERODYNANIC EWVELOF:
HOT WATER
AERODYHANIC
AERODYHARIC/ALL
AERODYKARIC
THERNAL
AERODYNARIC/THERRAL
BOTH/FURNACE
CORRDR
AERDDYRAAIC
RERODYNARIC
AERDDYNAAIL
AERBDYNARIC/ALL
AERDDYNANIC/ENVEL
BRAPHICS

AERD/ THERMAL
THERRAL/CHIRKEY
AERDUYHARTC
AERDDYHARIC
AERODYNAAIC
bRAPRICS

RAIN

L

QYTRUT

pUTRUT

THERRAL

buTPy

ouTPYY

GRAPRICS
GRAFRICS
GRAPHICS
GRAPHICS
SRAPRICS
GRAPHICS
BOTH/ALL
GRAPHIES
AERODYRANIC
COnnOK

L
AERDDYNARIC CHIMNE
RAIN



VARTARLE

270 PP

271 PREONDS
272 PREFS
271 PRELAB
174 PRFLAG2
275 PRISE
276 PRREGS
277 PRTSC
278 PRUUN
279 P1

280 P11
281 PIC
82 PTI$
283 FifT
284 PVC
285 @t

284 02

287 B8

288 BALAST
280 0%

250 Q9LAST
291 Qonw
292 MIL
293 oF

294 QFLUE
295 OFUEL
296 QFURN
297 BGRS
298 RE

299 RESURE
300 RISE
301 RISET
302 RHGIA
303 RO

J04 ROOADP
305 RW

304 §

307 SADRW
108 SCAL
309 sc8
310 SCSFLAG
1 SEC
312 SE6
313 5N

314 SNFP
313 SPACES
316 SSEFF
78t

e 1

Hr s
o

121 TeF
N
RYE b

3124 111
325 oM
326 TA

DESCRIPTION

UTILITY

UTILITY

UTILITY

urIery

CONTROL

UTILITY

UTILITY

FUNCTIOK (FRON ONE OF THE LIBRARIES) PRIKTS A GRAPH
UTILIY

TOTAL PRESSURE

UTILITY: X-AXIS VALUE FOR GRAPRICS

TOTAL WIND PRESSURE COEFFICIENT

UTILITY: GRAPH TITLE

FUNCTIOK

PRESSURE COEFFICIERT OF THE VERTICAL COMPONENT OF WIND
VARIABLE USED IN THE ITERATIVE PROCESS

VARTABLE USED TN THE ITERATIVE PROCESS

THITIAL & UPDATED GUESS AT MASS FLOW RATE THROUGH THE CHIANEY
UTILITY: RASS FLOW THROUGH THE CHIANEY AT THE LAST TIAE STEP
INITIAL & SURSEQUENT GUESS AT MASS FLOW RATE OF STACK BASES
UTILITY: MASS FLOW THROUGH THE FURNACE AT THE LAST TIAE STEP
VOLURETRIC FLON RATE OF THE HOT WATER BRANCH

VOLURETRIC FLOW RATE OF THE DILUTION FLOW

VBLUNETRIC FLOW RATE OF THE FANS

VOLURETRIC FLOV RATE OF THE FLUE 6AS

VOLURETRIC FLOW RATE .OF THE FUEL

VOLURETRIC FLOV RATE OF THE GAS THROUGH THE FURNACE
VOLURETRIC FLOW RATE OF THE FUEL (E6. GAS OR OIL)

REYNOLDS NUMRER - OF THE FLUE FASES IN THE CHIMNEY
FUHCTION (RESUAES EXECUTION AFTER & TRAPPED ERROR)

THE RISE OF EACH SEGAENT IN THE RAIN FLUE PIPE

THE TOTAL RISE OF THE MAIN FLUE PIPE

RECORDS THE DURATION OF FURMACE OPERATION & STANDBY TIAE
DENSITY OF THE GAS AT EACH NETWORK POINT

RO9N DEW POINT TEAPERATURE

UTILITY: USED 10 PASS-OR DENSITY VALUES

UTILITY: INTERVAL COUNTER

SURFACE ARER OF THE DHN FLUE PIPE

UTILITY: SCAL FOR AXIES IN THE GRAPH ROUTINE

ELAPSED TIAE SINCE FURNACE START-UP

UTILITY: INOICATOR THAT THE ENO OF THE SIMULATION HAS BEEN REACKED

CALCULATION INTERVAL

FUNCTION USED TN COMNECTION WITH BSAVING THE SCREEM
UTILITY: TO KEEP TRACK OF VERTICAL WIND DIR (+VE UP) FOR V2
UTILITY: KEEPS TRACK OF THE FLOW DIRECTION IN THE FLUE PIPE
UTILTTY: RECORDS THE AVAILABLE SPATE ON THE QUTPUT DISK
STEADY STATE EFFICIERCY OF THE FURNACE

NUARER OF TOTAL CALCULATION STEPS FOR THE RUK

UTILITY: USED TO TINE A PAUSE

UTILITY: 10 DISPLAY TITLES ON THE GRAPHS

QUTOCOR TERPERATURE

FURNACE GAS TEAPERATURE IN YHE AREA OF THE HEAT EXCHANGER
TEAPERATURE OF THE STACK GASES IN THE UPPER PORTION OF FURMACE
HOUSE TERFERATURE

INDOOR OUTDOGR TEMPERATURE BIFFERENCE

UPDATED ROON TENPERATURE

NURBER OF KELVINS AT 0 DEG C

UNITS

(P4}

(ky/s)
(kg/s)
{ky/s)
(kg/s)
tkg/s)
(kg/s)
{(n3fs)
(ad/s)
(a3/s)
(a3/s)
(2d/s)
(23/5)
(w/s)

(a)
(x)
(s)
(kg/nd)
(C)
(kg/nd}

(a2)
{S)
{5}

(hyles)
3]

)
{C}
(C)
(€
{C)
()
(K)

SET VALUE

{1.)

(0,1)
)

(+1 OR -1)
(+1 R -1)

(201

273.15

TYPE OF VARIABLE

rIeamy

DYILITY

UTILITY

UTILITY

UTILITY

UTILInY

UTILITY

FUNCTION

UTILITY

DEPENDENT VAR
UTILITY
COEFFICIENT
UTILITY

FUHCTION
COEFFICIENT
CONTROL

CONTROL

PHYSICAL BUANTITY
UTILITY

PHYSICAL QUANTITY
UrILrTY

BUARTITY

QUANTITY

BOUKDARY COND
QUANTITY

AUANTITY

QUANTITY

BOUKDARY COHDI
PARARETER

RESHAE

DIRERSION
DIRENSION

UrILImy

DEFENDENT PROPERTY
REFERENCE QUANTITY
pusRY

CONTROL

DIRENSION

UTILITY

UTILInY

INDICATOR

CORTROL

FUNCTION

VECTOR

VECTOR

UTILInY
PERFORRANCE PARAR
CONTROL

UTILITY

oIy

BOUNDARY CONOITION
DEPENDENT PROPERTY
DEPENDENT PROPERTY
ROUNDARY CONDITION
PARARETER
BOUKDARY CONDITION
CONSTANT

ROOULE REFERENCED

GRAFHICS

CORRON

COMAOH

COARDH

COnnOK

CORROR

ConnoN
SRAPHICS/0UTPUT
CORRDX
AERDDYNANIC/aLL
GRAPHICS -
AERODYNARIC
GRAPHICS

BRAPHICS
AERDDYNARIC CRIANEY
RATH

BALH

AERODYNARIC CHIMREY
BAIN

AERODYHARIC FURNACE
MAIN

AERODYNARIC
AERODYNARIC
AERODYNARIC/ENVEL
AERODYNARIC
AERODYNARIC
AERDDYNARIC
AERODYRANTC/FURNACE
BOTH/CHIANEY
ERRDR TRAPFING
AERODYNARIC
AERDDYRAAIC
DYNARIC ENVELOPE
AERODYMRRIC/ALL
CORDENSATIOK
THERRAL/CHIRREY
HATN

THERAAL

GRAPHICS

OUTRIT

L

kLt

GRAPHICS OUTRYT
AERODYNARIC
AERODYHARIC

ERROR TRAPPING
THERAAL

RAIN

PATN

BRAPHICS
BCTR/SURROUND INGS
THERRAL/FURNACE
THERRAL/FURNACE
BOTH/SURRDUNDINGS
DYNARIC ENVELGPE
DYNARIC ENVELOFPE
THERNAL/AERD



VARIRRLE

127 1R
J28 TAG
o

330 TCF2
331 TOHW
332 TEF
W

334 TEDHY
335 TFLEN
336 TFPLR
317 16YR
138 T6YPK
139 THOL
350 THCO
J41 THCS
342 THETAW
343 THS
344 11

345 TIDHE
346 TINER
47 TISETS
348 TIT4
349 TITLES
150 TLFLAG
Ly TN
352 TROKOFF
153 181
134 TAR2
155 A3
336 TAP4
B

338 ToM!
159 T0N2
360 19

361 TR
162 TSCR
363 T586E
wn

165 118
346 TIF
167 1IFf
368 1118
9 W
nn
me
1A
373 024
174 2R
375 UbHy
376 UF
il

378 UTH
mv

180 VAR
3gs viL
382 VCLINT
o3 v

DESCRIPTION

FUKCTION: CONTROLS LOCATION OF A COLUAW IN THE PRINTOUTS

INDOOR TEAPERATURE AMFLITUDE PARAMETER (NOT WSED)

