o o A~ w b

(0

11
1.2

(flue gas)

(particulate)

(residue)

(@2 )



11

3 LPG

(5]

cC+02-> 2 +407,400 KJ /Kmol

C+- 2->CO + 123,480 KJ/Kmol
2

H2 + - 2 H20(g + 241,920 KJ/Kmol

H2+- 2->H2 ,1+ 286,860 KJ/Kmol
2

+ 2-» 2 + 336,000 KJ/Kmol

(high or

gross heating value)

(low or net heating value)



79%
3.76

2.1

02

02/

21%

1 Kmol O2+ 3.76 Kmol N2 = 4.76 Kmoi Air

%

%
21 23
79 77

1:3.76 1:3.35

12



13

AF =
AF = = ) )
( ) )
28.97
(theoretical amount of air)
stoichiometric ratio
(
)
(CO)
(excess air)
i}
f
3T (time)
(turbulence) (temperature)
L (time)
2. (turbulence)
3. (temperature)

(Ignition  temperature)



400°

h -

hO

580°C 610°0

NO*

Hp = Hr
SNp(hfo+h- ho)= SNR(hf +h- h°)

(products) 1KJ
(reactants) 1KJ

25 C 1 atm
25°C 1 atm

14



2
(garbage)
(plastic)  (rubber)  (clothes)
3, (moisture content)
2.2
Component
(;arbon

Food wastes 48.0
Paper 435
Cardboard 44,0
Plastic 60.0
Textiles 55.0
Rubber 78.0
Leather 60.0
Garden Trimmings 478
Wood 49.5
Dir,ashes,brick etc. 26.3
Ripe tree leaves* 52.15

(leave and grass)

(paper)
6
9eby weight (dry basis)
Hydrogen  Oxygen  Nitrogen

6.4 31.6 2.6
6.0 44.0 0.3
5.9 44.6 0.3
1.2 22.8 -
6.6 31.2 4.6
100 - 2.0
8.0 116 10.0
6.0 38.0 34
6.0 4.7 0.2
30 2.0 0.5
6.11 30.34 699

Suiter
0.4
0.2
0.2

0.15
0.4
0.3
01

0.2
0.16

*Mantell C.L. “Solid Waste Origin Collection Processing and Disposal” 1New York,

John Wiley, 1975

Ash
5.0
6.0
5.0

15

100 :

2.5
10.0
10.0
45
15
68.0
4.25



(reactants)
he
= |he kIKgfd
(HHV)n
(LHY) '
[7
HHV = LHV+Nh f )
N hfg
25° C
HHV Dulong [8]
HHV=0.338C+144(H- " )+0.094
HHV = 1MJIKg

= , %
= 1%

0 = 1%

= b , %

16



17

(theoretical air) [9]

via
airKgfuel
L ooasfetan offmu- MY - 224 3)
21 L12 2 8 32
f . Kgair/K g fuel
1 1 32 0 1
— (32 5)+- (= )mH- - )+— (32 5)
0.232 L12 e 8 32
V.. -V
%EA - uuv la X100

%EA = X100



%EA =

1=

Vaa =

via =

Qg
80%EA

, Kgair/Kgfuel
1Kgair/Kgfue
. air/K Sfuel
1 apKofue
[10]
orifice
4 3 in
101.6
Qa:AV3
T 14X254f 32
A_:b_mo_ | =81073X10™ |
(,, 3" fimin _
g WAL 0233 —
=
Va = -
8.1073 *10
UL PaVaD
Pa - 1-20 m3

U =1817 <10° Nn;
D = 4(2.54)/100 = 0.1016 m

A28.74m ) (0.1016m)

Re=  2X
18.17 x10'6 N-5

m

= 192844.29

18



ASME Re 192844.29 P 0.8

orifice taps ( , /2 pressure tapping)

K 0.815

Qg = KA 2N g Ah

A = orifice — 2
4

P =d/D

s
Q, = 0815- = (08 <0.1016)’m” -

- 422810 m? - Akl AR
= 4 x 1 m \{1 35082 A/ Ah,m

|

o .5 4 1 -1 -

Ql = 0.2923-Ah

Ahw

Qg / 0.2923
Ahw = Qg <100 / 0.2923 , cm

Ahw

342 Qg 1cm

C02,H20 (9 2
Vg

1 flue gas/KOfuel

v(g= (1-0.21)Vta+ (*~)mc + (*-)mH+ (~)ms + (~)mHO0+ (~ ) mN

19



20

Y Kofite gas/Kofe]

