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Optimization of Air Injection Angle in Bagasse Furnace Using a
Multi—Objective Genetic Algorithm
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ABSTRACT

This study presents a multi-objective optimization approach to improve the overall performance of a swirl-type biomass
furnace fueled by bagasse. The inlet angles of the top, middle, and bottom air injection chambers were selected as design
variables, while the maximum inner wall temperature and the pattern factor (PF), which quantifies the uniformity of temperature
distribution, were defined as objective functions. A conjugate heat transfer (CHT) model, incorporating both fluid and solid
domains, was employed to accurately simulate the coupled thermal-flow behavior of the furnace. To efficiently explore the
design space, design of experiments (DoE) were implemented using a combination of Latin hypercube sampling (LHS) and
central composite design (CCD), with additional points added in regions of low predictive accuracy.

A surrogate model was developed using genetic algorithm (GA) and employed to construct a response surface for
optimization. Multi-objective genetic algorithm (MOGA) was then applied to identify Pareto-optimal solutions. The optimal
configuration was found to consist of air injection angles of 29°, 149°, and 0° for the top, middle, and bottom chambers,
respectively. Compared to the reference model, the optimized model achieved a 5 °C reduction in maximum wall temperature
and a 1.54% improvement in PF. These results demonstrate that the proposed optimization strategy effectively improves the

structural integrity and thermal uniformity of the biomass furnace.
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Fig. 1 Schematic of the bench—scale swirl bagasse furnace

Table 1 Physical properties of the furnace wall materials

Wall type Parameter Value
Density 8000 kg/m®
Inner wall Specific heat (Cp) 500 Jkg - K
Thermal conductivity 142 W/m - K
Density 7850 kg/m®
Outer wall Specific heat (Cp) 473 Jkg - K
Thermal conductivity 58.6 W/m - K
Table 2 Composition of bagasse
Composition Mass fraction [%)]
Volatiles 71.0
Fixed carbon 13.7
Ash 2.1
Moisture 132
Carbon 51.71
Hydrogen 532
Oxygen 42.64
Nitrogen 0.33
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Table 3 Boundary conditions for air and fuel injection

Location Parameter Value
Air inlet #1 0.032452 kg/s
Air inlet #2 0.032452 kg/s
Air inlet #3 0.09272 kg/s

Mass flow rate
Air inlet #4 0.009272 kg/s
Air inlet #5 0.018544 kg/s
Fuel inlet 0.033071 kg/s
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Fig. 2 Grid dependency test result

A4z YH 8% 4L Reynolds—Averaged Navier—
Stokes(RANS) WHAE 7o SIERom, A4 5
34 AZEQ ]9l ANSYS FluentE g3t &2 =
A e (steady—state) 20 7Pgste] sAS %1483
ow oo wet A iAol 7Rt pressure—based
coupled solverE Z-83dlo] AA&HbAAl gl Q=akHEx) Al o]
o & B8 AN, of 7IHL el 4o 4
185 FAlol Altste] B3t 4 578l & A
A2 A o= Al R 2dEs W G5
o], Jones®} Launder® 2] 91712 H}E}O & Realizable
—e el sk el AL e A WAL

3} .

NE.?..

o

S /!
o o

W
*

7'%5_4 .

AEPHAE §F el o] A BES BASHE Ao,

=
o ole &, A AE W A
T B FEE G| dde
Oulofct, aig WAHALS okt o] 4]0 mAHE?

Voo () =0 o))

oA7IA pe FAIY BE, ve S HMEE YEH, V- 2
s i e o e e e e b e L B e = R N

p(v e Vo= —Vp+uvio+pg (2)

A7 pe oY, pe A AIG(dynamic viscosity), ¢
L

NUARAH A2 FA W oA HEE 7|Eshs Al
2, H=(convection), ZIZ=(conduction), EAHradiation)
o= W5 aegieh o] WAl dAY, o o, oA
3y 5o THFORM, AA A ) B oA A2
| we} HEEES Bt AP a3t 2ol
kel

>

2

i

Voo WlpBtp) =V « (k,, ,VT-ZhJ+7, +0)+S, (3

e

[e)
£ 2%, b= S(species) j2] AL
2(mass diffusion flux), 7,,,+= &
stress tensor), §,+= 2}8} Bkgo|L; FAleF -2 A4 A

& oulgi},

o714 Bz &9 A F olUA, ke 8 QAR
; ot &
[e)

ror
W
10
>
9
=
Jo
ton
M
Mo
e
>
N~
(e}
e
>
>
for
N
(=}
N
(&)



inl
I
i
40
gal
ne
Kl
o
o
o
o

(]

