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‘Introduccion
Development of combustion chambers with flute-burners in residential ovens.
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L_lamas piloto (metano, acetileno, butano)

Laminar 3D flame of methane.

without buoyancy effects. with buoyancy effects.

FLUENT [0] Fluent Inc

Contours of Static Temperature (k) Jul 21, 2004
FLUEMT 6.0 (3d, segragated, sped, she)

Contours of Static Temperature (k) Aug 20, 2004
FLUEMT 6.0 (3d, segregated, spef, she)
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L_lamas piloto (metano, acetileno, butano)

Laminar 3D flame of methane.

without buoyancy effects. with buoyancy effects.

FLUENT [0] Fluent Inc FLUENT [0] Fluent Inc

Contours of Wwelocity hagnitude (mis) Jul 21, 2004
FLUEMT 6.0 (3d, segragated, sped, she)

Contours of “locity hBgnitude (mss) Fug 20, 2004
FLUEMT 6.0 (3d, segregated, spef, she)
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L_lamas piloto (metano, acetileno, butano)
Laminar 3D flame of methane.

without buoyancy effects.

FLUENT [0] Fluent Inc

4. 00
4.08¢+00
3.86¢+00
3.65¢+00

with buoyancy effects.

FLUENT [0] Fluent Inc .

§.94¢-01
§.54¢-01
8130
7.72¢-01
7.38e-01
6.91e-01
6.50e-01
6.10¢-01
5.69¢-01
5.28¢-01
4.55¢-01
4.47:-01
4.06¢-01
3.66¢-01
3.85¢-01
2850
24401
23,030
1.63¢-01
1.22¢-01
8.13¢-02
4.06¢-02
0.00¢+00

Path Lines Colored by “&locity hMagnitude (m/s) FAug 20, 2004
FLUENT 6.0 (3d, segregated, spef, ske)
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Quemadores tipo flauta

Development of combustion chambers with flute-burners in residential ovens.

FLUENT [0] Fluent Inc FLUENT [0] Fluent Inc

Contours of “elocity hagnitude (mfs) Cantours of Selocity hiagnitude (mis)

FLUEMT 6.0 (3d, segragate
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Quemadores tipo flauta

P

Development of combustion chambers with flute-burners in residential ovens.
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Path Lines Colored by “&locity hMagnitude (m/is) Aug 23, 2004

FLUENT 6.0 (3d, segregated, spef, ske)

FLUENT [0] Fluent Inc

Path Lines Colored by Wwalocity hBgnitude (mis) A
FLUEMT .10 (3, segregzted,

@ Prof. L.R.Cancino - http://labmci.ufsc.br/

LAB#<}




UNIVERSIDAD
DE LAREPUBLICA [ N
\
PN L. G

Quemadores tipo flauta

Development of combustion chambers with flute-burners in residential ovens.

FLUENT [0] Fluent Inc
Me+035 .

Contours of Static Temperature (k) Jul 21, zo04
FLUEMT 6.0 (3d, segregated, sped, ske)

FLUENT [0] Fluent Inc

Contours of swelocity hagnitude (mis])
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Quemadores tipo flauta

Development of combustion chambers with flute-burners in residential ovens.

FLUENT [0] Fluent Inc
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5.40¢-01
4.86¢-01
4.32¢-01
3.78e-01
3.24e-01
2.70¢-01
2.16¢-01
1.63¢-01
1.03¢-01
5.40¢-02
0.00¢+00

Path Lines Colored by “‘locity hMagnitude (més)
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fug 20, 2004

, segregated, spel, ske)

1.03¢+00
1.03¢+00
9.75e-01
9.19¢-01
8.64¢-01
8.10e-01
7.56¢-01
7.02¢-01
6.45¢-01
5.94¢-01
5.40¢-01
4.56¢-01
4.32¢-01
3.78e-01
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1.08e-01
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Path Lines Colored by “&locity hMagnitude (m/s)

