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1. Introduction

This guide explains how to use StackCalc, a small program | wrote in my spare time, capable of calculating the
chimney effect and the dispersion of a gas in the atmosphere using the Pasquill-Gifford Gaussian model.

Currently, the program can calculate:

e Chimney effect due to natural draft, given an initial estimate of the chimney diameter and height,
with automatic optimization of the minimum diameter and the tip diameter, if the latter is specified;

e (Calculation of the thermal dispersion of the chimney;

o C(Calculation of the plume rise, given the atmospheric stability class according to the Pasquill
classification;

e Calculation of the ground-level concentration profile, in the wind direction, of the main pollutants,
using a Gaussian dispersion model.

The program's results can also be imported into other programs, such as Microsoft Excel, as StackCalc
generates a text file that includes the concentration profile of various pollutants within a radius of up to 5 km
from the emission point. The text file is preformatted with comma-separated values, making it easily
importable into Microsoft Excel or other programs with similar import features.

In Chapter 6 of this manual, you will find essential meteorology notes that are crucial for understanding the
program's options and capabilities, which | recommend reading. It also contains useful information about the
calculation models used.

1.1. Disclaimer

This software is provided "as-is," without any express or implied warranty. In no event shall the author be
held liable for any damages arising from the use of this software.

Permission is granted to anyone to use this software and the data generated for any purpose, including
commercial applications, and to redistribute it, provided that the origin of this software must not be
misrepresented; you must not claim that you wrote the software..

2. Program Installation

If the program was not downloaded from www.melonimarco.it, | strongly recommend re-downloading it, as
the version you are using may not be the latest.

The program requires Windows 7 or higher, Microsoft .NET 8.0 libraries, and a 64-bit processor to function.
If the libraries are not already installed on the operating system, during the setup process, the program will
automatically request permission to download them from the Microsoft website.

The minimum required resolution is 1366 x 768, while the recommended resolution is 1920 x 1080.



3. Main interface

Once the program is launched, the interface that appears is as follows:

,:5 StackCalc 0.70a by Marcoe Meloni (www.melonimarce.it)

File Help About

Process data  Stack and ambient data

Options  Debug window

Flue gas data Results
N2 flowrate (kg/h).umn. [150000 | mw. [0 | kmoim Fluegas (kg/h)

02 flowrate (kg/h)......... [40000 | mw. [31e8 ] kmoln

Ar flowrate (kg/h.uwnn. [1500 | mw. [oa8 | kol

CO2 flowrate (kg/huw.nnn [200 | ww.. [40 | kol Stack effect (Pa).emne.
H20 flowrate (kg/h)........ [2000 | mw. 180 | kol Total DeltaP (Pa)o....
502 flowrate (kg/h.uummme, [38.2 | mw. [64086 | kmoln D calculated (m)....
NO2 flowrate (kg/h)....... [50 | mw.. [s60055 | kmolh Plume rise (m)....

H25 flowrate (kg/h)........ [40 | mw.. [3402 ] kmolh

Other poliutant (kg/h).... [10 | wwe [7 | kmoum

Other pollutant 2 (kg/h).. [15 | mw. [ | kol

Other pollutant 3 (kg/h).. [20 | ww. [30 | kmolm [067

TOTAL FLOW (kg/h)

Temp. at stack inlet (°C) 100

Start calculation

193873.20

Dyn. Viscosity (ep)omnn. 0.015

File paths

Gas vel. at stack tip (m/s): l:l
Gas vel. inside stack (m/s): l:l

l:l Due to tip (Pa)

[ ]

[ ] mwom

l:l Effective rise (m)

Filepath (CSV):

ChUsers\marco\sourcereposiStackDesign'StackDesign'ibin'x64\Release\netd.0

Path for CSV

Filepath (Excel):

Figure 1: main interface of StackCalc (v.0.70a)

The interface is divided into the following sections:

e Process Data: where you can enter the process data for the gas directed to the stack;

Ch\Users\marco\source\reposhStackDesignStackDesign\bin'x64\Release\netd.0

Open file

e Stack and Ambient Data: which allows you to enter the stack dimensions and environmental data;
e Options: which allows for the modification of certain calculation options;
e Debug Window: which contains a debug window where the program logs the calculation results;

e File Paths: to specify the save path for the CSV file containing the concentration profile calculated by

the program;

e Results: where the program summarizes the calculated data.

3.1. Process data

The Process Data tab allows for the entry of flow rates for the components of the flue gas directed to the
stack. The flow rates should be entered in kg/h, and the program automatically converts them to kmol/h.

