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1  

 

1.1
1.1.1

20 40 21

International Energy Agency, IEA 2030 1)

30

99%

2011 10 4,773 kL 116 3,658 kL 89
2)  

3)

4)

5)

6)  

1.1.2

7)

8)  
9, 10,) 1971

33 m 2002 2001

82 m 11) 2003 2006
12)

1964
13 1983

1975

2003 9 M 8.0
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42.7 m 24.4 m

14

3,000 4,000 

L/min 3

44 5 5 56 L
15

20 11 30 34 m 10,000

40,000 L/min 16)  

1.1.3

(1)

1.1.1
17, 18)

3 3,000 4,000 L/min 10 10,000 40,000 L/min 2001

82 m 65 11)

 

 

1.1.1 18) 

 

1.1.2 1.1.3

1 10,000 L/min 120

1

19)

1.1.1  
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1.1.2 Kidde Iron man 30,000 L/min 1.1.3 Williams Ambassador 4,000 22,000 L/min  

 

1.1.1 19) 

 

[m] 

 

[m2] 

 

[L/min/m2] 

×  

[L/min] 

 

[L/min] [L] 

34 908 
6.5 

5,901 
10,000 36,000 

45 1,590 10,337 

50 1,963 
8.0 

15,708 
20,000 72,000 

60 2,827 22,619 

70 3,848 
9.0 

34,635 40,000 144,000 

80 5,026 45,238 50,000 180,000 

90 6,362 

10.0 

63,615 60,000 216,000 

100 7,854 78,538 
80,000 288,000 

110 9,503 95,030 

3% 120  

(2)

3 20) 1.1.4 1.1.5

1.1.6  

 

1.1.4

 

 

1.1.5
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1.1.6

 

 

 

 

1.1.4 20) 

1.1.5 20) 

1.1.6 20) 
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(3)

P FP SD

AFFF AR-AFFF 5 21)

1.1.2  

P, Protein Foam  

1.1.2

 

FP, Fluoroprotein Foam  

30

FFFP, Film Forming Fluoro protein

 

SD, Syndet Foam  

A

 

AFFF, Aqueous Film-Forming Foam  

3

10 20

 

AR-AFFF, Alcohol-Resistant Aqueous Film-Forming Foam  

AR-AFFF
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1.1.2 21) 

 

 

 

P  FP  SD  

 

AFFF  AR-AFFF  

 

20  

 [-] 1.16 1.15 1.03 1.04 1.04 

pH  [-] 6.8 6.8 7.9 7.8 7.8 

 

[ 10-3 m2/s] 
0.033 0.036 0.014 0.007 1.8 

 

(4)

10,000 L/min
 

 

8
16) 8

2

 

 

20m 2

3 40° 

1.1.7

 

 

100 m 20 m
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1.1.7 2005  

 

 

1.2
1.2.1

1.2.1

1.2.2

Footprint Landing Zone

 

 

1.2.1  
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1.2.2  

 

1.2.2

1.2.3

1.2.4

22)  

 

Expansion Ratio
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25% 50%

25% 50% 22)  

 
3.1.3  3.1.4  

 

1.2.3

102 L/min 103 L/min

104 L/min 1.2.1

300 500 L/min

3,000 4,000 L/min

10,000 40,000 L/min

 

 

1.2.1  

   [L/min] 

 

102 L/min  

ABC  3.5 10 

 5.0 20 

13 30 mm  10 40 
23) 130 350 

24) 600 

 

103 L/min  

 2,000 
25) 3,000 4,000 

 6,000 
26) 1,000 7,000 

 

104 L/min  

 10,000 20,000 

 10,000 40,000 
27) 1,000 5,000  
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1.3

28) National Institute of Standards and Technology, NIST

FDS Fire Dynamics Simulator ALOFT A Large 
Outdoor Fire Plume Trajectory

29)

 
30, 31) 32, 33)

 

34) FPEC FIRE MARSHAL”

 

MPS Moving Particle Semi-implicit Method
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1.4
1.4.1

2008 1/100

25%

1.4.1 1.4.1  

  

   2008 7 11 ( ) 

  

 625-1 

    

 10.0 mm 15,000 L/min 1/100 13.5 mm 30,000 L/min 1/100

16.0 mm 40,000 L/min 1/100  

 1 m/s  

 Kidde 1%  

 1.4.2  

 

1.4.1  

  
 

[mm ] 

 

[MPa] 

 

[° ] 
  

 

 

1 10 

0.7 35  

1 

2 13.5 1 

3 16 1 

 

4 

16 

0.5 

35  

1 

3 0.7 1 

5 0.8 1 

6 0.9 2 

 

3 

16 

0.7 
35 

 

1 

7 50 1 

6 
0.9 

35 2 

8 50 1 

 
3 

16 0.7 35 
 1 

9  3 

9  
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1.4.1  

 

1.4.2  

OHMgCl 22 6  1.10 wt% 

OHCaCl 22 2  0.16 wt% 

NaCl  2.50 wt% 

42SONa  0.40 wt% 

 95.84 wt% 

 

 

1.4.3 25 1

25 1

1.4.2  

1.4.3 3 mm 80 120 L/min

1 m

0.1 MPa 1 m
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1.4.3  

 

 

 

[mm ] 

 

[MPa]

 

[° ] 

 

 [m/s] 

 [m] 
 

[m] 

 

 

[-] 

1  

[%] 

1 10 

0.7 35 

 2.80 18 20 9.60 2.46 48.0 

2 13.5  2.15 16 25 7.97 2.57 44.2 

3 16  2.84 16 26 9.45 2.77 43.1 

4 

16 

0.5 

35 

 1.85 16 24 9.99 2.82 44.0 

3 0.7  2.84 16 26 9.45 2.77 43.1 

5 0.8  3.34 20 27 10.67 3.10 36.1 

6-1 
0.9 

 2.64 20 28 9.71 2.67 41.4 

6-2  2.91 22 35 9.85 2.91 37.6 

3 

16 

0.7 
35  2.84 16 26 9.45 2.77 43.1 

7 50  2.26 20 28 12.46 2.88 40.6 

6-1 

0.9 
35 

 2.64 20 28 9.71 2.67 41.4 

6-2  2.91 22 35 9.85 2.91 37.6 

8 50  2.89 23 28 16.73 2.98 35.4 

3 

16 0.7 35 

 2.84 16 26 9.45 2.77 43.1 

9-1  2.21 20 26 9.71 2.73 42.9 

9-2  2.40 20 25 9.93 2.74 40.8 

9-3  2.71 20 29 10.10 2.74 40.9 

 

