
 

 

 

 

 

 

 

2014  

 

 

62140  

 

 

 

 

  

2017 1  

  



 

 

16351002 

 

Chemical Reaction Engineering 

    3 

  45 

    6  

2 9 10 4 9 10  

N1-315 

 

 

215  

2014  

 

     

    20293976@qq.com 

62140  



 

1 

 

   
1  ................................................................................................. 1 

2  ................................................................................................. 3 

2.1  ....................................................................................... 3 

2.2  ........................................... 3 

2.3  ................................................................... 3 

2.4  ................................................................... 4 

2.5  ........................................................... 4 

2.6  ....................................... 5 

2.7  ....................................................................... 5 

3  ................................................................................................. 6 

3.1  ........................................................................... 6 

3.2  ........................................................................................... 6 

3.3  ........................................................................... 6 

4  ................................................................................................. 7 

5  ................................................................................................. 8 

6  ................................................................................................. 9 

6.1  ............................................................................... 9 

6.2  ............................................................................. 12 

6.3  ......................................................................................... 14 

7  ....................................................................................... 16 

7.1  ..................................................................................... 16 



 

2 

 

7.1.1  ............................................................................... 16 

7.1.2  ............................................................................... 16 

7.1.3  ............................................... 16 

7.1.4  ............................................................................... 16 

7.1.5  ............................................................................... 17 

7.1.6  ........................................................... 17 

7.1.7  ................................... 17 

7.1.8  ............................................................................... 17 

7.2  ..................................................................................... 17 

7.2.1  ............................................................................... 17 

7.2.2  ............................................................................... 17 

7.2.3  ............................................... 17 

7.2.4  ............................................................................... 18 

7.2.5  ............................................................................... 20 

7.2.6  ........................................................... 20 

7.2.7  ................................... 20 

7.2.8  ............................................................................... 20 

7.3  ..................................................................................... 20 

7.3.1  ............................................................................... 20 

7.3.2  ............................................................................... 20 

7.3.3  ............................................... 20 

7.3.4  ............................................................................... 21 



 

3 

 

7.3.5  ............................................................................... 22 

7.3.6  ........................................................... 22 

7.3.7  ................................... 22 

7.3.8  ............................................................................... 23 

7.4  ..................................................................................... 23 

7.4.1  ............................................................................... 23 

7.4.2  ............................................................................... 23 

7.4.3  ............................................... 23 

7.4.4  ............................................................................... 23 

7.4.5  ............................................................................... 24 

7.4.6  ........................................................... 24 

7.4.7  ................................... 24 

7.4.8  ............................................................................... 25 

7.5  ..................................................................................... 25 

7.5.1  ............................................................................... 25 

7.5.2  ............................................................................... 25 

7.5.3  ............................................... 25 

7.5.4  ............................................................................... 26 

7.5.5  ............................................................................... 27 

7.5.6  ........................................................... 27 

7.5.7  ................................... 27 

7.5.8  ............................................................................... 27 



 

4 

 

7.6  ..................................................................................... 27 

7.6.1  ............................................................................... 27 

7.6.2  ............................................................................... 27 

7.6.3  ............................................... 28 

7.6.4  ............................................................................... 28 

7.6.5  ............................................................................... 29 

7.6.6  ........................................................... 29 

7.6.7  ................................... 29 

7.6.8  ............................................................................... 30 

7.7  ..................................................................................... 30 

7.7.1  ............................................................................... 30 

7.7.2  ............................................................................... 30 

7.7.3  ............................................... 30 

7.7.4  ............................................................................... 30 

7.7.5  ............................................................................... 31 

7.7.6  ........................................................... 31 

7.7.7  ................................... 31 

7.7.8  ............................................................................... 31 

7.8  ..................................................................................... 31 

7.8.1  ............................................................................... 31 

7.8.2  ............................................................................... 32 

7.8.3  ............................................... 32 



 

5 

 

7.8.4  ............................................................................... 32 

7.8.5  ............................................................................... 33 

7.8.6  ........................................................... 33 

7.8.7  ................................... 34 

7.8.8  ............................................................................... 34 

7.9  ..................................................................................... 34 

7.9.1  ............................................................................... 34 

7.9.2  ............................................................................... 34 

