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1 │∂╘⌐  

≢│ 2011⅛╠ A2L ╩ ⇔√

ⱶ◄▪◖fiכꜟ Ɽ♇◔כ☺◄▪◖fi ⱦꜟ ⱴꜟ♅◄▪◖fi ◄▪◖fi ♅ꜝ

כ GHP ─≤⌂☻כ◔כꜛ◦ ─ꜞ☻◒▪☿☻ⱷfi♩╩ ™ ⌐ ∆╢

╩ ⇔√ ∕─ ╩ ∫≡™╢⅜ 201610 15 ⌐ ↕╣√⸗fi

ꜟכ○ꜞ♩ ─◐●ꜞ ╩ ↑ ↕╠⌐ GWP─ ↕™ ┼─ ⅜ ╕╣≡™╢

≢≤⌂♩♇◔כⱴכⱤכ☻ ↕╣≡™╢ ╩ כꜛ◦√⇔

☻כ◔ ☻כ◔כꜛ◦ │  R404AR134a⌂≥─ GWP ⅜ ™

─ ⅜ ╦╣ ∕─ │ g⅛╠ 1 kg╩ ⅎ╢╙─╕≢№╡ ⅎ™╛

ⅎ™⌂≥⌐╟╢ ─ ┼─ ⅎ™│ ⌐ ⅝⌂ ╩ ╓∆ ∕↓≢

GWP⅜ ↕™ ┼─ ⅜ ≤⌂╢ GWP─ ↕™ ⌐│ LFLLower Flammability 

Limit ⅜ ↄ ⅜ ™ A3 ⅜ ™⅜ ─≤⌂☻כ◔כꜛ◦ ─

│ ─ ⅜ ≢№╡ ⅛≈ ╙ ⌂™√╘ ☻

ⱪꜞ♇♩ ─ ⌐ ═╢≤ A3 ⅜ ⇔╛∆™≤ ⅎ╠╣ A3 ─ ⅜ ⌐

™ ─ IEC 60335-2-891-1)≢│ A3 ─ │ 150 g

⌐ ↕╣≡™√⅜ 20196 ⌐ Edition 3.0⌐ ↕╣ ─ ⅜ LFL─

13 R290─ 494 g⌐ ↕╣√ ⇔⅛⇔ ↓─ │ ─ ⌐ ∆╢

√╘⌐ ⌂ ⅜ ╘╠╣≡™√≤™℮ ╙№╡ ─ ⌐ ⇔≡│

≢─ ╩ ⌐ ℮ ⅜№╢  

A3 ╩ ⇔√ ╩ ⌐ ∆╢√╘⌐│ ꜞ☻◒▪☿☻ⱷfi♩╩ ™ ─

ꜞ☻◒╩ ⌂꜠ⱬꜟ⌐∆╢√╘─ ╩ ⌐⇔ ╩ ⇔√

╩ ∆╢ ⅜№╢ 2015⌐ ⇔√ IEC 60335-2-89─ Edition 3.0┼─ ╩ ∆

╢ WG≢№╢ IEC/61C/WG4⌐⅔↑╢ ─ ─ ─ ⌐ ⇔

≢│ 20167 ⌐ ─ ⌐ ꜞ ☻כ◔כꜛ◦ ☻◒▪☿☻ⱷfi♩ WG3

RA-WG ╩ ↕∑ ─ 1-2)-1-4)╩ ⌐ R290⌂≥─ A3 ╩ ⇔√

╩♩ⱷfi☻☿▪◒☻ꜞ─☻כ◔כꜛ◦ ∫√ ╕√ IEC/61C/WG4⌐╙ ⅛╠ ╩

⇔≡ ⇔╩⇔√⅜ ≤⇔≡─ IEC/61C/WG4┼─ ⅜ ⅛╠≢№∫√√╘

⅜ ∆╢ ⌐ ↄ─ ⅜ ╕∫≡⇔╕∫≡™√↓≤ ┘ ≢─ A3 ⌐

∆╢ ⅜ ─ ─ ⌐ ⇔≡ ╣√√╘ ⅜ ⌂ ≢─ ╩ ⌂

ↄ↕╣≡⇔╕∫√↓≤⌂≥⌐╟╡ ─ ╩ IEC 60335-2-89─ ⌐ ⌐ ≢⅝

√≤│™™ ™ ≢№∫√ ∕╣≢╙ ⅎ™ ⌂≥ ╩ IEC⌐

⇔ ↕╣√ ─ ╙ ≈⅛№╢ ╕√ ≤⇔≡│ RA-WG≢─ꜞ☻◒▪☿

☻ⱷfi♩─ ⌐ ≠⅝ ─ IEC 60335-2-89─ Edition 4.0⌐ ↑ IEC⌐ ≈

⅛─ DC ╙ ⇔ ∕─ ⌐ ↑≡ IEC/61C/WG4≢ ╩ ╘≡™╢

≢│ 2000⌐ R290╩ ™√ ◄▪◖fi─ꜞ☻◒▪☿☻ⱷfi♩ 1-5)╩ ∫√⅜ │ R-

Map─ ⅜ ↕╣≡⅔╠∏ ─ ╙ ╦╣≡™⌂⅛∫√ Goetzler╠ 1-6)│ A2L

≢№╢ R 32┘ R 32/R 134a╩ ™√ ⌐fi◖▪◄כꜞ♃♬ꜚ─ ∆╢ꜞ☻◒▪☿☻

ⱷfi♩╩ ™ A2L ─ ⌐ ∆╢ ⌂ ╩ √ ≢│ Goetzler╠─

╙ ⌐ A2L ╩ ™√ ◄▪◖fi 1-2) Ɽ♇◔כ☺◄▪◖fi 1-7) ⱦꜟ

ⱴꜟ♅◄▪◖fi 1-3), 1-8) ☻כ◔כꜛ◦ 1-9) (1-10 ,(1-4כꜝ♅ ◄▪◖fi 1-11)GHP1-12)

⌂≥─ ⌐ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ∫√ ↓─ │ 2011 ⅛╠ 6

↕╣ ↓─ ─ ⌐╟∫≡ꜞ☻◒▪☿☻ⱷfi♩─ ╙⅛⌂╡ ⇔√  

╩ ⇔√ │≢♩ⱷfi☻☿▪◒☻ꜞ─☻כ◔כꜛ◦ ╩ ∆

╢√╘─ ⅎ™ ╩ ™ ─☻כ◔כꜛ◦ ꜝ▬ⱨ☻♥כ☺─◦♫ꜞ○╩ ⇔

≡ ╩ ⇔ ╩ ⇔√ ∕⇔≡ ꜞ☻◒▪☿☻ⱷfi♩ ⌐ ≠™≡

╩ ⌐⇔ ╩ ⇔√ ≢ ╘╠╣√ ─ │ LFL

─ 13 ≢№╡ ─ │≢☻כ◔כꜛ◦ A3 ─ R290─ LFL─ 13 │ 494 

g ≢ ≢№╡ A3 ╩ ⇔√ ╙♩ⱷfi☻☿▪◒☻ꜞ─☻כ◔כꜛ◦
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™ A3 ─ ╩ ⌐⇔ ∆╢ ─ JIS C 9335-2-891-13)┘

JIS 40781-14), JRA GL-211-15) ╩ ⇔√ ─ ─☻כ◔כꜛ◦

A3 R290─ LFL─ 13 │ 494 g≢│ ≤∆╢ ╩ ℮↓≤⅜≢⅝⌂™

∕↓≢ A2L R1234yf─ LFL─ 13 │ 3.757 kg╩ ⇔√ ꜞ─☻כ◔כꜛ◦

☻◒▪☿☻ⱷfi♩╙ ™ A2L ─ ╩ ⌐⇔ ∆╢ JRA 

40841-16), JRA GL-231-17)╩ ⇔√  

≢│ ↓╣╠─ ╩╕≤╘√ 2 ≢ ⌐ ∆╢ ┘ꜞ☻◒

▪☿☻ⱷfi♩─ ≢№╢ ≡™≈⌐☻כ◔כꜛ◦ ⇔ 3 ≢ꜞ☻◒▪☿☻ⱷfi♩─

─ ⅎ™ ⱥꜙכⱴfi◄ꜝכ─ ⌂≥⌐≈™≡ ∆╢

™≢ 4 ≢ ─ ─ ⅜ ╩ ⅎ√ ⌐

∆ ⌐≈™≡ ⇔ 5 ≢ ╠⅛☻כ◔כꜛ◦ ⅜ ⅎ™⇔√ ⌐ ↕╣╢

─ ≤ ╩ ╘╢√╘⌐ ∫√ ⅎ™ ⌐≈™≡ ∆╢ ∕⇔≡

6 ≢ ⇔√ꜞ☻◒▪☿☻ⱷfi♩╩ꜝ▬ⱨ☻♥כ☺ ⌐ ⇔ 7 ≢ ☻כ◔כꜛ◦

─ 8 ≢ ─ ┘ ⇔√ ╩ ∆╢ ⌐ 9 ≢ ─╕

≤╘╩ ℮ ⌂⅔ RA-WG≢│ ╩ ∫√√╘ 10 ⌐∕─ꜞ☻♩╩ ∆  

 

 

1-1) IEC 60335-2-89:2019, ñHousehold and similar electrical appliances - Safety - Part 2-89: 

Particular requirements for commercial refrigerating appliances and ice-makers with an 

incorporated or remote refrigerant unit or motor-compressorò, (2019.6). 

1-2) , ₈ ─ ◄▪◖fiꜞ☻◒ ≤ ₉, 

, 33(1), pp. 13-21 (2016). 

1-3) , , , ₁ , , , ₈

╩ ™√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒▪☿☻ⱷfi♩₉, 

, 33(1), pp. 23-39 (2016). 

1-4) ₈ ╩ ♩ⱷfi☻☿▪◒☻ꜞ─כꜝ♅√⇔ ⌂ ה

⌐ ⅎ╢√╘─ ₉, , 33(1), pp. 41-55 (2016). 

1-5) K. Yao: ñRisk Assessment of Room Air Conditioner using R290ò,The International Symposium 

on New refrigerants and Environmental Technology 2000, Kobe, Japan, pp.184-189 (2000). 

1-6) W. Goetzler, L. Bendixen and P. Bartholomew: ñRisk Assessment of HFC-32 and HFC-32/134a 

(30/70 wt. %) in Split System Residential Heat Pumpsò, Arthur D. Little. inc., United States (1998). 

1-7) ₈ ╩ ⇔√☻ⱪꜞ♇♩◄▪◖fi Ɽ♇◔כ☺◄▪◖fi ─

ꜞ☻◒ ₉(2017.4). 

1-8) ₈ ╩ ⇔√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒ ₉(2017.9). 

1-9) ₈ ╩ ⇔√ ─ꜞ☻◒ ₉(2017.11). 
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1-12) ₈ ╩ ⇔√ GHP─ꜞ☻◒ ₉(2017.12). 

1-13JIS C 9335-2-89:2021, Γ ┘↓╣⌐ ∆╢ ─  - 2-89

┘ ─ Δ, (2021.3). 

1-14) JRA 4078:2021, Γ ╩ ⇔√ ─ ⅎ™ ─
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1-15JRA GL-21:2021, Γ ╩ ⇔√ ─ ⅎ™ ─

─√╘─ ●▬♪ꜝ▬fiΔ, , (2021.3). 

1-16) JRA 4084:2022, Γ A2L ╩ ⇔√ ─ ⅎ™ ─

Δ, , (2022.9). 

1-17JRA GL-23:2022, Γ A2L ╩ ⇔√ ─ ⅎ™

─ ─√╘─ ●▬♪ꜝ▬fiΔ, , (2022.9).  
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2 ┘ ─☻כ◔כꜛ◦  

2.1 ─  

│≢☻כ◔כꜛ◦ R404AR134a⌂≥─ A1 ⅜ ↕╣≡⅔

╡ ↓╣╩ ⌐ ⅝ ⅎ╢ ╩ ℮ Table 2-1⌐ ⌂ ─ ╩

∆ ↓─℮∟ ╙ ⅜ ™ A3 │ A2L ≤ ═

≡ LFL⅜ ™√╘ ⅎ™ ⅜ ⌂ↄ≡╙ ⅜ ↕╣╛∆ↄ ◄Ⱡꜟ◑

⅜כ ↕ↄ ⅜ ™√╘ ↕™◄Ⱡꜟ◑כ ™ ≢╙ ⌐ ⇔

⅜ ⅝™√╘ ─ ⅜ ⅝ↄ⌂╢ ⅜ ™ ⌂⅔ A2L │

⅜ ╩ ⅎ≡╙ ≢№╣┌ ⌐│ ╠⌂™ ─

IEC 60335-2-40─ A2 │ A3 ≤ A2L ─ ─

╩ ∆⅜ ⌂≥≢│ A2 │ A3 ≤ ─ ™≤⌂∫≡™╢ ꜞ☻◒

▪☿☻ⱷfi♩│ A3 ─ ≤⇔≡ ╙ⱳⱧꜙꜝכ⌂ R290╩ A2L ─ ≤⇔≡

A2L ─ ≢ ╙ ⅜ ⅝ↄ ⅜ ⅝ↄ⌂╢ R1234yf╩ ⇔≡ ∫√  

 

Table 2-1 ─ ┘  

    R290 R170 R1270 R600a R152a R1234yf R32 

  propane ethane propylene iso-butane - - - 

  C3H8 C2H6 C3H6 C4H10 C2H4F2 C3H2F4 CH2F2 

 ISO 817 A3 A3 A3 A3 A2 A2L A2L 

●☻ ≢
─  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 - 44.1 30.0 42.1 58.1 66.0 114.0 52.0 

GWP - 3 6 3 3 124 4 675 

         - -42.1 -88.6 -47.6 -11.8 -24.0 -29.0 -51.7 

 ISO 817 470 515 455 460 455 405 648 

 

IEC60335

-2-40 
- - - - - 700 700 

mJ - 0.25 - - - - 780 29 

  cm/s ISO 817 46 47 - 41 23 1.5 6.7 

LFL 
vol% ISO 817 2.1 3.1 2.7 1.8 4.8 6.2 14.4 

kg/m3  ISO 5149 0.038 0.038 0.046 0.043 0.130 0.289 0.307 

UFL 
vol% - 9.5 15.5 11.1 9.6 16.9 12.3 29.3 

kg/m3  - 0.171 0.190 0.191 0.228 0.456 0.573 0.623 

 βUFL: Upper Flammability Limit 

 

☻כ◔כꜛ◦ 2.2  

│⌐☻כ◔כꜛ◦ ≥☻כ◔כꜛ◦ ╢№⅜☻כ◔כꜛ◦ │☻כ◔כꜛ◦

╩ ≢ ה ∟℮─☻כ◔╢∆ ╩ ⌐ ☻כ◔כꜛ◦╢™≡⇔

≢№╡ ⱨ□fi⌂≥╩ ∆╢ꜚ♬♇♩ ꜚ♬♇♩ │ꜚ♬

♇♩ ≤ ╩ ⇔ ╩ ∆╢ ╩ ⇔≡ ↕╣╢ │☻כ◔כꜛ◦

◖fi♦fi◦fi◓ꜚ♬♇♩╩ ⌂≥⌐ ⇔ ◖fi♦fi◦fi◓ꜚ♬♇♩≤│ ─

⌂≥ ⌐ ╢№≢☻כ◔כꜛ◦╢∆  

│☻כ◔כꜛ◦  ─ ≤ ╩ ∆╢ ≢ ∆╢↓≤⅜≢⅝

⌂ ╛ ≢ ⱪ▬♃♪☼כ꜡◒╢∆ Fig. 2-1(a)≤ ≢fi♥כ◌▪◄ ⱪכ○╢∆

fi♃▬ⱪ⅜№╢ │⌐ⱪfi♃▬ⱪכ○⌐╠↕ ─☻כ◔כꜛ◦ ⅜ ⇔≡™╢ ◦

☻כ◔כꜛ Fig. 2-1(b)≤ ─☻כ◔כꜛ◦ ⅜ ⇔≡™╢ ☻כ◔כꜛ◦ Fig. 2-

1(c)⅜№╢ │⌐☻כ◔כꜛ◦ ─ ╩fi♥כ◌▪◄⌐ כ◌▪◄╢∆

♥fi ─ ⅛╠ ⌐ ╩ ⅝ ∆ ⅝ ⇔ ≥fi♥כ◌▪◄

⅝ ⇔╩ ╖ ╦∑√ ⌂≥ ─ ⅜ ⌂╢ ≈⅛─ ⅜№╢ fi♥כ◌▪◄

⌐⅔™≡╙ ⅜fi♥כ◌▪◄ ⅛╠ ⌐ ↑≡ ↕╣≡™╢╙── ◄



 

4 

⅜fi♥כ◌▪ ⅛╠ ⌐ ↑≡ ↕╣≡™╢╙─╙№╢ ─◄▪◌

│fi♥כ │≢☻כ◔כꜛ◦ ⅜─╙─fi♥כ◌▪◄ ≢№╢⅜ ♥כ◌▪◄

fi─╙─╙№╢ ╕√ ꜚ♬♇♩╩ ─ ⌐ ∆╢ ꜚ♬♇♩≤ ─ ⌐

∆╢ ꜚ♬♇♩⌐ ↑╠╣╢ ╕√ │⌐☻כ◔כꜛ◦ ⌐☻כ◔≥♩♇♬ꜚ ╖

╕╣√ ≤╩ ⇔≡ ↕╣╢♃▬ⱪ≤ ╩ ⅛☻כ◔╕╕─⧵⇔

╠ ╡ ∑╢◌☿♇♩ ⅜№╢  

           

  (a)◒꜡כ◔כꜛ◦♪☼כ☻     (b) ☻כ◔כꜛ◦      (c) ☻כ◔כꜛ◦  

Fig. 2-1 ⌂ ☻כ◔כꜛ◦  

  

2.3 ꜞ☻◒▪☿☻ⱷfi♩⸗♦ꜟ  

ꜞ☻◒▪☿☻ⱷfi♩╩ ℮√╘⌐│⸗♦ꜟ ≤∕─ ≢ ╩☻כ◔כꜛ◦╢∆

∆╢ ⅜№╢ ╩☻כ◔כꜛ◦ ∆╢ ⌐│ ♫◌◖fiⱦ♬⌂≥

◖fiⱦ♬◄fi☻☻♩▪ כⱤכ☻ ⌂≥⅜№╢  

↓─℮∟ → ⌂≥─ ⌂ ⅜ ⌂ ≢№╢◖fiⱦ♬◄fi☻☻♩▪╩⸗♦

ꜟ ≤⇔√ ◖fiⱦ♬◄fi☻☻♩▪│ ⅜ ™ 5.6 √╘ כ◔כꜛ◦

☻─ ⌐ ╘╢ ⅜ ↄ ↕╠⌐ A3 │ ╛ ─ כ꜠ꜞ─

⌂≥≢╙ ∆╢√╘ A3 ⌐≤∫≡│◖fiⱦ♬◄fi☻☻♩▪⅜ ╙ ⅜ ↄ A3

╩ ⇔√ ╩☻כ◔כꜛ◦ ∆╢ ─℮∟ ╙ ⌂ ≢№╢≤ ↕╣

╢ Fig. 2-2⌐◖fiⱦ♬◄fi☻☻♩▪ ─☻כ◔כꜛ◦─ Fig. 2-3⌐◖fiⱦ♬◄

fi☻☻♩▪⌐ ↕╣≡™╢ ⌂ ╩☻כ◔כꜛ◦ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-2 ◖fiⱦ♬◄fi☻☻♩▪─◦ꜛכ◔כ☻ ⅜ ☻כ◔כꜛ◦  
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ѩ ◐
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Fig. 2-3 ◖fiⱦ♬◄fi☻☻♩▪⌐ ↕╣≡™╢ ⌂ ☻כ◔כꜛ◦  

 

 ꜞ☻◒▪☿☻ⱷfi♩≢│ ─ │ R290⅜ 500 g│ R1234yf⅜ 3.8 kg≤

⇔ R290─ LFL─ 13 │ 494 gR1234yf─ LFL─ 13 │ 3.757 kg≢№╡ ↓╣╠╩⅝

╡─™™ ⌐⇔√ ─ │ 84.7 m2 ↕│ 2.2 m≤⇔√ ↓─ │

◖fiⱦ♬◄fi☻☻♩▪─ ⌂ ╩ ⇔ ─ ☻כ◔כꜛ◦♪☼כ꜡◒

♩▬꜠⌂≥╩ ↄ ꜠☺ │ ╗ ≤⇔≡ ╘√╙─≢№╡ Fig. 2-4─

─ ≢№╢ ⌂⅔ R290 500 g│ ─ ─☻כ◔כꜛ◦ ≢№╡

◖fiⱦ♬◄fi☻☻♩▪ ─ ↄ─◦ꜛכ◔כ☻│╙∫≤ ⌂™ ≢№╢ ꜞ☻◒▪

☿☻ⱷfi♩│ ◖fiⱦ♬◄fi☻☻♩▪ ─ ─☻כ◔כꜛ◦─ ╩

≤ ╩ ∆═⅝╙─≢№╢⅜ ↓↓≢│ ─√╘ ─

R290 500 g⌂≥ ─☻כ◔כꜛ◦─ ╩ 100 %≤∆╢  

⌂⅔ ↓─ ⌐ ≤⇔≡ ─ ⌐№╢ ™◖fiⱦ♬◄fi☻☻♩▪ ♫◌◖fi

ⱦ♬ ╩ ⇔ │ 24.01 m2 ԇ0.5/(2.2³0.25³0.038) ↕ 2.2 m

│ R290⅜ 500 g≤⇔√ ─ꜞ☻◒▪☿☻ⱷfi♩╙ ∫√ 6.8  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-4 ◖fiⱦ♬◄fi☻☻♩▪─ ⌂꜠▬▪►♩ ⅜ RA  

 

Ᵽ♇◒ꜘכ♪  

 ꜠☺  

 

 

 

fi▬◒כ◊►  
☻כ◔כꜛ◦  

 

☻כ◔כꜛ◦ⱪfiכ○  

 

fi▬♅כꜞ  
☻כ◔כꜛ◦  

 
♩▬꜠  

 

fi▬♅כꜞ  ●ꜝ☻♩♇ⱪ  

 

●ꜝ☻♩♇ⱪ  

 

 

 
 

 
ꜝ►fi♪   
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2.4 ꜝ▬ⱨ☻♥כ☺  

╩ꜟ◒▬◘ⱨ▬ꜝ─☻כ◔כꜛ◦  Fig. 2-5 ┘ Table 2-2⌐ ∆  

⌐ │☻כ◔כꜛ◦ ≢ ↕╣√ ⌐ ⅜ ∫√ ≢ ≢

↕╣≡⅛╠ ↕╣╢ ⌂≥⌐ ↕╣ ─ ⌂ ⌐ ↕╣≡

∆╢ ⌐ ⅜ ∂√ │ ≢ ∆╢ ⅛ ∕─ ≢│

⌂ ⅜ ⌂™≤ ↕╣√ ⌐│ ☻ⱦכ◘─כ◌כⱷ╩☻כ◔כꜛ◦ ⌂≥⌐

∟ ∫≡ ╩ ╡ ⇔√ ↕╣╢ │ ─

↕╣√ ≢ ∆╢ ≤ ─ ⌐ ∟ ⇔≡ ∆╢

⅜№╢ ⅜☻כ◔כꜛ◦ ⌐⌂∫√ │ ⅛╠ ה ⇔ ⌐ ⌐

⇔≡⅛╠ ↕╣╢⅛ │☻כ◔כꜛ◦─ │ ⌐ ≤⇔≡ ↕

╣╢  

─ꜞ☻◒▪☿☻ⱷfi♩≢│ ╕≢╩ꜝ▬ⱨ☻

≡⇔≥☺כ♥ ∆╢ │☻כ◔כꜛ◦ ה ⅛╠ ╕≢ ◘▬◒ꜟ⌐

⅜ ∫√ ≢ ╦╣ ◘▬◒ꜟ⌐ ⅜ ⇔√ ─ ─ ⌐─╖

⅜ ↕╣╢  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-5 ◦ꜛכ◔כ☻─ꜝ▬ⱨ◘▬◒ꜟ  

 

Table 2-2 ◦ꜛכ◔כ☻─ꜝ▬ⱨ☻♥כ☺  

☺כ♥☻ ☺כ♥☻    ─  

 

ᵑ  ⅛╠   

ᵒ  ⅛╠   

ᵓ  ╡   

ᵔ  ─   

ᵕ  ⅛╠─   

ᵖ  ⅛╠   

ᵗ  ⅛╠   

 
ᵑ  ─   

ᵒ  ─   

  ♩ꜝ♇◒⅛╠─ ╖ ⇔   

    

 
 ≢─   

╡ ─≢≤⌂fiꜛ◦כ♥☻☻ⱦכ◘    

  ⅛╠♩ꜝ♇◒┼─ ╖ ╖   

  ╩ ≤⇔≡ ∆╢   

    

 ᵑ     
ᵒ   

( ᵑ)  ( ᵒ)  

( ᵓ)  

 

╡  

( ᵔ)  

( ᵕ)  ( ᵖ)  

ה  
( ᵗ)  
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3 ꜞ☻◒▪☿☻ⱷfi♩─  

3.1 ꜞ☻◒▪☿☻ⱷfi♩─ⱪ꜡☿☻≤ ─  

╩ ⇔√ ─ ꜞ☻◒│ ⅜ ⅎ™⇔√ ─ ─

≢№╡ │ ⅎ™⅜ ∆╢ ⅎ™⌐╟∫≡ ↕

╣╢ ─ ┘ ⅜ ∆╢ ─ ─ ™╩

⇔≡ ∆╢ Fig. 3-1 ╩ ⇔√ ╩ ⌐ ∆╢√╘⌐│ ꜞ☻◒▪

☿☻ⱷfi♩≢ ⅜ ↕╣╢ ≤⌂╢ ⅜№╡ ─

⅜ ╩ ⅎ√ ⅜ ⌐⌂╢╕≢ ╩ ∆ ⅜№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-1 ∆╢√╘─ 3  

 

│ ꜞ☻◒ ─ ≤ ⌐╟∫≡ ∂╢ ─ ⅝↕ ─ ⌂

꜠ⱬꜟ╩ ⇔ ꜞ☻◒╩ ⌂꜠ⱬꜟ╕≢ ∆╢↓≤⌐╟∫≡ ↕╣╢ ꜞ☻◒

⅜ ⌂꜠ⱬꜟ⌐ ⇔√⅛ ⅛│ꜞ☻◒▪☿☻ⱷfi♩╩ ∫≡ ∆╢ ꜞ☻◒▪☿☻

ⱷfi♩ ┘ꜞ☻◒ ─ ⱪ꜡☿☻│ Fig. 3-2 ┘ ⌐ ∆ ISO/IEC Guide 513-1)─ ⅎ

⌐ ∫≡ ∆╢  

i) ┘ ⌐ ⌂ ─  

╢↑⅔⌐♩ⱷfi☻☿▪◒☻ꜞה ╩ ⅛╠ ∆╢  

╩☺כ♥☻ⱷfi♩⌐⅔↑╢ꜝ▬ⱨ☻☿▪◒☻ꜞה ∆╢  

ה ≤ ╩ ⇔ ה ≢№╢ ┘ ה ≢№╢ ╩ ⌐∆╢   

ה ⌐ ⌂ ╩ ∆╢  

ii ) ─  

ה ה ⌂ ╩╙√╠∆≤ ↕╣╢ ╩ ⇔ ╩ ∆╢  

iii) ꜞ ☻◒─   

ה ≡⌐☺כ♥☻ ─ ⌐╟∫≡╙√╠↕╣╢ ─ ≤∕─ ⅜ ∆

╢ ╩ ╙╢   

iv) ꜞ ☻◒─   

ה ≤ ─ ╟╡ ⌂ ─ ╩ ∆╢   

v) ꜞ☻◒─   

⅜◒☻ꜞה ⌂ │ ┘ ╩ ™ꜞ☻◒▪☿☻ⱷfi♩╩ ∆╢   

⅜◒☻ꜞה ≢⌂™ │ ꜞ☻◒─ ╩ ⇔√ ≢ ꜞ☻◒⅜

⌐⌂╢╕≢ i) iv)╩ ╡ ∆   

vi) ꜞ ☻◒─  

ה ≤ ─ ╩ ∆╢ ╩ ∆╢  

vii)  

ה ─ ╩ ⇔ ∆╢  
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Fig. 3-2 ꜞ☻◒▪☿☻ⱷfi♩ⱨ꜡3-1כ) 

 

ꜞ☻◒▪☿☻ⱷfi♩ ⌐│ FTA (Fault Tree Analysis)ETA (Event Tree Analysis)FMEA 

(Failure Modes and Effects Analysis)⌂≥─ ₁⌂ ⅜№╢ ↓↓≢ ℮ꜞ☻◒▪☿☻ⱷfi

♩│ ╩ ∆╢ ╩ ∆╢ ─ ⌐ ∆╢ꜞ☻◒ ≢№╢√╘ ∆═

⅝│ ─ ™ ─ ≤⌂╢ ⅎ™ ─ ┘ ⅎ

™ ─ ─ ≢№╡ ─ ⅜ ™ ┘ ─ ⅜ ≢№╢

⅛╠ FTA╩ ⇔≡ ⅜ ∆╢ ╩ ⅝ ∆ Fig. 3-3 ∕─

│ ∕╣∙╣ ⇔≡™╢≤ ⅎ ╩ ⇔≡ 1 №√╡─ ≤⇔≡

∆   

╕√ ꜞ☻◒▪☿☻ⱷfi♩⌐⅔™≡│ ₈ ₉≤₈ ─ ₉╩ ╖ ╦∑≡

∆╢↓≤⅜ ≢№╡ ∕─ ⌐│ R-Map 3-2) Fig. 3-4 ╩ ™╢ R-Map≢│

≤ ─ ≢ꜞ☻◒ ⅜ A ↑ ╣╠╣⌂™ꜞ☻◒ B

⌐│ ∞⅜ꜞ☻◒╩ ⅝ↄ ╢ ⌂≥⅜№╣┌ ⌂ C

≢⅝╢≤ ⅎ╠╣╢ꜞ☻◒ ─ 3≈⌐ ↑╠╣≡™╢ ─√╘⌐│ꜞ☻◒╩

C ╕≢ ∆╢ ⅜№╡ ─ ⅜ ≢№∫≡╙ ⅜ 10-8( ה)/

))≢№╣┌ ≤⌂╢  

  

 

┘

⌐ ⌂ ─  

─  

ꜞ☻◒─  

ꜞ☻◒─  

ꜞ☻◒│ ⅛  

 

N o 

ꜞ☻◒  
 
ꜞ☻◒▪☿
☻ⱷfi♩  

ꜞ☻◒ ꜞ☻◒ ꜞ☻◒  

ꜞ☻◒│ ⅛  

 

Yes 

Yes 

N o 

ꜞ☻◒
⌐╟∫≡

⌂ꜞ
☻◒⅜
≢⅝⌂™
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Fig. 3-3 FTA─  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-4 ⌐ ™╢ R-Map3-2) 

 

  

 

ⅎ™  

─  

 

ⅎ™  

 

ⅎ™ ─
≤

─  

ꜚ♬♇♩ ⅎ™
─  

ꜚ♬♇♩  

ⅎ™  

 

ꜚ♬♇♩ ⅎ™
─ ≤  

─  

and and 

or 

A  

B  

C  

∆╢  

⇔┌⇔┌  

∆╢  

₁  

∆╢  

↓╡∕
℮⌐⌂™  

╕∏ ╡
⌂™  

ⅎ╠╣  

⌂™  

10-4  

10-5  

10-4  

10-6  

10-5  

 10-7  

10-6  

10-8  

10-7  

10-8  

 

ה) / ) 

⌂⇔    

─  

0 I II III IV 
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3.2  

3.2.1 ┘  

ꜞ☻◒▪☿☻ⱷfi♩─ ≤∆╢ ─☻כ◔כꜛ◦ 2014 ≢─ │

190 3-3)≢№∫√ ─ ☻כ◔כꜛ◦ Fig. 3-5 ⅛╠

2014 ─ ─ │ ⌐ ↕™√╘ 2016 ─ ╙ 2014

≤ ≤ ⅎ 190 ≤⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-5 ◦ꜛכ◔כ☻─ ─  ╟╡  

 

 ╕√ ☻ⱦכ◘─☻כ◔כꜛ◦ ─ │ ─ 10 15 ≢№╡

◄Ⱡ ─♩♇ⱪꜝfi♫כ≢─ ≢╙ ─☻כ◔כꜛ◦ ⅜ 10 15 ≤⌂∫

≡™╢↓≤⅛╠ ─☻כ◔כꜛ◦ ≢─ │ 13 ≤⇔√ ↓─

│ ≥☻כ◔כꜛ◦ ⌐ ╩ ה ∆╢ ─ 12.93-

4)≤ ─ ≢№╡ ⅜№╢  

 ⌂⅔ ꜞ☻◒▪☿☻ⱷfi♩≢ ∆╢ │ ⌐│ ꜞ☻◒▪☿☻ⱷfi♩╩

⇔√ 2016 │ 2017 ─ ╩ ⇔√  
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3.2.2 ─ ⌐ ╘╢  

1) ◖fiⱦ♬◄fi☻☻♩▪⌐ ↕╣≡™╢ ≤ ⌐⅔↑╢  

─☻כ◔כꜛ◦  ⌂ 3-5)╩ Table 3-1⌐ ∆  

 

Table 3-1 ◦ꜛכ◔כ☻─ 3-5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

╩☻כ◔כꜛ◦ ⇔≡№╢ ─℮∟ ⌂╙─≤⇔≡ ⅜№→╠╣

╢ ∕─ ≢╙ ╙ ↄ─ ╩ ╘╢≤ ╦╣╢◖fiⱦ♬◄fi☻☻♩▪⌐≈™≡

╩∆╢  

─◖fiⱦ♬◄fi☻☻♩▪ │ 56,948 20211 3-6)≢№╢ ◖fiⱦ♬

◄fi☻☻♩▪⌐⅔↑╢ ─☻כ◔כꜛ◦ │ ─ ⅛╠─ⱥ▪

ꜞfi◓╩╙≤⌐ Table 3-2≤⇔√  
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Table 3-2 ◖fiⱦ♬◄fi☻☻♩▪─ ☻כ◔כꜛ◦  

  

☻כ◔♩כ◙♦  2  

☻כ◔ⱶכꜞ◒☻▬▪  1  

☻כ◔כꜛ◦fi▬♅כꜞ  1  

♪ꜞfi◒◔כ☻  1  

 5  

 

↓╣╟╡ ◖fiⱦ♬◄fi☻☻♩▪⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦ ╘╢≤

─╟℮⌐ 284,740≤⌂∫√  

◖fiⱦ♬◄fi☻☻♩▪⌐ ↕╣≡™╢ ☻כ◔כꜛ◦  

= 56,948Ĭ5 /  

= 284,740 

⌐ Table 3-3⌐ 2019 ┘ 2020 ─ ─ ─☻כ◔כꜛ◦ ─

╩ ∆ ⌂⅔ Table 3-3⌐ ♪☼כ꜡◒╢™≡⇔ ∕─ ⱪfiכ○

1800mm fi▬♅כꜞ 1000mm ⱪfiכ○ 1000mm

─ 4 │ Table 3-2⌐ ∆ 4 ≤ ∆╢╙─≢№╢  

 

Table 3-3 ─ ─☻כ◔כꜛ◦ ─ 20192020  

─☻כ◔כꜛ◦ ─  

 

2019 

 

2020 

 

2019 2020

─   

♪☼כ꜡◒  ∕─  14,817 11,290 13,054 169,702 

ⱪfiכ○ 1800mm  2,111 2,677 2,394 31,122 

fi▬♅כꜞ 1000mm  13,513 11,659 12,586 163,618 

ⱪfiכ○ 1000mm  12,189 16,905 14,547 189,111 

 42,630 42,531 42,581 553,553 

─ ☻כ◔כꜛ◦  121,211 95,406 108,309 1,408,017 

 163,841 137,937 150,889 1,961,557 

 

Table 3-3─ ⌐ 2019 2020 ─ ⌐ ≢№╢ 13 ╩ ∂≡

╘√ ─☻כ◔כꜛ◦ ╩ ⇔√ ─☻כ◔כꜛ◦ │

1,961,557≤⌂╡ 3.2.1⌐ ⇔√ ─ 190 ≤╒╓ ∆╢  

╕√ Table 3-2⌐ ∆ 4 ─☻כ◔כꜛ◦─ 20192020 ─ ─ │ 42,581

≢№╡ ↓╣⌐ ─ 13 ╩ ∂≡ ╘√ │ 553,553≤⌂∫√ ↓

╣╠│ ⅜ ↄ ꜞ☻◒⅜ ⅝™ ≢№╡ ↓╣╠─℮∟◖fiⱦ♬◄fi☻☻

♩▪⌐ ↕╣╢ ╩ ╘╢≤ ─╟℮⌐⌂╢  

4 ⌐▪♩☻☻fiⱦ♬◄fi◖∟℮─☻כ◔כꜛ◦─ ↕╣╢  

= 284,740/553,553 

= 0.514 

∆⌂╦∟ ⅜ ↄ ꜞ☻◒⅜ ⅝™ ─℮∟ 51.4 %⅜◖fiⱦ♬◄fi☻

☻♩▪⌐ ↕╣≡™╢↓≤⅜ ⅛╢ ⌂⅔ ☻כ◔כꜛ◦ ─℮∟◖fiⱦ♬◄fi

☻☻♩▪⌐ ↕╣≡™╢ │ ─╟℮⌐ 14.5 %≤⌂∫√  

⌐▪♩☻☻fiⱦ♬◄fi◖∟℮─☻כ◔כꜛ◦ ↕╣≡™╢  

= 284,740/1,961,557 

= 0.145 
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2) ─ ─ ⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦ ≤ ⌐⅔↑╢  

◖fiⱦ♬◄fi☻☻♩▪ ─ ─ ⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦ ╩

∆╢ ⅜☻כ◔כꜛ◦ ⇔≡№╢◖fiⱦ♬◄fi☻☻♩▪ ─ │ Table 3-1╩

⌐ ≡⇔≥▪♩☻fiכ▼♅ ╙ ╩♩♇◔כⱴכⱤכ☻≥▪♩☻◓♇ꜝ♪™ ⇔

√  

a ♪ꜝ♇◓☻♩▪  

♪ꜝ♇◓☻♩▪⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦ ╩ ◖fiⱦ♬◄fi☻☻♩▪─

≤ ─ ≢ ∆╢  

─♪ꜝ♇◓☻♩▪ │ 22,136 20211 3-7)≤∆╢ ♪ꜝ♇◓☻♩▪⌐

⅔↑╢ ─☻כ◔כꜛ◦ │ ─ ⅛╠─ⱥ▪ꜞfi◓⅛╠ Table 

3-4≤⇔√  

 

Table 3-4 ♪ꜝ♇◓☻♩▪─ ☻כ◔כꜛ◦  

  

♪ꜞfi◒◔כ☻  1  

☻כ◔  1  

 2  

 

↓╣╟╡ ♪ꜝ♇◓☻♩▪⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦ │ 44,272

☻כ◔כꜛ◦ ⌐ ╘╢ │ 2.3 %≤⌂∫√  

♪ꜝ♇◓☻♩▪⌐ ↕╣≡™╢ ☻כ◔כꜛ◦  

= 22,136³2 /  

= 44,272 

⌐▪♩☻◓♇ꜝ♪∟℮─☻כ◔כꜛ◦ ↕╣≡™╢  

= 44,272/1,961,557 

= 0.0226 

 

b ♩♇◔כⱴכⱤכ☻  

─ ≢ ♩♇◔כⱴכⱤכ☻

⌐ ↕╣≡™╢ ─☻כ◔כꜛ◦

╩ ∆╢ כⱴכⱤכ☻─

◔♇♩ ╩ 16,953 20211
3-8)≤∆╢ ⌐♩♇◔כⱴכⱤכ☻

⅔↑╢ ─☻כ◔כꜛ◦

│ Fig. 3-6⌐ ∆ ╠─

─ 3-9)╩ ⌐ ╩

⇔≡ ╘╢ ⌂⅔ ─

│ ╩ ™╢  

5 ³0.33615 ³0.089 

25 ³0.044 = 4.1 

╟∫≡ │ 4 ≤∆╢  

 ↓╣╟╡ ⌐ ∆╟℮⌐ כⱤכ☻

ⱴכ◔♇♩⌐ ↕╣≡™╢ ◦ꜛ

─☻כ◔כ │ 67,812 ◦ꜛ

☻כ◔כ ⌐ ╘╢ │ 3.5 %≤

⌂∫√  

⌐♩♇◔כⱴכⱤכ☻ ↕╣≡™╢ ☻כ◔כꜛ◦  

= 16,953³4 /  

Fig. 3-6 ▪fi◔כ♩ כ☻─

Ɽכⱴכ◔♇♩─ ⌐ ↕╣≡™

╢ ─☻כ◔כꜛ◦ 3-9) 
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   = 67,812 

⌐♩♇◔כⱴכⱤכ☻∟℮─☻כ◔כꜛ◦ ↕╣≡™╢  

= 67,812/1,961,557 

= 0.0346 

 

c ∕─ ─ ▪♩☻fiכ▼♅─  

♪ꜝ♇◓☻♩▪ ╙╣∏™─♩♇◔כⱴכⱤכ☻ ☻כ◔כꜛ◦ ⌐ ╘╢ │

◖fiⱦ♬◄fi☻☻♩▪⌐ ═≡ ↕™ ≤⌂∫√  

╕√ ♫◌◖fiⱦ♬─ ─ │ ≢─ ⌐╟╢≤ 0.2 %≢№∫√  

∕─ ─▪♩☻fiכ▼♅─ ≤⇔≡│ ⱨ□Ⱶꜞכ꜠☻♩ꜝfi⅜№╢⅜ ─ ♦

♃כ 3-10)⌐╟╣┌ │ 6,910 20211 ≢№╡ ⅝⌂ ≤│⌂╡ⅎ⌂™

╕√ ─╟℮⌂ ≢╙ ─ ⌐ ⅜☻כ◔כꜛ◦ 1 │ ↕╣≡™╢≤

╦╣╢ ∕─ │ ♃כ♦─ 3-11)⌐╟╢≤ 1,424,9202019 ≢№╡

⅜☻כ◔כꜛ◦ ↕╣≡™╢ ≢│ ⅜ ╙ ™ ╩ ╘╢╙─≤ ╦╣╢

⇔⅛⇔ ↓╣╠─ ─ ↄ⅜ │☻כ◔כꜛ◦╢™≡⇔ Table 3-3─ ─

─℮∟ ⅜ ⌂™ ─╙─≢№╡ ─ ⌐ ═≡ ꜞ☻◒│ ↕™  

 

3) ╕≤╘  

─↓≤⅛╠ ꜞ☻◒▪☿☻ⱷfi♩─ ⌐│ ꜞ☻◒⅜ ⅝™ ─ ⅜

⇔≡™╢≤ ╦╣ ∕─℮∟ ╙ ⌐☻כ◔כꜛ◦ ╘╢ ⅜ ™◖fiⱦ♬◄fi☻☻

♩▪╩ ≤∆╢─⅜ ≤ ⅎ╢  

 ꜞ☻◒▪☿☻ⱷfi♩≢│ ─◦♫ꜞ○⌐ ≠™≡ ⇔√ ≤

⌐ ╘╢ ─ ╩ ∂√╙─╩ ⇔≡ ⌂ ≤∆╢ ⇔⅛⇔ ◖

fiⱦ♬◄fi☻☻♩▪│ ─ ─ ≢ ─☻כ◔כꜛ◦ ⅜ ╙ ↄ

⅜ ↄ ⅜ ╣╢≤ ⌐☻כ◔כꜛ◦⌂ ╢≤ ─ 51.4 %╩ ╘≡™╢ ╕√

─☻כ◔כꜛ◦ ─ │№╕╡ ⇔≡™⌂™⅜ ◖fiⱦ♬◄fi☻☻♩▪─

│ ₁ ⇔≡⅔╡ ─☻כ◔כꜛ◦ ⌐ ╘╢◖fiⱦ♬◄fi☻☻♩▪─

│ ₁ ⅎ≡™╢ Fig. 3-7 3-12) ∕↓≢ ─√╘ ≡─ fiⱦ◖⅜☻כ◔כꜛ◦

♬◄fi☻☻♩▪≢ ↕╣≡™╢↓≤╩ ⇔ ─☻כ◔כꜛ◦ ⌐ ╘╢

╩ 100 %≤⇔≡ ꜞ☻◒▪☿☻ⱷfi♩╩ ∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3-7 ◖fiⱦ♬◄fi☻☻♩▪─ ─ ╠⅛♃כ♦─(3-12  

 

3.2.3 ─  

─√╘ │ ≡ ⌂ ≢№╢≤ ⅎ╢≤ ≢⅝╢ ─ │

R-MAP3-2)⅛╠ 10-8 ה)/ ) ≤⌂╡ ─ ╩↓─ ⌐ ⅎ╢↓≤
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⅜ ≢№╢ ↓╣╩ ─ ⌐ ⇔≡ 100⌐ ─ ⅜ ∆╢꜠ⱬꜟ≤ ⅎ
3-13) 5.26Ĭ10-9 1/190/100╩ ≤⇔√ ╕√ │ ≢│⌂ↄ

≤⇔≡ ⌐ ╩ ╡ ™ ⌐ ∆╢ ⌂ ╩ ↑≡™╢ ⅜ ╦∫≡

™╢√╘ │ ╟╡╙ 1 →╢↓≤⅜≢⅝╢≤ ⅎ 3-13) 5.26Ĭ10-8╩ ≤

⇔√ Table 3-5  

 

Table 3-5 ꜞ☻◒▪☿☻ⱷfi♩⌐⅔↑╢  

☺כ♥☻   

 5.26Ĭ10-9 

 5.26Ĭ10-8 

  

3.3 ⅎ™  

ⅎ™ ⌐≈™≡ ─ 3-13)╩ ⌐ ∆╢ ─ ⅎ™ │

─ ⌐╟∫≡ ⌂╡ ╣ ╣ ╣─ 3≈⌐ ↕╣╢

╣│ ─ ╛ ─ ⌐╟╢ ⅜ ⅝╢ ─ ⅎ™ ╣│

≢◒כꜞכ꜡☻℮™⌐ ⌂≥⌐╟∫≡ ⌂ ⅜ ↕╣√ ╛ ─ ⌂≥

─ ─ ⅎ™ ∕⇔≡∕─ ⌂ ⅎ™ ⅜ ╣≢№╡ ╛ ─

⅜⌂™ ─ ⅎ™ ≢ ⌂≥─ ⌐ ∆╢ ⅛╠ ⇔√

╣⅜ ⇔√ ─ ⌐ ─ ●☻╩ ⇔≡ ╩ ⇔ ≤ ●☻─

≤─ ⅛╠ ╣ ─ ╩ ⇔ ™≢ ╣ ╩○ꜞⱨ▫☻≤⇔ ⱬꜟ♯

─▬כ ⌐ ∫≡ ╣╢≤ ⇔≡ (3-1) 3-13), 3-14)╩ ™≡ R-32─ ⅎ™ ╩

⇔√ ↓─ ○ꜞⱨ▫☻─ ╩ R32─ 63 ─ ≤⇔√ ∕

─ ─ ⅎ™ │ 4 kg/h≢№╡ ╩ ≡ R32─ ⅎ™ ╩ 10 

kg/h≤⇔ ↓╣╩ R32⌐⅔↑╢ ╣ ⅎ™ 1 kg/h╩ ╣≤⇔√ 3-13) ╕√

─ ─ ╩ ⇔√ ─ ⅎ™ │ 45 kg/h≢№╡ ╩

≡ ⅎ™ ╩ 75 kg/h≤⇔ ↓╣╩ R32⌐⅔↑╢ ╣≤⇔√ 3-13) A2L ≢

№╢ R1234yf─ ⅎ™ │ R32≤ ∂≤⇔√ 3-13)  