=101 %]

Aag 20, 204
FLUENT 6.0 (3d, segregated, spe§, ske)
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Simulacion de un horno residencial

File Edit Solver Help Operation

¥ B8

i

Global Control

] -
T T
gﬁgﬁ; YINDOW- UPPER LEFT g’ gl v ‘ vD‘,ﬁ? 5)8

k| B -] X

Transcript

oven2006. 1ok
oven2006. trn
Command: window modify noshade

o m— 2

Command: |
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Simulacion de un horno residencial

File Edit Solver Help Operation
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Global Control
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Command: |
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Simulacion de un horno residencial

FLUENT [0] Fluent Inc

Contours of Static Temperature (o)
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Simulacion de un horno residencial

EFLUENT (0] Fuent Inc 53]
5.64e+00
5.48e+00
5.32e+00
5.16e+00
5.00e+00
4.84e+00
4.68e+00
4.52e+00
4.35e+00
4.19e+00
4.03e+00
3.87e+00
3.71e+00
3.55e+00
3.39e+00
3.23e+00
3.06e+00
2.90e+00
2.74e+00
2.58e+00
2.42e+00
2.26e+00
2.10e+00
1.94e+00
1.77e+00
1.61e+00
1.45e+00
1.29e+00

9.68e-01
8.06e-01
6.45e-01

5.64e+00
5.48e+00
5.32e+00
5.16e+00
5.00e+00
4 .84e+00
4.68e+00
4.52e+00
4.35e+00
4.19e+00
4.03e+00
3.87e+00
3.71e+00
3.55e+00
3.39e+00
3.23e+00
3.06e+00
2.90e+00
2.74e+00
2.58e+00
2.42e+00
2.26e+00
2.10e+00
1.94e+00
1.77e+00
1.61e+00
1.45e+00
1.29e+00
1.13e+00

1.61e-01

) 1.61e-01
0.00e+00

0.00e+00

Contours of Velocity Magnitude {m/s) Aug 19, 2004
FLUENT 6.0 (3d, segregated, sped, ske)

Contours of Velocity Magnitude (m/s) Aug 19, 2004
FLUENT 6.0 (3d, segregated, spe5, ske)
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‘Complejidad numérica y fenoldgica de la combustion en un MCI

u;

turbulent
flame contour

Sequéncia de desenvolvimento
da combustdo em um motor a Eu,.,me; :
combustao interna

laminar
flame thickness

Gibson-scale

G<G,
unburnt
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Combustdo num motor
a combustao interna

Reator Perfeitamente
Misturado

Distribuida

Regime de Flamelet
Corrugado

Velocidade RMS / VVelocidade da chama
u'/u’

1 ]
Combustdo em ~: Regime de Flamelet
Regime Laminar : Enrugado
1 -
1 . :
Escala de comprimento integral / Espessura da chama
/38
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(b) !
Figure 1. Combustion models - Adapted from Merker ez al. (2012), figure (¢) from Sanchez (2017)

https://repositorio.ufsc.br/bitstream/handle/123456789/229723/COBEM2021_1251.pdf?sequence=1&isAllowed=y
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Effect of the cavitation / erosion
process in the spray symmetry
_ ] o , .
Complejidad numericay | A V7 | @ oN
7 = = s
fenologica de la combustion /
S
en un MCI _Wa]l' mngement chgmh‘t:r'aifj;io;:on
Cavitation Turbul
/ T ‘Start of \
et ) .
- n {/ 1y :‘1{ J/Prz:xnd combustion phase e
% — Diesel : | Non-premixed combustion phase Late combustion phase
E L ! ignition | .
g e
—\L_/ 1 T f f 1 1 1 1 1 >
- 360 370 380 390 400
Q:) e Crank angle (°) Y,
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Complejidad numerica y fenologica de la combustion en un MCI