You can also enter the flow rates for six pollutants. Three of these (SO,, NO3, H,S) are already included by

default. An additional three can be added if the molecular weight of the compound is known.



3.2. Stack and Ambient Data

Process data Stack and ambient data  QOptions Debug window

Stack

Internal diameter (m)..... |E.5 | (first guess)

Tip diameter (m)..... 25 |

Stack height (M), ... |40 |

Stack thickness (mm)........ 12 Roughness (mm)aee o, 0.045
Stack material........ CARBOM STEEL Thermal conductivity (W/mE): 45

Stack pressure drop

[] Control valve / damper pressure drop

Ambient data

Ambient T (°C) Wind speed m/s @ 10 rmeters from ground
Pressure (bara) |1.013 Stability class D - MEUTRAL v

In the “Stack Data” tab, you can currently enter the stack data: internal stack diameter, tip diameter, and stack
height.

While the stack height is a fixed parameter that the program keeps constant during calculations, the internal
diameter is only kept unchanged if the chimney effect is sufficient to overcome the pressure losses
throughout the entire circuit. Otherwise, both the internal diameter and the tip diameter are incrementally
increased by the program in 10 mm batches until the sizing criteria are met.

If you wish to simulate a stack without a tip, simply assign the same value to the tip diameter as the internal
diameter. The restriction due to the tip is currently simulated as an orifice.

The "Control valve/damper pressure drop" option simulates the presence of a control valve or a damper
during the calculation of the stack's pressure losses.

From this tab, you can also enter the environmental data: external air temperature, pressure, wind speed,
and stability classes. By default, the wind speed is considered to be calculated at 10 meters above ground
level; however, by adjusting the appropriate field in the “Options” tab, you can make that the calculation take
into account the wind speed at the stack exit.

For a detailed description of the stability classes, please refer to the relevant chapter.



3.3. Options

Process data Stack and ambient data  Options  Debug window

Save also in BExcel format (xls)

Wind is specified at 10 meters from ground

Thermal losses overdesign (%)

The “Options” tab allows for the modification of certain parameters used in the calculation:

e Save also in Excel format: Not yet active, this option will be used to save the pollutant concentration
profile in Excel format as well.

e Wind is specified at 10 meters from ground: If the checkbox for this option is unchecked, the wind
speed set in “Process Data” will be considered by the program as calculated at the stack exit point. If
the checkbox remains checked, the wind speed at the stack exit will be calculated using the following
formula:

Where:

H X
o (2

u = wind speed at the stack exit point (m/s)

u1o0 = wind speed specified at 10 meters above ground (m/s)

H = stack height (m)

& = parameter dependent on the atmospheric stability class:

0.12 for class A (highly unstable)

0.16 for class B (moderately unstable)
0.2 for class C (slightly unstable)

0.25 for neutral class D

0.3 for class E (slightly stable)

0.4 for class F (stable)

o Thermal losses overdesign: Adds a safety margin to the thermal losses calculated by the program.

This affects the calculation of the exit gas temperature.



3.4. Debug window

Process data Stack and ambient data Options Debug window

Start of calculation... A
Total amount of flue gas (kg/h): 193873.2

Total amount of flue gas (krnel/h): 6762.51

Molecular weight of gas: 28.67

Average speed of gas in stack: 11.59

Reynelds nurnber inside stack: 1828496.43

Density of gas at stack exit: 0.946

Temperature of gas at stack exit (*C): 93.99

Stack effect (Pa): 100.84

Stack deltaP (Pa): 106.68

Tip deltaP (Pa): 0.00

ERROR: Stack effect too low. Trying to increase the diameter in steps of 10 cm...
Tentative 1:

Trying 1D of: 2510 m

ID tip: 2.510 m

Stack effect (Pa): 102.06

Stack deltaP (Pa): 103.62

Of which due to tip (Pa): 0.00

Tentative 2:

Trying 1D of: 2.520 m

1D tip: 2.520 m

Stack effect (Pa): 102.06
Stack deltaP (Pa): 101.95

Of which due to tip (Pa): 0.00

Reynolds nurnber inside stack: 1813984.60

In the debug window, the program writes the results of the calculations or summarizes the most important
ones.

3.5. File paths

File paths
Filepath {(C5V): ‘C:\Users\marc oh\source\repos\StackDesign\StackDesignibin\x 64\ Relea Path for CSY Open file
Filepath (Excel): ChUsers\marco\source\repos\StackDesign\StackDesignibin\x64\Relea

In this tab, you can specify the path where the CSV file containing the pollutant dispersion data calculated
by the program will be saved. Use the "Path for CSV" button to specify the save path and "Open file" to
open the generated text file with Notepad.