⌐ (3-1)╩ ™ ╩ R290─ ⌐ ⅝ ⅎ≡ R290─ ⅎ™ ╩ ╘╢≤

Table 3-6─╟℮⌐⌂╢ ↓─ R290─ ⅎ™ │ 63 ─ ⌐ ∆╢

╙─ ≤ 35 ─ ⌐ ∆╢╙─ ─ ╩ ⇔√  
 

 w ὅ
ς Ўp

”

Ȣ

Ὓ ” 

 C  0.6 - 

       Dp  63 35  Pa 

        S   m2  

        w   kg/s 

      r1  63 35  kg/m3  

 

Table 3-6 ⅎ™ ─  

  (kg/h)  (kg/h)  (kg/h) 

R3263  75 10 1 

R1234yf 75 10 1 

R29063  40.71 5.43 0.54 

R29035  31.2 4.16 0.42 

500 g4  7.5 

   

(3-1) 
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 ⅜ ⅎ™∆╢ │ ⌂≥─ ⅎ™ ⌐╟∫≡ ⌂╢ ∕⇔≡ ─

ⅎ™ ⌐│ ⅎ™ ⌐╟∫≡ ╕╢ ≢─ ─ ⅎ™ ╣

╣ ⌂≥ ≢ ⅎ™∆╢⅜ ⅎ™⅜ ╗≤ ─ ⅜ ⇔ ⅎ™

─ ⅜ ⅜╢√╘ ⅎ™ ⅜ ⇔ │ ⅜⌂ↄ⌂∫≡ ⅎ™⅜ ∆╢

│≢☻כ◔כꜛ◦ ⅜ ⌂™√╘ ⅎ™⌐╟╢ ─ ─

⅜ ↄ ↓╡ ⅎ™ ╙ ╘⌐ ↕ↄ⌂╢ ∕↓≢ ☻☿▪◒☻ꜞ─☻כ◔כꜛ◦

ⱷfi♩≢│ ⅎ™ ≤⇔≡ 4 ╣ 4 ≢ ─ ⅜ ⅎ™∆╢≤

⇔√ ─ ⅎ™ ╩ ⇔√ 4 ╣│ ─ IEC 60335-2-403-15)

≢─ ⅎ ≢№╢ Table 3-6⌐│ ⅜ 500 g─ ─ 4 ╣─ ╙ ⇔√ 500 

g─ R290⌐⅔™≡│ 4 ╣│ 7.5 kg/h≢№╡ ╣╟╡ ↄ ╣╟╡

™ ⅎ™ ≤⌂∫≡⅔╡ 4 ╣≢ ∫≡⅔↑┌ ⌐ ⅎ╢≤™ⅎ╢

4 ╣≢ R290─ꜞ☻◒▪☿☻ⱷfi♩╩ ℮↓≤⌐≈™≡│ 5.2.2≢─ ─

⅛╠ ⅝⌂ │⌂™≤ ⇔√ ⌂⅔ IEC 60335-2-893-16)≢│ ⅎ™ ╩ ∆╢

─ ⅜ ↕╣≡⅔╡ ∕─ ≢ R290─ ⅎ™ ╩ ∆╢≤ 4 ╣⌐ ⇔

≡ 1/2 1/3─ ⅎ™ ≤⌂╢  

 

3.4 ⅎ™  

3.4.1 ⅎ™  

 RA-WG ⱷכ◌כ─ ⌐╟╡ ─▪ⱨ♃כ◘כⱦ☻♦כ♃⅛╠ ◔כꜛ◦

─☻כ ─ ⅎ™ ╩ ╘ ⅛╠ ⅎ™ ╩ ⇔

√ Table 3-7 ⅎ™ │ 20112015 ─ 5 ⌐⅔↑╢ⱷכ◌כ ─

ⅎ™ ╩ ⇔ ∕╣⌐ ⱷכ◌כ ╩ ∂≡ ⇔√  

 

Table 3-7 ⅎ™  

 ⅎ™ /  ⅎ™   

╣  1 5.26Ĭ10-7 0.05 % 

╣  36 1.89Ĭ10-5 1.89 % 

╣  1866 9.82Ĭ10-4 98.06 % 

 1903 1.00Ĭ10-3  

 

 ⌐ ⅎ™ ╩ 0.140.71 kg/h─ ≢ ↕∑≡ ─☻כ◔כꜛ◦ ꜚ♬♇♩⅛

╠ R290⅜ ⅎ™∆╢ ╩ ∫√ R290─ ╣─ ⅎ™ ≢№╢ 0.54 kg/h

≢╙ ⅝⌂ ⅜ ↕╣╢↓≤⅜ ⅛∫√ 5.2.2 ∕↓≢ ℮ R290─

ꜞ☻◒▪☿☻ⱷfi♩≢│ ╣ ╣ ╣─ ≡─ ⅎ™ ╩ ⇔

√ 1.0Ĭ10-3╩ ─ ╣ ≤⇔√ A2L ≢№╢ R1234yf⌐⅔™≡│

─☻כ◔כꜛ◦ ꜚ♬♇♩⅛╠─ ⅎ™ ╩ ∫√ 1.0 kgה 24.01 m2

─ ─ ⌐ ╣≢ ⅜ ↕╣╢⅜ │ ╣≤ ═≡

⅛⌂╡ ↕™ ≤⌂╢↓≤ ⅜ 84.7 m2─ │ ⅜ 3.8 kg≢№∫≡╙

╣≢│ ⅜ ↕╣⌂™↓≤⅜ ⅛∫√ 5.5 A2L≢│↓╣╩ ╕ⅎ≡

ⅎ™ ╩ ⇔ ꜞ☻◒▪☿☻ⱷfi♩╩ ∫√ 6.9  

 

3.4.2 ⅎ™  

─℮∟ ⅎ™⅜ ⇔√ ─ ╩ ≢ ⇔≡ ⅎ™

╩ ╘╢ 20112015 ─ 5 ⌐⅔↑╢ ─ ≤ ⅎ

™ ╩ Table 3-8⌐ ∆ ↓╣╟╡ ⅎ™ │ 5 ─ ⅎ™

58 ╩ 5 ─ 274,599 ≢ ⇔≡ 2.11³10-4≤⌂╢  

 ↓╣╩ ⅛╠ ╕≢ ─ ⅎ™ ≤⇔

≤ │↓╣╩ 1/3⌐⇔√ ╩ ⇔ │ ╙ ⇔ ─√╘↓─ ╩∕
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─╕╕ ∆╢  

 ⌂⅔ Table 3-8⌐│ ─☻כ◔כꜛ◦ ╙ ⇔≡™╢ ╣⌐ fi▬♅כꜞ│≡⇔

⅜☻כ◔כꜛ◦ ╙ ≤ ↕╣╢⅜ ─☻כ◔כꜛ◦fi▬♅כꜞ │ 29.7 %≢№╡

6 ≢ ∆ꜞ☻◒▪☿☻ⱷfi♩≢│↓─ ╩ ∆╢   

 

Table 3-8 ◦ꜛכ◔כ☻─ 5 ─ ≤ ⅎ™  

 
  

ˢ  

ⅎ™
fi▬♅כꜞ     

2011  13,830  7,045  37,222  58,097  8 

2012  14,677  6,341  31,539  52,557  7 

2013  16,534  7,515  29,485  53,534  11 

2014  17,634  6,995  27,781  52,410  20 

2015  18,881  8,571  30,549  58,001  12 

 81,556  36,467  156,576  274,599  58  

 29.70 % 13.28 % 57.02 % 100.00 % - 

 - - - - 2.11³10-4 

 

3.4.3 ⅎ™  

⌐ ∆╢ ⅎ™│ Ⱶ☻⌐╟╡ ∆╢ ┘ ─

─ ⅎ™ │ ─◦♫ꜞ○⅛╠ⱥꜙכⱴfi◄ꜝכ⅜ ∆╢╙─╩

⇔∕─ ⅛╠ ∆╢  

 

3.5 ⱥꜙכⱴfi◄ꜝכ  

ⱥꜙכⱴfi◄ꜝכ─ ⌐ ∆╢4≈─ 3-17)-3-20)─ ╩Table 3-9 Table 3-12⌐

∆ ─☻כ◔כꜛ◦ ⌂≥─ │ ⌐│ ↕╣√ ꜠ⱬꜟ

─ ™ ⅜ ℮⅜ │ ≢│⌂ↄ ⌐ ⅜☻כ◔כꜛ◦ ⌐

↕╣≡™╢ │ ─ ─ ⅛╠ ⌐ ⌂ ╩ ↑╠╣╢↓≤

╙ ™ ∕─√╘ⱥꜙכⱴfi◄ꜝכ⅜ ∆╢   

 

Table 3-9 ─⸗כ♪≤ⱥꜙכⱴfi◄ꜝכ 3-17),3-18) 

ⱨ▼כ☼ ♪כ⸗  כꜝ◄    

0   1.0 

 ╓↑  ╡  0.1  

 ꜞꜝ♇◒♇☻⇔√   0.010.00001 

 ⌂   0.00001 

  ≡≡™╢ Ɽ♬♇◒  0.1  

 

Table 3-10 ≤ⱥꜙכⱴfi◄ꜝכ 3-17) 

─ כꜝ◄   

─ ╩ ∆  0.0001 

╩ ∫≡ ∆╢ ─ 3  0.001 

2≈ ─ ╡ ∫√ⱣꜟⱩ⅛╠ ∫√ⱣꜟⱩ╩ ∆╢  0.005 

▪♫꜡◓ⱷכ♃╩ ╖ ⅎ╢  0.003 

 

Table 3-11 ⱥꜙכⱴfi◄ꜝכ 3-19) 

꜠ⱬꜟ ♩כ꜠כꜝ◄     

ⱴ▬♫☻  ≡ Ɽ♬♇◒  0.1   

0 ╡    

 ⌐╟╢ ה⅝  0.01   

  0.010.0001  

  0.00001 15 20  
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Table 3-12 ⱥꜙכⱴfi◄ꜝכ 3-20) 

(a) ⱥꜙכⱴfi◄ꜝכ ─  

Task Assessed Error Probability 
Fail to respond to a normal temp/pressure/level alarm 0.02 
Close or open manual valve in error 0.02 
Re-open a valve at the wrong time 0.03 
Open wrong or too many valves 0.04 
Tanker driver drives-off despite SO2 delivery incomplete 0.0005 
Fail to react to jet fire on slug catcher 0.2 
Supervisor does not notice a subordinate technicianôs error (e.g. 
failure to close a valve) 

0.5 

Fail to carry out 2 yearly maintenance as planned to the vessel 0.006 
Fail to continue to hold open the oil delivery arm valve by deliberate 
inhibit 

0.2 

Fail to dip tank prior to new distillation run 0.2 
Fail to select goggles prior to entering laser laboratory (regular 
visitor) 

0.01 

Pass rail signal at red 0.0002 
 

(b) ™ ≢─ⱥꜙכⱴfi◄ꜝכ  

 Error Probability (per task) 
 Read/ 

reason 
Physical 
operation 

Everyday 
yardstick 

Simplest Possible Task 
Read single alphanumeric wrongly 0.0002   
Read 5-letter word with good resolution wrongly 0.0003   
Select wrong switch (with mimic diagram)  0.0005  
Fail to notice major cross-roads   0.0005 
Routine Simple Task 
Read a checklist or digital display wrongly 0.001   
Set switch (multiposition) wrongly  0.001  
Check for wrong indicator in an array 0.003   
Wrongly carry out visual inspection for a defined criterion 
(e.g. leak) 

0.003   

Fail to correctly replace PCB  0.004  
Select wrong switch among similar  0.005  
Read analogue indicator wrongly 0.005   
Read 10-digit number wrongly 0.006   
Leave light on   0.003 
Routine Task with Care Needed 
Mate a connector wrongly  0.01  
Fail to reset valve after some related task  0.01  
Record information or read graph wrongly 0.01   
Let milk boil over   0.01 
Type or punch character wrongly  0.01  
Do simple arithmetic wrongly 0.01-0.03   
Wrong selection ï vending machine   0.02 
Wrongly replace a detailed part  0.02  
Do simple algebra wrongly 0.02   
Read 5-letter word with poor resolution wrongly 0.03   
Put 10 digits into calculator wrongly 0.05   
Dial 10 digits wrongly 0.06   

 

(c) ⱥꜙכⱴfi◄ꜝכ ─  

Activity  Error Probability 
Activity performed under extreme stress (e.g. a major incident in a plant or 
refinery) 

0.99 

Skilled task or task performed under some moderate stress factors 0.1 
Average scenario 0.01 
Highly practiced straightforward task, well documented, well motivated, etc. 0.001 
Approximately the minimum error probability to be assumed (e.g. signal 
passed at red) 

0.0001 
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 ꜞ☻◒▪☿☻ⱷfi♩⌐⅔↑╢ⱥꜙכⱴfi◄ꜝכ ╩ Table 3-13─╟℮⌐ ⇔√  

⌐ ꜞ☻◒▪☿☻ⱷfi♩│ ⌂ ╩ ⇔≡ ℮╙─≢№╡ ─ⱥꜙ

│כꜝ◄ⱴfiכ Table 3-9 Table 3-11╩ ⌐ ꜞꜝ♇◒☻⇔√ ≢─ ≢№╢ 10-3

╩ ∆╢ ┼─ ╩ ←√╘⌐ √⌐ ∆╢ │ ╩ ∆╢ ≢№

╢≤⇔ Table 3-12(a)ה(b)╩ ⌐ 1.0³10-2 5.0³10-2≤⇔ ꜞ☻◒▪☿☻ⱷfi♩≢│ ─√

╘ 5.0³10-2╩ ∆╢ ╕√ ╛ ⌂≥─ⱥꜙכⱴfi◄ꜝכ╩ ↕∑╢ ╩

∂√ ≢╙ ⱥꜙכⱴfi◄ꜝכ│ 1.0³10-4╩ ╠⌂™ Table 3-12 (c)╙─≤∆╢  

 

Table 3-13 ◦ꜛכ◔כ☻⌐ ╢ ─ⱥꜙכⱴfi◄ꜝכ  

  

⌂ ─ⱥꜙכⱴfi◄ꜝכ  1.0Ĭ10-3 

╩ ∆╢ β─ⱥꜙכⱴfi◄ꜝכ  

β ┼─ ╩ ←√╘⌐ √⌐

∆╢ ⌂≥  

1.0³10-2 5³10-2 ꜞ☻◒▪☿☻ⱷfi

♩≢│ 5³10-2╩  

ⱥꜙכⱴfi◄ꜝכ─  1.0Ĭ10-4 
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4 ─ ┘  

4.1 ─  

4.1.1  

ꜞ☻◒▪☿☻ⱷfi♩⌐⅔↑╢ ─ ─ ╩ ∆╢ P │

ⅎ™ Pr ⅜ ≤ ∆╢ ≢№╢ Pt

┘ ─ ⅜ ─ ⌐ ╘╢ ╩ ∆ Ps ╩ ∂≡ (4-

1)≢ ∆╢  

⅜ LFL≤ UFL─ ⌐№╢ ⅜ ≢№╡ ≤ ⅜ ∆╢≤

⌐ ╢ ↓─ ─ ⅜ m3 ⅜ ∆╢ ⅜

min ≢─ ₁ ₁─ ─ ⅜ ≢№

╡ Fig. 4-1 ≤ ─ ⅜ m3הmin≢№

╢  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-1 ─  

 

│ ─☺כ♥☻╢∆≥ ┘

⌂≥╩ ™≡ ∆╢ ─ │ 4.1.2≢ ∆╢

│ Vv ≤ ─ Vg ╩ ™≡ (4-2)≢ ∆

╢ ⅎ™ │ 3.4⌐ ⇔√ ╩ ⇔ ┘

│ ⅎ™ ≢ ∆╢ │ 5 ⌐ ∆╢  

 

P PÔ PÓ PÒ  
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4.1.2  

1 ⌐ ∆╢ ─ ⅎ  

ⅎ™⇔√ ⅜ ∆╢⌐│ ≤ ⅜ ⇔⌂↑╣┌⌂╠⌂™ ↓╣╠⅜

⌐ ⌐ ∆╢ ╩ ≤⇔≡ꜞ☻◒ ⌐ ™╢ ─ 4-1)≢

│ Pt╩ (4-3)⌐ ∆ ⌐╟∫≡ ╘√  

 

  ὖ=.³Ὕ Ὕ  

 ↓↓≢ N : №√╡─  ( /h)  

Tv :  (h)  

          Tic : ─ 1 √╡─  (h) 

 

↓─ │ ─ ⅜ ⌂ↄ⅛≈ ─ ⅜ ─ │ ⌂™⅜

⅜ ↄ⅛≈ ─ ⅜ ™ │ ─ ⅜ ─ ⌐

∆╢ │ ⌐ ╘╢↓≤⅜≢⅝⌂™ R290≢│ ╛ ☻Ɽכ◒≢╙ ∆

╢ ⅜№╡ ╟ↄ ╩ ╘╢√╘⌐ ⅜ ™ │ ⅜ ─

⌐ ∆╢ ⌐╙ ⇔√ ─ ╩ ⇔√ ⌂⅔ ☻

≥☺כ♥ ה │≢☺כ♥☻ ≤⌂╢ ⌂≥⅜

⌂╢√╘ ☺כ♥☻╙ ⌐ ⇔√  

 

2 ╢↑⅔⌐☺כ♥☻  
4-2), 4-3)─ ⅎ ⌐ ≠⅝ ╕∏ ≡™⅔⌐☺כ♥☻ ╩ 1 

/ ≢ ─ ∆╢ ≤ ∆╢ ⅜ ⇔™ ─ P1╩ ∆

╢ ─ ╩ x ─ ╩ y ≤∆╢≤ ≤ ⅜ ⇔⌂™

│ (4-4) ┘ (4-5)⌐ ∆ ≤⌂╢ ↓╣╠─ ╩ Fig. 4-2⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-2 ≤ ─ ▬ⱷכ☺  

 

       TÖ<x-y<24-TÉ  (x Ó y)                                        (4-4) 

       TÉ<y-x<24-TÖ  (x < y)                                        (4-5) 

  ↓↓≢ Ti :  (h) 

 

Fig. 4-2⌐⅔↑╢ ∆╢ ≤ ⇔⌂™ ─ ⅛╠ ⇔√ P1╩ (4-6)⌐

∆ ↓─ ⅛╠ │ ≤ ─ ╩ ≤⌂╢

│≢☺כ♥☻ 24 h≢ ∆╢↓≤≢ ≢⅝╢↓≤⅜ ⅛╢ ↓╣│

⅜ 1 / ≢№╡ ─ ≤ ⅜ ⇔™√╘ (4-4)⌐⅔™≡ n = 1/24

Tic = Ti≤⌂╢↓≤╟╡ (4-3)⅛╠╙ (4-6)⅜ ≢⅝╢↓≤⅜ ⅛╢  

 (4-3) 

 Tv           Td-Ti   Td 

Td 

 

Td-Tv 

 

 

 

 

 

Ti 

 

0 

y=x-(Td-Ti) 

y=x-Tv 

y=x+Ti y=x+(Td-Tv) 

x (s) 

y (s) 

∆╢  

⇔⌂™  

⇔⌂™  



 

23 

 

ὖ=

Ὕ+Ὕ
2

+242-
(24-Ὕ)2+(24-Ὕ)2

2

242
=
Ὕ+Ὕ

24
 

↓↓≢  P1 : ╩ 1 / ≤⇔√ ─  -  

 Ti :  h  

 Tv :  h  

 

⌐ 1 ⌐ ∆╢ ≤─ Pn╩ ∆╢ ╩

n / ≤∆╢≤ ⌂ↄ≤╙ 1 ╙ ⇔⌂™ │(1-P1) n≤⌂╢ ↓─√╘ Pn│ (4-7)

≢ ∆↓≤⅜≢⅝╢ ⌂⅔ │ 1 №√╡─ ≤⇔≡ ╘╢ ⅜№╢⅜

│ 365 ⌐ ∆╢↓≤╩ ≤⇔≡™╢√╘ │ 1 ─ ≢№

╢ 24 ≤⌂╢ ╕√ ↓↓≢ k│ ─ ⌂≥ ╩ ∆ ≢№

╢  

 

Pn=Ë 1-1-ὖ
Î=Ë1-1-

Ὕ+Ὕ

24
 

↓↓≢  k :  -  

 n : 1 ─   /  

 P1 : ╩ 1 / ≤⇔√ ─  -  

 Pn : 1 ⌐ ∆╢ ≤─  -  

 Ti :  h  

 Tv :  h  

 

⌂⅔ (4-7)│ Ti≤ n─≥∟╠╙ ⅝™ ⌐ ⅛╠─∏╣⅜ ∆╢ │

─ ⌐ ∂≡ ╩ 24 h⅛╠ Ti╩ ™≡™ↄ ≤∆═⅝≤ ╦╣╢⅜ ↓─╟

℮⌐∆╢≤ ⅜ ⌐⌂╡ ⌂ ≢│⌂ↄ⌂╢ ╕√ A3 ⌐ ⌂ ≢

│ n│ ⅝™⅜ Ti⅜ ↕ↄ A3 ≤ A2L ─ ─ ≢│ Ti│ ⅝™⅜ n⅜

↕™√╘ (4-7)╩ ⇔≡╙ ─ ⅜ ↕™↓≤⅛╠↓─ ╩ ™╢↓≤≤∆╢  

↕╠⌐ 1 ⌐ ∆╢ ⅜ ─ ⌐ ∆╢ ─ Pt

╩ ∆╢ ↓╣│ ⅜ ⇔ ╢ ⅜ №╡ ∕─ ≢ ⅜

∆╢ ╩ ⇔≡™╢ ↓╣│ ⌐ ─≢כ꜠ꜞ╢╣↕ ☻Ɽכ◒─

╟℮⌐ ∆╢ │ ─ ─╖≢№╡ ↕╠⌐∕─ ⌐ ∆╢

╙─≢№╢ ⅎ┌ │≢כ꜠ꜞ╢↑⅔⌐כꜘ▬ꜝ♪ 1 ─ │ 3 ≤

↕╣╢⅜ ↓─ ⌐ ☻Ɽכ◒⅜ ⇔≡™╢╦↑≢│⌂ↄ 1 ─ ≢ ∆

╢ ☻Ɽכ◒│ ─ ╡ ⅎ ON/OFF─ 2 ─╖≢№╢ ☻Ɽכ◒⅜ ∆

╢ │ 1 ─ ☻Ɽכ◒≢ 5 ms ≢№╢ ≈╕╡ ╩כꜘ▬ꜝ♪ ∆╢ 3 ⌐

5 ms─ ☻Ɽכ◒⅜ 2 ∆╢↓≤⌐⌂╢ ↕╠⌐ │≢כꜘ▬ꜝ♪ 1 ⌐

↕╣╢↓≤╩ ⇔⌂↑╣┌⌂╠⌂™ Pt│ ñ ⅜ ⇔ ╢ ≤ ⅜

∆╢ ≢ ≤ ─ Δ≤Γ ⅜ ⇔ ╢ ≤ ─ Δ─

≢ ╘╢↓≤⅜≢⅝╢ ⌂⅔ Ti ⌐ ⇔≡ ∆╢ ─ 1 √╡─ TicTi

≢ ⅜ ∆╢ n ⅜ ⇔ ╢ ─ nc ≤⌂╢ ╩

╕≢≤ ─ ╩ ™╢↓≤≢ (4-8)⅜ ╠╣╢  

│≡™⅔⌐☺כ♥☻ (4-8)╩ ™≡ ╩ ∆╢ ⌂≥─

╟℮⌐ ⅜ ─ ⌐ ⇔⌂™ │ Tic=Ti nc=1≤⌂╡ (4-8)│ (4-7)≤

⇔ↄ⌂╢  

 

(4-6) 

(4-7) 
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Pt=Ë1-1-
Ὕ+Ὕ

Ὕ+Ὕ
1-1-

Ὕ+Ὕ

24
 

↓↓≢  k :  -  

 n : 1 ─   /  

 nc : ⅜ ⇔ ╢ ─  /  

 Pt : 1 ⌐ ∆╢ ⅜ ─ ⌐ ∆╢

↓≤╙ ⇔√  

-  

 Ti :  h  

 Tic : Ti ⌐ ⇔≡ ∆╢ ─ 1 √╡─  h  

 Tv :  h  

 

 (4-3)≤ (4-8)╩ ™√ ─ ╩ Table 4-1⌐ ∆ Table 4-1⌐⅔↑╢

Case 1│Ⱪꜝ◦⸗כ♃כ כⱣכ▼◦ ─ ☻Ɽכ◒ Case 2│◖fi☿fi♩

ⱳ♇♩ ⌐╟╢ ☻Ɽכ◒ Case 3│ Case 4│♪ꜝ▬ꜘכ꜠ꜞ─כ⌐╟╢

☻Ɽכ◒╩ ⇔≡™╢ (4-3)≢─ n│ (4-8)≢─ n ┘ nc⅛╠ ⅜ ⇔ↄ⌂

╢╟℮⌐ ⇔√ ⅜ ⌂™ Case 1 │ (4-3)≤ (4-8)≢─

│╒╓ ⇔ↄ⌂╢ ⇔⅛⇔ ∆╢ Case 3 ╛ ⅜ ≢⅛≈

─ ⌐ ∆╢ Case 4 ─ │ (4-3)≤ (4-8)≤≢ ⅜ ⌂╢ ↓

╣│ (4-3)≢│ ∆╢ ─ ⅜ ↕╣≡⇔╕℮↓≤⅜ ≤

ⅎ╠╣╢ ⅎ┌ Case 3─╟℮⌐ 1 ⌐ 1 ∆╢ ⅜ 1 ⌐ 24 ∆╢

(4-3)≢│ 1 ─ ≤ ⅜ ↕╣╢√╘

│ 1 ─╖≢№╢⌐╙ ╦╠∏ ⅜ 24 ∆╢ ≤ ∂ ™⌐⌂╡

⅜ ↄ ⅜ ™ ⅜ ⌐ ↕╣≡⇔╕℮ ⅜№╢ (4-8)≢│ ⌂ↄ

≤╙ 1 ╙ ⇔⌂™ ≤⇔≡™╢√╘ ∆╢ ─ ╡╙ ≢⅝≡™╢ A3

≢│ ☻Ɽכ◒╛ ⌂≥─ ⅜ ↄ ⅜ ™ ⅜ ↄ (4-8)│↓

─╟℮⌂ ─ ⌐ ╟ↄ ≢⅝╢  

 

Table 4-1 ─  

Case 
Tv Ti Tic N n nc (4-3) (4-8) 

h h h /h /  /  ˈ ˈ 

1 1 0.05 0.05 0.02 0.5 1 2.10×10-2 2.21×10-2 

2 1.4 0.05 1.39×10-6 0.05 1.2 1 7.00×10-2 6.96×10-2 

3 1 2.78×10-10 2.78×10-10 1   24 1 1 0.64 

4 1.4 0.05 1.39×10-6 0.21 2.55 2 0.29 0.15 

 

3 ╢↑⅔⌐☺כ♥☻  

─≢☺כ♥☻ Pt│  

 (i) ≤ ⅎ™ ─  

 (ii) ≤ ─  

 (iii) ⌐ ≤ ⅎ™⅜ ∆╢ ≢─ ≤ ⅎ™ ─  

─ 3≈─ ⌐╟╡ ╘╢ ╢↑⅔⌐☺כ♥☻ ≤ ⅎ™─ ⌐│ ∕╣∙╣

⌐ ∆╢ ≤ ⇔⌂™ ⅜ ⅎ╠╣╢√╘ ─ ⅎ ⌐ ≠⅝ Pt│ᵑ ᵔ─ 4

≈⌐ ↑⇔√  

  (a) ⅎ™⅜ ⌐ ⇔⌂™ ⅎ™⌂≥ │ ⅎ™ │ ─

≢─ 1 ─ ⅎ™ ≤⇔≡ ╘√ ≢№╢√╘ ≢─ ⅎ

™ ⌐ ∆╢ ⅜№╡ (i)≤⇔≡ Ts (24Ĭ365)╩ ∂╢ ⅎ™⅜

(4-8) 
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⌐ ∆╢ │ (i)│ 1≤∆╢  

  (b) ─ ⅜ ⌐ ⇔⌂™ ─ ⌂≥ ╩

∆╢ │ 24 h≢№╢√╘ ≢─ ⌐ ∆╢

⅜№╡ (ii)≤⇔≡[1-{1-(Ti Ts) 24}n]╩ ∂ (iii)≢ n─ ╦╡⌐

─ ─ n³Ts/24╩ ∆╢ ⅜ ⌐ ∆╢

│ (ii)│ 1≤∆╢  

 ⌂⅔ (4-11) (4-12)⌐⅔™≡ ⌐ ⇔⌂™ ⅜ 1 ⌐ ∆╢

⌐ ⅜ ∆╢╦↑≢│⌂™√╘ n⌐ Ts(h)≤ 1 24(h)─

╩ ∂ nĬTs/24 ∆╢╙─≤⇔√ n⅜ ↄ Ti⅜ ↕™ │

↓─ ⅜ ⌐ ™≤ ╦╣╢⅜ n⅜ ⌂ↄ Ti⅜ ™ │

≢│⌂ↄ Ti⌐ Ts/24╩ ∂√ ⅜ ⌐ ™ ⌐⌂╢≤ ╦╣╢ ⇔⅛

⇔ ↑╩∆╢─│ ≢№╢√╘ ≡─ ⌐⅔™≡ n⌐ Ts/24╩ ∂╢↓

≤≤⇔√ ⇔√ Pt╩ (4-9) (4-12)⌐ ∆  

 

ᵑ ⌐ ∆╢ ⅎ™≤ ⌐ ∆╢ (iii) 

ὖ=Ë1-1-
Ὕ+Ὕ

Ὕ+Ὕ
1-1-

Ὕ+Ὕ

Ὕ
 

 

ᵒ ⌐ ⇔⌂™ ⅎ™≤ ⌐ ∆╢ (i)×(iii) 

ὖ=Ë
Ὕ

ςτ³σφυ
1-1-

Ὕ+Ὕ

Ὕ+Ὕ
1-1-

Ὕ+Ὕ

Ὕ
 

 

ᵓ ⌐ ⇔⌂™ ⅎ™≤ ⌐ ⇔⌂™ (i)×(ii)×(iii) 

ὖ=Ë
Ὕ

ςτ³σφυ
1-1-

Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ+Ὕ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

ᵔ ⌐ ∆╢ ⅎ™≤ ⌐ ⇔⌂™ (ii)×(iii) 

ὖ=Ë1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ+Ὕ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

↓↓≢  k :  -  

 n : 1 √╡  /  

 nc : ⅜ ⇔ ╢ ─  /  

 Pt :  -  

 Ti :  h  

 Tic : Ti ⌐ ⇔≡ ∆╢ ─ 1

√╡─  

h  

 Ts :  h  

 Tv :  h  

 

4.2  

4.2.1  

A3 A2L

Table 4-2 A2

A3 A2 A3

4.2.2 A3 A3

20216 4-5)

(4-10) 

(4-11) 

(4-12) 

(4-9) 
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Table 4-2 ─  

 A3 A2L 
    

   
   

   
 NITE  

NITENational Institute of Technology and 
Evaluation  

  

R32 5 kVA
 

  

   
   

ON/OFF    
   

5 %    
   

    
   

    
   

ON/OFF    
    

   

 
(Table 2-1 ) 

 (
-100 ) 

(700  
) 

   
   

    

A2L 4-4  

 

4.2.2  

1) ─ ◄Ⱡꜟ◑כ  

Table 4-34-6)

3.05.0 kV

W J V V C F (4-13)

100pF 0.451.25 mJ

1 mJ  

 

Table 4-3 4-6) 

─ [kV]  ─ ↕  

 1.0 ╕∫√ↄ ∂⌂™  
 2.0 ─ ⌐ ∂╢⅜ ╕⌂™  
 3.0 ≢ ↕╣√ ∂╩ ↑ ♅◒ꜞ≤ ╗  
 5.0 ─└╠⅛╠ ╕≢ ╗  
 6.0 ⅜ ↄ ╖ ⅜ ↄ ∂╢  
 7.0 ─└╠⌐ ™ ╖≤⇔┘╣╩ ∂╢  
 8.0 ─└╠⅛╠ ╕≢ ⇔┘╣√ ∂╩ ↑╢  
 9.0 ⅜ ↄ ╖ ⅜⇔┘╣√ ∂╩ ↑╢  
10.0 ⌐ ╖≤ ⅜ ╣√ ∂╩ ↑╢  
11.0 ⅜ ↄ⇔┘╣ ⌐ ™ ╩ ∂╢  
12.0 ⌐ ↕╣√ ∂╩ ↑╢  
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  W=C³V2/2                                                              (4-13) 

↓↓≢ C   F  

        V   V  

        W  ◄Ⱡꜟ◑כ  J  
 

Moorhouse4-7) Lewis & von Elbe4-8) Eckhoff4-9) R290

Fig. 4-3 4-7)

Moorhouse 0.46 mJ

Lewis & von Elbe0.25 mJEckhoff 0.48 mJ

Lewis & von Elbe  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-3 R290 4-9)  

 

Fig. 4-3 R290LFL UFL

1.0 mJFig. 4-3 Fig. 4-3 R290

Fig. 4-3 LFL-UFL 1/2

A3 5 2

╩ 20.5≢ ⇔≡  

 

2) ─  

Fig. 4-4 4-10) R290
4-11)

4-10)-4-11) R290 1 ms

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4-4 1 4-10)  
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LFL UFL 

Moorhouse et al. (1974) 
Eckhoff et al. (2010) 
Lewis & von Elbe (1987) 

Propane Concentration (%) 
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0 
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[
A
]

 

Time [ms] 
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3) ─  
4-12) 30 %  

2016 30 %

3.2 % Table 4-4  

  JIS C 96122013 27 5/2310/4 20 

11/84/16 30 % 18.7 %

  
 

Table 4-4 2016 30 %  

         

 

30 %

(h) 

1

(h) 

30 %

(%) 

   

30 %

(h) 

1

(h) 

30 %

(%) 

2016 1  70 744 9.4  2016 1  462 744 62.1 

 2  57 696 8.2   2  390 696 56.0 

 3  50 744 6.7   3  264 744 35.5 

 4  45 720 6.3   4  55 720 7.6 

 5  37 744 5.0   5  33 744 4.4 

 6  12 720 1.7   6  10 720 1.4 

 7  0 744 0.0   7  0 744 0.0 

 8  0 744 0.0   8  0 744 0.0 

 9  0 720 0.0   9  0 720 0.0 

 10  0 744 0.0   10  0 744 0.0 

 11  0 720 0.0   11  91 720 12.6 

 12  7 744 0.9   12  337 744 45.3 

  278 8,784 3.2    1,642 8,784 18.7 
 

1

 

 

4) ─ ⌐╟╢  

 

Fig. 4-5 4-6) 4.05.0 kV
4-5) Fig. 4-5 10-5 J R290

R290
4-5)  

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 4-5 4-6)  

 

  

8 

104 

105 

8 

2 

4 
6 

2 

4 

6 

2 4 6 8 2 4 6 8 2 4 6 
10-5 10-4 10-3 10-2 

─
 
(
V
)

 

◄Ⱡꜟ◑כ (J) 
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4.2.3  

כ♃▬ꜝה↓┌√ (1  

ᵑ√┌↓  

 Li et al.4-13) ┘ ╠ 4-14)─ ⌐╟╢≤ √┌↓╩ ⇔≡™╢

─ │ 700 ─ │ 300 ≢№╢ ∫≡ √┌↓

─ ─ │ R290─ 470 ╩ ⅎ≡™╢√╘ ∆╢

⅜№╡ ⅝√┌↓─ ─ │ ─ ─ 300 ≢№╡ R290─

╟╡╙ ™√╘ ∆╢ │⌂™ ⌐√┌↓≢─ ╩ ∫√

≢│ ⱪ꜡Ɽfi ┘ⱷ♃fi ≢ ⇔≡╙ ⇔⌂⅛∫√≤™℮ 4-15)╙⌂↕╣≡⅔

╡ ⇔⌂™ ⅜ ™⅜ ⌐ ⇔⌂™≤™℮ ⅜ ╠╣≡™╢╦↑≢│⌂™

∕↓≢ √┌↓│ ─ ─ ─╖ R290⌐ ∆╢↓≤≤∆╢ ⌂⅔ √┌↓─

│ A2L ≢│ ≤│⌂╠⌂™  

ᵒꜝ▬♃כ  

─כ♃▬ꜝ  │ ≢№╡ A3 ≢כ♃▬ꜝ│≢ ╩≈↑≡™╢ │ ∆╢

⅜№╢ ⇔⅛⇔ A2L ≢│ │⌐כ♃▬ꜝ ⅜≈⅛⌂™ 4-4),4-16)√╘ A2L

≢│ ∟℮─כ♃▬ꜝ 5 % 4-1)

A2L ≢─

6.9.1  

 

2)  

1 5 min4-1) 40 sRA-WG

5 s4-1) 45 s

A2L

5 s  

 

ה (3  

2017 28.2 % 9.0 % 18.2 %4-17) 1

18.1/ 14.7/ 4-17) 1426

491 1917 4-17) 17.2/ {(18.1/

³1426 )+(14.7/ ³491 )}/1917  

 

7.25h 20 64 4-18)

(4-14)   
 

─ (h)× ( / / )/(24- (h)) 

        (h)×18.1/(24-7.25) 

                (h)×1.08( /h)                          (4-14) 

 

³

 

 

4.2.4 ∕─ ─  

1) ◖fi☿fi♩─ ⅝ ⇔  
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50 Hz

1/4 5 ms=1/50Hz/4 Fig. 4-6  

 

 

 

 

 

 

 

Fig. 4-6  

 

♩♇♃☻⸗כ◘הכ꜠ꜞה♅♇▬☻ (2  

5 ms

ON OFF
4-19) OFF

ON  

 

3) Ⱪꜝ◦⸗כ♃כ  

5 % 5 ms

10

4.2.2 1) 2

╩ 20.5≢ ⇔≡  

 

4) ╤℮ ↑Ᵽכ♫כ  

A3

A2L
4-4) A2L

 

 

  

20 ms (=1/50 Hz) 

5 ms (=1/50Hz/4)  
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4.3  

ꜞ☻◒▪☿☻ⱷfi♩╩ ™ ─ ⅜ ╩ ⅎ√ │ ⅜

⌐⌂╢╕≢ ╩ ∆ ⅜№╢ ─ꜞ☻◒ ╩ Table 4-5 4-

20)⌐ ∆ ─ꜞ☻◒ │ 10─═⅝ ─ ╩ ⇔≡™╢  

 

Table 4-5 ꜞ☻◒ ≤∕─ ꜞ☻◒ ─ 4-20) 

 

 
 

 

   

 

 

 

 

- 

 

-4 -3 -2 

 

 

 

 

a.  

- 

 

-  

 

-  

 

- 

 

- 

 

b.  

-  

- 

 

-3 -2 -1 

 

 

-  

    

  

 

-  

    

-2 -1 -1 

 

-    

- 

 

-1 -1 0 

 

 

- 

 

-  

-1 0 0 

 

⌐ ⌐╟╢ ╩ ∆╢ ─ │ Table 4-5 ─ ≤ ⇔

≡™╢ ⌂⅔ ╢↑⅔⌐☺כ♥☻ ⌐╟╢ꜞ☻◒ ─ │ 6 ⌐ ∆╢  

 

Table 4-5╩ ⌐⇔√ ─ ╩ ≤∆╢  

 

ü │ ─ ⌂≥  

ᴗ ההה  10-1  
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ü  

ᴖ ההה  10-1  
 

ü ⅎ™  

o ההה  10-2  

     √∞⇔ ⅎ™ ≢ ⅎ™╩ ∆╢∞↑≢│ │ ⅜╠∏

ⅎ™ ╩ ∆╢ │ ╩ ℮↓≤╩ ≤∆╢  

 

 ╕√ ↓─ ─ ─ ─ ╩ ⌐ ∆  

 

ü ꜚ♬♇♩─ⱨ□fi⌐╟╡ ─ ╩∆╢  

╡╟⌐ ההה  ⅜ ↄ⌂╢ ─ (5-2-5)╩ ∆╢ ─

─ │♀꜡≤∆╢ √∞⇔ ⱨ□fi─ ╩ 0.025 %2.5³10-4

4-1)≤⇔ ↓─ ≢ ⅜ ↕╣╢╙─≤∆╢  
 

ü ⌐╟╡ ╩ ∆╢  

─≢ ההה  │ ⅜ ↕╣⌂™╙─≤⇔ ─

│♀꜡≤∆╢∆╢ ⌂⅔ ─ │ A2L─ꜞ☻◒▪☿☻ⱷfi

♩ ⌐ ⇔√ ─ 4-1) 4.05³10-4⅛╠ ⅜ ≢ ∆╢

│ ≢ ∆╢ ╟╡╙ ⌂™√╘ 1.0³10-4≤⇔ ╙↓─ ≢

─ ⅜⌂↕╣⌂™╙─≤∆╢  
 

ü ⌐ ╩ ∆╢√╘─ ⌂≥ ╩ ∆╢  

╩ ההה  ℮↓≤╩ ∆╢ ⅜ ≢№╣┌ ⅜

∆╢↓≤⅜⌂ↄ ⅜♀꜡≤⌂╢ ⇔⅛⇔ ─ ⌐│

╙№╡ ⌐ ╩ ≢⅝╢ ─ │⌂™≤ ╦╣ ≢─

⅛╠ ╩ 1/100≤∆╢  
 

ü ⱥꜙכⱴfi◄ꜝכ⅜ ∆╢  

⅜ ההה  ∆╢ ≢№∫≡ ╩ ⇔√ │ ⌐ ╩ ≢⅝╢╙

─≢№╢ ╩ ⇔√ ─ ╩♀꜡≤∆╢ √∞⇔ ⱥꜙכ

ⱴfi◄ꜝכ─ 10-3 ≢ ⅜ ↕╣⌂™╙─≤∆╢  
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5 ⅎ™  

 ─ ⌐│ ┘ ⅜ ≢№

╡ ↓╣╠╩ ⅎ™ ≢ ╘╢ ≢│ ♁ꜟⱣכ│ STAR CCM+⸗♦ꜟ│

Realizable k-e⸗♦ꜟ╩ ™╢ ⌂⅔ ⌐ⱶ◄▪◖fiכꜟ│♪כ◖ ∆╢ CO2 ⅎ™
5-1)╩ ™≡ ╖≢№╢ ⌐ ∆╢ │ REFPROP Ver.8.0╩ ™≡ ⇔

√ A3 ≢№╢ R290─ ╩ 5.1 5.4⌐ A2L ≢№╢ R1234yf─ ╩ 5.5

⌐ ∆╢ ⌂⅔ ─ ≢│ ─ ⅜ ─ ╩ ⇔≡™╢⁹  

 

☻כ◔כꜛ◦fi▬♅כꜞ 5.1  

5.1.1 ⅎ™ 2 ה 1.08 m3ה  

─☻כ◔כꜛ◦fi▬♅כꜞ ⌐ ⅜ ⅎ™ ╩ ∆╢ ╩ ∫√ ꜞ

─☻כ◔כꜛ◦fi▬♅כ ⸗♦ꜟ╩ Fig. 5-1-1⌐ ∆ │☻כ◔כꜛ◦ ↕ 2.0 m

1.542 m⅝ 0.7 m≢ │ 1.08 m3 W1.462 mĬD0.5 mĬH1.478 m2 ≢№

╡ ⌐│ ┘ⱨ□fi⅜ ↕╣√ ꜚ♬♇♩⅜№╢ ꜚ♬♇♩⅜

↕╣≡™╢╙─╩ ⇔√ │ ─☻כ◔כꜛ◦ ⅛╠ ꜚ♬♇♩⌐

↕╣ ─☻כ◔כꜛ◦ ♄◒♩ D0.09 m╩ ∫≡ ⌐ ↕╣╢ ꜚ♬♇

♩│ ╩ 8.3Ĭ10-2 m2 W1.206 mĬH0.0689 m≤⇔ ╩ 0 m/s1 m/s

4.98 m3/min2 m/s9.96 m3/min2.5 m/s12.45 m3/min3 m/s14.94 m3/min┘ 3.5 

m/s17.43 m3/min≤ ↕∑√ ─ ╩☻כ◔כꜛ◦⌐ ⇔ ∕─

─ ⌐ 0.4 mĬ0.4 m─ ╩ ↑√ ─ ─ ⅛╠

╩ ⇔ │⌂™╙─≤⇔≡ ╩ ∫√ ☻ꜝ▬♪♪▪⅜↓─ ⌐ ™≤ ╦╣╢

─ ─ ⅛╠ ⌐ ⅛∫≡ │fi♥כ◌▪◄╢╣ ⇔≥fi♥כ◌▪◄

│ 6.58Ĭ10-2 1.462 mĬ0.045 m2.08 m/s8.21 m3/min≢ ⌐

⅝ ∆╙─≤⇔ ⅜fi♥כ◌▪◄ ╢ ≤ ™ ─ ╩ ∫√ ─☻כ◔כꜛ◦

⅝ ⇔ ⅛╠ ⌐ ↑≡─ ⅝ ⇔ │ ™╙─≤∆╢ │ ↕╩ 2.2 

m≤⇔ ╩ 17.14 m2 4.14 mĬ4.14 m24.01 m2 4.9 mĬ4.9 m36.0 m2 6.0 mĬ6.0 

m 64.0 m2 8.0 mĬ8.0 m┘ 100.0 m2 10.0 mĬ10.0 m≤ ↕∑√ │ R290≤

⇔ │ 358 g│ 500 g≤⇔√ Fig. 5-1-2⌐ 24.01 m2─ ◔כꜛ◦fi▬♅כꜞ⌐

╩☻כ ⇔√ ─ ⸗♦ꜟ╩ ∆ │ Table 5-1-1⌐ ∆ ה 25 ─ ╩

™ LFL│ 2.1 vol%UFL│ 9.5 vol%≤⇔ │ Table 5-1-1⌐ ─ ─ ╩

™≡ ⇔ 1.12Ĭ10-5 m2/s≤⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-1  ꜞכ♅▬fi◦ꜛכ◔כ☻─ ⸗♦ꜟ  
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0.2775 m 

Door (2   
sheets) 
(opening 
in CFD) 
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Fig. 5-1-2  ─ ⸗♦ꜟ  

 

Table 5-1-1 ⌐ ⇔√  

  
      

( ) (MPa) (kg/m3) (J/kgהK)  (W/mהK)  (Paהs) 

air  29.0 25 0.1013 1.184 1006.6 2.585³10-2 1.849³10-5 

propane (R290) 44.1 25 0.1013 1.832 1684.7 1.831³10-2 8.146³10-6 
 

 
      

(m2/s) (K)  (MPa) (kg/m3) (cm3/mol) (m2/s) 

air  1.562³10-5 132.30      96.53  

propane (R290) 4.448³10-6 369.89 4.251 220.48 200.00 1.12³10-5 

│ ≢ ⇔√  

DAB
0.0150ϽὝ1.81

PϽTCAϽTCB
0.1405ϽVCA

0.4VCB
0.42
Ͻ
1

MA

1

MB
 

↓↓≢ P   (atm)  T   (K)  

    TCA TCA  (K)  

    VCA VCA  (cm3/mol) 

    MA MB  

 

