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ABSTRACT

A Microsoft Windows based ventilation software package is developed to reduce time-consuming and
boring procedure of exhaust ventilation system design. This program Assure accurate and reliable air
pollution control related calculations. Herein, package is tentatively named Exhaust Ventilation Design
Software which is developed in VB6 programming environment. Most important features of Exhaust
Ventilation Design Software that are ignored in formerly developed packages are Collector design and fan
dimension data calculations. Automatic system balance is another feature of this package. Exhaust
Ventilation Design Software algorithm for design is based on two methods: Balance by design (Static
pressure balance) and design by Blast gate. The most important section of software is a spreadsheet that is
designed based on American Conference of Governmental Industrial Hygienists calculation sheets.
Exhaust Ventilation Design Software is developed so that engineers familiar with American Conference
of Governmental Industrial Hygienists datasheet can easily employ it for ventilation systems design.
Other sections include Collector design section (settling chamber, cyclone, and packed tower), fan
geometry and dimension data section, a unit converter section (that helps engineers to deal with units), a
hood design section and a Persian HTML help. Psychometric correction is also considered in Exhaust
Ventilation Design Software. In Exhaust Ventilation Design Software design process, efforts are focused
on improving GUI (graphical user interface) and use of programming standards in software design.

Reliability of software has been evaluated and results show acceptable accuracy.

Key words: Industrial ventilation, Balance method, gate method, software, VB6

INTRODUCTION

By industries development, the amount of air
contaminants that are released in workplace has
grown increasingly. To reduce these contaminants,
there are several methods that, one of which is
control at source. Industrial ventilation is perhaps
the most powerful tool availablefor environmental
professional sto control workplace pallution. Exhaust
ventilation can capture contaminants at source,
refine and diminate them, and as a result reduces
workplace pollution and work related diseases
caused by them (ACGIH, 2001; Burton, 1994).

It isestimated that tens thousand of new industrial
exhaust ventilation systems areinstalled annually.
If weassumethat the average capacity is 1000cfm
with installation costs of 5% per cfm and yearly
expense of 2% per cfm, it is apparent that this
presents a considerable investment. However,
many of these systems are improperly designed,
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are not installed according to plans, leading to
tremendous loss as a result of inefficiency. All
ventilation systems must be designed so perform
adequatdly for all conditions. (Williamet al., 2004).
If designer is not very experienced in system
balanceor isnot familiar with air flow behavior in
ducts, branch entrances, and fittings, an error in
loss coefficient selection and manual calculations
may cause systemto be unbalanced and asaresult
be inefficient.

As computers are getting faster, powerful, more
reliable, cheaper and more accessible, their areas
of application are also becoming widespread.
According to above mentioned advantages,
software developing in exhaust ventilation fied
seems to be necessary.

Although Manual Design of exhaust ventilation
systems is useful for occasional design (often a
single branch system), the manual calculation
method is time consuming and increase probability
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of errors. Since the mid 1970s a number of
computer programs for the design of systems have
been introduced in the open literature and by
engineering consultants and manufactures. One
type of design program has been developed for
the programmable hand calculators (Barritt, 1978;
Malchaire, 1981; shotwell, 1984). These have the
merit of explicitly and are easily use in the field
but may not have advanced features, such as
automatic balancing. More recently, Spreadsheet
program for personal computers have been applied
to ventilation design using the velocity pressure
method (Rennix, 1987; Koshland and Yost, 1987;
Temple systems 1999). Although these programs
are powerful tools for design, but they haven’t
ability to design collector and hood and may not
be able to take in to account psychometric
correction in design process.

This study presents Exhaust Ventilation Design
Software (EVDS) as a computer-aided exhaust
ventilation design software for fundamental
understanding of the principles underlying the system
design. The software has been planned to facilitate
complete exhaust ventilation system design.

EVDS uses velocity pressure method for exhaust
ventilation system design (ACGIH, 2001). This
method has been in widespread use for about 50
years; its popularity results from the ease of initial
calculation and ability to redesign system elements
when necessary. Previously an alternative design
procedure called equivalent foot method was
published that fell further from favor in the interim,
and is no longer presented in the ventilation
publications (William et al., 2004). Since EVDS
employs a datasheet similar to ACGIH velocity
pressure calculation sheet, every designer can
easily employ it. Psychometric corrections have
been also considered in EVDS calculations
(ASHRAE, 2001)). Altitude and temperature
deviations from standard condition are
automatically calculated as flow rate (KQ) and
velocity pressure (K,) coefficients, taking into
account psychometric correction.