3.6. Results

Results

Fluegas (kg/h).ene. 193373.20 Fluegas (kmol/h)..... 662,51

(Gas vel. at stack tip (m/s): Termp. at top ("Clan.
Gas vel, inside stack (m/s): Wind speed at top (m/s)

Stack effect (Pa).nn, 102.06

Total DeltaP (Pa)..ororenen 101.95 Due t0 tip (Pa).ewoereeree

ID calculated (M), 2.52 Tip 1D () veerenssnsnnssenn 2.52

Plume rise (m).emn. Effective rise (M)

Once the program is configured, clicking the "Start Calculation" button will initiate the calculations. The
results are displayed, as previously mentioned, both in the “Results” screen and in the text file specified in
“File Paths”.



4. Importing the Dispersion File into Microsoft Excel

Once the calculation is complete, the program saves the concentration profile obtained in a text file. The data
is comma-separated and begins on line 39 of the text file:

Mj output.txt - Blocco note di Windows —

File Modifica Formate  Visualizza 7

T at stack outlet (°C): 95.9196

Gas velocity inside stack (avg, m/s): 18.7895
Gas velocity at stack tip (m/s): 18.7895
Gas density at stack tip (kg/m3): ©.9584
Stack internal diameter (m): 2.5750
Stack tip internal diameter (m): 2.5758
Stack height (m): 46.0008

Stack effect (Pa): 182.8445

DeltaP (Pa): 101.0158

Plume rise (m): 88.3808

Effective plume height (m): 128.3868

Stack pollutant dispersion at ground in the direction of wind
distance (m),conc S02,conc NO2, conc H2S, conc pl, conc p2, conc p3 (ug/m3)
1,08.800000,0.000000,0.000000,0.000000,0.000000,0.000000
.Pesead,0.000000,0.000000,0. 000000 ,0.000000,0 . 00000E
.B60Bes,0.080000,0.000000,0. 0600000 ,08.080060,0.000000
.Be0ee0,0.000000,0,.000000,0.000000,0.000000,0. 000000
.Peseao,o.000000,0.000000,0. 000000 ,0.000000,0 . 000008
.B60Bes,0.080000,0.000000,0. 0600000 ,08.080060,0.000000
.Beeee0,0.000000,0.000000,0. 000000, .000000,0 . 00000E
.Peseao,o.000000,0.000000,0. 000000 ,0.000000,0 . 000008
.0600e8 ,08.080000,0.000000,0. 0600000 ,08.080060,0.000000

[ S

—
[P,

WOOCD ] W Bl

-

[ B cw B o v I o s B o T v

To import the file into Excel, the quickest method is to open a new Excel sheet and select the “Data -> From
Text/CSV” menu:

ﬂ Salvataggio automatico 'i. :l 3 = -

File Home  Inserisci  Layout di pagina  Formule

E% [D'E Da testo/C5V F= Da immagine ~
i, T .
Recupera & Da Web [(%:. Origini recenti
dati~  EF Databella/intervallo [ Connessioni esistenti

Fecupera e trasforma dati

Al w o i Jx

Once you select the text file, Excel will analyze it. Select “Data Type Detection” and choose “Based on the
entire dataset” to allow Excel to correctly recognize the file:



o X
output.txt
QCrigine file Delimitatore Rilevamento del tipo di dati
| 65001: Unicode (UTF-8) - | | virgola * | in base alfintero set di dati - B!
Stack height {m): 40.0000 ~
Stack effect (Pa): 102.0445
DeltaP (Pa): 101.0150
Plume rise {m): B8.3800
Effective plume height {(m): 128.3800
Stack pellutant dispersion at ground in the direction of ..
distance (m) cong 302 congc NO2 conc H25 conc pl cong p2 CONC |
1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
2 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
3 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
4 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
5 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
6 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
7 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
8 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
9 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
10 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
11 0.000000 0.000000 0.000000 0.000000 0.000000 0,000
12 0.000000 0.000000 0.000000 0.000000 0.000000 0.000
13 0.000000 0.000000 0.000000 0.000000 0.000000 0.000 w0
14 1 AO0000 0 NO0N00 1 OO 1 O 0 NON0N0 0 (W
< >
! Trasforma dati Annulla
H H “ ” H
Finally, click the “Load” button to load the data into an Excel sheet:
@ swataggoavematco @ ) B 9 = Cartell - Bxeel P corca A wowan @ - o x
File  Home Inserisci Layoutdipagina Formule Dali  Revisione Visualizza Automate  Svluppo  Guida  Struttura tabella  Query | Commenti |
= pivet = = [E] propriets = a e ]
M Ridimensiona tabella {5y Converti in infervallo filtra dei dati - * 55 Scollega 1] Righe [
Proprietd Strumenti Dati tabella esterna Opzioni stile tabella Still tabella ~
m v S~ -
Columnl ~|Column2 [+ Column3 | Columnd | Columns | Columné + | Column? - H 1] K L M ra
37 [Plume rise (m): 83.3500 | | | | | | § Query e connessioni v X
: s el g a1 S8 Query | Comnessiom
0 sk Tt
41 distance (m) :.om ;ar\c NO2 ;m& &:m ;m ;;;;;Jo{uy‘msl Daﬂn{ : ry
402 0.000000  0.000000  0.000000  0.000000 0.000000 0.000000 5040 ighe caricate:
443 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
45 4 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
465 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
476 0.000000 0.000000 0.000000 0.000000 0000000 0.000000
487 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
49 B 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
09 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
510 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
5211 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
5312 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
413 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
55 14 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
56 15 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
57 16 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
5817 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
59 18 0.000000 0.000000 0.000000 0.000000 0000000 0.000000
&0 19 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
61 20 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
62 1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
63 22 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
64 23 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
65 24 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
66 |25 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
& % 0000000  0.000000 0000000  0.000000 0.000000 0,000000
68 27 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
9 28 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
™29 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
30 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
7231 0.000000 0.000000  0.000000 0.000000 0.000000 0.000000
7332 0.000000 0.000000 X X

> output  Faglio <F i

BB T Accessibilitic venfica.

B B B -—a—+ wm
nommme . B




4.1. Alternative Import Method

Alternatively, if Excel does not correctly recognize the ranges (which unfortunately happens often with recent
versions), you can proceed in an even simpler way:

1. Open the output file and select all the data it contains, then copy it to the clipboard (CTRL+A, followed
by CTRL+C):

] output.txt - Blocco note di Windows — O %)

File Modifica Formate Visualizza 7

H20 (kg/h, kmol/h, %wt, ”~
502 (kg/h, kmol/h, %wt,

H2S (kg/h, kmol/h, %wt, %vol): 48,1.1736480445983217,0.00020863284197382619,0.00817355088166365112

Pollutant 1 (kg/h, kmol/h, %wt, %vol): 10,0.5882352941176471,5.1588184934565476E-85,8.698472277736113E-05
Pollutant 2 (kg/h, kmol/h, %ut, ): 15,08.6,7.737015740184821E-05, 8.872441723298835E -85

Pollutant 3 (kg/h, kmol/h, %wt, % ): 20,8.6666666666666666,0.000103160820986913895,9.858268581434261E-85

T at stack inlet (°C): 188.

T at stack outlet (°C): 95.

Gas velocity inside stack (avg, m/s): 18.7895
Gas velocity at stack tip (m/s):

Gas density at stack tip (kg/m3):

DeltaP (Pa): 101.8150|
Plume rise (m): 88.3808
Effective plume height (m): 128.3880)

Stack pollutant dispersion at ground in the direction of wind
distance (m),conc S02,conc NO2, conc H2S, conc pl, conc p2, conc p3 (ug/m3)
.boeeRe,0.000000,0.000000,0.000000,0.000000,0.000000
. 500800 ,0.000000,0. 000008 ,0. 000E00,0. 000000 ,0. 000008
.0bopes,0.00Pe00,0. 0000008 ,0. 00GE0 ,0 . 000800 ,0 . B8BB00|
.020pes, 0. 00000 ,0 . 0000008 ,0. 000080 ,0 . 000800 ,0 . 288800
.bboeR6, 0. OREA0,0.0B0R0R, 0. DDOE0G,0 . GODEGG,0 . DBOBOG
.booeRe,0.000000,0.000000,0.000000,0.000000,0.000000
. 500800, 0. 000000,0. 000008 ,0. 000000 ,0. 000000 ,0. 000008
.500000,0.000000,0.000000,0.000000,0. 000000 ,0. 000000
.0Bopes, 0. 00Pe00e,0. 0000008 ,0. P0BGE0 ,0 . 000800 ,0 . B0BB00e|
10,0.000000,0.000000,0. 0000002 ,0.000080,0.000000,0. 008000
110 000006 0 000000 0 800000 0 860000 0 060000 0 0060080