7.9.3  ............................................... 34 

7.9.4  ............................................................................... 35 

7.9.5  ............................................................................... 37 

7.9.6  ........................................................... 37 

7.9.7  ................................... 37 

7.9.8  ............................................................................... 38 

7.10  ................................................................................... 38 

7.10.1  ............................................................................. 38 

7.10.2  ............................................................................. 38 

7.10.3  ............................................. 38 

7.10.4  ............................................................................. 38 

7.10.5  ............................................................................. 40 

7.10.6  ......................................................... 40 

7.10.7  ................................. 41 



 

6 

 

7.10.8  ............................................................................. 41 

7.11  ............................................................................... 41 

7.11.1  ............................................................................. 41 

7.11.2  ............................................................................. 41 

7.11.3  ............................................. 41 

7.11.4  ............................................................................. 42 

7.11.5  ............................................................................. 43 

7.11.6  ......................................................... 43 

7.11.7  ................................. 43 

7.11.8  ............................................................................. 44 

7.12  ............................................................................... 44 

7.12.1  ............................................................................. 44 

7.12.2  ............................................................................. 44 

7.12.3  ............................................. 44 

7.12.4  ............................................................................. 44 

7.12.5  ............................................................................. 46 

7.12.6  ......................................................... 46 

7.12.7  ................................. 46 

7.12.8  ............................................................................. 46 

7.13  ............................................................................... 46 

7.13.1  ............................................................................. 46 

7.13.2  ............................................................................. 47 



 

7 

 

7.13.3  ............................................. 47 

7.13.4  ............................................................................. 47 

7.13.5  ............................................................................. 48 

7.13.6  ......................................................... 48 

7.13.7  ................................. 48 

7.13.8  ............................................................................. 48 

7.14  ............................................................................... 49 

7.14.1  ............................................................................. 49 

7.14.2  ............................................................................. 49 

7.14.3  ............................................. 49 

7.14.4  ............................................................................. 49 

7.14.5  ............................................................................. 51 

7.14.6  ......................................................... 51 

7.14.7  ................................. 51 

7.14.8  ............................................................................. 51 

7.15  ............................................................................... 51 

7.15.1  ............................................................................. 51 

7.15.2  ............................................................................. 51 

7.15.3  ............................................. 51 

7.15.4  ............................................................................. 52 

7.15.5  ............................................................................. 54 

7.15.6  ......................................................... 54 



 

8 

 

7.15.7  ................................. 54 

7.15.8  ............................................................................. 54 

7.16  ............................................................................... 54 

7.16.1  ............................................................................. 54 

7.16.2  ............................................................................. 54 

7.16.3  ............................................. 55 

7.16.4  ............................................................................. 55 

7.16.5  ............................................................................. 56 

7.16.6  ......................................................... 56 

7.16.7  ................................. 56 

7.16.8  ............................................................................. 57 

7.17  ............................................................................... 57 

7.17.1  ............................................................................. 57 

7.17.2  ............................................................................. 57 

7.17.3  ............................................. 57 

7.17.4  ............................................................................. 57 

7.17.5  ............................................................................. 58 

7.17.6  ......................................................... 58 

7.17.7  ................................. 58 

7.17.8  ............................................................................. 59 

7.18  ............................................................................... 59 

7.18.1  ............................................................................. 59 



 

9 

 

7.18.2  ............................................................................. 59 

7.18.3  ............................................. 59 

7.18.4  ............................................................................. 59 

7.18.5  ............................................................................. 60 

7.18.6  ......................................................... 61 

7.18.7  ................................. 61 

7.18.8  ............................................................................. 61 

7.19  ............................................................................... 61 

7.19.1  ............................................................................. 61 

7.19.2  ............................................................................. 61 

7.19.3  ............................................. 61 

7.19.4  ............................................................................. 62 

7.19.5  ............................................................................. 62 

7.19.6  ......................................................... 62 

7.19.7  ................................. 62 

7.19.8  ............................................................................. 63 

7.20  ............................................................................... 63 

7.20.1  ............................................................................. 63 

7.20.2  ............................................................................. 63 

7.20.3  ............................................. 63 

7.20.4  ............................................................................. 63 

7.20.5  ............................................................................. 65 