Fig. 5-1-3 Fig. 5-1-10⌐ 500 g 24.01 m2─ ─ ꜚ♬♇♩ ⅜ 0 

m/s2.5 m/s12.45 m3/min⅛≈◄▪◌כ♥fi ┘ ─ ─ ─ ╩

∆ Fig. 5-1-3 Fig. 5-1-6│◄▪◌כ♥fi ─ ꜚ♬♇♩ 0 m/s2.5 m/sCase 

5-1-7 Case 5-1-10─ ─ 5 ─ Fig. 5-1-7 Fig. 5-1-10│◄▪◌כ♥fi

─ ꜚ♬♇♩ 0 m/s2.5 m/sCase 5-1-57Case 5-1-60─ ─ 5 ─

≢№╢ ⌂⅔ Case │ ⌐ ∆ Table 5-1-2 Table 5-1-3⌐ ─ ≢№╢ 0 

m/s─ │ ⅎ™ ╠⅛☻כ◔כꜛ◦⅜ ⌐ ╕≢ ⇔ ⌐ ⅜

╡ ≢╕☻כ◔כꜛ◦≡⇔ ╢ ⅜ ≡ ╣╢ ─fi♥כ◌▪◄ ┘

─ ⌐╟╠∏ ™∏╣─ ╙ │ ─ ™ ⌐ ≢ ⅜ ⅜∫

≡™╢ ─☻כ◔כꜛ◦fi▬♅כꜞ ⌐ ⅎ™⇔√ ⅜ ─ ⌐╟∫≡ ⌐

⌐ ⅎ™∆╢√╘ ⅎ™ ⅜ ↄ ┼─ ─ ⅜ ⌐ ⌐ ╦⌂™↓≤⅜

≤ ⅎ╠╣╢  

0.4 mĬ0.4 m 

Pressure boundary 

0.7 m 

0.09 m 

2.0 m 
2.2 m 

4.9 m 

 4.9 m 

Front 
Rear 

Inlet air 

Condensing unit 

 Door (2 sheets) 

  (opening in CFD) 

1.679 m 
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Pressure boundary 

0.2775 m 
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Fig. 5-1-3  Case 5-1-7─ fi♥כ◌▪◄ ה 0 m/s 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-4  Case 5-1-8─ fi♥כ◌▪◄ ה 1.0 m/s (4.98 m3/min) 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-5 Case 5-1-9─ fi♥כ◌▪◄ ה 2.0 m/s (9.96 m3/min) 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-6 Case 5-1-10─ fi♥כ◌▪◄ ה 2.5 m/s (12.45 m3/min) 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-7 Case 5-1-57─ fi♥כ◌▪◄ ה  0 m/s 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-8 Case 5-1-58─ fi♥כ◌▪◄ ה 1 m/s (4.98 m3/min) 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-9 Case 5-1-59─ fi♥כ◌▪◄ ה  2 m/s (9.96 m3/min) 

 

 

 

 

 

 

 

 

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j ) 50 s after opening the door 
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Fig. 5-1-10 Case 5-1-60─ fi♥כ◌▪◄ ה  2.5 m/s (12.45 m3/min) 

 

⌂⅔ ⅜fi♥כ◌▪◄ ╢ │ ⌐ ─ ⅜ ∫≡™╢─╙ ⅛╢  

⌐ 500 g⌐⅔™≡ ─fi♥כ◌▪◄ ┘ ꜚ♬♇♩─ ╩ ↕∑

√ ─ ─ ╩ Fig.5-1-11⌐ ∆ Fig.5-1-11─(a)│◄▪◌כ♥fi ⅛

≈ 24.01 m2─ (b)│◄▪◌כ♥fi ⅛≈ 24.01 m2─ (c)│◄▪◌כ

♥fi ⅛≈ 36 m2─ (d)│◄▪◌כ♥fi ⅛≈ 36 m2─ (e)│◄▪◌

fi♥כ ⅛≈ 100 m2─ (f)│◄▪◌כ♥fi ⅛≈ 100 m2─ ≢№╢

Fig.5-1-11─(a)ה(c)ה(e)≤(b)ה(d)ה(f)╩ ∆╢≤ ⅜fi♥כ◌▪◄ ╢ ⌐

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 
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─ ⅜ ╢√╘ fi♥כ◌▪◄ ─ ╟╡╙ ⅜ ↄ⌂╡

⅜ ↕ↄ⌂╢ ⌐№╢⅜ ⅜ 0 m3/min─ ≢│ fi♥כ◌▪◄

⌐╟╢ ─ ™│∕╣╒≥ ⅝ↄ⌂™ ꜚ♬♇♩─ ╩ ⅝ↄ⇔√ ─

≢ ─ ⅜ ↄ⌂╢√╘ ─fi♥כ◌▪◄ ⌐╟╠∏ │ ↕ↄ⌂╢

⅜ ─ │ ≥ ╠⌂™ ⇔⅛⇔ ⅜№╢≤ ─☻כ◔כꜛ◦

Fig. 5-1-7 Fig. 5-1-10─ ┼─ ╙ ⌂ↄ⌂╢√╘ │ ↕

ↄ⌂╢ ╕√ Fig.5-1-11─(a)(c)(e)╩ ∆╢≤ ⅜ 0 m3/min─ │ ⌐╟

∫≡ ─ ⅜ ⅝ↄ ⌂╢⅜ ⅜ 4.98 m3/min 1 m/s ─

│ ─ │∕╣╒≥ ⅝ↄ⌂ↄ ─ ⌐ ∂≡ ─ ⅜

ↄ⌂╢ ─ │ ─fi♥כ◌▪◄ ─ ─

⌐╟╠∏ №╕╡ ╦╠⌂™ 0 m3/min─ │ ⅜ ⇔⌂™√╘

⅜ ╙ ↄ ⅜ ⌐ ─☻כ◔כꜛ◦│ Fig. 5-1-3 Fig. 5-1-6─

⌐╙ ⅜ ⇔ ╙ ⅝ↄ⌂╢ R290⌂≥─ A3 ⌐⅔™≡

│ ─ ♩♇♃☻⸗כ◘╛כ꜠ꜞ─ ⌂≥─☻▬♇♅─ ON/OFF

─◖fi☿fi♩─ ⅝ ⇔ ⱥכ♃כ⌂≥─ ⌂≥⅜ ≤⌂╢√╘

─ ⅜ ≢№∫≡╙ ⌐ ⅜ ∆╣┌ ⌐ ⌐ ╢ ⅜№

╢ ⇔⅛⇔ 24.01 m2 │ 36 m2⅛≈ 0 m3/min─ ≢│ │

─ │ ─ ™ ⌐ ⅜∫≡™╢⅜ ⅜ 5 300

≢№╢√╘ IEC 60335-2-89≢│ ⅜ ↕╣⌂™≤╖⌂↕╣≡⇔╕℮

7.2 3)  
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   (a) Case 5-1-7 5-1-11 m2 24.01ה   (b) Case 5-1-575-1-61 m2 24.01ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

   (c) Case 5-1-135-1-17 m2 36ה    (d) Case 5-1-635-1-67 m2 36ה  

 

 

 

 

 

 

 

 

 

 

 

 

 

   (e) Case 5-1-205-1-24 m2 100ה   (f) Case 5-1-695-1-73 m2 100ה  

Fig. 5-1-11  ה ─ ─  

 

⌐ ┘ ─ ╩ Table 

5-1-2 ┘ Table 5-1-3⌐ ∆ Table 5-1-2│◄▪◌כ♥fi ─ Table 5-1-3│◄

fi♥כ◌▪ ─ ≢№╢ ─☻כ◔כꜛ◦fi▬♅כꜞ ⌐ ⅜ ⅎ™⇔√
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Air flow rate (m3/min) 

Without 

air curtain, 

floor area 

  36 m2 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210

F
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

Time (sec)

0

4.98

9.96

12.45

14.94

Air flow rate (m3/min) 

Without 

air curtain, 

floor area 

  100 m2 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210

F
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

Time (sec)

0

4.98

9.96

12.45

14.94

Air flow rate (m3/min) 

With 

air curtain, 

floor area 

 24.01 m2 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210

F
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

Time (sec)

0

4.98

9.96

12.45

14.94

Air flow rate (m3/min) 

With 

air curtain, 

floor area 

  36 m2 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210

F
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

Time (sec)

0

4.98

9.96

12.45

14.94

Air flow rate (m3/min) 

With 

air curtain, 

floor area 

  100 m2 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210

F
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

Time (sec)

0

4.98

9.96

12.45

14.94



 

46 

ꜚ♬♇♩─ ╩ 3.5 m/s17.43 m3/min╕≢ ⅝ↄ⇔≡╙ ─ ⅜

ↄ⌂╠⌂⅛∫√  

fi♥כ◌▪◄ ─ ꜚ♬♇♩ 0 m/s2.5 m/s12.45 m3/min─ ─

┘ ─ ╩ Fig. 5-1-12Fig. 5-1-15⌐ fi♥כ◌▪◄ ─

ꜚ♬♇♩ 0 m/s2.5 m/s 12.45 m3/min─ ─ ╩ Fig. 5-1-16Fig. 5-1-19

⌐ ∆ ⌂⅔ ┘ │ ⌐│ ╘≡™⌂™ Fig. 5-1-12Fig. 5-1-

19─ │ M╩ A≢ ⇔√ ≢№╡ ≤

╙⌐ ╩ ≢ ⇔√ M/A─ ≢ ⇔√ Fig. 5-1-12Fig. 5-1-19

─ ┘ ─ ⅛╠ ╘√ ╩ (5-1-1) (5-

1-16)┘ Fig. 5-1-12Fig. 5-1-19─ ≢ ∆   

 

Table 5-1-2  ◄▪◌כ♥fi ─ ה ה  

(a) 500 g 

Case 
(m2) 

 
ꜚ♬♇♩ (m/s) (m3/min)  

0.0 
1.0 

(4.98) 
2.0 

(9.96) 
2.5 

(12.45) 
3.0 

(14.94) 
3.5 

(17.43) 

5-1-1

5-1-6 
17.14 

 (min) 267.42 3.22 1.67 1.14 0.91 0.73 

 (m3הmin) 1402.28 6.35 3.31 2.87 1.94 1.78 

 (m3) 5.24 1.98 1.99 2.52 2.14 2.42 

5-1-7

5-1-12 
24.01 

 (min) 122.13 3.04 1.79 1.25 1.11 0.82 

 (m3הmin) 617.10 6.11 3.04 2.47 2.05 1.71 

 (m3) 5.05 2.01 1.70 1.98 1.85 2.09 

5-1-13

5-1-18 
36.0 

 (min) 43.79 2.86 1.70 1.08 1.13 0.87 

 (m3הmin) 181.47 6.23 2.79 1.99 2.00 1.49 

 (m3) 4.14 2.18 1.64 1.85 1.78 1.72 

5-1-19 64.0 

 (min) 6.38      

 (m3הmin) 14.75      

 (m3) 2.31      

5-1-20

5-1-25 
100.0 

 (min) 2.64 1.85 1.30 1.07 1.07 1.01 

 (m3הmin) 6.50 3.69 2.11 1.61 1.45 1.25 

 (m3) 2.46 2.00 1.62 1.51 1.36 1.24 

(b) 358 g 

Case 
(m2) 

 
ꜚ♬♇♩ (m/s) (m3/min)  

0.0 
1.0 

(4.98) 
2.0 

(9.96) 
2.5 

(12.45) 
3.0 

(14.94) 
3.5 

(17.43) 

5-1-26

5-1-31 
17.14 

 (min) 107.00 1.98 0.98 0.88 0.69 0.44 

 (m3הmin) 367.92 3.18 1.45 1.30 1.01 0.72 

 (m3) 3.44 1.61 1.48 1.48 1.46 1.63 

5-1-32

5-1-37 
24.01 

 (min) 40.96 2.01 0.99 0.74 0.66 0.44 

 (m3הmin) 117.14 2.90 1.23 1.00 0.84 0.67 

 (m3) 2.86 1.45 1.24 1.35 1.27 1.51 

5-1-38

5-1-43 
36.0 

 (min) 8.00 1.95 0.98 0.91 0.73 0.60 

 (m3הmin) 14.79 2.42 1.15 0.95 0.77 0.65 

 (m3) 1.85 1.24 1.17 1.04 1.05 1.08 

5-1-44 64.0 

 (min) 1.91      

 (m3הmin) 3.77      

 (m3) 1.97      

5-1-45

5-1-50 
100.0 

 (min) 1.57 1.53 1.13 0.73 0.62 0.56 

 (m3הmin) 2.95 1.77 1.11 0.81 0.70 0.59 

 (m3) 1.88 1.16 0.98 1.11 1.13 1.05 
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Table 5-1-3  ◄▪◌כ♥fi ─ ה ה  

(a) 500 g 

Case 
(m2) 

 
ꜚ♬♇♩ (m/s) (m3/min)  

0.0 
1.0 

(4.98) 
2.0 

(9.96) 
2.5 

(12.45) 
3.0 

(14.94) 
3.5 

(17.43) 

5-1-51

5-1-56 
17.14 

 (min) 2.66 2.03 0.59 0.62 0.67 0.66 

 (m3הmin) 4.26 1.93 0.76 0.60 0.44 0.35 

 (m3) 1.60 0.95 1.28 0.98 0.66 0.53 

5-1-57

5-1-62 
24.01 

 (min) 2.00 1.48 0.56 0.57 0.45 0.48 

 (m3הmin) 2.72 1.42 0.67 0.53 0.46 0.37 

 (m3) 1.36 0.96 1.21 0.94 1.02 0.78 

5-1-63

5-1-68 
36.0 

 (min) 1.63 1.05 0.57 0.65 0.58 0.53 

 (m3הmin) 2.36 1.20 0.62 0.54 0.45 0.40 

 (m3) 1.45 1.14 1.09 0.83 0.77 0.74 

5-1-69

5-1-74 
100.0 

 (min) 1.43 1.38 0.52 0.52 0.52 0.52 

 (m3הmin) 1.49 1.05 0.60 0.52 0.44 0.38 

 (m3) 1.04 0.76 1.17 1.01 0.86 0.73 

(b) 358 g 

Case 
(m2) 

 
ꜚ♬♇♩ (m/s) (m3/min)  

0.0 
1.0 

(4.98) 
2.0 

(9.96) 
2.5 

(12.45) 
3.0 

(14.94) 
3.5 

(17.43) 

5-1-75

5-1-80 
17.14 

 (min) 1.18 0.94 0.52 0.48 0.45 0.53 

 (m3הmin) 1.07 0.68 0.39 0.29 0.23 0.19 

 (m3) 0.90 0.72 0.75 0.61 0.50 0.36 

5-1-81

5-1-86 
24.01 

 (min) 0.91 0.83 0.49 0.39 0.41 0.41 

 (m3הmin) 0.88 0.62 0.37 0.29 0.24 0.19 

 (m3) 0.97 0.76 0.75 0.75 0.58 0.47 

5-1-87

5-1-92 
36.0 

 (min) 1.03 1.02 0.52 0.49 0.52 0.53 

 (m3הmin) 0.78 0.59 0.35 0.29 0.24 0.19 

 (m3) 0.76 0.58 0.67 0.59 0.46 0.36 

5-1-93

5-1-98 
100.0 

 (min) 1.33 1.06 0.48 0.47 0.50 0.52 

 (m3הmin) 0.72 0.56 0.35 0.29 0.24 0.18 

 (m3) 0.54 0.53 0.73 0.62 0.47 0.36 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-12  ┘ fi♥כ◌▪◄ ה 0 m3/min 
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             (a)                    (b)  

Fig. 5-1-13  ┘ fi♥כ◌▪◄ ה 4.98 m3/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-14 ┘ fi♥כ◌▪◄ ה 9.96 m3/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-15 ┘ fi♥כ◌▪◄ ה 12.45 m3/min 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.005 0.01 0.015 0.02 0.025 0.03

D
u

ra
ti
o

n
 o

f 
fl
a

m
m

a
b

le
 r

e
g
io

n
 (

m
in

)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

0

0.5

1

1.5

2

2.5

3

0 0.005 0.01 0.015 0.02 0.025 0.03

M
e

a
n

 f
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

0

0.5

1

1.5

2

2.5

3

3.5

0 0.005 0.01 0.015 0.02 0.025 0.03

D
u

ra
ti
o

n
 o

f 
fl
a

m
m

a
b

le
 r

e
g
io

n
 (

m
in

)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

0

0.5

1

1.5

2

2.5

0 0.005 0.01 0.015 0.02 0.025 0.03

M
e

a
n

 f
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

0

0.5

1

1.5

2

2.5

0 0.005 0.01 0.015 0.02 0.025 0.03

M
e

a
n

 f
la

m
m

a
b

le
 v

o
lu

m
e

 (
m3
)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 0.005 0.01 0.015 0.02 0.025 0.03

D
u

ra
ti
o

n
 o

f 
fl
a

m
m

a
b

le
 r

e
g
io

n
 (

m
in

)

M/A kg/m2)

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 



 

49 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-16 ┘ fi♥כ◌▪◄ ה 0 m3/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-17 ┘ fi♥כ◌▪◄ ה 4.98 m3/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

             (a)                    (b)  

Fig. 5-1-18 ┘ fi♥כ◌▪◄ ה 9.96 m3/min 
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             (a)                    (b)  

Fig. 5-1-19 ┘ fi♥כ◌▪◄ ה 12.45 m3/min 
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τȢχφĬ103Ĭ
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 +1.38Ĭ101      0 m3/min ◄▪◌כ♥fi              (5-1-1) 
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TV=5.69Ĭ10Ĭ
M

A
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+1.42                     1 m/sה  4.98 m3/min ◄▪◌כ♥fi            (5-1-4) 

TV=1.40                                                  2 m/sה  9.96 m3/min ◄▪◌כ♥fi            (5-1-5) 
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ὠV=1.25Ĭ10Ĭ
M

A
+7.71Ĭρπ          2 m/sה  9.96 m3/min ◄▪◌כ♥fi           (5-1-14) 

ὝV=5.39Ĭρπ                                      2.5 m/sה 12.45 m3/min ◄▪◌כ♥fi      (5-1-15) 

ὠV=6.01Ĭ
M

A
+7.02Ĭρπ                  2.5 m/sה  12.45 m3/min ◄▪◌כ♥fi       (5-1-16) 

 

  A   (m2) 

        M   (kg) 

        TV   (min) 

        VV   (m3) 

 

│⌐☻כ◔כꜛ◦fi▬♅כꜞ ה fi♥כ◌▪◄

ה ⌂≥ ─ ⅜ ⌂╢ ≈⅛─

⅜№╢ Fig. 5-1-20 fi♥כ◌▪◄ ≢│ ≡∫╟⌐fi♥כ◌▪◄ ⅎ™ ─

┼─ ⅜ ↕╣╢⅜ ⅜fi♥כ◌▪◄ ⅛╠ ⌐ ↑≡ ↕╣≡™╢

─ ⅜fi♥כ◌▪◄ ⅛╠ ⌐ ↑≡ ↕╣≡™╢ ╛ ⅛╠

⌐ ↑√ ⅝ ⅜fi♥כ◌▪◄≥⇔ ╖ ╦↕╣≡™╢ ⌂≥╙№╡ ↕╠⌐ ○⸗כ◘

ⱨ╛♦ⱨ꜡☻♩ ⅜fi♥כ◌▪◄⌐≤⌂ ∆╢ ╙ ∆╢≤ ╢╟⌐fi♥כ◌▪◄

ⅎ™ ─ ┼─ ╩ ∆╢─│ ⌐ ≢№╢ ╕√

≢│ ─ ⌐╟╡ ⅎ™ ─ ┼─ ⅜ ↕╣╢ ╙№╢⅜ ↓

╣⅜ ┘ ╩ ↕∑╢ ⌐ ∆╢─⅛ ┘

╩ ↕∑╢ ⌐ ∆╢⅛ ≢№╢ ∕↓≢ ꜞ☻◒▪☿☻ⱷfi♩≢│ ⌂

╩ ⅎ fi♥כ◌▪◄ fi♥כ◌▪◄─≢ ─ ─ ╩ ™╢↓≤≤∆╢

─ │ ꜚ♬♇♩─ⱨ□fi ┘ⱨ□fi ─ ╩

⇔≡ ╘╢ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣⌐│ │ (5-1-1)┘ (5-1-2)

│ (5-1-5)┘ (5-1-6)╩ ™╢ ─ │ ─ ╩ ™≡ ╘╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Door

Condensing Unit

Door

Condensing Unit

(a) ה

fi♥כ◌▪◄  

(b) ה

 

Fig. 5-1-20 ꜞכ♅▬fi◦ꜛכ◔כ☻ ─▬ⱷכ☺ side view 

Air flow 

Air flow 
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5.1.2 ─ ─ 0.25 

M(kg){LFL(kg/m3)Ĭ ↕ H(m)Ĭ A(m2)}╩ 0.25⌐ ⇔

≡ ☻כ◔כꜛ◦┘ ╩ ↕∑√ ╩ ∫√ ה ╩ 9.61 

m2 3.1 mĬ3.1 m200ה g17.14 m2 4.14 mĬ4.14 m358ה g24.01 m2 4.9 mĬ4.9 m500ה g

≤⇔ ─☻כ◔כꜛ◦ ╩∕╣∙╣─ ⌐ 1 2 4 ≤ ↕∑ כ◔כꜛ◦

☻─ ↕│ ≤⇔ (W) ╩ ⌐ ∂≡ ⌐ ↕∑√ 1

Ÿ0.54 m3 W0.731 m2 Ÿ1.08 m3 W1.462 m4 Ÿ2.16 m3 W2.924 m↓─

LFL⌐ ∆╢ ─ { M(kg)/ V(m3)}/LFL (kg/m3)│ 2.4424.37

─ ≢ ∆╢ ꜚ♬♇♩ │ 0 m/s1 m/s4.99 m3/min2 m/s9.97 

m3/min┘ 3 m/s14.96 m3/min≤ ↕∑√ fi♥כ◌▪◄ ─ ╩ Table 5-

1-4⌐ ∆ ⌂⅔ ┘ │ ⌐│ ╘≡™⌂™ ≡─ ⌐⅔

™≡ ⌐ ⅜ ↕╣√ ꜚ♬♇♩ 0 m/s─ LFL⌐ ∆╢ ─

{ M(kg)/ V(m3)}/ LFL (kg/m3) ≤

┘ ─ ╩ Fig. 5-1-21⌐ ∆  
 

Table 5-1-4  ─ ≤ ה fi♥כ◌▪◄ה0.25  

(a)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(m/V) 

/LFL  

 (min) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-99102 9.61 200 

4 2.16 

2.44 4.06 1.06 1.08 0.92 

5-1-103106 17.14 358 4.36 63.00 2.10 1.20 0.98 

5-1-107110 24.01 500 6.09 79.29 2.64 1.61 1.19 

5-1-111114 9.61 200 

2 1.08 

4.87 81.21 1.10 0.78 0.47 

5-1-115118 17.14 358 8.72 107.00 1.98 0.98 0.69 

5-1-119122 24.01 500 12.18 122.13 3.04 1.79 1.11 

5-1-123126 9.61 200 

1 0.54 

9.75 121.21 1.45 0.64 0.34 

5-1-127130 17.14 358 17.45 140.75 2.93 1.02 0.58 

5-1-131134 24.01 500 24.37 151.25 3.20 1.72 0.84 

(b)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(m/V) 

/LFL  

 (m3 min) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-99102 9.61 200 

4 2.16 

2.44 2.11 0.95 0.59 0.36 

5-1-103106 17.14 358 4.36 158.87 2.61 1.45 1.14 

5-1-107110 24.01 500 6.09 330.68 4.51 2.57 1.94 

5-1-111114 9.61 200 

2 1.08 

4.87 135.34 0.91 0.57 0.25 

5-1-115118 17.14 358 8.72 367.92 3.18 1.45 1.01 

5-1-119122 24.01 500 12.18 617.10 6.11 3.04 2.05 

5-1-123126 9.61 200 

1 0.54 

9.75 249.92 1.08 0.46 0.16 

5-1-127130 17.14 358 17.45 546.15 3.44 1.29 0.60 

5-1-131134 24.01 500 24.37 819.68 6.21 2.36 1.53 

(c)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(M/V)  

/LFL  

 (m3) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-99102 9.61 200 

4 2.16 

2.44 0.52 0.90 0.55 0.39 

5-1-103106 17.14 358 4.36 2.52 1.24 1.21 1.16 

5-1-107110 24.01 500 6.09 4.17 1.71 1.60 1.63 

5-1-111114 9.61 200 

2 1.08 

4.87 1.67 0.83 0.73 0.53 

5-1-115118 17.14 358 8.72 3.44 1.61 1.48 1.46 

5-1-119122 24.01 500 12.18 5.05 2.01 1.70 1.85 

5-1-123126 9.61 200 

1 0.54 

9.75 2.06 0.74 0.72 0.47 

5-1-127130 17.14 358 17.45 3.88 1.17 1.26 1.02 

5-1-131134 24.01 500 24.37 5.42 1.94 1.38 1.82 



 

53 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5-1-21 ⌐ ∆╢ ─ fi♥כ◌▪◄  

 

LFL⌐ ∆╢ ─ ⅜ ↕ↄ⌂╢≤

─™∏╣╙ ⅜ ↕ↄ⌂╢ ↓↓≢ │ LFL⌐ ∆╢ ─

⅜ ⅝™≤ ─ ⅜ ↕ↄ⌂╡ ⅛≈ LFL⌐ ∆╢ ─ ⌐╟∫≡

⌂ ╩ ╢─⌐ ⇔≡ │ LFL⌐ ∆╢ ─ ⅜ ∂≢╙

⌐╟∫≡ ⌂╢ ╩ ╡ ⌐╒╓ ⇔√ ≤⌂╢ ↓─↓≤╟╡ ≢│

─☻כ◔כꜛ◦fi▬♅כꜞ ⅜ ⌐ ↄ⌂╢ ∆╢ ↓≤╩ ⇔≡⅔╡ ⅛≈ ┼

─ ⅎ™ ⅜ ™√╘ ⌐ ⇔≡ ⌂ ─ ≢╒╓ 2 ⌐ ⅜ ⇔

⅜ ⇔≡™╢↓≤⅜ ↕╣╢ ∕─√╘ ─ ⌐ ⇔≡ ⌂ ≢

─☻כ◔כꜛ◦╢№ ⅜ ╦∫≡╙ ─ ה ─ ⅜ ↓╢ 2 ─

⌐│ ≥ ⇔⌂™√╘ │ ≥ ╦╠∏ כꜛ◦│

─☻כ◔ ⌐ ⇔≡ ∆╢╙─≤ ╦╣╢ ╕√

≤ ╩ ∂√ ╙ LFL⌐ ∆╢ ─ ⅜ ∂≢╙ ⌐╟

∫≡ ⌂╢ ╩ ╡ LFL⌐ ∆╢ ─ ⅜ 2.44 Case 5-1-99Case 5-1-102

≢╙ ⌐│ ⅜ ↕╣≡™╢  
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⌐ ⅜fi♥כ◌▪◄ ╢ ⌐ ─ ╩ ∫√ ╩ Table 5-1-5⌐ ∆ ◄

fi♥כ◌▪ ≤ ≡─ ⌐⅔™≡ ⌐ ⅜ ↕╣ LFL⌐ ∆╢

─ ⅜ 2.44 Case 5-1-135Case 5-1-138≢╙ ⌐│ ⅜ ↕╣√ ╕

√ ꜚ♬♇♩ 0 m/s─ ─ LFL⌐ ∆╢ ─ ≤

┘ ─ ╩ Fig. 5-1-22⌐ ∆ fi♥כ◌▪◄ ≤ ─ ╩

⇔ │ LFL⌐ ∆╢ ─ ⌐╟∫≡ ⌂ ╩ ╢⅜

┘ │ LFL⌐ ∆╢ ─ ⅜ ∂≢╙ ⌐╟∫≡ ⌂╢

╩ ╡ ⌐╒╓ ⇔√ ≤⌂∫√  

 

Table 5-1-5  ─ ≤ ה fi♥כ◌▪◄ה0.25  

(a)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(m/V) 

/LFL  

 (min) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-135138 9.61 200 

4 2.16 

2.44 0.33 0.33 0.26 0.23 

5-1-139142 17.14 358 4.36 0.86 0.66 0.78 0.52 

5-1-143146 24.01 500 6.09 0.94 0.88 0.91 0.95 

5-1-147150 9.61 200 

2 1.08 

4.87 0.76 0.52 0.42 0.42 

5-1-151154 17.14 358 8.72 1.18 0.94 0.52 0.45 

5-1-155158 24.01 500 12.18 2.00 1.48 0.56 0.45 

5-1-159162 9.61 200 

1 0.54 

9.75 1.96 0.84 0.55 0.63 

5-1-163166 17.14 358 17.45 2.88 0.98 0.68 0.66 

5-1-167170 24.01 500 24.37 4.90 1.35 0.71 0.73 

(b)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(m/V) 

/LFL  

 (m3 min) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-135138 9.61 200 

4 2.16 

2.44 0.07 0.07 0.06 0.05 

5-1-139142 17.14 358 4.36 0.55 0.52 0.41 0.28 

5-1-143146 24.01 500 6.09 1.21 1.09 0.95 0.63 

5-1-147150 9.61 200 

2 1.08 

4.87 0.24 0.19 0.12 0.07 

5-1-151154 17.14 358 8.72 1.07 0.68 0.39 0.23 

5-1-155158 24.01 500 12.18 2.72 1.42 0.67 0.46 

5-1-159162 9.61 200 

1 0.54 

9.75 0.94 0.29 0.08 0.05 

5-1-163166 17.14 358 17.45 3.57 0.71 0.25 0.14 

5-1-167170 24.01 500 24.37 9.85 1.39 0.54 0.32 

(c)  

Case 
 

A(m2) 

 

M(g) 

 

 V(m3) 

(M/V)  

/LFL  

 (m3) 

0.0 m/s 1.0 m/s 2.0 m/s 3.0 m/s 

5-1-135138 9.61 200 

4 2.16 

2.44 0.21 0.21 0.23 0.22 

5-1-139142 17.14 358 4.36 0.64 0.79 0.53 0.54 

5-1-143146 24.01 500 6.09 1.29 1.24 1.04 0.66 

5-1-147150 9.61 200 

2 1.08 

4.87 0.32 0.37 0.29 0.17 

5-1-151154 17.14 358 8.72 0.90 0.72 0.75 0.50 

5-1-155158 24.01 500 12.18 1.36 0.96 1.21 1.02 

5-1-159162 9.61 200 

1 0.54 

9.75 0.48 0.35 0.15 0.08 

5-1-163166 17.14 358 17.45 1.24 0.72 0.37 0.21 

5-1-167170 24.01 500 24.37 2.01 1.03 0.76 0.44 
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Fig. 5-1-22 ⌐ ∆╢ ─ fi♥כ◌▪◄  
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5.1.3 ┘♪▪ ─  

─☻כ◔כꜛ◦fi▬♅כꜞ ⌐ ⇔≡ 2 ╩ ⇔√ ≤ 1 ╩

⇔√ ─ ™ ┘ ─☻כ◔כꜛ◦─ ⌐♪▪╩ ⇔♪▪ ╩

⇔√ ≤ ⇔⌂⅛∫√ ─ ™╩ ⌐╟∫≡ ∆╢ כ◔כꜛ◦fi▬♅כꜞ

☻ ┘ ─⸗♦ꜟ ╩ Fig. 5-1-23⌐ ∆ ☻כ◔כꜛ◦fi▬♅כꜞ ┘ ◘▬

☼│ Fig. 5-1-1 ┘ Fig. 5-1-2≤ ─☻כ◔כꜛ◦fi▬♅כꜞ ─ ⌐ 0.4 

m³0.4 m─ ╩ ⇔√ ─♪▪│ 1.8 m↕ 1.875 m ╗ ♪▪

10 mm♪▪ 10 mm≤⇔ ─☻כ◔כꜛ◦fi▬♅כꜞ ─ ─ ⌐

⇔√ ≢│ ─ ╩ ↕∑ ⅜ 1 ─ │ ⅛∫≡

─ ╩ ⇔√ ─ ⅜ ⌐ ↄ⌂╢ │ R290⅜ 500 g ─ ↕│ 2.2 

m≤⇔ ╩ 17.144.14 mĬ4.14 m24.014.9 mĬ4.9 m36.06.0 mĬ6.0 m64.0

8.0 mĬ8.0 m73.968.6 mĬ8.6 m100.0 m2 10.0 mĬ10.0 m≤ ↕∑√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-23 ♪▪ ⅝ ─ ⸗♦ꜟ ☻כ◔כꜛ◦fi▬♅כꜞ  

 

♪▪ ╩ ↕∑√ ─☻כ◔כꜛ◦fi▬♅כꜞ─

╩ Table 5-1-6⌐ ∆ 2 ▪♪ה ⌐ ∆╢ │ Table 

5-1-2⌐ ─╙─╩ ⇔√ Table 5-1-6⌐│♪▪ ─ ⌐ ∆╢♪▪

─ ─ ╙ ⇔√  

↓╣╟╡ ─↓≤⅜ ⅛╢  

ᵑ 1 ─ ─ ⅜ 2 ─ ╟╡╙ ה ≤╙⌐

⅝ↄ⌂╢ ♪▪ ─ ⅜ ≢ 24.01 m2─ ⌐ 10 %100 m2─ ⌐ 13 %

⅝ↄ⌂╢ ↓╣│ ╩ 1 ∞↑ ∆╢≤ ∕─ ↕╣√ ⅛╠⇔⅛ ⅜

⌐ ≢⅝∏ ⅜ ⌐ ∆╢ ─ ─ ⌐ ⇔√ ─

─ ⌂≥⅜ ⌂╢√╘ ≤ ⅎ╠╣╢ ↓─ │ Fig. 5-1-3 ┘ Fig. 5-1-

30─ ⌐╙ ╣≡™╢  

ᵒ♪▪ ─ │♪▪ ─ ⌐ ═≡ ה ה

≤╙⌐ ↕ↄ⌂╢ ⅜ ↕™ ⅜ ⅜ ⅝ↄ⌂╡ ♪▪ ─

⌐ ∆╢♪▪ ─ ─ │ 24.01 m2─ ≢ 2 ─ ⌐

│ 33.2 % │ 24.2 % │ 72.9 % 1

─ ⌐ │ 31.9 % │ 23.1 % │ 72.3 %≢№∫√

⅜ ↕ↄ⌂╢≤ ♪▪ ⅜ ╢ │⅛⌂╡ ↕ↄ⌂╢⅜

│ ⅝ↄ│ ╠⌂™ ⅜ 64 m2⌐⌂╢≤ 2 ─

Pressure boundary 

  0.4 mĬ0.4 m 

Door 

Opening area 

0.7 m 

2.0 m 

Front 

Rear 

Inlet air 

 Condensing unit 

0.107 m 

0.107 m 

1.328 m 

0.2775 m 

 Door (2 sheets) 

0.09 m 

Reach-in refrigerated display cabinet 
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⌐ │ 97.3 % │ 98.0 % │ 100 %

1 ─ ⌐ │ 88.9 % │ 90.5 % │ 100 %⌐

⌂╡ 100 m2─ │♪▪ ⌐╟╢ ─ ™│ ≥ ⅛∫√  

 

Table 5-1-6 ꜞכ♅▬fi◦ꜛכ◔כ☻ ▪♪ה  

(a)  

Case 
(m2) 

 
 2  1  

♪▪    ( )   ( ) 

(5-1-1) 17.14  (min) 267.42      

(5-1-7), 

5-1-171 173 
24.01  (min) 122.13 40.54 (0.332) 131.08 41.79 (0.319) 

(5-1-13), 

5-1-174 176 
36.0  (min) 43.79 26.42 (0.603) 49.96 29.79 (0.596) 

(5-1-19), 

5-1-177 179 
64.0  (min) 6.38 6.21 (0.973) 9.00 8.00 (0.889) 

5-1-180 181 73.96  (min)    6.17 5.92 (0.959) 

(5-1-20), 

5-1-182 184 
100.0  (min) 2.64 2.70 (1.023) 3.88 3.88 (1.0) 

(b)  

Case 
(m2) 

 
 2  1  

♪▪    ( )   ( ) 

(5-1-1) 17.14  (m3min) 1402.28      

(5-1-7), 

5-1-171 173 
24.01  (m3min) 617.10 149.26 (0.242) 681.10 157.00 (0.231) 

(5-1-13), 

5-1-174 176 
36.0  (m3min) 181.47 102.55 (0.565) 225.92 118.75 (0.526) 

(5-1-19), 

5-1-177 179 
64.0  (m3min) 14.75 14.46 (0.980) 25.88 23.42 (0.905) 

5-1-180 181 73.96  (m3min)    15.98 15.23 (0.953) 

(5-1-20), 

5-1-182 184 
100.0  (m3min) 6.50 6.48 (0.997) 7.37 7.36 (0.999) 

(c)  

Case 
(m2) 

 
 2  1  

♪▪    ( )   ( ) 

(5-1-1) 17.14  (m3) 5.24      

(5-1-7), 

5-1-171 173 
24.01  (m3) 5.05 3.68 (0.729) 5.20 3.76 (0.723) 

(5-1-13), 

5-1-174 176 
36.0  (m3) 4.14 3.88 (0.937) 4.52 3.99 (0.883) 

(5-1-19), 

5-1-177 179 
64.0  (m3) 2.31 2.33 (1.009) 2.88 2.93 (1.017) 

5-1-180 181 73.96  (m3)    2.59 2.57 (0.992) 

(5-1-20), 

5-1-182 184 
100.0  (m3) 2.46 2.40 (0.976) 1.90 1.90 (1.0) 

 

  



 

58 

24.01m2 36 m2 64 m2 100 m2─ ─♪▪ ה 2 1

─ ─ ─ ╩∕╣∙╣ Fig. 5-1-24Fig. 5-1-27⌐ ≤

┘ ─ ╩ Fig. 5-1-28⌐ ∆  

⅜ ⇔≡╙ ─ │ ≥ ⇔⌂™ 24.01 m2 ┘ 36 m2─

│ │♪▪ ─ ⅜ ↄ 1 ─ ⅜ ↄ⌂∫≡™╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-24 ─ m2 24.01ה☻כ◔כꜛ◦fi▬♅כꜞ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-25 ─ m2 36ה☻כ◔כꜛ◦fi▬♅כꜞ   
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 64 m2⌐⌂╢≤ ⅜ 2 ─ │♪▪ ⌐╟╢ ⅜ ≥ ↄ⌂╡ 1

─ ─♪▪ ⌐╟╢ ╙ ⌐⌂╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-26 ─ m2 64ה☻כ◔כꜛ◦fi▬♅כꜞ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-1-27 ─ m2 100ה☻כ◔כꜛ◦fi▬♅כꜞ   
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⅜ 100 m2⌐⌂╢≤ ♪▪ ┘ ⌐╟╢ ─ │ ≥

ↄ⌂╢ ꜞ☻◒▪☿☻ⱷfi♩╩ ℮◖fiⱦ♬◄fi☻☻♩▪│ ⅜ 84.7 m2≢№╡ ꜞ

─☻כ◔כꜛ◦fi▬♅כ ⅛╠─ ⅎ™⌐⅔™≡│ ↓─ ≢│ ♪▪ ─

⅜ ⌂ↄ ⌐ ⇔≡ ╘√ ╩ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ∫≡╙ ⌂

™≤™ⅎ╢  

╕√ ╩ ∑≡™⌂™⅜ ♪▪ ─ ─♪▪ ┘♪▪ ─∕╣

∙╣⅛╠ ⌐ ⅎ™∆╢ ₁ ₁─ ─ ╩ ⇔√ ≥ ≡♪▪

⅛╠─ ╣≢№╢↓≤⅜ ⅛∫√ ↓╣│ ─ ⌐⇔⅛ ─ ⅜⌂™√╘≤

╦╣╢  
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(c)  

Fig. 5-1-28 ♪▪ ⌐╟╢ ─ ™ ☻כ◔כꜛ◦fi▬♅כꜞ  
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 2 ꜚ♬♇♩ ♀꜡ ♪▪ ─ ─ ╩ Fig. 5-

1-29⌐ ∆ ╕√ ⅛╠ ╘√ ╩∕╣∙╣ (5-1-17) (5-1-18)

┘ Fig. 5-1-29─ ≢ ∆ ⌂⅔ (5-1-17)┘ (5-1-18)│ ⅜ 64 m2 ≢─╖

≢⅝╢╙─≤∆╢ ╕√ Fig. 5-2-10─ ⌐ ─ │ (5-1-17)≤ (5-1-18)╩

∂√╙─≢№╢  

 

TV=1.01Ĭ10-2Ĭὃ-1.74ĬA+7.65Ĭ101         ( 0 m3/min, 2 sheets with gaps)                                           (5-1-17) 

VV=3.55³ρπ-³ὃ-6.20³ρπ-Ĭὃ+2.92³ρπ-ĬA-2.41³ρπ- ( 0 m3/min, 2 sheets with gaps)     (5-1-18) 

  A   (m2) 

        TV   (min) 

        VV   (m3) 
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(c)  

Fig. 5-1-29 ⌐ ∆╢ ─ ☻כ◔כꜛ◦fi▬♅כꜞ   
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 ⅜ ⅝™ ◖fiⱦ♬◄fi☻☻♩▪ ⌂≥ │ ♪▪ ─ ⅜ ↕

™√╘ ꜞ☻◒▪☿☻ⱷfi♩⌐│ ⌐ ∆╢ (5-1-1) (5-1-2) (5-1-

5) (5-1-6) ╩ ∆╢ ♫◌◖fiⱦ♬ ≢│ 24.01 m2≤ ⅜ ↕™

√╘♪▪ ─ ⅜ ⅝ↄ ꜞ☻◒▪☿☻ⱷfi♩⌐│ ♪▪ ⌐ ∆╢

(5-1-17) (5-1-18) ╩ ∆╢ ⇔⅛⇔ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣ ─

─☺כ♥☻ ⱨ□fi ≢│ ♪▪ ─ ╩ ∫≡™⌂™√╘

⌐ ∆╢ ╩ ∆╢ ⌂⅔ ─ │ │ 15 m2≤ ↕

™⅜ ─√╘ ⌐ ∆╢ (5-1-1) (5-1-2)╩ ∆╢  

Fig. 5-1-3 ┘ Fig. 5-1-30Fig. 5-1-32⌐ 24.01 m2 ─ ─ ─

╩ ∆ Fig. 5-1-3│♪▪ ה 2 ─ Fig. 5-1-30│♪▪

ה 1 ─ Fig. 5-1-31│♪▪ ה 2 ─ Fig. 