85.00
72.89
60.77
48.66

36.54

24 43
Li,
x 12.31

RPM = 2100 0.20
Crank_angle = -2.99953 Velocidade Combustivel (m/s)

Sanchez, Y.O., 2017. Modelagem e anélise numérica da combustéo de 0leo vegetal in-natura em motores
a combustdo interna de ignigéo por compressdo. Ph.D. thesis, Federal University of Santa Catarina,

ﬁp Prof. L.R.Cancino - http://labmci.ufsc.br/ Floriandpolis, Brasil. URL http://tede.ufsc.br/teses/PEMC1821-T.pdf.
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Crank_angle = -20 Velocidade Combustivel (m/s)

Sanchez, Y.O., 2017. Modelagem e analise numérica da combustdo de 6leo vegetal in-natura em motores
a combustdo interna de ignigéo por compressdo. Ph.D. thesis, Federal University of Santa Catarina,
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Complejidad numerica y fenologica de la combustion en un MCI

dp_velocity (m/s)
95

84
74
63
53
42
Ky

21

11
0

Sanchez, Y.O., 2017. Modelagem e analise numérica da combustdo de 6leo vegetal in-natura em motores
a combustdo interna de ignigéo por compressdo. Ph.D. thesis, Federal University of Santa Catarina,
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Optimizing fuel spray angle for enhanced efficiency and

reducing pollutant emission in diesel locomotive engines
Table 4: Sub-models used in the AVL-FIRE™

ESE DIESEL simulations

Table 3: Initial conditions used for simulations

of the DASH9-BB40W engine reproduced in this Models
) _ work, for all the spray angles (/3) investigated in Combustion
Block structure of combustion chamber at 1DC this work
‘ « Spay Parameter Description Coherent Flame Model / ECFM-3Z {jg
Engine speed 996 rpm 1
@ Bl Cylinder pressure 255000 Pa ¥ Turbulence
‘ 2 Movement wall temp. 57015 K ™
3D mesh of combustion chamber at TDC Fixed wall temperature 470.15 Ki } [H'H]
_Fuel injector head g 'e‘hfaf_(_‘fin) D I ?“ ltemp. ];aa 5{[}1 H'C'f ["—1—-[]]
——— — 45 e iesel- [41]
{ : et Fuel temperature 350 K 4 Frnissi
A /i » Injected mass 1.10E-03 kg ! mission
Ans N ; : Start of injection (SOI) RILAR 1
symmetry < " Liner (wall) Injection duration 6.35 ms } [d[]]
®) Cyclic symmetry _ o Injection timing 698 - TO6 (A =2) CA T Extended Zeldovich NO model [:ﬂ]
condition Piston head (moving wall) .
; . EGR Mass fraction 0.049 [-1-.3]
Figure 4: Combustion chamber geometry mod- Guwirl 2880 1/min 1 Soot model (Kinetic h‘IudElji [2[.;]
eled at top dead center. (a) Block-structured Turbulent 1 b scal 0.0045 m 1
mesh: (b) 3D combustion chamber model at TDC urbulent E_ngl_ seate s “; 4 Spray
and boundary conditions. (3 = 160°) Turbulent kinetic energy 10 m~/s
f experimental data from [27] Drag law model (Schiller Naumann)  [43]
. pmam'm]:d"s;d fl'" mf':'dE] '::]bmm"' Wall interaction model (Wall Jet 1)  [44]
TeCOTNIEe, ed values IToIm
wvaporation mode. NEOWICE 4a)
Ewvap i del (Dukowicz) [45]
: : s Breakup model (Wave) [33]
Figure 2: (a) Injector head magnification with
main dimensions as input geometrical parameters. T Soot model available in the AVL-FIRE™
(b) Piston head, and (c) Picture of the locomotive ESE DIESEL simulation package

GE 7FDL / DASH9-BB40W engine at VALE S.A.

