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Figure 1- Schematic of a Rotary furnace with recuperator (2-pass heat exchanger) and various zones of the furnace
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. Eddy Dissipation Concept

. Transported Probability Density Function
Renormalization group

. Reynolds stress equation model

. Rayleigh and Mie-theory

. Discrete Transfer Radiation Model (DTRM)
. Zone Model

. Eddy Dissipation Model (EDM)

. ANN: Artificial Neural Network

10. Oxy-fuel burners

11. Steady laminar flamelet model
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1. Steady flamelet model

2. GTMC

3. Detailed Reaction Mechanism from GRI reduced to 22 sets.
4. Iron ore pellets

5. Statistical Narrow Band model
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Table 1- The chemical composition of the main components in the solid / molten region
C% Si% Mn% P% S%
Cast iron scrap 3.057 2.152 0.653 0.171 0.115
Raw cast iron 3.932 2.133 0.854 0.048 0.113
Mild steel 0.153 0.253 0.834 0.016 0.023
product 3.277 2512 0.743 0.115 0.075
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Table 2- Chemical composition of fuel and air
Species CH,4 CQHG C3H5 C4H1() C5H12 C6H14 N, 0, CO, H,O
Natural Gas | 88 35 15 0.5 0.2 0.1 5.7 0 05 0
Air 0 0 0 0 0 0 0.78 | 0.21 | 0.0003 | 0.014
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Figure 3- Enthalpy changes of cast iron as a function of temperature (Jmatpro software)
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1. RANS: Reynolds Averaged Navier Stokes
2. Reynolds Average Navier Stokes

% Shear Stress Transport Model

4. Discrete Ordinate Model

5. WSGGM

6. Pressure-Implicit with Splitting of Operators



VEe o bl pgo o)leds oo )z Jlo (3l g S g Lidghy - sode 4y i

@l g sl )L

Syl Jlle s SeSa dalx b plard oS5 s b el pasite ol GlajlT plerd oS5 Y Jgazx 5o
YOUSs ol giledoe 0)lg Lo b sl> Jb ate (Sogubae s elgs JMatpro sils slasldl  Sealnoge s (g5l Joe
slos 5l aSul gl sl Jb 5l p,SekS o ¥ S sl amo o lis |y Lo Lol b awls Jb (T alss Jloges
Sl &5 cOlio/as] 3 axb (L8, 5 0gd (g5lw e sl o)l 5L &l VIO Mj oga 45 s 1O+ + °C sloo & Lae
Sloclsr Slonlons 4225 (2alS by 5l ST g, 255 e oolitd S35 T b, 51 ol salzle (53850
Joe Sud ola [P Jaal ools @) cans oo &5 alos 03b 1 45 (3T (093) 56 s Blans sl ogasay ido
5 S5bon 458,815,555 | Jlie arns lyies dulr e e & pymge 4l o a5 ol
5585 olee ale) 0gd oo 00938l UG Glay dlolae 45 dal> Slge jguia> 3l Jol> jlad cdl bl gl alSS et dox
Sl VDB (V) O g0 Jao cpl SYolre (Jlow s 5o (0,5

H=h+AH M)
T
h = hyer +f CpdT ()
Tref
(0 T<T,
B= ! 1 T>T,; )
| L1 T<T<T
(TI-TS s !
AH=PL 9
o(pH
(gt )+V.(puH)=v.(WT)+s )
* 1' 2
A :&iAmush (9)
B’+q)
S=A*.¢ )

lod Trer (V) alasly )0 457 050 g0 drwlne 9 (lod 5 (wgmme lale )5 ggame O)jsoas QS'JL""] (1) akaly 3ol
TL Sadale 5 Ts (Sadaclr bod 53 o w33 lgwpmine (T [ CodT 5 JS (TN g yo (ST et e 5o
aex S g rdge @lo S BLF 1Y USE) ol mlo g suls slajle 5l oglste 5 Cul (g e amb a5 aas 0 &,
b sho 51 oo b a5l gl 8 I3 b g o Ciujas a5 38 dilan g0t oS el (Sl AT el antz
sl V51T e sl 5 o)l (S 4mb (55995890 41 5 el (6 e el ol Ao s I3 3L uslie
2 Sl ol lp 088 G pSsle s e 1B (1)) Cod Sz (6000 0 sl 0 dogi Sloslms 5]
sl o (@ guk) P Gi..a..»l Gl i g alSS SVolas ;o 5 el ool oolarwl SST -0 Jow 5l b axl o
g oo a3lal (V salal)) S daio alex suls jgas Ll b (6 e