 
1.4.2  

a) 3 322.6 L/min 0.7 MPa 35° 

b) 5 375.6 L/min 0.8 MPa 35° 
 

9.45 m 

26 m 

10.67 m 

27 m 

a) b) 
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1.4.2

22) 5,000 L/min

 

(1)

570 L/min 0.7MPa 84 m

 

(2)

16 5 25

Williams Hydro-Foam Nozzle Ranger HFR1

5 SD AFFF AR-AFFF

3% 1.4.3

30 m 13 m 390 m2

16 (A P) 7 (1 7) 112

0.205 m 0.25 m 7.5 L

 

(1.1)

 

 

100
min]/[

min]/[[%] 2

2

mL
mL (1.1) 

 



 118 / 1106 
 

 

1.4.3  

 

(3)

1.4.4 1.4.4

 

SD AFFF AR-AFFF

 

 

AFFF

 

AR-AFFF AFFF
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1.4.4  

  
 

[° ] 

 

[L/min] 

min max  

[m] 

 

[m] [L/m2/min] 

1 SD 45 5,000 34 66 16 293 

2  45 5,440 50 72 22 45 

3  30 5,980 52 75 16 47 

4 AFFF 45 6,080 44 64 14 958 

5 AR-AFFF 45 6,150 40 66 17 257 

6 AR-AFFF 30 6,220 48 70 12 537 

7 AFFF 30 6,170 30 60 10 416 

 

 

1.4.4  
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1.4.3
35) 2008

2009

 

(1)

14 47 61 1.4.5

1.4.6  

1.4.5  

 [L/min]  [MPa]  [° ]  [ ]  

120 0.7 35 1 

 

250 0.7 35 1 

350 

0.5 35 1 

0.7 
35 4 

50 1 

0.8 35 1 

0.9 
35 2 

50 1 

20,000 

0.7 
35 2  

45 1  

0.8 35 1  

0.9 35 1  

25,000 0.7 35 1 
 

30,000 1.0  35 1 

 

1.4.6  

 [L/min]  [MPa]  [° ]  [ ]  

10,000 

0.7 

35 2 

 

40 2 

45 2 

0.8 40 1 

0.9 

35 2 

40 2 

45 2 

15,000 0.7 

35 2  

40 1 
 

45 1 
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0.8 
35 1 

 
50 1 

0.9 

35 1 

 40 1 

45 1 

20,000 

0.7 

35 3 

40 2 
 

45 2 

50 1 
 

0.8 

35 1 

40 2  

50 1 
 

0.9 

35 1 

40 2 
 

45 2 

25,000 

0.7 
40 2 

 

45 2 

0.8 
40 2 

45 2 

0.9 
40 2 

45 2 

30,000 

0.7 

35 1  

40 3 

45 2  

0.8 
35 1 

 50 1 

0.9 
35 1 

40 3 

38,000 

0.8 
35 1 

 
40 1 

0.9 
35 1 

40 1 

40,000 

0.7 

35 1 
 

40 1 

45 2  

0.8 45 2  

0.9 45 2  
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(2)

20,000 L/min 0.7 MPa 35° 45° 0.8 0.9 MPa 35°

1.4.7  

 

1.4.7 20,000 L/min  

 
 

[MPa] 

 

[° ] [m] 

 

[m] 

 

[m] 

 

 [m/s] 
 

 

0.7 
35 

125 29 10  3.3  

106 20 15  1.8  

45 106 39 24  1.3  

0.8 35 93 29 17  3.0  

0.9 35 106 24 19  2.9  

 

0.7 

35 

95 20 14  3.1  

109 27 16  0.4  

102 26 9  2.3  

45 
86 30 13  3.1  

112 34 6  0.6  

0.8 35 117 30 15  1.8  

0.9 35 126 30 15  0.4  

 

106m

25 m 0.1 MPa 9 m

3.0 m/s

45° 35°

35°

10 20 m

10 20m

20%
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1.4.7

1.4.8  

1.4.8 0.7 MPa 36 40 m/s

/Pv 2 P 36) v 0.7 MPa

37.4 m/s 0.8 MPa 40.0 m/s 0.9 MPa 42.4 m/s

 

 

1.4.8 20,000 L/min  

  [MPa]  [°]  [m]  [m/s]  

 

0.7 
35 

29 40.8  

20 33.7  

45 39 38.5  

0.8 35 29 40.9  

0.9 35 24 36.9  

 

0.7 

35 

20 33.7  

27 39.4  

26 38.6  

45 
30 33.7  

34 36.0  

0.8 35 30 41.6  

0.9 35 30 41.6  

 

 

(3)

1.4.5

1.4.6 1.4.5

1 7 mm 1.4.6
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1.4.5  

 

1.4.6  

 

(4)

1.4.9 25%

 

1.4.9 25%  

 

[L/min] 

 

[MPa] 

 

[° ] [m] [m] 

 

[-] 

25%  

[s] 

 

 

20,000 

0.7 
35 

125 28.9 8.9 144  

106 20.0 9.52 88 
 

45 106 38.7 8.00 78 

0.8 35 93 29.0 6.26 123  

0.9 35 106 23.8 8.94 97  

25,000 0.7 35 130 31.5 5.9 108 
 

30,000 1.0 35 140 36.2 6.2 115 
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1.4.9

25%

100 m 5 10 m

5 37, 38)

5 10

 

 

1.4.4

(1)

20 m

Flame Suppression Ball FSB

FSB

FSB
39)  

(2)

1.0 m 0.5 m

94.2 kg 0.12 m

n- 2.7 kg 0.005 m

FSB

1.4.7 1 kN

2

0.1 m 0.12 m 0.125 m 0.14 

m 0.17 m 0.19 m  

FSB 1.4.8

GB GB

GB-Al

1.4.9 GB-Al 0.05 m 5 10-3 kg 0.09

1.4.10 GB GB-Al FSB

FSB 0.026 m
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1.4.7  

 

   
1.4.8 GB 1.4.9 GB-Al 1.4.10 FSB  

 

(3)

1.4.11 120 FSB GB GB-Al

FSB 2 m

FSB 1/2  

1.4.12 1.4.15

0.12 m

1.4.10

1.4.11 GB

GB-Al 1.4.11 GB GB-Al

FSB  

FSB 30 2 m

200 GB 120

GB-Al 120 FSB

120 GB

6.3 m

1 kN 4

1m

6.3 m

1 kN 4

1m
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1.4.14 GB 120

GB GB GB-Al

GB 420 GB-Al

840 2

GB 10 22% GB-Al 60 85% FSB

FSB

FSB

 

