
 
 



 
 



 
 



 
 













 
 



 
 



 
 



1 
 

1





3



4





6



7



 

0

100

200

300

400

500

600

700

8



 
 

   

1

0

100

200

300

400

500

600

700

0

5

10

15

20

25

30

35

9







12



























25







28



 
  

29







32



33



34



35



36









40



41





 

43





 

45











50



51



52



53



54



55



56



57



58



59



60



61



62



63



64



65



66



67



68



69



70



71



72



73



74



75



76



77



78



79



80



81



82



83



84



85



86



87



88



89



90



91



92



93



94



95



96



97



98



99



100



101



102



103



104



105



106



107



108



109



110



111



112



113



114



115



116



117



118



119



120



121



122



123



124



125



126



127



128



129



130



131



132



133



134



135



136



137



138



139



140



141



142



143



144



145



146



147



148



149



150



151



152



153



154



155



156



157



158



159



160



161



162





 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

164



BF
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

165



 
 

( )  

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

166







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

..........................................................................................1
..........................................................................2















2



1



















10



11



12



13



14



15









 
 
 
 
 
 
 
 
 
 
 
 

 
 
 











































[1] , CO .  

[2] ,  CO
,  2019.  

[3]   , 
,  ,  59, 

 8, pp. 595-606, 2008.  

[4]  , 
,  , 

pp. 1037-1038, 2005.  







  
  
  
  
  

  
  
  
  
  
  
  

  
  
  
  
  
  

  
  

  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  



  
  

  
  
  
 

 
 

 
  

  
  
  

  
 
 



carbon monoxide, CO

COHb

22 [*]

CO COHb 5% 600

COHb 20% 1113



2 COHb

3

4 CO COHb CO 3

5

210



28.0 [g/mol] 28.8 [g/mol]

COHb

[1]

+ = 0 (1)

+ = + + (2)

+ = + + (3)

( = 1,2,3)
Newton Fourier

= + 23 (4)

= (5)

= /



= ( 1) (6)

= /

Poisson
[2,3] 2 2 Runge-Kutta /2+ 1 2 + 1=

2 75% 1 25%

2
[3,4]

SOR [5] SOR

( 1)
Poisson

Mach

+ = (7)



= ( . ) (8)

CO

+ = (9)



= + 2 + + 1
(A-1)

= + 2 + + 1
(A-2)

= / (A-3)

= + 2 + + 3 + (A-4)

= 2 +     = 2( )
(A-5)

= 2 (A-6)

= / (A-7)

= + + + 1
(A-8)

= + + + 1
(A-9)

= / (A-10)

= + + + 3 + (A-11)

= 1 +     = 3 4 +
(A-12)

= (A-13)

= / (A-14)( , , ) = (0, 0, 1) * + 1 2= 1.82 × 10  [Pa Sec] = 2.57 × 10  [W m K] = 1.00 ×10  [ sec ]



CO COHb [6] COHb
[*]

[6] (10) (11) COHb

2.6.1 (10) CO

COHb

= × + (1 ) × 218 0.0003 + /1316 ,
(10)      = , = 602398 , = 0.0404.

= × + (1 ) × 218 0.0003 + /1316 ,
(11)      = , = 602398 , = 0.0404.

2.6.1 COHb (10) [6]



12.0 [m] 5.0 [m] 2.8 [m]10 [cm] 120 × 50 × 28 = 168000
(0, 0, 0) 3.1.1 3.1.3

3.1.1

3.1.2

3.1.3





Case1

Case1 COHb 20% 1113 

[sec] COHb 20%

Case2 COHb 20% Case1

CO 100 [ppm]

Case2 1113 [sec]

1500 [sec]

Case3 Case1

COHb 30%, 40%, 50%, 60%

Case3 1113 [sec] 2400 [sec]

Case4a Case4b Case1

Case4a 50% Case4b 25%

Case4a 1113 [sec] 1800 [sec] Case4b 1113 [sec]

2400 [sec]

Case5 Case1

Case5 1113 [sec] 2400 [sec]

3.3.1

3.3.1

[sec]

Case1 0 1113 (50) (0)

Case2 1113 1500 (50) (3100)

Case3 1113 2400 (50) (0)

Case4a 1113 1800 (50) (1550)

Case4b 1113 2400 (50) (775)

Case5 1113 2400 (0) (0)

[m3/h]



Case1 ( , , ) = (0.0, 0.0, 0.0) [m/s]= = 101325.0 [Pa]= 288.15 [K] (= 15.0 [ ])= 0 [ppm]
Case2 Case5 Case1 = 1113 [s]

(1) = 50.0 [m /h] z/ = 0.0= 423.15 [K] (= 150.0 [ ])= 10000 [ppm])
Case5

(2) ( , , ) = (7.85, 2.60, 2.50)[m]
= = 101325.0 [Pa]= 0 [ppm]