5-1-32│♪▪ ה 1 ─ ─♪▪ 60 ╕≢─ ≢№

╢ ─ 60 ≢│ ♪▪ ─ ⌐╟╢ ™│ ≥ ╠╣⌂™ ↓╣│

ⅎ™ ─ ⌐ ⅜ ™ Fig. 5-1-24 √╘≤ ╦╣╢ ╕√

⅜ 1 ─ 20 ─ ⌐ ⅜ ∫≡™╢↓≤⅜ ⅛╢ Fig. 5-1-

30 ┘ Fig. 5-1-32 1 ─ ─ ⅜ 2 ─ ╟╡

╙ ™─│ ↓╣⅜ ⇔≡™╢≤ ╦╣╢  
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Fig. 5-1-3 ▪♪ה24.01m2הfi▬♅כꜞ ה 2  

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-30 ꜞכ♅▬fi24.01הm2ה♪▪ ה 1  

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-31 ꜞכ♅▬fi24.01הm2ה♪▪ ה 2  

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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Fig. 5-1-32 ꜞכ♅▬fi24.01הm2ה♪▪ ה 1   

(a) 5 s after opening the door (b) 10 s after opening the door 

(c) 15 s after opening the door (d) 20 s after opening the door 

(e) 25 s after opening the door (f) 30 s after opening the door 

(g) 35 s after opening the door (h) 40 s after opening the door 

(i) 45 s after opening the door (j) 50 s after opening the door 

(k) 55 s after opening the door (l) 60 s after opening the door 
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5.1.4 ─ ╡ ™  

─☻כ◔כꜛ◦fi▬♅כꜞ  ╣ fi♥כ◌▪◄─ ꜚ♬♇♩─ 0.1 m/s─ ─ ╩

∫√ ∕─ ─ │ 5.1.1≤ ≤⇔√ ╩ Table 5-1-7⌐ ∆ │ 17.14 4.14 mĬ4.14 

m 24.014.9 mĬ4.9 m36 m2 6.0 mĬ6.0 m≤ ↕∑√ Table 5-1-7⌐ ─%│ ∂ ⌐

⅔↑╢ 0 m/s≢─ Table 5-1-2 ⌐ ∆╢ ╩ ∆  

 ╩ ℮ ⌂≥≢│ 20 ─ 3 2 45 1826 ⌐

╟∫≡ │ 30 /h ⌐ ↕╣≡⅔╡ ─ ⌐│ 0.1 m/s─ ⅜

∆╢ ↓─╟℮⌂ ⌐│ Table 5-1-7⌐ ─ ╩ ∆╢ ⌐ ⇔√ ╩ ™╢ ◦

─☻כ◔כꜛ ⌐ ⅜№╢ ─☻כ◔כꜛ◦≥ ꜚ♬♇♩⌐ ≢ ™ ╕╣╢ ≤≢

│ ⅜ ⌂╢ │№╢⅜ ↓─ ≢ ╩ ∑╢╙─≤ ∆╢  

 

Table 5-1-7 0.1 m/s─  

Case 
 

m2  

 

g  

   

(min) (%) (m3min) (%) (m3) (%) 

5-1-187 
17.14 

500 24.90  9.31  64.82  4.62  2.61  49.68  

5-1-188 358 18.16  16.97  36.87  10.02  2.03  59.07  

5-1-189 
24.01 

500 23.59  19.31  72.43  11.74  3.07  60.78  

5-1-190 358 15.02  36.66  33.42  28.53  2.23  77.93  

5-1-191 
36 

500 17.71  40.44  62.78  34.59  3.55  85.63  

5-1-192 358 6.45  80.66  11.05  74.69  1.72  92.83  
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☻כ◔כꜛ◦ 5.2  

5.2.1 ⅎ™ ꜚ♬♇♩  

─☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠─ ⅎ™ ╩ ∫√ ◔כꜛ◦

─☻כ ⸗♦ꜟ╩ Fig. 5-2-1⌐ ∆ │☻כ◔כꜛ◦ ↕ 0.81 m1.8 m ⅝

1.09 m≤⇔√ ─☻כ◔כꜛ◦ ⌐│ ꜚ♬♇♩⅜№╡ ─☻כ◔כꜛ◦ ─

⅛╠ ⇔ ─ ⅛╠ ∆╢ ꜚ♬♇♩─ ─ ─ ─ │

≤╙ 6.89Ĭ10-2 m2 0.733 mĬ0.094 m≤⇔ ≢│ ─ ╩ 0 12.40 m3/min

0 3 m/s─ ≢ ↕∑√ │☻כ◔כꜛ◦ ─ ─ ⌐ ⇔

─ ─ ⌐ 0.4 mĬ0.4 m─ ╩ ⇔√ ꜚ♬♇♩ ≢│

0 m3/min─ │ ─ ┘ ─ ⅛╠ ⌐ ⅎ™↕∑ ─

│ 100 %70 %┘ 30 %≤ ↕∑ ⅜ 0 m3/min╟╡╙ ⅝™ │ ⅛╠

ⅎ™↕∑ ─ │ ╩ ⇔√ ⅎ™ │ 4 ≢ ╩ ⅎ™

↕∑╢ 4 ╣ ≤⇔√ ─ ╩ 15.21 m2 3.9 mĬ3.9 m24.01 m2 4.9 

mĬ4.9 m36.0 m2 6.0 mĬ6.0 m64.0 m2 8.0 mĬ8.0 m┘ 100.0 m2 10.0 mĬ10.0 m≤

↕∑ ─ ↕│ 2.2m≤⇔√ 5.2.15.2.3⌐⅔™≡│ │ R290≢

│ 358 g│ 500 gLFL│ 2.1 vol%UFL│ 9.5 vol%≤⇔ │ Table 5-2-1⌐

∆ ה 25 ─ ╩ ™ │ Table 5-2-1⌐ ─ ─ ╩ ™≡

⇔ 1.12Ĭ10-5 m2/s≤⇔√ Realizable k-e⸗♦ꜟ⌐⅔↑╢ ꜚ♬♇♩ ≢─ k ┘e─

│ 1.0Ĭ10-4⌐ ⇔√  

 ꜚ♬♇♩─ ⅜ 0 m3/min─ ─ ╩ 100 %70% ┘ 30 %≤

↕∑≡ ╩ ∫√⅜ ┘ ─ ⌐ ⅝⌂ ™│⌂⅛∫

√√╘ ↓╣ ─ ≢│ ꜚ♬♇♩ ≢─ ╩ 100 %≤⇔≡ ∫√  

 Table 5-2-2 ┘ Fig. 5-2-2│ ─☻כ◔כꜛ◦ ꜚ♬♇♩─ ⅜ 0 m3/min─

─ ┘ ─ ≢№╢ ─ │ M ╩

A ≢ ⇔√ M/A≢№╡ Tv ┘ Vv ≤╙⌐

M/A─ ≢ ⇔√ ⅛╠ ╘√ ╩∕╣∙╣ (5-2-1) (5-2-2) 

┘ Fig. 5-2-2─ ≢ ∆  

 ⌂⅔ ꜚ♬♇♩⅛╠─ ⅎ™≢│ ꜚ♬♇♩─ ╩ ⅝ↄ∆╢≤ ⌐

│ ⅜ ↕╣⌂ↄ⌂∫√ ∕─ ⌐≈™≡│ 5.2.5⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-2-1 ◦ꜛכ◔כ☻─ ⸗♦ꜟ  

  

1.8 m 
1.09 m 

0.517 m 

0.293 m 

1.627 m 0.79 m 

Air outlet opening (W0.733 m³H0.094 m) 

0.447 m 

0.0995 m 

Air inlet opening (W0.733 m³H0.094 m) 
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Table 5-2-1 ⌐ ⇔√  

  
      

( ) (MPa) (kg/m3) (J/kg K)  (W/m K)  (Pa s) 

air  29.0 25 0.1013 1.184 1006.6 2.585³10-2 1.849³10-5 

propane (R290) 44.1 25 0.1013 1.832 1684.7 1.831³10-2 8.146³10-6 

ethane (R170) 30.1 25 0.1013 1.238 1757.2 2.098³10-2 9.354³10-6 

propylene (R1270) 42.1 25 0.1013 1.745 1548.2 1.710³10-2 8.560³10-6 

isobutan  (R600a) 58.1 25 0.1013 2.440 1692.3 1.689³10-2 7.498³10-6 

R152a  66.0 25 0.1013 2.758 1050.8 1.416³10-2 1.008³10-5 
 

 
      

(m2/s) (K)  (MPa) (kg/m3) (cm2/mol) (m2/s) 

air  1.562³10-5 132.30      96.53  

propane (R290) 4.448³10-6 369.89 4.251 220.48 200.00 1.12³10-5 

ethane (R170) 7.555³10-6 305.32 4.872 206.18 145.84 1.44³10-5 

propylene (R1270) 4.906³10-6 364.21 4.555 230.08 182.89 1.18³10-5 

isobutan  (R600a) 3.073³10-6 407.81 3.629 225.50 257.75 9.32³10-6 

R152a  3.655³10-6 386.41 4.517 368.00 179.49 1.09³10-5 

│ ≢ ⇔√  

DAB
0.0150ϽὝ1.81

PϽTCAϽTCB
0.1405ϽVCA

0.4VCB
0.42
Ͻ
1

MA

1

MB
 

↓↓≢ P   (atm)  T   (K)  

    TCA TCA  (K)  

    VCA VCA  (cm3/mol) 

    MA MB  

 

Table 5-2-2 ╣ ─ ה ה 0 m3/min 

(a) 500 g 

Case 
 

(m2) 

/  

(kg/m2) (min) 

 

(m3הmin) (m3) 

5-2-1 15.21 0.03287 431.63 2207.3 5.114 

5-2-2 24.01 0.02082 160.83 838.77 5.215 

5-2-3 36.00 0.01389 66.13 338.96 5.126 

5-2-4 64.00 0.007813 19.79 90.86 4.591 

5-2-5 100.00 0.005 8.75 25.62 2.928 

(b) 358 g 

Case 
 

(m2) 

/  

(kg/m2) (min) 

 

(m3הmin) (m3) 

5-2-6 15.21 0.02354 224.88 850.3 3.781 

5-2-7 24.01 0.01491 80.08 291.57 3.641 

5-2-8 36.00 0.009944 32.67 115.23 3.527 

5-2-9 64.00 0.005594 10.13 26.13 2.579 

5-2-10 100.00 0.00358 5.35 8.18 1.529 
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              (a)                     (b)  

Fig. 5-2-2 ╣ ─ ┘ 0 m3/min 

 

TV=4.41Ĭ105Ĭ
M

A

2

1.42Ĭ103Ĭ
M

A
 +3.94    (  0 m3/min, leak outside)                                     (5-2-1) 

VV=8.90Ĭ10
1Ĭ
M

A
+2.58                                       (  0 m3/min, leak outside)                                  (5-2-2) 

 

ꜞ☻◒▪☿☻ⱷfi♩⌐⅔™≡ ─ │ ꜚ♬♇♩─ⱨ□fi ┘

ⱨ□fi ─ ╩ ⇔≡ ╘╢ ─☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠

─ ⅎ™⌐│ ─☻כ◔כꜛ◦ ⌐╟╠∏ ─☻כ◔כꜛ◦ ╩ ≢⅝╢╙─≤⇔

│ (5-2-1)┘ (5-2-2)╩ ™╢ │ ─ (5-2-5)╩ ∆╢ ⌐⌂

∫≡⅔╡ │ ↕╣⌂™╙─≤∆╢ ─ │ ─ ╩ ™≡ ╘╢  

 

5.2.2 ⅎ™ ─  

 ⌐ ⅎ™ ⅜ ⌐ ⅎ╢ ╩ ∆╢ ╩ ∫√ ─ ⅝↕ 24.01 m2

4.9 mĬ4.9 m500 g ꜚ♬♇♩ 0 m/s─ ⅎ™ ╩ 0.140.71 

kg/h─ ≢ ↕∑≡ ╩ ∫√ ╩ Table 5-2-3 ┘ Fig. 5-2-3⌐ ∆ ⅎ™

⅜ 2 kg/h─ │ ┘ ─ ⌐│ ≥

™│⌂ↄ ⅎ™ ⅜ 2 kg/h╩ ╢≤ ⅜ ₁⌐ ⇔ ╘ ⅎ

™ ⅜ 2 kg/h─ ⌐ ⇔≡ 0.2 kg/h≢│ 60 %⌐⌂╡ 0.1 kg/h≢│ 25 %⌐⌂∫√

⇔⅛⇔ ⅜ ─√╘ ⅎ™ ⅜ ∆╢≤ ⅎ™ ╕≢─ ⅜ ↄ⌂╡

⅜ ∆╢ ∕─√╘ ⌐ ≤⇔≡│ ⅎ™ ⅜ 0.54 kg/h

─ │ ≥ ╦╠∏ 0.2 kg/h≢│ ⇔ ⅜ ↕ↄ⌂╢⅜ 0.1 kg/h≢╙ ⅎ™

⅜ ⅝™ ─ 50 %─ ⅜№╢ ↓─↓≤╟╡ ─☻כ◔כꜛ◦ ⌐№╢ ꜚ♬♇

♩⅛╠─ ⅎ™⌐⅔™≡│ ⅎ™ ⅜ 0.10.2 kg/h╕≢ ↕ↄ⌂╠⌂™ ╡

ⅎ™ ⅜ ⇔≡╙ ─ ⌐│№╕╡ ⅜⌂ↄ ╣ R290

─ │ 0.54 kg/h≢╙ ⌐ ⅝⌂ ⅜ ↕╣╢≤™ⅎ╢ ╟∫≡ ꜞ☻◒▪☿☻

ⱷfi♩≢│ ╣╩ ╗ ≡─ ⅎ™╩ ⇔≡ ╩ ∆╢ ⅜№╢ ⌂⅔

ꜞ☻◒▪☿☻ⱷfi♩│ 4 ╣ R290─ │ 7.5 kg/h─ ─ ╩ ™≡ ℮

⅜ ⅛╠↓─ ⌐ ⅝⌂ │⌂™↓≤╙ ⅛∫√   

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 

Refrigerant amount (M) 

  ¶  0.500 kg 

  ³  0.358 kg 
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Table 5-2-3 ⅎ™ ─ ה ה 0 m3/min 

Case 
ⅎ™  

(kg/h) 

 

 (min) 

 

(m3 min)  (m3) 

5-2-11 40.71 160.29 838.48 5.23 

5-2-12 5.43 159.58 826.26 5.18 

5-2-13 4.0 163.33 837.22 5.13 

5-2-14 3.0 164.33 838.09 5.10 

5-2-15 2.0 166.75 840.46 5.04 

5-2-16 1.0 173.50 838.39 4.83 

5-2-17 0.54 187.29 834.12 4.45 

5-2-18 0.2 239.67 719.13 3.00 

5-2-19 0.1 342.83 443.85 1.29 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        (a)                  (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

 

Fig. 5-2-3 ⅎ™ ─  
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5.2.3 ♪▪ ─  

╩☻כ◔כꜛ◦ ⇔√ ⌐♪▪╩ ⇔♪▪ ╩ ⇔√ ≤ ⇔

⌂⅛∫√ ─ ™╩ ⇔√ ─⸗♦ꜟ ╩ Fig. 5-2-4⌐ ∆ ⌐

│♪▪╩ ⇔ ♪▪│ ─☻כ◔כꜛ◦ ⌐ ⌐ ⇔ ─ ─ ─

⌐ 0.4 m³0.4 m─ ╩ ⇔√ ─♪▪│ 1.8 m↕ 1.875 m

╗ ♪▪  10 mm♪▪  10 mm≤⇔√ │ R290⅜ 500 g ─

↕│ 2.2 m≤⇔ ╩ 24.014.9 mĬ4.9 m36.06.0 mĬ6.0 m64.08.0 mĬ8.0 m

100.0 m2 10.0 mĬ10.0 m≤ ↕∑√  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-2-4 ♪▪ ⅝ ─ ⸗♦ꜟ ☻כ◔כꜛ◦  

 

 ♪▪ ╩ ↕∑√ ─ ╩ Table 5-2-4⌐ ∆ ♪▪

⌐ ∆╢ Case 5-2-1 5-2-5 │ Table 5-2-2⌐ ─╙─╩ ⇔√  

 ↓╣╟╡ ─↓≤⅜ ⅛╢  

 ᵑ♪▪ ─ │♪▪ ─ ⌐ ═ ה ה

≤╙⌐ ↕ↄ⌂╢ ⅜ ↕™ ⅜╟╡ ⅜ ⅝ↄ ♪▪ ─

─ ⌐ ∆╢♪▪ ─ ─ ─ │ 24.01 m2─ ≢ │ 25.0 %

│ 13.8 % │ 55.4 %≢№╡ ─☻כ◔כꜛ◦fi▬♅כꜞ ╟

╡╙ ─ ⅜ ⅝ↄ⌂∫√ ⅜ 100 m2─ │ │ 97.9 %

│ 92.2 % │ 93.9 %≢№╡ ♪▪ ─ ⅜ ⅜

↕™⅜ ⅝⌂ │⌂™  

 

Table 5-2-4 ◦ꜛכ◔כ☻  

Case 
 

(m2) 

♪▪
 

 

 (min) 

 

(m3 min)  (m3) 

(5-2-2) 

24.01 

 160.83 838.77 5.22 

5-2-20  40.17 115.97 2.89 

 ( ) (0.2498) (0.1383) (0.5536) 

(5-2-3) 

36 

 66.13 338.96 5.13 

5-2-21  33.75 124.86 3.70 

 ( ) (0.5104) (0.3684) (0.7212) 

(5-2-4) 

64 

 19.79 90.86 4.59 

5-2-22  16.95 70.81 4.18 

 ( )  (0.8565) (0.7793) (0.9107) 

(5-2-5) 

100 

 8.75 25.62 2.93 

5-2-23  8.57 23.61 2.75 

 ( ) (0.9794) (0.9215) (0.9386) 

Horizontal refrigerated 

display cabinet 

Pressure boundary 0.4m³0.4m 

Door 
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⌐ 24.01 m2 36 m2 64 m2 ┘ 100 m2─ ─♪▪ ─ ─

─ ╩∕╣∙╣ Fig. 5-2-5 Fig. 5-2-8⌐ ≤ ה

ה ─ ╩ Fig. 5-2-9⌐ ∆  

│≥☻כ◔כꜛ◦fi▬♅כꜞ│≢☻כ◔כꜛ◦ ⌂╡ ⅜ ↕™ │♪▪

⌐╟╡ ⌐ ⅜╖╠╣╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-2-5 ─ m2 24.01ה☻כ◔כꜛ◦  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-2-6 ─ m2 36ה☻כ◔כꜛ◦  
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Fig. 5-2-7 ─ m2 64ה☻כ◔כꜛ◦  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-2-8 ─ m2 100ה☻כ◔כꜛ◦  
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─ ─ │ 24.01 m2≢ 25.0 %36 m2≢ 51.0 %64 m2≢ 85.6 %100 m2≢ 97.9 %≤⌂

∫√ ∫≡ ⅜ 84.7 m2≢№╢◖fiⱦ♬◄fi☻☻♩▪⌐⅔™≡│ ♪▪

─ ⅜ ⌂ↄ ⌐ ⇔≡ ╘√ ╩ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ∫≡╙

⌂™ ꜞ☻◒▪☿☻ⱷfi♩╩ ℮◖fiⱦ♬◄fi☻☻♩▪│ ⅜ 84.7 m2≢№╡

─☻כ◔כꜛ◦fi▬♅כꜞ ⅛╠─ ⅎ™≤ ─☻כ◔כꜛ◦ ꜚ♬♇

♩⅛╠─ ⅎ™⌐⅔™≡╙ ↓─ ≢│ ♪▪ ─ ⅜ ⌂ↄ ⌐ ⇔

≡ ╘√ ╩ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ∫≡╙ ⌂™≤™ⅎ╢  

 ♪▪ ─ ⅛╠ ╘√ ╩∕╣∙╣ (5-2-3) (5-2-4)

┘ Fig. 5-2-10─ ≢ ∆ ⌂⅔ Fig. 5-2-10─ ⌐ ─ │ (5-2-3)≤ (5-2-4)

╩ ∂√╙─≢№╢  
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(c)               (d)  

Fig. 5-2-9 M/A⌐ ∆╢ ─ ☻כ◔כꜛ◦  
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2 ωȢφρĬ10-1ĬA +6.15Ĭ101           ( 0 m3/min, leak outside)                                      (5-2-3) 

VV= -9.61Ĭ10
-4ĬA

2 ρȢρχĬ10-1ĬA +6.78Ĭ10-1       ( 0 m3/min, leak outside)                                      (5-2-4) 
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  A   (m2) 

        TV   (min) 

        VV   (m3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      (a)             (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

Fig. 5-2-10 ⌐ ∆╢ ─ ☻כ◔כꜛ◦  

 

 ⅜ ⅝™ ◖fiⱦ♬◄fi☻☻♩▪ ⌂≥ │ ♪▪ ─ ⅜ ↕

™√╘ ꜞ☻◒▪☿☻ⱷfi♩⌐│ ⌐ ∆╢ (5-2-1) (5-2-2)╩

∆╢ ♫◌◖fiⱦ♬ ≢│ 24.01 m2≤ ⅜ ↕™√╘♪▪ ─

⅜ ⅝ↄ ꜞ☻◒▪☿☻ⱷfi♩⌐│ ♪▪ ⌐ ∆╢ (5-2-3) (5-2-4)

╩ ∆╢ │ ─ (5-2-5)╩ ∆╢ ⌐⌂∫≡⅔╡ │ ↕╣⌂

™╙─≤∆╢ ⌂⅔ ─ │ 15 m2≤ │ ↕™⅜ ─√╘

⌐ ∆╢ (5-2-1) (5-2-2)╩ ∆╢  
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5.2.4 ─  

 ─ ╩ ↕∑√ ─ ─☻כ◔כꜛ◦ ꜚ♬♇♩⅛╠─ ⅎ™ ╩

∫√ │ 13ĬLFL kgⅎ™ │ 4 ╣ ─ ↕│ 2.2 m≤⇔

─ │ M(kg){LFL(kg/m3)Ĭ ↕ H(m)Ĭ A(m2)}⅜ 0.25

⌐⌂╢ ⌐ ⇔ ꜚ♬♇♩─ │ 0 m/s≤⇔√ ┘ ╩ Table 

5-2-5⌐ ∆ ─ │ Table 5-2-1─ ╩ ⇔ ─ LFL│ R2902.1 vol%R170

3.1 vol%R12702.7 vol%R600a1.8 vol%R152a4.8 vol%≤⇔√ ⌂⅔ R290─

Case 5-2-1 5-2-5 │ Table 5-2-2⌐ ─╙─╩ ─√╘⌐ ⇔√  

─ ⅜ R290╟╡╙ ↕™ R170┘ R1270≢│ R290╟╡╙

┘ ⅜ ≥─ ≢ ↕ↄ⌂∫√⅜ ⅜ R290╟╡╙ ⅝™

R600a≢│ R290⌐ ⇔≡ ⅜ 4 20 % ⅜ 1 3 %

⅝ↄ⌂∫√ ╕√ │ R290╟╡╙ ⅝™⅜ A2 ≢№╢ R152a≢│ ≥─

≢ R290╟╡╙ ┘ ⅜ ↕ↄ⌂∫√ ─ ╟╡

R600a⌐⅔™≡│ R290╟╡╙ ─ ⅜ ⅝ↄ⌂╢ ⅜№╢  

 

Table 5-2-5 ╣ ─ ┘ R290 ─  

Case  
LFL(% 

(kg/m3)) (g) 

ⅎ™
(kg/h) 

◘▬☼  

(m2(mĬm)) (min) 

 

(m3 min) (m3) 

(5-2-1) R290 
2.1 

(0.038) 
500 7.5 

15.21 

(3.9Ĭ3.9) 
431.63 2207.3 5.11 

(5-2-2) ŷ ŷ ŷ ŷ 
24.01 

(4.9Ĭ4.9) 
160.83 838.77 5.22 

(5-2-3) ŷ ŷ ŷ ŷ 36 (6Ĭ6) 66.13 338.96 5.13 

(5-2-4) ŷ ŷ ŷ ŷ 64 (8Ĭ8) 19.79 90.86 4.59 

(5-2-5) ŷ ŷ ŷ ŷ 100 (10Ĭ10) 8.75 25.62 2.93 

5-2-24 R170 
3.1 

(0.038) 
500 7.5 

15.21 

(3.9Ĭ3.9) 
332.83 1447.88 4.35 

5-2-25 ŷ ŷ ŷ ŷ 
24.01 

(4.9Ĭ4.9) 
131.50 530.68 4.04 

5-2-26 ŷ ŷ ŷ ŷ 36 (6Ĭ6) 51.33 219.72 4.28 

5-2-27 ŷ ŷ ŷ ŷ 64 (8Ĭ8) 17.21 63.07 3.67 

5-2-28 ŷ ŷ ŷ ŷ 100 (10Ĭ10) 9.92 26.07 2.63 

5-2-29 R1270 
2.7 

(0.038) 
598 8.97 

15.21 

(3.9Ĭ3.9) 
382.71 1878.15 4.91 

5-2-30 ŷ ŷ ŷ ŷ 
24.01 

(4.9Ĭ4.9) 
144.79 734.93 5.08 

5-2-31 ŷ ŷ ŷ ŷ 36 (6Ĭ6) 59.50 293.86 4.94 

5-2-32 ŷ ŷ ŷ ŷ 64 (8Ĭ8) 17.79 78.75 4.43 

5-2-33 ŷ ŷ ŷ ŷ 100 (10Ĭ10) 8.05 21.37 2.66 

5-2-34 R600a 
1.8 

(0.043) 
559 8.385 

15.21 

(3.9Ĭ3.9) 
507.29 2606.57 5.14 

5-2-35 ŷ ŷ ŷ ŷ 
24.01 

(4.9Ĭ4.9) 
187.29 969.56 5.18 

5-2-36 ŷ ŷ ŷ ŷ 36 (6Ĭ6) 75.88 386.25 5.09 

5-2-37 ŷ ŷ ŷ ŷ 64 (8Ĭ8) 22.25 104.00 4.67 

5-2-38 ŷ ŷ ŷ ŷ 100 (10Ĭ10) 9.08 27.41 3.02 

5-2-39 R152a 
4.8 

(0.130) 
1690 25.35 

15.21 

(3.9Ĭ3.9) 
424.07 2183.60 5.15 

5-2-40 ŷ ŷ ŷ ŷ 
24.01 

(4.9Ĭ4.9) 
155.84 801.63 5.14 

5-2-41 ŷ ŷ ŷ ŷ 36 (6Ĭ6) 63.46 322.71 5.09 

5-2-42 ŷ ŷ ŷ ŷ 64 (8Ĭ8) 18.20 81.67 4.49 

5-2-43 ŷ ŷ ŷ ŷ 100 (10Ĭ10) 7.19 16.05 2.23 
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5.2.5 ╩ ⇔⌂™ ─  

 ꜚ♬♇♩⅛╠─ ⅎ™ ─ ⌐≈™≡│ ╩ ⇔⌂™ ≤⇔≡

Colbourne╠ 5-2)⌐╟∫≡ (5-2-5)⅜ ↕╣≡™╢ ↓─ │ ─ ™ ⅜

╟╡╙ ⌐⌂╡ ⅜ ⌐ ⅝ ╕╣╢◄fi♩꜠▬fiⱷfi♩⅜

∆╢↓≤⌐ ≠™≡ ↕╣≡™╢  

 

        
( )

( )[ ]8/58/1

0

4/3

0

1

36005
60

FGh

wA
Q

-³³

³³
³=                                          (5-2-5) 

  Ao   m2  

        F  0.25 

        G  LFL kg/m3  

        ho   m  

        Q   (m3/min) 

        w   kg/h 

 

 ↓↓≢ F M(kg){LFL(kg/m3)Ĭ ↕ H(m)Ĭ A(m2)}╩ 0.25

≤⇔ 24.01 m2 4.9 mĬ4.9 m↕ 2.2 m─ ⌐ ⅛╣√ ☻כ◔כꜛ◦

─ ─ ꜚ♬♇♩⅛╠─ ⅎ™─ ╩ ∫√ ─☻כ◔כꜛ◦

A0│ 6.89³10-2 m2 W0.733 mĬH0.094 m─ ↕ h0│ 0.1465 m=0.293/2

│ 13ĬLFL kgⅎ™ │ 4 ╣≤⇔≡ R290≢│ 500 gה ⅎ™

7.5 kg/hR600a≢│ 559 gה ⅎ™  8.385 kg/hR152a≢│ 1690 gה

ⅎ™ 25.35 kg/h≤⇔√ ⌂⅔ ─ LFL│ R290│ 0.038 kg/m3 2.1 vol%R600a

│ 0.043 kg/m3 1.8 vol%R152a│ 0.13 kg/m3 4.8 vol%≤⇔√  

╩ Table 5-2-6⌐ ∆ R290≢│ (5-2-5)≢─ ⌐ ∆╢ 2.182 

m/s 9.022 m3/min≢│ │ ↕╣∏ ∕╣╟╡╙ ⅜ 8.4 %↕™ 2.0 m/s

8.268 m3/min≢╙ ⅜ ↕╣⌂⅛∫√ R600a≢│ (5-2-5)≢─

⌐ ∆╢ 2.196 m/s9.080 m3/min≢│ │ ↕╣∏ ∕╣╟╡╙ ⅜

8.9 %↕™ 2.0 m/s8.268 m3/min≢╙ ⅜ ↕╣⌂⅛∫√ R152a≢│

(5-2-5)≢─ ⌐ ∆╢ 2.522 m/s10.426 m3/min≢│ │ ↕╣

∏ ∕╣╟╡╙ ⅜ 20.7 %↕™ 2.0 m/s8.268 m3/min≢╙ ⅜ ↕╣⌂⅛

∫√ ™∏╣─ ╙ ⅜ 1 m/s 4.134 m3/min ─ │ ⅜ ↕╣√  

╟╡ ─↓≤⅜™ⅎ╢  

 i) (5-2-5)≢─ ≢│R290R600aR152a─™∏╣╙ ⅜ ↕╣⌂⅛∫√  

 ii) (5-2-5)≢─ │ ⌐ ⅜ ↕╣⌂™ ⌐ ⇔≡ 8 20 %

⅜№╢╙─≤ ╦╣╢ │ ⌐ ╘√╙─≢│⌂™  

 

Table 5-2-6  

Case 
 

 
 

(m3/min) 
 

(m/s) 

 
 

(min) 

 
(m3 min) 

 
 

(m3) 

 R290 

4.134 1.0 

   

5-2-44 R600a 4.18 0.33 0.080 

5-2-45 R152a 6.08 8.95 1.471 

 R290 

8.268 2.0 

   

5-2-46 R600a 0.0 0.0 0.0 

5-2-47 R152a 0.0 0.0 0.0 

5-2-48 R290 
(5-2-1)≢
─  

9.022 2.182 0.0 0.0 0.0 

5-2-49 R600a 9.080 2.196 0.0 0.0 0.0 

5-2-50 R152a 10.426 2.522 0.0 0.0 0.0 
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☻כ◔כꜛ◦ⱪfiכ○ 5.3  

5.3.1 ⅎ™  

─☻כ◔כꜛ◦ⱪfiכ○  ⸗♦ꜟ╩ Fig. 5-3-1⌐ ∆ ◔כꜛ◦ⱪfiכ○

│☻כ ↕ 1.9 m1.8 m ⅝ 0.76 m≢ ⌐│ ꜚ♬♇♩⅜№╡ כꜛ◦

─☻כ◔ ⅛╠ ⇔ ─☻כ◔כꜛ◦ ╩ ∫≡ ⌐ ∆╢ ≤⌂∫≡

™╢ ♄◒♩│ ╖ 0.107 m♄◒♩ 1.586 m0.090 m≤⇔√

ꜚ♬♇♩│ ╩ 9.66Ĭ10-2 m2 W1.022 mĬH0.0945 m ─ ─ ↕╩ 0.154 

m≤⇔ ╩ 0 17.38 m3/min 0 3 m/s─ ≢ ↕∑√ ☻כ◔כꜛ◦ ─

─ ⅛╠ ⌐ ⅛∫≡ ⅜fi♥כ◌▪◄╢╣ ╢ ─ ⅎ™ ╩ ∫√ ◄

│fi♥כ◌▪ ⇔≥fi♥כ◌▪◄ │ 0.1296 m2 1.8 m³0.072 m

0.88 m/s6.84 m3/min≤⇔√ │☻כ◔כꜛ◦ ⅝ ⇔ ─ ⅛╠

⌐ ↑≡─ ⅝ ⇔ ⅜ ™♃▬ⱪ─╙─≤∆╢ Fig. 5-3-2⌐ ⸗♦ꜟ Ɫכⱨ⸗♦ꜟ

╩ ∆ │ ↕ 2.7 mĬ 5.487 mĬ ⅝ 3.35 m≢ ╩☻כ◔כꜛ◦ ─ ─

⌐ ⇔ ☻כ◔כꜛ◦ ⌐ ╩ ⇔ ─☻כ◔כꜛ◦ ─

╩ ⌐ ⇔√ │ R290≤⇔ │ 358 g│ 500 g≤⇔√ │ Table 

5-2-1⌐ ∆ ה 25 ─ ╩ ™ LFL│ 2.1 vol%UFL│ 9.5 vol%≤⇔ │

Table 5-2-1⌐ ─ ─ ╩ ™≡ ⇔ 1.12Ĭ10-5 m2/s≤⇔√ ⅎ™ ≤

ꜚ♬♇♩ ╩ Table 5-3-1─╟℮⌐ ↕∑≡ ╩ ™ ⌐╟∫≡ ⌐

⅜ ↕╣╢⅛ ⅛╩ ⇔√ ⌂⅔ ꜚ♬♇♩ 1 m/s│ 5.79 m3/min2 

m/s│ 11.59 m3/min3 m/s│ 17.38 m3/min⌐ ∆╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-1 ○כⱪfi◦ꜛכ◔כ☻─⸗♦ꜟ  

 

 

0.76 m 
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Fig. 5-3-2 ⸗♦ꜟ  

 

Table 5-3-1 R290ה ╣  

Case  
 

(g) 

ⅎ™  

(kg/h) 

ꜚ♬♇♩  

 (m/s) 

ꜚ♬♇♩  

 (m3/min) 

5-3-1 R290 500  31.2 ╣  0.0 0.0 

5-3-2 ŷ ŷ   7.54 ╣  0.0 0.0 

5-3-3 ŷ ŷ   4.16 ╣  0.0 0.0 

5-3-4 ŷ ŷ  31.2 1.0 5.79 

5-3-5 ŷ ŷ    ŷ 2.0 11.59 

5-3-6 ŷ ŷ    ŷ 3.0 17.38 

5-3-7 ŷ ŷ   7.5 1.0 5.79 

5-3-8 ŷ ŷ    ŷ 2.0 11.59 

5-3-9 ŷ ŷ    ŷ 3.0 17.38 

5-3-10 ŷ ŷ   4.16 1.0 5.79 

5-3-11 ŷ ŷ    ŷ 2.0 11.59 

5-3-12 ŷ ŷ    ŷ 3.0 17.38 

 

  

2.7435 m 3.35 m 

Symmetrical boundary 

2.7 m 

Pressure boundary 
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 ≢№╢ ╩ ⌐ ∆ ≢│ ╩ ≢ ⇔≡™╢  

 ꜚ♬♇♩ 0 m/s⌐⅔↑╢ ╩ Fig. 5-3-3 Fig. 5-3-5⌐ ∆ ≡─

≢ ⌐ ⅜ ↕╣√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-3 Case 5-3-1─ R290, 500 g, 31.2 kg/h, 0 m/s) 

 

 

 

 

(a) 10 s after leakage 

(b) 30 s after leakage 

(c) 58 s after leakage 
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Fig. 5-3-4 Case 5-3-2 ─ R290, 500 g, 7.5 kg/h, 0 m/s 

 

 

 

 

 

 

 

 

(b) 60 s after leakage 

(c) 240 s after leakage 

(a) 30 s after leakage 



 

83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-5 Case 5-3-3─ R290, 500 g, 4.16 kg/h, 0 m/s 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 

(d) 433 s after leakage 
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 ⅎ™ 31.2 kg/h╣ ⌐⅔™≡ ꜚ♬♇♩ ╩ 1 3 m/s≤⇔√

─ ╩ Fig. 5-3-6 Fig. 5-3-8⌐ ∆ ꜚ♬♇♩ 1 m/s5.79 m3/min≢│

☻כ◔כꜛ◦ ⌐ ⅜ ↕╣√ ─☻כ◔כꜛ◦ ≢│ ⌐│ ≥

│ ↕╣∏ fi♥כ◌▪◄─ ≤ꜚ♬♇♩ ≤─ ⌐─╖ ⅜

↕╣√⅜ ↓─ ⌐│ ⅜⌂™√╘ ↓─ ─ │ ⌐│⌂╠⌂™

ꜚ♬♇♩ 2 m/s11.59 m3/min ≢│ ⌐│ ≥ │ ↕╣⌂⅛∫

√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-6 Case 5-3-4─ R290, 500 g, 31.2 kg/h, 1 m/s (5.79 m3/min) 

 

(a) 10 s after leakage 

(b) 30 s after leakage 

(c) 58 s after leakage 
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Fig. 5-3-7 Case 5-3-5─ R290, 500 g, 31.2 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

 

 

 

(a) 10 s after leakage 

(b) 30 s after leakage 

(c) 58 s after leakage 
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Fig. 5-3-8 Case 5-3-6─ R290, 500 g, 31.2 kg/h, 3 m/s (17.38 m3/min) 

 

 

 

 

 

 

 

 

(a) 10 s after leakage 

(b) 30 s after leakage 

(c) 58 s after leakage 
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 ⅎ™ 7.5 kg/h4 ╣ 4.16 kg/h╣ ⌐⅔™≡ ꜚ♬♇♩

╩ 1 3 m/s≤⇔√ ─ ╩∕╣∙╣ Fig. 5-3-9 Fig. 5-3-14⌐ ∆ ⅎ™

⅜ 7.5 kg/h4.16 kg/h─ │ ꜚ♬♇♩ 1 m/s5.79 m3/min ≢ ⌐│ ≥

⅜ ↕╣⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-9 Case 5-3-7─ R290, 500 g, 7.5 kg/h, 1 m/s (5.79 m3/min) 

 

 

 

 

(b) 60 s after leakage 

(a) 30 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-10 Case 5-3-8─ R290, 500 g, 7.5 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-11 Case 5-3-9─ R290, 500 g, 7.5 kg/h, 3 m/s (17.38 m3/min) 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-12 Case 5-3-10─ R290, 500 g, 4.16 kg/h, 1 m/s (5.79 m3/min) 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 

(d) 433 s after leakage 
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Fig. 5-3-13 Case 5-3-11─ R290, 500 g, 4.16 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 

(d) 433 s after leakage 
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Fig. 5-3-14 Case 5-3-12─ R290, 500 g, 4.16 kg/h, 3 m/s (17.38 m3/min) 

 

 ⅛╠ ꜚ♬♇♩≢ ⅛≈ ⌐ 0.88m/s─◄▪◌כ♥fi⅜№╢

⅝ ⇔⅜⌂™ │≢☻כ◔כꜛ◦ⱪfiכ○ ꜚ♬♇♩─ ╩ 2 m/s⌐∆

╣┌ ⅎ™ ⌐╟╠∏ ⌐ ⌐ ╢ ⌂ │ ↕╣⌂™≤™ⅎ╢  

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 

(d) 433 s after leakage 
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5.3.2 ─  

 R290 ─ ⌐⅔™≡ ─☻כ◔כꜛ◦ⱪfiכ○ ╣ ⌐ ⌐ ⅜

↕╣╢⅛ ⅛╩ ∆╢ ╩ ∫√ ─ LFL│ R1703.1 vol%R12702.7 vol%

R600a1.8 vol%R152a4.8 vol%≤⇔ │ 13ĬLFL kgⅎ™ │ 4 ╣≤

⇔ ꜚ♬♇♩ ╩ 1 3 m/s≤ ↕∑√ 1 m/s5.79 m3/min2 m/s11.59 m3/min

3 m/s17.38 m3/min ─ │ Table 5-2-1⌐ ∆ ה25 ─ ╩ ⇔√ R170

│ ⅜ 30≤ ↕™ R600a│ ⅜ 58.1≤ ⅝™ ≢№╡ R1270│ R290⌐

⅜ ™ ≢№╢ R152a│ A2 ≢№╡  A3 ╟╡╙ ⅜ ⅝ↄ LFL╙

⅝™ ⌂⅔ IEC 60335-2-89≢│ ─ │ 30 ≢№╣┌╟™ ≤⌂

∫≡™╢  

 ╩ Table 5-3-2⌐ ∆  

 

Table 5-3-2 ╣─ R290 ─  

Case   
LFL 

(% (kg/m3)) 

 

(g) 

ⅎ™  

(kg/h) 

ꜚ♬♇♩  

 (m/s) 

ꜚ♬♇♩  

 (m3/min) 

5-3-13 R170 30.0 3.1 (0.038) 500 7.5 1.0 5.79 

5-3-14 ŷ ŷ ŷ ŷ ŷ 2.0 11.59 

5-3-15 ŷ ŷ ŷ ŷ ŷ 3.0 17.38 

5-3-16 R1270 42.1 2.7 (0.038) 598 8.97 1.0 5.79 

5-3-17 ŷ ŷ ŷ ŷ ŷ 2.0 11.59 

5-3-18 ŷ ŷ ŷ ŷ ŷ 3.0 17.38 

5-3-19 R600a 58.1 1.8 (0.043) 559 8.385 1.0 5.79 

5-3-20 ŷ ŷ ŷ ŷ ŷ 2.0 11.59 

5-3-21 ŷ ŷ ŷ ŷ ŷ 3.0 17.38 

5-3-22 R152a 66.0 4.8 (0.130) 1690 25.35 1.0 5.79 

5-3-23 ŷ ŷ ŷ ŷ ŷ 2.0 11.59 

5-3-24 ŷ ŷ ŷ ŷ ŷ 3.0 17.38 
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 R170⌐⅔↑╢ ╩ Fig. 5-3-15Fig. 5-3-17⌐ ∆ R170│ ⅜ 30≤ ™√

╘ ↕╣╛∆ↄ ꜚ♬♇♩ 1 m/s5.79 m3/min ≢ ⌐│ ≥

⅜ ↕╣⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-15 Case 5-3-13─ R170, 500 g, 7.5 kg/h, 1 m/s (5.79 m3/min) 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-16 Case 5-3-14─ R170, 500 g, 7.5 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-17 Case 5-3-15─ R170, 500 g, 7.5 kg/h, 3 m/s (17.38 m3/min) 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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 R1270⌐⅔↑╢ ╩ Fig. 5-3-18Fig. 5-3-20⌐ ∆ R1270≢╙ ꜚ♬♇♩

1 m/s5.79 m3/min ≢│ ⌐ ≥ ⅜ ↕╣⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-18 Case 5-3-16─ R1270, 598 g, 8.97 kg/h, 1 m/s (5.79 m3/min) 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-19 Case 5-3-17─ R1270, 598 g, 8.97 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 



 

99 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-20 Case 5-3-18─ R1270, 598 g, 8.97 kg/h, 3 m/s (17.38 m3/min) 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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 R600a⌐⅔↑╢ ╩ Fig. 5-3-21Fig. 5-3-23⌐ ∆ R600a│ ⅜ 58.1≤

⅝™√╘ ⇔√ A3 ─ ≢│ ╙ ↕╣ ™⅜ ꜚ♬♇♩ 1 m/s5.79 

m3/min ≢ ⌐ ≥ ⅜ ↕╣⌂⅛∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-21 Case 5-3-19─ R600a, 559 g, 8.385 kg/h, 1 m/s (5.79 m3/min) 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-22 Case 5-3-20─ R600a, 559 g, 8.385 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-23 Case 5-3-21─ R600a, 559 g, 8.385 kg/h, 3 m/s (17.38 m3/min) 

 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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 R152a⌐⅔↑╢ ╩ Fig. 5-3-24Fig. 5-3-26⌐ ∆ R152a│ ↕╠⌐ ⅜

⅝™√╘ ꜚ♬♇♩ 1 m/s5.79 m3/min─ ⌐│ ꜚ♬♇♩ ─◄▪

fi♥כ◌ ≤ꜚ♬♇♩ ─ ─ ─ ⅝↕⅜ ─ ╟╡╙ ⅝ↄ⌂∫

√ ⇔⅛⇔ ∕─ ─ ⌐│ ⅜ ↕╣≡™⌂™─≢ ⌐⌂╢꜠ⱬꜟ≢│⌂™

╕√ ꜚ♬♇♩ 2 m/s11.59 m3/min ≢│ ⌐ ≥ ⅜ ↕╣⌂⅛

∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-3-24 Case 5-3-22─ R152a, 1690 g, 25.35 kg/h, 1 m/s (5.79 m3/min) 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-25 Case 5-3-23─ R152a, 1690 g, 25.35 kg/h, 2 m/s (11.59 m3/min) 

 

 

 

 

 

 

 

 

 

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 
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Fig. 5-3-26 Case 5-3-24─ R152a, 1690 g, 25.35 kg/h, 3 m/s (17.38 m3/min) 

 

 ─ ─☻כ◔כꜛ◦ⱪfiכ○ ⅎ™ ─ ꜚ♬♇♩─ ○

≡™⅔⌐☻כ◔כꜛ◦ⱪfiכ ☻כ◔כꜛ◦ ─ ─ ⅛╠ ⌐ ⅛∫≡ ╣╢◄

⅜fi♥כ◌▪ ╡ ─fi♥כ◌▪◄─ ≢─ ⅜ 0.88 m/s≢№╡ ◦ꜛ

─☻כ◔כ ⅝ ⇔⅜⌂™ ⌐╟╠∏ 1 m/s─ ≢№╣┌

⌐ ⅜ ≥ ↕╣⌂™↓≤⅜ ⅛∫√ √∞⇔ ꜚ♬♇♩─ ⅜ 0 m/s≢│

⅜ ↕╣ ∕─↓≤⅛╠ ꜚ♬♇♩─ │≡™⅔⌐☻כ◔כꜛ◦ⱪfiכ○

☻כ◔כꜛ◦ ⌐ ⅜⌂™√╘ ⌐ ⅜ ↕╣╢≤™ⅎ╢ ╕√ כ◌▪◄

♥fi─ ⅝ ⇔ ⅜ 0.88 m/s─ ┘ ⅝ ⇔⅜№╢ ─ │ ⅜

↕╣╢ ⅜№╢  

(a) 30 s after leakage 

(b) 60 s after leakage 

(c) 240 s after leakage 



 

106 

5.4 ◖fiⱦ♬◄fi☻☻♩▪ ⸗♦ꜟ≢─ ⅎ™  

5.4.1 ⸗♦ꜟ  

◖fiⱦ♬◄fi☻☻♩▪─ ╩ ⇔√ ─ ⅎ™ ╩ ∫√  

 ⸗♦ꜟ ⸗♦ꜟ ╩ Fig. 5-4-1⌐ ∆ Fig. 5-4-1─ ⌐│ ↕ 850 mm

─꜠☺◌►fi♃כ ╖ ⇔⌐ ⅜№╢ Fig. 5-4-1⌐ ⇔√ ─

│ 119.97 m2≢№╡ ∕─℮∟꜠☺ ꜠☺◌►fi♃כ ╩ ™√ ─ │ 102.0 m2

≢№╢ ⌐│♪▪ ─ ─ Door 1Door 5⅜ 5 №╡ ─╟℮⌐⌂∫≡

™╢ ♪▪─ ┘ ─ ⅝↕│ ─◖fiⱦ♬◄fi☻☻♩▪─ ╩ ⇔

⇔√  

ₒDoor 1ₓ ─♪▪     W0.8 mĬH1.875 m 6 mm♪▪ 15 mm♪▪  

ₒDoor 2ₓⱣ♇◒ꜘכ♪─♪▪  W0.8 mĬH1.875 m10 mm♪▪ 20 mm♪▪  

ₒDoor 3ₓ♩▬꜠─♪▪     W0.7 mĬH1.875 m 6 mm♪▪ 15 mm♪▪  

ₒDoor 4ₓ ─ ♪▪     W1.6 mĬH1.875 m ♪▪ ⇔≤ ∂  

ₒDoor 5ₓ꜠☺◌►fi♃כ─♪▪ W0.6 mĬH0.8 m75 mm♪▪  

 ─ ⌐ 0.25 mĬ0.25 m─ ╩ ⇔√ │☻כ◔כꜛ◦ Fig. 

5-4-1≢ ⌐ ╡ ⇔≡™╢ ⌐ ⇔ ╩☻כ◔כꜛ◦fi▬♅כꜞ ─

☻כ◔כꜛ◦fi▬♅כꜞ a ┘ ─ ☻כ◔כꜛ◦fi▬♅כꜞ b ⌐

╩☻כ◔כꜛ◦ ─ ⌐ ♪▪≤ ⌂ ⌐ ╩ ⇔√

╩╖─☻כ◔כꜛ◦─⅛╣∏™│≢ ⇔√ ⸗♦ꜟ ─ ⸗♦ꜟ ╩ Fig. 5-

4-2⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-4-1 ◖fiⱦ♬◄fi☻☻♩▪ ⸗♦ꜟ 1 
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Fig. 5-4-2 ⸗♦ꜟ ─ ⸗♦ꜟ  

 

╕√ Fig. 5-4-1⅛╠ ─ ╩ ↕∑≡ ╩ ↕ↄ⇔√ ⸗♦ꜟ

⸗♦ꜟ ─ ╙ ∫√ ∕─ ⸗♦ꜟ╩ Fig. 5-4-3⌐ ∆ Fig. 5-4-3⌐ ⇔√

─ │ 75.4 m2≢№╡ ∕─℮∟꜠☺ ╩ ™√ ─ │ 57.4 m2≢№╢ ⌂⅔

Fig. 5-4-3─⸗♦ꜟ│ Fig. 5-4-1⅛╠ ─ ─╖╩ ⌐ ↕∑√╙─≢ ─

↕≤ ⌐ ⇔≡™╢ ≤─ │ ╣≡™⌂™ ⸗♦ꜟ ─ ⸗♦ꜟ ╩

Fig. 5-4-4⌐ ∆  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-4-3 ◖fiⱦ♬◄fi☻☻♩▪ ⸗♦ꜟ 2 

  

(mm)  

Horizontal display cabinet is not installed whenthe

refrigerantleaksfrom reach-in display cabinet.

Gapunderthedoor5, W0.6 m³H0.075 m

9.71 m

The right side is opened when the door is opened suddenly.

Cashier counter, H0.85 m

Gap above the door 1,

W0.8 m³H0.006 m

Gap under the door 1,

W0.8m³H0.015 m

Gap above the door 2, W0.8 m³H0.01 m

Gap under the door 2, W0.8 m³H0.02 m

Gap above the door 3, 
W0.7 m³H0.006 m
Gap under the door 3,
W0.7m³H0.015 m

Opening
(Leakage port)

2.1 m

2.2 m

7.89 m

1.83 m
3.94 m

1.49 m

7.83 m

1.97 m

1.1 m

3.47 m

Ceiling ventilation opening, 
0.25 m³0.25 m

Checkout area, 
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Fig.5-4-4 ⸗♦ꜟ ─ ⸗♦ꜟ  

 

│ R290≢ 500 g≤⇔ Table 5-1-1⌐ ∆ ה 25 ─ ╩ ≤⇔≡ ™

│ 1.12Ĭ10-5 m2/sLFL│ 2.1 vol%UFL│ 9.5 vol%≤⇔√ │☻כ◔כꜛ◦fi▬♅כꜞ

Fig. 5-1-1⌐ ∆╙─╩ ⇔ fi♥כ◌▪◄ ꜚ♬♇♩ 0 m3/min≤⇔ ⌐

ⅎ™ 2 ⌐☻כ◔כꜛ◦∟℮─ ⅛∫≡ ─ 1 ╩ ─ ⅜

⌐ ↄ⌂╢ ↕∑√ ↓─ ☻כ◔כꜛ◦fi▬♅כꜞ a≢│ Fig. 5-4-1 ┘ Fig.5-4-3─

⅝⌐ ╩ ⇔ ☻כ◔כꜛ◦fi▬♅כꜞ b≢│ Fig. 5-4-1 ┘ Fig. 5-4-3─ ⅝⌐ ╩

⇔√ │☻כ◔כꜛ◦ Fig. 5-2-1⌐ ∆╙─╩ ⇔ ꜚ♬♇♩ 0 m3/min

≤⇔ ⅎ™ │ 4 ╣ 7.5 kg/h≤⇔√ Door 14⌐≈™≡♪▪ ╩ ↄ

⇔√ ┘∕╣∙╣─ ≤⇔√ ─ ╩ ∫√  

 

5.4.2  

☻כ◔כꜛ◦fi▬♅כꜞ (1  

 ⸗♦ꜟ 1 ┘ ⸗♦ꜟ 2⌐⅔™≡ ♪▪ ─ ꜛ◦fi▬♅כꜞ⌐

☻כ◔כ a ☻כ◔כꜛ◦fi▬♅כꜞ b─∕╣∙╣⅛╠ ╩ ⅎ™↕∑√ ─

╩ Table 5-4-1⌐ ∆ Table 5-4-2⌐│ ≢─ 1 ─ ─♪▪

─ Table 5-1-6 ─ ╩ ─√╘⌐ ∑√ ⌂⅔ Table 5-4-2─

119.9 m2─╙─│ ╩ ∫√╙─≢№╢  

 ᵑꜞכ♅▬fi◦ꜛכ◔כ☻ b─ ─ ☻כ◔כꜛ◦fi▬♅כꜞ⅜ a─

╟╡╙ ⅜ ⅝ↄ ─ │ ⸗♦ꜟ 1≢ 16.5 % ⸗♦ꜟ 2≢

7.6 ─ │ ⸗♦ꜟ 1≢ 22.1 % ⸗♦ꜟ 2≢ 15.0 %─ ⅜№∫

√ ↓╣│ ☻כ◔כꜛ◦fi▬♅כꜞ b─ ☻כ◔כꜛ◦fi▬♅כꜞ⅜ a╟╡╙ ─

╕≢─ ⅜ ™√╘≤ ╦╣╢ ╕√ ⸗♦ꜟ 1─ ⅜↓─ ─

⅜ ⅝™√╘ ╟╡ ─ ⅜ ⅝ↄ⌂∫√╙─≤ ╦╣╢ ↓─↓≤╟╡ ꜞ☻◒▪☿

☻ⱷfi♩⌐│ ⸗♦ꜟ╩ ⌐⇔√ ≢ ╠╣√ ╩ ∆╢⅜

─ ─ ⌐╟∫≡ ⅜ ╦╢╙─≤ ╦╣╢  

 ᵒ ─ │ ─ ╟╡╙ ⅜ ↕ↄ⌂∫√ ⸗♦ꜟ 1≢│ ▬♅כꜞ

fi◦ꜛכ◔כ☻ a─ ≢ ☻כ◔כꜛ◦fi▬♅כꜞ% 8.8 b─ ≢ 10.2 %

⸗♦ꜟ 2≢│ ☻כ◔כꜛ◦fi▬♅כꜞ a─ ≢ ꜛ◦fi▬♅כꜞ% 27.7

☻כ◔כ b─ ≢ 32.3 %─ ≢№╡ ⅜ ↕™ ⸗♦ꜟ 2─ ⅜

─ ⅜ ⅝ↄ⌂∫√ ↓╣│ ⸗♦ꜟ≢─ ≤ ∂≢№╢  

Ceiling ventilation opening

Gap under the door 5, W0.6 m³H0.075 m

7.38 m

The right side is opened when the door is opened suddenly.

