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Abstract
Received: 07/09/2021 Background and Objective: Air pollution in industrial work environments
Accepted: 20/09/2021 has adverse effects on worker health. Among these effects, one can refer to
chronic obstructive pulmonary disease and asthma, which impose direct
How to Cite this Article: and indirect costs on society. Local exhaust ventilation is considered an
Mohebi Sh, Yarahmadi R, appropriate approach to remove pollutants released in indoor work
Ebrahimi H. Development of environments. This study aimed to develop a smart application for
Smart  Software for the designing and selecting local exhaust ventilation systems.
Selection and Design of Local Materials and Methods: This study was designed and performed at two
Ventilation Systems based on stages. At the first stage, a smart application that could select and design
the Visual Basic Programming the best local exhaust ventilation system was developed using Visual Basic
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6.0. Subsequently, for the validation of this application, the results obtained
by the application were compared with the benchmarks. Statistical analysis
was performed in SPSS software (version 22), and the Bland-Altman plot
was utilized to examine the consistency among the results.

Results: Among the parameters, the maximum difference was related to
the static pressure drop of the channel with a 5% difference, and the lowest
difference was related to the size of the calculated diameters, in which no
difference was observed. Bland-Altman plot showed that the standard
deviation of the results of the designed software in the calculations of 28
branches of the ventilation systems designed for static pressure, velocity
pressure, and total pressure was in the range of +2SD.

Conclusion: Since the software presented in this study has an error of less
than 5%, it can be used as a suitable and reliable tool for designing local
suction ventilation systems.

Keywords: Local Ventilation Systems; Pressure Drop; Smart Design;
Workplace Pollutants
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-Hood have a ventilation standard?
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Material Transport
Charactristics of Air Pollution

Enter Particle Concentration |10 gr/ft3

10 Micrometer

Kind of material transport systems

Enter Particle Size

‘Hopper(Manual Loading) j
Bucket Elevators

Bucket Elevators(Inlet Material)
Bin(Mechanical Loading

pper{
Conveyor Belt
Conveyor Belt(Magneetic Separator)
Toxic Material Belt Conveying Head Pulley
Toxic Material Conveyor Belt Loading

Calculation

Hopper(Manual Loading)

Enter Area of opening face © ft2

exhaust requirement

Flow Rate 200 cfm

Final duct velocity 4584 fpm

NEXT
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What is the nature of air pollution?
= Particles " gases

Does the branch have a hood?
~ YES ~INnOo

Hood have a ventilation standard?

Material Transport LI

Parallel or Series or other branch
-
-

-

Enter Duct Segment Identification

Help |[a1 Next

Flow Rate(Dry Air) |9|)|] cfm
Duct Flow Rate | |774 fm

Minimum Duct Velocity |4-DDD fpm

Selection of Duct Diameter

- [6  mn2

=] Manual Selection [6 = 1n2
Next
Final duct velocity 4585 fpm
Duct Velocity Pressure |1.32 In.wg

HOOD STATIC PRESSURE
Hood Losses

show detail

duct loss
Lenght [14
Material |galvanization ~|jo.s7

elbow loss coeflicents
step 1 - tyvpe of elbow

[roUND ELBOW ~] |0.21
Step 3 - for elbow in this run

- m T

step 2 - elbow loss coefficents

kind of elbow |5_ piece LI

Ratio R/D [150 =]

Branch entry loss
Branching angle |3D LI |0.24

Beranch have Contraction or Expansion?
° ¥YSE “ NO

Branch have Air Cleaner Device?
- YES ~ NO

Segment Pressure Loss

| Segment Preddure Loss I |’2-93 In.Wg

Goverming Static Pressure | | In.Wg
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Charactristics of Air Pollution
125

Enter Particle Concentration |10 gr/ft3
10 Micrometer

Particulate matter is wet or sticky?
~ YES “ NO

Enter Particle Size

Are PM Gases or Vapore Explosive?
“ YES “ NO

What are size and collection efficiency ceriteria?
" Moderat Efficiency 5 - 10 Micrometer 0