Intelligent structure of software makes aware user
from errors accrued in design step. These
warnings include high pressure difference between
branches, deviation from minimum transport
velocity in duct, incorrect data entering in
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datasheet, selection of balance method
(automatically or user selection), etc.

Datasheet includes 41 rows that some of them
are filled by the user, and others are automatically
filled by the program, based on data which is
entered by the user.

MATERIALSAND METHODS

To develop new software, some steps must be
considered, including possibility, sketching,
compiling, debugging and providing installation
program (Stroo, 2001). In EVDS Design, pseudo
codes were prepared at first, and then variables
and algorithms were defined. Structure of algorithm
for system design in EVDS was defined in Fig. 1.
After the algorithm definition step, software GUI
was designed. In GUI design, it has been tried to
user interface be based on programming standards
and also be user- friendly. For this reason we have
used dropdown menus and, and designed a toolbar
for fast access to necessary options.

EVDS is developed in VB6 Programming
environment. In EVDS design ActiveX and dll
components have been used to accelerate
programming procedure and fascinate
programming user interface. Program debugging
was performed in several steps to remove logical
and syntax errors.

P.C. specifications for EVDS design summarized
as below:

Windows edition: Microsoft Windows XP
(professional)

System: AMD Athlon (tm) 64 processor 3200+3
GHZ, 512MB of RAM

After program debugging, codes were compiled
to a native code and optimized for fast coding.
Finally, all related files compiled to a setup program
in order to distribute the program and its
components to end user P.C.

System requirements for EVDS including:

Operating system: Windows 95/98/NT4/2000/ME/XP
Processor: 486DX/66 MHz PC or higher
Space usage: 15MB of free Space on hard disk

Software GUI
EVDS has several sections which are explained
as follows:
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Fig. 1: EVDS system balance algorithm

Industrial ventilation system design main page:
This is the main section of the program that user
employ it to initialize a new project. Main sheet
consists of a dropdown menu and a toolbar for
fast access to other sections. In this section user

can see triple pressures in a chart. In design
process of EVDS psychometric corrections and
static pressure effect in fan inlet also has been
considered (Fig. 2).

Fig. 2: EVDS main sheet
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Flow (K,,) and pressure (K, ) coefficients in fan
inlet can be calculated as below (ACGIH, 2001):

1
l+—Spi
13.6(29.92 + Ap)

KQin = (1)

Where in Equation (1):

SPi: Static pressure at fan inlet (in. WG)

AP: Pressure deviation from standard barometric
condition (in. Hg)

K., : flow coefficient at fan inlet

Qi
And:

o SP; 2
KPin = {H 13.6(29.92 + AP) }KP @
Kkpo_L 3)

KQ
K KP 1 A
Pin = =

" Ko KQ*KQin )

Where:

KP: Pressure coefficient for psychometric
correction

K+ flow coefficient for psychometric correction
K., : pressure correction coefficient at fan inlet

Fan Static Pressure can also calculated as below:
FSP =SPgyy¢ —SP;, — VP, +Z

Where:

FSP: Fan Static Pressure (in. WQ)

SP_ : Static Pressure at fan outlet (in. WG)
SP, : Static Pressure at fan inlet (in. WG)
VP, : Velocity Pressure at fan inlet (in. WG)

Cyclone design section

This section is used for cyclone design with several
standard configurations. The efficiency and
pressure drop in cyclone design is calculated as
below (Wane T.D., 2000):

n=1- exp(—Z(C\u)1 /(2n+2) (%)
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where:

) DO T
n=le ) ©)
In which:

T: temperature (VK)
D: cyclone diameter (in.)
And:

aV] Ly (D) s (7
L (3) ] 2]
where:
D: cyclone diameter (ft)
W: width of inlet (ft)
H: height of inlet (ft)
S: length of vortex finder (ft)
L. : length of body (ft)

b
Lc: length of cone (ft)
De: diameter of gas exit (ft)
Dd: diameter of dust outlet (ft)

and:

/
k= 2.3De[5]—1]1 3 ®)
d=D-[(D-Dyg)S+k+Lp)/L¢] )
WZL%%%%im+u} (10)
where:

p,: Particle density (Ib/ft”
Dp: Particle diameter (ft)
V,: gas velocity (fpm)
b, gas viscosity (Ib/ft.s)

Pressure loss in cyclones can be calculated as
below:

AP =1/2p,V?eH,

(1)
where:

AP: pressure drop in cyclone (Pa)
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p,: gas density (kg/m®)
V,: gas velocity (m/sec)

And H calculated as below (Dirgo, (1988);
Ramachandran et al., 1991):

1/3

9 02

re Design

In Cyclone design section eight dimensions of
cyclone can be determined; also efficiency and
pressure drop can be calculated (Fig. 3).

