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RESEARCH METHODOLOGY

Solids transport Heat transfer
characteristics: mechanism:
- RTD meas. : - Temp.profile
- Hold up meas. Expenments meas. with solids
- Bed depth meas. - Temp.profile
- Dynamic meas. meas. without
solids
Data Dimensional
analysis analysis
Solids physical Design: Operating Solids, gas, wall
properties: conditions: thermo-physical
properties:
- Size - Kiln length and - Lifter hold up
- Angle of repose diameter - Kiln rotational - Density
- Tapped density - Exit dam height speed - Speci. ht. cap.
- Bulk density - Lifter shape - Kiln slope - Th. conductivity
- Porosity - Heating system - Feed rate - Emissivity
- Exit dam height
- Heating power

Heat transfer
model:

- Radiative heat
transfer model
(from litterature)
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- Wall-to-solids

heat transfer coef.
- Convective heat
transfer coef.




DIMENSIONAL ANALYSIS:
SUMMARY

®© Modeling of the flow characteristics of solids materials within
continuously fed rotary kilns equipped with lifters:

® Mean Residence Time,
®© Hold-Up,

®©  Axial Dispersion Coefficient,

® Modeling of the heat transfer mechanisms in continuously fed
rotary kilns equipped with lifters:

® (Convective heat transfer Coefficient (wall-to-gas),

® \Wall-to-solid Heat Transfer Coefficient.
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HYDRODYNAMIC
CHARACTERISTICS



KEY FACTORS

Main factors to be taken
N consideration: | 2 variables

» Kiln design: L, Di » Solid characteristics:
Pbulk, ptapped, e

» Kiln operating
conditions: * Physical property: g
N, M, S, Dex, it
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BUCKINGHAM'S 11
THEOREM

It there Is a physically meaningful equation:
F(N, M7 Sa De:ca Sl’ifty L7 Di) Pbulks Ptapped; (97 g) -1 =1
involving a certain number r=12 physical variables,

then the original equation can be rewritten in terms of

a set of p=r-n=12-4=8 dimensionless parameters.

r

p: number of dimensionless grouping to define
r: number of variables

n: number of fundamental units among the variable




DIMENSIONLESS
GROUPING (pvutss 9; L, 5)

Dynamic ratio between inertial
and gravitational forces:

Solids characteristics:

Geometric ratio:

Solids transport coefficients:

N?2D; M
g Pouie D3/ gL

Pbulk g

Ptapped S

[ HU[% D
Poulk LD 2
VoL sealnDf \/D2T

(42, (2).(2).(

M (4Sl7jft> ( Pbulk ) (£>
pbulsz'Z V gL ’ 7TD12 7 Ptapped ’ Dz




CORRELATIONS
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EXPERIMENTAL
VARIABLES & MATERIALS

Bulk | Tapped| Size Repose

Parameters Notation Ordgr of Unit Materials | density | density Angle

magnitude kgm?] [kgm?]| [mm] | [°]
Kiln Iength L |, 95-4 m 1422 | 1543 | 055 39

889 934 1 3.8*1.9| 36
| S
M

| -5 degree NEI@ 1087 | | 184 0,6 354
0.6-75 | kg/h Dyed
h 0335  mm [
SL, R, NL - 3SL, 6SL - Eiiif? 260 | 284 7 42
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Experimental ¢ [min]

MEAN RESIDENCE TIME
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Good agreement within the £20% margins



Experimental HU [%]
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Sand
25 : : —
¥ 4RL
+ 4SL
20 + O HT-100(NL,4SL,4RL) ¥
A HT-300(NL.4SL)
HT-500(4SL)
15}
10
5 B
0 1 1 1 1
0 5 10 15 20 25

Calculated HU [%)]

25

N
o

Experimental HU [%]

(6)}

Broken Rice

—_
6}

—_
o

+%

O+ %

i N
mwmnD
at

5

1I0 1I5
Calculated HU [%]

20

25

25

N
o

Experimental HU [%]

(6)]

Beech chips

-
(&)