" High Efficiency 2.5 - 5 Micrometer 70

* Very High Efficiency 0 - 2.5 Micrometer

Efficiency oG
Air Cleaner Devices For PM Cost and Efficiency Information
Capital Cost 9 to 85 $/SCFM

" Dry ESP- Wire Pipe Type

Operation and Maintenance 6 t0 27 $/SCFM

Annualised Costs 8 to 50 $/SCFM
Cost Effectiveness 53 to 3370 $/TON
Effidency 90% to 99.9%

(Voo Jlo 50 155 50l ¥0) anj g lowsly Golal r Camgllae (5 iy Sl S 5o 0 S

ol ol as s L o 18le sl edelcassa @l Lael
e w908 DSl glalins 4 bgyye glasll VY g
3o a8 [V] el (YNY Jlo YA ialpg) ACGIH ol
L g ol oas &l,) QLS cpl pd 25w VAR B VA0 Glxaw
5o el ol a0 Ve Gled) ojlaslinl baylpl 508
ool 0l gy 2 (Sugby 9 slso 5 by lans
ol b aisyy Jols 4y asjls 5Ls a5 basls jl oax
a3l VY ol a s pll ol jo oil5 gg5 pis b a8
Jlad Cdl olge gl asls YA @b colegys ol il
Shi g 5 jLlid ey jlad (STlwl jlas (JUST Ssl!
ehasls s gll Judow 5 awslio a> e polie L JUIS
@b o |y DS 5158 b it ol sl jeie oS
Vo Jsex yo waaly gz ge lade g 8l 5l eelcassa

Sl 00 o0l UL“‘“’

69858 Sl Ceand 5 5 YN sae gy 8l AV sae JUIS
S mlislz)le ) badl as 0 0 oanlive /YT sae Cleidl
D92 0 9 )l 0979 US4y (g T Glajed g W8S oo i
b sl pgs al>po 008 2ol 1) gl Gy o 5k
9 47k Spge a4 aelip 055 gl b dur S
A anllae g aslio Jlre S b laaS 4 g s (e
Loy 5 mls ady ol ol olp
awslio ACGIH o ay905 OLS e [0 7000 sloools
g il o )lis b o OS] g B

w5 ey BT ey el aily olalogas 5 0l Lt

P
IS 0 ol (b a5 0uiSe adge A58 s SO
o Slp ez g sl laeay il oal ools lis

1Fer Glamn F oylods A 090 ((glad o Culilogy wiigo alxo

F


http://dx.doi.org/10.52547/johe.8.4.40
https://johe.umsha.ac.ir/article-1-759-en.html

[ Downloaded from johe.umsha.ac.ir on 2025-12-12 ]

[ DOI: 10.52547/johe.8.4.40

& e 40 d9zge e polio g 413800 5 5l edeliiwods gl awslie ) Jaus

i i i JBUS S sl L dnlio (6 puicin
(T gl JS Lasd (T gal) et oo 5L (o i) Sl 5L -
(T 4l oo

WS Az Hlade S| Az lodo S| Az Slade NS Az Hlado pb .
(Moyd) by a0 (2o,3) alypy 2o (hoy)  aly a2z (Moye) by FE asLli e

ATARY -YIYY EAVARS oo VY'Y VY'Y <IN -f/70 -f/7a I -+ IYA -/ A-C \

WY EATAAS -\/vE =10 \/AY VIAD /A -YI0A  -YIFN /A -Y/OA -Y/eN 1-A(2) Y

VY XA ENAA A AR /A .l BV SRV ¢ ol -V/o¥ -V/of 5-D ¥

\/e- -YIVY -YIV# -\VY \IFY VITA </ BAR EAARS V/AA -Y/-% =Y/-¥ Cl?i) I

«IY =YY -Y/#f -\ +IN¥ <IN < IND -Y/f% -Y/f4 YIFA EaARS ERARA G-E 4

AR -AIYE -AIYO ofe V- V- AJAN A AR V/NA \/bF -+ /7Y --17¥ K-14 q

Sgr O ao 0 VY LK-14 a2ls 4 by so

9 )‘)5"5).: La OMA.M.:[ZA LQLQJS )L.d O MLGA )é
Ao, VYN L K-14 asls 4y b pe S o i (a2 0
&ly u.m.ﬂ —aily loges g Lg)LaT sl o g B
9 JBles b esdpSoslal JS jLed @l Gl (o)
oled 2oy A0 liebsl e oogaze jo sly LiS x> 4o
X £ (1.96 x SD) sogamme ;8 oo lisl asls joa o)lge
INHH RO