UTILITY: USED TO TRANSFER THE APPROP, TEAP IN CHIRNEY ADDEL
UFILITY

TENPERATURE OF THE GAS IN THE OHN BRAHCH

AVERAGE FURNACE GAS TEAPERATURE TO CALCULATE BUOYANCY OF FURNACE
FINAL TERPERATURE OF THE CHIANEY LAYERS AT END OF TIME STEP
FIRAL TENPERATURE OF THE DHW F.P, LAYERS AT END OF TIAE STEP
TOTAL FLUE LENGTH

TOTAL FLUE PIPE LENGTH

TENPERATURE OF THE SYPSUN

TERPERATURE OF THE GYPSUR AFTER THE TINE STEP (NEW)

HEAT TRANSFER COEFFICIEMT OF THE CHIMNEY LINER

HEAT TRANSFER COEFFICIENT OF THE QUTER PART OF THE CHIANEY

HEAT TRAKSFER COEFFICIENT OF THE CHINNEY INSULATIOK OR AID-LAYER
ANGLE OF THE WIND & CHIANEY TOP

THERROSTAT CUT OFF TEAPERATURE

INITIAL TEAPERATURE OF THE CHIMMEY ELEAEMTS BEFORE THE TIAE STEP
INITIAL TEAPERATURE OF THE DHV FF ELEMENTS BEFORE THE TIAE STEP
FUNCTION USED TO TIAE A PAUSE

UTILITY: GRAPH TITLE

UTILITY: GRAPH TITLE

UFILITY: GRAPH TITLE

UTILITY

TEAPERATURE OF THE HEAT EXCHAMGER SURFACE

BAND WIDTH OF THE THERAOSTAT

INDICATOR: SPECIFIES WHICH TERPERATURES WILL BE PLOTTED
THDICATOR: SPECIFIES WHICH TENFERATURES WILL BE PLOTTED
INDICATOR: SFECIFIES WHICH TENPERATURES WILL BE PLOTTED
INDICATOR: SPECIFIES WHICH TEAPERATURES WILL 8E PLOTTED
TEAPERATURE AT EACH NETWORK POINY

FIRST TIAE CONSTANTS OF THE ENVELOPE

SECOND TIMEL CONSTANTS OF THE ENVELOPE

DUARY VARIABLE TO OUTPUT MEAN FLUE LINER TERFERATURE

CONTAINS CODRDINATES TO DRAW 4 TRIAGLE ON THE GRAPHS

UTILITY: SPECIFIES TABULAR OUTPUT WHEN SCREEN CAR'T SHOW GRAPHS
STEADY SYATE FLUE GAS FURNACE EXIT TEAPERATURE

UTILITY: TO QUTPUT MEAN FLUE GAS TEAPERATURE

[UB{RAR]

REAN TEAPERATURE OF THE FLUE GAS (CORRESPONOS TO MEAN DENSITY)
AEAN TENPERATURE OF THE FLUE PIPE G6AS (CORRESPOMDS 10 AEAN DEWS)
UTILITY: GRAPH TITLE

UTILITY: TIAE CONSTANTS OF THE CHIMHEY STRUCTURE

TINE CONSTANTS OF ELEAENTS OF THE CHIANEY (PRINTED QUT)

HEAT TRANSFER COEFFICIENT OF THE CRIMNEY LAYERS

HEAT TRANSFER COEFFICIENTS INTO & OUT OF FURNACE HEAT EXCHANGER
HEAT TRANSFER COEFFICIENTS INTO & OUT OF FURNACE HEAT EXCHANGER
UTILITY: U24R = U24

FILM HEAT TRANSFER COEFFICIENT IN DHW FLUE PIPE

AVERAGE FILN HEAT TRANSFER COEFFICIENT OF 6AS UP THE CHIAKEY
AINIAUN FILM HEAT TRAMSFER COEFFICIENT BETWEER GAS § LINER
OVERALL HEAT TRANSFER COEFFICIENT OF THE FURNACE HEAT EXCHANGER
VELDCITY OF FLUE 6AS THROUGK EACH ELEMENT OF THE CHIMKEY
urILITY

EFFECTIVE ENVELOPE CENTER OF LEAKAGE INCLUDING INTAKE

LOCATION OF THE FRESK AIR INTAKE

VOLURETRIC FLOW RATE

URITS

SET vALUE

€
(C}

(C)

()

(C)

(C)

{n)

1]

(C)

()
(¥/02.0)
(¥/32.0)
{4/02.0)
(DEG)
(C)

{0

()

()
()

{C)
{s)
{g)
(C)

(C
(€)

()
()

{s)

{s)
(¥/C)
/0
(§/C)
({7]8]
(¥/n2.0)
W)
(§/92.0)
(§/0)
(n/s)

(x)
(a)
{nd/s)

TYPE OF VARIABLE

FURCTION

FARARETER

Ty

UTILITY

DEPENDENT PROFERTY
DEPENDENT PROPERTY
DEPENDENT PROPERTY
DEPENDENT PROPERTY
DIRENSION
DIRENSION
DEPEHDENT PROFERTY
DEPENDENT PROPERTY
PROPERTY

PROPERTY

PROPERTY

VECTOR

SETPOINT

DEPENDENT PROPERTY
DEPERDENT PROPERTY
FUNCTION

UTIeImy

UTILITY

UTILITY

UTILITY

DEPENDENT PROPERTY
SETPOINT

uTILITY

UrILITY

UTILIY

UTILITY

BOUNDARY CONDITION
PARARETER
PARARETER

OUTPUT VARIABLE
orimn

UTILTTY

DESIGN CONDITION
UriLImy

ULy

" PARARETER

PARARETER
UTILITY
PARARETER
PARAAETER
PROPERTY
PROPERTY
PROPERTY
PROPERTY
COEFFICIENT
COEFFICIENT
COEFFICTENT
COEFFICIENT
DEPENDENT VAR
UTILITY
DIRERSION
DIRENSION
PHYSICAL QUART

et Ay D3

AODULE REFERENCER

pUTRUT

OYNARIC ERVELOPE
THERMAL

COAROK

THERNAL /AERD
AERCOYNAAIC FURNACE
THERMAL

THERAAL

ReIN

RAIN -
DYRARIC ERVELOPE
DYRARIC EAVELOPE
TRERRAL

THERNAL

THERRAL
AERDDYNARIC
DYNANIC ERVELOPE
THERAAL

THERRAL

LA

GRAPHICS
GRAPHICS
GRAPHICS

CONRON
THERRAL/CHIAREY
DYNARIC ENVELOPE
GRAPRICS
GRAPHICS
GRAFHICS
GRAPRICS
AERODYRARIC/ALL
DYNARIC ENVELBPE
DYNARIC ERVELOPE
THERRAL/CHIMKEY
GRAFHICS

ERROR TRAPPING
THERMAL

ouTry

conaoy
THERNAL/AERD
THERALL/AERD
GRAPHITS
THERAAL/0LTPUT
THERRAL

THERAAL

THERRAL

THERRAL

THERRAL

THERAAL

TEERRAL

THERNAL

THERRAL
AERD/THERRAL
GRAPHICS
RLRODYRARIC
AERGDYNAAIC
AERODYNARIC/ALL



VARTABLE

g6 W
e

386 va
wmw

189 YWIRD
189 UNINDH
380 vuinoT
391 WNIROY
392 WCDEFR
393 NCOEFY
194 VISIK
395 X

396 X1
X2

198 13

399 X4

400 X0

01 XHEW
402 YOLD
403 XFT
404 XSCAL
405 XX

406 Y
0718

408 YDEW
409 YFLDS
410 YHEW
411 TRUASY
412 Y0UD
413 YPRSS
114 YSCAL
45 YST
M6 YH
K72
418 Y13
£19 Y14
420 YTEAPY
2 n
mn

23 10

2 U
LYY

426 ICOR
LYY

DESCRIPTION

HORIZONTAL COAPONENT OF THE WIND VELOCITY AT THE CHIANEY TOP
VELBCITY (SCALER) OF GAS/AIR AT EACH NETNORK POIRT
UTILITY: USED TO OYTPUT VOLURETRIC FLOW RATES
VERTICAL COMPONENT OF THE WIND VELOCITY (+VE UPNARDS)
UTILITY: WIND SPEED

UTILITY: WIND - HORIZOWTAL COMPOKERT

VIND SPEED - TQTAL

UTILITY: WIND SPEED - VERTICAL COAPONENT

HORTZONTAL WIND PRESSURE COEFFICIENT

VERTICAL WIRD PRESSURE COEFFICIENY

DELTVERED HEAT TO THE HOUSE FROA THE FURNACE

UTILITY: LOOP COUNTER FOR THE KUMBER OF METWORK POINTS
urIeTy

UTILITY

UTILITY: VARIABLE USED TN THE ITERATIVE PROCESS
GTILITY: VARIABLE USED IN THE ITERATIVE PROCESS
UTILITY: COUNTER FOR THE TEAPERATURE PRINT OUT ARRAY
UTILITY: USED TO LOCATE X-COORDINATES IK PLOTS
UTILITY: USED TO LOCATE X-COORDINATES IN PLOTS
FRACTION OF THE FLUE HEIGHT USED TO DETERMINE EXT/INT LOCATION
UTILITY: X-AXIS SCALING FACYOR IN GRAPHICS ROUTINE
UTILITY: COUNTER

