SRt 03 oele dﬁfﬂiﬁglﬁ#w SVl ¢Sl s ‘_gﬂf)lfcg
ESLS goT s g b (gl o el S ‘&yﬁ)ﬂo&

Y - * R
el a7 ) saileS (53¢
s yual dald Jaiia o (CSilsa wdiga 5 KD (5 sl -)
s yual aal i Jixiea o8I o5 5 bt SailSs owdiga o9 R Al =Y

kasra.keyhanpoor@gmail.com

oS>

Slslre DYl Saliys alangy chamsgio (55 lod § Sligel i gun b aaler 0T 59 iy S e Ghgly ol 5
olite O ygo 4 dlae dwais wenss ol 43,5 13 8 Shee byl Cov g oad gilearcd (edle S0k g
g0e sy Sy 5l oolianl by o S 2SI 5 o5l daaisS cpyiias oy (lis ol S¥oles g odds (o jlopnds (6 350
sles 5 Ol JB sl )b (rdle (6 250k 02,98 (o) 22 Sln o 935 o0 U g Sid ey 5 0900 (Lo
Olyeds 92 5 S g Slagl,z e p g ooy Sl JSSS (5995 sles sl jle 5 Bun 1l Glorea iy
Gl slocdl o gone o 1,55 b Ky 5 i by B17 loools oyl 5l iy s co 5l IS 51 gl yuiie
o5l (95 LsS sl lislu (g5, 0 Wools do o iy g bt colaiul b pdile (6,500 ainl 3 (94,9 sl le
&5 s G 50 Oedle 0 Slas oy oS agy JLS Lo o a5 an e Lt @l 00 )5 0 ST Brae ras 4SS
e Fa Ol B g anta sl @ls S G 50 Oedle REGelul Gl ailioe J5e3 LB 5 canlis i Ban

il e <12 5 /A1

Bt omas 4S5 e (650l Slawlre SVl Seals «Sligel cal> sunST SBgur o 1 goadS g0 19

Application of Computational Fluid Dynamics and Machine Learning in Predicting Performance of
Tubular Solid Oxide Fuel Cell Ammonia Fuelled

Abstract:

In this research, an ammonia fuelled intermediate temperature solid oxide fuel cell (IT-SOFC) has been simulated and
performance evaluated by computational fluid dynamics and machine learning. First, the geometry of the problem is modeled
in an axisymmetric manner and the equations including conservation of mass, momentum, species, energy and electric charge
are defined, coupled and solved using a finite element numerical code. Then, to check the machine learning algorithm, terms
of power density and maximum temperature are selected as objective functions and terms of input temperature, porosity of
electrodes and velocity of fuel and air flows are selected as influencing variables. After generating the adequate data by
repeating the numerical solution six hundred and one times in different cases of the input parameters, the machine learning
process begins by using eighty five percent of the data on the different structures of the deep neural network algorithm. The
results show that in the optimal structure of the algorithm, the performance of the machine in predicting the objective functions
is appropriate and acceptable. Therefore, R? of the machine in predicting the maximum temperature and power density
functions are 0.99 and 0.98, respectively.

Key Words: Solid Oxide Fuel Cell, Ammonia, Computational Fluid Dynamics, Machine Learning, Deep Neural Network
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7 Deep Neural Network (DNN)

