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PAPER INFO ABSTRACT

Paper history: Submerged combustion vaporizers are one of the industrial equipments that
Received: 10 May 2023 produce a large amount of nitrogen oxides (NOx). These equipments are
Revised: 15 July 2023 actually heat exchangers that are used in liquefied natural gas (LNG) terminals
Accepted: 01 October to evaporate liquefied natural gas and convert it into gas. Since previous studies
2023 have shown that the operating conditions of this equipment are effective on the

amount of NOx production in it, artificial intelligence tools were used in this
research to model and then optimize NOx emission in this equipment. For this

Kkeywords: purpose, 63 laboratory data were extracted from the researchers' previous
Artificial intelligence, researches, and then a combination of adaptive neural fuzzy inference system
genetic algorithm, and genetic algorithm was used to model the data. In the developed system,
adaptive neural fuzzy oxygen concentration, temperature, water-oxygen concentration and solution
inference system, pH were considered as input parameters to the model and NOx reduction
air pollution, percentage as output. The statistical analysis of the built model showed that this
modeling, model with correlation coefficient of 0.9714, mean square error of 1.0938,
nitrogen oxides. average absolute error percentage of 4.9713 and maximum absolute error

percentage of 13.2144 has a good accuracy in estimating the amount of NOx
reduction. In the next step after the development of the model, the genetic
algorithm and the built model were used to optimize the operating conditions
with the lowest NOx emission rate. The results of this part of the research also
showed that if the operating conditions are optimized, it is possible to reduce
the amount of NOx released up to 37.24%

DOI: https://doi.org/10.22075/jme.2023.30609.2451

© 2024 Published by Semnan University Press.
This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)

* Corresponding author.
E-mail address: chsan.monfared@outlook.com

How to cite this article:

Fani Maleki, H., Pheili Monfared, A. E., & Rahmati, M. (2024). Modeling and reduction of NOx production in
submerged combustion vaporizer using fuzzy inference system. Journal of Modeling in Engineering, 22(76), 197-
211. doi: 10.22075/jme.2023.30609.2451


https://modelling.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2783-2538
https://doi.org/
https://doi.org/10.22075/jme.2023.30609.2451
https://creativecommons.org/licenses/by/4.0/

V.Y )LQA. Al D)LA.A:I 99 9 MJL.«J

ke 5 S5l Joe aloe

(S 31 Tt i 31 03l Uy 59abr g8 31 51 3l sl 1O NOX g S g 53l

¥ oy dgezxe TS piio Jud oyl ol (Ko L8 Al

RN

dlio wleMb|

6oL sl Gl @ & G gsio Dlpesd dles )l jeabse Gl glasle by
a5 aiwa Syl slaJawe &dly 0 Sl ol 0 e adss (NOX) (5,05 laans]
salitul 55 4 o1 ha 5 wle (oreb 5 255 sl (LNG) gle (onbs 55 slaailly 5o
Al Glise 1 3med onl Sldes Lyl il aS cols las iy Slalas a5 Lol Nl o
O 5 Siledde Sz (sran Gise slaylnl Sl gk cal ) el Jise o] 0 NOX
ools Y slaw jelate yeed 4 od oolitwl Sligas ol 0 NOX el (oledig
Ll s Sl (23 5l s 5 005 il Qlaie (b sl g ) pRtLes]
Axwgl i 50 0 oolaiul bosls (g3lw Jow cga SCI o )6l 5 skl ac (558
Joe 4 (689,9 sle el )b ylgicas ¢ Jolome PH g a55enSToT cdale dos oS il casily
ool aitlo Jow bl Glo Judow ol a8 )5 Ll o >g,5 oleie NOX ials asjo g
Oelee « V-AVA las Olay o Xl = /AVVE o o0 b Jow (ol a5 ols ol
39 embio <8 GINYIVITY Glho slhs do)ys pornSle o FAVIY Glas gl as)o
A oolatwl NOX Ll &5 o a8 b Sldes Lol (65l dige (sl oo aisles Jow g
oialS Gl o Sldes Lyl (o5l dige Djae jo aS ol lis 35 Giegh 5l s cpl @l

23,00 0959 do,d YYIVE B oot piiie NOX 50

DOIL: https://doi.org/10.22075/jme.2023.30609.2451

VE Y/ VIV callie il o
VEYFIVE i 6,550
VEY/ Ve iallie (b pdy

igols OB 3ls

(Eyman g

oS53 eyl

—as 558 Cl.';.:.';_.ul P
don  Sodll

«sbe e

05955 eS|

© 2024 Published by Semnan University Press.