UTILITY: COUNTER FOR THE HUNBER OF ELEMENTS "NE® UP THE CHIMNEY

UTILITY: TITLES FOR THE Y-AXIS IN GRAPHS

UNTIS SET VALUE

(8/s)
(a/s)
(L/s)
(w/s)
(kg/h)
(u/s)
(a/s)
{a/s}

(¥-5)

(kg/s)

(w)

UTILITY: LOCATES THE VERTICAL LOCATION OF THE ONSET OF COKQENSATION

UTILITY: USED T0 LABEL THE SCALES OW THE Y-AXIS
UTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY: USED TO LABEL THE SCALES ON THE Y-AXIS
UTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY: USED TO LABEL THE SCALES ON THE Y-AXIS
UTILITY: USED TG THE SCALE THE Y-AXIS i
UTILTTY: USED TO FLOT THE Y-COORDINATE

UTILITY: USED TG PLOT THE Y-COORDINATE

UTILITY: USED TO PLOT THE Y-COORDINATE

GTILITY: USED TO PLOT THE Y-COORDINATE

UTILITY: USED 10 PLOT THE Y-COORDINATE

UTILITY: USED TO LABEL THE SCALES ON THE Y-AXIS
UTILITY: USED 1O THE SCALE THE Y-AXIS

UTILITY: CONTROLS THE PRINT OUT OF HEADINGS AND INITIAL CONDITIONS

UTILITY: OHE OF THE PARANETERS IN THE AATH ADDULE
UTILITY: TIAE COUNTERS TO CONTROL EXECUTION OF PRINT QUTS
UTELITY: TIAE COUNTERS T0 CONTROL EXECUTION OF PRINT QUTS
UTILITY: ONE OF THE PARAAETERS IN THE RATH MODULE
UTILTTY: LOOP COURTER

TYPE OF VARIABLE

BOUNDARY COKOT
PHYSICAL BUANT
UTILITY
BOUNDARY CONDI
QUANTITY
QuARTITY
QUANTITY
QUANTITY
COEFFICIENT
COEFFICIERT
DEPENDENT VARTABLE
CONTROL
UTiLImy
urierny
CONTROL
CONTROL
CONTROL
BTILITY
UTILITY
DINENSION
UTILITY
COXTROL
CONTROL
uriemy
UtILny
UTILITY
UriLany
UrILTY
UTILITY
UrILIny
UTILITY
uTILITY
ULy
UTILTTY
utILanY
oLy
UTILITY
UTILITY
CONTROL
UTILITY
CONTROL
CORTROL
UTILITY
CONTROL

fNODULE REFERENCED

AERODYNAAIC CHINNEY
AERODYNARIC/ALL
ouTPUT
AREDYHARIC
AERDOYNARIC
AERODYRARIC
AERDDYNARIC
AERODYRARIC
AERODYNARIC
AERODYNARIC
DYRARIC ENVELDPE
ALL

CoRROK
CORADN

MAIN

MAIN

OUTRYT
BRAFRICS
GRAFHICS
L
GRAPHILS
GRAPHICS
THERRAL
BRAPRICS
CONDENSATION
BRAFHILS
GRAPRICS
BRAPHICS
GRAFRICS
BRAFHICS
GRAFHICS
ERAFHICS
GRAFHICS
BRAPHICS
GRAFHICS
GRAPHICS
GRAPHICS
FRAPHICS
OUTRUT

RATH ACDULE
outFly
OuTRUT

AATH AODULE
AAIK






VARIABLE LIST FOR PROGRAN: FLUESIAA.BAS

- - - - - - - - -

THE PROGRAN HAS 1367 LINES OF CODE

Y W@ T g O ) et B

-t

i1

VARIABLE

h$
ABRORTS
ADR

AHC

AHT
ANDFACT
ARDKO
AFRD

AR

ARD

ARDARP
AREFF
ARINT
AUFF
AXIS
B

Bt

Bl
B10
Bii
Bi2
B2
B3

B4

8C
BEEP
BLTEAP
BOX
BSAVE
"

(1

10514
.

REFERENCED O LINE No. ...

D L L L L T e

10
17680

21008
3660
60
22050
22040
21036
n

80

20
1170

27
9760

%

0
20070
21084
21014
10559

10600 .

10605
10610
10355
10363

10570
" 10575

10380
10585
10590

10393

10623
10630

10635

3670
22560
19

98

0
1

30
1

21010

4160
22060
22060
21038
20184

4160

40
11180

99
10514

9710
10313
§4]
3360
21000
21066
21016
10625
10635
10630
10635
10625
10625

" 10590

10625
10630
10830

10485

10630
10630
10650
10650
30000
2230

106

441
un

8145
17730

21012

4289
22090
22090
21040
20186

99
15240

4260
11209

715
11209

y 1710

21076
21018
10680
10850
10860
10650
10635
10635
10640
10480
10635
10633

10483
10460
10460

22380
21199

17880
1280

8150
17800

3420
22130
22091
21688
20168

330

4305
23083

9720
11210

9713

21078
21078

10660
10690
10660
10670
10650
10670

106350
10450

10676
10675

22382
21903

3290

DATE: 03-

Bi60 8210
21034 21036

11230

2430 22131

21206 2i888
1646 1847

3403 6080

9740 9760

21080
10690
10690
10480
10460 10670
10675 10480

10660 10675
10660 10675

330 5093

8220

2093

6085

10680

10685
10683

09-1989

~ "
e r wt

8230
20046 21048 21056 21058 21060 21076

3183

9130

8380

4160

140

B430

4270

9693

5270

4290

710

340

4300

s

9350 11300

30030 30055

3390

§720

3400

§740

12662

6335

9750



2
W)
CHBOT
CHDEML
CHDEND
CHOERS
CHOI2
CHELTL
CHELTO
CHELTS
CHHC
CHHK1 -
CHHK?
CHAK3
CHIATS
CHKS
CHs
CHITHCL
CHTHED
CHTHES
CIR
CONST
€08
COUNT
CPAIR
CPHENY
D4

DITA
D21A
D3TA
M;
DANPACTS
DARPTLL
DANPTOP
08

DEF
DENL
DEND
DENS
DEW

OF

DHF
OHYS
DHUAL
DHUAR
DHYC -
DHWEF
DHWFPH
DHWFPLE
DHUFPH
DHULAST
DHWKEL
OHMOS
DHWSBE

. DHUTYPES

0l

012
0IA
DIARKD
00cs

10
93
80
92
§2
§2
20
§2
§2
92
20
10680
10685
10690
80

2
13070
110
MHi
His
130
4

%
9%
%
%
%
%

3520
%

94
%
9

/!
3N
20
39
70

3390
b4

440

40

40

11490
30

103
6172
1590

m
98

130 -

71130
JAbH
1240
§730
9740
9730

30
30
30
93

60
3433
26420
4306
110
17970
23012
24280
9077
3073
4306

103
3694

3400

3410

3820

6140 10550 10353 11110 11250 17860

1620

21199
11155

1060
6120

7210
1210
1213

760
9760

8210
8230
8220
. 428

1610
3092

17980
17960
240420

26590
1255
3093

24415
17945
112

1648
1644
2199

21905
11473

71100
103335
9280

9290
9292

13610

1643
077

24280
24415

9291

24413
113

B143
1647
21908

7200
11130

9360

9310
9296

2831

8130
§233

26390

230482

8130
1648

7310 8190 24420
17210

12170 24820 24900

12170 28640 24920
9375 12170 24680 24940

22380 22582

9130 12570 12610 12620 12630 12662
9293 17955

25500

8160 12662
9693 12590 12600 12662



100.
101
102
103
104
105

106

107
108
109
110
1
112

113
114
113
114
117
118
119
120
121
122
123
124
123
124
127
128
12%
130
131

132
133
134
133
136
%Y
138
139
140
141
142
143
144

143
146
19
148
149
150
151
152
133

0ro
0PBU0
DPOHN
DPOIL
OPFP
DRIVES
I

£

t

E2

£A

EH
ELA

ELAL
ELASA
ELADHW
ELAENY
ELATNT
ELHT
ELTL
ELTD
ELTS
ENTRY
ERL
ER2
ER3
ER4
ERL
ERR
ERROR
EXAIR
3]

i
F
FANR
FAULTS
FCAFL
FCAPNO
FOANPS
FE

FF
FICY
FIRN
FL1
FL2

FLENRES
FLUEDP
FLUEINS
Fa

FP

FPAR
FPOENL
FPDEND
FPOENRS

91
14510
23080
14510
14510

§3

7130
3280
17320
17330
22030

30

20
10570

10513
23063
94
441
443
30

30

30

21870

2
7
91
30
§0
20
91
il
9l

6172
18380
23090
18380
18380

3695

nn

3400
17340
17340
22040

¥
40
10580

10563

23070
4306
444
444
30

30

30

30

2120
3310
2130
320

29130
29999
10100

1840

2250

310
8490
1900
3693
4120

9693
17220
30
0
1910

35

21008

93
22310
6
30
1910
- 40

11155
13
23200
21522
21522

1230
10070
17370
17390

4700
4260
10383

23200
443
443

1640
8210
8230
8220

32680
3320
3280
3430

29140
2119
230
1850

11280
1920

18280
12610

180

1920
2183
21024

17070
10625

11473
23072

23030
23070

9310
10100

4710
4270
23030

446
4640

3320
3340
3320
3440

310
22580

17199
17200
17410

18290
12620

17420

3073
21030

17370

10680

23080

23080
23080

9390
10110

9340
4280

4éb4

3340
1
3400
3460

312
22382

19150
19360

18300
12630

1355
21088

17380
11110

12170 24800 24980

1732

9363
4290

3N
3430

i

12630

3445
21110

17390
17420

17330

4300 4305 6080 6085 6170 6280 4290 4355 4340

J400 3430 10730
3440 3480 10730

3200 3040 3802 3804 8172 6270 4380 9720 10120

3670 8355 18323 130070
112 24114 21116 21130 21186 21176 21188 21850 21840

17430



154
159
15

157
158
159
160
161
162
163
144
163
166
167
148
169
1n
i
1n
173
174
175
176
mn
178
179
180
181
182
183