 

10 

 

7.20.6  ......................................................... 65 

7.20.7  ................................. 65 

7.20.8  ............................................................................. 65 

7.21  ........................................................................... 66 

7.21.1  ............................................................................. 66 

7.21.2  ............................................................................. 66 

7.21.3  ............................................. 66 

7.21.4  ............................................................................. 66 

7.21.5  ............................................................................. 67 

7.21.6  ......................................................... 68 

7.21.7  ................................. 68 

7.21.8  ............................................................................. 68 

7.22  ........................................................................... 68 

7.22.1  ............................................................................. 68 

7.22.2  ............................................................................. 68 

7.22.3  ............................................. 68 

7.22.4  ............................................................................. 69 

7.22.5  ............................................................................. 69 

7.22.6  ......................................................... 69 

7.22.7  ................................. 69 

7.22.8  ............................................................................. 70 

7.23  ........................................................................... 70 



 

11 

 

7.23.1  ............................................................................. 70 

7.23.2  ............................................................................. 70 

7.23.3  ............................................. 70 

7.23.4  ............................................................................. 70 

7.23.5  ............................................................................. 71 

7.23.6  ......................................................... 71 

7.23.7  ................................. 71 

7.23.8  ............................................................................. 71 

8  ............................................................................... 72 

8.1  ................................................................................. 72 

8.2  ................................................................................. 72 

8.3  ................................................................................. 72 

8.4  ................................................................................. 72 

9  ................................................................... 73 

9.1 ........................... 73 

9.2  ......................................................... 73 

9.3  ......................................................... 74 

10  ..................................................................................... 75 

10.1  ................................................................... 75 

10.2  ............................................................... 75 

10.3  ........................................................................... 75 

11  ............................................................................................. 76 



 

12 

 

11.1  ....................................................................................... 76 

11.2  ....................................................................................... 76 

12  ............................................................................................. 77 

12.1  ............................................................................... 77 

12.2  ............................................................................... 78 

12.3  ....................................................................................... 78 

12.4  ............................................................................... 78 

13  ............................................................................................. 79 

13.1  ............................................................... 79 

13.2  ............................................... 79 

13.3  ........................... 79 

14  ............................................................................................. 80 

 



 

1 

 

1  

 

 

 

 

(1) 

 

(2) 



 

2 

 

 

(3) 

 



 

3 

 

2  

2.1  

 

2.2  

 

2.3  

30

1937 Damkohler

Damkohler

50

1957

 

50 60 S.M.

O.



 

4 

 

 

50

 

2.4  

 

2.5  

 

GDP

GDP



 

5 

 

 

 

2.6  

 

2.7  

(1)  

(2)  

(3) 



 

6 

 

3  

3.1   

 

3.2   

1999-2003      

2005-2008     

2008-2012     

2015-2016    

3.3  

 

 

CFD  



 

7 

 

4  



 

8 

 

5  



 

9 

 

6  

6.1  

 

 

 

1.  

2.  

 

1.  

2.  

  

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

11.  

 



 

10 

 

1. 

 

2. 

 

3. 

 

4.  

  

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

 

1.  

2.  

3.  

4. 

 

5.  

  

 

1.  

2.  

3.  

4.  



 

11 

 

5.  

6.  

 

1.  

2.  

3.  

4.  

5. 

 

  

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

11.  

12.  

13.  

 

1.  

2.  

3.  

4.  



 

12 

 

  

 

1.  

2.  

3.  

4. 

 

5.  

 

1.  

2. 

 

3.  

  

 

1.  

2.  

3.  

 

1.  

2.  

6.2  

 

 

 

1.  

 

2.  



 

13 

 

  

 

1.  

2.  

 

1.  

2.  

3.  

  

 

1.  

2.  

3.  

 

1.  

2.  

3.  

  

 

1.  

2.  

3. 

 

 

1.  

2.  

3.  

  

 



 

14 

 

1.  

2.  

3.  

4.  

 

1.  

2.  

  

 

1.  

2.  

3.  

 

1. 

 

2.  

  

 

1.  

2.  

 

1.  

2.  