=A<
ZETa

0,, 0,, 0,)8 A WHpR HAAsa, T 74
g ofst it

A WA BHshes Yo Ao Lx2 AAske] Yye]
PAFL ARLE Aske}] 9Jet FEolt, F A
= A4 2o Jo == pattern factor(PF)E &
[0 o] dag YR ex Bgda qls) E4 1
ol FFst FFE= S s8] g Aol
PF= & 3 k¢t B+ 259 2ol& o - & B
LEAR Afsiste] &E R0 FUES gDl A
FolH, Bazdidi—Tehrani 5®9] ALo|AE d47] Y &
=t gte 28 vtk o o2 AHofE= PR

I

(objective functions)E

oo o &
Y 17
% o

Ol
2 o

glol Wt s Aam R 4 But Ush SXEt
e 4 e

T

outlet,max

- ZZ)ul,lﬁl,‘avr]
e @

outlet,avg

PF =

];71 let ,avg

£ Fig. 30 EAJSLATY,

fi (91’92793) = T atmax (5)
o (91,92,93) = PFr

Minimize

2 Zgte] ARE 3
3 ‘ﬂii cofgh Fofof A

‘H%LOHHE A% A7 7| & Mckay 50l o3l A
HHOl Latin hypercube sampling(LHS)Z} central

Fig. 3 Air inlet injection port angles(,, 6,, 6,) as design

parameters

S=ERHMDIHSE =28 M2s8, Me=, 2025

25 Hi7IA

AAR B7| Fe2to| HEE 7

composite des1gn(CCD)%
) Anke vigow of 4
Hekelr] Yol Ao AAEES
A A9 oS AlF=
HEHoRE= F 25709 AAH
Puko s WSR-S A4S HAstE Sastac

w
w
e

SEHY

WS HAS A o) A olekeE 7)Y
genetic algorithm(GA)o|t}, GA: ol8] 7[A] o= 24l
s A2IEE ) 2a6) ohizol ) wale] 2
BT M oE o2 YIRS PN 5 ol
3% HAIT, GAL T Si% mle] 45 1)
Sk AT A BLANE F2 08

a2}

0)

4 0] ol

Start

Define Optimization
Problem

v

Execute Design of Experiments
(LHS + CCD method)

l‘

Conduct CFD Simulation
and Collect Results

¢ Generate Additional
Design Points

Construct Response Surface
using Genetic Aggregation

Is Surrogate Model
ceuracy Satisfactory?

Perform Multi-Objective
Optimization using MOGA

v

Validate Optimal Design via
CFD Results

Fig. 4 Flowchart of the optimization process

105



RMSE = @

3.4 C|=X 3

Il
[T

AR e Ry mElS JNoR thEd HH5E 49
3Tl Multi—objective genetic algorithm(MOGA)S &
8okl A3} TS AYow choret A g el
U2 Pareto 2|48 e ==3H3ch
MOGA+ selection, crossover, mutation HAARS dE
o]-]o]-\:q .EX%EI-/\E Z%X]X—Igi 7H/ﬂ3}ﬂ£u:] 5] 43

d

oRH'U

T3 Pareto 3= T ZAFEE 74 Al IAIE Z ul

shdch. A3t o] MR BEL Fig. 40] LoFSIT

Table 4 Results of design points generated by DoE

Top Middle Bottom
Design | injection | injection injection | 7y vae P
point | port angle | port angle | port angle K]
@)1 | @)1 | )]

1 (ref) 0 0 0 956.468 | 0.4419
2 102 138 102 956.362 | 0.4467
3 138 90 114 955.417 | 0.4157
4 5 101 30 959.570 | 0.4551
5 126 6 162 959.897 | 0.4381
6 18 30 42 960.989 | 0.4298
7 174 18 18 965.179 | 0.3989
8 114 162 150 955.196 | 0.4316
9 162 126 138 957.361 | 0.4377
10 54 42 90 957.830 | 0.4385
11 42 114 174 953.886 | 0.4487
12 78 66 66 957.783 | 0.4352
13 30 150 54 952.338 | 0.4473
14 90 78 78 957.420 | 0.4252
15 150 174 6 959.576 | 0.4335
16 66 54 126 957.946 | 0.4282
17 10 122 0 952.226 | 0.4309
18 0 122 22 957.753 | 0.4521
19 0 45 0 952.787 | 0.4154
20 0 90 0 955.097 | 0.4160
21 0 135 0 952403 | 04314
22 90 60 30 959.109 | 0.4313
23 10 98 21 960.209 | 0.4551
24 178 47 0 956.276 | 0.4154
25 33 52 0 956.996 | 0.4207
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Table 5 Comparison results of MOGA—based predictions
and actual numerical analysis results
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