184
185
184

187
188
189
190
191
192
193
194
195
19
197
198
199
200
201
202
203

204
205
206
207

. FeoI2

FPELTL

FPELTO

FRELTS
FPHC
FRIS
FPLN
FRTHIL
FPTHCD
FRTHCS
FRI
FK2
FR3
FRA

F§

FT
FII$
FU

Fy

6C

608

6E

6F

6FF
GFOUT
GRASSDHY
GPOUT
6TouT
HRB00
He

HCHE
HO$
HF

HFFFF
HH

HHC
HARSSY
HT

HTC
HVoL

I

11

“IND10

INDT
INSTR
ITDHY
ITER
I

J

JUNCTLOSS
JURK$

ki

KBD

ICHTYPE -

10060

§333

93
99
91

" 4340

13330
1090
3694
115
31680
7100

19
9340

2076
Wn

8

6335

40

40
8306
30

21187
21188
21189
21190
3110
3N
20226
10070
1850
380
30070

410
9363
21326
24560
21362
21348

30
24840

11350
1620

" 12380

1630
22022
22022

40
22060
22030

1610

6350

140

133
J260
1140
8140
330

9077
3678

9193
1610

21870
21870
21870

21870

22150

- 2100

20228
10109
7060
6090

6090
37t
24527
24600
21364
21330

8190
24880

11340
1845
12662

6230
22024
2024

440
22090
22050

6360
190
1215
3300
7200

8143
9360

3679

23000

LR
20230
10110
10060

6100

9530
21528

21366
2332

8303

1370
1640

10545
22024

22026

448
22091

23040

7230

9291
373
1260
8150
§310

3680

340 12620 12630

6260
20232

17210
6230
9369

21529

21348
21334

8306

11360
46460

22060

1630
22130

23050
9130
9283
340

8160
9390

3681

6333
20234

17320
9360

9375

21530

21370
21336

8380

11390
4644

22091

6100
2l

12070
9375
12070

8170
§400

3693
{

6370
187

17330

9363
10520
21870

243N
21338

8430

11400
4710

2131
6230

12075
12073

12080 .
8370

710
21188

18280
9575

U4
21360

9270

11410
6090

10523

12080
12170

12170
8380

213
21189

19150
9374

21376
21361

9340

11420
6100

10543

12099
20450

2453680
8390

10130
2190

19560
10520

21378
21850

9330

11430
8160

15180

24340
24940

24840
8400

10140

10523

- 21380

11300

11440
140

24840

8420

10150

10545

21362

17700

11450
9373

8430

16380

11150

21522

17725

11440
9574

8440

18590

23072

21523 21860

17730 17800

11470 11474
10520 10523

8430 9320

9410 © 9440 9450  9A40 17720 17725 17730 17740 17730



209
210
211
212
213
214
245
24
217
218
219
220
21
222
223
224

225
226
27
228
229
230
I3}
232

23
234
213
234
237
238
239

240

241
242
243

244
243

244
247
248

249
230
21

52

253

- KE

KE4
KECON
KEINT
Lis
L1A
L2s
L2
L3
L4$
LEAKDIST
LEFTS
LHC
LNPP
Locoor
LT

A

e
hé

N
NASTER
AConP
ADHW
RIS
A

AFIN
AFIPOT
AFUEL
NGAS
ROKE
AOIL
ATFUEL
ATOIL
AU

N

N

NOHWFP
NE

NELBOWS
NELINT
NFPSEGS

KSCAL
OFTIA
ONTIAE
00

op

20
7077

23062
111
442

30120

1170

30130

11180

30140

30150

B

3694
90

20130

94

0

A

12580

21056
3804
93

30

" 18300

21812

- 90
- 9230

40
10315

23043
112
§4]

11190
30230
11200
30240
30250

6120

b

20180
30
11300

40
7100
7200

101
1920
3520
6172
90
7200

§280
320

10080

10120
3090
10120
340
441

- 20102

20132

9296
427
9430

4125
42
1610
12630

21058

426

- 30

18310
21880

4090
10560

13

11200

10533

17880

8210
12370

11290
17630

3289
3073
11135
3080
71300

330
10130

10140
3190
10130
12590
446
20104
20134

U240
1644
9490

9075

1645
12662

21060

312
18080
18320

21882

4120
11179

4306

11210

11130

8220
12380

17600

3092
11473
3090
1310

7100
10140
10150

3210

" 8149
20104
20136

24280
1680
540
§077

4450
13155

21084
13610
18090
18410

21884

K125 4200 4270 4280 4290 4300

4305

6080  4v85

1180 11210 11230 12650 15300 18320 23062 23063

11220 11230 11240 11250 11260

17270

B230  B305 8306 B3B0 BAJD 9130
17890 17725 17730 17800 24860 24880

17620 18090

095 5110 5280 294 9295 23210
M0 5125 §150 5190 5210 5240

1320 7330 7340 7370 7390 7400
17360
10130

1110 11250 17870

20108 20110 20112 20114 20116 20118

20138 20140 20142 21082

24300 24590 25080 25170

ABA0 4860 4044 4890 4710 8OO
el 9493 13180 13250 13310 13380

23062

4700 4710 8150 8280 9077 9130
17670 17680 17490 17700 17725 17730

18100 18110 1B120 18130 18140 18150

18420 21348 21350 21352 21354 21356
21886 21888 21909

140

9260 9270

20420 24480 24580

3280
220

20120

8305
13440

p140
17600

18140
21358

3320 4130
255 9610

20122 20124

8306 8380
13500 13600

9400 9565
23062

18170 18250
21326 21527

070

9295

6140
12570

20126

8430
17510

11300

18260
21328

9075

9340

1060
12380

20128

110
17543

12570

18279
21329




94 0 7100 7140 7200 9270 9330 12090 12170 24400 24880

255 0Us B R ( /
236 OUTRUT 107 30210
237 P 118 21122 20126 21136 21140 21144
38 M 70 18330 18620
Ny P 75 21178 21860
W0 P2 73 21180 21840
261 P3 15 21182 21860
262 P4 73 21184 21860
. 26 PAR 20 40 11110 11130 11140 {1850 11180 11200 11220 11240 11260 11270 11280 11290 11300
11474
264 PATIRN 27 20182 20184 20186 20188 21882
265 PB 20 40 3270 3390 6100 6120 &140 8170 6172 4180 6230 4280 4290 4300 636D
' 6390 4400 10525 10333 10543 10375 10593 L1155 11140 14490 17440 18140 18360 21362 21364
266 PCODE 30
267 PELHT 60 1620 16460
268 FHC 60 1585 6120 10535 130 17270
269 PIE 60 390 15BY 1590 1600 1446 1647 1848 9493 12662 24590
20 PP 20118 21124 21128 21134 21142 21146
271 FRCOKDS §0
272 PREFS 70
213 PRFLAD 70
274 PRFLAG2 0 12 122
275 PRISE 20
276 PRREGS 0
217 PRTSC 1693
‘278 PRUUN 20
77 M 103 21867 21900 21901 7
8% P 21877 21882 21884 21887 21900 21903 21904 21903 21906
281 PIC §0 1585
282 P1I$ 3720190 20192 20194 20196 20198 20200 20202 20204 20206 20208 20209 20210 20211 2117%
21180 21182 21184
83 PUT 21199 21903 21904 21905 21906
284 PUC 60 1580 1385 6120 10335 11130 17280
85 0 2120 3280 3320 3340 3370 3400 3430
86 02 70 330 3340 330 '
87 66 60 2080 2095 2097 3280 3310 3320 - 3340 400 3430 3520 075 5080 10713
288 QOLAST 2097 3520 0735 ~
289 09 70 2090 2095 2097 2110 3200 3280 3320 3400 3420 3430 3440 3520 D075 5090
- 10716 -
290 Q9LAST - 2097 3520 5075
291 QDHY - 18420 21530 23200 23200
292 WDIL 10665 10670 10675 10680 10685 10690 10710
293 OF 70 - 1900 10623 10680 11110 17410

294 OFLUE 10670 10680 10490 10700 10713
293 QFUEL 10150 10830 10635 10675 10683 17340
296 QFURN 10675 10683 10690 10705 10716