6.3  

 

2  

 12  

 6  



 

15 

 

 8  

 8  

 6  

 3



 

16 

 

7  

 

7.1  

7.1.1  

/ 1/2 

7.1.2  

(1)  

(2)  

(3)  

(4)  

7.1.3  

 

(1)  

(2)  

(3)  

(4)  

 

(1)  

 

(1)  

7.1.4  

(1)  

(2)  

(3)  

(4)  



 

17 

 

(5) 

 

(6) 

 

7.1.5  

 

7.1.6  

 

7.1.7  

 

7.1.8  

P1-3  

7.2  

7.2.1  

/ 2/2 

7.2.2  

(1)  

(2)  

7.2.3  

 

(1)  

(2)  

(3)  



 

18 

 

(4)  

 

(1)  

(2)  

 

(1)  

7.2.4  

(1)  

 

 

 

 

 

 

 

     

(2)  

   

 
  

   

 

1. A B

R S

 

2.  

1.  

2.  

3. 1  

(3)  



 

19 

 

   mol  

 

  

 0  

  [mol]  

  

(4)  

 

A  

 

     

      

  

  

 1(100%) 0~1  

 

(5)  

 

     

  

 

   I  

   I  

    A  



 

20 

 

 

   A  

A

 

 

7.2.5  

 

7.2.6  

P35 1 2 3  

7.2.7  

 

(1)  

(2) A   

7.2.8  

 P4-7  

7.3  

7.3.1  

/ 3/2 

7.3.2  

(1)  

(2)  

(3)  

7.3.3  

 

(1)  



 

21 

 

(2)  

(3)  

(4)  

 

(1) ; 

(2)  

 

(1)  

7.3.4  

(1)  

  

  

 A  

(2)  

 

 

 

 

 

 

 m a n b  

 m a n b  

 m=a n=b   

(3)  

 

 

 

kc



 

22 

 

 

 

100kJ/mol 150kJ/mol  

(a) 300K 10K  

(b) 400K 10K kc  

 

(4)  

 

     

kc kp  

(5)  

   

   

   

 

(cA0= cB0) 
  

 

7.3.5  

 

7.3.6  

P36 6 13  

7.3.7  

 



 

23 

 

(1)  

(2) kc  

(3)  

(4) kc kp  

7.3.8  

 P 7-9  

7.4  

7.4.1  

/ 4/2 

7.4.2  

(1)  

(2)  

7.4.3  

 

(1)  

(2)  

 

(1)  

 

(1)  

7.4.4  

(1)  

  

  

       



 

24 

 

   

kc  

(2)  

P10 1-1  

 kt=f(ci) 

 t t~ f(ci) 

 t~ f(ci)  

 E k0 

(3)  

P10 1-1  

 ci~ti        

 kc n 

 E k0 

7.4.5  

 

7.4.6  

P36 6 7  

7.4.7  

 

(1)  

(2) 

       



 

25 

 

(3)  

kc  

7.4.8  

 P 9-12  

7.5  

7.5.1  

/ 5/2 

7.5.2  

(1)  

(2)  

7.5.3  

 

(1)  

(2) 

 

(3)  

 

(1)  

(2) 

 

 

(1)  

(2)  



 

26 

 

7.5.4  

(1)  

 

(2)  

  

  

  

(3)  

tr  

( )t

 

 

VR V0 = VR/V0  

Sv[ 1]

Sv = V0/VR 

VNO/VR VNO  

 

 

(4)  

 

 

(5)  

 



 

27 

 

 

7.5.5  

 

7.5.6  

P37 18  

7.5.7  

 

(1)  

(2)  

(3)  

7.5.8  

 P 13-16  

7.6  

7.6.1  

/ 6/2 

7.6.2  

(1)  



 

28 

 

(2)  

(3)  

7.6.3  

 

(1) BR  

(2) PFR  

(3)  

 

(1)  

(2)  

 

(1)  

(2)  

7.6.4  

(1)  

  

  

(2)  

 

 

 

 

 

(3) PFR  

 



 

29 

 

 

 

 

 

(4)  

 

 

A  

A  

 

7.6.5  

 

7.6.6  

P37 20  

7.6.7  

 

(1)  

(2)   

(3)  

(4)  



 

30 

 

7.6.8  

 P 17-25  

7.7  

7.7.1  

/ 7/2 

7.7.2  

(1)  

