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)1(  Q = (HHV) + (H ) (H ) + Heat of Solution 

Q [-0.05×(HHV)total](HHV)total 
(Hsensible)outlet 

(Hsensible)inlet Heat of Solution HCl 
  

1 :  

    

CO 1232)1( 2  22 COOC  
5.35ClH8O)2( 2  OHO5.0H 222  

SS3232O)3( 2  22 SOOS  
analysiswastefromdata(4)  )OxygenBound(   BO  

)4()3()2()1(O t2  Oxygen) lTheorrtica(  O t2  

t2t2 O322876.3N  Nitrogen) lTheorrtica(  N t2  
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ttt NOA 22  )AirlTheoretica(   A t  

   Air) Excess of(Percent   (%)EA  

tada A100EA(%)1A  )AirDry  (Actual  A ada  

adaA0127.0  Air from   OH 2 † 
Air from  OHAA 2adaa  Air) (Actual    A a  

   Rate) Loading (WasteW      
WAR aa  Reactants) (Actual   R a

 
 )airdrylb/()OHlb(0127.0 2 )airdrykg/()OHkg(0127.0 2    

2 :  

    

CCO 12442  2CO  

S3264SO 2 2SO 
Cl5.355.36HCl HCl 

t2e2 O100(%)EAO e2O 

t2e2 N100(%)EAN e2N 

BNNN)t(N t2e22 )t(N 2 
5.35ClH9  )combustionfrom(   OH 2  

Moisture   WasteAir)(from OH )combustion(from OH(t) OH 222 )(t OH 2 
(t) OH(t)NOClHOSCOG 222e22a  Gas) (Actual   G a  

Ash  +  Ash 
AshGP aa  Products) (Actual   Pa  

 

)2(  i = each inlet stream (HHV) = [m × (HHV)]  

(H ) = m × C × (T T ) + m × C × (T T ) + m ( ) × ( H )  )3( 

where i = each flue gas species 

m  i CPi i T0 T 
HV)Water T0   .CPi 

 7.[  
)4( (kJ/kg K)  (0.45)+(1.67)× -(1.27)× 2+(0.39)× 3 =  CP(CO2) 

)5(  (0.37)+(1.05)× -(0.77)× 2+(0.21)× 3 =  CP(SO2) 
)6(  (0.88)-(0.0001)× +(0.54)× 2-(0.33)× 3 =  CP(O2) 
)7(  (1.11)-(0.48)× +(0.96)× 2-(0.42)× 3 =  CP(N2) 

)8(  (1.79)+(0.107)× +(0.586)× 2-(0.20)× 3 = CP(H2O) 

=Tave (K)/1000  Tave=(T+T0)/2 
  ]6[ 

)9( (Btu lbm ) = 0.18 + 0.00003(T T ) 

T T0   .HCl 10 
 n nHCl   
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1 10 T   
)10(  Q = H (HHV) + (H ) (H )

+ Heat of Solution 

5 -4 -  

      
 2 1000ºC  )11.(  

)11(  Volume = Residance Time × Volumetric Flow ( 1000oC ,1atm) 

6-4-  

)12(  Re =
D

K  

V(m/s) D(m) K(m2/s)   .
13  .a b  .V

   
)13(  D = 2ab/(a + b) 
)14(  = Q A 

Q A  .  

7-4-  
       

500,000 ~1,500,000 kJ (h. m )  . 
 .3 5  

5   .  

t =
2.28 × L D

S. N
 )15( 

t (min)L/D  S in/ft (N  
(r/min)   

8 -4 -1000ºC   

     1000 C  16 
16   

)16(  
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=
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)17(  EA%
100

=
O %

21% O %
 

10-4-     

     3 
 (5.[  

3)  :g/kg(  

 PM CO CDD/CDF 
(total) HCl SO2 NOx Pb Cd Hg 

Uncontrolled E.F. 1.73 E01 1.91E-01 29.75E-07 2.21E01 
5.43E-

01 
2.31 6.19E-02 7.53E-03 4.34E-02 

C
on

tro
lle

d 
E.

F.
 

S.D. + F.F. 1.54E-01 1.94E-02 4.25E-09 1.34E-01 
3.24E-

01 
2.63 9.47E-05 2.68E-05 3.33E-02 

S.D. + C.I. + F.F. 3.78E-02 2.5E-02 4.79E-8 1.79E-01 
1.50E-

01 
2.45 3.69E-05 1.21E-05 3.93E-03 

H.E.S. 4.27E-01 3.00E-02 - 1.47E01 - 2.04 - - - 

S.D. = Spray Dryer                                                             F.F. = Fabric Filter 
C.I. = Carbon Injection                                                      H.E.S. = High Energy Scrubber 

5-   
4   

  
4]   :8]  [6[  

Elemental Analysis (dry) Proximate Analysis (as received) 

Cl Ash O S N H C 

H
H

V
 

M
oi

stu
re

 
co

nt
en

t 

A
sh

 

V
ol

at
ile

s 

Fi
xe

d 
C

ar
bo

n 

 

% % % % % % % Btu/lb % % % % 

4.27 15.76 7.47 0 0.12 9.37 63 8,724 36.32 10.03 53.56 0 Medical 
Waste 

0 0 0 0 8 22.7 69.3 22,02
7 0 0 100 0 Natural gas 

  

     4  .
34,847.02( 34,846.03  (
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     5 6 1 12 VSCC= 71.07 acm 
V= 3.55 m/s 67,619.05  .