2.  Open a new Excel sheet and select “Home > Paste > Text Import Wizard”. The following window will
appear:

10



Fle Home Inserisci Laoutdipagina Formule Dali Revisione Visualizza Automate  Sviuppo  Guida

A @

=& E

= Commenti

1A 28 Testo s capo Genes
&~ A l cents m- % TR Inseisci Eimina Formsto
't & 1] Humeri & SHili Celle R tezza  Compe L "
Al ~ S
A B C D E F G H J K L M N o P Q R L T u w X A

£ ¥ Query e connessioni x
7 w Connessior

s [ Importazione quidata testo - Passaggio 1 di 3 ? B

E‘ uiddata del testo ha riscontrato che i dsti sane delimitati O output ¥
= solo connessione.

;

-l Quali ¥irgolé o 1AbUIALioni.

j Iigia ad importare alta riga: |1 4] Qrginefiie: | Windows (AMS] =

i S

4 | [ e

5

2

£l

=

output  Faglial + °
fronto [ 1% Accessiomti conforme B B O - 1 + 100
soru@e-cellrnOovam s nowmne ik, W
3. Select “Delimited,” and in the next screen choose “Comma” and click “Next”:
Irportazione guidata testo - Passaggio 2 di 3 ? >

In questa finestra di dialogo & possibile impostare i delimitatori contenuti nei dati. L'anteprima mostra come si
presenta il testo.

Delimitatori

DTaQuIazinne
|:| Punto e virgola |:| Considera delimitatori consecutivi come uno solo

Qualificatore di testo: |~ v
DSpagin
Dﬁltm:
Anteprima dati
SIS ETES IS ETI T ST T I T TS EF AP AT F P EF i i r i i i i irfirirss ™

ST i i id il il i il il il if il iiifiriiriiiris

tackCalc 0.5a by Marco Meloni (www.melonimarco.it)

ate 08/11/2024 10:38:45

ST ET T T T T i i i i i Fddr i idirdidy W

Annulla < |ndietro Fine

Finally, click “Finish” to have the data perfectly arranged:

11



349 |5tack pollutant dispersion at ground in the direction of wind

40 |distance | conc 302 conc NO2 conc H25 conc pl

41
42
43
44
45
46
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4.2. Plotting the Results
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conc p3 (ug/m3)
0

= T e T e T e I e Y e Y Y e R e Y e Y e O e Y e O e Y e Y e Y e Y e Y e T e T e T e Y e T e

Once the data is imported, you can immediately display the pollutant concentration graph by selecting the
entire range of interest and choosing one of the scatter plot options:

12
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Figure 2: Distribution of major pollutants at ground level, based on distance from the emission point

Concentration values are expressed in ug/m?3, and distance is expressed in meters.
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5. Calculating the Chimney Effect — Model Used

The chimney effect is a physical phenomenon related to the movement of air or other fluids within a vertical
conduit, such as a chimney or a tower. It is based on the expansion of gases caused by their heating and the
resulting establishment of a difference in density and pressure between the lowest point (where the gas is
heated) and the highest point (where the gas exits to the outside).

The chimney effect is influenced by various parameters, including the height of the conduit and the
temperature difference between the base and the top. The height of the chimney is particularly significant:
the greater the height, the more pronounced the pressure gradient that develops, and thus the stronger the
upward air current. The temperature difference is another crucial factor: the larger the difference between
the internal and external temperatures, the more marked the density variation and, consequently, the more
intense the airflow.

For the chimney to generate sufficient draft, it must be capable of overcoming all the pressure losses
encountered along the path to the top of the chimney.

StackCalc models this phenomenon using the following equation:

Hsg(pa — pr) = X AP; + X APy + APryp (5.1)
Where

- Hsis the height of the chimney, in meters;

- gisthe acceleration due to gravity, in m/s?

- pq — Py is the difference between the densities of the external air and the gas flowing inside the chimney
(kg/m?3). The density for both fluids is calculated using the ideal gas law.

- 2 AP is the sum of all concentrated pressure losses along the considered section of the circuit (Pa). The
losses considered by the program currently include:

e Stackinlet
e Stack outlet
e resence or absence of a control valve or damper

- Y APpis the sum of the distributed pressure losses along the considered section of the circuit (Pa). These
are calculated using the Darcy-Weisbach equation, with the Darcy factor computed through the
Colebrook-White formula. For a detailed description, refer to fluid dynamics texts.