Cashier counter, H0.85 m

Gap above the door 1,

W0.8 m³H0.006 m

Gap under the door 1,

W0.8 m³H0.015 m

Gap above the door 2, W0.8 m³H0.01 m

Gap under the door 2, W0.8 m³H0.02 m

Gap above the door 3, 
W0.7 m³H0.006 m

Gap under the door 3,
W0.7 m³H0.015 m

Opening
(Leakage port)

2.1 m

2.2 m

5.56 m

1.83 m
3.94 m

1.49 m

6.003 m

1.97 m

1.1 m

1.643 m

Horizontal display cabinet is not installed when the 

refrigerant leaks from reach-in display cabinet.

0.25 m³0.25 m

Checkout area, 
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Table 5-4-1 ⸗♦ꜟ≢─ꜞכ♅▬fi◦ꜛכ◔כ☻─  

Case ⸗♦ꜟ   

fi▬♅כꜞ  

☻כ◔כꜛ◦ a 

fi▬♅כꜞ  

☻כ◔כꜛ◦ b 

♪▪  ♪▪  

    

5-4-1 

⸗♦ꜟ 1 

( 120.0 m2  

102.0 m2) 

 (min) 3.92 3.83 5.17 4.71 

 (m3הmin) 9.84 8.77 12.01 10.22 

 (m3) 2.51 2.29 2.32 2.17 

5-4-2 

⸗♦ꜟ 2 

( 75.4 m2  

57.4 m2) 

 (min) 10.83 8.58 11.88 8.83 

 (m3הmin) 35.98 26.02 41.38 28.01 

 (m3) 3.32 3.03 3.48 3.17 

 

Table 5-4-2 ≢─ꜞכ♅▬fi◦ꜛכ◔כ☻─  

36 100 m2─♪▪ ─ │ Table 5-1-6─ 1 ─ ╩  

Case 
(m2) 

 
⸗♦ꜟ   

♪▪    

(5-1-175) 36.0 

 (min) 49.96 29.79 

 (m3הmin) 225.92 118.75 

 (m3) 4.52 3.99 

(5-1-178) 64.0 

 (min) 9.00 8.00 

 (m3הmin) 25.88 23.42 

 (m3) 2.88 2.93 

(5-1-180) 73.96 

 (min) 6.17 5.92 

 (m3הmin) 15.98 15.23 

 (m3) 2.59 2.57 

(5-1-183) 100.0 

 (min) 3.88 3.88 

 (m3הmin) 7.37 7.36 

 (m3) 1.90 1.90 

5-4-3 119.9 

 (min) 3.05 3.05 

 (m3הmin) 5.77 5.77 

 (m3) 1.89 1.89 

 

 ⸗♦ꜟ─꜠☺ ╩ ™√ ╩ A≤⇔√ ─ ⸗♦ꜟ─ Table 

5-4-1≤ ─ Table 5-4-2─ ╩ Fig. 5-4-5⌐ ∆ │ M(kg)

╩ A(m2)≢ ⇔√ ≢№╢ ⌡ ≤ ⸗♦ꜟ│ ─ ╩ ⇔≡⅔

╡ ─☻כ◔כꜛ◦fi▬♅כꜞ ⅛╠─ ⅎ™≢│ ≤⇔≡꜠☺ ╩ ™√

╩ ∆╢─⅜ ≤ ╦╣╢ │≢☻כ◔כꜛ◦fi▬♅כꜞ ⌐ ⅎ™⇔√ ⅜

⌐╟∫≡ ⌐ ⌐ ⅎ™∆╢√╘ ─ ⅎ™ ⅜ ↄ ⅎ™ ⅜

⌐ ∆╢╟╡╙ ∆╢ ⅜ ↄ ꜠☺ ⌐ ⅜ ╣ ╕⌂™╙─≤ ╦╣╢  

 ⌂⅔ ꜚ♬♇♩─ⱨ□fi≢ ╩ ⇔√ │ ⅜ ⌐ ↕╣╢√╘

꜠☺ ╙ ╘√ ╩ ∆╢─⅜ ≢№╢  
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      (a)             (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

Fig. 5-4-5 M/A⌐ ∆╢ ─ ה☻כ◔כꜛ◦fi▬♅כꜞ 1  
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☻כ◔כꜛ◦ (2  

 ⸗♦ꜟ 1 ┘ ⸗♦ꜟ 2⌐⅔™≡ ♪▪ ─ ─ כ◔כꜛ◦

☻─ ꜚ♬♇♩⅛╠─ ╣─ ╩ Table 5-4-3⌐ ∆ Table 5-4-4⌐│

⸗♦ꜟ≢─♪▪ ─ Tale 5-2-4 ╩ ─√╘⌐ ∑√ ↓╣

╟╡ ─↓≤⅜ ⅛╢  

 ᵑ ─ │ ─ ╟╡╙ ⅜ ↕ↄ⌂∫√ │☻כ◔כꜛ◦ ⸗

♦ꜟ 1≢│ 4.3 % ⸗♦ꜟ 2≢│ 35.6 %─ ≢№╡ ⅜ ↕™ ⸗♦

ꜟ 2─ ⅜ ─ ⅜ ⅝ↄ⌂∫√ ↓╣│ ⸗♦ꜟ≢─ ≤ ∂≢№╢  

 

Table 5-4-3 ⸗♦ꜟ≢─ ─☻כ◔כꜛ◦  

Case ⸗♦ꜟ   

 

☻כ◔כꜛ◦  

♪▪  

  

5-4-4 

⸗♦ꜟ 1 

( 120.0m2  

102.0m2) 

 (min) 10.00 9.72 

 (m3הmin) 31.94 30.57 

 (m3) 3.19 3.15 

5-4-5 

⸗♦ꜟ 2 

( 75.4m2  

57.4m2) 

 (min) 18.79 14.52 

 (m3הmin) 74.33 47.86 

 (m3) 3.96 3.30 

 

Table 5-4-4 ≢─ ─☻כ◔כꜛ◦  

♪▪ ─ │ Table 5-2-4─ ╩  

Case 
(m2) 

 
♪▪  

  

(5-2-2), 

(5-2-20) 
24.01 

 (min) 160.83 40.17 

 (m3הmin) 838.77 115.97 

 (m3) 5.22 2.89 

(5-2-3), 

(5-2-21) 
36 

 (min) 66.13 33.75 

 (m3הmin) 338.96 124.86 

 (m3) 5.13 3.70 

(5-2-4), 

(5-2-22) 
64.0 

 (min) 19.79 16.95 

 (m3הmin) 90.86 70.81 

 (m3) 4.59 4.18 

(5-2-5), 

(5-2-23) 
100.0 

 (min) 8.75 8.57 

 (m3הmin) 25.62 23.61 

 (m3) 2.93 2.75 

 

 ⸗♦ꜟ─꜠☺ ╩ ™√ ╩ A≤⇔√ ─ ⸗♦ꜟ─ Table 

5-4-3 ≤ ─ Table 5-4-4 ─ ╩ Fig. 5-4-6⌐ ∆ ╕√ ⸗

♦ꜟ─꜠☺ ╙ ╘√ ╩ A≤⇔√ ─ ⸗♦ꜟ─ Table 5-4-3 ≤

─ Table 5-4-4 ─ ╩ Fig. 5-4-7⌐ ∆ │ M(kg)╩

A(m2)≢ ⇔√ ≢№╢ ↓╣╠╟╡ Fig. 5-4-7─ ⸗♦ꜟ─꜠☺ ╙ ╘√ ╩

A≤⇔√ ─ ⅜ Fig. 5-4-6─ ⸗♦ꜟ─꜠☺ ╩ ™√ ╩ A≤⇔√ ╟

╡╙ ≤ ⸗♦ꜟ⅜ ™ ╩ ⇔≡™╢≤ ╦╣ ─☻כ◔כꜛ◦

ꜚ♬♇♩ ╣≢│ ꜠☺ ╙ ╘√ ╩ ∆╢─⅜ ≤ ╦╣╢ ↓╣│

ⅎ™ ⅜ 4 ╣≢№╡ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣─ ╟╡╙ ↄ

⅜ ⌐ ⇔ ꜠☺ ⌐╙ ╣ ╪∞√╘≤ ╦╣╢   

 ⌂⅔ ≢│ ⇔√ ≤∆╢ ⅜№╡ ─ ⅛╠ ꜞ☻◒▪☿☻ⱷfi♩

┘ ≢│ ─꜠☺ ╙ ╘√ ╩ ≤∆╢↓≤≤⇔√   



 

112 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      (a)            (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

Fig. 5-4-6 M/A⌐ ∆╢ ─ ה☻כ◔כꜛ◦ ⅛╠꜠☺ ╩ ™√  

  

0

2

4

6

8

10

12

14

16

18

20

22

0.004 0.005 0.006 0.007 0.008 0.009

D
u
ra

ti
o

n
 o

f 
fl
a

m
m

a
b

le
 r

e
g
io

n
 (m
in

)

M/A (kg/m2)

Horizontal, no gap Horizontal, with gap

No gap (square space) With gap (square space)

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0.004 0.005 0.006 0.007 0.008 0.009

M
e

a
n
 f

la
m

m
a

b
le

 v
o

lu
m

e
 (m

3
)

M/A (kg/m2)

Horizontal, no gap Horizontal, with gap

No gap (square space) With gap (square space)

0

10

20

30

40

50

60

70

80

90

100

0.004 0.005 0.006 0.007 0.008 0.009

F
la

m
m

a
b

le
 v

o
lu

m
e-t
im

e
 i

n
te

g
ra

ti
o

n
 (m

3
m

in
)

M/A (kg/m2)

Horizontal, no gap Horizontal, with gap

No gap (square space) With gap (square space)



 

113 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      (a)            (b)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c)  

Fig. 5-4-7 M/A⌐ ∆╢ ─ ה☻כ◔כꜛ◦ ⌐꜠☺ ╙ ╘√  
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5.5 A2L ⌐ ∆╢ ⅎ™  

 A2L ─℮∟ ≢☻כ◔כꜛ◦ ∆╢ ⅜№╡ ⅛≈ ⅜ ╙ ⅝™√

╘ ⅜ ╙ ⅝ↄ⌂╢ R1234yf≢─ ⅎ™ ╩ ∫√ │ ⌐≡ ∫√  

 

─☻כ◔כꜛ◦fi▬♅כꜞ 5.5.1 ⅎ™  

─☻כ◔כꜛ◦fi▬♅כꜞ  ⌐ R1234yf⅜ ⅎ™ ╩ ∆╢ ╩

∫√ ☻כ◔כꜛ◦fi▬♅כꜞ ┘ ─ ⸗♦ꜟ│≤╙⌐ 5.1≤ ≤⇔√ ꜚ

♬♇♩─ │ 0 m3/min◄▪◌כ♥fi ⇔≤⇔√ │ LFL─ 13 ≤⇔ R1234yf⅜

3.8 kg≤⇔√ ─ ≤⇔ 24.01 m2 4.9 mĬ4.9 m↕ 2.2 m≤⇔

√ │ Table 5-5-1⌐ ⇔√ ╩ ⇔ R1234yf─ LFL│ 0.289 kg/m3≤⇔√ ⇔

≡™⌂™ │ 5.1≤ ≤⇔√ R290 500 g─ ╙ ™ ∕─ ≤ ⇔√  

 

Table 5-5-1 ⌐ ⇔√  

  
     

( ) (J/kgהK)  (W/mהK)  (Paהs) (m2/s) 

air  29.0 25 1006.6 2.585³10-2 1.849³10-5  

propane (R290) 44.1 25 1684.7 1.831³10-2 8.146³10-6 1.12³10-5 

 (R1234yf) 114.0 25 905.2 1.384³10-2 1.147³10-5 8.96×10-6 

 

Fig. 5-5-1 Fig. 5-5-2⌐ R290≤ R1234yf─ ─ ╩ 5 ⌐ ∆ ⌂

⅔ Case │ ⌐ ∆ Table 5-5-2⌐ ─ ≢№╢ A2L ≢№╢ R1234yf≢╙

R290≤ ⌐ ⅎ™ ─ ⌐╟∫≡ ⌐ ≢ ⅜ ↕╣╢ ⅜

≡ ╣╢ A2L ≢╙ ⅜ ↕╣√─│ ⅎ™ ↕ ─ ─ ↕ ⅜ 0.2775 

m ≤ ↄ ⅛≈ ⅎ™ ⅛╠─ ─ ה ⅜ ™√╘≤ ╦╣╢  

 ─ ╩ Fig. 5-5-3⌐ ┘

─ ╩ Table 5-5-2⌐ ∆ │ R1234yf╩ 3.8 kgⅎ™↕∑√ ⅜ R290

╩ 500 g ⅎ™↕∑√ ╟╡╙ ⇔ ↕™ ╩ ⇔√ ╙ ↄ⌂╡

│ R1234yf/R290≢ 85.56 %≤⌂∫√ ─ ⌐ ⅝⌂ ™│⌂™√

╘ ꜞ☻◒▪☿☻ⱷfi♩≢│ ─√╘ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣⌐ ⇔≡│

R1234yf─ ╩ R290─ ≤ ∂≤⇔≡ ℮ ⌂⅔ Case 5-5-1─ │ Case 

5-1-1─ ≤ ⅜ ⌂╢ ↓─ ─ │ R290≤ R1234yf─ ╩ ℮↓

≤≤ ≤⇔≡ ∫√√╘ ╦∑ ╖⅜ ⌐│ ⅎ≡™⌂™⅜ ⅝⌂ │⌂™≤

ⅎ╢ 5.5.2 ─ │ R290≢ 5.2≤─ ╦∑ ╖╩ ∫√ ≢ ⇔√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-5-1 Case 5-5-1─ (R290) 
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Fig. 5-5-2 Case 5-5-2─ (R1234yf) 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

      (a) R290Case 5-5-1           (b) R1234yfCase 5-5-2  

Fig. 5-5-3 ꜞכ♅▬fi◦ꜛכ◔כ☻ ╣ ─ R290≤ R1234yf─ ─  
 

Table 5-5-2 ꜞכ♅▬fi◦ꜛכ◔כ☻ ╣ ─ R290≤ R1234yf─

ה ה  

Case   ꜞכ♅▬fi◦ꜛכ◔כ☻  

5-5-1 R290 

 (min) 93.78 

 (m3הmin) 432.08 

 (m3) 4.61 

5-5-2 R1234yf 

 (min) 87.65 

 (m3הmin) 369.70 

 (m3) 4.22 

 

─☻כ◔כꜛ◦ 5.5.2 ⅎ™  

5.5.2.1 A2L ─ ⅎ™ ─  

☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠─ ⅎ™ ╩ ∫√ ☻כ◔ ┘

ꜚ♬♇♩ ╩ Fig. 5-2-1─ 3.8≢№╢ 6.84 m┘ 26.2³10-2 m22.785 m³0.094 m

≤⇔√ ─☻כ◔כꜛ◦ ⸗♦ꜟ╩ Fig. 5-5-4⌐ ∆ ╩☻כ◔כꜛ◦─↓ ↕ 2.2 

m 84.7 m2─ ─ ⌐ ⇔√ ↓─ ╩☻כ◔כꜛ◦─↕⅝ large 

cabinet≤ ┘ Fig. 5-2-1─ ╩☻כ◔כꜛ◦─↕⅝ small cabinet≤ ┬↓≤≤∆╢

╩ R1234yf─ LFL─ 13 ≢№╢ 3.8 kg ꜚ♬♇♩ 0 m3/min≤⇔ ⅎ™

╩ 2 57 kg/h≢ ↕∑ ╩ ∫√ ╩ Fig. 5-5-5 ┘ Table 5-5-3⌐ ∆  
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Fig. 5-5-4 ◦ꜛכ◔כ☻ large cabinet─⸗♦ꜟ  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      (a)                    (b)  

 

 

 

 

 

 

 

 

 

 

 

(c)  

Fig. 5-5-5 R1234yf 3.8 kg─ large cabinet╩ 84.7 m2⌐ ⇔√ ─

ⅎ™ ─  
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Table 5-5-3 R1234yf 3.8 kg─ large cabinet╩ 84.7 m2⌐ ⇔√ ─ ⅎ™

─ ה ה ה  

 
ⅎ™

  
 

 

 

 

  (kg/h) (min) (m3min) (m3) (min)  

R1234yf 2 61.6  36.1 0.59 114 ⅜ ╦╣⌂™  

7.5 62.2  416.9 6.71 18 ⅜ ╦╣╢  

15 54.8  474.6 8.65 8 

57 51.1  498.4 9.76 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5-5-6 R1234yf 3.8 kg─ large cabinet╩ 84.7 m2⌐ ⇔√ ─

ⅎ™ ─ ─  

 

 

 

 

 

 

 

Fig. 5-5-7 R1234yf 3.8 kg─ large cabinet╩ 84.7 m2⌐ ⇔√ ─

ⅎ™ ─ ─ ─  

 

 │ ⅎ™ 7.5 kg/h≢│ 57 kg/h─ 83.6 %2 kg/h≢│ 7.2 %─ ≢№

╡ ╣─ 1 kg/h≢│ ⅜ ↕╣⌂⅛∫√ R290─ 5.2.2≤│

⌂╡ R1234yf≢│ ⅎ™ ⅜ ↄ⌂╢≤ ⌐ ─ ⅜ ↕ↄ⌂╢ ≤⌂∫√

R1234yf⅜ ↄ≢ ⅎ™⇔√ │ A2L ≢ ╙ ⅝ↄ⌂╢√╘ A2L

≢│ ⌐ ™ 0.0995 m─ ↕⅛╠ ⅎ™⇔≡╙ ⅜ 84.7 m2 ≢│ ⅜

↕╣⌂™ ╟∫≡ A2L ─ꜞ☻◒▪☿☻ⱷfi♩⌐⅔™≡│ ⅎ™ ↕⅜ ⌐ ™

≢╙ ≢─ ꜚ♬♇♩⅛╠─ ⅎ™ ╩ ╣╩ ™√

1.94³10-5=5.26Ĭ10-7 +1.89Ĭ10-5 3.4.1─ Table 3-7╟╡ ≤∆╢ ⌂⅔ ╣

╣ ─ R1234yf─ │ ─√╘ R 290≤ ∂ ≤∆╢ Fig.5-5-6│

R 1234yf─ ⅎ™ ⅜ 15 kg/h7.5 kg/h2 kg/h─ ─ ─ ≢№╢

ⅎ™ ⅜ ™ │ ⅎ™ ⌐ ⅜ ↕╣╢⅜ ⅎ™ ⅜ ™ │

─ ⅜ ╣╢ 2 kg/h─ ⅎ™⅛╠ 90 │ ⌐ ⇔≡ ∫√

⅜ ⌐│ ─♪▪ ⌂≥─ ⅛╠ ⅜ ⌐ ∆╢√╘ 2 kg/h≢╙
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│ ⇔⌂™≤ ╦╣╢ ╕√ Fig. 5-5-7│ ─ ─ ≢№╢

≤│ ⌐ ↕╣╢ ⅜ ≤⌂╢ ╙⇔ↄ│ ⌐

⅜ ↕╣√ ╩ ⇔√╙─≢№╢ ⌐ ⇔≡ ⌐ ⅎ™ ⅜ ↄ ⅛≈

ⅎ™ ⅜ ≢№╣┌ ⅎ™ ≢ ⅜ ≢ ╦╣╢ ⅜ ∆╢

⅜ ⅎ™ ≢ ⅜ ≢ ╦╣╢≤ ≤─ ⅜ =

─ ≢ ↕╣ ∕─ ─ ⅎ™⌐╟∫≡ │ ∆╢⅜

│ ⇔⌂™√╘ ⅜ ⌐ ⌐ ╢╙─≤ ∆╢  

 ⌐ ꜚ♬♇♩ 0 m3/min─ R 1234yf 1.0 kg─ small cabinetFig. 5-2-1≤

∂ ↕ 0.81 m1.8 m ⅝ 1.09 m─ ☻כ◔כꜛ◦ ╩ ↕ 2.2 m 24.01 

m2 4.9 m³4.9 m─ ─ ⌐ ⇔ ⅎ™  1 kg/h─ ─

╩ Table 5-5-4⌐ ─ ╩ Fig. 5-5-8⌐ ∆ R290500ה g24.01ה m24ה

╣─ 5.2.1─ Table 5-2-2─ Case 5-2-2 ≤ ═≡ │ ↕™⅜ ╣─ 1 

kg/h─ ≢╙ ⅜ ↕╣√ ─ 5-3)⅛╠ A2L ≢│ ⅎ™ ↕

─ ⅜ ™ ⌐│ ⅜ ↕╣⌂™↓≤⅜ ⅛∫≡⅔╡ ─ ≢

⅜ ↕╣√─│ ⅎ™ ↕⅜ 0.0995 m≤ ⌐ ↄ ⅜ ↕ↄ ⅛≈

≢№╢√╘≤ ╦╣╢ ⅜ ↕╣╢─│ ⅎ™⅛╠ 45 ≢№╡ ≢

⌂↑╣┌ ⅎ™⇔√ ⅜ ─♪▪ ⌂≥─ ⅛╠ ⌐ ∆╢√╘

│ ↕╣⌂™≤ ╦╣╢ ⌂≥─ ≢ A2L ⅜ ꜚ♬♇♩⅛╠

ⅎ™∆╢ ─ ┘ │ ╣ ╣ │ R 290─

≤ ∂ ╣ │ Table 5-5-4─ ≤⇔ ↓╣╠╩ ⅎ™ ─

≢ ⇔ ⌐ 5.2.3─ Table 5-2-4⌐ ─♪▪ ─ ╩ ∆╢

╩ ∂√ ╩ ™≡ꜞ☻◒▪☿☻ⱷfi♩╩ ℮ ⌐│ ⅎ™⌐ ╘╢

╣ ╩ R≤⇔√ ⌐ (5-5-1)≢ ⇔√ ≤∆╢  
 

≢─ ={(5.2.1─ ה(5-2-1) (5-2-2)─ )³(1-R)+(Case 5-5-9─ )³R} 

         ³(5.2.3─ Table 5-2-4─ )           (5-5-1) 

   β5.2.3─ Table 5-2-4─ │ 24.01 m2 ≢│ 24.01 m2─ ╩ ™╢  
 

Table 5-5-4 R1234yf 1.0 kg─ small cabinet╩ 24.01 m2⌐ ⇔√ ─  

╣(1 kg/h)─ ה ה  

Case   ◦ꜛכ◔כ☻  

5-5-9 R1234yf 

 (min) 29.32 

 (m3הmin) 31.57 

 (m3) 1.08 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5-5-8 R1234yf 1.0 kg─ small cabinet╩ 24.01 m2⌐ ⇔√

─ ╣(1 kg/h)─ ─   
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5.5.2.2 A2L ─ ꜚ♬♇♩  

 ꜚ♬♇♩⅛╠─ ⅎ™ ╩ ∆╢ ⌐≈™≡ Colbourne╠ 5-2)─ ≢№

╢ (5-2-5)⅜№╢ A3 ┘ A2 ⌐≈™≡│↓─ ─ ╩ ∫√ 5.2.5⅜

─ ⅝™ A2L ≢╙↓─ ╩ ≢⅝╢⅛ ⇔√ ꜚ♬♇♩│ כꜛ◦

─☻כ◔ ⌐№╡ ─☻כ◔כꜛ◦ ─ ⅛╠ ⇔ ─ ⅛╠ ∆╢

≤⇔≡│ F M(kg){LFL(kg/m3)Ĭ ↕ H(m)Ĭ A(m2)}

╩ 0.25≤⇔ R 1234yf 3.8 kg─ large cabinet╩ ↕ 2.2 m 24.01 m2─

─ ⌐ ⇔√ ⅎ™ │ 4 ╣≢№╢ 57 kg/h≤⇔≡ ─

╩ Colbourne╠─ ≢№╢ (5-2-5)⅛╠ ╘√ ⌐ ⇔√ ≤ ⌐ ⇔

≡≥─ ⅜№╢⅛╩ ∆╢ ╩ ∫√ R1234yf─LFL│ 0.296 kg/m36.2 vol%

≤⇔√   

╩ Table 5-5-5⌐ ∆ R1234yf≢│ (5-2-5)≢─ ⌐ ∆╢  

22.314 m3/min 1.42 m/s≢│ │ ↕╣∏ ∕╣╟╡╙ ⅜ 3040 %

↕™ 13.38815.620 m3/min 0.8530.995 m/s≢╙ ⅜ ↕╣⌂⅛∫√

⅜ (5-2-5)≢─ ╟╡╙ 50 %↕™ 11.157 m3/min 0.711 m/s─ │ ⅜

↕╣√  

╟╡ ─↓≤⅜™ⅎ╢  

 i) (5-2-5)≢─ ≢│ A2L ≢№╢ R1234yf⌐⅔™≡╙ ⅜ ↕╣⌂⅛

∫√ ↓─↓≤╟╡ (5-2-5)│ A2L ≢╙ ≢№╢↓≤⅜ ↕╣√  

 ii) (5-2-5)≢─ │ ⌐ ⅜ ↕╣⌂™ ⌐ ⇔≡ 3040 %

⅜№╢╙─≤ ╦╣╢ ⌂⅔ 5.2.5─ ≢│ ╩ ⅛ↄ┤╠⌂⅛∫√√╘

─ ⅜ ⌐│ ⅎ≡⅔╠∏ R1234yfA2L ≤ R290A23 ≢≥∟

╠─ ⅜ ⅝™⅛⌐≈™≡│ ≢⅝⌂™  

 

Table 5-5-5 A2L ─  

Case  
 

(m3/min) 
 

(m/s) 

 
 

(min) 

 
(m3 min) 

 
 

 (m3) 

5-5-3 

R1234yf 

(5-2-5)≢─  

 
22.314 1.421 0.0 0.0 0.0 

5-5-4 
(5-2-5)─  

─ 90 % 
20.083 1.279 0.0 0.0 0.0 

5-5-5 
(5-2-5)─  

─ 80 % 
17.861 1.137 0.0 0.0 0.0 

5-5-6 
(5-2-5)─  

─ 70 % 
15.620 0.995 0.0 0.0 0.0 

5-5-7 
(5-2-5)─  

─ 60 % 
13.388 0.853 0.0 0.0 0.0 

5-5-8 
(5-2-5)─  

─ 50 % 
11.157 0.711 0.6425 0.1864 0.2902 
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5.6 ⅎ™ ─╕≤╘  

╩♩ⱷfi☻☿▪◒☻ꜞ─☻כ◔כꜛ◦  ℮√╘⌐ ⅎ™ ╩ ™ ─

╩ √  

─☻כ◔כꜛ◦fi▬♅כꜞ (1 ╣│ A3 R290A2L R1234yf≤╙⌐

ⅎ™ ─ ⌐╟∫≡ ⌐ ≢ ∏ ⅜ ↕╣ ꜚ♬♇♩─

┘ ╩ ↕∑≡╙ ─ │ ≥ ╦╠⌂™ ⌐ A3

≢│ ─ ⅜ ≢№∫≡╙ ⌐ ⅜ ∆╣┌ ⌐ ⌐

╢ ⅜№╢ ⇔⅛⇔ IEC 60335-2-89≢│ ⅛╠ 5 ⌐ ⅝⌂

⅜ ↕╣≡╙ │ ↕╣⌂™≤╖⌂↕╣≡⇔╕℮ ╕√ R1234yf─

⅜ 13ĬLFL3.8 kg⌐⅔↑╢ │ R290─ 13ĬLFL500 g⌐⅔↑╢ ╟╡╙

⇔ ↕™⅜ ⌐ ℮√╘ ↓╣╩ ∂≤⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ℮ ⌂⅔

R1234yf│ A2L ─℮∟≢ ╙ ⅜ ⅝ↄ⌂╢ ≢№╢  

─☻כ◔כꜛ◦ (2 ꜚ♬♇♩ ⅎ™≢│ A3 R290R170R1270R600a

A2 R152aA2L R1234yf─™∏╣⌐⅔™≡╙ ╩ Colbourne╠─

≢№╢ (5-2-5) ⌐∆╢≤ ⅜ ↕╣⌂™  

─☻כ◔כꜛ◦fi▬♅כꜞ╢↑⅔⌐ (3 ⅛╠─ R290─ ⅎ™⌐ ⇔ ◄▪

fi♥כ◌ ⅛≈ ꜚ♬♇♩─ ─ ─ ┘

─ ╩ ─ ≤⇔≡ ⇔√   

4) ⌐⅔↑╢ ☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠─ R290─ ⅎ™⌐ ⇔

ꜚ♬♇♩─ ─ ─ ┘ ─ ╩

─ ≤⇔≡ ⇔√ ─☺כ♥☻ ☻כ◔ ┘ ☺כ♥☻ ─

│≢☺כ♥☻ │ (5-2-1) │ (5-2-2)╩ ™≡

∆╢  

5) 500 g─ R290─ ⌐ ─♪▪ ⅜ ╢ ◔כꜛ◦fi▬♅כꜞ─

─☻כ ⅛╠─ ⅎ™ ┘ ─☻כ◔כꜛ◦ ꜚ♬♇♩⅛╠─ ⅎ™─ ─

ꜚ♬♇♩─ ─ ─ ┘ ─ ╩ ─

≤⇔≡ ⇔√  

6) ⌐⅔↑╢ ☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠─ ⅎ™⌐⅔™≡ R290

─ ⅎ™ ⅜⅛⌂╡ ↄ⌂∫≡╙ ─ ⌐ ≥ │⌂ↄ

╣ 0.54 kg/h╩ ╗ ≡─ ⅎ™╩ ⇔≡ ╩ ∆╢ ⅜№╢↓

≤⅜ ⅛∫√ ∕─√╘ ꜞ☻◒▪☿☻ⱷfi♩│ 4 ╣ 4 ≢ ╩ ⅎ

™↕∑╢ ─ ╩ ™≡ ℮↓≤≤⇔√  

7) ⌐⅔↑╢ ☻כ◔כꜛ◦ ─ ꜚ♬♇♩⅛╠─ ⅎ™⌐⅔™≡ ⅎ

™ ↕⅜ ™√╘ R1234yf─ ╙ 24.01 m2≢│ ╣ 1 kg/h≢

╙ ⅜ ↕╣╢ ⇔⅛⇔ 84.7 m2≢│ ⅎ™ ⅜ ™ ≤ ™ ≢│

─ ⌐ ⅝⌂ ™⅜№╡ ⅎ™ ⅜ ™≤ ⅜ ⌐ ↕ↄ⌂╢

╣ 1 kg/h≢│ ⅜ ↕╣⌂™ ∕─√╘ A2L ─ꜞ☻◒▪☿☻ⱷ

fi♩⌐⅔™≡│ ꜚ♬♇♩ ╣⌐ ⇔≡ ⌂≥─ ≢│ ╣

│ R1234yf─ ∕╣ ─ ⅎ™ ≢│ R290─ ≤⇔ ⅎ™⌐

╘╢ ╣─ ≢ ⇔√ ╩ ™╢ ╕√ 84.7 m2 ─

⌂≥ ≢│ ꜚ♬♇♩ ╣─ ⅎ™ ╩ ╣╩ ↄ ╣

╣ ≤∆╢ ⌂⅔ ─≤⌂☻כ◔כꜛ◦fi▬♅כꜞ ╣⌐ ⇔≡

│ ⅜ ⌐ ⅎ™ ⌐ ╩ ↄ↓≤╩ ⇔ R290≤ ╣╙ ╗

╩ ⅎ™ ≤∆╢  

8) 500 g─ R290⌐⅔™≡ ♪▪ ─ ─☻כ◔כꜛ◦fi▬♅כꜞ─

⅛╠─ ⅎ™ ┘ ─☻כ◔כꜛ◦ ꜚ♬♇♩⅛╠─ ⅎ™─ ╩ ∫√

84.7 m2 ─◖fiⱦ♬◄fi☻☻♩▪⌐⅔™≡│ ♪▪ ─ ⅜ ⌂™

√╘ ⌐ ⇔≡ ╘√ ╩ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ℮↓≤≤⇔√
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─☺כ♥☻ ☻כ◔ ┘ ☺כ♥☻ ─ │≢☺כ♥☻

│ (5-1-1)┘ (5-2-1) │ (5-1-2)┘ (5-2-2)╩ ™≡ ∆╢

╕√ ─☻כ◔כꜛ◦fi▬♅כꜞ ⅛╠─ ⅎ™─ ─☺כ♥☻ ≢│

│ (5-1-5) │ (5-1-6)╩ ™≡ ∆╢  

9) ♫◌◖fiⱦ♬ ─ꜞ☻◒▪☿☻ⱷfi♩│ ♪▪ ─ ─ ╩

™≡ ℮↓≤≤⇔√ ─☺כ♥☻ ☻כ◔ ┘ │≢☺כ♥☻

│ (5-1-17)┘ (5-2-3) │ (5-1-18)┘ (5-2-4)╩ ™≡

∆╢ √∞⇔ ─☻כ◔כꜛ◦fi▬♅כꜞ ⅛╠─ ⅎ™─ ─☺כ♥☻ ≢

│ ∆╢ ╩ ∫≡™⌂™√╘ ⌐ ∆╢ ╩ ∆╢  

10) 500 g─ R290⌐⅔™≡ ◖fiⱦ♬◄fi☻☻♩▪ ╩ ⇔√ ⅎ™ ╩

™ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣≢ ꜚ♬♇♩─ⱨ□fi≢ ╩ ⇔√

┘ ─☻כ◔כꜛ◦ ꜚ♬♇♩ ╣─ │ ꜠☺ ╩ ╘√ ╩ ≤

⇔ ─☻כ◔כꜛ◦fi▬♅כꜞ ╣≢ ꜚ♬♇♩─ⱨ□fi≢ ╩ ⇔⌂™

│꜠☺ ╩ ™√ ╩ ≤∆╢─⅜ ≢№╢↓≤⅜ ⅛∫√ ⇔⅛⇔

≢│ ╩ ⇔√ ⅜╟™√╘ ꜞ☻◒▪☿☻ⱷfi♩ ┘ ≢│ ─꜠☺

╙ ╘√ ╩ ≤∆╢↓≤≤⇔√  

11) ⅝ ⇔⅜⌂ↄ ⌐ 0.88 m/s─ ╩fi♥כ◌▪◄ ≈ ⱪfiכ○

≡™⅔⌐☻כ◔כꜛ◦ A3 R290R170R1270R600aA2 R152a─

⅛╠─ ⅎ™ ╩ ∫√ ─ ꜚ♬♇♩─ 0 m/s─ ⅎ™

⌐╟╠∏ ⌐ ⅜ ↕╣√ ╕√ ⅜ 2 m/s11.59 m3/min ≢│

ה ⅎ™ ⌐╟╠∏ ⌐ ≥ ⅜ ↕╣∏ ⅎ™ ⅜ 4 ╣

─ │ 1 m/s≢│ ⌐╟╠∏ ⌐ ⅜ ↕╣⌂⅛∫√ ⌂

⅔ ↓╣╠─ ⌐⅔™≡ ─fi♥כ◌▪◄─ ≤ ꜚ♬♇♩─

≤─ ⌐─╖╦∏⅛⌐ ⅜ ↕╣√⅜ ↓─ ⌐│ ⅜⌂™√╘ ⌐│

⌂╠⌂™ ∆⌂╦∟ ─☻כ◔כꜛ◦ⱪfiכ○ ╣⌐ ⇔≡│ ⌐

⇔√ ꜚ♬♇♩─ ⅜№╢ ↕╣≡™╣┌ ⌐ ╢ ⌂ ⅜

⌐ ↕╣╢↓≤│⌂™  

 

 

 

5-1) N. Ashihara, M. Ito, C. Dang, E. Hihara and Y. Chen: ñNumerical Simulation of Strongly 

Flammable Refrigerant Leakage from a Split Air Conditionerò, Proc. 14th IIR-Gustav Lorentzen 

Conference on Natural Refrigerants, Tokyo, Japan, 1202 (2020). 

5-2)  D. Colbourne, K. O. Suen: ñMinimum Airflow Rates to Dilute R290 Concentrations Arising 

from Leaks in Room Air Conditionersò, 13th IIR Gustav Lorentzen Conference on Natural 

Refrigerants, Valencia, Spain 1104 (2018). 

5-3) ₈ ╩ ⇔√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒ ₉(2017.9). 
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6 ꜞ☻◒▪☿☻ⱷfi♩ ┘  

 R290⌐⅔↑╢ ─♩ⱷfi☻☿▪◒☻ꜞ─☺כ♥☻ ┘ ╩ 6.1 6.6 ≢

∆╢ ⌂⅔ │ (4-9) (4-12)≢ ∆╢⅜ ↓─℮∟ ⌐ ⇔⌂

™ ⅎ™⌐ ∆╢ (4-10) (4-11)⌐ ╕╣╢ Ts/(365³24)│ FTA≢│ ⌐

⇔⌂™ ⅎ™⅜ ⌐ ∆╢ ≤⇔≡ ≢│⌂ↄ ─

ⅎ™ ⌐ ∂≡ ⇔≡⅔╡ ≢│∕─ ≢ ⇔≡™╢ ╕√

─ ≢№╢ (4-9) (4-12)⌐⅔™≡ ─ ⌐ ⇔⌂™ ─ │

Tic=Ti nc=1≢№╡ (4-9)≢│ k─ ─{} ─ │ 1≤⌂╢√╘ ≢│

∕─ ─ Tic nc⌐≈™≡─ ╩ ⇔√ 6.7⌐│ 6.1 6.6─╕≤╘╩ ⇔

♫◌◖fiⱦ♬ ⌐ ∆╢ꜞ☻◒▪☿☻ⱷfi♩╩ 6.8 A2L ≢№╢ R1234yf

⌐ ∆╢ꜞ☻◒▪☿☻ⱷfi♩╩ 6.9≢ ∆╢  

 ⌂⅔ ≢─ ╩ ⇔√ ─ ╡ ™│ ●☻ ⌐ ≠⅛⌂↑╣┌

⌂╠⌂™ │ 8.1≢ ∆╢⅜ ⌐ ⇔≡ A2L ●☻ ─

⌐╟╢ │ ●☻ ─ ≤⌂∫≡™╢√╘ ↑ │ ≢№╢⅜

A3 │ A2 ─ ⌐╟╢ │ ●☻ ─ ⌐⌂╠⌂™√╘ 20

╕≢─ ↑ ⅜ ≤⌂╢ ∕─√╘ ≢ ╩ ∆╢ A2L

A3 │ A2

≢│ ⌐╟╢ │≢⅝∏ ─ ╩

⌐ ⇔≡⅛╠ ╩ ℮↓≤⌐⌂╢ ⅜☻כ◔כꜛ◦ ↕╣╢

◖fiⱦ♬◄fi☻☻♩▪╛☻כⱤכⱴכ◔♇♩⌂≥─ │ ≡─ ⌐ ↕╣╢

↓≤╙№╢⅜ ◦ꜛ♇Ⱨfi◓☿fi♃כ╛♦Ɽכ♩⌂≥─ⱦꜟ─ ⌐♥♫fi♩≤⇔≡ ∆╢

ⱦꜟ▬fi ⅜ ™ ─☻כ◔כꜛ◦ ╩ ℮ ≢№╣┌

─ ╩ ≢☻כⱱ☺כꜗ♅ ⌐ ∆╢↓≤╙≢⅝╢⅜ ⱦꜟ▬fi ⌐⅔

™≡│ ╩☻כⱱ☺כꜗ♅≢╕ ┌∆↓≤│≢⅝⌂™√╘ ─ ╩

⌐ ⇔ ∕─ ╩ ⌐ ∫≡™⅝ ─ ╩ ⌐ ∆╢ ╩≤╢

↓≤≤∆╢ ⌂⅔

R290,R600a

HFO HFO1234yHFO1234ze(E)

R152aR32  

 

  



 

123 

6.1  

─☺כ♥☻ 6.1.1  

1)  

◖fiⱦ♬◄fi☻☻♩▪⌐ ∆╢ ─☻כ◔כꜛ◦ ╩ Table 6-1-1⌐ ∆

│ ⌐♩ꜝ♇◒╩ ⇔≡ ╦╣╢⅜ ♩ꜝ♇◒ ─ ⌐│ ⅜

⇔⌂™ ∕↓≢ ─ꜞ☻◒▪☿☻ⱷfi♩≢│ ≢№╢⅜ ≤ ⅜ ∂

⌐№╢꞉◗fi ⌐╟╢ ╩ ⇔√  

 

Table 6-1-1 ─╕≤╘  

 

 

꞉◗fi ⌐╟╢ │ ─ ≢ꜚ♬♇♩ ꜚ♬♇♩ ╩ ℮ ⌐ ╦

╣╢ │ ≡ ─ │ ≡ ─ ⇔≢№╢ √∞⇔

≢ꜚ♬♇♩ ⌐ ╣⇔≡™╢╙─│ ⌐│ ⅜ ⅎ™ ╖─√╘

≤⇔⌂™ ∫≡ ꜞ☻◒▪☿☻ⱷfi♩≢│ ꜚ♬♇♩ ╩ ⅜ ∫√ ≢ ∆╢

╩ ≤⇔ Table 6-1-1─℮∟ ↑ ≢ ∆ ꜚ♬♇♩ ╩ ⅜ ∫√

≢ ⇔≢ ∆╢ ⅜ ≤⌂╢ 190 3.2.1 ─℮∟

╩ ℮ ⌐│ ╤℮ ↑⅜ ≤⌂╢√╘ ≤⇔≡ꜚ♬♇♩

⅜ ∆╢≤⇔√ ∕─ │ Table 6-1-2⌐ ∆ ─ ⅛╠ 20112015

─ ≢№╢ 1595≤⇔ ↓╣╩ ≢ ∆↓≤⌐╟∫≡ꜚ♬♇♩ ⅜

≢⅝ 8.39³10-4 =1595/190≤⌂╢  

 

Table 6-1-2  

 ╩ ℮ ( ) ╩ ╦⌂™ ( ) 

2011 1354 14887 

2012 1512 15832 

2013 1584 17634 

2014 1690 18726 

2015 1834 20001 

 1595 17416 

 

 ↓↓≢ ─ ⌐ ⇔≡ ꜚ♬♇♩ ↕╣╢ ─ ≢ꜚ♬♇♩ ⌐

⌐ ⅜ ∫≡™╢ │ 0.5 % ≤⇔√ ╟∫≡ ꞉◗fi

│ꜚ♬♇♩ ⌐ 0.5 %╩ ∂√ 4.2Ĭ10-6 =1595Ĭ0.005/190≤⌂╢ ↓↓≢

╩ ℮ ─ꜚ♬♇♩─ │ │♩ꜝ♇◒ ╙№╢⅜ ╩

⇔ ≡꞉◗fi ≢ ╦╣╢╙─≤⇔√  

 ⌂⅔ │ ─꞉◗fi ╩ ⇔√ ≢ ⅜ ⌐⌂╣┌

⌐ ≢⅝╢ ⇔⅛⇔ A3 ─ ⅜ ™√╘ ⅜ ⅝╢≤

⌐ ╡ ⌐ ╦╢ ⅜№╢ ∕↓≢ ─√╘ ꞉◗fi ╩ ≤⇔√

⌐≈™≡╙ꜞ☻◒▪☿☻ⱷfi♩╩ ™ ꞉◗fi ⅜ ─ ≢╙ ⅜
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⌐⌂╢↓≤╩ ≤∆╢  

 ꞉◗fi ⌐╟╢ꜚ♬♇♩ ⅜ ╩☻כ◔כꜛ◦╢∆ Table 6-1-3⌐ ∆ ◦

│⌐☻כ◔כꜛ ⅜ꜚ♬♇♩≤ ⌐⌂∫≡™╢♃▬ⱪ≤ ⅜ꜚ♬♇♩≤ ⌐

⌂∫≡™⌂™♃▬ⱪ⅜№╢ ≢│ꜚ♬♇♩ ╩ ≢№╢√╘ꜚ♬♇♩

─ ≤⌂╡ ─ │ ╛ⱨ꜠▪≢ꜚ♬♇♩≤ ╩ ╡ ∑╢╙──╖ꜚ

♬♇♩ ─ ≤⌂╢⅜ ╩ ⇔≡↓─ ╩ 100 %≤⇔√   

 

Table 6-1-3 ◦ꜛכ◔כ☻─  

 ꜚ♬♇♩  

fi▬♅כꜞ   

♪ꜞfi◒   

♩כ◙♦   

♅ꜟ♪ ☻כ◔ ה   

  

 

2) ꞉◗fi ─  

 ꞉◗fi ─ ≤⇔≡ ♩ꜜ♃ ─ⱪ꜡Ⱳ♇◒☻ NCP59G─♦כ♃╩ ⇔√  

 

 2877.5 L ԇ2.9 m3  

WEBⱭכ♦╠⅛☺כ♃╩   

https://rank.greeco-channel.com/capacity_large_1500cc/?pg=29 

 

 │ ╖ ╤⇔ ⌐ ⌂ ≤⇔≡ 2 ꜚ♬♇♩ ─ │ 2 ╩

∆╢  

 

3  

 ⌐ ⅜ ⌂™ ◄▪◖fi ה ⌐ ╩ ↑⌂™ ⌐ ⅎ™

⅜ ⇔ꜞ☻◒⅜ ∆╢≤ ⅎ√ ⌂⅔ ꞉◗fi │ ⅜ ™√╘ ⅎ™ ⌐ ╛

ⅎ™ ⅜ ∂╢↓≤≢ ⅜ ⌐ ↄ ⅜ ™≤ ⅎ╠╣╢⅜ ─√╘

∕╣│ ⇔⌂™  

 

4  

 ꞉◗fi ─ ≤⇔≡ ╩ ℮ ≤⇔≡ ⅛╠ ╕≢─ ╩

∆╢ ה │ ⇔√ ╩ ⇔ ⌐ ⅛╠

╕≢╩ 12 ≤∆╢ Fig. 6-1-1  

  



 

125 

 
(a) ⅛╠ ╕≢─  

 
(b) ⅛╠ ╕≢─  

Fig. 6-1-1 ⌐╟╢ ⅛╠ ה Google Map╟╡  

 

 ↓↓≢ ─ │ ─√╘ ⅜ ™ ⅜ ⌂™≤ ⅎ

Fig. 6-1-2 ┘ Table 6-1-4⅛╠ 2 h≤⇔√  

 

