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Figure 1- Schematic of the flameless furnace (a) Side view of the furnace (b) Bottom view of the furnace

0385 ol Sld (@) 0395 (il slod (W) alads (y30 50,595 o5lgz b —1 IS

—100—

Y



b pllals deme g el S Gl e

Sk e LB ab adle 5 (ol SB 25b alels (ragh cnl )8 i) cal )3 Slalllas 35005 @ 4255 L
a5 5,8 obml plgiee 0,85 S Lo 5l (B 19Se @j5 commlie SB52sk olml bl (Rl o) 0 (Lol SV gane
Gl S Gt ln bore sladize Grizen 290 Bl SV game oS S5 Geimed 5 5L soanYT 2ol s
(A G 23l s I slabyy sose> 50 Sl S syzg 4 4z g b ol palS 55 1) 0)58 4 (5995 sle
Sl s il g S5l saibole Syl andlas ol o el s alide clramain b 5 babils b
AES o g a1y ol saalllas 0,55 Szl dlob b ¥ JSE ad solitl 6,55 (ysy0 Bzl Y g
it latie ol o ee YO 53 Ol el 5 ke ¥V O sk eitaihea VL pln 0lyz Slas ads cslies
oyl colas g Slisl OY¥same oo S 25k 75 Gl jshaieds .ol ool 1Y Jaax )0 aslllas 9,90 awain
(B Gzl o i dsin (b 50 53k ol gl Sl s Lol wlabe 4 53l S )58 LS aml
21 858 Szl sl VY] Ll 5 00l dammo Jlo s (sl o) 2 atif Bl 5 Lo 55 (251950
09— Bl sl oz (i3l aizmen 9 G525l o o (il (o S isle 18 eoliul 9590 0,98 el
3318 o0 dine (nl 5o Dlalllas JooSS 4 pol> fags calad

S 23k sable oluing rawain Olasin ) Jgua
Table 1- Specifications of the proposed recycling system geometries
Geometry number 1 2 3 4 5 6
Arm angle (degree) 15 30 45 60 75 90
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Figure 2- Schematic (a) Internal recirculation system (b) Flameless furnace with system
ailobus b alad (g1 (50595 (0 315 S5 523 seilobus (il o lgz b ¥ JSid

Y



VEV Ll ¢pg0 o)l e 3ld Jlo (3l gl g S g Lol — gode 4y i

30 bl

VOVl slos b Jlpes (5550 L 095 sl ccewlon o3ls (Lid o )laz )b &jgoty T K2 50 s )3 (5550 Ll 3
b (28 o=l Olas o (59 B a9 ool 0)55 o )l900 10 (oo ganBile 5l oaadly 10 &5 (5y50 )3 Clils |y (nolS
Lo hls a5l sloo)lps (rmizmen Sl (29,5 LA (295 Ll 5 (639)9 Sae e (53959 Lyd 1235 s cenlie
Sgec axis 98 )0 3l ol aladors (ol ool 48, Al 0 wais 5 (SO (5 £o8 90 polo axlllae jo aius 5,0 o
9 &35 om3lily 0,65 )3 gl Ol s> (lgiee D)9t 9m 5 LS g 3959 4 dz gl b Sl (pwiin (B Sl o2
00l (2,8 5 (S yed ) i (pl 6l inlply (285 Sl 10 (6950 Dyg0as 0,65 (535 e amio y0 1 (4b 2 999
19 ol > aiels laiets 1) 0,55 5l poles <Ko olsfan i 00 o8l i ¥ UKD 5 45 joboiyled czmsts o
b pals Sleloe S ploj g oan o b es 5 L

Roof

Wall Left

Outlet

—% Outlet

Exhaust Nozzles

Air Inlet

Fuel Inlet Inlet Nozzles
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Table 2- Functional conditions of flameless furnace with recirculation system for 10 kW power

Variable unit air fuel
Compounds Vol% 0,=21&N, =79 CH, = 100
Temperature K 306 306

flow g/s 0.378 0.189
Excess air percentage (%) 25 -
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Table 3- The coefficients of the EDC combustion model in this study

Coefficient The first constant The second constant The volume The time constant
of the EDC model of the EDC model fraction constant scale
scientific symbol Cp1 Cpz Cy (0
The default value 0.1340 0.5000 2.1377 0.4083
Corrected value 0.1357 0.0737 1.3161 0.1567
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Table 4- Simulation conditions of a flameless furnace for validation [13]