- Finally, APy;p is the pressure loss present if a tip diameter smaller than the chimney diameter is specified.
The program simulates this restriction by approximating the tip as a concentric orifice. The program
automatically limits the tip diameter to a minimum value of 70% of the stack diameter if the input value
is below this limit.

If the natural draft is insufficient, the program iterates by progressively increasing the diameter of the stack
and the tip (if present) until the two values converge.
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6. Meteorology and Models Used

Meteorology is the science that studies the Earth's atmosphere and the phenomena occurring within it. It
analyzes atmospheric conditions such as temperature, humidity, pressure, wind, precipitation, and other
factors that influence climate and weather.

The dispersion of gaseous emissions from a chimney falls within the realm of meteorology. This phenomenon
depends on a series of factors that affect the behavior of pollutants once they are released into the
atmosphere:

Type of Emissions: The physical and chemical properties of the emitted gases, such as density, chemical
reactivity, and water solubility, determine how they disperse and deposit in the environment.

Meteorological Conditions: Wind, temperature, humidity, and atmospheric stability are key determinants.
Wind can transport emissions over long distances, while temperature and humidity influence density and
dispersion speed.

Atmospheric Stability: The stability of the atmosphere determines the air's ability to mix vertically. In stable
atmospheric conditions, vertical dispersion is limited, leading to higher concentrations of pollutants near the
source. In unstable conditions, gases tend to disperse more rapidly in the vertical direction.

Chimney Height: The height of the chimney affects the distance traveled by the emissions before falling to
the ground. Taller chimneys tend to disperse pollutants over a larger area, reducing local concentrations but
increasing potential impacts on more distant areas.

Topography: The topography of the location also influences the dispersion of emissions. The presence of large
bodies of water (lakes, seas) and buildings significantly impacts how pollutants distribute in the environment.

6.1. Meteorological Conditions: Temperature

When considering a small volume of gas exiting from the chimney, it enters the atmosphere with its own
temperature, different from the atmospheric temperature, and its own volume. It will generally undergo
cooling and expansion.

The conditions of the gas exiting the chimney, as well as its physical and chemical properties, and the
characteristics of the surrounding atmospheric air, determine whether the gas will experience positive,
neutral, or negative buoyancy.

It is evident that buoyancy depends on the difference between the density of the gas and that of the
surrounding air, and ultimately, when considering both as ideal gases, on their molecular weights and

temperatures.

The molecular weight of the gas can be approximated as constant over time, as we are not considering
chemical reactions, but this is not the case for the gas temperature, which may vary due to dilution with the
surrounding air or due to evaporation or condensation phenomena originating from the release.

Regarding pressure, like temperature, it will vary with altitude.

If z represents the altitude of the gas volume relative to the ground, the following equation expresses the
variation of air pressure with altitude:
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dP = —pxgx*dZ (6.1)

Applying the ideal gas law and considering an isentropic transformation law for temperature:

T =T, * (Pi)% (6.2)

1
Where
- TandT1 are the temperatures under the given pressure conditions (K)

- P and P1 are the pressures at the measurement points (Pa)
- Kis the isentropic transformation coefficient (1.4 for air)

By integrating equation 6.1 and substituting in the result from equation 6.2, it can be shown that under
adiabatic conditions, the temperature variation with altitude follows the relation:

dT k—1)x*
dzZ k+*RxPM

Where

- gis the gravitational acceleration constant;
- Ristheideal gas constant;
- PMis the molecular weight of air.

This equation allows us to immediately determine that under adiabatic conditions, there is a decrease of
approximately 0.01°C in temperature for every meter of altitude gain. Under these conditions, the small
volume of gas will be in equilibrium with the surrounding air at each altitude, meaning it will not be forced to
rise or fall, thus remaining in neutral conditions. This situation is typical when the sky is overcast, cloudy, and
with moderate to strong winds.

However, there can be other air conditions that result in entirely different buoyancy conditions for the gas.

In sub-adiabatic conditions (-0.01°C/m < dT/dZ < 0°C/m), the rate of temperature decrease is greater than the
adiabatic rate. In this case, a small volume of gas at altitude Z, would have a temperature lower than that of
the surrounding atmosphere at the same altitude.

The gas would therefore be heavier than the surrounding air and would tend to descend until reaching an
equilibrium altitude Ze,.

Conversely, if the gas is at an altitude lower than Z.,, since the temperature of the air at this point is lower
than that of the gas, the gas will tend to rise until it reaches the equilibrium point at Z.q. This condition is
described as stable.

dT . . . .
A special case of stability occurs when P 0 °C/m (isothermy), in which case the atmosphere is very

stable.

dar
In super-adiabatic conditions (E < —0.01°C/m), the previously described phenomenon is reversed: a

small volume of gas at altitude Z,, being lighter than the air, will continue to rise, while at a point Z; below
the intersection with the adiabatic curve, the gas, being heavier, will continue to descend. In these cases, the
atmosphere is described as unstable.