9 )‘)Blln).i Li OMML‘?ba Lsng.Acfw )L..J Oy MLM
VYO L5-D asls 4y bogypo B! oy ey olo ylid > 1o
So o 03gd5e 40 e pw HLid ple g 0g BT ws o
slephd aslio o yuomen auils B! s ,0 VYO L
LSALQJ o)l..bl W) UAM &9 )‘)S‘ﬁ).a b aMML‘?ba
&bl sla s ai )l [ 5ass b (s g casl ply La,lad

Sld cl aulre jo BT o iy ols las gl
a0y odbiad polae b oawglas o lidle 5 L Sl
Ll DS w00 O L AC a3ls 4 by e
! dly o a5 el 5D aslis 4 bgs e ju o eS
&z o oGS e 5 l58le 5 L sadaale Jlade (e
5,105 342
@l O B9 e s ln &5 pedlmaily gl
il eles ol plad wd oolaiwl azye polis 5 )38l
O 00gazme 5o e b soddiwle Ssbiwl slalid
dl 550 3o A 5 Y sla JS3) w)ls 1,3 X£(1.96xSD)
ol 03game Sl 5 a5 A-C asls LIS Sl jled
Jlad cdl anlxe yo Gl58le 5 ol las glel sla s
S8 g azye b 38l woye A0 laebl maw L Sl
O oy iy o Soliad Jled oakaly o o)l B8

.04+
. |Mean+(1.95*sD)=0027

02+ o o
<]
ﬁ o o
g
oo ° © o o om
3 [ Mean=-00104 A
g oo ° ° o oo o
9
r‘—!, =] =]

- D4+ o o o

Mean - (1.96*SD)= -0.048
[+]
- D&
) I 1 1 I I
-5.00 -4.00 -3.00 -2.00 -1.00 00

JUIS Sl jLid ol palia (R0

JUIS Sl JLid el alino, a o 5 4sbiyy 33155 e (sl cyaidT-aily Jloged ¥ JSCi

fo

VPoo limo oF o louds (A 090 «(glad yo Colilogy (owdigeo alxo



http://dx.doi.org/10.52547/johe.8.4.40
https://johe.umsha.ac.ir/article-1-759-en.html

[ Downloaded from johe.umsha.ac.ir on 2025-12-12 ]

[ DOI: 10.52547/johe.8.4.40

Q945 W s (1 yb g O] (5] Wialigh (65158 o 5 Axw g

1049
05+
= Mean + (1.96*SD) = 0.03
o
? o] [#]
'i; .00 o o 00
. [e) o @
~ Mean =-0.0 229 [o] 00 0
= 0 00 o0
-.054
(o] (o] 0
o Mean - (1 96* SD) = -0.07
(o]
=107
T T T T T T
-10.00 -8.00 -6.00 -4.00 -2.00 00

0 Shd pualie (filue

JS 5Lad a0 g2 50 5 sl 355 oliae sl eidl-atly jloges A S

lge yiio yo IS JLad g Solial jlad oSolewl lad
50 BB ails az ey e polas b olacdls
&S Sl (S azs U5 led g Sl jlas polie
ol odel 3929 4 JUIS Saliwl [Lid cdl g Ce L
ool las Jol asls pd 6lp ¥ Jgaz jo lacddlus! ol