297 06AS 10080 10090 10150

298 RE 12090 12600 12610

29%  RESUAE 29120 291306 30070

100 RISE o 50 4700

301 RISET 93 440 6090 4100 9575 10520 10525

302 RNGTA 3804 22110 22120 22150 - 22160

303 RO 20 40 1900 1910 4745 4770 5320 6120 6140 7180 9480 10080 10533 11130 1125



304

305

306
307
308
309

310
3t

32
33

34
35
Hé
317
318
"y
320
21
n
2

324
325
326

128
329
10
i
132
333
334
35
13
LY
338
339
340
3
342
183
344

345
344
347
148
19

Roonpp
k¥

5
SADKY
SCAL
8Cs

SCSFLAG
SEC

SEG
SN

SNFP
SPACES
SSEFF
ST

I

T4

3

T6F
17t

19

191
T9X
TA

TAB

ThG
18
TCF2
TOHW
TEF
TF
TFOHY
TFLEN
TFPLN
16YP

-TGYPN

THCL
THCO
THES
THETAW
THS
11

TIDHE
TIRER
TISETS

TIT$
TITIFS

22091
30
30

1605

30
90
73
20
9190

38
190
LY
L))
90

22580 22582
9360 9343
3063 3110

24600 24860

21058 21060
2140 3070
19380 21303

1670 4442
A3y 240
2131 2140

1585 6110
10535 _ 11120

6170

8490
35 3350

8433
21100 21150
97 4l
7070 7110
1230 7250
97 214)
21945 22050

22092 22130

400, 441
17w 7330

13240 13300

. 15280 16060

9210 9230

3092 18428
6230 10540

40 9310
24800 24980
1610 1645

22090 22091

2092 2211

50 - 8080
0 8loo
30 8090
1380 1583
2145 2144
40 4630
9430 9550

94 929
“843)
21168 21170
21002 21004
TA90  1RAOD

3183
24880
21064

3090
21346

3070
22310

6120
11130

3676
21162
hAg
71130
2146
22070

2132
444
1340

13370

9240

21381

10543
9390
23020

22092

2R

1583
3802
4640
9600

24280
21N

- 21004

3560

310
21888

3090
22380

6130
23040

18324
4650
1150

31802
2072

4765
7350

13430

9280

23072
10380

400
23090

2130

1590
22100
4670
7630

20440

14
21008

3662

3590
21930

312
22382

6140
23030

21014
17160
no

4650
22090

4170
9130

13490

24420

23200
10383

9430
23120

213

1600
22140
9130
9740

28520
21178

3804

3560
21940

12070

6160
23040

21056
2072
1240

4660
22091

6090
9140

13590

24460

23210
10600
22560

2132

9140
230

18327

1876
2130

12075

8170
23010

~

21038
22090

3092
22092

6100
9330

14080

" 24500

23070
10703

9210
9780

24020 24640

21180

21182

3804

12080

6240
23090

21060
22091

1040
- 22100

6170
9373

14150

24520
23090

9240
12590

24800
21184

9710

12090

8250
23200

2130

N
22130

6220
9376

14210

24620
23170

9260
12620

24900
21187

9715 13110 18080 18090 18324

12170 21942 22090 22091 22120

6280

213

7380

Ui

6230
9680

14270

6290 6340

B490 17170
U 2N

6280 6290
10520 10523

330 14390

23180

9290
13260

26920
21168

9296 9310
13320 13390

24980 25120
21189 21190

6350 4380

17210 18280
26420

6360 7070
10540 10343

15100 15160

9360 9370
13450 13310

2198



350
3
132
353
354

336
b))

138
359
360
361
362
363
364

363
366
367
368
369
170
n

n
PR
374
375
376
n
318
7
380
181
382
183

184
383
186
387
388
389
i
1
192
193
194
195

194
397
198
199

TLFLAG
THF
TRONOFF
TRPL
TAP2
TAP3
TAPS
TN

10wt
1082
[
TRI
T5CR
T556E
11

174
TTF
TTFF
111§
W
1

UsA
02
U2aR
UOHW
Uk
Ul
utA
v
VAR
viL
VCLINT
VF

Vi
w
va
w

I
VWINDH

URINDT
WINDY
WCOEFH
VCOEFV
WISIN
X

X
12
X3
X4

3¢
90
1
1
73
13
K]
20
1230

22060
22060

T 17500

19
30213
80
4763
17550

10
10560
376
LY

30
83so
30
12649

93

93
30

3160
2143
21148
21170
4172
UL
40
1240

17539
104
30220

8490

6090
18180

10563
9620
20212
30
8390
30
12660

7100
3150
3150

. 24600

330
350
8500

) 12580

21082
Y
444
50

17
2146
21850
21850
21850
21850
4779
1310

17343
21199

6100
18200

20214

1y

8430
8070
17670

7140
3140
3160

7080
8070
8310
12590
21084
A48

3320

6360 11155 11473

60
10
2

18
22070
4080
4770

1590
30
40

1600

1590

94
94
22090
4090
3100

0

60
60
60

2430
3820

6120
3390
17090
6110

1600

22130
4100
310

3280
3440

110 7150 7170

1532

6100
1320

17560
21904

8170
18230

20218
17730
8440
8080
17730

8500
170
3470

9490
12640

6100

3400
14350

10535
9400
17370
6120

4640
3140

3320
3440

11060

6170
1330

18180

573
18230

20218

17740

8090
17800

8310
1140
8320

12660
24410

10323

3405
17090

11130

3405
17380
10330

4639
3130

19055

6220

730

18210

10520

20220
176800

8100
24860

11290
gald

17670

1150

3420
18100

17210

3420
17390
10535

4660
3180

17219
19390

6230
7350

18240

10525

20222
17810

8305

24880

17610
8520

11725

17880

6150

18110

7110
17430
11120

4664
%0

18150 18280
2941 21945

6280 6290
1360 1370

18210

10555 10545

20224 20225
8306 8360

17620 18090
17210 168280

18310

4160 8170
18120 168130

1210 11510
11130 17280

4670 4480

9230 5240

00 3430 J440 3440

22070
22140

6360
7380

10610

21168

8430

22000

6172
22343

11520

4690
aamn

7060
1390

10700

21170

1200

6230

7080
1400

11130

410

9340

6280

110
190

7210
9230

1230
9400

17500 17520 17545

2174

§350. 11300 12600

6290

6330

23040 © 23030 23060 23070

14410

§700

- 3280

4710
330

4720
3320

4769
3380

$33)

4763
3390



£00

401
402
403
404
405

406

407
408
409
410
i1
412
413
414
413
416
§17
418
419
420
421
422
423
424
425
426
§27

D
XNEW
XoLb
XFT
XSCAL
XX

¥4
YOEW
YFLDS
YNEW
YHUASS
YoLD
YPRS$
YSCAL
Y81
m
2
113
Y14
YIEAPS
A

1%

10

I3

12
1COR
i

- 40
21305
21872

210356
21204
27
8170

LY
. 42
21106

21110
LY}
21108
21110
21850
21902
21902
21902
21902
21104
21056
10
10650
60

60
10660
1660

420
21872
21882

4660

21058

21206
428
8210

21088
18440
21114
21850
2112
21872
U112
24112
21860
21903
21904
21905
21904
21110
21038

1740
10643

2150

2130
10663

21875
21884
hbb4
21060
21208
1644
8220

21090
22340

218460

214

21882

21114
21870

21060
2160

3100
18327

21877
21888

21875

1645
8230

21092
22570

21870
2124
21884

21875
21873

21074

310

21882
21920

21877

1644
8240

21094
22380

21872
21142
21888

21882
21882

3360

21920

21882

1847
8280

21130
22382

21875
21909

21684
21884

3804

21930

21884

1648
8305
21132

21862

21888
21888

18327

21888

B8040 8070
806 8320
21154 21158

21884 21902

21902
21902

18328

8080
110

21909

8090
9130

8100
7140

B145
190

8150
9200

B160
1210



LIST OF COAMANDS, FUNCTIONS AND RESERVED WORDS

e Y " 00 e O L - =

RKARE 1 OF REFS

ARS 60
ARD i
5 3
CALL !
CHATN I
CHRS §
CLOSE 4
CL§ g
COLOR b
COARON 1
DATES 2
DEFINT 1
DIN ]
DRAV b
ELSE 45
END 1
EXP 1
FOR 75
GUSUB 4
6010 102
If 213
INKEY$ 2
IHPUT b
INT 1l
KEY f
LEN 2
LIKE B
LOCATE 1
RIDS 4
NEXT n
OFF 1
ON 2
OPEN 1
0K 14
PRESET 1
PRINT . 313
PSET. 8
READ I
RETURN 1
SCREEN 3
SIN 2
s 1
STEP !
STRS I
THEN 213
i 1
USING s
WEND 2
WHILE 2

VIDTH 2
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APPENDIX E

DEFINITION OF OUTPUT HEADINGS
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FLUE SIMULATOR VERSION 4.2

Envelope pressure drop (Pa)

the resulting house depressurization due to the incremental

envelope flow

Furnace heat exchange temperature (°C)

the mean temperature of the heat exchanger material within

the furnace

Furnace exit temperature (°C)

the temperature of the exhausting combustion gas (i.e. stack

gas temperature)

Mixing temperature (°C)

the temperature of the flue gas after mixing with the
dilution air from the dilution port. When there is spillage
occurring and positive flue flow, the mixing temperature is
the same as the furnace exit temperature. When there is no
spillage, then the mixing temperature is generally lower than

the furnace exit temperature.