VPCC= 24.45m3 V=10.49 m/s   .
1.15 9.83%    .

1   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

1 :  

6-    
5 :  

PCC+SCC Molar Weight PCC+SCC SCC PCC 
  kg-mol/h kg/kg-mole kg/h kg/h kg/h 

79.03 44 3477.10 1270.50 2206.60 CO2 
0.00 64 0.00 0.00 0.00 SO2 
1.12 36.5 40.95 0.00 40.95 HCl 

Waste: 
C: 601.80  kg/h 
H: 89.50 
N: 1.15 
S: 0.00 
O: 71.35 
Cl: 40.80 
Ash: 150.60 
Moisture: 544.80 

Primary Air: 
O2t: 2240.25kg/h 
O2e: 3584.40 
N2t: 7370.42 
N2e: 11792.67 
Moisture: 0.00 

Natural Gas: 
C: 346.50 kg/h 
H: 113.50 
N: 40.00 
S: 0.00 
O: 0.00 
Cl: 0.00 
Ash: 0.00 
Moisture: 0.00 

Secondary Air: 
O2t: 1832.00kg/h 
O2e: 0.00 
N2t: 6027.28 
N2e: 0.00 
Moisture: 0.00 

Primary Chamber 
Effluent: 
CO2: 2206.60  kg/h 
SO2: 0.00 
HCl: 40.95 
O2e: 3584.40 
N2(t): 19164.24 
H O(t): 1339.96 

Secondary Chamber 
Effluent: 
CO2: 1270.5+2206.60 kg/h 
SO2: 0.00+0.00 
HCl: 0.00+40.95 
O2e: 0.00+3584.40 
N2(t): 6067.28+19164.24 
H O(t): 1021.50+1339.96 
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112.01 32 3584.40 0.00 3584.40 O2e 
901.13 28 25231.52 6067.28 19164.24 N2(t) 
131.19 18 2361.46 1021.50 1339.96 H2O(t) 

- - 3.01 0.00 3.01 Fly Ash 
1224.48  34698.44    

  

6  :  

PCC+SCC SCC PCC   
4072.25 1832.00 2240.25 O2t 
3584.40 0.00 3584.40 O2e 
7656.65 1832.00 5824.65 O2a=O2t+O2e 

Excess % O2 =(3584.40/4072.25)×100%=88% 

1-6 -   
56.72 acm/s @ 2032.15 K & 1 atm (  

sacm   8.18 atm 1 ,K  293.15 @ffloVolumetric  
   

3mmg881.21PMC  
7   

dscmmg1239.07
%2O20.9wsB1

720.9
C

2std@7%OC  

  

0.107
ffloVolumetric total

Vapor of ffloVolumetric
wsB  

34 mg/dscm (  .
 .  (

 
  

  S.D. + F.F S.D. + C.I. + F.F. H..E.S. 
 

(mg/dscm)  
11.03 2.71 30.58 

  

    .  

2-6-  
     11.75 ppmv   .

40 ppmv .  (
  

3-6-  
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     213 ng/dscm 
25ng/dscm (  .

   
  
  

  S.D. + F.F. S.D. + C.I. + 
F.F. 

 (ng/dscm)  30.42 3.43 
  

    pray Dryer + Carbon Injection  + Fabric 
Filter    

4-6- 
1043.18 ppmv (15 ppmv ( .  

  

 

  S.D. + 
F.F. S.D. + C.I. + F.F. H..E.S. 

 ( (ppmv)  6.32 8.45 693.88 
  

 Spray Dryer + Fabric Filter Spray 
Dryer + Carbon Injection  + Fabric Filter   

5-6-  
     14.62 ppmv (55 ppmv (  .

 
  

6-6-  
86.52 ppmv 250 ppmv (  

7-6-  

64 0.07 mg/dscm (
  

  
  S.D. + F.F. S.D. + C.I. + F.F. 

 ((mg/dscm)  0.006 0.001 
  

 Spray Dryer + Fabric Filter Spray 
Dryer + Carbon Injection  + Fabric Filter    
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8-6-  

0.54 mg/m3 (0.04 mg/dscm (
  

  
  S.D. + F.F. S.D. + C.I. + F.F. 

 ((mg/dscm)  0.002 0.001 
  

 Spray Dryer + Fabric Filter Spray 
Dryer + Carbon Injection  + Fabric Filter    

9-6-  
     3.11 mg/m3 0.55 

mg/dscm (  .Spray 
Dryer + Carbon Injection  + Fabric Filter    

10 -   

       .

 1,500 10 
 .COSO2 NOx 

 .
  .

  
  

 Spray Dryer + Carbon Injection  + Fabric Filter (
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