ﬁp Prof. L.R.Cancino - http://labmci.ufsc.br/ 25
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Table 6: Numerical predictions in terms of mean
‘‘‘‘‘‘ -~ hbreak effective pressure and indicated power for all .
the spray angles () and injection timing investi-
gated in this work

b FEEe HIINIENT CRED FUDELAR = Uruguay - 2024

URUGUAY

Optimizing fuel spray angle for enhanced efficiency and

Mean break Indicated
effective pressure power

8 BMEP [bar] (kW]

reducing pollutant emission in diesel locomotive engines Spray angle

Injection timing = 698 CA

1306} s Spray angle 153.0° 153.0° 16.23 148.44
—e— Spray angle 136.5° & 156.5° 16.23 148.41
P —d— Spray angle 160.0° e t . .
£ 0m-05) S e 160.0° 16.02 146.58
e -#— Spray angle 167.0° 164.5 15.44 141.24
- oE-0s| 167.5° 14.49 132.69
b=
5 Injection timing = 700 CA
= SOE03 | 153.0° 15.94 145.78
£ 156.5° 15.83 144.78
40E-05} 'Ijable 5: Averaged mea:'a11.red pa.rs?.meters, per 160.0° 15.77 144.96
piston - DASH 9 BB40W - locomotive “A”. [27] 163.5° 15.61 142 80
20E~05 ' L ' 1 L . e
(a) Menl Meash 2 ng} - Mesh 4 Mesh 5 Mesan break Indicated 167.5 14.57 133.36
E Aleshes test effective pressure  power Injection timing = 702 CA
= ol . BMEP [bar] (kW] 153.0° 15.98 145.78
z —_— Average 15.79 154.17 156.5° 15.93 144.74
@ Maximum®* 16.96 169.27 160.0° ' 15.85 144.25
= ” a :
IS Y, v Minimum* 14.13 140.88 163.5 15.61 141.51
=3 _ n 167.5° 14.67 133.24
w —a— Spray angle 153.0° Data obtained along the whole measurement tiowe
E . —&— Spray angle 156.5° * Data obscrved locally on tine as maximum or miolmam Il'l.J ection tlming = T4 CA
2 150 —a&— Spray angle 160.0° -
= e Sormy mngle 163.5° 153.0 15.94 145.78
E #— Spray angle 167.0° 156.5° 15.83 144.78
E M5 | * 160.0° 1 15.62 142.92
2 , , , ) , 163.5° 15.41 140.97
= Mesh 1 Mash 2 Mash 3 Mesh 4 Mesh 5 167.5° 14.59 133.53
(k) Meshes tested — — -
Figure 5: Mesh independence test results for the i Injection timing = 706 CA
N . . 153.0 15.94 145.78
spray angles investigated in this work, at defanlt . )
| — , - o E e - 702 CA Total ) 156.5 15.83 144.78
Figure 2: (a) Injector head magnification with engine injection timing ( ‘A). (a) Total num a0° T I
gur ] &l b f cells fi I . le f ach h 160.0 15.77 144.26
main dimensions as input geometrical parameters. er of cells for each spray angle (), for e mes 163.5° 15.20 139.11
(b) Piston head, and (c) Picture of the locomotive ~ tested. (b) Behavior in terms of break mean effec- . h,‘,.,a 1:1'52 1;'2'” "

GE 7FDL / DASH9-BB40W engine at VALE S.A.  tive pressure prediction of all the meshes tested.

T Puel spray angle of the DASH 9 BB4DW

locomotive “A™. [12]

Prof. L.R.Cancino - http://labmci.ufsc.br/ 26
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Figure 2: (a) Injector head magnification with
main dimensions as input geometrical parameters.
(b) Piston head, and (c¢) Picture of the locomotive
GE 7FDL / DASH9-BB40W engine at VALE S.A.

Optimizing fuel spray angle for enhanced efficiency and
reducing pollutant emission in diesel locomotive engines

Fuel/air equivalence ratio
B=1565° B =160.0°

Figure 7: Fuel / Air equivalence ratio fields for all the spray angles (/) investigated in this work, along
the first 20° crank angle after top dead center (ACA = 5° ), at default engine injection timing (702 CA).