GB GB-Al GB GB-Al 50 60%

GB-Al GB-Al

GB

GB GB GB

 

 

 

1.4.11 FSB GB GB-Al  

 

2 m 

0.5 m 

FSB  GB GB-Al 
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1.4.12   1.4.13  

 

 
1.4.14   1.4.15  

 

 

1.4.10  

 
 

[kg/sec] 
 

[MW] 
 

[m] 
 

[ /sec] 

FSB  0.019 1.04 2.08 0.691 

GB 0.018 0.81 1.56 0.585 

GB-Al 0.004 0.16 0.75 0.090 

 

0

0.5

1

1.5

2

2.5

3

0 240 480 720 960
 [sec]

 [k
g]

FSB
GB
GB-Al

0

0.2

0.4

0.6

0.8

1

1.2

0 240 480 720 960
 [sec]

 [M
W

]

FSB
GB
GB-Al

0

0.5

1

1.5

2

2.5

0 240 480 720 960
 [sec]

 [m
]

FSB
GB
GB-Al

0

20

40

60

80

100

0 240 480 720 960
 [sec]

 [
]

FSB
GB
GB-Al
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1.4.11  GB GB-Al FSB  

 

GB GB-Al  [%] 

 
[kg/sec] 

 
[MW] 

 
[m] 

 
[ /sec] 

GB 8.3 22.0 25.2 15.4 

GB-Al 77.8 84.7 63.8 87.0 

 

(4)

GB GB-Al

1/4 GB 10 22% GB-Al 60 85

GB-Al GB 50 60%

GB-Al

 

GB-Al FSB

FSB

FSB

FSB

 

 

 

1.5
1.5.1

MPS 2

 

1

2

3

Rosin-Rammler 4 MPS
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5

 

 

 

1.5.1  

 
  

 

MPS   

 
 

1,500 L/min 

 
5 300 L/min 

  

   

1

2 4

3
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2  

 

2.1
2.1.1

1,000 L/min

50 m

 

 

2.1.2

20 L

450 mm

2.1.1

6.1 mm 4.9 mm 10.4 

mm2  

 
2.1.1  

 
4.7 L/min 0.08 MPa 3.7 L/min 0.05 MPa

25° 35° 45° 55° 65° 3 5

2.1.2 65 65 mm

60 60 mm 100 mm
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520 3640 mm Footprint

Landing Zone 120

 

 
2.1.2  

 

2.1.3

(1) 4.7 L/min 0.08 MPa

0.08 MPa 2.1.3 2.1.7

2.1.8

L [g] [kg] [mL] [L]

 

2.1.1

328 30 g 30 g

1

 

2.1.9 2.1.10

2.1.10

2.1.2  

2.1.8 2.1.10 25°

201 g 2.8%
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2.1.8

2.1.2

25°

 

 

 
2.1.3 25°  

 

 
2.1.4 35°  

 

 
2.1.5 45°  
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2.1.6 55°  

 

 
2.1.7 65°  
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2.1.8 0.08 MPa  

(a) 25° (b) 35° (c) 45° (d) 55° (e) 65° 

 

 

2117

128.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

[ L/min/mm2]

0.08 MPa 25 deg.

(a)

17128.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

0.08 MPa 35 deg.

(b)

128.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

0.08 MPa 45 deg.

(c)

128.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

0.08 MPa 55 deg.

(d)

8.3
4.2

1.4
0.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

4.5 7.57.06.56.05.55.04.5

0.08 MPa 65 deg.

[m]

(e)
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2.1.1 0.08 MPa  

 

[° ] 

 

[m] 

 

[m] 

 

[m] 

 

[L/min] 

 

 [%] 

25 6.20 1.06 0.17 4.75 64.63 

35 7.20 1.80 0.24 4.78 61.00 

45 7.35 2.70 0.27 4.66 59.13 

55 6.93 3.35 0.33 4.65 57.59 

65 5.90 4.00 0.41 4.73 53.53 

 

2.1.2 0.08 MPa  

 

[° ] 

 [m]  

 [m2] [L/m2/min]   

25 1.386 0.17 0.185 12.55 

35 1.584 0.24 0.299 7.51 

45 1.617 0.27 0.343 6.09 

55 1.386 0.33 0.359 5.46 

65 1.287 0.41 0.414 4.57 

 

 

 
2.1.9 0.08 MPa 2.1.10 0.08 MPa  

 

 

 

 

0

0.01

0.02

0.03

0 2 4 6 8

[m
L/

m
m

2 /m
in

]

[m]

25°
35°
45°
55°
65°

0

0.01

0.02

0.03

0 0.2 0.4 0.6

[m
L/

m
m

2 /m
in

]

[m]

25°
35°
45°
55°
65°
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(2) 3.7 L/min 0.05 MPa

0.05 MPa 0.08 MPa 2.1.11 2.1.15

2.1.16 2.1.3

2.1.4 2.1.17 2.1.18

 

0.05 MPa 3.7 L/min 120 7.36 L

35° 45° 10° 0.4 m

0.04 m 1 2%

 

2.1.13 2.1.14 25° 1

216.5g 4.6% 2.1.15

65°

x
 

 

 
2.1.11 25° 0.05 MPa  

 

 
2.1.12 35° 0.05 MPa  
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2.1.13 45° 0.05 MPa  

 

 

2.1.14 55° 0.05 MPa  

 

2.1.15 65° 0.05 MPa  
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2.1.16 0.05 MPa  

(a) 25° (b) 35° (c) 45° (d) 55° (e) 65° 

 

25
178.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

[ L/min/mm2]

0.05 MPa 25 deg.

(a)

25
178.34.21.40.7

0.05 MPa 35 deg.

0.60

0.48

0.36

0.24

0.12

0

[m
]

(b)

178.34.21.40.7

0.60

0.48

0.36

0.24

0.12

0

[m
]

0.05 MPa 45 deg.

(c)

178.34.2

1.4

0.7
0.60

0.48

0.36

0.24

0.12

0

[m
]

0.05 MPa 55 deg.

(d)

0.7 1.4
4.2

8.3
12

17

3.0

0.60

0.48

0.36

0.24

0.12

0

[m
]

5.55.04.54.03.5
[m]

0.05 MPa 65 deg.

[ ]