7.7.3  

 

(1)  

(2) CSTR   

(3)  

 

(1) CSTR  

 

(1)  

(2)  

7.7.4  

(1)  

  

  

(2)  

 

      

 



 

31 

 

(3) CSTR  

 

 

 

 

 

(4)  

7.7.5  

 

7.7.6  

P38 23  

7.7.7  

 

(1)  

(2)   

(1)  

(2)  

7.7.8  

 P 26-35  

7.8  

7.8.1  

/ 8/2 



 

32 

 

7.8.2  

(1)  

(2)  

7.8.3  

 

(1)  

(2)   

(3)  

 

(1)  

(2)  

 

(1)  

7.8.4  

(1)  

 

(2)  



 

33 

 

     

(n ) PFR CSTR  

(3)  

PFR CSTR  

PFR CSTR  

(4)  

 

PFR CSTR PFR CSTR

 

7.8.5  

 

7.8.6  

(n ) PFR CSTR CSTR



 

34 

 

 

P68 8 9  

7.8.7  

 

(1) (n ) PFR CSTR  

(2) PFR CSTR PFR CSTR

 

7.8.8  

 P 39-47  

7.9  

7.9.1  

/ 9/2 

7.9.2  

(1)  

(2)  

7.9.3  

 

(1)  

(2)   

(3)  

 

(1)  

(2)  

(3)  

 



 

35 

 

(1)  

(2)  

7.9.4  

(1)  

n PFR CSR  

(2)  

 

(a)  

(b)   

(c)  

 

 

 

 

 

 

PFR CSTR  

CSTR  

=0 PFR  

(3)  

 

 

A P

P A  



 

36 

 

   

 

(4)  

 

 

 

 

 

 



 

37 

 

 

7.9.5  

 

7.9.6  

P68 5  

7.9.7  

 

(1) 

 

(2)  

(3) 

 

(4) 

 



 

38 

 

7.9.8  

 P 47-56  

7.10  

7.10.1  

/ 10/2 

7.10.2  

(1)  

(2) 

 

7.10.3  

 

(1)  

(2)   

(3)  

 

(1)  

(2)  

 

(1)  

(2)  

7.10.4  

(1)  

A A

      

x-T  



 

39 

 

 

(2)  

 

 

A  P   k1 

    A  S     k2 

 

     

 

 

 

 

 



 

40 

 

 

 

 

 

(3)  

 

 

 

 

 

 

(4)  

7.10.5  

 

7.10.6  

P68 6  



 

41 

 

7.10.7  

 

(1) A A

 

(2)  

(3)  

7.10.8  

 P 56-66  

7.11  

7.11.1  

/ 11/2 

7.11.2  

(1)  

(2)  

7.11.3  

 

(1)  

(2)  

(3)  

 

(1)  

(2)  

 

(1)  



 

42 

 

7.11.4  

(1)  

(2)  

 

( )

 

(3)  

 

 

 BR  

 PFR  

 CSTR  

(4)  

  

t

    

 

  

t

t+dt  

 

 

  

 

  



 

43 

 

 

 

(5)  

  

 

  

  

  

  

(6)  

 

 

 

 

7.11.5  

 

7.11.6  

 

7.11.7  

 

(1)  

(2)  



 

44 

 

(3)  

7.11.8  

 P70-72 P77-78  

7.12  

7.12.1  

/ 12/2 

7.12.2  

(1)  

(2)  

7.12.3  

 

(1)  

(2)  

 

(1)  

(2)  

 

(1)  

(2)  

7.12.4  

(1)  

 F(t) E(t)  

  

 

 



 

45 

 

(2)  

    

 

(3)  

t = 0  

 

 

   

 

 

 

P73 3-1  

(4)  

 

t0 V m

 

 

 



 

46 

 

 

 

 

P75 3-2  

7.12.5  

 

7.12.6  

P95 1 2  

7.12.7  

 

(1) F(t) E(t)  

(2)  

(3) 

 

7.12.8  

 P72-77  

7.13  

7.13.1  

/ 13/2 



 

47 

 

7.13.2  

(1)  

(2)  

(3)  

7.13.3  

 

(1)  

(2)  

 

(1)  

(2)  

