I (Incineration)

(Air Pollution)

2]

(Design Criteria) [4]

(Combustion)

(Combustible Element)



1

(Heating Valve) (Oxidation)

C+02 —~ CO02 + 97000 kcal/kmol

C+~02 — CO + 294 keal/kmol

CO + 509 » CO2 + 676 kcal/kmol

h2 + -> H20 (vapor) + 576 kcal/kmol
2°2

h2 + ->  H20 (liquid) + 683 kcal/kmol

+02 -> 502 + 800 kcal/kmol
02 02

11 021 m3 079 13
1 kg 0.232 kg 0.768 kg

Fuel + Air(o2+N2) — C02 + H20 + N2 + Heat



3T
(Time) (Temperature) (Turbulence)

L (Time)

2. (Turbulence)

(Solid Waste)

12



(Temperature)

; (Adiabatic Flame Temperature)

(Adiabatic Flame Temperature)

- | Insulation
Combustion Chamber f.r.qufh
| T max
Alr ky
2.1
2.1
Q-W =Hp-Hr

SNp(h° +h-hk) =E N R(h° + h-h°k)



bl

Hp =

Np =
Nr =
hO

=
I

hO

hf 07, h°

Interpolation

(Fuel)

(Produets)
Hr = (Reactants)

LPG

25°,1

5,1

14



(Solid Waste)

L (Moisture Content)
m(%)=~7~ x 100

= 1%

= , g

= , g
77°C 2

(Paiticle Size)
2.2

(Composition By Materials)

21
6]



uoys108lq0

1yBlam [10) J0 1U8JIa4

2.2



2.1

United Kingdom (av.)
Stevenage, U.K.

France (av.)

Holland (av.)

West Germany (av.)
West Germany (av.)
Sweden (av.)
Stockholm, Sweden
Spain (av.)

Rome, Italy

Poland (av.)

Auckland, New Zealand
Australia (av.)

Sydney, Australia
Vienna, Australia
Prague, Czechoslovakia
Sofia, Bulgaria

Paper

28
3
30
23
20
28
55
45
2
18

28
23
3
3
13
10

Organics

14
24
50
A

i
45
50
40
48
10
13
24
42
54

Garhage
and
Metal

D = WO W OO OO N Ol W PN

Glass

Plastics

Other

54

38

44

21

51

17



18

(Density)

6]

2.2
2.2
Specific Gravity Ib/ft3

Aluminum 2.10 168
Steel 7.70 480
Glass 2.50 156
Paper 0.70-1.15 44 - T2
Cardboard 0.69 43
Wood 0.60 3
Plastics

Polyethylene 0.94 59

ABS 1.03 64

Acrylic 118 64

Polypropylene 0.90 56

Polystyrene 1.05 65

PVC 125 18

(Chemical Compositions)

2.3



2.3

Component

Food wastes
Paper
Cardboard
Plastic
Textiles
Rubber
Leather

Garden Trimmings

Wood

Dirt,ashes,brick, etc.
Ripe tree leaves*

*Mantell C.L.,

Wiley, 1975.
HHV
LHV

Carbon
48.0
435
44.0
60.0
55.0
78.0
60.0
47.8
495
26.3
52.15

Hydrogen
6.4
6.0
59
1.2
6.6
100
8.0
6.0
6.0
30

6.11

[

%by weight
Oxygen
37.6
44.0
44.6
22.8
31.2

116
38.0
4.1
2.0
30.34

(dry basis)
Nitrogen
2.6
0.3
0.3

4.6
2.0
100
34
0.2
05
6.99

Sulfur
04
0.2
0.2

0.15

04
0.3
01
0.2
0.16

Ash
50
6.0
50
100
2.5
100
100
45
15

68.0

4.25

19

Solid Waste Origin Collection Processing and Disposal\ New York, John

(Heating Value of Solid Waste)

(LHV)

(HHV)

Mgt
MJkgrt



hfg

2,4

02n?2

M
HHV = LHV + H H20 !

krf
1 25°c 11
Dulong [8]
HHV =0.338C + 1.44\H - lé'/ e
2.4

%

2
&

1:3.76

, ko

2
I

1:0.35

20



mc

mH

m0

ms

fifly it

J )M )
(Theoretical Air)
"mta
ma 0232V 12\
= 1149mc + 345 m. +43ms kga
kgrf
Mvia

=N (/\ (24 (/\) - ]) m ))

=8.89mc +26.7, mH-~, + 333ms , ~--

\ / kgt

(Excess Air, %EA)

