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Abstract A computer simulation was conducted for heat and momentum transfer in a roller kiln. Time-
averaged Navier-Stokes equation conjugated with energy balance equation was numerically solved to predict the
temperature distribution and fluid flow field in the roller kiln. A computer simulation was performed for a roller
kiln for three cases. Firstly, when there are no ceramic materials in the roller kiln, the effect of natural
convection was studied on the temperature distribution and fluid flow field. From the result, it was ohserved
that air takes the heat of wall away from the roller kiln by natural convection and the heat was not transferred
effectively. Secondly, with ceramic materials temperature difference of ceramic material from the bottom to the
top of a ceramic material was about 255K in 5th zone and this is because the heat is transferred from the
surface of a ceramic material to flowing air with relatively low temperature. Finally, we considered effect of
radiation heat transfer. Temperature difference of ceramic material in 5th zone was about 300K, due to
radiation heat transfer on the ceramic material surfaces.
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Fig. 1. Schematic diagram of a ceramic roller kiln.
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Table 2
System parameters
Parameter Air (300 K) Aluminium oxide Fire clay
Density (kg/m’) 1.1769
Specific heat (J/kg-K) 1.0063 % 10°
Viscosity (kg/m-s 1.8464><10_2
Thermal conductivity (W/m-K) 2.6240x10° 39.0 1.13 (373K)
Volume expansion coefficient (K ) 3.3329%x10°
Thermal diffusivity coefficient (m%/s) 2.2156 %107

Emmisivity 1.00

0.31 (777 K) 0.75 (1273 K)
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Fig. 3. Temperature distribution in the roller kiln -
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Fig. 11. Temperature distribution along the y axis at x=2.565 - case 3.

o (,254E+0]
0.223E+01
+0.191E+01
& 0.159E+01
- 0.127E+01
& 0. 954E+00

0.636E+00
0.318E+00

Fig. 12. Velocity field in a roller kiln - case 3.

e olfE T Zo) B a7 A4 Ay 48
9] dAEE7} gong HudA nXRe dEgde
Ealnth Axrt § Al sjFHUFe] Hof S 8d
Mg BAl dAg AdE 28 ZA ok A Al
9 98 ®¥He &%/} Fol BAl E¥o] Hug EA}
Fremre 1 ¥AE AT Unix Huoz Bl
o] AgFHEZ A7 Az 959 27t A
& Aotk

Fig. 12& #5734 B9 RAelth. §A7} Frlolnz
BAL @Al H3 FelstA demz BAb dddE
U FEFe) M= A flvk i e 99 29

A QEZ: {3 Zog 2861l m/solil 59 HIT
T 9F 1.094 m/s2 A= AANFE 2L
e} 2 x}o]7} Qitt.

3.3.2. Algld] Y89 gAEEr} 3.9(W/m-K)d =
Fig. 13& Algd] 989 A=y} W oo &4
el 49 59M Aty 989 &% EXE VEh A
olth o] Mty Y3 BA gAY AR &2
RAolxn e AL BAL gAEE 1S Aojh FA}
dAEE nHBR FL A5 M2 94859 BY 2%
7} oF 800 Kolx a133t 2971 1100 K2 HA1E 19



258 o144, A4

- 0.3500E403
-= 0.40008+03
-~ 0.5000E+03
- 0L E00AED3

-~ 3.1000E+04
C - IOE+G4
- 4

-~ 315008404
-~ 0.1600E404

(2) no radiation heat transfer

(b) radiation heat transfer

Fig. 13. Temperature distribution of 5th ceramic ma-
terial for thermal conductivity 3.9 (W/m-K).

39S A9 oF 300K FE o ol EA 9HES
n3A] g2 ASe Ay dBrl gEonye A
o o3 GHALR Qs L=t sy A 9
go gAx=rt du AddiFo] o3 Frize 4
22 st AgtE] 459 2% Ago] AA dAlHT
UeS Belch ¥idof BAL dAES 23 A ou
Ao g9 2HE AlE 487} BAl Agd o
HALE 1EslA] 42 A$ET 220 Asdn U
& HojFr}

4.4 B

Azt 2ge B thstel 4] 4K A2 hro]
AN E STk

D 289 22 Wl Aok 957} g8 o wgoz
PE GHLE Aol KYT B9 7} 450} A
WR7H AgHe] 7t #HETE AR e
2589 92 A9 Aol 23 Urke AL T & et

2) Aete) 9B S W, o2l W oz Aok
422 Ao et Gol VYIAT o 378 67}

e AAUFZ st 717 AEe 98 e @
< o] 7le2 A=E 938 W] 2xa7 24 Wt

3) Bl o3 9AES uEd A9, A 98
EHoZRE HHoZ EAL AGRE <ldle] Az
48 899 2xrt g RolAle A& & & UTh Al
g d59 dHEE} 39.0(W/m-K)Ql 7% A
AB9 2T & AeA7E F A AAUESS A
olmg 9 &y ogHE9 BAL dAY g3y} 2}
kA AR 2G4 9 F HHe g2 Mg 989
2% s A 71dEA BIln S E = U
o}, ¥ Algpe] 8ol dAR%EsF 3.9(W/m-K)<Q)
ALde 9 & gHoA B dHgz g Aty ¢
Ro &x A AW oS Ak RS ¢ 5 Y%l
o A2l gl L2 A5AE AAYES A
o BAL EAEU S & 4 U

B ATE Edla] dojd 288 L8 AA &5
e 288 L&Y HA 2| 712WEEFL AA)H =
& 9t T3 A 23 e E¥E 47 TA Y
A LEZ 7] Yot 29 A Ao AAxAS
2 83 AFEE & 9lE Aol

ZAtel 2
AFE dIoAE AY FFhsha A 5y
1

B
TFAE 2] XY (FAHF: 97K-0603-03-04-3) 2J3}
a

A 3
o ATFHAFU oo A& AHE =dYTh

¢, : concentration (mass fraction) of chemical

species n
¢,  specific heat at constant pressure
dy :shear-rate (deformation) tensor
e ! emissivity
fi  : body force vector

g ‘ gravitational vector

H ' : heat generation

kk; : thermal conductivity

k ! turbulent kinetic energy
p  :fluid pressure

q,q; ° heat flux

q. - prescribed heat flux

(. ‘ convective heat flux

¢ : radiative heat flux
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: chemical reaction rate of chemical species n
: Stefan-Boltzmann constant

. temperature

! time

! fluid velocity vector

¢ Cartesian coordinates

agjel= &4

* mass molecular diffusivity

: volume expansion coefficients

: Kronecker delta

: dissipation rate of turbulent kinetic energy
: shear-rate (deformation) tensor

* dynamic viscosity

: density

. stress tensor

T

; deviatoric part of the stress tensor

@ 28, (0.5d,dy); viscosity dissipation is p®
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