Variable unit air fuel
Compounds Vol% 0,=21&N, =79 CH, = 995
N, =0.5
Temperature K 306 306
velocity m/c 22.8 9.32
Excess air percentage (%) 25 -
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Figure 7- Comparison of temperature and species prediction results (0, 4 NO) with the experimental data of Cao et al.[13]
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Figure 8- 3D velocity streamlines for 60 degree arm angle geometry

4z )0 7+ 93k argl5 b dwiid (gl Cus pur Gumam ol slaks —A JSb

! Streamline

AR



_II\\III\\III\_ —‘I‘I“I‘II‘I‘— ,\I\I\\III\\II,
500 500 500
400 | - =X 400 400
=300 300 =300
£ £ E
E £ E
200 X200 >200
100 100 100
Or ‘ 1 0 0
T B AR N - ) 1.
_100 0 100 Il Il 1 Il Il 1 1 Il Il 1
-100 0 100
Y (mm) Y (mm)
Casel Case3
_II\I\II\I\\I\_ | ,\I\I\\I\II\I\,
500 500 |- 500
- i
400 400 400 |
B I
B f
300 300 F 300
c £ B E
E E | E
X200 200 F > 200
100 100 F 100
0 | of ’ 0 ’
B 1 I Il 1 Il 1 Il 1 Il Il I Il ] [ L I L L 1 L H L L 1 L I L ] [ | I | ] | | H | ] ] | I | |
-100 0 100 -100 0 100 100 0 100
Y (mm) Y (mm) Y (mm)
Case4 Caseb Caseb
m N B [ | I e

Velocity Magnitude[m/s] 0 3 6 9 12 15 18 21 24 27 30 33 36 Pressure[Pa] 0 5 10 15 20 25 35 40
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Figure 10- Distribution chart of internal recycling coefficient (Ky) for six proposed designs of internal recycling system
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[26]
The geometry 1 2 3 4 5 6
%AKy 159.69 162.79 164.34 165.50 153.10 152.71
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Figure 11- Temperature distribution and its uniformity for six proposed designs of internal recirculation system
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Table 6- The maximum values and percentage of the maximum change of the released heat compared to geometry 1 in the six
proposed designs

The geometry 1 2 3 4 5 6
HR )05 (W) 1.19 1.23 1.17 1.16 0.64 0.80
AHR . (%) 49 54 46 45 -20 -
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Figure 12- Distribution of released heat and mole fraction of OH* species
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Figure 13- Suggested location for placing the heat consuming object
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Effect of combustion products recycling system on temperature distribution
and performance of flameless combustion furnace

Mehran KeramatiPour®, Mohammad Zabetian Targhi **

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran, mehran_keramati@modares.ac.ir
2- Department of Mechanical Engineering, TarbiatModares University, Tehran, Iran, zabetian@modares.ac.ir
*Corresponding author
(Received: 2024/03/10, Received in revised form: 2024/04/19, Accepted: 2024/04/24)

In this study, the conditions governing a flameless natural gas and air combustion furnace with an internal
recirculation system equipped with an arm to increase the recirculation coefficient is numerically investigated
on a laboratory scale. The effect of changing its angle on parameters of flameless combustion such as
released heat, temperature distribution and internal recirculation coefficient was investigated. The simulation
results show that by increasing the angle of the arm and opening the geometry up to 60 degrees, the flow is
better directed into the furnace, and the volume of the recirculation area is the largest in the arrangement with
an arm angle of 60 degrees. By comparing the value of the recirculation coefficient in the whole furnace, it is
observed that its main effect is on the recirculation area, which leads to changes in the uniformity of
temperature and released heat. By examining the maximum released heat, it can be concluded that the
geometry design with an arm angle of 30 degrees is the best proposed geometry for heat treatment
applications. By examining the temperature results, it was concluded that as the angle of the arm of the
system is lower (the system becomes more closed) and the accumulation of the combustion flow inside it is
greater, The temperature increases from 1727 K (for armless geometry) to 1738 K (for arm angle of 15
degrees).

Keywords: flameless combustion furnace, arm angle change, temperature distribution, internal recirculation
system, internal recirculation coefficient
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