(3) ( , , ) = (9.75, 0.15, 2.45) [m]
= = 101325.0 [Pa]= 0 [ppm]



(4) Case2, 4a, 4b( , , ) = (11.05, 0.05, 0.325)[m]
Case2 = 1000.0 [m /h] x

Case4a = 500.0 [m /h] x

Case4b = 250.0 [m /h] x/ = 0.0= 0 [ppm]
(5) Case2, 4a, 4b( , , ) = (9.75, 0.15, 2.45) [m]

Case2 = 2100.0 [m /h] y

Case4a = 1050.0 [m /h] y

Case4b = 525.0 [m /h] y/ = 0.0= 0 [ppm]
(6)

/ = 0.0/ = 0.0= 0 [ppm]
(7)

/ = 0.0= 288.15 [K] (= 15.0 [ ])= 0.0547 [W m K ]= 0 [ppm]
(8)

/ = 0.0= 288.15 [K] (= 15.0 [ ])= 0.547 [W m K ]= 0 [ppm]



30 3.6.1 6 3.6.2 180

170 [cm]

30

5, 15, 25, …, 165, 175, 185, … [cm] 165 [cm] 175 [cm]

170 [cm] 25, 95, 

165, 175, 185, 215, 245 [cm]

3.6.1

3.6.2

csv

csv CO COHb



4.1.1 4.1.6 170 [cm] CO

COHb CO COHb

CO COHb [ppm]

[%] COHb 20%

1113 Case2 Case5

Case1+Case2 4.1.7 Case2

Case5 CO

4.1.1 COHb 20% 1113 CO

COHb

4.1.1 CO COHb Case1

0

5

10

15

20

25

0

300

600

900

1200

1500

0 300 600 900 1200

C
O

H
b 

[%
]

C
O

 [p
pm

]

Time [s]

CO [ppm]
COHb [%]



1113 Case2 CO

COHb 4.1.2

4.1.2 CO COHb Case1 Case2

0

5

10

15

20

25

0

300

600

900

1200

1500

0 300 600 900 1200 1500

C
O

H
b 

[%
]

C
O

 [p
pm

]

Time [s]

CO [ppm]
COHb [%]



Case3 CO

COHb 4.1.3 COHb 

4.1.1 [6]

4.1.3 CO COHb Case1 Case3

4.1.1 COHb

COHb [%] [sec] [6]

5 502

10 739

15 936

20 1113

30 1432

40 1721

50 1988

60 2244
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1113 50 Case4a
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0
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Case1

25, 95, 165, 170, 185, 215, 245 [cm] COHb

4.2.1 4.2.7 (a) (d) COHb (a) 

5%, (b) 10%, (c) 15%, (d) 20% (a) 502 [sec], (b) 739 

[sec], (c) 936 [sec], (d) 1113 [sec]

Case3

Case3 25, 95 [cm]

COHb 20% 30%

40% COHb

Case3 COHb 25, 95 [cm]

4.2.8 4.2.9 (a) (d) COHb

(a) 30%, (b) 40%, (c) 50%, (d) 60% (a) 

1432[sec], (b) 1721 [sec], (c) 1988 [sec], (d) 2244 [sec]

Case2 / Case4a / Case4b / Case5

(10) COHb [6] CO

(11) COHb CO CO

Case2 Case4a Case4b Case5 COHb

COHb 4.2.1 4.2.9



4.2.1 25 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.2 95 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.3 165 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.4 170 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.5 185 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.6 215 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.7 245 [cm] COHb

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.2.8 25 [cm] COHb

COHb (a) 30% (b) 40% (c) 50% (d) 60%



4.2.9 95 [cm] COHb

COHb (a) 30% (b) 40% (c) 50% (d) 60%



Case1

Case1 CO 4.3.1 (a) (d)

COHb (a) 5%, (b) 10%, (c) 15%, (d) 20%

(a) 502 [sec], (b) 739 [sec], (c) 936 [sec], (d) 1113 [sec]

Case2

Case2 CO 4.3.2

(10) COHb [6] CO

(11) COHb CO (a)

(d) COHb (a) 1200 [sec], (b) 1300 [sec], (c) 

1400 [sec], (d) 1500 [sec]

Case3

Case3 CO 4.3.3

(a) (d) COHb (a) 30%, (b) 40%, (c) 50%, (d) 60%

(a) 1432 [sec], (b) 1721 [sec], (c) 1988 [sec], (d) 2244 

[sec]



Case4a

50% Case4a CO

4.3.4 (10) COHb [6] CO

(11) COHb CO

(a) (d) COHb (a) 1200 [sec], (b) 

1400 [sec], (c) 1600 [sec], (d) 1800 [sec]