(e)
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2.1.3 0.05 MPa  

 

[° ] 

 

[m] 

 

[m] 

 

[m] 

 

[L/min] 

 

 [%] 

25 4.89 0.97 0.12 3.68 73.30 

35 5.32 1.50 0.16 3.70 72.68 

45 5.30 1.98 0.19 3.70 71.34 

55 4.86 2.50 0.23 3.70 69.54 

65 4.09 2.83 0.29 3.62 67.23 

 

2.1.4 0.05 MPa  

 

[° ] 

 [m]  

 [m2] [L/m2/min]   

25 0.94 0.12 0.088 20.38 

35 1.00 0.16 0.126 14.65 

45 1.06 0.19 0.158 12.11 

55 1.06 0.23 0.191 9.69 

65 0.99 0.29 0.225 8.00 

 

 

 
2.1.17 0.05 MPa 2.1.18 0.05 MPa  

 

 

 

 

0

0.01

0.02

0.03

0 2 4 6

[m
L/

m
m

2 /m
in

]

[m]

25°

35°

45°

55°

65°

0

0.01

0.02

0.03

0 0.2 0.4 0.6

[m
L/

m
m

2 /m
in

]

[m]

25°

35°

45°

55°

65°
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2.1.4

20 40%

0.05 MPa 0.08 

MPa 40%

 

35°

45°

 

 

3.7 4.7 L/min 10,000 40,000 L/min

100 1,000 L/min  
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2.2
2.2.1

10 270 

L/min 0.1 0.7 MPa 35° 45°

1,500 L/min

 

 

2.2.2

300 L 3

25 mm

2.2.1

2.7 6.0 9.4 13.0 14.2 18.8 mm

VeeJet 0°

0.45 m  

2.2.2 Exp. 1 Exp. 2 Exp. 3

0.7 MPa

Exp. 3 Exp. 4 150 L/min Exp. 6

1

1.0 m/s

 

 

2.2.3

2.2.1 2.2.1 2.2.2

Exp. 2-1 Exp. 3-2 Exp. 4-1 Exp. 5-1

2.2.1 (a) 2.2.1 (b)

2.2.1 (b) 2.2.1 (c)

2.2.1 (c)

2.2.1 (d) 50 L/min 0.1 MPa

1.5 m  
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2.2.1  

 

[mm ] 
2.7 6.0 9.4 14.2 18.8 13.0 

 

 

[L/min] 

20 100 250 570 1,000 500 

 

 
  

 

 

 

2.2.2  

Exp. 
 

[mm ] 

 

[L/min] 

 

[MPa] 

 

[° ] 

 

[m] 

 

[m] 

 

[m] 

1-1 2.7 12 0.7 35 9.5 5.8 3 

2-1 
6.0 60 0.7 

35 20.0 7.5 2.6 

2-2 45 20.2 10.4 3 

3-1 

9.4 

120 0.45 35 23.3 7.6 1.8 

3-2 
150 0.7 

35 21.0 7.7 3.0 

3-3 45 22.3 11.5 3.0 

4-1 
14.2 150 0.2 

35 21.5 5.3 1.4 

4-2 45 21.5 8.0 2.4 

5-1 
18.8 200 0.1 

35 18.9 4.1 0.6 

5-2 45 20.8 5.5 0.75 

6-1 

13.0 270 0.6 

35 36.9 13.9 2.7 

6-2 40 38.0 17.2 2.5 

6-3 45 29.0 20.2 2.0 
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2.2.1  

(a)  60 L/min 0.7 MPa 35° 

(b) 150 L/min 0.7 MPa 35° 

(c) 150 L/min 0.2 MPa 35° 

(d) 200 L/min 0.1 MPa 35° 
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2.2.2 270 L/min 0.6 MPa  

    (a) 35° (b) 40° (c) 45° 

 

2.2.4

5 L/min 1,500 L/min 10 270 L/min

 

 

(a) 

(b) 

(c) 
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2.3
2.3.1

 

 

2.3.2

0.7 MPa 1 500 L/min

AR-AFFF AR

3%
3) 2.3.1 AR-AFFF

NAN-1500 2.3.2

0.106 m 0.075 m 4.41×10-3 m2

1.2 m 30° 35° 40° 45°

2 3  

0.47 m× 0.30 m× 0.30 m 42 L 60

120

10

2.3.2

50%

25%

10 m

1  
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2.3.1  

 

 

 
2.3.2  

      (a)  

      (b)  

 

 

 

 

60

0.8 m 

27.0 m 

3.0 m 

4.0 m 

(b) 

60

70.0 m 

11.0 m 1.0 m 

(a) 
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2.3.3

2.3.1 30° 35°

1.0 m/s 40° 45° 2.0 m/s

8 % 2.3.1 30°

45°

10 m

 

2.3.3 35° 2.3.4 2.3.8

2.3.9 2.3.4

2.3.8 2.3.9 30°

 

 

2.3.1  

 [° ]  [m]  [m]  [m] 

 

30 65.0 13.7 3.1 

35 59.0 15.7 3.8 

40 55.0 16.3 3.7 

45 54.0 19.4 4.2 

 35 60.0 14.1 4.6 

 
2.3.3 35° (a) (b)  
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2.3.4 30° 2.3.5 35°  

 

  
2.3.6 40° 2.3.7 45°  

 

 
2.3.8 35°  

20155 10

30 35 40 45 50 55 60

-3.0

-2.0

-1.0

0

1.0

2.0

3.0

[m]

[m
]

[L/min/m2]

7.52.5

15
10

5
2.5

30 35 40 45 50 55 60
[m]

[L/min/m2]

1510

5

2.5

30 35 40 45 50 55 60
[m]

-3.0

-2.0

-1.0

0

1.0

2.0

3.0

[m
]

[L/min/m2]

12.5
1052.5

0

0

0
30 35 40 45 50 55 60

[m]

[L/min/m2]

1510
52.5

-3.0

-2.0

-1.0

0

1.0

2.0

3.0

[m
]

30 35 40 45 50 55 60
[m]

[L/min/m2]
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2.3.9  

 

 

2.3.4

1,500 L/min

35° 30 35°

30°

 

 

 

2.4 2
5 200 L/min 1,500 L/min

 

 

  

0

5

10

15

20

25

30

0 20 40 60 80

[L
/m

in
/m

2 ]

[m]

30 deg.
35 deg.
40 deg.
45 deg.