Mean flue gas temperature (°C)

Gas

the temperature of the flue gas that would result in the same
total gas column weight as the sum of the actual column
weights of all the vertical elements of flue gas (i.e. the
mean flue gas temperature corresponds to the true mean

density of the flue gas)

exit temperatures (°C)
the temperature of the flue gas in the last element at the

top of the flue

Mean flue liner temperature (°C)

the arithmetic mean of the liner temperatures all the way up
the flue (including flue pipe or vent connector elements)

USER’S MANUAL



FLUE SIMULATOR VERSION 4.2

Instantaneous efficiency (%)

- the quantity of heat transferred from the furnace heat
exchanger to the house circulation air divided by the heat
generated by the burner. When the furnace is off, this
quantity is automatically set to 100%.

Flue film heat loss coefficient (W/m2°C)

- the heat loss coefficient through the boundary layer separat-
ing the main stream of the flue gas and the liner surface of
the flue. It is the average of all the heat transfer
coefficients from the base of the chimney to the top.

Flue pipe and flue friction factor (non-dimensional)
- the sum of all friction factors including entrance losses,
elbows, length friction losses and exit losses at the chimney

top

Condensation indicator
- indicates the lowest element of the flue that has it boundary

layer temperature below the dew point of the flue gas

USER’S MANUAL



FLUE SIMULATOR VERSION 4.2

SYSTEM PARAMETERS AT FURNACE TURN-ON

Envelope adverse pressure (fans and fireplace) (Pa)

the total induced pressure drop across the envelope of the
house due to exhaust fan and fireplace operation

Wind induced driving pressure (Pa)

the net driving pressure resulting from all wind effects
including vertical and horizontal wind components acting at
the chimney top and the horizontal wind component acting on

the envelope of the house

Net boundary driving pressure (Pa)

the summation of the envelope adverse pressure and the wind

induced driving pressure

Chimney house buoyancy pressure at standby (Pa)

the net buoyancy in the chimney minus the net buoyancy of the
house air at standby. (The net buoyancy of the house air is
the buoyancy of the column of house air measured from the
dilution device to the envelope’s vertical centre of leakag-

e.)

Driving pressure of the draft inducer (Pa)

the net increase in pressure across the operating draft

inducer within the venting device

Net driving pressure parameter (Pa)

Furnace equivalent leakage area of flow (m

the summation of all driving and resisting pressures in the

flue/house/outdoor chimney loop

2)
the effective sharp-edged orifice area of the flow paths in
the furnace including the entrance and exit openings of the

furnace.

USER’S MANUAL




FLUE SIMULATOR VERSION 4.2
2y

Chimney equivalent leakage area of flow (m
- the effective sharp-edged orifice area of the flow paths in
the chimney and flue pipe, including all elbows, entrance and

exit losses

ELA of reverse flow of the dilution port (m)
- the effective sharp-edged orifice area of the dilution port
when the flow is reversing through it. This is used in the
calculation of spillage flow rates when the flow is spilling

or backdrafting.

Envelope equivalent leakage area at 10 Pa
- the ELA of the house as determined by a CGSB standard test in
accordance with CAN/CGSB - 149.10-M, "Determination of the
Airtightness of Building Envelopes by the Fan Depressuriza-
tion Method".

Dilution port chimney ELA ratio (non-dimensional)
- the ratio of the ELA of the dilution port to that of the

chimney

Furnace heat flow density parameter (kW/mz)
- the heating capacity of the burner divided by the ELA of the

furnace

Furnace heat transfer time constant (s)
- the mass of the heat exchanger divided by the overall heat
transfer coefficient across the heat exchanger

Chimney liner heat transfer time constant (s)
- the mass of the chimney liner divided by the coefficient of
heat transfer into that chimney liner from the flue gas

USER’S MANUAL




FLUE SIMULATOR VERSION 4.2

PRESSURE PARAMETERS OF THE FLOW SYSTEMS

Net buoyancy (Pa)

- the net buoyancy of the chimney minus the net buoyancy of the
air inside the house envelope. (The net buoyancy of the
house air is the buoyancy of the column of house air measured
from the dilution device to the envelope’s vertical centre of
leakage.)

Wind effect (Pa)
- the summation of all driving and retarding wind effects in

the system

Envelope loss (Pa)

- the friction loss of the air being drawn through the en-
velope. This is the house depressurization at the vertical
centre of leakage.

Friction loss (Pa)
- the friction loss in the flue pipe and chimney. It is the
pressure drop at all the elements going up the chimney
including entrance, elbow, length and exit losses.

Net driving pressure (Pa)
- the net increase in pressure across the operating draft
inducer within the venting device

Furnace buoyancy (Pa)
- the total buoyancy of the column of gas in the furnace

Inlet drop (Pa)
- the friction pressure drop at the inlet opening of the

furnace

USER’S MANUAL









FLUE SIMULATOR VERSION 4.2

TEMPERATURES OF THE FLUE GAS, LINER AND STRUCTURE

(Note: There are 10 or more elements up the flue pipe and flue
depending on the number of flue pipe segments chosen. The flue
pipe segments are indicated by "FP" and the flue segments are
indicated by "F" in the table.)

Flue gas temperature (°C)
- the temperature of the centre core of the flue gas in each

element of the flue

Inner liner temperature (°C)
- the temperature of the inner-most mass element of the chimney

assembly

Insulation or structure temperature (°C)
- the temperature of the next mass element in the chimney

assembly

Outer structure temperature (°C)
- the temperature of the outer-most mass element in the chimney

assembly

Surrounding temperature (°C)
- the temperature of the interior or exterior air surrounding

the flue pipe or chimney elements

Condensing time (%)
- the total amount of time that a flue pipe or chimney ele-
ments’ boundary layer temperature is below the dew point of
the flue gas expressed as a percentage of the overall

operating time of the furnace

USER’S MANUAL
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MASS FLOW_SYSTEMS PARAMETERS

(Note: The properties and mass flow results in the mass flow
pressure parameter model are reported in this category for all 19
calculation points in the mass flow network - see Figure 1.)

Temperature (°C)
- the temperature of the air or the combustion gas for each

calculation point

Density (kg/m3)
- the density of the air or the combustion gas at each calcula-

tion point

Mass flow (kg/s)
- the mass flow rate through the openings at each calculatlon

point

Volume flow (m3/s)
- the volumetric flow rate that corresponds to the mass flow
rate at each point. It is calculated by dividing the mass
flow by the density

Flow velocity (m/s)

- the air or gas velocity at each point. It is calculated by
dividing the volumetric flow by the effective cross sectional
area of the opening. The quantity is reported to be zero in
areas where the opening is a plenum; i.e. for outdoor
elements or points within the house.

USER'’S MANUAL
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SUMMARY TABLE

Outdoor temperature (°C)
- the temperature of outdoors. A ventilated attic is assumed

to be at the outdoor temperature.

Indoor temperature (°C)
- the mean temperature in the house including all upstairs

rooms and the basement

Standby firing rate (W)
- the heat generating capacity of the pilot light for a gas
furnace. For an oil furnace it is zero.

Full firing rate (W)
- the burner capacity at steady state operation

Instantaneous efficiency (%)

- the quantity of heat transferred from the furnace heat
exchanger to the house circulation air divided by the heat
generated by the burner. When the furnace is off, this

quantity is automatically set to 100%.

Wind speed and pressure coefficients
- The wind speed horizontal and vertical components (m/s) as
reported. Also reported are the wind pressure coefficients
(non-dimensional) used with the respective wind speeds to

determine the driving and/or reversing pressures due to wind.

USER’S MANUAL












FLUE SIMULATOR VERSION 4.2

ENVELOPE CHARACTERISTICS

Three envelope characteristics are given:

Flow coefficient (m3/s Pal') and Flow exponent
- These characteristics of the envelope are determined by a
CGSB Airtightness Test. These numbers are shown for the
envelope both without an air intake and with an air intake,

if any.

Location of the vertical centre of leakage
- below the chimney top is also given with respect to the
envelope without an air intake and with an air intake. The
overall effect of the air intake in terms of increased ELA
and lowering of the vertical centre of leakage can be
observed in this tabular output. (See the Glossary of Terms

for definition of vertical centre of leakage.)

USER’'S MANUAL
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HOT WATER HEATER SPECS

The final output is the hot water heater specifications for a

shared flue arrangement.

Burner capacity
- taken to be zero if the hot water heater has been shut down
for a long time. A small capacity - say 200 to 500 watts -
can be specified for the effect of pilot light and heat loss
from the hot water. The full firing rate can be specified

for hot water heater operation.

Hot water heater efficiency (%)
- the steady-state efficiency of the water heater

Cross-sectional area of the domestic hot water flue pipe branch
(m?)
- the actual area of the vent connector or flue pipe of the hot
water heater that is connected to the main branch.