This is an open access article under the CC-BY 4.0 license.( https://creativecommons.org/licenses/by/4.0/)

S @bl 5l oS e gy g, b3 L ol Ko
slooan VT jLasl faile, Hho 4 )y kol b

Y douiio—)

P sl (S pee (23 g golaidl Sl 5l IS sl Ige
G151 aS a5 eenlmonny¥T el ials JLss o
cbla> jolane 4 [V o JBlas 0 b ol ailas 92
Slyyhe el 0 B lge oS Lad g S Japmo
odd Cusi ez ;0 w3l ldle o o eaYT Ll
anl 3 I NOX e jLacsl s lasliwl Jle olgie 4 .ol

oKisls (O (IR § (o saSisle PSSO IR a5; Gbsbul Y
OlrlgleyS b yig 5,5k 5 (ginio (oSS DM
oSS ¢ oo (owiiges § (gound 0OSLESNS ¢ gords (st 09,5 ¢ Loliwl Y
Olrlgle,S i yig (55b8 5 (o (oSS DD

SIS aie 5 S5 slapd jo pogasa lgn (Sodl
loa,¥T ol cunl (65950 gl A 00 55550
555 9eSl6 (B39 SladeST ol odas sk
e ooVl aiies Gl )5 5 S anS gige
e SIS daore Cons j OMSUG o] g 00l
cgml o)l ¢ oliandigid dgvae JSid aisle 0yl

5 bl Codls 5 Wigd o 0l o 5 Slexiole S

ehsan.monfared@outlook.com : Jstue odiums g g iSUl sy 3

e g (god 0ASESS ¢ cand gwdigee Al cwlid IS (ggzeasls )
Ol ole,S b iy (6,5ld g S oS5 DMazs oKLl o cous

:lio ol a4y olcewl

36 gl g 5l ooliul U g absé 3l 2l o By o NOX adgi (20l 5 s3ldon .V F+¥) Sgomn s o 5 ooyl 1000 b il o Sho b5
doi: 10.22075/jme.2023.30609.2451 ¥\ \-VAY (VY , wsige ;5 gk Joto


https://doi.org/
https://doi.org/10.22075/jme.2023.30609.2451
https://creativecommons.org/licenses/by/4.0/

144

SOX 9 NOX )‘JM Ls)jo)‘u\.i‘ 6‘1.' LQ;‘ .bé}o.v R
Holo Sliwls s whd 51 4V 4SS 0 Hpame
.Aﬁb; oolaiul LS"J"Q /wa.u‘).% )M?—ASS)—&A—MJ‘ 9 (CTA)
o adgl cbale 5 pd 590 (22 Sla bl eizen
00958l b aS ols lis yraety ol gl adsls |l )3 dslllas
doys AefF 4 (S Bds leally aenS g ot
Caz gootie 5kl g ol slaae L3l ams 9o jo
as S 13 colatwl 9,0 Iga claoanV pess
el e cmeds slaste, 5l So VY —1v]ea
sl JpsS g iledoe slaglpl 5l eolatwl ooy
g Jolo gian el Tegias e
Solrl g Wl ks pladl se 4 Jyere job 4 &S
N9 8,50 ;0 B ozl o ol 1) o8l 4 conl 0o plS
odds Jol> sla i 5l eolaiwl g ools Jdod ¢ 4y
as g0 5o NVAlous colanul (6 oS ol Sgutr (51
sleais; 5l g b o oian Juse 3l eolaiul 5
S 6,98 5L YAV Lo s gl 9 ST Jle
oo Lal 2alS 5 S g (6550 0 St Sl n (£ 5an
O ol 5o Ll e S solannl la i o SasS]
5 Sz g S g 0k Sz g Sy layally 36
5 S 385 Sl (et 4 pmie a5 WSS
O 5l peSgllaz b oy SannSTes jlacl § Cgus O pao
5 o Y Jlo jo 6,500 gaios o [Nolas s e
chle swiin Glp Eaias opac ALl S
o8t jlodel s oy slaonls 5l soliiwl L NOX
comas 4l S5 58,5 eolatul ¥y gaboge 5l il jlu By
hb Sl Y 0 055 WY os Y aw Lt ey
oyt iloang lp T Seien sl S s ,s
58 0 NOX Gi> fails, Sl 4 cgs (69959
SedlS Jlade mSlas casecd jo .0l slésl Jao b iSogs

¢ Artificial Intelligence

7 Submerged Combustion Vaporizer (SCV)
8 Feedforward

° Genetic Algorithm
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16 Fuzzy Inference System
17 Artificial Neural Network
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