35 deg.
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3  

 

3.1

2

Rosin-Rammler

 

 

3.2

[m/s] [Pa] (3.2.1)

[m/s] [m/s]

[° ]  

 
 

 

 

 

 

3.2.1

2
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40, 41, 42)

0.8 43, 44)

0.5 0.6 40)

0.05 0.08 MPa =8.0

10.0 m/s 0.006 m 1.8×10-5 

m2/s =2700 3300 3.2.1

0.5 0.6  

 

 
3.2.1 40) 
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45)

 

 

 

 

 

3.2.2 25%

 

 

 
3.2.2  

 

 

 

 

 

0

10

20

30

40

0 10 20 30 40 50 60 70 80 90

[%
]

[ ]

cos (1-cos )
sin (1-sin )
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(3.2.2)  

 

 

(3.2.2)  

 

 

 

 

 

 

 

 

 

 

(3.2.4)

 

3.2.3

 

3.2.4

60% 20%

20%

20%  

300 20,000 L/min AR-AFFF 3%

10 m

4
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3.2.3  

 

 

3.2.4  

 

 

 

 

0.1

1

10

100

0.1 1 10 100

Ex
pe

rim
en

ta
l v

al
ue

 [m
]

Characteristic height: H* [m]

Small scale
Medium scale
Large scale
Fire-foam
Simulation

Maximum height

0%

20%

40%

60%

80%

100%

0

10

20

30

40

50

0 5 10 15 20 25 30 35 40 45 50
[%]

%
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3.2.2

3.2.5

(3.2.5)  

 

 

 

 
3.2.5  

 

(3.2.2) (3.2.6)

(3.2.7)  

 

 

 

 

 

 

 

 

 

x

z

H

u1 

v1=0

u2 

v21 2
u0

v0

R2 t2R1 t1



 557 / 1106 
 

 

 

 

 

 

 

 

 

 

(3.2.8)  

 

 

 

 

 

 

 

 

 

 

 

 

 
46)  

 



 558 / 1106 
 

(3.2.13) (2)

 

 

 

 

 

 

 

(3.2.2) (3.2.6) (3.2.11) (3.2.12) (3.2.13) (3.2.14)

(3.2.15)  

 

 

 

 

3.2.6

(3.2.7) [m]

3.2.7

60% 20%  

47) 300 20,000 L/min AR-AFFF 

3% 10 m

4

 

5 40,000 
L/min 0.05 1.0 MPa 25° 65°
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3.2.6  

 

 

3.2.7  

 

 

 

 

1

10

100

1000

1 10 100 1000

Ex
pe

rim
en

ta
l v

al
ue

 [m
]

Characteristic range: R* [m]

Small scale
Medium scale
Large scale
Fire-foam
Simulation

Maximum range

0%

20%

40%

60%

80%

100%

0

10

20

30

40

50

0 5 10 15 20 25 30 35 40 45 50
[%]

%
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3.3
3.3.1

3.3.1

35° 60%

Footprint

3.3.1

3.3.2 3.3.2

Rosin-Rammler

 

 

 
3.3.1  

 

 
3.3.2 3D  

0.03
0.020.01

0.0050.002

0.001

0.30

0.18

0.06

-0.06

-0.18

-0.30

W
id

th
 [m

]

3.5 4.0 4.5 5.0 5.5
Distance from a nozzle [m]

Volume of water droplets [mL/mm2/min]

Flow: 3.7 L/min, Angle: 35
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(1)

= 1

3.3.3 35°

 

 

 
3.3.3 3.7 L/min 35°  

 

(2)

3.3.4

60% 10%

 

 
3.3.4 3.7 L/min 35°  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Vo
lu

m
e 

ra
tio

 o
f w

at
er

 d
ro

pl
et

s [
-]

Width [m]

Measured data Gaussian

Flow 3.7 L/min
Angle 35

0

0.01

0.02

0.03

0 2 4 6

Vo
lu

m
e 

of
 w

at
er

 d
ro

pl
et

s [
m

L/
m

m
2 /m

in
]

Distance from a nozzle [m]

Measured data

Flow 3.7 L/min
Angle 35
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3.3.2

(3.3.1) 48)  

 

 

 

(3.3.1) (3.3.2)

3.3.5 Full Width at Half 

Maximum, FWHM 1/2

 

 

 

 

  
3.3.5  

 

(3.3.2)

3.3.6 1,500L/min 0.7 MPa 40°

1

 [L/min/m2]  [L/min/m2]

 [-]  [-]

 [m]  [m]  [m]

 [m]  
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3.3.6 1  

 

 [m]

(3.3.3)  [m] (3.3.3)

(3.3.4)

(3.3.4)  

 

 

 

 

3.3.7 3.3.6 1,500L/min 0.7 MPa 40°

3.3.4

1.5

 

w = 

L =

Qp = Q
max

/ Q
max

 = 1

Qp = Q / Q
max [-]

Q
c
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3.3.7  

 

(3.3.5)

(3.3.6)  

 

 

 

 

3.3.8 3.3.10

3.3.8 3 3.1.1

3.3.10 (a) 270 L/min 3.3.10 (b) 1,500 L/min

3.3.11  

3.3.8 0.05

3.3.9 3.3.10

0.11

No.3-1_5 No.4-2_2 0.2

0

0.2

0.4

0.6

0.8

1

1.2

-3 -2 -1 0 1 2 3

Q
p

[-
]

w [m]

L=31m_
L=52m
L=46m_
L=31m_
L=52m__
L=46m_
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3.3.8 25° 0.1

 

0.11

 

 

  
3.3.8 3.7 4.7 L/min  

  (a) 3.7 L/min (b) 4.7 L/min 

 

 
3.3.9 10 200 L/min  

  (a) No.1-1 No.3-1 (b) No.3-2 No.5-2 

0

0.05

0.1

0.15

0.2

0.7 0.8 0.9 1 1.1

* 
[-

]

L* [-]

3.7_25 3.7_35 3.7_45

3.7_55 3.7_65

(a)

0

0.05

0.1

0.15

0.2

0.7 0.8 0.9 1 1.1

* 
[-

]

L* [-]

4.7_25 4.7_35 4.7_45

4.7_55 4.7_65

(b)

0

0.1

0.2

0.3

0.4

0.2 0.4 0.6 0.8 1 1.2

* 
[-

]

L* [-]

No.1-1 No.2-1_1
No.2-1_2 No.2-2_1
No.2-2_2 No.2-2_3
No.3-1_1 No.3-1_2
No.3-1_3 No.3-1_4
No.3-1_5

(a)

0

0.1

0.2

0.3

0.4

0.2 0.4 0.6 0.8 1 1.2

* 
[-

]

L* [-]

No.3-2_1 No.3-2_2
No.4-1_1 No.4-1_2
No.4-1_3 No.4-1_4
No.4-2_1 No.4-2_2
No.5-1 No.5-2

(b)
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3.3.10  

    (a) 270 L/min (b) 1,500 L/min  

 

 

 
3.3.11  

    (a) (b)  

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.2 0.4 0.6 0.8 1 1.2

* 
[-

]

L* [-]

270L/min_35deg._1
270L/min_35deg._2
270L/min_40deg.
270L/min_45deg.