Case4b

25% Case4b CO

4.3.5 (10) COHb [6] CO

(11) COHb CO

(a) (d) COHb (a) 1200 [sec], (b) 

1600 [sec], (c) 2000 [sec], (d) 2400 [sec]

Case5

Case5 CO 4.3.6

(10) COHb [6] CO

(11) COHb CO

(a) (d) COHb (a) 1200 [sec], (b) 1600 [sec], 

(c) 2000 [sec], (d) 2400 [sec]

CO 4.3.1 4.3.6



4.3.1 / Case1 CO 3

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.3.2 / Case2 CO 3

(a) 1200 [sec] (b) 1300 [sec] (c) 1400 [sec] (d) 1500 [sec]



4.3.3 / Case3 CO 3

COHb (a) 30% (b) 40% (c) 50% (d) 60%



4.3.4 / 50% Case4a CO 3

(a) 1200 [sec] (b) 1400 [sec] (c) 1600 [sec] (d) 1800 [sec]



4.3.5 / 25% Case4b CO 3

(a) 1200 [sec] (b) 1600 [sec] (c) 2000 [sec] (d) 2400 [sec]



4.3.6 / Case5 CO 3

(a) 1200 [sec] (b) 1600 [sec] (c) 2000 [sec] (d) 2400 [sec]



4.3 CO 3

Case2, 4a, 4b

CO Case5

CO CO

CO

Case1 Case5 4.4.1

4.4.2



4.4.1 / Case1 CO

COHb (a) 5% (b) 10% (c) 15% (d) 20%



4.4.2 / Case5 CO

(a) 1200 [sec] (b) 1600 [sec] (c) 2000 [sec] (d) 2400 [sec]



6

Case1 COHb 20% 0 1113 [sec]

Case2 1113 1500 [sec]

Case3 1113 2400 [sec]

Case4a 50% 1113 1800 [sec]

Case4b 25% 1113 2400 [sec]

Case5 1113 2400 [sec]

Case

Case1

4.1.1 1113 COHb

20%

4.2.4d COHb 20%

4.3.1 CO

Case2

4.1.2 CO 200 100 [ppm]

4.3.2 CO 200 [ppm]



Case3

4.1.3 CO COHb

4.1.3 1988 COHb 50% [6]

4.2.8 25 [cm]

Case4a

4.1.4 CO 600 100 [ppm]

4.3.4 CO 200 [ppm]

100%

Case4b

4.1.5 CO 2400 600 [ppm]

4.3.5 CO

Case2, 4a CO

Case5

4.1.6 CO 600 [ppm]

4.3.6 CO

4.4.2 CO



[1] (1971)

[2] F. H. Harlow and J. E. Welch, “Numerical Calculation of Time-Dependent Viscous 

Incompressible Flow of Fluid with Free Surface”, Phys. Fluids, Vol. 8, (1965), 2182-2189.

[3] , “ ”, , (1999).

[4] , “

”, B , 73 , 726 , (2007), 57-64.

[5] Y. Saad, “Iterative Methods for Sparse Linear Systems Second Edition”, SIAM, (2003), 

244-247.

[6] “Standard for Single and Multiple Station Carbon Monoxide Alarms Second Edition”, ANSI/ 

UL 2034, (1996), p36.
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(4) 20L LPG

2m  
28  A No.35  

(1) 1m3

 
(2) 
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A B  

(3) A B C C
 

(4) LPG
4m 0.3m  

B No.29
 

(1)  
(2)  
(3)  
(4)

 
29  A No. 35  

(1) LNG
LPG  

(2) LPG

 
(3) LNG

 
(4) 0.1 MPa 1MPa  

30  A No.35  
(1) 13A LNG  
(2) 

 
(3) 

 
(4) 0.1MPa 1MPa

 
 

2  
 

 
 



15 
 

4
 

4.1

 
 

4.2

 
4.2.1

12 500
 

2019 6 1 500
 

 

 
 
4.2.2

13 
 

4.2.3

 
 

 
 
 
 

 
 

 
 
4.2.4

 4-1  
 No    

1  1  1 6  2 6  
                                                   
12 http://www.mlit.go.jp/totikensangyo/const/totikensangyo_const_tk1_000055.html 
13 https://www.zenkaikouren.or.jp/ 
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 No    
2 

 
2 6  3 6  

3  3 6  5 6  
4 1 3  8  8  

 
 
4.2.5

14

 
 

4-2  
   

30  11

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 

 
(4) 

 

3 15

3

 

 
 

80m2

 

 

                                                   
14 2019
9 7  
15  
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2 60

240m2  
2

 

 

 
 

 
 

 

 
 

 
 

 
 

 
 

2
 

 

29  27

 

 
(1) 

 
(2) (4)  
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5
 

5.1

 5-1 2  
 

 5-1  
  

 

 
 

 
 