8 Artificial Neural Network (ANN)
% Stack

19 Direct Internal Reforming (DIR)
! Deep Learning



o o 8des (S35 0,08l 65,0 5 sudy Sl g s et Slaole i i b LG o ek i8S
A Jlisle dalisee slacdls YY) Jlo o il Ken 5 Sgage LA 00,8 (5le aiigy ool alaii o g
53 554l 0SB ges Ly S5 (59 2 et Sl 0] oy 50 Shas 05 jshitens | egian uac
o syl gl cwl a8 3108 colazul 050 (go0e (gilwand 5 Ll sloools I oS 5 Al (hjgel (sl
I8 s 2w PacS ol ol 5 TaY o slagsys Mol slaeY Misil b b Jolt 4Sb e s il
oliiul LYY Jlo yo il Kan 5 solais L] 098 Jol> cBan slacs le s ion (slp aige dasl 5 b azs §
o 6ok B oms So S ol wblos Gras s S0k lagby, 5l 45 Tas —olisS SYsb alibl> s,
69555 Slayesie 18,5 H13 10 b psY slaosls sl g (goue (bt 5l Gy (Rosi (rl )0 Wdsed S i
GhlSen 5 g [V ] W08 (i G ey G955 Ol 5lae 500 (5958 5 s B2l e ol 05 (e
(R (rl ) NSsed gy p (s i 097 5o 1) Gedle (S0l ae )0 Jslate by 5N Y VY Lo o
ol (60,5 slo i, csvas 5 alKiules] clol5 alonil ol &y peiile g S0l 5l oolitial slacy o peadss yod
5 o0 INT 0o 8 s Moeas w0 5 M Bolas Sz Jae Mplatiy Sl edile oshan gras 4
ol jl (Sligel Co g b lamio walz 0T 2550 Joy ot b Cans YoTY Lo o (1l Sen
gy Sl S el anlllae o ogran (hem sl osliiul L imgdy (nl 5 einged (guyn 98 g S g 39,9 (55 UsS
Sl g g Jey 5Shos 5 233 8 ol (Lt b e, dmlre (S G S 5 33 e
5 oalatal b oY ¥Y Jlo o (il Kan 5 gl IV Y] 0l oo (550058 5 guoal by slacdls 5l 2eS cpmpn b >
Sy S tS Canio o e3liiul 5 g0 el seST g iy o SUikas slaol ] Lol 4y eile 5,050k
5 5 oy 9 55kos 15308 (S3lston I o T e S0 00h aB Obol,T gy 5l ool b ags ol 9
LYY Lo jo e 5SS Y] 85 515 S5l g (o 290 slio 230 b (35,000 i JLazo
4o [ve] Boges pladl ™ Joly - LU dolee sl 4 eoliiwl slp egman (hen 5l oolanwl b uiils Jaw SO 8,0
Seelizdge 3 Slal ¢ yilo (6,50 5l eoliiwl b ¢ ys5LsS slales jo alfisle;] slaools (5,910 ,5 5| o c g3 (!
S50k pslaw LY VE Jlo jo (ilSes 5 (bl 00,5 (s Gl cemlie SE0 L (SS9 S 99,5801 0
e AS olaiidy )by Geble Glaghy, 5l Ghegh (nl )0 Wdsed cwy ) ek (B g i 955 s (ntle
S GholS gy Femlie D 5 (Sl b o 8 solinl (lyz—3s (e Gl sl oad S (Lol
a0 gloig; b dlio o Maten (Lol glaaazls Jlos slal (2als (g, b 69959 slo b Dbl 51 g 00y
>k 5 05 Joe Tl gl 5 (orae 4D (slaby, 3l eslitul b Y YY Lo o jalKen 5 Sl [10] atl
o0 (ka5 oolatwl b eV (slaools cpimman 330ls J13 w0590 |y (6 yeuds (g Juo 50 TN Sois 4y
Fesly gelas iy 0,5 Jas el Sl eiile igel sl badigas ot a5 Sles a5 ols Las gl Canl ond olss
Gl e 5 lglaas [Vl al oo (slalamDo JolB dgage cras 4 8 Shos dadiges Lo Lial3 b g caonl colio
SEI PSS RPINEEIF I STV IR I JURC SR IPNEISTU B 4 S

12 Activation Function

13 Hidden Layers

14 Neurons of per hidden layer

15 Epochs

16 Long Short- Term Memory

17 Support Vector Machine (SVM)

'8 Random Forest Model (RFM)

1 Decision Tree

20 Gradient-Boosted Decision Tree

2! Butler- Volmer

22 Kernel Principal Component Analysis (KPCA)
2 Response Surface Methodology (RSM)
24 Gas Diffusion Layer (GDL)
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