Table 6-1-4 ≤ ─  

 

Fig. 6-1-2 ─  
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6.1.2 ≤ ⅎ™  

1  

 ⅎ™ ⌐꞉◗fi ≢ ╩≤╠⌂™ ≥─ ─ ⅜ ∆╢⅛

╩ ⅎ╢ ꞉◗fi │ ™ ≢№╢√╘ ⅜ ⅎ™∆╢≤ ⅜ ⌐⌂╢╙

─≤ ⅎ (6-1-1)┘ (6-1-2)6-1-1) ╩ ™≡ Table 6-1-5─ ─ ─ ─

╩ ⇔√ ╩ Fig. 6-1-3 ┘ Fig. 6-1-4⌐ ∆ 1 ─ ⅎ™≢ 2 h─℮∟ R290─

LFL╩ ╢ │ ─ ⌐ 67.1≤⌂∫√ ↓╣│ ◄▪◖fi╩⅛↑⌂™

⌐꞉◗fi ─ ⅛╠ ↕╣╢ ⌐╟╢ ─ ≢№╢ ⌂⅔ ↓─ ⌐⅔™

≡ ─ ─ │ 4 m3/h6-1-2)≤⇔√ ╕√ ─ │ ≢№╢≤ ⇔

≡™╢√╘ ≤ ─ │ 1≤∆╢ ⅜ ╢ ╩ 100 

m3/h6-1-3), 6-1-4)≤∆╢≤ │ 2.7≤⌂∫√ ╟∫≡ ⅜№╢ │

⅜ ≥ ↕╣⌂™≤╖⌂⇔ ╩⇔⌂™ ╩ ⇔ ꜞ☻◒▪☿☻ⱷfi♩╩ ∫√  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6-1-3 ─ R290꞉◗fi 500 g/4 ╣  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6-1-4 ─ R290꞉◗fi 500 g/4 ╣  
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ὅὸ
ύ

ὗ
Ͻρ ÅØÐ lὸ  ⅎ™ ⅛╠ ╕≢ π Ô -Ⱦ×  

 

ὅὸ
ύ

ὗ
Ͻρ ÅØÐl

ὓ

ύ
ϽÅØÐlὸ

ὓ

ύ
  ⅎ™ -Ⱦ× Ô  

 

↓↓≢  C   (kg/m3) 

      M  ⅎ™  (kg) 

     Q   (m3/h) 

         t   (h) 

     V   (m3) 

     w  ⅎ™  (kg/h) 

     l   ( /h) 

 

Table 6-1-5  

      

ⅎ™  M 0.5 0.5 kg 1 №√╡─  

ⅎ™  E 7.5 7.5 kg/h 4 ╣  

꞉◗fi  V 2.9 2.9 m3  

 Q 46-1-2) 1006-1-3) 6-1-4) m3/h  

 ɚ 1.36 34.48 /h /  

ⅎ™  M/E 0.067 0.067 h  

R290─ LFL  0.038 0.038 kg/m3  

R290─ UFL  0.171 0.171 kg/m3  

 

2)  

 │ Table 6-1-6⌐ ∆╟℮⌐ ⌐╟╢ כ◐ ה ╩

⇔√     

 

Table 6-1-6 ─  

   

⌐╟╢  ₃   

כ◐  ₃   

 Ĭ ◄Ⱡꜟ◑כ  

 

2.1 ⌐╟╢  

 ⌐╟╢ ╩ ⅎ╢ │ 4.2.3 │ ⅜ ™≤⇔ ─ ╩

∆╢ ♃Ᵽ◖╩ ℮ ─ 1 ─ │ 18.1/ │ 28.2 %

│ 2 h 1 №√╡─ 5 min─℮∟ ⌐⌂╢ │ 40 s ♃Ᵽ◖─ ⅜

∆╢ ╩ ─ 100 %≤⇔ ─כ♃▬ꜝ 5 s╩ ⅎ 45 s ∆╢

⅜№╢≤∆╢  

 

Ti(h)= Tic(h)= 45(s)/3600(s/h)=0.0125(h) 

Tv=67.1(min)=1.1193(h)  Ÿ 6.1.2─ 1)  

Ts= =2(h) 

n= 2Ĭ1─ 18.1/(24- 7.25 h) 

nc=n 

─ ns=n 

─ = 2Ĭ 0.282 

(6-1-1) 

(6-1-2) 
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─  

 =1Ĭ1Ĭ[1-{1-(Tic+Tv)/(Ti+Tv)}
nc]Ĭ[1-{1-(Ti+Tv)/Ts)}

ns]Ĭ ─ =4.71Ĭ10-1 

 

2.2 ⌐ ╩∆╢  

─ ─ │ ─ ─ ╩fiכ◦ ⇔ ≤⇔≡ ╣ ─

─ ╛ ╩ ↑≡™╢⅛⌐≈™≡▪fi◔כ♩ A2L⌐ ∆╢ Ɽ♇◔כ☺◄▪◖fi

─ꜞ☻◒ 6-1-5)╩ ∫√ ⌐ ⇔√╙─ ╩ ™ ∕─ ╩ ⌐ ╩ ⇔≡

FTA ⌐ ╖ ╪∞  

 

▪fi◔כ♩─ │ ─ ╡  

Q1 ≢ ∆╢ ─ ╣≢∆⅛  

 a. ╩ ↑╢  

 b1. ◄▪◖fi╩ ↑╢ ╡ ♪כ⸗╣  

 b2. ◄▪◖fi╩ ↑╢ ♪כ⸗  

 c. ⇔⌂™ ╙ ↑⌂™ ◄▪◖fi╙ ╦⌂™  

Q2 Q1≢ a/b1/b2≤ ⇔√ ⌐ ⇔≡ ≤ ─ │ ─ ╣≢

∆⅛  

 ▬. ↑ ◄▪◖fi On ⅜  

 ꜡. ♃Ᵽ◖┼─ ⅜  

 

─▪fi◔כ♩⌐╟╢ ⅛╠ ─ │ ─╟℮⌐⌂∫√  

№╡ 0.91 

⇔ 0.09 

 

♃Ᵽ◖┼─ ⌐ ╩ ⌐∆╢⅛ ⌐∆╢⅛⌐≈™≡│ ─╟℮⌐⌂∫√  

⅜ 0.71 

⅜ 0.29 

 

∫≡ ⌐ ╩∆╢ │ ─╟℮⌐⌂╢  

⌐ ╩∆╢ = ╩∆╢ Ĭ ⌐ ╩∆╢  

           =0.91Ĭ0.71 

           =0.646 

 

כ◐ (2.3 ─ ⌐╟╢  

כ◐  ─ ⌐╟╢☻Ɽכ◒⅜ ⌐ ∆╢ ≤ ⅎ╢ ╩ 2 h ◐

כ │ ─◄fi☺fi☻♃כ♩ ≤ ─◄fi☺fi ⌐ ∆╢≤⇔√

│ ⅜כ◐ ≢№╢ ╩ 50 %≤ ⇔ ─ ∕─℮∟─ 50 %≢ ⅜

∆╢≤⇔ ∆╢ ╩ 25 %=0.5Ĭ0.5≤⇔√ ↓↓≢ ≢─ ⌐╟╢

⅜ ∆╢ ⅜№╢ 30 % ─ │ 18.7 % 4.2.2─ 3) ≢

№╡ │ ─╟℮⌐⌂╢  

 0.5Ĭ0.5Ĭ18.7 %=0.04675 

 

2 ─ ≢ 10 %─ ≢ ╩≤╢≤⇔√  

⇔≡™╢ ⅜ ∆╢ ♪▪│ ≢№╢√╘ ⌐♪▪╩ ↑╢ ⌐

⇔ ∆↕╩כ◐⌐ │ ≢ ↕╣≡™╢√╘ │ ╟╡ 1.1≤

∆╢  

 0( ) 1( ) 0.1Ĭ[1( ) 0( )]1.1  
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∫≡ │ 0.5Ĭ0.5Ĭ18.7 %≢ 0.0468≤⌂╢  

1 ɛs 1 ─ ⅎ™≢ 24 h─℮∟ R290─ LFL╩ ╢ │ 67.1≢№╡

─ ◄Ⱡꜟ◑כ│ ↕™√╘ ╩ 1/2≤⇔≡ ℮ 4.2.2─ 1) √∞⇔

꞉◗fi ─ │ ↕™√╘ ⅜ ⅎ™∆╢≤ ─ │ ⌐⌂╢╙─

≤⇔ │ 1≤⇔ ─╖ 1/2⌐∆╢  

 Tv 67.1/60/2=0.5597 

 

כ◐ ─  

=[1-{1-(Tic+Tv)/(Ti+Tv)}
nc]Ĭ[1-{1-(Ti+Tv)/Ts)}

ns] 

 

2.4) ─ ⌐≈™≡  

 ─ ⌐╟╢☻Ɽכ◒│ ⌐ꜝfi♄ⱶ⌐ ∆╢⅜ ◄Ⱡꜟ◑כ⅜

↕™ 6-1-6)─≢ ≢│⌂™≤ ⇔√ 4.2.2─ 4)  

╕≢⌐ ≤ ⇔√ ─ ⌐≈™≡ ∆╢ ─ ⌐

√╕╕ ⇔≡™√⅜ ⅜ ⅝∆⅞√ ⌐ ←≤⇔≡ ↄ≡╙ 2 2 ⅜ ⅜

ↄ╕≢⌐ 1 ≤⅔ↄ ╩ ╩כ♃כ☿ꜟꜞ◒▪╢┘ ∆╢ ╩ 122 ≤

⇔ ∕─ ⌐ ⌐╟╢ ⅜ ∆╢ ⅜№╢ 30 % ─ │ 54.5 %

2016 fi◖▪◄╡╟♃כ♦ ≢ ↕╠⌐∕─ ─ │▪◒ꜞꜟ

╩כ♃כ☿ ╪≢ ⇔√≤∆╢≤ ∕─ ⌐№√╡ ╩כ♃כ☿ꜟꜞ◒▪≈⅛ ∆╢

│ ─╟℮⌐⌂∫√  

 3ﬞ /12ﬞ Ĭ54.5 %Ĭ0.5=0.068125Ĭ2 

 

─  

=[1-{1-(Tic+Tv)/(Ti+Tv)}
nc]Ĭ[1-{1-(Ti+Tv)/Ts)}

ns]Ĭ2 

 

3) ⅎ™ ⌐≈™≡  

 ⅎ™ │ ⌐ ╛ ⅜ ⅝√ │ ⅜ ⇔√ ╩

⇔√ ⌂⅔ ─ ╡ ─ꜚ♬♇♩│ ↕╣≡™╢√╘ ╛ ꜠ⱬꜟ

≢ ⅎ™│ ⇔⌂™≤ ⅎ╠╣╢↓≤⅛╠ ≢ ↕╣╢ ⅜ ╡≢

╩☻כ◔╢╣↕ ⇔√ 2≈─◦♫ꜞ○╩ ⇔√  

(a) ⅜ ⇔≡ ⅜ ╣╢ │ ⌐ ⅜ ⇔⅛≈ ⅜ ⅎ™∆╢

≢№╢ ⌐⅔↑╢ │ 53.7 /8,2150.654 %6-1-7) 

⅜ ∆╢ ─ 8,215 H27  

─ 53.7 H27  

 53.7 ─ ─℮∟ ה │ 4.1 ℮∟ │ 4,028
6-1-8) ≢ ⇔≡™╢ │ ⅜ ™↓≤╩ ╖ ∕─ 1/10≤∆╢≤

ⅎ™ │ ⅜ ⅝╢ ⌐ ⇔™ ⅜ ⇔√ ⌐ ⅜ ⅎ™∆╢≤

∆╢≤ ⌐⌂╢  

  4,028/8,215/104.95Ĭ10-6   (a) 

(b) ─℮∟─ ⅎ™⅜ ∆╢ ≢№╢ ⅎ™ 2.11³10-4

3.4.2 │ Ҝ Ҝ ─ 3 ─ →≢№╢√╘ ⅎ™

│∕─ 1/3≤⅔ↄ≤ ─╟℮⌐⌂╢  

2.11Ĭ10-5/3=7.03Ĭ10-5    (b) 

 

(a)(b)≢№╢↓≤╟╡ FTA≤⇔≡ ─(b)╩ ⇔√    

  

  



 

130 

6.1.3 FTA≤  

1  FTA 

FTA╩ Fig. 6-1-5⌐ ∆  

 
Fig. 6-1-5 ─ FTA 

 

2   

─ ⌐╟╡ ╩ ⇔√ ꞉◗fi ╩ 1≤⇔√ ⌐

⅜ 1.12Ĭ10-5≤⌂╡ ─ ─ 5.26Ĭ10-8╩ ∫√ ⌂⅔ ꞉◗fi ╩

4.20Ĭ10-6≤⇔√ ─ │ 4.72³10-11≤ ╩ ∫√  

 

6.1.4  

꞉◗fi ╩ 1≤⇔√ ─ ⅜ ─ ╩ ∫√√╘ ─√

╘ ╩ →╢↓≤⅜≢⅝╢ ╩ ⇔√ ⌐╟╢ ─√╘

╩ ∆ 4≈─ ─ ╩ ⌐ ∆╢  

 

 

1) ─ ה ─ ⌐╟╢  

⌐ ⅎ™ ╩ ⇔ ⌐╟╡ ╩ ∆╢ │ 1/101/1000 

≢ │ 1/100 ╩ ∆╢ ꞉◗fi ─ │ ≤ ⅎ ╩ ⇔≡ ⇔

≤ ∆╢  

ה ⌐╟∫≡ ╩ ℮↓≤⌐╟╡ │╒╓ ⌐⌂ↄ⌂╢  

ה ™ ─ ≢─ ⅎ™≢№╡ ⇔⌂™≤ ™⌂ↄ ⅜ ⌂ ⌐⌂╢√╘

ʴ֦ᴜ ᾍ

Ι̿ ḹֻ ὦΙ
ʣ ↓ ὑἸ ḹֻ
ʤ ↓ ̓ ḹֻ

ʴ
1.0

ᾍ

1.12E-05 5.3E-8

3.55E-13

лἁ
1.1 К

Ẇ ֝Њ ̊Ẇ
1.1.2

1.27E-05

8.83E-01
2.09E-06

1.00E+00

5.33E-01

1.1.1
лἁ

1.3
4.20E-06

1.81E-01 7.03E-05

2.97E-02 ̓ К ⱦ
1.1.2.2

7.03E-05
1.00E+00
1.00E+00 4.67E-01

1.17E-01

1.1.1.2A 1.1.1.3
Ҳ К ᴜ ᵟ Ἥ᷀

1.1.1.1

4.16E-01
4.16E-01

1.42E-02 0.00E+00 0.00E+00 1.67E-01
Ẇ ֝ Њ ҧ

1.10
8.78E-04 0.00E+00 0.00E+00 2.88E-02

1.00E+00
2.50E-01

1.1.1.2
ҧ

5.84E-01 8.00E-01
5.84E-01 8.00E-01

1.42E-02 1.00E+00 ᵟ Ѽ
Ẇ ֝Њ ̓

1.5
ᵟ

1.1.1.1.6
ҧ

ᵟ
1.42E-02 2.48E-01

3.54E-01 4.71E-01 1.00E+00
3.54E-01 4.71E-01 1.73E-01

Ḹᶅ Ҳ ҧ
1.6Ẇ ֝Њ

̓ ♥
1.5.2

ᶅ ҧ
1.11

1.00E+00
3.07E-01

ᵖ ҧ
1.8

1.00E-01
2.48E-01

1.42E-02 0.00E+00 1.00E+00 2.64E-01
1.42E-02 0.00E+00 2.50E-01 2.64E-01

9.10E-01 2.90E-01
9.10E-01 2.90E-01

9.00E-02
9.00E-02

↓
1.2

1.1.1.2.1

1.4

/
Ẇ ֝Њ

̓ 1.5.1

/
Ẇ ֝Њ

̓ 1.5.2.1

/ ON
ϼ

1.5.2.2

̓

1.1.2.1

̓
1.1.2.2.1

К ⱦ
1.1.2.2.2

1.1.1.2.2
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╩ ↑√ │ ⌐ ╩ ∆╢≤ ⇔√  

⅜ ⌐ ⅝╦√╢ ╩ 0.8≤∆╢≤ ⅜ 2 ─ 2 ⅜ ∂ ⌐ ∫≡™

╢─≢ №╢ ─ ⅜ ∆╢≤ ⅎ ≢ ╩ ⇔√  

 

⅜ ⅝ ╢ =1-(1-"1 ─ ")1.5 

=1-(1-0.8)1.5 

=0.91 

= ⅜ ⅝ ╢ Ĭ (1- ⅜ ⅝ ╢ )Ĭ1 

=0.91Ĭ0.01(1-0.91)×1 

=9.91Ĭ10-2 

 

2) ⌐ ╢ ⌐╟╢  

≤⇔≡ ⌐╟╢ᵑ√┌↓≤ᵒ ╩ ⇔√  

ᵑ  ꞉◗fi │ ™ ≢№╡ ∕↓≢─ │ ─ ⌐ ⅝ↄ ∆╢√╘

─ ╩ ∆╢ 0.1 ≤∆╢ ⌐ ∆╢ ╩ ∫√ ╩⇔⌂™

│ ─ ⌐ ∆╢↓≤⌂─≢ 0.1─ 1/10≤⇔ 0.01≤⇔√  

= ⅜ ⅝ ╢ Ĭ (1- ⅜ ⅝ ╢ )Ĭ1 

=0.91Ĭ0.01+(1-0.91)Ĭ1 

=9.91Ĭ10-2 

 

ᵒ  ≢│ ─ ⌐ ∆╢↓≤─ ╩ ℮ │ 0.01≤⇔√ 4.3

 

⅜ ⅝ ╢ Ĭ (1- ⅜ ⅝ ╢ )Ĭ1 

0.91Ĭ0.01(1-0.91)Ĭ1 

9.91Ĭ10-2 

 

3) ꜝⱬꜟ⌐╟╢   

⌐ ∆╢ ꜝⱬꜟ⌐╟╢ │ ─ ≤│ ≢ 0.1≤⇔√ 4.3

 

 =0.1 

 

4) ⌐╟╢  

⌐╟╡ ╩כ◐⅜ ⇔≡ ∆╢↓≤╩ ⇔√ ─ 70 %

│ ⌐╟╢╙─≢№╡ 6-1-9) ≢ →╢ │ 0.7≤ ↕╣╢ ⌐╟

╢ │ ≤ ≤⇔ ⅜ 2 ™╢↓≤⌐╟╢ ╩ ╕ⅎ ≤⇔√  

 0.7³{ ⅜ ⅝ ╢ Ĭ (1- ⅜ ⅝ ╢ )Ĭ1}+0.3 

 

√∞⇔ ─ │ ╟╡╙ ─ ⅜ ┼─ ⅜ ⅝™√╘

╩ ⇔⌂ↄ≡╙ │ ≤⌂╢  
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6.1.5 ─ FTA≤  

1) FTA 

FTA╩ Fig. 6-1-6⌐ ∆

 

Fig. 6-1-6 ─ ─ FTA 

 

2) ─  

─ ╩ ∫√ ─ ╩ ⇔√ ꞉◗fi ╩ 1≤⇔√

⌐ ⅜ 5.52Ĭ10-9≤⌂╡ ─ ─ 5.26Ĭ10-8╩ ∫√ ⌂⅔ ꞉◗

fi ╩ 4.20Ĭ10-6≤⇔√ ─ │ 2.32³10-14≤ ╩ ∫√  

 

 

 

6-1-1) ₈ ╩ ⇔√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒ ₉(2017.9). 

6-1-2) ₈ ─ ─ ⸗♦ꜟ₉, 

ה , pp. 333-336 (2007.9). 

6-1-3) , , , , ₈ ─ ⌐ ∆╢

1 ⅔╟┘○♂fi⌐ ∆╢ ה ,₉

, pp. 533-536 (2007.9). 

6-1-4) , , , , ₈ ─ ⌐ ∆╢
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2 VOC⌐ ∆╢ ה ,₉

, pp. 537-540 (2007.9). 

6-1-5) ₈ ╩ ⇔√☻ⱪꜞ♇♩◄▪◖fi Ɽ♇◔כ☺ ─ꜞ☻◒

₉ (2017.4). 

6-1-6) , ₈ 2007₉, JNIOSH-TR-NO.42, ▪

♩Ⱶ (2007). 

6-1-7)  https://www.npa.go.jp/toukei/menkyo/index.htm 

     ⱱכⱶⱭכ☺ ─ 27 ♃כ♦ . 

6-1-8)  https://www.itarda.or.jp/materials/traffic/free 

   ☿fi♃כⱱכⱶⱭכ☺─ 27

╡╟♃כ♦ ⱱכⱶⱭכ☺─ ─ 27 ⅛╠

♃כ♦√⇔ . 

6-1-9)  ₈ ⌐⅔↑╢ ─ ₉, , Vol.52 No.5

pp.318-323 (2013). 

 

  

https://www.npa.go.jp/toukei/menkyo/index.htm
https://www.itarda.or.jp/materials/traffic/free
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6.2  

6.2.1  

─☻כ◔כꜛ◦  │ ╛ ⅛╠ ∟ ╩☻כ◔כꜛ◦√╣╕

⌐ ∆╢ ≤ ≢ ∆╢ ⌐ ↕╣ │ 1000 

m2 │ 15 m2≤∆╢ ↕│≤╙⌐ 2.5 m≤∆╢ ─☻כ◔כꜛ◦─≢

│ ⌐ ╩☻כ◔כꜛ◦╢™≡⇔ ⌐ ╗√╘⌐ ⱨ◊כ◒ꜞⱨ♩╛

⅜ ∆╢ ⌂≥≢ ℮ │ ⌐ ╩ ℮ ─☻כ◔כꜛ◦ ╖

│ ╦⌂™  

 ⌐ ₈│☻כ◔כꜛ◦╢∆ ₉₈ ₉─ ≈─ ⅜№╡ ₈ ₉│ⱦ♬כ

ꜟ │ⱦ♬כꜟ + ─ ≤⌂∫≡⅔╡ ⱦ♬כꜟ │ ⅜ ↕╣≡⅔╡

≤─ ⅜№╢ ⌐│ ™ ─ ↑ ⅜↕╣≡⅔╡ כ꜡◒

─☻כ◔♪☼ ─ │ PPⱣfi♪╛ ≢ ⅛⌂™╟℮ ↕╣≡™╢≤∆╢ ₈

₉│ ⇔ │ⱦ♬כꜟ ╩ ⇔√ ─☻כ◔♪☼כ꜡◒─ ⌐≈™≡╙

⅛⌂™╟℮⌐ ↕╣≡™╢≤⇔√  

 

6.2.2 ≤ ⅎ™  

│ ≢ Table 6-2-1╩ ⇔√  

 

Table 6-2-1 ─ ≤  

⅝↕   

  

ⱨ◊כ◒ꜞⱨ♩  

 

  

 

 

 

1)  

│ ≢─ ⱨ◊כ◒ꜞⱨ♩ ╩ ⇔√  

 

1.1) ┘ ⌐≈™≡  

 ≢│ ⅛╠ ⅎ™⅜ ↓╢≤ ↕╣╢√╘ ─≢☻כ◔כꜛ◦

ⅎ™ 5.2.1 ╩ ⇔√  

≢─ │ 8.75 min │ 2.93 m3≤⇔√ ↓─ │

100 m2≢─ ≢№╢ ─ │ 1000 m2≢№╢⅜ ─√╘

─ 100 m2≢─ ╩ ⇔√  

≢─ │ 431.63 min │ 5.11 m3≤⇔√ ↓─

│ 15.21 m2≢─ ≢№╡ ─ ≢№╢ 15 m2≤╒╓ ⇔™╙─≢№

╢  

 

1.2) ─  │ 4.2.3  

ה ₈ ℮ ₉─  

 2017─ 1 √╡─ │ 18.1( / ) 14.7( / ) 6-2-1)≤⌂∫≡

⅔╡ │ ╩ ⇔ ╩ ∆╢  

ה 28.2(%) 

 2017₈ √┌↓ ₉ 28.2 % 9.0 %6-2-1)≤⌂∫≡⅔╡ │

╩ ⇔ ╩ ∆╢   

ה ( / / ) 
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 18.1( / )Ĭ28.2/100( ) = 5.1( / / ) 

ה ─℮∟ ╩∆╢ │ 7.25 6-2-2)╩ ™√ ≤∆╢  

1ה №√╡─ 5 min─℮∟ ⌐⌂╢ │ 40 s ─כ♃▬ꜝ 5 s≢

№╡ 45 s ∆╢ ⅜№╢≤∆╢  

 

1ה √╡─ ⌐≈™≡│ ─ ╡≤∆╢  

 ₒ ₓ5( ) 8(h/) 20(/ )  ₒ ₓ2( ) 2(h/) 20(/ )  

 

n( ) : (h)Ĭ /(24(h)- (h)) 

 ₒ ₓ  

 Ÿ8(h)Ĭ18.1( )/(24(h)-7.25(h))=8.64( ) 

 ₒ ₓ  

 Ÿ2(h)Ĭ18.1( )/(24(h)-7.25(h))=2.16( ) 

 

Ti(h) : 45(s)/3600(s/h)=0.0125(h) 

Tv(h): 8.75(min)=0.1458(h) 431.63(min)=7.1938(h)  

n( ) 

 

 Pt│  

ₒ ₓ  

 Ҝ [1-{1-(Ti(h)+Tv(h))/ (h)}n]Ĭk = [1-{1-(0.0125+0.1458)/8}8.64]Ĭ5Ĭ0.282 = 0.2236 

ₒ ₓ  

 Ҝ [1-{1-(Ti(h)+Tv(h))/ (h)}n}Ĭk = [1-{1-(0.0125+7.1938)/2}2.16]Ĭ2Ĭ0.282 = 0.564 

 

1.3) ⱨ◊כ◒ꜞⱨ♩─  

 ⱨ◊כ◒ꜞⱨ♩─ │ ─╖≤∆╢  

 ⱨ◊כ◒ꜞⱨ♩─ ⱨ◊כ◒ꜞⱨ♩ 2 ⅜ 8 h/ ⇔ 1 ⌐ 1 

⌐☻Ɽכ◒⅜   

 ☻Ɽכ◒─ │ Ti(h)=5Ĭ10-3(s)/3600 ≤⇔√  

 ╩ 1000 m2 ↕ 2.5 m ≤⇔√ ─ ↕│ 8 m⅜ ∞⅜ FTA │

2.5 m≤⇔≡ ╩ ℮  

ⱨ◊כ◒ꜞⱨ♩│ ⅝ ╢√╘ ╩ 1/10≤∆╢  

Tv(h) ╩ 1/10⇔√╙─╩ ∆╢  

Ti(h) : 5Ĭ10-3(s)/3600 

Tv(h) : 8.75(min)/60/10=0.0146(h)  

☻Ɽכ◒ n( ) : 8 

 Pt│  

ₒ ₓ  

 Ҝ [1-{1-(Ti(h)+Tv(h))/ (h)}n]Ĭ2( ) = [1-{1-((5Ĭ10-3/3600)+0.0146)/8}8]Ĭ2 = 0.029 

 

1.4) ─  

ה ⌐≈™≡│ⱦ♬כꜟ ↕╣≡™╢─≢ │ ⇔⌂™╙─≤∆╢  

ה ⌐≈™≡│ ⱦ♬כꜟ ↕╣∏⌐ ⅜∕─╕╕ ↕╣ ⅜

⌐ ⇔√ ⌐ ⅜ ∆╢╙─≤∆╢  

ה ⅜ ∆╢ ⌐≈™≡  

 ₒ ₓ18.7 % ₒ ₓ3.2 % 4.2.2─ 3)  

☻כ◔כꜛ◦  ─ │ ה ≤╙⌐ │⅛⅛∫≡™⌂™─≢ 3.2 %≤∆╢   

1ה √╡─ ⌐≈™≡│ ─ ╡≤∆╢  
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 ₒ ₓ5( ) 20( / ) 8(h/) 1000(m2) ↕ 2.2(m) 

 ₒ ₓ2( ) 20( / ) 2(h/) 15(m2) ↕ 2.2(m) 

ה Ti=1Ĭ10-6(s)/3600 

ה ─ │ ⅜ ⌐ ∫√ ∞↑╩  

ה Tv│ ─╙─ 1.1) ⌐ ⇔≡ 20.5≢ ⇔√╙─╩ ∆╢  

 ₒ ₓ8.75(min)/20.5/60=0.103(h) 

 ₒ ₓ431.63(min)/20.5/60=5.087(h) 

 

⅜ ∆╢≤⇔≡ ⌐ ⌂╢  Pt│  

ₒ ₓ( ) 

Ÿ ∑∏  

ₒ ₓ( ) 

Ÿ[1-{1-((0.000001(s)/3600(s/h)+0.103(h))/8(h))}1( )]Ĭ5( )Ĭ0.032( )=0.00206 

ₒ ₓ( ) 

Ÿ ∑∏  

ₒ ₓ( ) 

Ÿ[1-{1-((0.000001(s)/3600(s/h)+5.087(h))/2(h))}1( )]Ĭ2( )Ĭ0.032( )=0.0407 

 

1.5) ─  

 ≢│ ≢╙ ╩ ∆╢ ⅜№╡ ≤∆╢

≢│ ≢│ ╩ ⇔⌂™≤ ⅎ╠╣ ≤│⇔⌂™  

 

1ה √╡─ ⌐≈™≡│ ─ ╡≤∆╢  

 ₒ ₓ2(h/) 15(m2) ↕ 2.5(m) 

ה ≡⌐⅔™≡ ╩ ∆╢≤  ќ Ti 2(h) 

ה Tv(h) 431.63(min) 

ה ─ ╩ 120( / ) 11 3 ≤  

ה ─ ╩ 50 %≤  

ה ─℮∟ ╩ ∆╢ ╩ 50 %≤  

 │ ◄▪◖fi ⱨ□fiⱥכ♃כ Ⱪכ♩☻ ⅜≤⌂Ⱪכ♩☻ ⅎ╠╣

╢⅜∕─ ≢ ─ ╩ ╘⌐ ╙╡ 50 %≤⇔√  

 

Pt = (Ti(h)+Tv(h))/ (h)=( +Tv(h))/ (h) > 1 

─√╘ Pt=1 ≤⌂╢  

 

≢ ⇔≡™╢ ⅎ™│ ⌐ ∆╢╙─≢⌂™─≢ ⅎ™

⇔√ ⅜ ≤ ∆╢ = Pt'╩ ∆╢  

 

Pt' = PtĬ Ĭ Ĭ  = 1Ĭ0.5Ĭ0.5Ĭ(120/365) = 0.082 

 

1.6)  

 │ ≤⌂╢  

ₒ ₓ  

  Ps= (m3)/( (m2)Ĭ ↕(m))=2.93/(1000Ĭ2.5) 

ₒ ₓ  

  Ps= (m3)/( (m2)Ĭ ↕(m))=5.11/(15Ĭ2.5) 

 

2) ⅎ™  
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ⅎ™⌐≈™≡ ≢─ ⅜ ↕╣≡™⌂™─≢ ─ ≢ ⇔√

ⅎ™ ≢№╢ ⅎ™ 2.11³10-4 3.4.2 ╩ ∆╢

⌐ ⌐ ⅜ ╣ ╘╢↓≤│ ⇔ ™√╘ ─ ⅎ™

│ ≢╙ ⅎ™ ─ 1/3≤∆═⅝≤↓╤≢│№╢⅜ ─

╙ ↕╣╢─≢ ─√╘ ↓─ ╩∕─╕╕ ∆╢   

─ ⌐≈™≡╙ ⅎ™─♦כ♃⅜ ™√╘ ─ ⅎ™ ╩

∆╢  

 

─ FTA╩ Fig. 6-2-1⌐ ∆  

 

Fig. 6-2-1 ─ FTA 

 

│ 7.72³10-10≤⌂╡ 5.26³10-8╩ ╢ ≤⌂∫√  
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─ FTA╩ Fig. 6-2-2⌐ ∆  

 
Fig. 6-2-2 ─ FTA 

 

│ 1.13³10-9≤⌂╡ 5.26³10-8╩ ╢ ≤⌂∫√  
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─ FTA╩ Fig. 6-2-3⌐ ∆  

 

Fig.6-2-3 ─ FTA 

 

│ 2.52³10-6≤⌂╡ 5.26³10-8╩ ╢ ≤⌂∫√  
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─ FTA╩ Fig. 6-2-4⌐ ∆  

 

Fig.6-2-4 ─ FTA 

 

│ 3.35³10-6≤⌂╡ 5.26³10-8╩ ╢ ≤⌂∫√ ⌐⅔↑╢

─ ⅜ ╙ ⅝™ ≤⌂∫√  

 

6.2.3  

 ╩ ∆╢ ≤⇔≡ ╩ ⇔√  

1) ─  

ñ │ ≢ ⌂≥─ ╩ ⇔≡│⌂╠⌂™ò↓≤⌐≈™

≡ ⱷכ◌כ╛ ⅛╠ ┼─ ╩ ℮↓≤≢ ⌐ ∆╢╙─⌐

⇔≡ ⅜ ≢⅝╢╙─≤∆╢  

 

1.1) ─  

 ≢ ↄ ─℮∟ כ♄כꜞ ─ ≤ ─ ╩ 3 7≤∆╢

─ ⌐≈™≡│ ⌂ↄ≤╙ꜞכ♄כ ─ ⌐

⇔≡ ⅜ ≢⅝╢╙─≤∆╢  

ќ ─ ╩ ↑√ ─ Ĭ ─ ╩ ↑≡™⌂™ ─ Ĭ1 

0.3Ĭ0.1+(1-0.3)Ĭ1 

0.73 

 

1.2) ─  
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 ╩ ≢⌂™╙─⌐∆╢ ╩ ℮  

─ ה │ ─ ⅜ ℮╙─≤⇔ │ ⌐ ⅝ ↄ╙─≤∆╢  

ќ ─  = 0.1 

 

2) ꜝⱬꜟ  

 ╛ ⌐₈ ╩ ≠↑⌂™↓≤₉─ ꜝⱬꜟ╩ ∆╢↓≤⌐╟╡

╩ ↑≡™╢™⌂™⌐ ╦╠∏ 1/10─ ⅜№╢≤∆╢  

ќ ꜝⱬꜟ─ 0.1 

 

3) ─  

 │ ╩│╘≡ ∆╢╙─≤∆╢  

Ÿ ─ │ 1/100≤∆╢ 4.3  

 

6.2.4 ─  

 6.2.3 ⌐ ∆ ╩ ℮↓≤≢ ╩ ⌐ ⅎ╢↓≤⅜≢⅝√

╩ ∆ ─ ╩ Table 6-2-2⌐ ∆  

 

Table 6-2-2 ─  

   

  7.72³10-
10  7.21³10-

10 

 1.13³10-9  7.25³10-
12 

 2.52³10-6 3.54³10-8 

 3.35³10-6 4.37³10-8 

 

 

 

6-2-1) JT►▼Ⱪ◘▬♩

URL:https://www.jti.co.jp/investors/library/press_releases/2017/0727_01.html. 

6-2-2)  ⌐ ∆╢ 29 9 15 1-2─

20 64 ─ ─

URL:http://www.stat.go.jp/data/shakai/2016/kekka.html. 

  

https://www.jti.co.jp/investors/library/press_releases/2017/0727_01.html
http://www.stat.go.jp/data/shakai/2016/kekka.html
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6.3  

6.3.1  

1  

╢↑⅔⌐ꜟ◒▬◘ⱨ▬ꜝ─☻כ◔כꜛ◦  ─ ≠↑╩ Fig. 6-3-1⌐ ◖fiⱦ♬◄

fi☻☻♩▪⌐ ∆╢ ─☻כ◔כꜛ◦ ╩ Table 6-3-1⌐ ∆ │ ≢

♩ꜝ♇◒─ ╩☻כ◔כꜛ◦╢№⌐ ⌐ ╤∆╕≢─ ╤⇔ ╤⇔↕╣√◦

╩☻כ◔כꜛ ─ ╕≢ ∆╢ ≢ ╛ ─ ↑╩

℮ ╕≢─ ╩ ⇔√ ∆╢ ─ │ ⱦ♬כꜟ │ⱦ♬כ

ꜟ ≢ ↕╣√ ─ ≤ ⇔ │ⱦ♬כꜟ ↕╣√ ─ ⅜

№╢⅜ ─ ≢│ ⅜ ↄ ⅛≈ ╙ ⅝ↄ⌂╢ ╩ ⇔√

─ ⌐│ ╛ ─☻כ◔כꜛ◦ ⅜ ╦╣≡™╢ ─

≤ ⌐⅔↑╢ ─ ╛ ╣ ⅎ⌂≥─ ⅜№╡ ≤ ─ ─

╩ ⇔√ │ ╙ ⌂ ≤ ≈⌐☻כ◔כꜛ◦fi▬♅כꜞ╢╣↕

™≡ ╩ ∫√  

 

Fig. 6-3-1 ◦ꜛכ◔כ☻─ꜝ▬ⱨ◘▬◒ꜟ  

 

Table 6-3-1 ─╕≤╘  

◘▬☼     

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◒
꜡

☼
♪ 

fi▬♅כꜞ  

ꜚ♬♇♩  
ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

fi▬♅כꜞ  

ꜚ♬♇♩  
ἑ  ἑ  ἑ  ἑ  ừ  ừ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

fi▬♅כꜞ  

ꜚ♬♇♩  
ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

 ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

○

ⱪ
fi 

 

ꜚ♬♇♩  
ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

 

ꜚ♬♇♩  
ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

 ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  ἑ  

ừ FTA─  
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2  

─ ╩ ☻כ◔כꜛ◦╢∆ 1 №√╡ 1 h≤⇔ ─

│ ╤⇔ ╩ 0.2 h ╩ 0.1 h ╩ 0.7 h≤⇔√  

 

3  

 │ 6.6 ≤ ∂≤⇔  = ⌐╟╢  + 

─ ≤⇔√ ⌐╟╢ │ ─☻כ◔כꜛ◦ ╩ 13 ≤⇔ 1/13 = 7.69 Ĭ 

10-2≤⇔√ ─ │ ◖fiⱦ♬◄fi☻☻♩▪♅▼כfi─ 20142016 ─

ה ה ─ ⅛╠ №√╡─ ╩ ⇔ 4.7Ĭ10-2≤⇔√ ⅛╠

│ 7.69 Ĭ 10-2 + 4.7Ĭ10-2 = 1.24 Ĭ 10-1≤⇔√  

 

4 ─☻כ◔כꜛ◦fi▬♅כꜞ  

─☻כ◔כꜛ◦fi▬♅כꜞ  │ 29.7 %≤∆╢ 3.4.2  

 

6.3.2 ≤ ⅎ™  

1 ─  

∆╢ ⌐≈™≡ ה ה ◄Ⱡꜟ◑כ≢ ↑√ ╩ Table 6-

3-2⌐ ∆ ◄Ⱡꜟ◑כ ⅜ ≢№╢ ⌐⅔™≡│ 4.2.2 ─ 1)─ ─

≤ ⌐ ┘ ─∕╣∙╣╩ 20.5≢ ⇔√ ╩ ™╢  

 

Table 6-3-2 ⌐⅔↑╢  

 

 

╤⇔    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

◄
Ⱡꜟ◑
כ  

⌐
℮  

√┌↓   ủ  ủ  ủ    ủ    
-   ủ  ủ  ủ  ủ  ủ  ủ  

⌐
╦⌂™  

 

╤℮ ↑Ᵽכ♫כ       ủ    ủ    
♪ꜝ▬Ᵽכ       ủ    ủ    
◓ꜝ▬fi♄כ       ủ    ủ    

-         ủ    ủ  
◖fi☿fi♩               
◖fi☿fi♩         ủ    ủ  
☻▬♇♅         ủ    ủ  
☻▬♇♅               

ⱨꜝ▬ꜘכ☻▬♇♅         ủ    ủ  
꜠fi☺         ủ    ủ  
              

              
כ♃▬ꜝ         ủ    ủ  

♦ⱨ꜡☻♩ⱥכ♃כ         ủ    ủ  
◖Ⱨכ כ♃ⱪꜞfiה         ủ    ủ  
◖Ⱨכ כ♃ⱪꜞfiה         ủ    ủ  

╕╪         ủ    ủ  
⅔≢╪         ủ    ủ  

        ủ    ủ  
כ◘Ɑfi☻▫♦כⱥכ◖         ủ    ủ  
Ⱪꜝ◦⸗כ♃כ         ủ    ủ  
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2 Pt─  

 ─ ⌐ ™╢ TV│ 5 ─ ─ ╩ ⇔√

─ │ ╩ ≢ ⇔≡™╢ ≢№╡ ⅎ™⇔√ │

⌐ ⇔╛∆™≤ ⇔ 0.7╩ ∂√ ╩ ™√  

╤⇔ ⅎ™  TV = 8.75min 

ⅎ™   TV = 10.93 Ĭ 0.7 = 7.65min 

ⅎ™   TV = 10.93min 

ⅎ™   TV = 1.77min 

 

2.1) √┌↓ ╗  

 ⅜√┌↓╩ ™⌂⅜╠ ⇔≡™╢↓≤╩ ⇔ √┌↓─ │√┌↓─

⌐ ─כ♃▬ꜝ╢™ ╩ ≤ ⇔√ Pt│ ─ ⅛╠

⇔√  

ὖ=k1-1-
Ὕ+Ὕ

Ὕ
 

 

k 

 ≤ ╩ ∆╢ ╩ ∂≡ ∆╢ │ ╩

≤ ⇔ 4.2.3─ 3)⅛╠ 28.2 %╩ ™√ ╩ ∆╢ │

⅜ ⇔⌂⅜╠ ╩∆╢↓≤│ ⅎ⌐ↄ™√╘ ADL꜠ ⱳכ♩ 6-3-1)─ ╩ ∆╢

10 %╩ ™√ ─ │ 2 ≤⇔√ ⅛╠ k│  

0.282Ĭ ╩ ∆╢ 0.1 Ĭ ─ 2  = 0.0564-  

≤⇔√  

 

n 

 ╩ ≤ ⇔ 4-14≢ ⇔√ ╩ ™╢ ─

│  

╤⇔  (h)×1.08(/h)0.2h Ĭ1.08 /h 0.216  

  (h)×1.08(/h)0.1h Ĭ1.08 /h 0.108  

  (h)×1.08(/h)0.7h Ĭ1.08 /h 0.756  

 

Ti 

 4.2.3─ 2)⅛╠ 45 s≤⇔√  

 

⅛╠ │  

╤⇔   Pt = 1.62Ĭ10-2 -  

   Pt = 5.64Ĭ10-2 -  

ⅎ™  Pt = 2.57Ĭ10-3 -  

ⅎ™  Pt = 1.23Ĭ10-2 -  

≤⌂∫√  

 

2.2) ╤℮ ↑Ᵽכ♫כ  

 ≢ ─☻כ◔כꜛ◦ ╤℮ ↑ ⅜№╡ ╤℮ ↑Ᵽכ♫כ─ ╩

≤ ⇔√ ─☻כ◔כꜛ◦ │ ∕─ ─ 6 ⅛╠ 6 ╕≢─ 12

⌐ ╦╣╢≤⇔ (4-12)─ 24 ╩ 12 ⌐ ⅝ ⅎ Pt│ ─

⅛╠ ⇔√  
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ὖ=k1-1-
Ὕ+Ὕ

ρς
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

─☻כ◔כꜛ◦  ≤ ─☻כ◔כꜛ◦ ⅜ ∂ ⌐№╢ ╩ 50 %≤ ∆

╢ ╕√ ─☻כ◔כꜛ◦ │ ∕─ ─ 6 ⅛╠ 6 ─ 12 ─ ⌐ ╦╣

╢≤⇔ ─☻כ◔כꜛ◦ ≤ ─☻כ◔כꜛ◦ ⅜ ∂ ⌐№╢ │

0.1h +6h /12h  = 0.508- ≤∆╢ ⅛╠ │ 0.5- Ĭ0.508

- =0.254- ≤∆╢  

 

n 

 ╤℮ ↑Ᵽכ♫כ─ ╩ 4 / ≤ ∆╢  

 

Ti 

 ╤℮ ↑ №√╡─Ᵽכ♫כ─ ╩ 2 min≤ ⇔√  

 

⅛╠ │  

   Pt = 1.11Ĭ10-2 -  

ⅎ™  Pt = 1.34Ĭ10-3 -  

ⅎ™  Pt = 5.10Ĭ10-3 -  

≤⌂∫√  

 

2.3) ♪ꜝ▬Ᵽכ  

─☻כ◔כꜛ◦  ⌐ ↕╣╢Ⱪꜝ◦⸗כ♃כ ─ ♪ꜝ▬Ᵽכ

⅛╠ ∑╠╣╢ ╩ ≤ ⇔√ ─☻כ◔כꜛ◦ │ ∕─ ─ 6

⅛╠ 6 ╕≢─ 12 ⌐ ╦╣╢≤⇔ (4-12)─ 24 ╩ 12 ⌐ ⅝ ⅎ

Pt│ ─ ⅛╠ ⇔√   

ὖ=k1-1-
Ὕ+Ὕ

ρς
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 ♪ꜝ▬Ᵽכ⅜Ⱪꜝ◦⸗כ♃כ ≢№╢ ╩ 5 %≤ ∆╢ ─☻כ◔כꜛ◦

≤ ─☻כ◔כꜛ◦ ⅜ ∂ ⌐№╢ ╩ 50 %≤ ∆╢ ╕√ │

∕─ ─ 6 ⅛╠ 6 ─ 12 ─ ⌐ ╦╣╢≤⇔ ─☻כ◔כꜛ◦ ≤

─☻כ◔כꜛ◦ ⅜ ∂ ⌐№╢ │ 0.1h +6h /12h  = 0.508-

≤∆╢ ⅛╠ │  

0.05- Ĭ0.5- Ĭ0.508- =0.0127-  

≤∆╢  

 

n 

☻כ◔כꜛ◦  ─ ╛ ─ ╡ ↑⌂≥⌐ ⇔ 1 №√╡ 100╩ ∆

╢  

 

Ti 

 ♪ꜝ▬Ᵽכ╩ №√╡ 3 s ∆╢≤ ⇔√  
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⅛╠ │  

   Pt = 6.26Ĭ10-3 -  

ⅎ™  Pt = 2.34Ĭ10-
3 -  

ⅎ™  Pt = 9.74Ĭ10-3 -  

≤⌂∫√  

 

2.4) ◓ꜝ▬fi♄כ  

 ≢ ◓ꜝ▬fi♄כ⅜ ↕╣≡ ∆╢ ╩ ≤ ⇔√ │

∕─ ─ 6 ⅛╠ 6 ╕≢─ 12 ⌐ ╦╣╢≤⇔ (4-12)─ 24 ╩ 12

⌐ ⅝ ⅎ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ρς
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 ◓ꜝ▬fi♄כ⅜ ↕╣╢ ╩ 50 %≤ ∆╢ ≤ ─☻כ◔כꜛ◦

⅜ ∂ ⌐№╢ ╩ 50 %≤ ⇔√ ╕√ │ ∕─ ─ 6 ⅛╠ 6

─ 12 ─ ⌐ ╦╣╢≤⇔ ─☻כ◔כꜛ◦ ≤ ─☻כ◔כꜛ◦

⅜ ∂ ⌐№╢ │ 0.1h +8h /12h  = 0.675- ≤⇔√ ⅛╠

│  

0.5- Ĭ0.5- Ĭ0.675- =0.169- ≤⇔√  

 

n 

 1 №√╡ 10 ╩ ⇔√  

 

Ti 

 ◓ꜝ▬fi♄כ╩ №√╡ 15 s ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 1.41Ĭ10-2 -  

ⅎ™  Pt = 2.32Ĭ10-
3 -  

ⅎ™  Pt = 1.36Ĭ10-2 -  

≤⌂∫√  

 