Aiils S aS cowl sus

5 Sy JLid G5 Gl oy sl el Jloged
03gdze ;0 a2 o polie g deliy b oddaulxe gla LIS s
59 e g0 polde geled olo flis vy 0 liebl mdaw
ausls 3 X £ (1.96 x SD) osgae
a5 al plml basls ooled glyp 3 giws Ol
8l ey HLid sla pite gl odwlusoas polie slo las

ey Lz g JUS Sl L 2l (sl it (sl @2 po 5 (s Dloslone gl o IS Y Jgiz

(oF ) ey HLid (of ) JUI Silow! HLid el oo dm Lo gLo piiio

GBS Olawlxo dzs s Slwloo dzis Sladio
&5 0 o asLi ol 2,

(Ju040) S (a0y9) o ot
- /5 V/£4 V/0 \NA -Y/O) -v/0f 2-B |
- I5% Vo Y/ - oY -VIVE Y2 B-A Y
-+ IAY VY- VY “IAD -Y/YY -YIYO 1-A Y
e VIAY VIAY -JAQ Yy SYD 1-A(1) f
ol IAY - IAY -0 - “Y/NY 7a-D 0
VY -/va -IA N “V/ov -V/of 5-D 5

ol e [f] cul e 5 granr @l saiSunb
JLid 2l dlons gl a5 s el e Lt Ll
55 e 4y s syms ool ot ol JUIS St

VFee Gliwsn) oF o)lods A 0,90 ((glad yo Cublogy waiio alxo

O9T0d iy slodol » ailo asbip b OAATCM.)A.) C‘-‘L"’
5 Syar> g [f] OSen 5 ooblge anlllas 45 asliy mls
O sl Jed BB g Swl sl [f] s

Js ke o 5l am g JUI Sl jlad cdl da e

WS 2o)0 jho b jhad juate g otdls 1) OS] oy i

\2d


http://dx.doi.org/10.52547/johe.8.4.40
https://johe.umsha.ac.ir/article-1-759-en.html

[ Downloaded from johe.umsha.ac.ir on 2025-12-12 ]

[ DOI: 10.52547/johe.8.4.40

aily JUS Job 45 ogd e yide laasls o il
Goadl oo 5l all (95,5 Sladdl 5 osil; S e g
SBal 3 sgwmanze s b ST tegn ol
e plpreds A ligTa g 0aiSe (rdge wstS Sl
Oladige 5 1> Cublag plaastie 1y (65 paeuas 1]
sanie Glgice (Shy ool b ogdge 48,5 A o
Shoslitul lewly o 1y pwsige oS sl g dngs
UGSl a8 0,5 azgi ouiSe mdge dgtd Slopinw
OlSen 5 5y BT anlllas sliwl, yo asliy o caial)

[a] el

S5 A

2 asly ol plas )bl slaJulos 5l sasleassa s
bl s by oyl B s b pitte coled Slowlone
» INVLOS o5 Lgdd LSLQ(VL“":""’ f‘)‘l’ LS')'.' o, 0
232 Somr Jlghg (omgitalin 0L ad L Sy Jlgig
O3 O 795 oS cel pugianliyy lagl; Sgaee
b5 63y Ll Sl il s & Gl aSEe
IS8 ol b o)le 1) eais ladsle pita sladsens
Syl gy ST g ST aile bools oSSk 4y (slosles
B @ a5 slopiucm (b sladdly Gl 6l b; 0!
[F] el Lol T (5 550l 5 ooliul 5 a2,