 

(1)  

7.13.4  

(1)  

  

  

(2)  

PFR CSTR PFR CSTR  

 PFR
0   1 0    1

   ( )
1   1    1

F( ) E  

   PFR  

 CSTR  

   CSTR
2

1     

1 

t
  

PFR CSTR  



 

48 

 

 

(3)  

 

 

(4)  

BR 

  

  

  

 

 

P81 3-3  

7.13.5  

 

7.13.6  

 P96 7  

7.13.7  

 

(1)  

(2)   

(3) PFR CSTR  

7.13.8  

 P77-82  



 

49 

 

7.14  

7.14.1  

/ 14/2 

7.14.2  

(1)  

(2)  

7.14.3  

 

(1)  

(2)  

(3)  

 

(1)  

 

(1)  

7.14.4  

(1)  

 PFR CSTR  

  

(2)  

CSTR 

 

  

  

  

 



 

50 

 

 

 

 

 

N=1 N=  

P85 3-4  

 

 

(3)  

PFR 

 

  

  

  

Pe  

 

Pe Pe  

 

 

(4)  

     

 BR 
 

E(t)  

 CSTR N   



 

51 

 

 PFR Pe   P95 

(5)  

7.14.5  

 

7.14.6  

P96 5  

7.14.7  

 

(1) PFR CSTR  

(2)   

(3) N=1 N=  

(4) Pe=0 Pe=  

7.14.8  

 P82-95  

7.15  

7.15.1  

/ 15/2 

7.15.2  

(1)  

(2)  

(3)  

7.15.3  

 



 

52 

 

(1)  

(2)  

(3)  

 

(1)  

(2)  

 

(1)  

7.15.4  

(1)  

    

  

  

  

  

  

  

  

     

     

     

 

(2)  

     

    
1 1 A

A

S S

dnd
r r

V dt V dt
 

    
1 1 A

A

S S

dnd
r r

m dt m dt
 



 

53 

 

     

(3)  

     

 

     

     

 

 

 

  

  

  

  

  



 

54 

 

 

7.15.5  

 

7.15.6  

 

7.15.7  

 

7.15.8  

 P 97-104  

7.16  

7.16.1  

/ 16/2 

7.16.2  

(1)  

(2)  

(3)  



 

55 

 

7.16.3  

 

(1)  

(2)  

(3)  

 

(1)  

(2)  

 

(1)  

7.16.4  

(1)  

  

  

(2)  

   

  
3        cm /gg

s

V
V

m
 

  

  

  

P106 4-1  

(3)  

   



 

56 

 

   

   

 
 

2~20 kJ/mol 

 

21~418 kJ/mol 

(4)  

A +   A

 

 

A   A + 

 

 

0

 

 

7.16.5  

 

7.16.6  

 

7.16.7  

 

(1)  

(2)   

(3)  

(4)  



 

57 

 

(5)  

7.16.8  

 P 104-109  

7.17  

7.17.1  

/ 17/2 

7.17.2  

(1)  

(2)  

7.17.3  

 

(1)  

(2)   

 

(1)  

 

(1)  

7.17.4  

(1)  

  

  

(2)  

  

  

q  



 

58 

 

(3)  

 

  

 Ea Ed  

  

  

 

 

(4)  

 

Ea Ed

 

Ea Ed  

Ea Ed  

Ea Ed  

       

Ea Ed  

       

7.17.5  

 

7.17.6  

 

7.17.7  

 

(1)  

(2)   



 

59 

 

(3)  

7.17.8  

 P 109-113  

7.18  

7.18.1  

/ 18/2 

7.18.2  

(1)  

(2)  

7.18.3  

 

(1)  

(2)  

(3)  

(4)  

 

(1)  

 

(1)  

7.18.4  

(1)  

  

(2)  

 

'

s

s

k

k
A B R S  



 

60 

 

  

  

  

  

(3)  

 

 

 

 

Hougen-Watson  

 

 

  

 Langmuir  

 

(4)  

 

(5)  

7.18.5  

 



 

61 

 

7.18.6  

P128 3  P129 7  

7.18.7  

 

(1)   

(2)  

7.18.8  

 P 113-127  

7.19  

7.19.1  

/ 19/2 

7.19.2  

(1)  