(Theoretical Air)



(AFac)

%EA=-" - - x 100

%EA = x 100
’ Eg_rf
1——
kgrf
(AF-Ratio)
(AF[he0)
AFthed
AFtheo = ;-

(Theoretical Air)

AFea = %EA x AFthe

22



23

(Flue Gas Analysis)

1I ” :1 « : 11*'|1 *'.”- ’ ! , . I :1 [T

c021hD , s02
(02 (N2

(Dry Flue Gas)

0°C 1

ma=(1-0232)m8é +(—)mc+(y)mH+(=)ms+mw+mN 1

0°c 1

m**( M)"'-» +0 -0.232) ., +(y )mc+t (y )mH+{ *)ni +m. m.o. oA

0°C 1



Mc

mH

mw

mN

dg

(Heat Capacity)

(Specific Heat)

1JrC

cv

fdu)

dT

dg = du + Pdv

24

dH = du + PdV



(ar)

Qnet

Qtotal

Qloss

(Combustion Chamber)

46 X10

9.2 X 105kJ/(m3h)

Q net

Vv

(Qnet)

Qnet ~ Qtotal ' Qloss

6]

, M/
, MJ/h

1 MJlh
1 MJh

25
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(Qtotal)

Qtotal ~" dy + 10f HHVf

rhd
mf = , kg/h
HHV
HHVf

I
=

[{e]
—
=

I I
[N
=
= <
~
= S
[{e]

(Qloss)

20%

9]
1 (QH0)

Qh2o = ih 1tfg250c

>

mw =

I
—

hfo 25°C , —

025% Lo

(QH) H2 1 kg 8

Qh2 =9mH"dry hig®0c + 9mHf rof higH0c ' h
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o H , ka/lkarf
mHf - kgl
rody = , kgh
rhf = 1 kg/h
25°C kJ/k
5 5°C kdlkg
3 (Qr) 9]
MJ
QV:ZO%(qtotal) h

Qloss = Qh2 +Qh2o + Qr

(Incinerator Grate)

(Grate Loading) [10]

LG = 10log( )
LG = 13-
1 ft -h
m = N R
(LG)

[10] (Ag)



28

A, = , ft2

m 1—
LG = 1 7|b

) ft2- h

(V) (Ag)
H:l

H = ,
Vo= 3
Ac = 2

Flame Port Area

Flame Port
Flame Port
17 mis [10]
Qg(600°c) = AppVpp

m3

Qg = 600°c , —
* A 2 ’ S

App = Flame Port 1m
Vpp = Flame Port 600°c 1 —



(Mixing Chamber)

1

7.5 m/s [10]
550°c
Qg(550°c) = AMVM
3
Q = 550°C , —
Am = ,m2
VM = 550°c 1—
Curtain Wall Port Area
Curtain Wall Port 550°C 6 m/s [10]
Curtain Wall Port
Qg(550°c) = ACpVCp
3
Qg = 550° 1 —
AQ Curtain Wall Port , m"
vep = Curtain Wall Port 550°c,
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500c 2 mis [10]

Qg(500°c) = A2V2

Qg = 500% , —
A2 = 1
V2 = 500°c 1—
(Stack)
[1] 3 -6 ramlD
[11]
TaTgpwD,
= 464.5Pb(Tg -Ta)
Ta = 1K
Tg = , K
pw = 1000 kg/m3
D, = Im
Pb = 1 mmHy

[10] 10 mis



Qg
!
Vg

2.3

[12]

1

dT(x)

2

113

leK

1
(Composite Medium)

31

10 m/s



T,-T2 T2-T3 T3-T4
Qcond = ’

m2K
Ra=Aaka - RE=Agkg I RE= Acke

1 2

T,-T4
TOTAL
Rtotal ~ Ra+ Rb + Rc

Qcond =

32



T,-T2
Qcond = R

R= 97 Lk

At

Qabsorb = M ¢cp *

, kJlkg K
1K

e
]

At
At = 1

Q fLUEGAS - mgCp (Tg 1 Ta) tw

mg 1 kg/s

Q = , kJlkg K
Tg
Ta

11
~

1K



(Mass Balance)

Joh
Cortrol \Volume

oh
2.5 Mass Balance

(Heat Balance) [13]

Control Volume

2.6 Heat Balance

25

34

2.6



(Thermal Efficiency)

\
dd F“EE\(;AS X 100
x = 1%
Qfluegas =
Qlhv

I
[N
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