(a)

0

0.1

0.2

0.3

0.4

0.2 0.4 0.6 0.8 1 1.2

* 
[-

]

L* [-]

1,500L/min_30deg.
1,500L/min_35deg.
1,500L/min_40deg.
1,500L/min_45deg.

(b)

0

0.05

0.1

0.15

0.2

0.7 0.8 0.9 1 1.1

* 
[-

]

L* [-]

3.7L/min_35deg.
3.7L/min_45deg.
3.7L/min_55deg.
3.7L/min_65deg.
4.7L/min_35deg.
4.7L/min_45deg.
4.7L/min_55deg.
4.7L/min_65deg.

(a)

0

0.1

0.2

0.3

0.4

0.2 0.4 0.6 0.8 1 1.2

* 
[-

]

L* [-]

60L/min_35deg. 60L/min_35deg.
60L/min_45deg. 120L/min_35deg.
120L/min_35deg. 150L/min_35deg.
150L/min_35deg. 150L/min_35deg.
200L/min_35deg. 200L/min_45deg.
270L/min_40deg. 1,500L/min_30deg.
1,500L/min_35deg. 1,500L/min_40deg.
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3.3.3

Rosin-Rammler

Rosin-Rammler

3.3.2 3.3.4

 

Rosin-Rammler

(3.3.4) 49, 50, 51) 0.693

 

 

 

 

3.3.12 [mm] 0.4 1.4 2.4 3.4

50% 1 mm

Rosin-Rammler

Rosin-Rammler

Rosin-Rammler  

 

 
3.3.12 Rosin-Rammler  

0

20

40

60

80

100

0 1 2 3 4
 [mm]

 [%
]

0

5

10

15

20

25

 [%
]

n=0.4_

n=1.4_

n=2.4_

n=3.4_

n=0.4_

n=1.4_

n=2.4_

n=3.4_
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Rosin-Rammler  [mm]

Rosin-Rammler  [mm]

 [m]  [mm]  [m]

49, 52)

 

(3.3.4)

(3.3.5)  

 

 

 

 [m]

(3.3.6)  

 

 

 

 

 

3.3.13

1,500 L/min 0.7 MPa 40°

 [L/min/m2]  [L/min/m2]

 [-]  [-]

(3.3.6)

 

Rosin-Rammler

3.3.14 Rosin-Rammler
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3.3.13  

 

 
3.3.14 Rosin-Rammler  

 

[m] (3.3.7)  

 

=9.8 m/s2 (3.2.1) [m/s]

3.3.15

(3.3.8)  

0

0.01

0.02

0.03

0.04

0.05

0.06

0

0.2

0.4

0.6

0.8

1

1.2

0 20 40 60 80

[-
]

[-
]

[m]

0

0.02

0.04

0.06

0.08

0 20 40 60 80

Q
/Q

s
[-

]

[m]

Rosin-Rammler
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3.2.2

(3.3.12)

4.7 L/min 0.08 MPa 3.3.15

 

3.3.4

1 Rosin-Rammler

 [L/min/m2]  [L/min/m2]

 

 
3.3.15  

3.4 3

5 40,000 L/min
0.05 1.0 MPa 25° 65°

 

Rosin-Rammler

5 L/min

 

y = 4.35x + 3.5
R² = 0.8505

0

2

4

6

8

10

12

14

16

18

0 0.5 1 1.5

n
[-

]

R* [-]

 



 771 / 1106 
 

4 MPS  

 

MPS Moving Particle Semi-implicit MPS

53, 54, 55)  

56, 57)  

3

3

 

MPS SPH Smoothed Particle Hydrodynamics SPH

MPS 58, 59)

MPS <<

MPS

100 m 1 7 mm

MPS  

MPS

60)

1-way  
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4.1
4.1.1 MPS

MPS  

 

 

(4.1.1) (4.1.2) Navier-Stokes

Navier-Stokes 1

2 3  

MPS

MPS  

 

(1)

(4.1.3) 61)  

 

(4.1.1)

2 4 2

12 44 4 8

3

4.1.1 MPS 3 

 

 

 
 

MPS  

4.1.1  
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(2)

4.1.2 (4.1.4)

 

 

4.1.3  

 

4.1.2  4.1.3  

 

(3)

Gradient (4.1.5)

4.1.4 4.1.5

 

 

 

 

SPH MPS

SPH MPS

MPS  

MPS 

1 1 1

1

1

 

er  

i  j  
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4.1.4   4.1.5  

 

(4)

Divergence 4.1.6

(4.1.6)

 

 

 

 

 
4.1.6  

 

 

 

 

 

j  i  

j

i  
2

ij

ijij
ij

rr
rr

 

er
i  

j

i  

j  

y

x
0

jr  

ir

i

er

i

j

iu

ju



 775 / 1106 
 

(5)

Laplacian (4.1.7)  

 

 

4.1.7

(4.1.8)  

 

 

 

 

 

4.1.7  

 

(6)

SMAC Simplified MAC

4.1.8

Navier-Stokes
62)  

 

 

 

er  i j

i
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4.1.8  

 

(4.1.9) (4.1.10)

 

 

 

(4.1.11)

(4.1.12) (4.1.11)

(4.1.11)

(4.1.7)
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(4.1.18) 2

(4.1.19) (4.1.20)

 

 

 

 

(4.1.21) (4.1.17) (4.1.21) (4.1.22)

 

 

 

(4.1.22) (4.1.7)

1 (4.1.23)  

 

 

1 CG Conjugate Gradient ICCG Incomplete Cholesky 

Decomposition Conjugate Gradient 63) (4.1.17)

(4.1.15) (4.1.16)  

(4.1.17)

(4.1.5) (4.1.24)  

 

 

(4.1.25) (4.1.24) (4.1.5)
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4.1.2