(2)  

(3)  

7.19.3  

 

(1)  

(2) 

 

 

(1)  

(2)  

 

(1)  



 

62 

 

7.19.4  

(1)  

 

  

 

0 0
( ) ( )

( ) ( )

s iV S

A s s A
A

As As s s As i

r dV k f c dSR

r r V k f c S
 

A  

(2)  

>>  

<  

 

 

  

  

7.19.5  

 

7.19.6  

P157 2 

 

7.19.7  

 

 



 

63 

 

7.19.8  

 P130-134  

7.20  

7.20.1  

/ 20/2 

7.20.2  

(1) 

 

(2)  

7.20.3  

 

(1)  

(2)  

 

(1)  

(2)  

 

(1)  

7.20.4  

(1)  

  

  

  

(2)  

 



 

64 

 

 

  

 

 

 

 s   

 s  

 

(3)  

 

 

 

 

 

  

  

  

  



 

65 

 

  

 

 

 

7.20.5  

 

7.20.6  

 

7.20.7  

 

(1)  

(2)  

(3)   

(4)  

(5) s  

(6) s  

7.20.8  

 P134-142  



 

66 

 

7.21  

7.21.1  

/ 21/2 

7.21.2  

(1)  

(2)  

7.21.3  

 

(1)  

(2)  

 

(1)  

(2)  

 

(1)  

7.21.4  

(1)  

  

  

(2)  

 

  

 1.5  

 0.5 0.75  

 



 

67 

 

 

 

(3)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1

1   

(4)  

7.21.5  

 



 

68 

 

7.21.6  

1

 

7.21.7  

 

(1)  

(2)   

(3)  

(4)  

7.21.8  

 P143-147  

7.22  

7.22.1  

/ 22/2 

7.22.2  

(1)  

(2)  

7.22.3  

 

(1)  

(2)  

 

(1)  

 

(1)  



 

69 

 

7.22.4  

(1)  

 

 

 

Reb < 2   

0.17 < Reb < 330   

 

(2)  

  

 

  

 

7.22.5  

 

7.22.6  

P183 1  

7.22.7  

 

(1) 

 

(2)  



 

70 

 

(3) 

 

(4)  

(5)  

(6)  

7.22.8  

 P 159-164  

7.23  

7.23.1  

/ 23/1 

7.23.2  

(1)  

(2)  

7.23.3  

 

(1)  

(2)  

 

(1)  

 

(1)  

7.23.4  

(1)  

  

  



 

71 

 

(2)  

(3)  

  

  

  

  

7.23.5  

 

7.23.6  

 

7.23.7  

 

(1)  

(2)  

7.23.8  

 P 164-166  

 



 

72 

 

8  

 

8.1  

 

8.2  

 

8.3  

 

8.4  

 

 



 

73 

 

9  

9.1  

1 5

5  

5 10 10 1 1 10 10

1 1 1  

 

9.2  

 = 30~40%  + 70~60% 

 

9.1

1

E D 1  

1

  

A+ 98 

A 95 

A- 90 

B+ 88 

B 85 

B- 80 



 

74 

 

  

C+ 78 

C 75 

C- 70 

D 60 

D  0 

 

 

9.3  

<60



 

75 

 

10  

10.1  

 

10.2  

 

10.3  



 

76 

 

11  

11.1  

(1)  

(2)  

(3)  

11.2  

(1)  

(2)  

(3)  

(4)  

(5)  

(6) 



 

77 

 

12  

12.1  

 

2012  

 

21

 

(1) 

(2) 

(3) 

2000

7 27000

2010

  

 

(1) 2012  

(2) 2003  

(3) 1995  

(4) 1990  

(5) 1990  

(6) 1988  

(7) Smith, J. M., Chemical Engineering Kinetics, 3rd Edition, McGram-Hill. 1981  



 

78 

 

12.2  

(1)  

(2) 

 

(3) 

 

12.3  

CNKI  

12.4  

(1) http://emuch.net/bbs  

(2) http://bbs.hcbbs.com 



 

79 

 

13  

13.1  

 

13.2  

 

13.3  

(1)   

(2)   

(3)   

(4)  

  

     

  

 



 

80 

 

14  

 