4 ooz Sl SUel w8 e asliyy ol (b o
el 4 s Sl 1 dal cl 457 (650 5l 09 adlal T
WWAF Jlo ,o a5 LSan 5 ophem Libgh ,o oodasl)
5 bl pagh s eadall abin 5 [F] w e
VO 0,8 ailal 4 plgi e il plote [F] ol Sen
Cio VY (6l aS 0,5 o)Ll 090 )l 4y bgy e o,lasliul
Aol p (5 lane jo laigS 4y oo lailiwl ) .o )ls se>g calixs
SleMbl Jolas 53,5 o)y b 5 a5 ol oad suils
! 00 odalio J.\L‘B 9 JL!.@ 5‘ 6‘).\ as LS-’-LQ)DU )é 605)5
ey 098 (il Sliir g DLl 4,
S Sse o o5l g5 5 BJUS Sk ks JUS i
Cawlgr FioVh olKiws siedigr Sl 5 (55lw Joleo 1y
Sl ) bl (S 3VL slaolfins aiaden il oyl
L ol crl gleily g 4z ol Congllae—s S
] KU EPEF E54 RPN L COWR SR VE VI RV X YR L gV
aslllas o [V] oo 5 Faradmal a5 jobclon il
Lot Slowlre bl Byo adliy SO s ol olis se>
Srdyobisel aile (%00 Jelse 5 S ol S0 )8
wly Sy pdeonls 0 erdngll 5 )8 cols,

fv

> o oy g lacl slacl pgs slapd, YL 4 5, 9,5
WS olie il gans a5 Wl s Sgzs 4 S GBS
L e pimw a2z 5l &5 (g kel Cma mghy ol 5o
b ooz SolS s S 51 Al (08 a5 L5 b b
GrSoslail jo aal y cdo b o bl asls slaws o i
Jlanl w0l o lael Salal Jlas g IS Las
g JS g Sliwl jlid Slawlbxe yo slael o 0,5 blsa
S 2k G aSLS Gl pxie ol jo a3 so s Gliee
Sy 3 eSSl b S lad polie ex (Jy b
Olesee Gl cnl g bge IR sjlge a5LE g0 b
Ll las o )s wi oo o Uas alasl) oS 2,50 3 &9
9 Py 9 @mlE e B Ll o g Wb I
dgzg alal; Wiz o caddsllas g, sl aws,e ol
odd dlome b 6 pS0jll CuS (S 9 (S5 Gliee
JS )LM..‘) O A-C oA.wd]w Lo Be ‘JL..A )5.‘04; ol ),u
J)LO‘ g.;‘ C.».l‘ ’/’f & )LA&.Q 9 MLI).: lJ cg\.wéb.wl?u
5-D azls o a5 Jl> 0 ol onds B oo 0 VA s
G oy VY s IS Lt 3O T eyl /) L
b atedis el aily glaloges ;5 aF ol onds
23bolizl sy p 05T ragy ol slaasily 5l S
ool lial, o &5 oy b adly Slabre o Uas
P e Al aB)F am aF oe ,Ses 5 Lin adllae
Computational ) sisle Jlgaie 5 558 slal58le 5 o laaali y
SilwJae glgil jo g435 5429 L (Fluid Dynamics: CFD
o] 8o 15 05l pwll Codgame G 4505 slagyl,>
ooles IS sbas 5 358 0 dgamme lacealad pas L Lulal
Josl Shonlns 3 1y tigts i S (S s
[A] o5 o
5l B asle else & g ye g 8l 5 S G
ok o Jlael o8, slaw jo Bl 4 o due S92
gy Koo b el 8, & 0 b Sy Jlsiy (smginsly
ol e [f] asle Jlael 03, A B Y a5 cawl oals oolo Cuns
S psie polie o S| Cle 0l atrie iagh
Yl &gy G 35 @z e g JlBleS (hy 90 50 0a SO
oS jeblen .l jlicl 51w pow g pg0 slapd, yo ol
e g 9 sewd Slawle ool HLaS Y Jgam o
5y &z o 50 polie olge eled jo a5 50 g2 g ol LS
Lis a5 58 ol el o B canl onis 3,5 YU
Ol s anubre 53 Syee e Sl eS8 Sl

VPoo limo oF o louds (A 090 «(glad yo Colilogy (owdigeo alxo


http://dx.doi.org/10.52547/johe.8.4.40
https://johe.umsha.ac.ir/article-1-759-en.html

[ Downloaded from johe.umsha.ac.ir on 2025-12-12 ]

[ DOI: 10.52547/johe.8.4.40

Q945 W s (1 yb g ORI (5] g Wioligh (55158 o 5 drwgi

SN SltasHo
s ol cisles 5l adlle ol bl sl

a5 ol S eske elRails g5l
a5 2dl,s (IR.IUMS.REC.1398.480)

8 | PR P
SRl (53l 5 lidos cigles coles b allie o
el 438 0y ol Gl (S5 pole

O N 99 oo
dlie Gibg g gib plnl o S ot By

Llasls

REFERENCES
1.