These conditions are typical in cases of strong irradiation or when cold air passes over warm ground.
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) dT . . .
Finally, there can be cases where = > (. These are referred to as thermal inversions. A typical example

is the transition from day to night.

The following graphs illustrate the concepts expressed above:
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Figura 3: Sub-adiabatic Cooling Condition
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6.2. Pasquill Stability Classes

In light of the previous discussions, several methods have been proposed to classify atmospheric stability. In
1961, Pasquill proposed the following atmospheric stability classes:

Day, Insolation Night
Wind Speed (m/s)
Strong | Average Weak >50% cloud cover <50% cloud cover
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

These classes include three for instability (A, B, C), one for neutrality (D), and two for stability (E and F).

The class selection, including in the StackCalc software, should be made based on wind speed, the intensity
of solar radiation during the day, and sky clarity at night.

These classes are still widely used today to classify weather conditions. Specifically, they are used to
determine the atmospheric dispersion coefficients related to the Gaussian model implemented in StackCalc,
which is described further below.

6.3. Wind Speed

Another crucial factor influencing the dispersion of effluents is wind speed. Wind has a dynamic behavior that
significantly affects the shape and behavior of the plume. As mentioned earlier in Chapter 3.3, wind speed
varies with altitude. Since wind speed is typically measured at an altitude of 10 meters, the wind speed at
any given altitude can be estimated using the following relationship:

U = Uy * (%)0( (6.4)

Where:

- u=wind speed at the chimney exit point (m/s
- u10 = wind speed specified at 10 meters above the ground (m/s)
- H = height of the stack (m)
- & = parameter depending on the atmospheric stability class:
e 0.12 for Class A (strongly unstable)
e 0.16 for Class B (moderately unstable)
e 0.2 for Class C (slightly unstable)
e 0.25 for Class D (neutral)
e 0.3 for Class E (slightly stable)
e 0.4 for Class F (stable)
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Understanding wind direction is also crucial, as it indicates the distribution of force across different directions.
To achieve this, polar diagrams are used, which display the probability of wind intensity across various
directions. These diagrams help visualize how wind strength varies depending on the direction and are
essential for accurately assessing dispersion patterns.

6.4. Topography

The morphology of the terrain is also important as it can significantly influence the dispersion of pollutants.
Lakes and seas, the presence of populated areas, or natural obstacles such as mountains or valleys can impact
atmospheric turbulence and consequently the shape and behavior of the plume.

For example, the presence of a building alters the distribution of wind speeds, creating vortices that affect
the dispersion of the effluent.

6.5. Plume Rise and Shape

Initially, the gases exiting the chimney will tend to rise due to the various factors mentioned earlier. This
results in an apparent increase in the height of the stack, which positively affects the dispersion of the
effluents.

This behavior can be explained by the temperature difference between the emitted gases and the surrounding
air: hot gases, being less dense, tend to rise, creating a plume that rises above the chimney. This rise increases
the vertical distance between the emission source and the ground level, promoting greater dilution of
pollutants in the atmosphere and, consequently, reducing their impact at ground level.

Initially, the gases have an exit velocity with a purely vertical component; later, this is combined with the
horizontal component due to the wind, resulting in a curved trajectory for the gas.

Due to the factors described in the previous paragraphs, the actual rise of the plume can also be further
influenced by external factors, such as weather conditions, the previously mentioned wind speed,
atmospheric stability, and the surrounding topography. For example, under conditions of strong wind or
thermal inversion, the plume rise may be limited or even negated, leading to reduced dispersion of pollutants
and a possible increase in their concentration at ground level. Therefore, it is essential to consider these
factors in environmental impact assessments and emission management strategies

In any case, the vertical buoyancy of the gas can either be completely mechanical or dependent on the
temperature of the exiting gases.