USER’S MANUAL
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APPENDIX F

INPUT DATA FORMS
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FUEL TYPE AND CHIMNEY LOCATION SELECTION

#1-0il Furnace With
Interior Chimney

oil

#2-0il Furnace With
Exterior Chimney

oil

#3-Bas Furnace With
Interior Chimney

gas

#4-Gas Furnace With
Exterior Chimney

gas

ENTER YOUR SELECTION #(1,2,3 or 4):




OIL FURNACE WITH INTERIOR CHIMNEY

NOTE: All dimensions
are in meters

datum_|_line__

~Barometric Damper
Di ameter:

-Total Length of the
Flue Pipe: (from top of
barometric damper to
base of chimney)




OIL FURNACE WITH EXTERIOR CHIMNEY

NOTE: all dimensions
in meters

~Barometric Damper
Di ameter:

Flue Pipe: (from top

base of chimney)

-Total Length of the

barometric damper to

of

_datum_

lime__




GAS FURNACE WITH INTERIOR CHIMNEY

NOTE: all dimensions
in meters

-Total Length of Vent
Connector: (from top of
dilution device to I
base of chimney)

_datum_

line_




GAS FURNACE WITH EXTERIOR CHIMNEY

NOTE: all dimensions
in meters

~Total Length of Vent
Connector: (from top of
dilution device to
base of chimney)

_datum_

_line__




OIL FURNACE CHARACTERISTICS

OPENING AREAS:-1-firebox leakage area

OTHER DATA:

-2-outlet (breech)
~3~-damper—full open area
~% of above when closed (2-100%)
-4—-interior chamber volume
~S5-heat eichanger 's:—mass
~heat capacity

~firing rates—full on

-standby (heat source)
-steady state efficiency
-steady state stack gas exhaust temperature
—-furnace excess air in %

(m2)
(m2)
(m2)
(L)
(m3)
(kg)
(W.s/kg.C)
(W)
W)
(4)
{9}
(%)



GAS FURNACE CHARACTERISTICS

OPENING AREAS:-1-combustion air inlet

OTHER DATA:

—2-putlet (total of all exhaust ports)
-3-draft hood opening area
—-4-interior chamber volume
-5-heat exchanger 's:-mass
~heat capacity

—firing rates—full on

-standby(pilot light)
-steady state efficiency
~steady state stack gas exhaust temp.

|

—

(m2)

(m2)

(mZ2)

(m3)

(kg)
(W.s/kg.C)
(W)

(W)

(%)

)



FLUE PIPE / VENT CONNECTOR

Open Area of the Flue Pipe (m2)
/ Circumference or Perimeter
i—-inner metal liner (m)
2-insulation (m)
i 3—outer metal casing (m)
| Element Thickness
1 / 2-3 1-inner metal liner (m)
Insulated Flue Pipe 2-insulation ' (m)
3-outer metal casing (m)
NODAL POINTS#* Densities
->1-inner metal liner < 1-inner metal liner (kg/m3)
2-insulation/air <E}—- 2-insulation (kg/m3)
JI~outer metal casing < I-outer metal casing (kg/m3)
' Heat Capacities
/ t—-inner metal liner (W.s/kg.D)
2-insulation (W.s/kg.C)
I-outer metal casing (W.s/kg.C)
Heat Loss Factors Between:
-points 1 and 2 (W/m2.0)
1—/ -points 2 and 3 W/m2.C)
Single walled Flue Pipex -points 3 and suwrrounding (W/m2.C)

#For single walled flue pipe enter "O" for all entries of nodal points 2 & 3.



STUDY THE FOUR CHIMNEY SECTIONS BELOW AND SELECT THE
TYPE THAT BEST DESCRIBES THE CHIMNEY YOU WANT TO MODEL

L] 4 ]
/ 3 / /
F:
a / b—C-— a—/—b—t— -~ a / b C~
#1 MASONRY #2 A-VENT #3 B-VENT
a—clay flue liner a-inner metal liner a-inner metal liner
b-air space b-insulated cavity b—outer metal casing
c—masonry encloswwe c-outer metal casing c—enclosing structure
L]
/ S ENTER YOUR SELECTED
= # 4 MASONRY WITH CHIMNEY TYPE #%_
F== METAL FLUE LINER
E a-metal flue liner
E= b—clay flue liner
£ c—-masontry enclosure
a—/ b——C—




MASONRY CHIMNEY CHARACTERISTICS

|

—_— /23—

]

- NODAL POINTS
I-inner half of clay liner
2-outer half of clay liner
I-masonry enclosure

(brick or other

masonry products)

Open Area of the Flue
Circumference or Perimeter
l—inner half of liner
2—outer half of liner
I-masonry enclosure
Element Thickness
j—-inner half of liner
2-outer half of liner
JI-masonry enclosure
Densities
{-inner half of liner
2-outer half of liner
I-masonry enclosure
Heat Capacities
i—inner half of liner
2-outer half of liner
I-masonry enclasure
Heat Loss Factors Between:
-points 1 and 2
-points 2 and 3
~points 3 and surrounding

(m2)

(m)
(m)
{m)

(m)

(m)

(m)
(kg/m3)
(kg/m3)
(kg/m3)

(W.s/kg.C)
(W.s/kg.C)
(W.s/kg.D)

(W/m2.0)
(W/m2.0)
(W/mZ.0)



A-VENT CHIMNEY CHARACTERISTICS

L]

/

l—/—2-3—

NODAL PODINTS
I-inner metal liner
2-insulation
I—outer metal casing

Open Area of the Flue
Circumference or Perimeter

f-inner metal liner

2-insulation

I-outer metal casing
Element Thickness

{-inner metal liner

2-insulation

I-outer metal casing
Densities

t-inner metal liner
2-insulation

J—outer metal casing
Heat Capacities

fi—-inner metal liner
2-insulation

3-outer metal casing
Heat Loss Factors Between:

-points 1 and 2

-points 2 and 3

-points 3 and suwrounding

(mz)

(m)
(m)
(m)

(m)
(m)
(m)

(kg/m3)
(kg/mZ)
(kg/m3)

(W.s/kg.C)
(W.s/kg.C)
(W.se/kg.C)

(W/m2.C)
(W/mZ.C)
(W/m2.C)



B-VENT CHIMNEY CHARACTERISTICS

/

-3 i / 2 J—

NODAL POINTS
j-inner metal liner
2-outer metal casing
3-enclosing structure

(i.e. gypsum board)

Open Area of the Flue
Circumference or Perimeter
f-inner metal liner
2-auter metal casing
I-enclosing structure
Element Thickness

{~inner metal liner
2-outer metal casing
I-enclosing structure
Densities

j~inner metal liner
2-outer metal casing
3-enclosing structure
Heat Capacities

i—inner metal liner
2-outer metal casing
I—enclosing stucture
Heat Loss Factors Between:

-points 1 and 2

~points 2 and 3

-points 3 and surrounding

(m2)

(m)
(m)
(m)

(m)
(m)
(m)

(kg/m3)
(kg/m3)
(kg/m3)

(W.s/kg.C)
(W.a/kg.C)

(W.s/kg.C)

(W/mZ.C)
(W/m2.C)
(W/mZ. C)



MASONRY CHIMNEY WITH

1 [/ —2—3—

NDDAL POINTS
I-metal flue liner
2-clay flue liner
3I-masonry enclosure

(brick or other
masonry products)

METAL FLUE LINER CHARACTERISTICS

Open Area of the Flue
Circumference or Perimeter
f—-metal flue liner
2-clay flue liner
3I-masonry enclosure
Element Thickness
{—-metal flue liner
2-clay flue liner
I-masonry enclosure
Densities
f-metal flue liner
2-clay flue liner
I-masonry enclosure
Heat Capacities
f-metal flue liner
2-clay flue liner
I-masonry enclosure
Heat Loss Factors Between:
~-points 1 and 2
-points 2 and 3
-points 3 and surrounding

(m2)

(m)
(m)
{m)

{m)
(m?
(m)

(kg/m3)
(kg/m3)
(kg/mI)

(W.s/kg.C)
(W.s/kg.C)
(W.s/kg.C)

(W/m2.C)
(W/mz. C)
(W/mZ.0)



ENVELDPE

Airtightness Characteristics:-ELA (equiv. leakage area) {m2)
(as defined by standard -flonw exponent: n
CAN/CGSE~149. 10~-M) (non dimensional)
Maximum Exhaust Fan Flonw Rate: (L/s)
Maximum Fireplace Flow Rate: (L/s)
AMBIENT TEMPERATURE AND WIND SPEED
QOutdoor Temperature 10.0 () Wind Speeds:-horizontal {m/s)
Indoor Temperature 20.0 (C) -vertical (m/s)
(up is +)
INITIAL TEMPERATURES OF ELEMENTS
Initial Flue Temperatures:—-flue gas (C)
-nodal point #1 (c)
-nodal point #2 (C)
-nodal point #3 ()
Initial furnace temperatures:-heat exchanger surface (<

-stack gas (C)



& FRESH AIR INTAKE LOCATION & CHARACTERISTICS

VCL
datum___line___

{— VCL (Vertical Center of
Leakage of envelope
with flue blocked)

(interior or
exterior)

/ ———— <—FRESH AIR INTAKE
|
I
Furnace———-- ; FRESH AIR INTAKE DUCT:
(0il or gas) -GROSS AREA OF OPENING (m2)
-NUMBER OF ELBOW(S) _




DOMESTIC HOT WATER HEATER CHARACTERISTICS

~SHARED FLUE WITH FURNACE? (Y,N)

-water heater "on'" or “standby" (0,85)

~burner capacity

-standby capacity (pilot light & losses)

-steady state efficiency

-cross—-sectional area of vent connector

—flue pipe length
—flue pipe height
-number of elbows
-type of connection (Y,T,E)

—~connection:flue pipe element no. (1,2...)

