31 (Combustion theory)

(combustion element)

| [

(Heating value)

C + 02 -
h2 + 0502 -»
h2 + 0502 ->

+ 02  -»

(31)

co2 + 97000 kecalkmol
HAg) * 57,600 kcallkmol
hd0 + 68300 keal/kmol
s02 + 80,000 keal/kmol

3.1

wW
N

)
)
)
)

[J%)
(F)

6
6
6
(34
1

97.000 kcal



1Lkmol 1Lkmol 12 1kg
97,000/12 « 8,080 keal

(High Heating Value: HHV)
(Low Heating Value: LHV) [10]

HHV LHV
LHV = HHV - mwhB (3.9)
HHV = LHV + 9mHhf) (3.)
mw 1
H MK 1kg ultimate
analysis ( %c, %H, %0, %N,

% % ) i

32 (fuel) [8,10]

321



322
L
2
3 (LPG)
(Biomass)
4
1 (Forest biomass)
(Softwood) (Hardwood)
40%
2 (Agriculture - biomass)
3 (Industrial hiomass)
4, : (Domestic biomass)
323
N o0 I CH
3.3
3
L
2

19

(lignin)

¢, H



34

(Heating Value) [9]
(Calorimeter)
C Ikg
h 1kg
0 Lkg
Lkg
(o & Lkg
C Lkg  97,000/12 « 8,080 kcallkg
H lkg 68,3002 = 34,200 keal/kg
H 1kg 57,600/2 = 28,800 kcallkg
lkg  80,000/32 = 2,500 keallkg
HHV = 8080 x ¢ +34200 x 'h - 1 + 2500 x (3.7)
8080c 1 kg
34200n
, 8 kg
1kg 9 kg 0/8 h



» o igyssijug

1l oy 'im BB |
LHV = 8080 xc+ 28800 x h - £ +2500 x - 5a0x (o 39)
28800h 9(0/8)
540
31
il 23
9 1
31
H2 + 2!:02 hd
2kg 3212 kg 18kg
118 kg 1kg 958 kg
HD 1 (ko) 18 (kg)



(kolkg
3.2

C 1(kg)
U2 x 224 = 1867  (Nmdkg )
V12 x 2 = 267 (kglkg )
lky) C (kolkg )
V12 x 224 x ¢ (Nm3kg )
V2 x32xc (krkg )
12 x 22412 x (h-0/8) (Nm3kg )
12 x 3212 x (h-0/8) (korkg )
U32 x 224 x (NmVkg )
132 x 32 x (korkg )
L (kg)
0.21 0.232 Ad
| L@ wer L x32y ~ X 32 X

22



I%XQQ'A’XH%XZZZAXH, °8N+,312x22.4xs

(Nm3 kg ) (310)

8,11]

m A A=mA0
-AC

(m-1)A0 (m-1)
(m-1)x100%



32

( )

C + 02 = CO

12kg kg kg
224Nm” 22.4Nm3

( )

C + 0502 = C02

12y kg 2kg
22.4Nm) 22.4Nm3

( )

H + 0502 = C02
2kg 32.2kg 18kg
22ANm3 22.4Nm3 22.4Nm3
( )
+ 0502 = SO
3y kg bdkg
22.4Nm322.ANm3

C02

co

hd

[%]

A*112 =
367 kg
2.4%112=
1867 Nm3
28*1/12 =
233 kg
244112 +=
1867 Nm3
184112 =
9kg
24412 =
112Nm3
64*1/32 =
2kg
244132 =
0.7Nm3

Lkg

02 N2
3212 = ( 0232
267 ky = 11.05kg =883 kg
2.4*1/12 = ( 2
1867 Nm3 = 8.89Nm3 =7.02kg
212 =
150k 5.75kg 441 kg
2402*112 =
e 4,44 Nml 351 Nm3
32*112 =
Bl A5k 265 kg
22.402%112 =
56 N3 26.7Nm3 211 Nm3
xR =
1y 431 ky 331 kg
24432 =
07 N3 333 Nm3 263 Nm3

C02

n2

hd

n2

502

n?