-
o

+
e
S
O
©
%
% 65l
+ 3SL
A G
o NL

5

1I0 1I5 2IO
Calculated HU [%]

Good agreement within the £20% margins

25



S

Experimental D [m?.s7]

-
o
do

-
o
A

-
o
n

Y
o
&

—
o
3

AXIAL DISPERSION
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HEAT TRANSFER
MECHANISMS



KEY FACTORS

Convective heat transfer: Wall-to-solid heat transfer:

» Kiln design: D * Kiln design: D

- Kiln operating conditions: - Kiln operating conditions:
w,lg, T w, ly, I, HU

» Solid characteristics: » Solid characteristics:

Ps Mg Cpg Ko




BUCKINGHAM'S 11
THEOREM

It there Is a physically meaningful equation:

F(cpg, Pgs Mg, kg, w, Dy 1y, Tg) - hew—g =1

F(cpp, po, |[HU]%, kb, w, D, Ly, Ty) - hew—cb =1
involving a certain number r=9 variables, then the
original equation can be rewritten in terms of a set of

p=r-n=9-4=5 dimensionless parameters. >

p: number of dimensionless grouping to define
r: number of variables
n: number of fundamental units among the variable




CORRELATIONS

hew— D [ v C T°° 0
Nuew—g — 2 = KRengﬁ (_g> (10_10 pgPg J )
kg D Wihkg

Re, = “PP” p, _ Crolty
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)
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NUew-g 0.1085 0.0275 -0.4839 -1.9284 -0.2208

2.1371 04531 -0.3507/ 0.9693 4177
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MATERIALS AND METHODS

|. Set the variable parameters 4. Set the desired temperature
to desired value, and achieve at wall and turn on the
steady state (of the bulk flow) heating in zone 2 or in the

two zones (| and 2)
2. Start the logging of

temperatures (wall, gas and 5. Achieve steady state of wall,
solids) ~30 min before gas and solids temperature

starting heating the bulk bed)
6. Collect and weigh the solids

3. Collect the power supply, the hold up
ambient temperature and
freeboard gas temperatures
at the inlet end, every 30 min.

Bu||< Sand 1422 0,1786 001 10° 0,76
|, 177 | OO5 0,0262 221 107 <es?t{n?atled>

[ 1] Thammavong, P, Debacg, M, Vity, S., Dupoizat, M., 201 |. Experimental Apparatus for Studying Heat Transfer in Externally Heated Rotary
Kilns. Chemical Engineering & Technology 34, /0/—717.
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EXPERIMENTAL VARIABLES

=
95 m

D 0,101 m

N 2-12 pm

S 3 degree

M 0.7-2.6 kg/h

h 23.5-33.5 Mm

SL, RL, NL :

Tw 00-500 °C
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CONVECTIVE HEAT
TRANSFERT

-

Experimental Nu
o

0.015 0.02
Calculated Nu [-]

Good agreement within the £20% margins
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AXIAL DISPERSION
COFEFFICIENT

000000
000000
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J=4897 Wm?2K'

400 600 800
Calculated hey— oy [W.m 2. K™ 1]

Good agreement within the £20% margins
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CONCLUSIONS



CONCLUSION - HYDRODYNAMIC

® Residence Time Distribution ® Hold-up / Filling degree

(RTD): = about 170 correlation show good
experiments used for the agreement with
model validation experimental data

® Mean Residence Time ® Axial Dispersion Model
Modeling @ successfully successfully represents the
represents the Exp. MRT of Exp. RTD within rolling

this study and other works motion
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CONCLUSION - HEAT TRANSFER

® Analysis of the temperature ® (Convective heat transfer model
profiles following a heating In good agreement with
operation: 90 experiments experimental data but need a

few other data for consolidation
® Experimental determination of

the heat transfer coefficient ® \Wall-to-solid heat transfer
between wall and solid particles: model successfully represents

| the experimental data
® |umped system formulation

Methods ® Some difficulties encountered to
| take into account effect of the
® Global heat balance using temperature and proceed the

supply power measurements calculations in the mean time
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VALUATION OF THE
RESULTS
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