(1)

22)

4.1.9 (a) 15,000 L/min

1,500 L/min 4.1.9 (b)

1-way

 

 

4.1.9  

(a) 15,000 L/min (b) 1,500 L/min 

 

37.0 m/s

PIV 33) 3%

±3% 60 1.2 m 0.015 m

 

 

(2)  

0.4 7.0 mm

100 m 1 mm
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(4.1.26)

300 20,000
40)  

 

 

(4.1.27)  
 

 

 

(4.1.28) MPS (4)

4.1.10

0° ±90°

3  

 
4.1.10  

 

64)

(4.1.29) Rosin-Rammler 51)
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0.01 0.99

 

 

(3)

22)

(7)

3

1,000 kg/m3

8.9×10-7 m2/sec 5.6×10-3 m2/sec

6 6.0 1.0
65)

3  

 

(4)
66)

(4.1.30)

(4.1.30) 10 m
67)

 

 

 

±1.0 m/s ±40°

2

3 0.0 m/s

0°

6 7

(4.1.31) 68)  
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60

1/2 2 4.1.11 4.1.12

35° 40° 35° 4.1.11 (c) 4.1.12 (c)

4.1.11 (a) 4.1.11 (b) 4.1.12 (a)

4.1.12 (b) 10%

 

 

4.1.11  
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4.2
4.2.1

1.2 m

1.0×10-4 3.00 GHz CPU  

 

4.2.2

 

4.2.1 1,500 L/min 35°

2.0 m/s

4.2.2 4.2.3 10

4.2.2 (a)

4.2.2 

(b)

6 7 mm 4.2.3 

(a) 4.2.3 (b)

 

 
4.2.1 1,500 L/min 35°  
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4.2.2 1,500 L/min 35° (a) (b)  

 

 
4.2.3 1,500 L/min 35° (a) (b)  
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4.2.1

4.2.1

10% 23%

11%

0.3 m 0.6 m 4.6 m

13% 13%

 

 

4.2.1  

 
Angle 

[° ] 
 

Range 

[m] 

Dev. 

[%] 

Height 

[m] 

Dev. 

[%] 

Width 

[m] 

Dev. 

[%] 

 

30 
M 65.0 

8.3 
13.7 

0.4 
3.1 

3.2 
S 60.0 13.6 3.0 

35 
M 59.0 

4.8 
15.7 

9.8 
3.8 

5.2 
S 62.0 17.4 3.6 

40 
M 55.0 

8.3 
16.3 

23.7* 
3.7 

8.1 
S 60.0 21.4 3.4 

45 
M 54.0 

1.8 
19.4 

16.2* 
4.2 

4.8 
S 55.0 23.2 4.4 

 35 
M 60.0 

1.6 
14.1 

16.1* 
4.6 

11.0 
S 61.0 16.8 4.1 

  

 M S  
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4.2.3
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120 1 m2
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4.2.5 (a) (b)  
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4.2.6 1,500 L/min 35°  

20 m 10 m  

 

4.2.2  

 
[° ] 

Delivery mass ratio into a virtual tank [%] 

20 m 25 m 30 m 35 m 40 m 45 m 50 m 

30 0 50 60 50 40 20 0 

35 30 50 60 60 50 35 20 

40 20 40 55 65 55 40 20 

45 40 60 65 60 40 20 0 
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Angle: 35

Virtual tank 
image
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4.3
4.3.1

2

10,000 20,000 30,000 40,000 L/min 0.6 0.7 0.8 0.9 MPa 34.6 37.4 40.0

42.4 m/s 30° 35° 40° 45° 50° 0.0 2.0 4.0 6.0 8.0 m/s

 

20,000 30,000 40,000 L/min

0.7 0.8 0.9 MPa 37.4 40.0 42.4 m/s 35° 40° 45°

2008 13)

A 50 m 20 m B 80 m 25 m 2

50 m 80 m 4

2 m/s

4.3.1

2 MPS

 

2.0 m 1.0×10-4 3.00 GHz CPU  

 

4.3.1  

  

 0.50  0.02  10.76  0.02 

 0.23  0.03  11.96  0.05 

 0.52  0.05  7.68  0.07 

 0.27  0.08  6.19  0.10 

 0.17  0.09  7.81  0.13 

 0.13  0.14  5.14  0.15 

     5.74  0.20 
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4.3.1  

 

 
4.3.2 MPS a) b)  

 

4.3.2
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7 mm
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5 7% 30 50%

 

 

4.3.3 20,000 L/min 0.7 MPa 35°  

a) 2009 b)  

 

4.3.2  

 

[L/min] 

 

[MPa] 

 

[° ]  

 

[m] 

 

[%] 

 

[m] 

 

[%] 

 

[m] [%] 

20,000 

0.7 

35 
Exp. 102 

6.7 
26 

7.7 
9 

32.2 
Sim. 108.8 24.0 6.1 

40 
Exp. 101 

8.5 
32 

8.6 
11 

32.6 
Sim. 109.6 29.2 7.4 

45 
Exp. 112 

3.5 
34 

1.8 
6 

44.6 
Sim. 108.0 34.6 8.7 

0.8 40 
Exp. 119 

0.5 
32 

2.0 
8 

7.3 
Sim. 118.3 32.6 8.6 

20,000 0.9 

40 
Exp. 123 

2.2 
32 

11.9 
9 

5.9 
Sim. 125.7 35.8 9.5 

45 
Exp. 125 

3.0 
40 

5.8 
7 

57.1 
Sim. 121.3 42.3 11.0 
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30,000 

0.7 

40 
Exp. 119.0 

2.6 
29.0 

1.9 
9.0 

15.1 
Sim. 115.9 29.5 7.6 

45 
Exp. 124.0 

6.4 
35.0 

0.0 
9.0 

4.8 
Sim. 116.1 35.0 9.4 

0.9 40 
Exp. 141.0 

3.5 
37.0 

1.9 
8.0 

19.4 
Sim. 136.1 36.3 9.5 

40,000 

0.7 45 
Exp. 140.0 

14.7 
39.0 

9.9 
7.0 

30.3 
Sim. 119.4 35.1 9.1 

0.8 45 
Exp. 140.0 

6.0 
41.0 

3.9 
9.0 

11.3 
Sim. 131.7 39.4 10.0 

0.9 45 
Exp. 150.0 

5.4 
48.0 

9.5 
8.0 

38.6 
Sim. 142.0 43.4 11.1 

 

 