&l !
w,95 abaiza 19,0 Gl 5l g yly ol 5l it sols S Tgdes slayl5 4 conl Jrio ailas 5l 4l s8959
axb ol o qplply ool atasl 5 aeal fn Sy Oigen Gl U g ez 59551 5 Gl Y game
Joe 5l Grstie Ol @iledse sl wisd oo b (RSly St 5 oo cptat 5 atinl Gliol sloanl

1. Phase Change Material (PCM)
2. Kozeny—Carman
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a) Modified design b) Primary design
Figure 4- The geometry and computational cells of the rotary kiln with the angles correction

o bty kol ol oy 113 6595 (gillno a5 3 dmstisn —F S

otlilss 35 aslitul o,lass 4y Susp 2k 48 51y e 31 A4S Fyme 0 K@ 5 Ll Yloul lasdl gla o
9 3 Ui gy il g Cewl sais sslaiiwl o)lgss il sl aSul a4y a3 b Lciils wiales 1) o jles (SGop 0 by e
Y 5d oo ooliiul (0,18 oYU (55y0 Y S5 5 Coronl a5 Slasilodcd ;5 3390) SST k- @ _5lecél Jow 5 5500
&5 3 oSl [ mizmes el (B bz Gl Cesp dnpte slr 85 058 QUIYTEL LyyE cenlioe
ol 5l ool (6,18 ams (sl el BIF 3V o7 M 1 S (6550 Y Jske adsl €15, g oo oolitul VY I ieS o,
J> Pl [0+ Tl 08,5 soliiul (o bl pué o 5l 5w 59 45 3,5 slital g5 asbinbl 5 SVl a0 (lgs oo Live £
B9 oo oanline O i o Slewbre 4l 5l soue

2000
]
~ 1500
o
2
T 1000 — 1,832,340
L - —1,221,560
5 610,780
@ 500
0
0 10 20 30 40 50

time (min)
Figure 5- Numerical solution independency test from the computational network
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Table 3- Concentration of main species at the enterance the furnace
Species CcO COz N N, Nzo NO (0] 02 H, Hzo OH CH4
Mole fraction (%) | 0.800 | 1.700 | 0.000 | 72.152 | 0.000 | 0.043 | 0.006 | 14.960 | 0.022 | 3.457 | 0.060 | 6.800
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a) inlet velocity profile b) inlet temperature profile c) eddy dissipation rate d) turbulent kinetic energy
Figure 6- Inlet boundary conditions obtained from previous burner simulation
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a) Velocity field of melt region at 2700 s and the center of the furnace b) Furnace ignition velocity vector on the center plate

Figure 7- Rotary furnace velocity vectors
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a) The temperature field of the inner surface of the refractory layer at the moment t = 720s
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b) The angular temperature field of the refractory inner wall in the center of the furnace at t = 2100s
Figure 8- Temperature field of the furnace refractory layer
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Figure 9- Validation of the simulation in terms of the transient temperature of the outer wall of the rotary furnace
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a) Temperature distribution in configuration A b) Temperature distribution in a modified configuration
Figure 10- Temperature field of the central plate of the furnace at time t=1200s
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Table 4- Definition of the furnace performance parameters
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Figure 12- Results of performance tests of rotary furnace simulation in terms of fuel consumption and production of pollutants
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In this study, the computational fluid dynamics (CFD) simulation of an experimental 350 kg cast iron rotary
furnace was conducted for the aim of optimizing its fuel consumption and pollutants reduction. The furnace is
divided into 3 distinct simulation zones: a) solid charge zone with liquid-solid phase, b) combustion zone
with gas phase, and c) solid rotating zone or furnace refractory wall. These three zones are three-
dimensionally and transiently modeled in terms of the leading phenomena within each zones and interfaces.
The simulation in each region is based on the simultaneous solution of hydrodynamic equations, including
vortex dissipation and chemical reaction kinetics equations. The simulation results for the outside wall
temperature of the furnace body are in close agreement with the data obtained from experimental units.
Furthermore, melting rate, NOx and CO pollutant generation, specific fuel consumption, rotating speed,
preheating of combustion air, excess air percentage, and pollutant production were all evaluated in this
simulation. Changing the furnace configuration decreases fuel consumption by 5%, which is important in
terms of improving fuel consumption and alloy product quality in this furnace. The results of this study can
be used to optimize the industrial rotary furnace operations.

Keywords: Rotary furnace, natural gas, computational fluid dynamics, combustion, melting



