J. Korean Soc. Combust. 20(2) (2015) 1-13

(G2 http://dx.doi.org/10.15231/jksc.2015.20.2.001 ISSN 1226-0959

Hero) LEYSE 9% 7| FAx7I%
2E2|12 A%7]9) 4% 1 %7}

At - FHaw

“gaksts] 49 7 A B s a

Performance Evaluation of a Flash Dryer and
a Rotary Kiln Dryer for Upgrading Low Rank Coal

Taegyu Eom" and Sangmin Choi™”"

*Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology

(Received 30 December 2014, Received in revised form 5 June 2015, Accepted 5 June 2015)

ABSTRACT

Drying, which is the oldest and most energy-intensive process, is an essential process for treatment of solid
product. The specific procedure to design and evaluate the dryers, which are a rotary kiln dryer and a flash
dryer, in case of drying the high-moisture coal was described. From determination of size to the heat and mass
balance in one-dimensional model were conducted to evaluate the performance of dryers. Heat consumption,
inlet gas temperature and size of the dryers were compared between a rotary kiln dryer and a flash dryer.
Further considerations to evaluate the reactor elaborately were also discussed. Performance simulation of
dryers along with the design procedure described here will provide helpful basis for understanding the concept
of reactor design.
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NTHED
A . cross sectional area or surface area, m’ Q . heat transfer rate, kW
B : evaporation capacity, kg-HZO/m3~h R : universal gas constant, kJ/kmol'-K
C, : specific heat, kl/kg-K S : source term in discretized equation
D . diameter, m T : temperature, C
Dv : diffusion coefficient, cm®/s (AT) : temperature difference, C
Ea  : activation energy, kJ/mol X : moisture content, kg/kg-dry solid
F . solid feed rate dry-basis, kg/s or view factor ds . particle diameter, m
G : gas flow rate per unit area of dryer cross d*  : particle dimensionless diameter
section, kg/m2~h hn . convective heat transfer coefficient,
Hevap @ latent heat of evaporation, kl/kg'K W/m*K
L(H) : length(height), m hn  : convective mass transfer coefficient, m/s
M : molecular weight, kg/kmol ng : the number of lifter
m : mass flow rate, kg/s p . pressures, kPa
Nr : thermal unit q : heat transfer rate per particle, kW/particle
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u : velocity, m/s evap : evaporation
u . terminal velocity, m/s g . gas
u® : dimensionless terminal velocity, m/s gs : gas to solid
o} : heat loss factor gw : gas to wall
B . heat consumption for i . inlet
€ . evaporation, kJ/kg-H,O k : phase (solid or gas)
n : volume fraction or emissivity or porosity m . true mean
: dynamic viscosity, Pa's Im : logarithmic mean
p - density, kg/m’ p . particle
c . Stefan-Voltzmann constant, W/m>K* S : solid
¢ : spherecity sat  : saturation
Y . exergy, kl/kg so  : solid outside
Trs . residence time, s si : wet core
Re : Reynolds number ss : solid surface
Pr  : Prandtl number t : terminal
Sh  : Sherwood number v : vapor or volumetric
Nu : Nusselt number vo : water vapor at the particle crust
vg @ water vapor at the gas phase
Subscripts W water
avg : average w : wet-bulb or wall
e :exit ws : wall to solid
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Fig. 1. Aflash dryer with hot gas generator.
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Table 3. Empirical correlations for heat transfer (0T)~0o )
Flash Dryer Qratgw = 1 1—e, (40)
Nu=0.15Re By Bayens et al.[9] ( €, A, g N €pAra dgw )
Nu = 0.15Re"*Pr*%’ By De Brandt[9]
Rotary Kiln Dryer B (o T ; -0 Tf)
Q = 1.02LD(nf-1)/2G**ATIm \ By Miller et al.[5] Qrars = 1—e, 1 1= “h

© Al A
%, W7 R e
el o= oAgd
ek B 2 AEF A LA AR 7)Ao
A &0 ghrolr] miel 7AH e 2k ZRutd
HItR 3t SESUE, LAYA H V1A A
TR A Jloz A4d 5 ok

&2 AdFods 2710 A27H FY BREeR
Alabstal 7] wiZell 4 (33)-(34)01 4 HAF S @
= A AUk

i

Qeony hhﬂ-dQ(Tg - ]qu) (35)
6e,

Q{Y]?’H) = df qmnn (36)

GRAALA (35)E ol gskel 7)ok we] 1A

AA) f ARG st 4 glom, LA

(6 /md) 2] 2 B2 (36)) AA dF 4

[e]

=

wep A4 4 9ck

HRDADAS e FAE SN0 B3 A

T 90m FAE SNuE dolER FRe T
WE P BANS B & 5 glek.

Table 3041 7| A7) ABL Fof o A

AEE BT 5 gowl, & AL A Bayens 5

o ASKRHY) h§F 71 FAZT|o A A A

il

=>
=
QU

Nu=——"=f(Re,Pr) (37)
ky
C

Pr= “T (38)

9
@ FArEAG

(JT;—UTj)
1 1—e,
€ A + e A

g“ rad,gs

deﬁ gs = (3 9)

( )

rad,gs

68
€4, - Awas(lfew) e A )

sT7s

(

Agetaztaa wevlel 4, e ¥ 2w
of o3t At A et B olek A A
M 9 WA, el DAY BAGHSS 1
5 glom, B2 HAEOR G 4 (9)

7 GE (N HHI} 5
A9 NN2HQ ARAEES Aol w7l

)

N
i)
=
olo
s
Lo
oR
ot
<t
—r
z
m
3

2HYZE A=x7] P42 Table 39\ A Miller
SI510] AQbet TA A S AHEE 4= QT = E X

B 4 G uhg 7] S A el A 29
AW W) 21 9F 2EAE ojugi.
4.2 1}

41.8127| 22 M5TIH Y ofb| A

Y] 85 9B P4 ARz g7 £
24 A% 9 oA Table 49 o] shord 4=
9190w, hg7lo] £t J1A 9] FRE 1Ll
3712 APgstant. A1Fa2719 45, 2eeUe
Az du) e A4 £ Lwet of 33w 3
ool o WP AT 4 gdon B AR A
o Q3] mAYRY WE LETt B S A
Ue A4 4 Yglck

712 oul A AR S Bl 2 urg7)e) A

Mo wy rot net o

FA 2 ArtE A

Table 4. Results of block performance evaluation

Moist. Rotary Kiln
(30% — 10%) Dryer Flash Dryer
(t/h) 252 252
Coal .
(C) 25 — 150 25 — 60
(t/h) 680 1000
Gas -
() 500 — 200 210 — 60
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Fig. 6. Variation of moisture content in the coal along

the axis.
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Table 6. Experimental conditions of a flash dryer[9]

Particle PVC
Particle Diameter (um) 140
Density (pp) 1195
Heat Capacity (kJ/kg'K) 0.980
Initial Moist. (%) 36
Solid Flow Rate (kg/m2~s) 1.29
Gas Flow Rate (kg/m™s) 10.4
Inlet Gas Temperature X) 400
Flash Dryer Diameter (m) 1.25
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Table 7. Comparison of the results

Moist. Rotary Flash
30% — 10%) Kiln Dryer Dryer
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Coal 5
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Gas 5
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Energy
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