4.3.3

4.3.4 35° 4.3.4 

a) 20,000 L 0.7 MPa

4.3.4 b) 40,000 L 7%

20,000 L 4.3.4 c) 0.9 MPa

16%

4.3.4 d) 29%

4.3.4 c)  

4.3.5

2 m/s

4.3.5 a) 4.3.5 b) 5 d)

4.3.5 c)

 

20,000 L/min 0.9 MPa 45°

40,000 L/min 0.7 MPa 35°  
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4 5  

a) 20,000 L/min 0.7 MPa 35° b) 40,000 L/min 0.7 MPa 35° 

c) 20,000 L/min 0.9 MPa 35° d) 40,000 L/min 0.9 MPa 35° 

 

 

4.3.4

4.3.3 A B

70% 80% 90% 90%

50 m A 0.9 MPa

A 0.7 0.8 MPa 35° 80 90%

B 10% B 25 m

B 40°

0.9 MPa

80 m 40,000 L 0.8 MPa

A B 50 m

30,000 40,000 L/min 0.7 MPa 40 45°  
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4.3.3  

 

[L/min] 

 

[MPa] 

 

[° ] 

 

[m] 

 

[m] 

 

[m] 

 [%] 

50 m 80 m 

A B A B

20,000 

0.7 

35 108.8 24.0 6.1 85.5 0.0 1.3 0.0 

40 109.6 29.2 7.4 85.2 78.9 35.5 2.1 

45 108.0 34.6 8.7 83.5 82.2 35.8 27.4 

0.8 

35 118.7 26.9 6.9 90.7 4.6 47.3 0.8 

40 118.3 32.6 8.6 84.1 85.6 48.3 41.1 

45 115.0 38.5 9.9 79.5 83.1 41.5 39.7 

0.9 

35 126.0 29.4 7.6 79.7 72.0 58.6 44.2 

40 125.7 35.8 9.5 72.1 89.7 55.8 53.3 

45 121.3 42.3 11.0 72.3 85.8 46.3 46.5 

30,000 

0.7 

35 113.8 24.2 6.1 87.4 0.0 11.9 0.0 

40 115.9 29.5 7.6 89.2 84.7 55.8 18.5 

45 116.1 35.0 9.4 90.6 90.0 59.2 52.4 

0.8 

35 125.1 27.0 7.1 91.5 7.4 62.4 8.2 

40 127.2 33.0 8.9 65.3 88.1 64.6 59.1 

45 126.4 39.2 10.1 61.6 91.3 63.5 62.6 

0.9 

35 135.2 29.9 7.9 58.2 76.6 71.7 61.4 

40 136.1 36.3 9.5 51.7 90.2 67.8 66.5 

45 134.6 43.2 11.0 53.6 90.5 64.2 64.6 

40,000 

0.7 

35 116.2 24.3 6.2 89.3 0.0 19.0 0.0 

40 119.5 29.6 7.5 93.2 89.3 68.3 30.4 

45 119.4 35.1 9.1 87.2 90.7 67.7 62.1 

0.8 

35 128.7 27.2 6.9 91.2 7.8 70.5 13.2 

40 131.5 33.2 8.4 51.6 90.8 72.9 69.6 

45 131.7 39.4 10.0 48.5 93.5 73.0 72.4 

0.9 

35 140.2 30.0 7.6 45.6 78.4 77.4 70.3 

40 142.4 36.5 9.5 39.7 91.6 74.3 73.5 

45 142.0 43.4 11.1 41.6 94.8 74.8 75.2 

A 50 m 20 m B 80 m 25 m 
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4.4
4.3.1

MPS

2 4 6 8 m/s

0 m/s MPS

20,000 L/min 0.7 MPa 40°

 

15

6

20%

100%

50 m 20 m

50 m

6 40% 100%

60%  

 

 

4.3.6  

 

 

(4.3.2) (4.3.14) (4.3.1)

 

Mass ratio delivered: 20% Mass ratio delivered: 40%
Mass ratio delivered: 60% Mass ratio delivered: 80%
Mass ratio delivered: 100%

0

10

20

30

40

50

0 20 40 60 80 100 120 140

H
ei

gh
t[

m
]

Distance from a nozzle [m]

Flow: 20,000 L/min
Pressure: 0.7 MPa
Angle: 40 degree

100%
80%

60%40%20%

Tank
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0.1 1 [-] 10 100 [%] -8.0 8.0 [m/s] 0.52 0.87 [rad] 30

50 [° ] 0.6 0.9 [MPa] 10 40 m3/min 10,000 40,000 [L/min]  [m]

 [m] 2.0 [m]

100%
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4.3.2
69) 4.3.7 a)

4.3.7 b) 30,000 L/min 0.7 MPa 45° 0.8 m/s

100% 60% 70%

60% 70%

30 40%  

50,000 L/min 1.0 MPa

8.0 m/s

1,500 L/min 0.7 MPa

1,000 L/min

 

 

 

4.3.7  

 a) 25,000 L/min 0.7 MPa 45° 2.1 m/s 

 b) 30,000 L/min 0.7 MPa 40° 1.5 m/s 

0

10

20

30

40

50

0 20 40 60 80 100 120 140

H
ei

gh
t [

m
]

Distance from a nozzle [m]

100%

70%

Flow: 25 kL/min
Pressure: 0.7 MPa
Angle: 45 deg.
2.1 m/sec following wind

60%

a)

0

10

20

30

40

50

0 20 40 60 80 100 120 140

H
ei

gh
t [

m
]

Distance from a nozzle [m]
Recommended upper line Recommended lower line
Mass delivery percentage 60% Mass delivery percentage 70%
Mass delivery percentage 100%

100%

70%

Flow: 30 kL/min
Pressure: 0.7 MPa
Angle: 40 deg.
1.5 m/sec adverse wind

60%

b)
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4.3.3

4.3.8 ver.2010

50 m 20 m

40% 100% 60% =100-40

 

 
4.3.8  
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4.5 4
MPS

Rosin-Rammler MPS

1,500 L/min

1 11%

16 24%

35°

30 35°

 

10%

27

4

70%

 

60% 70%

30 40%
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5  

 

 

1  

2 10 270 L/min

1,500 L/min

 

3

5 40,000 L/min

0.05 1.0 MPa 25° 65°

Rosin-Rammler  

4 MPS

Rosin-Rammler MPS

1,500 L/min

1 11% 16 24%

35° 30° 35°

 

60% 70%

30 40%
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1,000 L/min
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