19=(1 -0.232)mta+ (~-) O+ (y)mH+ () 3+ HO0+ N

c02hb @n2 02
502 vV

flue gas/K 9fuel

vag = (W -1)Vta +(1-0.21)Vh + (~)m O+ () mH+ (~ ) ms

224 1224 12

+( f>mH2° +< « ), ~

W (W=vaa Alta)

mag= (mm - 1)mta + 1 - 0.232)mla+ () O+ (y)ymH+(~) 3 +mH2 + N

Gy
Kofluegas /Kofuel 1 (mm=
ma/ fa)
c=5215% H=011% <2=30.34% 2=6.99% %By Mass
Mole Fraction 2.3

2.3 Mole Fraction

Kgmole/Kg 0, Mole Fraction
C 0.5215/12 = 0.04346 0.04346/0.08598 = 0.50547
2 0.0611/2 = 0.03055 0.03055/0.08598 = 0.35532
2 0.3034/32 = 0.00948 0.00948/0.08598 = 0.11026
2 0.0699/28 = 0.00249 0.00249/0.08598 = 0.02895

0.08598 1.00000



«

0%EA
0.5047C + 0.35532 + 0.11026 2+ 0.02895N2+ ath(02+3.76N2)
—y XCO02+ yH2 + zN2
X= 050547  y = 0.35532
0.11026+ath = X+ (y/2)
ath = 0.57287
£ =0.02895 + ath(3.76)
Z=2.18294

0%EA

0.5047C + 0.35532 2 + 0.11026 2+ 0.02895N2+ 0.57287( 2+3.76N2)
0.50547 2 + 0.35532 2 + 2.18294N2

0.50547 2 +0.35532 2 + 2.18294N2

0.35532/(0.50547+0.35532+2.18294)

0%EA 0.11674 = 11.6738 %

(wet flue gas)

100=% 2+ %N2+% 2
100:% 2 =% 2+% 2
100-11.6738 =% 2+ % 2
88.3262 =% 2+ %N2

0%EAag
Qdry flue gas- 0.883262Qwet iue gas
20%EA

0.5047 + 0 05532H2+ 0.11026 2+ 0.02895 2+ (1 6)0.57287(02+3.76N2)

-> 0.50547 2 + 0.35532H20 + 2+ 2.61374N2



22

2: 011026 + (L.2)057287 = 0.50547 + (0.3553212) +
= 0.11457

0.50547C02+ 0.35532 2 +0.11457 2 + 3.47534N2

= 0.35532/(0.50547+0.35532+0.11457+3.47534)
20%EA =0.0798 1.98%

(wet flue gas)

100=% 2+9%N\2+% 2 +% 2

100 -% 2 =% 2+ %N2+ % 2

100-7.98 =% 2+ 9%N2+ % 2
9202 =% 2+ 9%N2+ % 2

20%EA

Q dry flue gasi" 0.9202 Q Wet flue gas

(Energy Balance)

Ein = Eout

if= 1KW
Eoul

= 1kW

flue gas



Q .1 = 1kW

Quac = 3 kW
Qond = i
Qabs = 1kW
() Qnlkw
Q= m]dx LHY
= Kgls
LHV = () 1KIKg
LHV = HHV - (OH+W) hfg1125 ;
HHV = /N Dulong  1MI/Kg
H=
) oG
h — 5 C 24423 1KIKg
Qflue gas , kw

M flue gas ~ mflue gas “pg ('g7 ' ™a)

Muegas = Lo o1 1K
Cpg= 1KIKg K
Ta = 1K
Tl = 1K
% . %CO %o . %HpO %N2
o, Tl Tl Co,

100



0002 -

%0

%< 2
%h 20
% 2

CL
Pco2

Pco
CpO

Cn
Ph2o

CpN

Tgg

Tg7

= 1%
= 1%
1%
1KJ/Kg K
= 1KJ/Kg K
1KJ/Kg K
unburn Qunbum , kKW
Q'unblu'm—1: Clibum X HYG
me = unburn 1Kg/s
Cunbum rflc “* ~CinCO- ™01 0( 2
HVC = 33,700 1KJ/Kg
Qstack 1kW
®stack - mflue gas “pg (*g6' "97)
mflue 933= 1Kg/s
Cpg = 1KJ/Kg K

24

1%

, %

1KJ/Kg K

1KJ/Kg K

1K

1K



Qcond [ ,

0 _ (Tsi-T s0)A

Acond~
A= 1m2
R=2Z (") 1 2KIW
L= 1
k= 1 (K

TS 1750 = 1K
, Qabs 1kW
Qab3=MCP
= ’ Kg
Cp =  KJIKg K
At= Qabs 1K
At= Qas 1 sec
(1)
(thermal efficiency)
th =( “ue -a5-)X 100
Q LHV
th= 1%

Qflue gas =

= 1kW

, kW

25
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