5.2

 
5.2.1

 
1 2 1 1 6

2 1 6

 
 

 
5.2.2

16 
 
5.2.3

 
1  

 
  

 

                                                   
16 https://jcmanet.or.jp/ 
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1  
2  
3  
4  
5  
6  

1 6
 

6 2  
 

2  
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1  
2  
3  
4  
5  
6  

2 3
2  

28
12

2
 

 
5.2.4

 
 5-2  

 No    
1  1 

 
3  4 6  

2 
 

5  7 6  

3 10  11 6  
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 No    

 
4 1 3  15  

2  1 
 

1  1 6  

2 
 

2  3  

3 

 

3  4 6  

4 1 3  8  
 
5.2.5

15

29 1  
 

5-3  
  

[No.1] 
3

 
(1)  
(2)  
(3)  

 
5.3

 
5.3.1
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5.3.2
17 

 
5.3.3

 
 

 
 

 
 

 
 

5.3.4

 
 5-4  

 No    
1  1 

 

3  4 6  

2  

 

5  7 6  

3  10  11 6  
4 1 3  15  

2  1 

 

1  1 6  

2  

 

2  3  

3  3  4 6  
4 1 3  8  

 
 
5.3.5

30 1  
                                                   
17 http://www.fcip-shiken.jp/ 
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5-5  

 
No.46  

1
 

2
 

3
 

4
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6
 

6.1

 6-1 6  
 

 6-1  
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6.2

 
6.2.1

 
1 2 1

2

 
 

 
6.2.2

18 
 

6.2.3

1  
 

 
 

 
 

 
 

 
 

 
 

6.2.4

 
 6-2  

 No    
1  1 3  4 6  

                                                   
18 http://www.jctc.jp/exam 



26 
 

 
2  

 

5  7 6  

3  10  11 6  
4 1 3  15  

2  1  1  1 6  
2   2  3  
3  3  4 6  
4 1 3  8  

 
 
6.2.5

19  
 

 
6-3  

 
 

 
 

 
 

 
 

 
 

 
 

 
 

6-4  
355  

(1)  
 

                                                   
19 1 2019 2018
12 10  



27 
 

 
 

 
(2)  

 
 

 
 

6-5  
379  

(1)  

 
 

 
(2)  

 
 

100m
500m  

30%  
 

18 30 1
 

 
6-6  

  
BNo.23

 
(1)

 
 

(2)  
(3) 

BNo.23  
(1) 

362
3  

 
(2)  
(3) 
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(4)  

363
 

 
(4)  

 
6.3

 
6.3.1

 
1 2 1

2

 
 

 
6.3.2

20 
 

6.3.3

 
1  

 
   

 
 

 
 

 
   

                                                   
20 http://www.jctc.jp/exam 



29 
 

 
 

 
6.3.4

 
 6-7

 
 No    

1  1 

 

3  4 6  

2  

 

5  7 6  

3  10  11 6  
4 1 3  15  

2  1  1  1 6  
2   2  3  
3  3  4 6  
4 1 3  8  

 
 
6.3.5

21 LP LP
 

 
6.4

 
6.4.1

 

 

                                                   
21 1 2018 2019 2018 4
10  



30 
 

5  
 

6.4.2
22 

 
6.4.3

 

 
 

6.4.4

 
 6-8  

  
1   

 
 

 
 
 
 

 
 

2   
 
6.4.5

23  

 
 

6-9  

                                                   
22 https://jpex.or.jp/ 
23  1 2

2019 5 20  
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6-10  

24 
 

 
 

 
 

 
 

 
6.5

 
6.5.1

 

1
 

5  
 

6.5.2
22 

 
6.5.3

 
 

6.5.4

25  

                                                   
24 
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6.5.5

LP LP 6.4.5
 

 
6.6

 
6.6.1

 
 

 
5  
 

6.6.2
22 

 
6.6.3

 
 

6.6.4

 
 6-11  

No   
1 

    

 

2 

 
3  
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6.6.5

LP LP 6.4.5
 

 
6.7

 
6.7.1

7 10 123
10 4

 

25  
 

6.7.2
22 

 
6.7.3

 
 

6.7.4

 
 

 
 
 
 

 
 
 

 
6.7.5

LP LP 6.4.5
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7
 

7.1

 
 
7.2

7.2.1

2

 
 

 
7.2.2

 
 

 
7.2.3

 
 10 30  
 3 30  
 1 30  
 1 30  

 
7.2.4

 
 7-1  

No  
1 

 
2 

 
3  

 
7.2.5
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7-2  

 
 
8

 
8.1

 
 
8.2

 
8.2.1

 
 

 
 

8.2.2
25 

 
8.2.3

 
 

8.2.4

 
8.2.5

 
 

8  
LP

LP  
 

                                                   
25 https://jcmanet.or.jp/ 



 
 