ﬁp Prof. L.R.Cancino - http://labmci.ufsc.br/ 27
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Optimizing fuel spray angle for enhanced efficiency and

reducing pollutant emission in diesel locomotive engines

Gas Temperature
B=153.0° B=156.5° B =160.0° B=1635° B =167.0°

350 590 830 1070 1310 1550 1790 2030 2270 2510 2750 [K]

Figure 2: (a) Injector head magnification with —— Fjonyre 8: Gas temperature fields for all the spray angles (3) investigated in this work, along the first

main dimensions as input geometrical parameters.

(b) Piston head, and (c) Picture of the locomotive  2()° crank angle after top dead center (ACA = 5° ), at default engine injection timing (702 CA).

GE 7FDL / DASH9-BB40W engine at VALE S.A.

N

8
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Optimizing fuel spray angle for enhanced efficiency and
reducing pollutant emission in diesel locomotive engines

NO mass fraction
B =160.0°

0.0 0.45 0.90 135 1.80 225 2.70 3.15 3.60 4.05 450 [--]
Figure 2: (a) Injector head magnification with Figure 9: NO mass fraction fields for all the spray angles ([3) investigated in this work, along the first
main dimensions as input geometrical parameters. 3 Z o 4 TR - =
(b) Piston head, and (c) Picture of the locomotive 20° crank angle after top dead center (ACA = 5° ), at default engine injection timing (702 CA).
GE 7FDL / DASH9-BB40W engine at VALE S.A.
ﬁp Prof. L.R.Cancino - http://labmci.ufsc.br/ 29
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Optimizing fuel spray angle for enhanced efficiency and

reducing pollutant emission in diesel locomotive engines

Soot mass fraction
B=153.0° S =156.5° B =160.0° B =1635° B =167.0°

STATDC

10° ATDC

15° ATDC

20° ATDC ~.

44444

[ I | | | | I [ x 1000

0.0 0.45 0.90 1.35 1.80 225 2,70 3.15 3.60 405 450 [-]

144444

Figure 2: (a) Injector head magnification with

main dimensions as input geometrical parameters.  Frigure 10: Soot mass fraction fields for all the spray angles () investigated in this work, along the first

b) Piston head. and (¢) Picture of the loc tive o ; ° . . . s . . .
e /‘})"{;S}‘;;;_é‘g4(,{;.‘;;;;jw avaresa  20° crank angle after top dead center (ACA = 5° ), at default engine injection timing (702 CA).

O8]

0

ﬁp Prof. L.R.Cancino - http://labmci.ufsc.br/

LAB#<}



	Slide 1: UNIVERSIDAD DE LA REPÚBLICA PLAN DE ESTUDIOS MAESTRÍA Y DOCTORADO EN INGENIERÍA MECÁNICA FACULTAD DE INGENIERÍA
	Slide 2: Unidad 5. Aplicaciones de ingeniería
	Slide 3: Introducción
	Slide 4: Llamas piloto (metano, acetileno, butano)
	Slide 5: Llamas piloto (metano, acetileno, butano)
	Slide 6: Llamas piloto (metano, acetileno, butano)
	Slide 7: Quemadores tipo flauta
	Slide 8: Quemadores tipo flauta
	Slide 9: Quemadores tipo flauta
	Slide 10: Quemadores tipo flauta
	Slide 11: Simulación de un horno residencial
	Slide 12: Simulación de un horno residencial
	Slide 13: Simulación de un horno residencial
	Slide 14: Simulación de un horno residencial
	Slide 15: Simulación de un horno residencial
	Slide 16: Simulación de un horno residencial
	Slide 17: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 18: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 19: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 20: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 21: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 22: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 23: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 24: Complejidad numérica y fenológica de la combustión en un MCI
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30