) = 1250kg

) = 889kg

6.75 kg

538 Nm3

RIL

32.3Nm3

531 ky

333 Nm3



35 [9]
351
35.2 (excess air)
353 (mixture ratio)
!
(mfirif)

(fuel/air equivalence Ratio)

Stoichiometric

(3.11)

25



(inert)

(sulfides) (Halogen salts)

(fly ash)

(nonvolatile)
X y

36 9

€02 hd, so?
N2

® 2 112 x 224 x ¢
112 x 44 x ¢

(NmVkg
(kalkg

3.2

(silicates)

(volatile)

)

)

02

26

CxHy



H2) 12 x 224 x 1 (Nm3kg )
12 x 18 x (kakg )

02 U3 x 224 x (Nm3kg )
U3 x 64 x (ka/kg )

118 x 224 x (Nm3kg )
(kokg )

N2 U28 x 224 x (Nm3kg )
(kokg )

mAo (Nm3kg ) mAO (kg/kg )

( 1-1)\
02 021 X (m-NA0  (Nm3kg )
0232 x (m-)A0  (kalkg )
N2 (1-021) XmAO (Nm3kg )
(1-0.232) x raA0  (kalkg )
G

G =020 x (m-1)A0+(1- 02)mA0+ 224

224 224 224 224
1 Ct+ 2' X]h +1 XS

p g X ot

Nmdkg ) (1)



28

G=0232X(m-1)A0+ (- 0232)mA0+Y~xc+r-x h+ X + +
(kylkg ) (313)

G0 m=1

GO={(-0.21)A0+ Ct~~2~XK+~32~xs+~18~Xw +~28~xn
(Nm3kg ) (3.14)

GO0=(-0232)A0+— xc+-L-xh+-"-x +
(kokg ) (3.15)

37 ]

volatile

matter



CO

(Volatile matter)

C02 H2 02 HD

(3.19)

+

C02

—

02
02

(Heterogeneous)

(surface flux to volatile)

2C0

29

(3.16)

(317)
(319)

CO,

(3.16)

(3.19)



Ta

TwTs
(rd
q'"d =N ( B )
Stefan Boltzmann 5.67xI08WmK4 8
o ey
Re (Reynolds number)
qII

q :|>(T,'T,)

s (02 1) e T

11
o

30

(3-20)

(320)

(322)

(329)



3l

38 9]

(Steady-state)

(Direct Heating)
(Indirect Heating)

(Moisture content)

(wet-basis)
—md
e (3.24)
(dry-hasis)
_A (3.25)

md



32

(326)

(3.27)
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381

dw
dt

dw
dt

(Heating up period)

(

(Constant rate drying period)

hA(Ta-T 9

3



Rd

Ta
TS

Het

kH

dWldt -

1dWw  hA

R = &

Rd =k HHst- H

(Falling rate drying period)

¢(Critical moisture content)

(329)
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(Capillary forces)

(Plane of Evaporation)

6(Equilibrium moisture content)

(Liquid diffusion)

3.2

X2"042q8-»

35
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32

(Rotary dryer)

(Pneumatic conveying dryer)



38.2 , (Liquid diffusion theory)

(Unsteady-state diffusion equation)

dw {azw 52 32w
=D

O’
(long slap)
6 8 W 1 (irV
. Ul —exp -9Dt
2o By o Py
1 A /\2
— exp -25Dt
25 K21J
J
e
t
I D 2,3,

1 3.29

(329)
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----------- = aexp(-kt)
a =1
k - drying constant
Y
i V2iy
t
Empirically Based Equations
Curve-fitting
Page shell com
~ We6 =exp( - ktn)
k - drying constant
{
Uckan  Ulku
o
t- Ain -+B

38

(3.30)

3.30

330

(331)

(33)



t

e = [+AL+B

Wang
Wi-We
39 [30]
1 Static
2. Moving
3. Fluidized
(Unstable)

minimum fluidization velocity

4, Dilute
terminal settling velocity

A = 000514289 T-0.785175
B = 12038105 exp(-0.0527455 T)

(bed)

tray dryer

4

39

(3.33)
(dense bed)
33
(mechanism)
34
fluidized bed

fluidized bed 354

36



40

tray dryer

33

rotary dryer with lifters

34

fluidized bed dryer

35



36 Spray dryer

Parallel flow
static bed

Perpendicular flow
1 static bed 308

. Through circulation
static hed, moving bed, fluidized bed

. Concurrent flow
. Countercurrent flow

. Crossflow

dilute bed

3

3.10

39

41

3.1



3.7 Parallel flow

|ém-
B¢ 1.0

U N0

38 Perpendicular flow

3.9 Through circulation



3.10 Concurrent flow

311 Crossflow

43
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