Settling chamber design

Although the cost and size of chambers would
make it impractical but they are most commonly
utilized as precleaners for other collection
equipment where there are some large size
particles (over 50um in diameter) (William, 1997).
This section like cyclone design section has been
designed for settling chamber dimension’s
calculating (Fig. 4).

0.756

Cyclone Data

Dry Bulb Temperature [F | 3
‘wet Bulb Temperature [F | &0
Aliiude [ ft] 4800
Wolumetric Flowrate [ CFM | 4000
Carrected Flow [ CFM ) 12
Inlet Velacity | FPM | 400
Patticle Diameter (L) o
Particle density[ lb/FE3 | 625
Cyclone Efficiency [ %] 54
Pressure Drop in, WG. | b8

[ High Eficiency [STAIRMAND)
\Hiah Effcency [SwAETT
Conventional [LAPFLE]
Conventional [SWIFT]
High thraughput [STAIRMAND]
High throughput [SWIFT)

Fig. 3: Cyclone design section

. setling Chamber Desigh

Chamber Data

Dy b [F) i
wel Bulb (F] 0
Elevation () 4300

Flow Rate [cfm] 4640

Gas Velocity in Chambeslfpm) 00

Patticle Density (Ib/3) 159

Diameter of Particlss () 50

Setting velocity [ ft/s) 04
Chamber Lengh [ft) Eal
Chamber Width [ft) as

Fig. 4: Settling chamber design section
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User can calculate width and length of chamber
as below:

a=,Q/V that V<300 fpm (13)
b =1.44e"’ w VQ (14)
D’pV,
b=144et’ w VVQ (15)

2
Dp, Ve

Where in Equations (13) and (15):

a : chamber width (ft)

b : chamber length (ft)

K: kinematics viscosity of gas (ft*>/min)
W: Humidity ratio (1b/1b)

V: Air velocity in chamber (fpm)

Q: air flow (cfm)

. Fan Geometry

Fan Demention Data

D: minimum diameter of particles that remove by
chamber ()

p,: particle density (Ib/ft’)

V.: specific volume (ft’/Ib)

Fan geometry section

After project design, user can utilize this section
to calculate impeller diameter, impeller width, and
casing dimensions (Ralph, 2001). At this stage user
can obtain 9 fan dimensions (Fig. 5).

Hood design section

If user wants to calculate flow rate, hood dimension,
or see standard ventilation designs, this section can
help him/her to design hood. This section has been
designed based on Ventilation standards manual
which helps user to design miscellaneous hood
configurations including slot, flanged slot, plain
opening, flanged opening, booth, canopy and plain
multiple slot opening hoods (Fig. 6).

Wolumetric: Flow [cfm]

4 to B in

SF fin WG
Fan Fatation Speed [APM)

Hin. blade Inside Diameter fin]
Min. blade Outside Diameter (in]
M, Bladde Width [in.]

Shioud Diameter (in |

Shioud drea [5q, ft)

Tan Beta 1 [deqies]

s General Hood Design

Hood Type

[sLoT
| FLANGED SLOT

| PLAIN OFENING

| FLANGED OPENING

|BOOT

| CAMNOPY

;F'LAIN MULTIFLE SLOT

|FLANGED MULTIFLE 5LOT |

SLOT [FLANG... |PLAIN .. [FLANG...| BODT |CANOPY|PLAIN . [FLANG.. |

HOOD LENGHT [#] &

DITAMCE FROM SOURCE () 299

CAPTUREVELDCITY ffpm) 200
REGUIRED FLOW [CFM) 4218

Fig. 5: Fan geometry data section

Fig. 6: Hood design section
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Collector selection guide Contraction and Expansion loss

This section presents useful information about most ~ This section has been designed to present
collectors that are widely used in industrial  contraction and expansion coefficient losses in
ventilation system design. This informationincludes ~ ducts. User can also calculate losses due to
max loading, collection efficiency, pressure loss,  contractions and expansions, in this section
and energy consumption of collector (Fig. 7). (Fig. 8).