2.5) ◖fi☿fi♩  

 ─ ≢ ∆╢ ─◖fi☿fi♩─ ⅝ ⇔ ⌐╟╡ ∆╢ ╩

≤ ⇔√ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 ─☻▬♇♅ ╩∑∏⌐◖fi☿fi♩╩ ⅝ ⇔∆╢ ╩ 50 %≤ ⇔√  

 

n 

 ╩ 2 / ≤⇔ ☻▬♇♅ ∑∏⌐◖fi☿fi♩─ ↄ ╩ 2 ≤⇔√  

 

Ti 
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 ◖fi☿fi♩─ ⅝ ⇔ ─ ⅜ 5 ms ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 4.16Ĭ10-3 -  

ⅎ™  Pt = 7.19Ĭ10-
5 -  

ⅎ™  Pt = 5.01Ĭ10-4 -  

≤⌂∫√  

 

2.6) ☻▬♇♅  

 ⌐ ☻▬♇♅╩ ⇔ ☻▬♇♅─ ⅜ ╣╢ ⌐ ∆╢ ╩ ≤

⇔√ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 1 - ≤⇔√  

 

n 

 1 ⌐ 2 / ☻▬♇♅─ ONהOFF ╩ ℮≤⇔ ONќOFF ─╖ ⅜ ∆

╢≤ ⇔ 2 ≤⇔√  

 

Ti 

 ◖fi☿fi♩─ ⅝ ⇔ ─ ⅜ 5 ms ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 8.32Ĭ10
-3 -  

ⅎ™  Pt = 1.44Ĭ10
-4 -  

ⅎ™  Pt = 1.00Ĭ10
-3 -  

≤⌂∫√  

 

2.7) ☻▬♇♅  

 ≢│ ⇔⌂™≤ ⇔ ≢│ ─√╘ ⌐⌂╠⌂™≤

∆╢  

 

2.8) ⱨꜝ▬ꜘכ☻▬♇♅  

 ⌐⅛╠№→⌂≥─ → ─ ╩ ℮ ─ⱨꜝ▬ꜘכ☻▬♇♅ ⌐╟╢

╩ ≤ ⇔√ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 1 - ≤⇔√  

 

n 

 4 ⅛╠ 24 ─ ─ 20 ⌐ 4 ⌐ ∆╢≤ ⇔ ON/OFF╩ 10 ≤

⇔√  
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Ti 

 ☻▬♇♅ ⌐╟╢ ⅜ 5 ms ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 4.09Ĭ10
-2 -  

ⅎ™  Pt = 3.19Ĭ10
-3 -  

ⅎ™  Pt = 2.16Ĭ10
-2 -  

≤⌂∫√  

 

2.9) ꜠ fi☺  

 ⌐ ↕╣╢↓≤╩ ⇔ 1 №√╡ 2.5 ↕╣≡™╢≤⇔ 17

/ NITE 376,406JEMA 2016 ⅛╠

Pt│  

 Pt = Tv Ĭ 2.5 Ĭ 17 Ĭ 376406 õ 365 õ 24 õ 60 = 6.60 Ĭ 10-10 

≤⌂∫√  

 

2.10)  

 ┘ LED ⅜ 100 ─√╘ ≤⌂╠⌂™≤⇔√  

 

2.11)  

 ─ │ 180 ≢№╡ ≤⌂╠⌂™≤⇔√  

 

כ♃▬ꜝ (2.12  

 ⌐⅔ ─כ♃▬ꜝ╢╟⌐ ⇔ ⌐╟╡ ∆╢ ╩ ≤ ⇔√

Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 1 - ≤⇔√  

 

n 

 1 №√╡ 5 ─ ⇔ ⅜№╢≤ ⇔√  

 

Ti 

 1 №√╡ 5 s ⇔ ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 2.09Ĭ10
-2 -  

ⅎ™  Pt = 9.02Ĭ10
-4 -  

ⅎ™  Pt = 5.98Ĭ10
-3 -  

≤⌂∫√  

 

2.13) ♦ⱨ꜡☻♩ⱥכ♃כ  

 ─ │ R290─ ≢№╡ ⌐⌂╠⌂™ 100 ⌐ 1

⇔ ∆╢↓≤╩ ⇔√ Pt│ ─ ⅛╠ ⇔√  
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ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 100⌐ 1 ─ ╩ ⇔ 0.01- ≤⇔√  

 

n 

 1 ≤⇔√  

 

Ti 

 2.3h ≤⇔√  

 

⅛╠ │  

   Pt = 1.00Ĭ10
-3 -  

ⅎ™  Pt = 1.25Ĭ10
-3 -  

ⅎ™  Pt = 1.25Ĭ10
-3 -  

≤⌂∫√  

 

2.14) ◖Ⱨכ כ♃ⱪꜞfiה  

 ⌐ ↕╣╢↓≤╩ ⇔ 1 №√╡ 1 ↕╣≡™╢≤⇔ 25

/5 NITE 2,892,872JEMA 2021-2016 ⅛╠

Pt│  

Pt = Tv Ĭ 1 Ĭ 25 Ĭ 2892872 õ 365 õ 24 õ 60 = 1.01 Ĭ 10-11 

≤⌂∫√  

 

2.15) ◖Ⱨכ כ♃ⱪꜞfiה  

 ⌐⅔ ⅜ ⇔√◖Ⱨכ ─ ⅜ ⇔√ ─ ╩ ≤ ⇔√

Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 1 -  

 

n 

 1 №√╡ 50 ↕╣╢↓≤╩ ⇔√  

 

Ti 

 1 ─◖Ⱨכ ╩ 3 min≤ ⇔√  

 

⅛╠ │  

   Pt = 2.69Ĭ10
-1 -  

ⅎ™  Pt = 1.28Ĭ10
-1 -  

ⅎ™  Pt = 3.53Ĭ10
-1 -  

≤⌂∫√  
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2.16) ╕╪  

 ⱨꜝ▬ꜘכ☻▬♇♅≤ ∂ ╩ ∆╢  

 

2.17) ⅔≢╪  

 ⱨꜝ▬ꜘכ☻▬♇♅≤ ∂ ╩ ∆╢  

 

כ◘Ɑfi☻▫♦כⱥכ◖ (2.18  

 ⌐⅔ ╩כ◘Ɑfi☻▫♦כⱥכ◖⅜ ⇔√ ⌐ כ◘Ɑfi☻▫♦כⱥכ◖ ─

⅜כ꜠ꜞ ⇔√ ⌐ ∆╢ ╩ ≤ ⇔√ Pt│ ─ ⅛

╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 1 - ≤⇔√  

 

n 

 ─◖fiⱦ♬♅▼כfi כⱥכ◖─≢ ⅜ 9 ∕─ ⅜ 2 ≢

№╡ 1 №√╡ 124≤ ∆╢ ╕√ 1כⱥכ◖ ╢ ─ ─כ꜠ꜞ ⅛

╩ 1.5≤ ⇔√  

 

Ti 

כ꜠ꜞ  ⌐ 5 ms ⅜ ∆╢≤ ⇔√  

 

⅛╠ │  

   Pt = 5.40Ĭ10
-1 -  

ⅎ™  Pt = 2.07Ĭ10
-1 -  

ⅎ™  Pt = 8.02Ĭ10
-1 -  

≤⌂∫√  

 

2.19)  

 ⅜ ↕╣≡™╢ ╩ ⇔ ⌐ ⇔ ─ ╩

≤ ⇔√ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 ╩ 0.01 %≤⇔√  

 

n 

 1 ≤⇔√  

 

Ti 

 1 ─ ╩ 10 h≤ ⇔√  

 

⅛╠ │  
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   Pt = 9.96Ĭ10
-5 -  

ⅎ™  Pt = 9.97Ĭ10
-5 -  

ⅎ™  Pt = 9.97Ĭ10
-5 -  

≤⌂∫√  

 

2.20) -  

 ⅜ ─ ⌐ ╣√ ─ ⌐╟╢ ╩ ∆╢

Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ ςȢϳ

Ὕ
 

 

k 

 4.2.2─ 3)⅛╠ ⌐⅔↑╢ │ ↕╣≡™⌂™↓≤╩ ⇔

─ ─ 3.2 %╩ ™√  

 

n 

 ♃▬Ⱶfi◓│ ⌐⅔↑╢ ─ ≢ ⇔ ⅛╠ ╩

╤∆ ⌐ ⇔√ ≤ ─ ─ ⱨ▫ꜟⱶ╩ ╡ ∆↓≤≢ ⇔√ ╩

∆╢ ⌐ ∆╢ ─ 2 ≤⇔√  

 

Ti 

 4.2.2─ 2)─ ─ 1 Õs≤⇔√  

 

⅛╠ │  

ⅎ™  Pt = 3.75Ĭ10
-3 -  

ⅎ™  Pt = 2.14Ĭ10
-2 -  

≤⌂∫√  

 

2.21) -  

 ⅜ ─ ꜟכ꜠♪Ɫfi─☻כ◔כꜛ◦ ⌂≥─ ⌐ ╣√ ─

⌐╟╢ ╩ ∆╢ Pt│ ─ ⅛╠ ⇔√  

ὖ=k1-1-
Ὕ+Ὕ

ςτ
1-1-

Ὕ+Ὕ

Ὕ

³ Ⱦ

 

 

k 

 4.2.2─ 3)─ ─ 18.7 %╩ ™√  

 

n 

 ─◖fiⱦ♬♅▼כfi כⱥכ◖─≢ 9 ≢ כⱥכ◖☻▬▪⅜ ─◖

fiⱦ♬♅▼כfi─ ⅜ 2 ≢№╡ 1 √╡─ ╩ ∆╢≤ 9 /2 /365

/262 ╟∫≡ fi▬♅כꜞ 1 1 №√╡─ ╩ 62 ≤∆╢ ꜞ

fi▬♅כ 6 ⌐≈™≡╙ 1 √╡ ∂ ∆╢╙─≤  

62 Ĭ(6+1)434 1 √╡─ ≤   

 ⇔⅛⇔ ⅎ™⇔≡™╢ ⌐ ╩№↑≡╙ ⌐♪▪⌐ ╣╢ │ ⌐ ⅎ™⇔

⌂™√╘ 1 ─⅔ ⅜ ╩ ↑ ⌐ 2 ─⅔ ⅜ ╩ ↑╢ ╩ 10 %≤∆╢≤  

434 0.1=43.4Ҝ44  
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Ti 

 4.2.2─ 2)─ ─ 1 Õs≤⇔√  

 

⅛╠ │  

   Pt = 5.43Ĭ10
-3 -  

ⅎ™  Pt = 2.59Ĭ10
-3 -  

ⅎ™  Pt = 1.56Ĭ10
-2 -  

≤⌂∫√  

 

3 ⅎ™  

 ─ ⅎ™ │ 3.4.2─ ⅎ™ 2.11Ĭ10-4⅜ ה

ה ─ 3≈─ꜝ▬ⱨ☻♥כ☺╩ ╪∞ ⅎ™ ≢№╡ ╢↑⅔⌐☺כ♥☻

ⅎ™ ╩ 2.11Ĭ10-4─ 1/3─ 7.03Ĭ10-5≤⇔√ ─ ─ ⅎ™

│ ╢↑⅔⌐☺כ♥☻ ⅎ™ ⌐ ─ ╩ ∂

≡ ⇔ ╤⇔ │ 1.41Ĭ10-5 │ 7.03Ĭ10-6 │ 4.92Ĭ10-5≤⇔√ ╕√

⌐⅔↑╢ ⅎ™ ≤ ⅎ™ ─ ⅎ™ │ ∂≤⇔ ∕╣∙╣

4.92Ĭ10-5─ 1/2─ 2.46Ĭ10-5≤⇔√ ⅎ™ ╩ Table 6-3-3⌐╕≤╘√  

 

Table 6-3-3 ⅎ™   
ⅎ™  

☺כ♥☻  7.03Ĭ10-5 

╤⇔  1.41Ĭ10-5 

 7.03Ĭ10-6 

ⅎ™  2.46Ĭ10-5 

ⅎ™  2.46Ĭ10-5 

 

4  

PS│ (4-2)⅛╠ ∆╢ Vv│ 5 ─ ⅎ™

─ ╩ ⇔√ √∞⇔ │ ╩ ≢ ⇔≡™╢ ≢№╢√╘ ⅎ™⇔

√ │ ⌐ ⇔╛∆™≤ ⇔ 0.8╩ ∂√ ╩ ™√ ╕√ ╤⇔ │

≢ ╦╣╢⅜ ─√╘ ─ 100 m2≢─ ╩ ⇔√

Vg│ ─ ⌐ ↕ 2.2 m╩ ∂√ ╩ ⇔√ ─

╩ Table 6-3-4⌐ ∆  

 

Table 6-3-4 ─   
 

◄Ⱡꜟ◑כ  

 

 

 

m2  

 

m3  

╤⇔   9.41Ĭ10-3 
100 2.928 

 1.38Ĭ10-2 

  9.43Ĭ10-3 
84.7 2.48 

 1.33Ĭ10-2 

ⅎ™   8.13Ĭ10-3 
84.7 3.11 

 1.15Ĭ10-2 

ⅎ™   1.18Ĭ10-2 
84.7 2.14 

 1.67Ĭ10-2 
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6.3.3 FTA≤  

 ⌐⅔↑╢ ─ FTA╩ Fig. 6-3-2⌐ ⌐⅔↑╢ ─ FTA

╩ Fig. 6-3-3⌐ ∆ ─ │ │ 4.19Ĭ10-9≤⌂╡ ─ ─

5.26Ĭ10-8╩ ╢ ≤⌂∫√⅜ ─ │ 7.25Ĭ10-8≤⌂╡

╩ ⅎ╢√╘ ⅜ ≢№╢↓≤⅜ ⅛∫√  

 

 

Fig. 6-3-2 ⌐⅔↑╢ ─ FTA  

  

2.27E-08

2.16E-04

(-)

1.41E-05 1.15E-03 7.04E-06

(-)

8.83E-04 2.47E-05

3.04E-09 8.07E-09

4.19E-09

3.38E-08

1.24E-01

(-)

1.21E-04 2.97E-01

(-) (-)

2.47E-05

8.89E-10 2.18E-08
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Fig. 6-3-3 ⌐⅔↑╢ ─ FTA  

 

6.3.4  

 ꜞ☻◒▪☿☻ⱷfi♩─ ⅛╠ ─ ╩ ⇔√  

1 ꜝⱬꜟ  

 ─ ┘ ↓╪ ─ ꜝⱬꜟ⌐╟╡ ⌐╟╢ ╩

∆╢↓≤╩ ⇔ ∕─ ╩ 0.1- ≤∆╢  

 

2  

 ⱷכ◌כ ┘ │ ⌐ ⇔≡ │ ╩ ⇔≡ ╩

⇔√ ╩ ╡ ℮ │ ─ ⌐≈⌂⅜╢ ⌐ ∆╢ ─ ╩ ℮↓

≤≤∆╢ ─☻כ◔כꜛ◦ ─℮∟ ╩ ⌐ ∆╢ ≤∕╣ ─

─ ╩ ∂≤⇔ │ ╩ ⌐ ∆╢ ≤∕╣ ─

─ ⌐ ⅝ ╢≤ ⇔ ∕─ ╩ 70 %≤ ∆╢ ╟∫≡ ─ │

0.1Ĭ0.7+1Ĭ(1-0.7) = 0.37- ≤∆╢  

 

3 ⅎ™ ╩ ∆╢↓≤─  

 │ ⅎ™ ╩ ⌐ ⇔ │ ╙ ╘≡ ⌐⇔≡

(-) (-) (-)

5.03E-03 2.47E-05 2.97E-01 1.84E-02 2.47E-05

3.69E-08 4.54E-07

2.16E-04 1.41E-05 1.30E-02 7.04E-06

(-) (-)

3.04E-09 9.13E-08 4.91E-07

7.25E-08

5.85E-07

1.24E-01
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⅜ ⅎ™⇔≡™⌂™↓≤╩ ⇔⌂↑╣┌⌂╠∏ ⅎ™ │ ╩ ∆╢↓≤

╩ ∆╢ ↓─ ⌐╟╡ ⌐╟╢ ─ ≤ ⅛╠ ─

⌐ ∆╢ ─ ╩ ℮↓≤≢ ╩ ∆╢↓≤⅜≢⅝╢

ⅎ™ ╩ ∆╢↓≤⌐╟╢ │ 0.01- ≤∆╢ ─ ⌐╟╢

⌐≈™≡│ ─☻כ◔כꜛ◦ ⅛╠─ ⌐╟╡ 10 1 ⅜ ╩

∆╢↓≤╩ ⇔ ⅜ ≤⌂╢ 0.1- ╩ ⇔√ ⅜ ⅝ ╢ │

─ ─℮∟ ╩ ⌐ ∆╢ ≤∕╣ ─ ─ ╩ ∂

≤⇔ │ ╩ ⌐ ∆╢ ≤∕╣ ─ ─ ⌐ ⅝ ╢

≤ ⇔ ∕─ ╩ 0.7≤⇔√ ╟∫≡ │  

ₒ ⌐╟╢ ─ ₓ ⅎ™ ⌐╟╢ Ĭ ⅜ ⅝ ╢

+ 1 - ⅜ ⅝ ╢  

= 0.01 Ĭ 0.7 +(1 ï 0.7) = 0.307 

 

ₒ ─ ⌐╟╢ ─ ₓ  

ⅎ™ ⌐╟╢ Ĭ ⅜ ≤⌂╢ + 1 - ⅜ ≤⌂╢

Ĭ ⅜ ⅝ ╢ + 1 - ⅜ ⅝ ╢  

= 0.01 Ĭ 0.1 +1 - 0.1Ĭ 0.7 +1 ï 0.7= 0.9307 

 

4 ╩ ∆╢↓≤─  

 │ ⌂≥≢ ─ ╩ ∆╢↓≤⅜ ⌂ ╩ ∏ ⇔⌂↑╣

┌⌂╠⌂™↓≤╩ ∆╢ ↓─ ⌐╟╡ ⅜ ⌐ ╣√ ─ ╩

⇔ ╩ ∆╢↓≤⅜≢⅝╢ ⌐╟╢ │ 0.01 ≤⇔√

4.3 ⅜ ⅝ ╢ │ ─ ─℮∟ ╩ ⌐ ∆╢

≤∕╣ ─ ─ ╩ ∂≤⇔ │ ╩ ⌐ ∆╢ ≤∕

╣ ─ ─ ⌐ ⅝ ╢≤ ⇔ ∕─ ╩ 0.7≤⇔√ ╟∫≡

│  

⌐╟╢ Ĭ ⅜ ⅝ ╢ + 1 - ⅜ ⅝ ╢  

= 0.01 Ĭ 0.7 +(1 ï 0.7)= 0.307 

 

5 ╩╝∫ↄ╡ ↑╢↓≤─  

 │ ⅝─ ⌐⅔™≡ ⌐ ⅜ ⌐ ⅎ™⇔√ │ ╩

∆╢≤ ⌐ ⅜ ↕╣╢√╘ │ ─ ╩╝∫ↄ╡ ℮↓≤╩ ∆╢

↓─ ⌐╟╡ ╩ ≢⅝╢ ⌐╟╢ │ 0.1 ≤⇔√

⅜ ⅝ ╢ │ ─ ─℮∟ ╩ ⌐ ∆╢ ≤∕╣

─ ─ ╩ ∂≤⇔ │ ╩ ⌐ ∆╢ ≤∕╣ ─

─ ⌐ ⅝ ╢≤ ⇔ ∕─ ╩ 0.7≤⇔√ ╟∫≡ │  

⌐╟╢ Ĭ ⅜ ⅝ ╢ + 1 - ⅜ ⅝ ╢  

= 0.1 Ĭ 0.7 + (1 ï 0.7)= 0.37 

─☻כ◔ ╩ Table 6-3-5⌐ ─ FTA╩ Fig. 6-3-4 Fig. 6-3-5⌐ ∆

⌐╟╡ ┘ ≤╙⌐ │ ≤⌂∫√  

 

Table 6-3-5 ☻♥כ☺─  
 -/  

   

 4.19×10-9  1.64×10-10 

 7.25×10-8 6.49×10-9 
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Fig. 6-3-4 ⌐⅔↑╢ ─ FTA  

  

1.00E-01

(-)

1.00E-01

(-)

1.00E-01

(-)

1.00E-01

(-)

3.46E-12 2.65E-10 1.06E-09

1.64E-10

1.33E-09

1.24E-01

2.45E-06 1.41E-05 3.76E-04 7.04E-06

(-) (-)

1.63E-11 1.04E-09

2.22E-05 2.47E-05 2.97E-01 4.22E-04 2.47E-05

(-) (-) (-)
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Fig. 6-3-5 ⌐⅔↑╢ ─ FTA  

 

 

 

 

 

1.00E-01 1.00E-01

(-) (-)

(-) (-) (-)

1.52E-03 2.47E-05 2.97E-01 1.70E-02 2.47E-05

1.12E-09 4.21E-08

1.00E-01 1.00E-01

(-) (-)

2.46E-06 1.41E-05 1.30E-02 7.04E-06

(-) (-)

3.46E-12 9.13E-09 4.32E-08

6.49E-09

5.23E-08

1.24E-01
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6-3-1) W. Goetzler, L. Bendixen and P. Bartholomew: ñRisk Assessment of HFC-32 and HFC-

32/134a (30/70 wt. %) in Split System Residential Heat Pumpsò, Arthur D. Little. inc., United 

States (1998). 

6-3-2) ⱨꜝfi♅ꜗ▬☼♅▼כfi ₈◖fiⱦ♬◄fi☻☻♩▪

(20181 ⅛╠ 12 )₉  

https://www.jfa-fc.or.jp/folder/1/img/20190123111840.pdf. 

 

 

 

  

https://www.jfa-fc.or.jp/folder/1/img/20190123111840.pdf
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6.4  

6.4.1  

◖fiⱦ♬◄fi☻☻♩▪─ ╡ ≢№╢ ≤ ╛ ≤⇔≡ ↕╣╢Ᵽ♇◒ꜘ

╩☻כ◔כꜛ◦⌐♪כ ⇔≡ ↕╣╢ ╩ ∆╢  

⌂⅔ ⌐ ╠⅛☻כ◔כꜛ◦√⇔ ⅎ™⇔√ ⅎ™⇔√ │Ᵽ♇◒ꜘ

│┼♪כ ⇔⌂™╙─≤∆╢ Ᵽ♇◒ꜘכ♪ ⌐ ─╠⅛☻כ◔כꜛ◦√⇔ ⅎ™╙

⌐ ┼│ ⇔⌂™╙─≤∆╢ ⌂⅔ Ᵽ♇◒ꜘכ♪─ │ 24.01 m2≤⇔

⌐ ∆╢ ╩ ⇔√  

ꜞ☻◒▪☿☻ⱷfi♩╩ ─☻כ◔כꜛ◦℮ ≤⇔≡│ Table 6-4-1─ꜞכ♅▬fi◦

ה☻כ◔כꜛ ה☻כ◔כꜛ◦ⱪfiכ○ ≡™≈⌐☻כ◔כꜛ◦ⱪfiכ○ ╩

⇔√ │≡™≈⌐☻כ◔כꜛ◦fi▬♅כꜞ ꜚ♬♇♩⅜ ⌐№╢╙─≤ ⌐

№╢╙─⅜№╡ ⅎ™ ─ ┼─ ⅜ ⌂╢↓≤⅜ ↕╣√√╘ ∕╣∙╣

≡™≈⌐☻כ◔כꜛ◦fi▬♅כꜞ─ ⇔√  

 

Table 6-4-1 ≤◦ꜛכ◔כ☻─  
 FTA ỏ  

 
 

JR  

 

 

 

 
 

 

 

 ỏ   ỏ  -  

 ỏ   ỏ  -  

 ỏ   ỏ  - - 

 ỏ   ỏ  - - 

 

6.4.2 ≤ ⅎ™  

─ ≤⇔≡ ≢№╢ ≤Ᵽ♇◒ꜘכ♪ ─∕╣∙╣⌐ ∆╢

≤⇔≡ ─╙─╩ ∆╢  

1  

1.1) ◖fi☿fi♩  

 ─ ─√╘─ ─ ◖fi☿fi♩─ ╩ 1 2 ⅝ ⇔∆╢ ↕∆ ☻

Ɽכ◒│ ⇔⌂™ 50 %─ ≢ ─☻▬♇♅ ╩∑∏⌐◖fi☿fi♩╩ ⅝

⇔∆╢≤ ∆╢ ◖fi☿fi♩ ⌐ ─◒כ▪╢∆ ─ ╩ 5 ms≤∆╢  

ὝὬ 1 ─℮∟ꜝfi♄ⱶ⌐ ↕∑╢ ─ 1 ─  

Ὕ Ὤ 1 ─℮∟ ⅜ ∆╢  

Î( ) 1 ─℮∟ꜝfi♄ⱶ⌐ ↕∑╢ ─ 4( ) 

ὝὬ
υάί

ρπππφπφπ
ρȢτ ρπ Ὤ 

─ Ë πȢυ≤∆╢   

◖fi☿fi♩─ 0│  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.2) ☻▬♇♅  

 ONќOFF ─╖ ∆╢ ⅜№╡ ╩ 5 ms≤∆╢ ☻▬♇♅

╩ 1 2 ☻▬♇♅ ONהOFF∆╢╙─≤∆╢  

n( ) 2( ) 

ὝὬ
υάί

ρπππφπφπ
ρȢτ ρπ Ὤ 
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─ Ë ρ≤∆╢  

☻▬♇♅─ 0│  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.3) ☻▬♇♅  

 ─ │ ⌐ ─√╘ ONהOFF ⇔─√╘ ⌐⌂╠⌂™  

 

1.4) ⱨꜝ▬ꜘכ☻▬♇♅  

 ◖fiⱦ♬◄fi☻☻♩▪≢ ⇔≡ ∆╢⅛╠№→─ ⅜ 4 4 24 ─

─ 20 ─ ⌐ ⌐ ∆╢≤ ⇔≡ⱨꜝ▬ꜘכ☻▬♇♅─ ONהOFF 10

ONהOFF ─ ╩ 5 ms≤∆╢  

n( ) 10( ) 

ὝὬ
υάί

ρπππφπφπ
ρȢτ ρπ Ὤ 

─ │Ë ρ≤∆╢  

ⱨꜝ▬ꜘכ☻▬♇♅─ 0│  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.5) ꜠ fi☺  

 ꜠fi☺│ ⌐╟╢ ╩ ∆╢ 1 √╡─ ╩ 2.5≤∆╢

NITE ╟╡ 1 ─ ⅜ 17 ╩ JEMA 2016 ╟╡

376,406≤⇔≡ ∆╢   

Ὕ άὭὲ 

꜠fi☺─ 0│  

ὖ
Ὕ άὭὲ ςȢυ ρχ

σχφȟτπφσφυςτφπ
 

 

1.6)  

─LEDה  │ 100 ≤⌂╡ R290─ ╟╡╙ ™

╟∫≡ ≤⌂╠⌂™  

 

1.7)  

 ─ │ 180 №╡ R290─ ╟╡╙ ™ ╟∫≡

≤⌂╠⌂™  

 

1.8) ꜝ כ♃▬  

 ⌐ ╩כ♃▬ꜝ╢™≡⇔ ⅜ ⇔⌐ ∆╢ ╩ 1 5 ⅜ ⇔

№√╡ 5 ≤∆╢  

n( ) 5( ) 

ὝὬ
υί

φπφπ
ρȢσωρπ Ὤ 

─ │Ë ρ≤∆╢  

─כ♃▬ꜝ 0│  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 
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1.9) ♦ⱨ꜡☻♩ⱥכ♃כ  

 ─ │ R290─ ≢№╡ ⌐⌂╠⌂™  

100⌐ 1 ⅜ ⇔ ∆╢↓≤╩ ⇔ ─  Ë πȢπρ  

ὝὬ ςȢσὬ 

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.10) ◖Ⱨכ כ♃ⱪꜞfiה  

ᵑ ⌐╟╢  

 1 √╡ ↕╣╢≤ NITE ╟╡ 5 ─ ⅜ 25

╩ JBMIA(  ⱦ☺Ⱡ☻ ה ◦☻♥ⱶ ) 2012-

2016╟╡ 2,892,872  

Ὕ άὭὲ 

 

ὖ
Ὕ άὭὲ ρ ςυ

ςȟψωςȟψχςυ σφυςτφπ
 

 

ᵒ ⌐╟╢  

 ◖Ⱨכ ⌐╟╢ ╩ ◖Ⱨכ ─ ╩ 50 1 ─◖Ⱨכ

3 ≤⇔ ◖Ⱨכ │ ⱪꜞfi♃כ≤─ ™⅜ ⌂─≢ ─√╘◖Ⱨכ

╩∆╢≤ ∏ ∆╢╙─≤∆╢  

─ │Ë ρ≤∆╢  

ὝὬ
σάὭὲ

φπ
πȢπυὬ 

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.11)  ╕╪  

 NITE ⌐ ⌂⇔ ⱨꜝ▬ꜘכ☻▬♇♅─ ≤ ≤∆╢  

 

1.12)  ⅔≢╪  

 NITE ⌐ ⌂⇔ ⱨꜝ▬ꜘכ☻▬♇♅─ ≤ ≤∆╢  

 

1.13)  

ᵑꜞכ♅▬fi◦ꜛכ◔כ☻  

─☻כ◔כꜛ◦fi▬♅כꜞ  ─ ∫ ╩ ≈ ⌐ ∆╢ ╩ ∆╢

─כⱥכ◖☻▬▪ ╡◌♇ⱪ╩ ≢fi▬♅כꜞ ∆╢↓≤╩ ∆╢ ─◖fiⱦ

fiכ▼♅♬ כⱥכ◖─≢ 9 ≢ כⱥכ◖☻▬▪⅜ ─◖fiⱦ♬♅▼כfi

─ ⅜ 2 ≢№╡ 1 √╡─ ╩ ∆╢≤ 9 /2 /365/262

╟∫≡ fi▬♅כꜞ 1 1 №√╡─ ╩ 62 ≤∆╢ fi▬♅כꜞ 6

⌐≈™≡╙ 1 √╡ ∂ ∆╢╙─≤  

62 Ĭ(6+1)434 1 √╡─ ≤   

 ⇔⅛⇔ ⅎ™⇔≡™╢ ⌐ ╩№↑≡╙ ⌐♪▪⌐ ╣╢ │ ⌐ ⅎ™⇔

⌂™√╘ 1 ─⅔ ⅜ ╩ ↑ ⌐ 2 ─⅔ ⅜ ╩ ↑╢ ╩ 10 %≤∆╢≤  

434 0.1=43.4Ҝ44 ╩ 1 ɛsҜὝὬ ςȢψ ρπ Ὤ 

 ⅜ ≢ ∆╢≤ ≢│ │ ⇔⌂™╙─≤∆╢

⅜ ─ │ ⇔⌂™≤⇔ ≤ ─ ╩ 1 1≤∆╢  

 ╕√ ─ ⅜№╢ 30 % ⌐⌂╢ ─ ♃כ♦─% 18.7
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╟╡ ─ Ὧ ρ πȢρψχπȢυ πȢπωσυ≤∆╢  

 ─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ςȢ≢ ⇔≡ ∆╢ 4.2.2─ 1)  

☻כ◔כꜛ◦fi▬♅כꜞ  ─ ─  

ὖ ρ ρ
Ὕ

Ὕ
ςȢ

ςτ
Ὧ 

ᵒ○כⱪfi◦ꜛכ◔כ☻  

 ™ ∆╢⅔ ⅜Ɫfi♪꜠כꜟ╛ ⌂≥─ ⌐ ╣╢ ─fi▬♅כꜞ╩

≢ 5 %≤ ∆╢ 434 0.05=21.7Ҝ22  

 ─ ≥☻כ◔כꜛ◦fi▬♅כꜞ│ ⌐Ὧ ρ πȢρψχπȢυ πȢπωσυ≤∆╢  

 ─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ςȢ≢ ⇔≡ ∆╢  

☻כ◔כꜛ◦ⱪfiכ○  ─ ─  

ὖ ρ ρ
Ὕ

Ὕ
ςȢ

ςτ
Ὧ 

 

ᵓ  

 ⌐ ⅜ ╢─│ ≢№╢ ⌐ ↕╣╢√╘

│ ⇔⌂™≤ ⇔ ─ ─ Pt 0 

 

ᵔ∕─  

☻כ◔כꜛ◦ⱪfiכ○  ≤ ─ ≤∆╢  

 ─ ≥☻כ◔כꜛ◦fi▬♅כꜞ│ ⌐Ὧ ρ πȢρψχπȢυ πȢπωσυ≤∆╢  

 ─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ςȢ≢ ⇔≡ ∆╢  

 ∕─ ─ ─  

ὖ ρ ρ
Ὕ

Ὕ
ςȢ

ςτ
Ὧ 

 

כ◘Ɑfi☻▫♦כⱥכ◖ (1.14  

כ◘Ɑfi☻▫♦כⱥכ◖  ─ ╩ ∆╢ ─◖fiⱦ♬♅▼כfi ≢─

כⱥכ◖ 9 ה 2 ╟╡ №√╡ 45000 כ꜠ꜞ

─ ╩ 5 ms≤∆╢  

ὝὬ
υάί

ρπππφπφπ
ρȢτ ρπ Ὤ 

כⱥכ◖ כ꜠ꜞ─╡ ⅜ 1.5≢ 1 ─ ⅜ 124─√╘  

Î ρȢυ ρςτρψφ ─ │Ë ρ≤∆╢  

─כ꜠ꜞ─כ◘Ɑfi☻▫♦כⱥכ◖ ─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

1.15) Ⱪꜝ◦⸗כ♃כ  
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 ↕╣≡™⌂™ ⌐☻כ◔כꜛ◦─ ↕╣√Ⱪꜝ◦⸗כ♃כ╩ ∆╢ Ⱪꜝ◦

─כ♃כ⸗ ⌐ ╟╡╙ ⌐ ™ ⅜ ╣≡™╢√╘ │ ⌐⌂╠

⌂™≤⇔ ⅜כ♃כ⸗ ↕╣╢ ─╖╩ ∆╢ ⌂◖fiⱪ꜠♇◘כ─ ⅜

5 ה 5 ⅜ ↕╣≡™╢↓≤⅛╠ ◖fiⱪ꜠♇◘כ─ ⅜ 1

№√╡ ON6 ⇔≥OFF6ה ╙כ♃כ⸗≡∑╦ ONהOFF∆╢≤ ⇔ ≢

ON 6 №√╡ 144 ╩ 5 ms≤⇔√  

─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ 20.5≢ ⇔≡ ∆╢ 4.2.4 ─ 3)  

ὝὬ
υάί

ρπππφπφπ
ρȢτ ρπ Ὤ 

Ⱪꜝ◦⸗כ♃כ─ ╩ 1 %≤∆╢  

Ⱪꜝ◦⸗כ♃כ─  

ὖ ρ ρ
Ὕ

Ὕ
ςȢ

ςτ
Ὧ 

 

1.16)  

 ─ ╩ 0.01 % 10 ∆╢≤ Ὕ Ὤ ὝὬ ρπὬ 

─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

2 Ᵽ♇◒ꜘכ♪  

2.1) ◖fi☿fi♩  

 1 2 ≤ ⇔ ↕∆ ☻Ɽכ◒│ ⇔⌂™≤∆╢ ◖fi☿fi♩

⌐ ─◒כ▪╢∆ ╩ 5 ms≤∆╢  

◒כ▪ υ ÍÓ ҜὝὬ ρȢτ ρπ Ὤ  

─ │ 1≤∆╢   

◖fi☿fi♩─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

2.2) ☻▬♇♅  

 ☻▬♇♅╩ 1 2 ☻▬♇♅ ONהOFF∆╢╙─≤⇔ ONҜOFF ─╖ ∆╢

⅜№╢≤⇔ ╩ 5 ms≤∆╢ υ ÍÓ ҜὝὬ ρȢτ ρπ Ὤ  

─ │ 1≤∆╢  

☻▬♇♅─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

2.3)  

─LEDה  │ 100 ≤⌂╡ R290─ ╟╡╙ ™

╟∫≡ ≤⌂╠⌂™  

 

2.4)  

 ─ │ 180 ≤⌂╡ R290─ ╟╡╙ ™ ╟∫≡

≤⌂╠⌂™  
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2.5)  

 ─Ᵽ♇◒ꜘכ♪≢─ ╩ 10 ≤ ∆╢ 1 ɛsҜὝὬ ςȢψ ρπ Ὤ 

 ╕√ ─ ⅜№╢ 30 % ⌐⌂╢ ─ ♃כ♦─% 18.7

╟╡ ─ Ὧ ρ πȢρψχπȢρψχ    

 ─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ςȢ≢ ⇔≡ ∆╢ 4.2.2─ 1)  

─  

ὖ ρ ρ
Ὕ

Ὕ
ςȢ

ςτ
Ὧ 

 

2.6)  

 ─℮∟ ●☻ ≢№╢ 90 %≤ 1 10 ─℮∟ 50 %≤∆

╢  

6 ҜὝὬ πȢρὬ ╩ 50 ⇔ 5 ∆╢↓≤╩  

n=50( ) k=0.9 

─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

2.7) Ⱳ▬ꜝכ  

 Ⱳ▬ꜝכ─℮∟ ●☻ ≢№╢ 90 %≤ 1 10 ─℮∟ 50 %≤

∆╢  

6 ҜὝὬ πȢρὬ╩ 50 ⇔ 5 ∆╢↓≤╩  

n=50( ) k=0.9 

Ⱳ▬ꜝכ─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

2.8)  

 ≢─ ╩ 80 % ∕─ ─●☻ 50 %≤∆╢ 1 10 ─℮

∟ 50 %≤∆╢  

6 ҜὝὬ πȢρὬ ╩ 50 ⇔ 5 ∆╢↓≤╩  

n=50( ) k=0.4 

Ⱳ▬ꜝכ─  

ὖ ρ ρ
Ὕ Ὕ

ςτ
Ὧ 

 

3) ⱨ□fi ─  

ⱨ□fi ⅎ™⇔√ │ ⌐ ™ ↕⌐ ∆╢ ∕─ ╟╡ ™

⌐№╢ │ ≤ ⇔⌂™√╘ ≤│⌂╠⌂™  

 ─ ∆╢ 24.01[m2] ┘Ᵽ♇◒ꜘכ♪─ 24.01[m2]⌐⅔

↑╢ ♩♇♬ꜚ☻כ◔כꜛ◦ ה╣ 500 g4ה ╣ ─ │

4.433[m3]≢№╡ ↓╣╩ 24.01[m2]≢ ⇔≡ ↕╩ ∆╢  

4.433[m3] 24.01[m2] 0.185[m] 

↓─ ╟╡ ⱨ□fi │ 19 cm╟╡ ™ ⌐№╢ ─ ≢│ ⇔⌂
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™╙─≤⇔√  

ₒ ₓ  

ⱨꜝ▬ꜘה♅♇▬☻כ ꜠fi☺ה הכ♃כⱨ꜡☻♩ⱥ♦הכ♃▬ꜝ ה╪╕

ה╪≢⅔ כ◘Ɑfi☻▫♦כⱥכ◖ה ↕ 70 cm ה

☻▬♇♅ ↕ 1 m  

ₒⱣ♇◒ꜘכ♪ ₓ  

☻▬♇♅ ↕ 1 m ה 80 cm ה Ⱳ▬ꜝכ

↕ 80 cm  

 

4) ⅎ™  

ⅎ™⌐≈™≡│ 3.4.1⌐ ⇔√ ⅎ™ ╩ ⇔ 1.00Ĭ10-3

≤⇔√  

 

6.4.3 ⱨ□fi─  

ⅎ™ ─ ┘ │ ⌐╟╡ ⅝ↄ ∆╢  

│☻כ◔כꜛ◦  ─ ╛ ⌐ ╦∑≡ꜚ♬♇♩─ⱨ□fi╩ ∆╢╙─⅜№╢

⅜ ⱨ□fi ⌐ ⅎ™⅜ ∆╢≤ ⅎ™⇔√ ⅜ ─ ⌐ ⇔

≤ ⅜ ⅝ↄ⌂╢  

─ⱨ□fi─ ╩ 1 №√╡ 2 ∆╢≤⇔≡ 8.333 2/24

⌐ A2Lⱦꜟ ⱴꜟ♅─ꜞ☻◒▪☿☻ⱷfi♩ 6-4-1)≢─ ─ ╟╡ⱨ□fi

0.025 %≤⇔ ─ⱨ□fi ╩ 8.358 %≤∆╢  

 

fi▬♅כꜞ 6.4.4 ꜚ♬♇♩─ ה ה  

ה☻כ◔כꜛ◦fi▬♅כꜞ  ꜚ♬♇♩─ ⌐≈

ה☻כ◔כꜛ◦fi▬♅כꜞ│≡™ ꜚ♬♇♩─ ╣ ┘ ─☻כ◔כꜛ◦ ╣

─ ╟╡ ─ ⇔√  

 

1 ╣ ה   

 ─ ⅜ ⇔≡™╢ │ ה☻כ◔כꜛ◦fi▬♅כꜞ ꜚ♬♇♩≤

⌐ ╙ ⌐⌂╠⌂™√╘ │ ↕╣⌂™╙─≤⇔√  

 

2 ╣ ה   

 ≤ ⌐≈™≡ ─☻כ◔כꜛ◦│♩♇♬ꜚ ⌐ ╡

─ ⅎ™⌐≈™≡│ ⱨ□fi─ ⅜ ↄ ⌐ ⅜ ⌐ ╣ ∆√╘ ♅כꜞ

▬fi◦ꜛה☻כ◔כ ꜚ♬♇♩─ fi♥כ◌▪◄ ה⇔ 0.0 m/s─ ╣ ─

─ ╩ ∆╢↓≤≤⇔√  

 

3 ╣ ⱨ□fiה   

ⱨ□fiה  │ ꜚ♬♇♩ ≤ │ ↕╣⌂™╙─≤⇔√  

 

4 ╣ ⱨ□fiה   

 5 ⅎ™ ─ Fig. 5-1-3─ Case 5-1-7─ fi♥כ◌▪◄ ה 0m/s

╩ ╢≤ ⅎ™⇔√●☻│ ⌐ ⇔ ⌐ ™ ↕⌐ ⇔≡™╢─⅜╦⅛╢ ꜚ♬♇

♩─ ╣⌐≈™≡╙ ⌐ ∆╢ ≢ ⌐ ⌐ ™ ⌐ ∆╢╙─≤

ⅎ╠╣╢  

 ™ ⅛╠─ ⅎ™─√╘ ∆╢≤ ⅎ╠╣╢⅜ ⌐ ⅎ

─☻כ◔כꜛ◦ ╣ 4 ╣─ ה ─ ╩ ⇔≡ ⇔√  
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5 ⱨ□fi ─  

 ꜚ♬♇♩─ⱨ□fi │ ⅜ ⅛╠ 21 cm╟╡ ™ │ ⇔⌂™╙─

≤⇔≡™√⅜ ꜚ♬♇♩⌐≈™≡│ ⅜ ╣≡ ⌐ ∆╢ ⌐ ⌐ ╣╢

⅜№╢ ∕─√╘ ꜚ♬♇♩ ↕╟╡ ™ │ ∆╢╙─≤∆╢  

 ⇔⅛⇔ ⅜ ∏⇔╙ ↄ⌐№╢╦↑≢│⌂ↄ ╣≡™╢ │ ╣√ ⌐

╣╢ ╣│⌂™√╘ ↄ⌐ ╡ ╣╢ ╩ 10 %≤⇔ FTA≢│ ─ ⌐

0.1╩⅛↑≡ ⇔√  

ₒ ≤⌂╠⌂™≤⇔≡™√╙─╩ ≤∆╢╙─ₓ  

ה♅♇▬☻כꜘ▬ꜝⱨה♅♇▬☻ ꜠fi☺ה♦ⱨ꜡☻♩ⱥהכ♃כ ה╪╕

ה╪≢⅔ הכ◘Ɑfi☻▫♦כⱥכ◖ה ה Ⱳ▬ꜝכ  
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6.4.5 FTA≤  

1 FTA 

ה☻כ◔כꜛ◦fi▬♅כꜞ≡⇔  ꜚ♬♇♩─ ─ FTA╩ Fig. 6-4-1הFig. 

6-4-2⌐ ∆  

 

Fig. 6-4-1 ─ FTAⱨ□fi  

 

4.1.4a 4.1.12a

4.1.4b 4.1.12b

4.1.5a 4.1.13a

4.1.5b 4.1.13b

4.1.18a 4.1.24a

4.1.18b 4.1.24b

4.1.22a

4.1.22b

4.1.19a

4.1.19b

4.1.21a 4.1.22a

4.1.21b 4.1.22b

R290
0.00E+00 0.00E+00

1.89E-05

R290

0.00E+00

0.00E+00
R290 R290

0.00E+00 0.00E+00

R290 R290

R290

0.00E+00

0.00E+00

0.00E+00 0.00E+00

0.00E+00 0.00E+00 R290
R290

9.82E-04
5.26E-07

R290

9.998E-01

R290 R290 R290

R290

0.00E+00

0.00E+00 0.00E+00 0.00E+00

R290 9.998E-01 R290 9.998E-01
2.59E-01 0.00E+00

4.15E-03 0.00E+00

9.9999E-01

R290 R290

4.57E-03 0.00E+00
R290

6.46E-03 1.00E-05 0.00E+00

R290 R290
R290R290 1.00E-03 R290 1.00E-03

R290 R290

1.69E-11 0.00E+00

R290 R290

1.69E-11 0.00E+00

5.26E-09

R290

1.82E-10

R290

1.69E-11

4.1.1

4.1.16

4.1.6

4.1.4

4.1.2

4.1.25

4.1.15

4.1.9

4.1.25

4.1.17

4.1.7

4.1.20 4.1.23

4.1.5

4.1.18

4.1.19

4.1.24

4.1.22

4.1.12

4.1.13

4.1.6

4.1.14

4.1.3 4.1.11

4.1.25

4.1.10

4.1.8
4.1.21

4.1.22

4.2.1
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Fig. 6-4-2 ─ FTAⱨ□fi  

 

  

4.2.4a 4.2.7a

4.2.4b 4.2.7b

4.2.5a 4.2.8a

4.2.5b 4.2.8b

4.2.11a 4.2.14a

4.2.11b 4.2.14b

4.2.12a 4.2.12a

4.2.12b 4.2.12b

R290

1.18E-14 1.65E-10

R290

1.65E-10

R290 R290

1.18E-14 0.00E+00

R290

R290 R290
R290

8.13E-03 0.00E+00

R290 1.00E-03 R290

R290

9.9999E-01

R290 R290

1.00E-03
1.15E-02 1.00E-05 0.00E+00

2.50E-04
4.04E-01 0.00E+00

8.21E-03 0.00E+00

R290

R290 2.50E-04 R290

R290 R290 R290

R290

1.65E-10 0.00E+00

R290

0.00E+00

R290 1.00E-03 2.50E-04 R290 1.00E-03
1.67E-02 0.00E+00

R290
1.18E-02 0.00E+00

3.93E-01 R290 3.93E-01
2.50E-04

1.00E-01

5.39E-03 0.00E+00 5.39E-03

R290 R290 R290

4.2.1

4.2.2

4.2.15

4.2.9

4.2.16

4.2.17

4.2.18

4.2.10 4.2.13

4.2.19

4.1.6

4.2.4

4.2.5

4.2.11

4.2.12

4.2.14

4.2.12

4.1.6 4.1.6

4.2.20

4.2.7

4.2.8

4.1.6

4.2.15

4.1.14

4.2.3 4.2.6

4.1.10
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ה☻כ◔כꜛ◦fi▬♅כꜞ  ꜚ♬♇♩─Ᵽ♇◒ꜘכ♪ ─ FTA╩ Fig. 6-4-3הFig. 