Fotourehchi Z. Health effects of air pollution: An empirical
analysis for developing countries. Atmos Pollu Res.
2016;7(1):201-6. DOI: 10.1016/j.apr.2015.08.011

2. Kampa M, Castanas E. Human health effects of air
pollution.  Enviro  Pollu.  2008;151(2):362-7. DOI:

10.1016/j.envpol.2007.06.012

3. Leung MK, Liu C-H, Chan AH. Industrial Ventilation: A
Manual of Recommended Practice for design. Cincinnate:
ACGIH;  2017;1:271-272.  https://law.resource.org/pub/
us/cfr/ibr/001/acgih.manual.1998.pdf

4. Jafari MJ, Gohari FA, Omidi L, Ezadi SK, Khoshghovah MH.
Development and validation of software for designing
industrial ventilation systems. Saf Prom Inj Prev. 201;23:103-
110. https:/doi.org/10.22037/meipm.v3i2.10077

5. Qiu X, Zhu Y, Jang C, Lin C-J, Wang S, Fu J, et al.
Development of an integrated policy making tool for
assessing air quality and human health benefits of
air pollution control. Front Envir Sci Eng. 2015;9(6):1056-

Obewo oF 05lols (A 0590 ((gldd yo Cblogy (wiiieo alxo

ol Koo b sl ol Sslds (g aitun IS5

St 5 SE ob 4 bgs e L) e 40 5 saiadl )|
2y col L3 laacly b glite LIS a5 el asly

] 00 o Ql UM fﬁam);)lf

] PRI 4]
scslas 5l asls o p3Y 055 5 dlie ol Baugss

Q‘)" éw).: fslc oKl 6)5L..9 9 ULLJJU w5l:.n ‘;Lo

2bo ol
rilie ol igSn 45w o anl dlis GBaias

65.DOI: 10.1007/s11783-015-0796-8

6. Mahabady H, Omidvar M, Rezaee A, Khavanin A,
Mortazavi S. A new exhaust ventilation system design
software. Ir J Envir Heal Sci Eng. 2007;4(4):235-242.

7. Leung MK, Liu C-H, Chan AH. Industrial Ventilation: A
Manual of Recommended Practice for design. Cincinnate:
ACGIH; 2017. 2:295-299.

8. Lin Z, Chow T, Tsang C. Validation of a CFD model for
research into stratum ventilation. Int J Venti. 2006;
5(3):345-63. DOI: 10.1080/14733315.2006.11683751

9. Moridi F, Yarahmadi R, Abdoli-Senjani M, Marjani A.
Assessment of economic considerations for air pollution control
technologies. Appl Ecol Envir Res. 2018; 16(5):
6441-51. DOI: 10.15666/aeer/1605_64416451

10. Faradmal J, Keshvari Kamran J. The validity and reliability
of an usability assessment tool for a web-based software. Ir
J Ergo. 2014;2(3):57-69.

A


http://dx.doi.org/10.1016/j.apr.2015.08.011
https://doi.org/10.1016/j.envpol.2007.06.012
https://law.resource.org/pub/%20us/cfr/ibr/001/acgih.manual.1998.pdf
https://law.resource.org/pub/%20us/cfr/ibr/001/acgih.manual.1998.pdf
https://doi.org/10.22037/meipm.v3i2.10077
http://dx.doi.org/10.1007/s11783-015-0796-8
https://doi.org/10.1080/14733315.2006.11683751
http://dx.doi.org/10.15666/aeer/1605_64416451
http://dx.doi.org/10.52547/johe.8.4.40
https://johe.umsha.ac.ir/article-1-759-en.html
http://www.tcpdf.org