Collector Guide

Collector Sellection Guide

operation task [ concentration [ patticle size [ cpclone [ wet callectar -
CERAMIC Faw Product Handling Light Fine Often Often

CERAMIC Fettling Light Fine ta Medium Seldom Seldam

CERAMIC Refracton zizing Heawy Coarze Mewer Seldam

CERAMIC Glaze & Witz Enannel Spraing Moderate Mediuri Mewer Often

CHEMICAL Material handling Light ot Moderate  Fine to Medium Often Often

CHEMICAL Crushing Grinding Moderate to heavy  Fine to Coarse Often Often

CHEMICAL Premautic conveying Wery Heavy Fine to Coarse Often Seldom

CHEMICAL Roasters, kilng . Collers Heawy Mid- Coarse Often Often

Caoal Mining & Power Plant Material Handling Maderate Mediurn Often Often

Coal Mining & Power Plant Bunker Yentilation toderate Fine Seldam Seldam

Coal Mining & Power Plant Dedusting . &ir cleaning Heawy Mid-Coarse Seldom Often

Coal Mining & Power Plant Dirying Moderate Fire Mewer Often

FLY A5H Coal Burning - Chain grate Light Fine Seldom Seldom

FLY ASH Coal Burning - Stoker Fired Moderate Fine to Coarze Seldom Seldam

FLY ASH Coal Burning - Pulvenzed fuel Heawy Fine Seldom Seldam

FLY A5H wiond burning Varies Coarze Seldom Often

FOUMDRY Shake out Light ot Moderate  Fine Mewer Often -

Collector Performance Guide

Tupe Df Particle collector Particle Dimeter [micl Max Loading [gr.-"ft3| Collection efficiencyl Preszure loss [gas i| Pressure loss [Liquicl Utilities per 1000 c:frl Comprative «
Dy inertial collectors

Settling chamber »40 »B a0 071 to05 - - 1

Baffle Charnber 20 bl 50 05015 = 5 1.5
Skimming Chamber »20 31 T 1.0 - - 3

Louver +10 1 a0 0.3to2.0 - - 15k
Cyclone »15 »1 85 05030 - - 1509
Multicyclone >B »1 95 20to10.0 - - E.0to20.C
Impingrment 10 »1 30 1.0t02.0 - - 30tED
Duharic »10 31 90 Provide Pressure - 1.0t020hp 10ta 20
Electrostatic Precipitators

High - voltage >0.01 >0 99 02t 1.0 - 07 o Bk D8 taz20
Low - voltage »0.001 »05 90 to 39 0.2to05 - 0.03 to 0.0E fw 05ta
Fabric Filkers

Baghouzes »0.08 05 99 20toE.0 - - E.0to20
Cartridge filters »0.05 =01 93 20080 - - -

Wet Scrubbers

Gravity soraw 10 *1 70 01tald 20ta 1000 05402 5 f
4 3

Fig. 7: Collector selection guide section

Contraction Loss

Tapered Contraction
Taper Angle [Dearees) [15 Ty Loss (L] Coefficient — [0,08
Welocity Pressure At D1 in.wg) (2 —

Contraction Loss ’1087 L \—j—@/)
g

Abrupt Contraction = i Information
=
L

Welocity Pressure At D2 (in. wg) |3

=

Fatio 42441

| Please Enter Duct Yelocity Pressure At D1

Welocity Pressure At D1 [in, wg)

Welocity Pressure At D2 [in. wag)

Fig. 8: Contraction and Expansion loss section
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RESULTS

After EVDS design and compiling, validity of
software was examined by the following methods:
First, output of software was compared with
manually calculated results. Then software results
were compared with output of projects that have
been published by authorized organizations in
industrial ventilation field. Also, calculations were
performed in an excel worksheet and results
compared with EVDS output. Software outputs
show maximum error of 0.5% in boundary
conditions.

DISCUSSION

With regard to EVDS validity examination, it seems
that some errors occurred in EVDS calculations,
are resulted from round-off error. Numbers are
rounded off to four digits in EVDS calculations.
In spite of this round off error, EVDS provides an
acceptable accuracy for ventilation system design.
It has a user friendly environment and can be used
as comprehensive exhaust ventilation software
that facilitates design process and prepare
whatever a user requires for design. EVDS can
design new exhaust ventilation system, check and
redesign previously improperly installed systems.
Another application is collector design for
contaminant elimination. For future software
development, it is suggested that a 3D drawing
environment such as AutoCAD can be added to
the software.
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