FURNACE->

(W)
(W
(%)
(m2)
(m)
(m)
~ /
_ /
/
L /
= |\ : WATER
= N HEATER—>
P O i S
Iy

{—-CHIMNEY




FLUE DAMPER AND FLUE CAP

FLUE DAMPER:
-Is there a flue damper? (Y,N)
-Damper activation: thermal or electric? (T,E)

~Thermal activation temperature:—fully open (°C)

—fully closed (°c

~Leakage area around flue damper when closed _ (m2)
FLUE CAP:

-Horizontal wind pressure coefficient
(horizontal wind pressure coefficient is needed
even if ‘Actual wind angle’ below is not 0°)
-Actual wind angle °)
(measured from horizontal: + up, — down)
-Wind pressure coefficient at that angle

-Wind speed at that angle (m/s)

-Flue cap friction factor



OPTIONAL SPECIFICATIONS

Furnace Thermostat Setting:
-thermostat setpoint o
—furnace thermostat band# (*C)

House Thermal Characteristics:

~heated house volume (m3)
—thermal conductivity of the house envelope (W/°C)
—thermal mass of the house structure (L,M,or H)**

Mechanical Draft Inducer:
-Ilo you wish to include a draft inducer in the vent connector? (Y/N) _

* —enter "Q" if you want to specify the furnace ON & OFF times in TIME CONTROLS
—enter the number of degrees for the thermostat band to simulate the dynamic
performance of the envelope/furnace/thermostat system, e.g."4.0" ()
#% enter "L" for ordinary wood frame structure, “M" for a wood frame house with
interior mass e.g. brick, % "H" for a conc. block or solid masonry structure



TIME CONTROLS

Simulation Start Time
Initial Tiwme Step
Furnace On

Furnace Off
Simulation Stop Time

(sec)
(sec)
{sec)
(sec)
(sec)



FLUE SIMULATOR VERSION 4.2

APPENDIX G

STANDARD DIMENSIONS OF VARIOUS TYPES OF CHIMNEYS

USER’S MANUAL



STANDARD B-VENT DIMENSIONS

{CIRCUMFERENCE)
NOMINAL INNER OUTER AREA OF INNER .  OUTER
SIZE LINER CASING OPENING LINER CASING
3 3" 4" 7.1 in? 9.4" 12.6"
76.2 mm 101.6 mm 0.0046 m2 0.239m 0.319 m
4" 4" X 12.6 in? 12.6 15.7"
101.6 mm 127.0 mm 0.0081 m2 0.319 m 0.399 m
5 5" 6" 19.6 in? 15.7" 18.8"
127.0 mm  152.4 mm 0.0127 m2 0.399 m 0.479 m
6" 6" 70 28.3 in2 18.8" 22.0"
152.4 mm 177.8 mm 0.0182 m2 0.479 m 0.559 m
7" 7" g" 38.5 in?2 22.0" 25.1"
177.8 mm  203.2 mm 0.0248 m2 0.559 m 0.638 m
g" g" g 50.3 in? 25.1" 28.3"
203.2 mm 228.6 mm 0.0324 m2 0.638 m .718 m
10" 10" 12" 78.5 in? 31.4" 37.7"
254.0mm  305.0 nm  0.0507 m? 0.798 m  0.958 m
12" 12" 13" 113.in2 37.7" 40.8"

305.0 mm  330.4 mm 0.0731 m? 0.958 m 1.038 m



STANDARD A-VERT DIMENSIONS

INNER LINER  MID POINT OUTER AREA OF CIRCUMFERENCES
NOMINAL ACTUAL SIZE  THRU INSUL. JACKET OPENING INNER INSULATION OUTER
SIZE DIAM. DIAM. DIAM. LINER THRU CENTRE  JACKET
6" 6 7 g 28.3 in? 18.8" 22" 25.1°
152.4 mm 177.8 mn 203.2 mm  0.0182 m? 0.479 m 0.559 m 0.638
7" 7 8" g 38.5 nl 22" 25.1" 28.3"
177.8 mm 203.2 mm 228.6 mm  0.0248 m? 0.559 m 0.638 m 0.718
8" g" g 10 50.3 in? 25.1" 28.3" 31.4"
203.2 mm 228.6 mm 254.0 mm 0.0324 m2 0.638 m 0.718 m 0.798
10" 10" 11" 12" 78.5 in? 31.4" 34,6 37.7°

254.0 mm 279.4 mm 305 mm 0.0507 m2 .798 m 0.878 m 0.958



STANDARD CLAY TILE LINER DIMENSIONS

NOMINAL INSIDE OUTSIDE| AVG. WALL INSIDE INSIDE OUTSIDE
SIZE DIMENSIONS DIMENSIONS | THICKNESS AREA | PERIMETER | PERIMETER
(Inches) (inches) {inches) (Inches) (in2) (inches) (inches)
{mm) {mm) (mm}) (mm) (m2) (m) {m)

8x8
203 x 203

8x12
203 x 305

12x12
305 x 305

12x 16
305 x 406

16x16
406 x 406

61/4x61/4
169 x 159

61/4x103/16
159 x 259

97/8 x915/16
251 x 253

101/4x133/4
260 x 349

1312x133/8
343 x 340

73/4x79/16
107 x 192

778x113/4
200 x 299

115/8x113/4
205 x 209

12 5/16 x 15 13/16
313 x 402

153/4 x 15112
400 x 394

1116
18

13/16
78
23

26

118
28

38.7
0.0249

63.7
0.0411

97.1
0.0627

139
0.0899

176
0.1133

238
0.605

31.2
0.702

36.8
0.935

448
1.137

48.3
1.226

284
0.722

36.0
0815

424
1.078

61.2
1.301

55.8
1418

THE TWO SMALLER LINERS ARE NOT CURRENTLY AVAILABLE IN CANADA,
THE DIMENSIONS FOR THOSE LINERS WERE EXTRACTED FROM CATALOGUES
ALL OTHER MEASUREMENTS WERE TAKEN FROM SAMPLE CLAY TILE LINERS.
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FLUE SIMULATOR VERSION 4.2

AERODYNAMIC AND FLOW CHARACTERISTICS OF FIVE FLUE CAPS*

MEASURED WIND PRESSURE COEFFICIENTS FOR A BLOCKED FLUE

WIND 3 FINNED OPEN MASONRY
ANGLE A-VENT B-VENT CAP MASONRY CAP&GRILL
-45° 0.662 0.432 0.461 0.242 0.629
-30° 0.731 0.446 0.621 0.989 1.078
0° 0.728 0.503 0.580 1.626 0.958
30° 0.536 0.439 0.241 0.873 0.777
45° 0.556 0.646 0.136 0.812 0.731

MEASURED WIND PRESSURE COEFFICIENTS FOR AN UNBLOCKED FLUE

WIND 3 FINNED OPEN MASONRY
ANGLE A-VENT B-VENT CAP MASONRY CAP&GRILL
-45° 0.470 0.274 0.239 0.263 0.583
-30° 0.531 0.248 0.235 0.755 0.753
0° 0.500 0.269 0.229 1.094 0.669
30° 0.395 0.218 0.166 0.837 0.759
45° 0.433 0.331 0.099 0.787 0.694

FLOW CHARACTERISTICS

WIND 3 FINNED OPEN MASONRY

ANGLE A-VENT B-VENT CAP MASONRY CAP&GRILL

FRICTION FACTOR 1.1 1.4 3.6 0.7 1.0
(K)

RATIO OF CAP 1.6 1.4 0.9 1.9 1.6

ELA TO CHIMNEY
AREA (ELA/A)

* The Influence of Termination Configuratiion on the Flow
Performance of Flues
Scanada Sheltair Consortium Inc. for
Canada Mortgage and Housing Corporation
June 11, 1987

USER'S MANUAL
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APPENDIX I

LIST OF BACKGROUND RESEARCH PAPERS
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The Thermal and Flow Performance of Furnace Flues in Houses,
Volumes I and II, Scanada Consultants Limited, March 1985.

Critical Levels of House Depressurization: Differences and Simil-
arities Between Sheltair’s Maximum Allowable Depressurization
Limits, University of Toronto’'s Vent Establishment Pressures, and
Scanada’s Net Driving Pressure Parameter, Scanada Consultants
Limited, March 1985.

Thermal and Aerodynamic Performance of Chimney Flues- Armstrong
Field Testing Phase 1 and 2, Scanada Consultants Limited, July
1985.

validation and Refinement of the Transient Furnace Flue Model,

Scanada Consultants Limited, February, 1986.

Residential Combustion Venting Failure - A Systems Approach,
Modification and Refinement to the FLUE SIMULATOR Model, Scanada

Consultants Limited, May 1987.

1st Quarter Modifications to FLUE SIMULATOR (Differences Between
Versions 3.0 and 4.0), Scanada Consultants Limited, May 1987.
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