Generally, if the temperature difference between the gases exiting the stack and the ambient air is less than
50°C, the emissions are considered cold. In this case, the rise of the plume is entirely mechanical, and the
elevation of the plume above the emission point can be estimated using the following formula:

AH = D, * (%)1'4 (6.5)

Where

- AH =rise of the plume relative to the emission point, in meters;

- Du = diameter of the stack exit section, in meters;

- Vu = velocity of the gases calculated at the stack exit section, in m/s;

- u=wind speed, calculated at the altitude corresponding to the stack exit section, in m/s;
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If the temperature difference exceeds 50°C, influence due to atmospheric conditions must be considered.
Under stable conditions, the rise of the plume can be estimated using the following formula:

F\1/3
AH = 2.6+ (ﬁ) (6.6)
Where
Du 2 Tu_Ta

- Con g = gravitational acceleration constant, in m/s?
- Tu=temperature of the gas at the exit point, in K
- T, =temperature of the air calculated at the altitude corresponding to the exit point, in K

Finally, s denotes the stability parameter, which determines if the atmosphere is stable. It is defined by the
following equation:

_ g (ar _ (drT
$= T, (dZ (dz)ad) (6.8)
Where (Z—D is the adiabatic descend rate, equal to 0.01 K/m, as previously described.

ad

If s=0, the atmosphere is neutral; if s>0, the atmosphere is stable; and if s<0, the atmosphere is unstable. In
the latter case, the height of the plume can be calculated using the following equation:

2/3
) (6.9)

u

AH = 1.6*F1/3*(

With x, = 14F5/8 if F<=55 and
x, = 34F2/5 if F>55.

Finally, the effective stack height is defined as the sum of the height of the chimney and the height of the
plume:

Hg = Hqere + AH (6.10)
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6.6. Pasquill-Gifford Gaussian Dispersion Model
To predict the concentration of pollutants emitted into the atmosphere, StackCalc uses the Pasquill-Gifford
Gaussian dispersion model.

The model is based on the assumption that the pollutant concentration distribution follows a Gaussian
distribution in both horizontal and vertical directions. This means that the concentration of a pollutant
disperses in the atmosphere following a Gaussian bell curve, with the highest concentration at the center of
the dispersion plume and a gradual decrease in concentration as one moves away from the center.

The model focuses on several key parameters:

e Point Source: It is assumed that the pollutant source is a point source, as is the case with a chimney.
However, the model is also applicable to any other emission concentrated at a specific point.

e Average Wind: The dispersion is assumed to be influenced by wind speed and direction, which carry
the pollutant along the prevailing wind direction.

e Dispersion Parameters: These parameters describe the width of the dispersion plume in both
horizontal and vertical directions. Being a Gaussian model, this is represented by the standard
deviations oy and g, , which vary with distance from the source and atmospheric conditions.

e Atmospheric Stability Categories: As described in previous sections, Pasquill introduced a
classification of atmospheric conditions into six stability classes (A to F), which influence Oy € 0.

e Release Height: The height at which the pollutant is released above the ground is crucial for
determining the vertical distribution of the concentration.

6.6.1. Equation of the model
The concentration C(x, y, z) at a certain distance from the source can be expressed by the following equation::

exp <_ zi;) [eXp (_ (ZZ_ULB;)Z) +exp (— M)] (6.11)

C(x,y,z) =

2
2MUOTy 0, z 20,4

Where

- C(x,y,2) is the pollutant concentration as a function of the coordinates x, y and z;

- Qis the weight flowrate of the polluttant;

- uisthe average wind speed along the x direction;

- 0y e g, are the standard deviation in lateral direction (y) and vertical (z), describing the dispersion of the
plume;

- Hg = Hgqcr + AH is the effective height of the stack.

From equation 6.11, it is possible to derive all specific cases of interest. Currently, StackCalc allows the
calculation of the concentration at points C(x, 0, 0), which correspond to the ground-level concentration
profile along the wind direction.
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6.6.2. Dispersion Parameters
StackCalc calculates the dispersion parameters g,, e g, based on the Pasquill stability class, using the
following expressions:

Condizioni atmosferiche gy g,
A o = 0.22x o, = 0.2x
Y =1+ 0.0001x
B o = 0.16x o, = 0.12x
Y =1+ 0.0001x
C ~ 0dlx ~ 0.08x
% = 1%0.0001x % = 140.0002x
D 0.08x 0.06x
% =1700001x | %~ 1+0.00015x
E 0.06x 0.03x
% = 1700001x % = 11 0.0003x
F _ 0.04x _ 0.016x
% 1% 0.0001x % = 140.0001x

6.6.3. Limitations
The model has the following limitations:

e Constant Wind Conditions. The model assumes that the wind speed in the considered direction is
always constant;

e Absence of Chemical Reactions. The model does not account for chemical reactions during the
dispersion of pollutants.

e Flat Terrain. The model implemented in StackCalc does not consider the presence of complex terrains
(such as very tall buildings, mountains, or significant depressions).
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