6-4-4⌐ ∆  

 
Fig. 6-4-3 Ᵽ♇◒ꜘכ♪ ─ FTAⱨ□fi  

 

4.3.4a 4.3.12a

4.3.4b 4.3.12b

4.3.5a 4.3.13a

4.3.5b 4.3.13b

4.3.18a 4.3.24a

4.3.18b 4.3.24b

4.3.22a

4.3.22b

4.3.19a

4.3.19b

4.3.21a 4.3.22a

4.3.21b 4.3.22b

1.71E-10 0.00E+00

5.26E-09

R290

1.62E-09

R290

1.71E-10

R290 R290

1.71E-10 0.00E+00

R290 R290

R290 R290
R290R290 1.00E-03 R290

1.00E-03

2.50E-02 0.00E+00
R290

3.54E-02 1.00E-05 0.00E+00

9.9999E-01

R290 R290

R290 9.998E-01 R290 9.998E-01
4.81E-01 0.00E+00

9.53E-04 0.00E+00

R290

0.00E+00

0.00E+00 0.00E+00 0.00E+00

R290

9.998E-01

R290 R290 R290

0.00E+00 0.00E+00

0.00E+00 0.00E+00 R290
R290

9.82E-04
5.26E-07

R290 R290

R290

0.00E+00

0.00E+00

R290
0.00E+00 0.00E+00

1.89E-05

R290

0.00E+00

0.00E+00
R290 R290

0.00E+00 0.00E+00

4.3.1

4.3.16

4.1.6

4.3.4

4.3.2

4.3.25

4.3.15

4.1.9

4.3.25

4.3.17

4.1.7

4.3.20 4.3.23

4.3.5

4.3.18

4.3.19

4.3.24

4.3.22

4.3.12

4.3.13

4.1.6

4.1.14

4.3.3 4.3.11

4.3.25

4.1.10

4.1.8
4.3.21

4.3.22

4.4.1
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Fig. 6-4-4 Ᵽ♇◒ꜘכ♪ ─ FTAⱨ□fi  

 

2  

 ≤Ᵽ♇◒ꜘכ♪ ─ ☻כ◔│ ─ ≢ Table 6-4-2─

╡⌐⌂╢ ≢☻כ◔ ⌐≡ ╩ ⅎ√╙─⅜ ╩∆╢↓≤⌐╟╡ ≡

כ╢⌂≥ ≤⌂∫√  

 

Table 6-4-2  

 
  

    

 ςȢυπρπ  ρȢψςρπ  ςȢχςρπ  ρȢφςρπ 

 υȢτςρπ  ςȢυυρπ  ψȢσχρπ  ςȢφυρπ 

 υȢυσρπ  ρȢφυρπ  -  -  

 υȢυσρπ  ρȢφυρπ  -  -  

 

  

4.4.4a 4.4.7a

4.4.4b 4.4.7b

4.4.5a 4.4.8a

4.4.5b 4.4.8b

4.4.11a 4.4.14a

4.4.11b 4.4.14b

4.4.12a 4.4.12a

4.4.12b 4.4.12b

R290

1.93E-13 1.45E-09

R290

1.45E-09

R290 R290

1.93E-13 0.00E+00

R290

R290 R290
R290

5.59E-02 0.00E+00

R290
1.00E-03

R290

R290

9.9999E-01

R290 R290

1.00E-03
7.90E-02 1.00E-05 0.00E+00

2.50E-04
9.18E-01 0.00E+00

8.22E-02 0.00E+00

R290

R290
2.50E-04

R290

R290 R290 R290

R290

1.45E-09 0.00E+00

R290

0.00E+00

R290
1.00E-03 2.50E-04 R290 1.00E-03

8.39E-02 0.00E+00
R290

5.93E-02 0.00E+00

6.16E-01 R290 6.16E-01
2.50E-04

1.00E-01

1.07E-01 0.00E+00 1.07E-01

R290 R290 R290

4.4.1

4.4.2

4.4.15

4.4.9

4.4.16

4.4.17

4.4.18

4.4.10 4.4.13

4.4.19

4.1.6

4.4.4

4.4.5

4.4.11

4.4.12

4.4.14

4.4.12

4.1.6 4.1.6

4.4.20

4.4.7

4.4.8

4.1.6

4.4.15

4.1.14

4.4.3 4.4.6

4.1.10
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6.4.6  

1 ⱨ□fi─  

 6.4.3ⱨ□fi─ ≢ ═√╟℮⌐ ⅎ™ ─ ┘ │

⌐╟╡ ⅝ↄ ∆╢ ⱨ□fi ⌐ ⅎ™⅜ ∆╢≤ ⅎ™⇔√ ⅜

─ ⌐ ⇔ ≤ ⅜ ⅝ↄ⌂╢√╘ ─ ה

─ ⌐⅛⅛╦╠∏ ꜚ♬♇♩─ⱨ□fi╩ ⌐ ∆╢↓≤⌐╟╡ ┘

╩ ⇔≡ ╩↕→╢  

⌂⅔ ↓─ ─ⱨ□fi │ Colbourne─ 5.2.5─ (5-2-5) ≤∆╢  

√∞⇔ ⱨ□fi⅜ ∆╢ ╩ ⇔ ╩ ╣≡ ╩ ∆╢ ⱨ□fi─

│ 6.4.3ⱨ□fi─ ≤ ∂ 0.025 %≤∆╢  

 

2 ⱨ□fi ─  

 ⱨ□fi─ ≢─ ≢ⱨ□fi ⌐ ⅜ ↄ⌂╢√╘ ⱨ□fi

⌐ ╩ ╠⇔ ╩ ∆╢  

 │ 4.3 ≢№╢ 1/10≤∆╢  

 

3 ⅎ™  

─☻כ◔כꜛ◦fi▬♅כꜞ  ≢ ⅎ™⇔√ ≢ ↕╣≡™╢√╘ ╣√

⅜ ⌐ ╕╢ ∕╣⅜ ╩ ↑╢≤ ⌐ ⌐ ╣≡ ╩ ⇔ ∕─ ⌐

⅜№╢≤ ∆╢ ↓─ ≢ ⇔≡╙ ╩ ↄ∆↓≤│≢⅝⌂™ 5.1

 

≤⇔≡ ≢─ ⅎ™╩ ⇔ ⌐ ↕╣√ ┼─ ─ ╣╩

⇔ ╩ ⌐⌂╠⌂™╟℮⌐∆╢↓≤⅜ ⅎ╠╣╢ ⅜ ⌐ ∆╢

│ ⌐ ⅜ ↕╣⌂™√╘ ┘ │ 0≤∆╢ ⅜

∆╢ ╩ A2Lⱦꜟ ⱴꜟ♅─ꜞ☻◒▪☿☻ⱷfi♩ 6-4-1)≢─ ≢№╢ 4.05³10-4≤

⇔ ∕─℮∟ ™√╕╕ ∆╢ │ ⌂™≤ ⅎ 1.0³10-4≤∆╢ ⅎ™ ⌐

╩ ∆╢↓≤≤⇔ ∕─ ≢ 1/104.3 ─ ╩ ╖ ⅜ ─╕╕

∆╢ ╩ ╦∑≡ │ 1.0³10-5≤⌂╢ ⌂⅔ ↓─ │ ⇔≡™╣┌

ↄ ≢№╢√╘ ⌐╟╡ ⅜ ↕╣⌂™╟℮⌐∆╢↓≤│ IEC 60335-2-

89─ ⌐ ∆╢ ≢│⌂™≤ ⅎ╢  

⌂⅔ ⌐ ╩ ↕∑ ╩ ↑⌂™╟℮⌐∆╢↓≤⌐╟∫≡

╩ ∆╢↓≤╙≢⅝╢ ↓─ ⌐╟∫≡╙ ─ꜞ☻◒ ⅜ ╘╢≤│

╦╣╢⅜ ↓─ │ IEC 60335-2-89─ ⌐│ ∆╢≤ ╦╣╢√╘ ≤│⇔

⌂™  

 

 

 

6-4-1) ₈ ╩ ⇔√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒ ₉(2017.9). 
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6.5  

─☺כ♥☻ 6.5.1  

1  

⌐│ ⱷכ◌כ╛ⱷfi♥♫fi☻ ☻ⱦכ◘─ ⌂≥≢ ╩ ℮ ╡

⌐ ⌐ ⇔≡ ╩ ℮ ⌂≥─ ⅜ ≢☻כ◔כꜛ◦⌂

⌐ ⇔√╕╕ ╩ ℮ ⅜№╢⅜ ↓↓≢│ ⌐ ⌐ ≤

⌂╡ ╢ ◖fiⱦ♬◄fi☻☻♩▪─ ⅜ ∆╢ ─ ┘

╩ ⇔√  

⌐☻כ◔כꜛ◦│ ↕╣≡™╢ ─ ┼─ ─

⌂≥╩ ℮ ╩ ℮ ≤ ╩ ╦⌂™ ╩

⇔√  

 

2  

─☻כ◔כꜛ◦ ⌐ ⅜ ∆╢≤⇔ ─☻כ◔כꜛ◦ │

╤℮ ↑⅜ ≤⌂╢ ╩ ℮ ≤ ╩ ╦⌂™ ─

╩ ⌐ ⇔√  

190 3.2.1  

╩ ℮ ─ 20112015 ─ 1595 6.1.1─ Table 6-1-2  

╩ ╦⌂™ ─20112015 ─ 174166.1.1─Table 6-1-2  

╟∫≡ ─☻כ◔כꜛ◦ │ ─╟℮⌐⌂∫√  

─☻כ◔כꜛ◦  =(1595+17416)/190 =1.00×10-2 

╕√ ─☻כ◔כꜛ◦ ─℮∟ ╩ ℮ ≤ ╩ ╦⌂

™ ─ │ ─╟℮⌐⌂∫√  

╩ ℮ =1595/(1595+17416) =8.39×10-2 

 ╩ ╦⌂™ =17416/(1595+17416)=9.16×10-1 

 

3  

 │₈ ╩ ℮ ₉≤₈ ╩ ╦⌂™ ₉⌐ ↑⇔

√ ₈ ╩ ℮ ₉│₈ ╩ ╦⌂™ ₉ ₈

⅝ ₉ ₈ ₉ ₈ ₉ ₈ ☻כ◔─┼ ₉

─ ⌐ ⇔ ₈ ╩ ╦⌂™ ₉─ │₈ ╩ ╦

⌂™ ₉─╖ ∆╢≤ ⇔ ─ ╩ ─ ⌐ ⇔√  

₈ ╩ ℮ ₉  

    ₈ ╩ ╦⌂™ 1ההה₉  

    ₈ ⅝ 1ההההה₉  

    ₈ 1הההההה₉  

    ₈ 1הההההההההה₉  

    ₈ ☻כ◔─┼ 0.1ההההה₉ ─  

₈ ╩ ╦⌂™ ₉  

    ₈ ╩ ╦⌂™ 1ההה₉  

 

6.5.2 ≤ ⅎ™  

1 ─  

│ ─ 6.4.2 ⅜ ∆╢╒⅛ ⌐ ℮

⅜ ∆╢ ⌐⅔↑╢ ╩ Table 6-5-1⌐ ∆ ≢ ∆╢

╩ ⌐₃ ≢ ∆ ╕√ ─◄Ⱡꜟ◑כ─ ╙ ∆  
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2 ⌐ ℮  

⌐ ⌐ ℮ ─ ╩ ∆ ╩ ∆╢√╘─

│ 5 ─ ⅎ™ ⌐╟╢ ╕√ Table 6-5-1⌐≡ ◄Ⱡꜟ◑כ

⅜ ≢№╢ ⌐⅔™≡│ ╩ 20.5≢ ⇔≡ ∆╢  

 

Table 6-5-1 ⌐⅔↑╢  

 

 

╩ ╦⌂

™  ⅝   
 

  
◄Ⱡꜟ

כ◑  

⌐

℮  

◖fi☿fi♩   ₃     

 

 
 ₃     

♪ꜝ▬

Ᵽכ  
 ₃   ₃   

 

( ) 
  ₃    

ⱳfiⱪ    ₃   ₃  

Ᵽכ♫כ     ₃   

⌐

╦⌂™  

 

─

 
 ₃  ₃  ₃  ₃  

 

2.1◖fi☿fi♩ ( ⅎ™/ ⅎ™) 

⌐☻כ◔כꜛ◦ ⅜ ↕╣√ ≢ ◖fi☿fi♩╩ ™√ ⌐ ∆╢☻Ɽכ◒

╩ ─☻כ◔כꜛ◦.╢∆ ⌐◖fi☿fi♩⅜№╢ ≤ ⌐◖fi☿fi♩⅜№╢

╩∕╣∙╣ 50 %≤⇔ ⌐◖fi☿fi♩⅜№╢ ⌐ ⌐ ↕╣╢ ⌐↕╠↕╣

╢≤⇔√ ╕√ 50 %⅜Ⱪ꜠כ◌╩ ╠∏⌐◖fi☿fi♩╩ ∆≤⇔√ Ⱪ꜠כ◌╩ ╠∏⌐

◖fi☿fi♩╩ ∆ ≤⇔≡│Ⱪ꜠כ◌⅜ ⌂ ╛ 100 V │Ⱪ꜠כ◌╩ ╢≤

Ⱪ꜠כ◌⌐ ↕╣≡™╢ ─ ─ ╙ ╣≡⇔╕℮√╘Ⱪ꜠כ◌╩ ╣⌂™

⌂≥⅜№╢ ╟∫≡ ─  k│ 50 %Ĭ50 %=25 %≤∆╢  

☻Ɽכ◒ │ 5 ms≤∆╢  

Ts(h)=1(h) 

TI(h)= 5(ms)/3,600,000(s/h)=1.39Ĭ10-6 (h) 

n=1( ) 

─  k=0.25 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)( 0 m/s) 

ⅎ™ TV(h)=1.82 Ĭ10-1 (h)( 0 m/s) 

Pt= [1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =7.36Ĭ10-3 

ⅎ™ Pt =4.55Ĭ10-2 

 

2.2  ( ⅎ™/ ⅎ™) 

 ─ │ ─ ⌐ ⌐☻כ◔כꜛ◦╢∆ ∫√ ≤ ☻כ◔כꜛ◦⌐

─ⱤⱠꜟ╩≈↑╢ ⌐ ⅝╢≤⇔ 2 ™ ╩ ≈≤⇔√ ∆╢ │ כ◔
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☻ ─▪☺ꜗ☻♩Ⱳꜟ♩╩ ⇔≢№→╢ ╩ꜟⱤⱠ♩כ◌☻ ╢⌂≥─ ≤⌂╢  

⌐╟╢☻Ɽכ◒ ╩ 1 ɛs≤∆╢  

─ ⅜№╢ 30 % ⌐⌂╢ ─ 18.7 % 4.2.2 ─ 3)

╟╡ ─ k=1Ĭ0.187=0.187 ≤∆╢  

─ ◄Ⱡꜟ◑כ│ 1 mJ ≢№╡ ∆╢ │◓ꜝⱨ⅛╠ ─ 1/2

≤⌂╢√╘ ≤ ─ ╩ 20.5≢ ∆╢ 4.2.2─ 1)  

Ts(h)=1(h) 

Ti(h)=1(ɛs)/3,600,000,000(ɛs /h)=2.78Ĭ10-10 (h) 

n=2( ) 

─  k=1.87Ĭ10-1 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)/ Ѝς = 2.08 Ĭ10-2 (h) ( 0 m/s) 

ⅎ™ TV(h)=1.82 Ĭ10-1 (h)/ Ѝς = 1.29 Ĭ10-1 (h) ( 0 m/s) 

Pt= [1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =7.70Ĭ10-3 

ⅎ™ Pt =4.51Ĭ10-2 

 

2.3 ♪ꜝ▬Ᵽכ  ( ⅎ™/ ⅎ™) 

 ⌐ ♪ꜝ▬Ᵽכ⌐≡ ╩כⱤⱠꜟ╛◌Ᵽ♩כ◌☻─☻כ◔כꜛ◦ ╡ ⇔√╡  

─ ⇔ ↑╩ ℮↓≤╩ ∆╢ ♪ꜝ▬Ᵽכ─ ╩ 50 %≤∆╢

≤⌂╢ ♪ꜝ▬Ᵽכ│Ⱪꜝ◦⸗כ♃כ ─╖≢№╡ ∕─ ╩ 5 %≤∆╢  

╟∫≡ ─ k│ 50 % Ĭ 5 %=2.5 %≤∆╢    

♪ꜝ▬Ᵽכ─ │ 1 №√╡ 3 10 ≤∆╢  

Ⱪꜝ◦⸗כ♃כ─ ◄Ⱡꜟ◑כ│ ↕™√╘ ≤ ─

╩ 20.5≢ ∆╢ 4.2.4─ 3)  

Ts(h)=1(h) 

Ti(h)= 3(s)/3,600 (s/h)=8.33Ĭ10-4 (h) 

n=10( ) 

─  k=2.50Ĭ10-2 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)/ Ѝς = 2.08 Ĭ10-2 (h) ( 0 m/s) 

ⅎ™ TV(h)=1.82 Ĭ10-1 (h)/ Ѝς = 1.29 Ĭ10-1 (h) ( 0 m/s) 

Pt=[1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =4.91Ĭ10-3 

ⅎ™ Pt =1.88Ĭ10-2 

 

2.4 ( ) ( ⅎ™/ ⅎ™) 

 R290⌂≥─ A3 │ A2 ╩ 20 ╕≢─ ↑ ⌂⇔⌐ ⌐╟╡ ∆╢↓

≤│ ●☻ ≢ ↕╣≡™╢ 8.1 ⅜ ∫≡ ─ ╩

⇔≡⇔╕℮↓≤╩ ∆╢ ─ ☻▬♇♅⅜ ≤⌂╢ ∫≡

╩ ⇔≡⇔╕℮ ╩ 50 %≤ ∆╢ ╟∫≡ k=0.5≤∆╢  

☻▬♇♅─ ONהOFF│ ─ 2 5 ms≤∆╢  

Ts(h)=1(h) 

Ti(h)= Tic(h)= 5(ms)/3,600,000(s/h)=1.39Ĭ10-6 (h) 

n=2( ) 

─  k=0.5 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)( 0 m/s) 
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ⅎ™ TV(h)=1.82 Ĭ10-1 (h)( 0 m/s) 

Pt=[1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =2.90Ĭ10-2 

ⅎ™ Pt =1.66Ĭ10-1 

 

2.5 ⱳfiⱪ ( ⅎ™/ ⅎ™) 

 ⱳfiⱪ─ ╩ ∆╢ ⱳfiⱪ─ ☻▬♇♅⅜ ≤⌂

╢ ☻▬♇♅─ ONהOFF│ ─ 2 5 ms≤∆╢  

Ts(h)=1(h) 

Ti(h)= 5(ms)/3,600,000(s/h)=1.39Ĭ10-6 (h) 

n=2( ) 

─  k=1 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)( 0 m/s) 

ⅎ™ TV(h)=1.82 Ĭ10-1 (h)( 0 m/s) 

Pt=[1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =5.80Ĭ10-2 

ⅎ™ Pt =3.31Ĭ10-1 

 

2.6Ᵽכ♫כ ( ⅎ™/ ⅎ™) 

 Ᵽכ♫כ⌐╟╢ ─ ╩ ∆╢ ─√╘ 2ﬞ ─ ─

╡ ⇔≤ ╡ ↑─ 4 Ᵽכ♫כ⌐╟╡ ∆╢≤ ⇔ Ᵽכ♫כ─ │ 4 1

─ ╩ 2 min≤ ∆╢  

Ts(h)=1(h) 

Ti(h)= 2(min)/60(min /h)=3.33x10-2 (h) 

n=4( ) 

─  k=1 

 

ⅎ™ TV(h)=2.94 Ĭ10-2 (h)( 0 m/s) 

ⅎ™ TV(h)=1.82 Ĭ10-1 (h)( 0 m/s) 

Pt=[1-{1-(Ti+Tv)/Ts}
ns]Ĭk 

ⅎ™ Pt =2.28Ĭ10-1 

ⅎ™ Pt =6.21Ĭ10-1 

 

2.7Ᵽכ♫כ ( ) 

 ⌐ ⅜ ⇔√ ≢Ᵽכ♫כ⌐╟╡ ╩ ╡ ∆↓≤╩

∆╢ Ᵽכ♫כ≢ ╩ ∆≤ ⌐ ⅎ™⇔ Ᵽכ♫כ─ ≤ ∆╢√╘

│ 1≤∆╢  

Pt =1.00 

 

3 ⅎ™  

3.1 ⅎ™─  

│ ⅎ™ 3.4.1 ⅜ ∆╢╒⅛ ⌐ ℮ ⅎ

™⅜ ∆╢ ⌐ ℮ ⅎ™╩ Table 6-5-2⌐ ∆ ≢ ∆╢

ⅎ™╩ ⌐₃ ≢ ∆   

⌂⅔ R290⌂≥─ A3 │ A2 ╩ 20 ╕≢─ ↑ ⌂⇔⌐ ⌐╟╡

∆╢↓≤│ ●☻ ≢ ↕╣≡™╢ 8.1 √╘ ─ │ ⱱ

╩☻כ ⇔≡ ⌐ ∆╢ 8.2─ 5)─ Fig. 8-2 │ ╩ ⇔≡ ⌐
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∆╢ 8.2─ 5)─ Fig. 8-3 ↓≤╩ ∆╢  

 

Table 6-5-2 ⌐⅔↑╢ ⅎ™  

ⅎ™  
 

 

╩ ╦  

⌂™  

 

⅝  

 

 

 

 

 

 

 
  

⌐  

℮

ⅎ™  

 ₃  ₃  ₃  ₃  

─   ₃    

ⱱכ☻ ⇔ ─ ⅎ™

( ) 
 ₃   ₃  

ⱱכ☻ ⇔ ─ ⅎ™

(ⱱכ☻⌐╟╢ ) 
 ₃    

ⱱכ☻ ( )  ₃    

ⱱכ☻ ( )  ₃    

─

⅜  
 ₃    

ⱱכ☻⌐╟╢

─ⱱכ☻ ─

⅜  

 ₃    

ⱳfiⱪ⅛╠─   ₃    

⌐ ⇔√

╩  
  ₃   

   ₃   

╣    ₃   

╤℮ ↑     ₃  

ⱱכ☻     ₃  

ⱣꜟⱩ     ₃  

⌐

╦⌂™

ⅎ™  

ⅎ™  ₃  ₃  ₃  ₃  

 

3.2 ⌐ ╦⌂™ ⅎ™  

 ⌐ ╦⌂™ ⅎ™⌐≈™≡│ 3.4.1 ⌐ ⇔√ ⅎ™ ╩

⇔ ─╟℮⌐ ⇔√ │™∏╣╙ 1 ≤⇔ ⌐

⌐ ╦⌂™ ⅎ™⅜ ∆╢ ( ─ )│  

1(h)/24(h)/365(day)= 1.14Ĭ10-4≤∆╢  

 

3.2.1 ⌐ ╦⌂™ ⅎ™  

☻כ◔כꜛ◦fi▬♅כꜞ  ☻כ◔כꜛ◦─ ≤ ⱪfiכ○ ─ ⅎ™⌐

⇔≡│ ⅜ ↕ↄ ⌐ ⅎ╢ ⅜ ↕™≤ ⇔ כ◔כꜛ◦fi▬♅כꜞ

☻ ⅛╠─ ⅎ™│ ⅛╠ ∆╢ ╟∫≡ ⅎ™─ ▬♅כꜞ│─╢∆≥

fi◦ꜛכ◔כ☻─╖≤∆╢ ─☻כ◔כꜛ◦fi▬♅כꜞ │ ☻כ◔כꜛ◦ ─

29.7 %≤∆╢ 3.4.2  

ⅎ™─℮∟ ⅎ™ ╩ 50 %≤ ∆╢  

  ⅎ™ 1.00Ĭ10-3 

─ =1.14Ĭ10-4 



 

177 

─☻כ◔כꜛ◦fi▬♅כꜞ =2.97Ĭ10-1 

ⅎ™ =0.5 

4 ─ ⌐╟╡ ⌐ ╦⌂™ ⅎ™ ╩ ∆╢  

 ⌐ ╦⌂™ ⅎ™ =1.70Ĭ10-8 

 

3.2.2 ⌐ ╦⌂™ ⅎ™  

 ⅎ™─℮∟ ⅎ™ ╩ 50 %≤ ∆╢  

  ⅎ™ 1.00Ĭ10-3 

─ =1.14Ĭ10-4 

ⅎ™ =0.5 

3 ─ ⌐╟╡ ⌐ ╦⌂™ ⅎ™ ╩ ∆╢  

⌐ ╦⌂™ ⅎ™ =5.72Ĭ10-8 

 

3.3 ⌐ ℮ ⅎ™  

3.3.1  

 ⌐ ∫≡ ╩ ↕∑≡⇔╕™ ⅎ™⅜ ∆╢↓≤╩ ∆╢  

ⱥꜙכⱴfi◄ꜝכ =1.00Ĭ10-3 

ↄ⌐ ⅜№╢ =1.00Ĭ10-1 

≤ ⇔√ ⌐ ⅎ™⌐ ╢ =1.00Ĭ10-2 

╩ ∂≡ ∆╢  

⌐╟╢ ⅎ™ =1.00Ĭ10-6 

 

3.3.2 ─  

 ╩ ⇔√ ─ ⌐ ⅜ ⇔≡™╢↓≤╩ ∆╢ ⅜

⌂√╘ ⱥꜙכⱴfi◄ꜝכ≤ (1/1000)≢ ∆╢≤ ∆╢  

 ─ ⌐╟╢ ⅎ™ =1.00Ĭ10-3 

 

3.3.3ⱱכ☻ ⇔ ─ ⅎ™ ( )  

╩ ⇔√ │ ⌐ ⱱכ☻ ⌐ ∫√ ⅜ ⌐ ∆╢↓

≤╩ ∆╢ ∆╢ⱱכ☻╩ 1/4▬fi♅ה │ 5 mm≤ ∆╢≤ S│

S=́Ĭ(5/2)2Ĭ10-6=1.96Ĭ10-5 (m2)≤⌂╢  

ⱱכ☻ ↕│ 1m╩ ∆╢  

20 ─ ─ ɟ│ 500.1 kg/m3≤⌂╡  

ⱱכ☻ =SĬⱱכ☻ ↕Ĭɟ=1.96(m2)Ĭ10-5(m2)Ĭ1(m)Ĭ500.1 (kg/m3)Ĭ1000 (g/kg)=9.8 (g)

≤⌂╢  

20 ─ ●☻ ─ │ 18.1 kg/ m3≤⌂╡  

ⱱכ☻ =SĬⱱכ☻ ↕Ĭɟ=1.96(m2)Ĭ10-5(m2)Ĭ1(m)Ĭ18.1 (kg/m3)Ĭ1000 (g/kg)=0.35 (g)

≤⌂╢  

ⱱכ☻ ─ ⅜ ⌐ 20 % ●☻ 80 %≢№╢╙─≤ ∆╢≤ ⱱכ☻

=9.8Ĭ0.2+0.35Ĭ0.8=2.24 g 

─┼☻כ◔כꜛ◦ 500 g⌐ ⇔≡ⱱכ☻ 2.24 g≤⌂╢─≢  

ⱱכ☻ ⇔ ─ ⅎ™ ╩ 2.24/500ԇ5.00Ĭ10-3≤∆╢  

 

3.3.4ⱱכ☻ ⇔ ─ ⅎ™ (ⱱכ☻⌐╟╢ )  

ⱱכ☻⌐╟╢ ⌐ ⱱכ☻ ⌐ ∫√ ⅜ ⌐ ∆╢↓≤╩ ∆╢

∆╢ⱱכ☻╩ 1/4▬fi♅ה │ 5 mm≤ ∆╢≤ S│ S=́Ĭ(5/2)2Ĭ10-6=1.96Ĭ10-5 

(m2)≤⌂╢  

ⱱכ☻ ↕│ 10 m╩ ∆╢  
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20 ─ ●☻ ─ │ 1.8 kg/ m3≤⌂╡  

ⱱכ☻ =SĬⱱכ☻ ↕Ĭɟ=1.96(m2)Ĭ10-5(m2)Ĭ10(m)Ĭ1.8(kg/m3)Ĭ1000 (g/kg)=0.35 (g)

≤⌂╢  

─┼☻כ◔כꜛ◦ 500 g⌐ ⇔≡ⱱכ☻ 0.35 g≤⌂╢─≢  

ⱱכ☻ ⇔ ─ ⅎ™ ╩ 0.35/500=7.00Ĭ10-4≤∆╢  

 

3.3.5ⱱכ☻ ( ) 

 ┼─ⱱכ☻ ⌐╟╢ ⅎ™╩ ∆╢ ┼─ⱱכ☻

│ ─ ≤⌂╢√╘ ⱥꜙכⱴfi◄ꜝ5.00כĬ10-2≤∆╢ 3.5

 

 

3.3.6ⱱכ☻ ( ) 

┼─ⱱכ☻ ⌐╟╢ ⅎ™╩ ∆╢ ┼─ⱱכ☻ │ ⅛╠

∫≡™╢ ≢№╢√╘ ⱥꜙכⱴfi◄ꜝ1.00כĬ10-3≤∆╢  

 

3.3.7 ─ ⅜  

 ∫≡ ⌐≡ ⅛╠ ╩ ⇔≡⇔╕∫√ ╩ ∆╢  

⅛╠─ │ ─ ≤⌂╢√╘ ⱥꜙכⱴfi◄ꜝכ

5.00Ĭ10-2≤∆╢  

 

3.3.8ⱱכ☻⌐╟╢ ─ⱱכ☻ ─ ⅜  

─ⱱכ☻⌐╟╢ ⌐ ↕╣╢ⱱכ☻ ⅜ ╕≢ ┘≡™⌂™ ╛

ⱱכ☻⅛╠ ╩ ⇔√ ⌐ⱱכ☻ ⅜ ↕╣≡⅔╠∏ⱱכ☻⅜№┌╣≡ ⌐

⅜ ╣≡⇔╕℮ ╩ ∆╢ ─ⱱכ☻⌐╟╢ │

─ ≤⌂╢√╘ ⱥꜙכⱴfi◄ꜝ5.00כĬ10-2≤∆╢  

 

3.3.9 ⱳfiⱪ⅛╠─  

 ≢─ ⱳfiⱪ⌐╟╢ ⅝⌐╟╡ ⌐ ∫√ ⅜ ∆╢↓≤╩ ∆

╢ ─ │ ≤⌂∫≡⅔╡ ≤ ⅎ 1.00Ĭ10-2≤∆╢  

 

3.3.10 ⌐ ⇔√ ╩  

 ⌐ ⌐ ⅜ ⇔ ∕─ ⌐ ⅜ ⇔ ↕╠⌐∕─

─ ╩ ∆╢↓≤╩ ∆╢  

 ⌐ ⅜ ∆╢ ╩ 1.00Ĭ10-3≤ ∆╢ ⌐№╢ │ ה

≤ ⇔ ⅜ ∂√ ≢ ⅜ ⇔ ─ ─ ⌐ ⅜ ∆╢  

ה ♃כ♦─ 6-5-1)╩ │ 130( / )÷☻♩♇◒

49,000( /10 )ԇ2.65Ĭ10-3≤⌂╢ ╟∫≡ ╩ ∆╢ ╩ 2.65Ĭ10-3≤∆╢  

⌐ ⅛⌂™ ╩ⱥꜙכⱴfi◄ꜝ1.00כĬ10-3≤∆╢  

 ⌐ ⅜ ∆╢ 1.00Ĭ10-3 

╩ ∆╢ 2.65Ĭ10-3 

⌐ ⅛⌂™ 1.00Ĭ10-3 

╩ ∂≡ ∆╢≤ ⌐ ⇔√ ╩ ∆╢ 2.65Ĭ10-9≤∆╢  

 

3.3.11  

 ╩ⱱכ☻╩ ⇔≡ │ ╩ ⇔≡ ⇔√ ⌐ ⌐

⅜ ∫≡⇔╕∫≡™√↓≤╩ ∆╢ ─ⱱכ☻⌐╟╢ ≢─

│™∏╣╙ ─ ≤⌂╢√╘ ⱥꜙכⱴfi◄ꜝ5.00כĬ10-2≤

∆╢  
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3.3.12 ╣  

 ⌐ ╩ ⇔⌂⅛∫√↓≤╩ ∆╢ │

⅝ Ɽכ☺╩ ∫√ ─ ≤⌂╢ ╣⌐╟╢ ⅎ™⅜ ∆╢

─│ ≡─ ╩ ⇔⌂⅛∫√ ≤⌂╢  

╟∫≡ ╩⇔≡™⌂™ ≢ ╩⇔≡⇔╕℮ │ⱥꜙכⱴfi◄ꜝכ

1.00Ĭ10-3≤⇔ ⌐ ⅝ Ɽכ☺╩⇔ ╣╢ ╩ 1.00Ĭ10-1≤∆╢  

╟∫≡  

(1.00Ĭ10-3)× (1.00Ĭ10-1)× (1.00Ĭ10-1)= 1.00Ĭ10-5 

≤∆╢  

 

3.3.13╤℮ ↑  

 ╤℮ ↑⌐╟╢ ⅛╠─ ⅎ™╩ ∆╢ ╤℮ ↑ ─ │ⱥꜙ

╢∆≥1.00Ĭ10-3כꜝ◄ⱴfiכ  

 

3.3.13.1╤℮ ↑ ( ⅎ™ ) 

☻כ◔כꜛ◦fi▬♅כꜞ  ☻כ◔כꜛ◦─ ≤ ⱪfiכ○ ─ ⅎ™⌐

⇔≡│ ⅜ ↕ↄ ⌐ ⅎ╢ ⅜ ↕™≤ ⇔ כ◔כꜛ◦fi▬♅כꜞ

☻─╖╩ ⅎ™─ ≤∆╢ ☻כ◔כꜛ◦fi▬♅כꜞ─∟℮─☻כ◔כꜛ◦

─ │ 29.7 %≤∆╢ 3.4.2 ─ 50 %⅜ ≤ ∆

╢ ╟∫≡  

  ╤℮ ↑ ─ 1.00Ĭ10-3 

─☻כ◔כꜛ◦fi▬♅כꜞ 2.97Ĭ10-1 

ⅎ™ 0.5 

╩ ∂≡ ⇔ ╤℮ ↑ ( ⅎ™ )⌐╟╢ ⅎ™ 1.49Ĭ10-4 ≤

∆╢  

 

3.3.13.2╤℮ ↑ ( ⅎ™ ) 

 ─ 50 %⅜ ≤ ∆╢ ╟∫≡  

  ╤℮ ↑ ─ 1.00Ĭ10-3 

ⅎ™ 0.5 

╩ ∂≡ ⇔ ╤℮ ↑ ( ⅎ™ )⌐╟╢ ⅎ™ 5.00Ĭ10-4 ≤

∆╢  

 

3.3.14ⱱכ☻  

─ⱱכ☻ ⌐╟╢ ⅎ™╩ ∆╢ ─ⱱכ☻ │

⅛╠ ∫≡™╢ ≢№╢√╘ ⱥꜙכⱴfi◄ꜝ1.00כĬ10-3≤∆╢  

 

3.3.15ⱣꜟⱩ  

⌐ⱣꜟⱩ╩ ∂∏⌐ⱱכ☻╩ ⇔≡⇔╕℮↓≤╩ ∆╢ ⌐Ᵽꜟ

Ⱪ╩ ∂╢ │ ⅛╠ ∫≡™╢ ≢№╢√╘ ⱥꜙכⱴfi◄ꜝ1.00כĬ10-3≤∆╢  

 

6.5.3 FTA≤  

FTA╩ ⌐ ∆ │ 2.18Ĭ10-5 2.10Ĭ10-5≤⌂╡ ─

─ 5.26Ĭ10-8╩ ╢ ≤⌂∫√ ⅝

≢─ ⅜ ↄ ⌐Ᵽכ♫כ⌐╟╢ ⌐╟╢

⅜ ™↓≤⅜ ⅛╢  
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Fig. 6-5-1 ─ FTA 

 

R290 5.00E-01R290 2.02E-07 R290 1.87E-07
R290 5.00E-02 R290 1.92E-07 R290 5.00E-01

R290 2.50E-02
R290 1.95E-07 9.37E-08R290

R290 4.43E-06
R290 1.80E-08
R290 1.89E-08

R290 1.37E-06R290 1.80E-08 R290 1.27E-05
9.82E-05R290 1.89E-08 R290 8.21E-04

R290 2.89E-07

8.39E-02

R290 2.50E-02 R290

R290 8.39E-02
R290 1.80E-08 R290 9.16E-01 R290
R290 1.89E-08 R290 9.16E-01

R290 2.18E-05
R290 1.23E-08

R290 1.65E-08 R290 1.21E-06
R290 1.74E-08 R290 2.17E-03 R290 1.00E-02

R290 1.00E-02

5- 2.1

[ / / ]

5- 2

5- 2.2

5- 2.2.15- 2.2.2

5- 2.3

5- 2.3.1

5- 2.3.3
5- 2.3.5

5- 2.3.45- 2.3.2

5- 2.2.2 5- 2.3.4.1 5- 2.3.4.2

5- 2.3.4.1.1

( )

5- 2.3.4.1.2

( )

5- 2.3.4.1.3

5.26E- 08
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Fig. 6-5-2 ─ FTA 

 

6.5.4   

ꜞ☻◒▪☿☻ⱷfi♩─ ⅛╠ ─ ╩ ⇔√ ≡─ ╩ ∆╢↓≤≢

│ 1.23Ĭ10-8 2.20Ĭ10-10≤⌂╡ ─ ─ 5.26Ĭ10-8

⌐ ╕╢↓≤≤⌂∫√  

│ ⌐╟╡ ∆╢  

 

╩ ⇔⌂™ ─ ─ ─ Ĭ(1- ╩ ⇔⌂™ ─ ) 

 

1) ⱳfiⱪ⌐╟╢ ─   

╩ ∆╢√╘ ─ ⱳfiⱪ≢ ╩ ⅝∆╢↓≤

╩ ∆╢  

ה ╩ ⇔⌂™ ─ 1.00Ĭ10-3  

  ( │ ⱷכ◌כ─ ⅜ ⅝ ⅝ ≡─ ⅜ ╩ ↑╢≤ ⅎ

╢⅜ ⇔⌂™ ⅜ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢™╢≤ ∆╢) 

ה  ─ ─ 1.00Ĭ10-3 

   ( ╩ ⌂∫≡╙ ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢ ⅜ ∆╢≤ ) 

╟∫≡ │ ≤⌂╢  

= 1.00Ĭ10-3+1.00Ĭ10-3Ĭ(1-1.00Ĭ10-3) = 2.00Ĭ10-3 

 

2) ─ ─   

 ⌐│ ─ ─ ≤⌂╢ ─№╢ ≡─

┼─ ╩ ⇔√ ⌐∆╢↓≤╩ ∆╢  

ה ╩ ⇔⌂™ ─ 1.00Ĭ10-3 

   ( │ ⱷכ◌כ─ ⅜ ⅝ ⅝ ≡─ ⅜ ╩ ↑╢≤ ⅎ

R290 2.37E-15
R290 3.18E-09

R290 2.16E-12
R290 3.19E-091.11E-07

R290 3.06E-10 R290 1.14E-07 R290 2.50E-02
R290 2.52E-11 R290 1.14E-07 R290

9.16E-01R290 8.39E-02
R290 2.50E-02
R290 2.28E-07

R290 3.19E-09
R290 3.18E-09 R290

R290 2.10E-03 R290 2.92E-09
R290 1.91E-08 R290 2.92E-09

R290 2.10E-03
R290 1.00E-02 R290 2.20E-08

5.26E-08

R290 2.10E-05
R290 2.20E-10

[ / / ]

5

5.2

5.3

( )

5.4

5.3.1 5.3.2

5.3.75.3.3

5.4.2

5.3.85.3.6
5.4.1

5.4.1

5.1
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╢⅜ ⇔⌂™ ⅜ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢™╢≤ ∆╢ ) 

ה ─ ─ 0 ( ╩ ⅎ┌ │ ↕╣╢ ) 

╟∫≡ │ ≤⌂╢  

=1.00Ĭ10-3+0Ĭ(1-1.00Ĭ10-3)= 1.00Ĭ10-3 

 

3) ⅎ™ ─ ⌐╟╢ ─  

 ⅎ™ ╩ ⇔ ⅜ ⇔√ ⌐ ╩ ⇔ ⅜ ╩ ⇔⌂

ↄ⌂╢╕≢ ╩ ⇔≡│™↑⌂™↓≤╩ ∆╢ ≤⇔≡ ⅜

∆╢  

ה ╩ ⇔⌂™ ─ 1.00Ĭ10-3 

  ( │ ⱷכ◌כ─ ⅜ ⅝ ⅝ ≡─ ⅜ ╩ ↑╢≤ ⅎ╢

⅜ ⇔⌂™ ⅜ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢™╢≤ ∆╢ ) 

ה ─ ─ 1.00Ĭ10-2 ( ─ ≤ ≤∆╢ ) 

╟∫≡ │ ≤⌂╢  

 =1.00Ĭ10-3+1.00Ĭ10-2Ĭ(1-1.00Ĭ10-3) 1.10Ĭ10-2 

           

4) ─  

 ⌐│ ⌂≥≢ ╩ ∆╢↓≤⅜ ⌂ ╩ ⇔ ─ ╩

⇔⌂↑╣┌™⅛⌂™↓≤╩ ∆╢  

ה ╩ ⇔⌂™ ─ 1.00Ĭ10-3 

  ( │ ⱷכ◌כ─ ⅜ ⅝ ⅝ ≡─ ⅜ ╩ ↑╢≤ ⅎ╢

⅜ ⇔⌂™ ⅜ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢™╢≤ ∆╢ ) 

ה ─ ─ 1.00Ĭ10-2 4.3  

╟∫≡ │ ≤⌂╢  

 =1.00Ĭ10-3+1.00Ĭ10-2Ĭ(1-1.00Ĭ10-3) 1.10Ĭ10-2 

 

5) Ⱪꜝ◦⸗כ♃כ─  

 ♪ꜝ▬Ᵽכ╩ ∆╢ ⌐│Ⱪꜝ◦⸗כ♃כ╩ ∆╢ ♪ꜝ▬Ᵽכ╩ ⇔

⌂™↓≤╩ ∆╢  

≤ ─ ≤⇔ ╩ 1.00Ĭ10-1≤∆╢  

 

6) ⱳfiⱪ ─  

 ⱳfiⱪ ╩ ⇔⌂™↓≤╩ ∆╢  

≤ ─ ≤⇔ ╩ 1.00Ĭ10-1≤∆╢  

 

7) ╤℮ ↑ ♩☻♥◒כꜞ─  
 ─ⱴ♬ꜙ▪ꜟ 4.3 ─ Table 4-5 ─ ה ≤ ≤⇔ 1.00Ĭ10-2≤∆╢  

 

8) Ɽכ☺⌐╟╢ ─  
 ─ ∆╢√╘ ●☻≢ ╩Ɽכ☺∆╢↓≤╩ ∆╢  

ה ╩ ⇔⌂™ ─ 1.00Ĭ10-3  

   ( │ ⱷכ◌כ─ ⅜ ⅝ ⅝ ≡─ ⅜ ╩ ↑╢≤ ⅎ

╢⅜ ⇔⌂™ ⅜ⱥꜙכⱴfi◄ꜝ1/1000כ─ ≢™╢≤ ∆╢) 

ה ─ ─ 1.00Ĭ10-3 

   ( ╩ ⌂∫≡╙ 1/1000─ ⅜ ∆╢≤ ∆╢) 

╟∫≡ │ ≤⌂╢  

 =1.00Ĭ10-3+1.00Ĭ10-3Ĭ(1-1.00Ĭ10-3) 2.00Ĭ10-3 
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9) ⌐╟╢  

│ ─ ╩ ⌐⇔ ⌐ ⅜╢ ╩ ⌐⇔≡ ╩╟ↄ∆╢

↓≤╩ ∆╢ ─ ⅜№╢ 30 % ⌐⌂╢ │ 18.7 %

3.2 %≤ ⇔≡™╢⅜ ╩ ↄ∆╢↓≤⌐╟╡ │ ─

≤⌂╢╙─≤ ⇔ ─ ⅜№╢ 30 % ⌐⌂╢ │ 10.95 %

=(18.7+3.2)/2≤⌂╢≤∆╢  

╟∫≡ │ ≤⌂╢  

10.95/18.75.86Ĭ10-1 

 

10) ⌐╟╢ ─   

⅜≤⌂כ꜠ꜞ│⌐  ≤⌂╢√╘ 2)⌐ ─ ┼─

╩ ∆╢ ╩ ⇔ ┼─ ⅜ ↕╣╢√╘ ⌐ ═ ⅜

⌐ ╣ ⅜ ∆╢ ⅜ ∆╢↓≤╩ ⇔ ∕─ │ 50 %≤∆╢   

 

 

 

6-5-1) ₈ ╩ ⇔√  ─ꜞ☻◒ ₉(2017.11). 
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6.6  

6.6.1  

☻כ◔כꜛ◦ ─ ─ ╣╩ Fig. 6-6-1⌐ ∆  

 

 

 

 

 

 

 

 

Fig. 6-6-1 ◦ꜛכ◔כ☻ ─ ╣  

 

╩☻כ◔כꜛ◦ ∆╢ │ ⌂≥⅜ ⅛╠ ⇔ ╕≢ ⇔≡

∕↓≢ ╩ ℮ ↓─ ─ ─℮∟ ⌐≈™≡│ ≢☺כ♥☻

↕╣≡⅔╡ ≢─ ⌐≈™≡│ ⅜ ∫≡™╢╙─≢│⌂™√╘ ─

╩ ⇔√ ●▬♪ꜝ▬fi╩ ⇔ ≤╙ ⇔≡ ⌐ ↕╣

╢╟℮⌐ ╙℮∆╢↓≤≤⇔ ↓↓≢│ Fig. 6-6-1─ A─ ∆⌂╦∟ ⌂≥

⅜ ╩☻כ◔כꜛ◦╠⅛ ∆╢ ⌐ ∫≡ ꜞ☻◒ ╩ ∫√ ↓─ ◦

│☻כ◔כꜛ ⌐ ⅜ ∫√ ≢ ↕╣╢  

│ ⇔≡◖fiⱦ♬◄fi☻☻♩▪╩ ∆╢ ꜞ☻◒▪☿☻ⱷfi♩╩ כꜛ◦℮

─☻כ◔ ≡™≈⌐☻כ◔כꜛ◦fi▬♅כꜞ│≡⇔≥ ╩ ⇔√ ◦fi▬♅כꜞ

│≡™≈⌐☻כ◔כꜛ ╩ ⇔√ꜚ♬♇♩⅜ ⌐№╢ ꜚ♬♇♩≤ ⌐№

╢ ꜚ♬♇♩⅜№╡ ⅎ™ ─ ┼─ ⌂≥⅜ ⌂╢↓≤⅜ ↕╣╢√╘

─☻כ◔כꜛ◦fi▬♅כꜞ ╩∕╣∙╣ 50 %≤⇔≡ ⇔√  

 

ה○ꜞ♫◦ 6.6.2 ה ⅎ™ה  

1 ─◦♫ꜞ○  

1.1)  

─☻כ◔כꜛ◦ ╩ 13 ≤∆╢≤ 13 ⌐ ↕╣╢ │ 1/13=7.69Ĭ10-2

◖fiⱦ♬◄fi☻☻♩▪♅▼כfi─ 20142016 ─ ה ה ─ ╟╡

╩ ∆╢≤ №√╡─ │ 4.7Ĭ10-2 ↓╣╩ ⇔≡ ─ │ 1.24Ĭ10-1

≤∆╢  

  

1.2)  

 ⌐ ∆╢ │ 1 ≤∆╢ │ ⅛╠ ∆╢ ≤

─ ⅛╠ ∆╢ ╩ ∆╢  

 

1.3) ─  

─ ≢│ ─ ─ ⌐ ─ ⅜ ⇔ ⇔√ ≢│

⌐ ─ ⅜ ∆╢ ─ ╩ Table 6-6-1⌐ ∆ ─

≤ ⇔√ ≢ ↕╣╢ ╩ ⌐₃ ≢ ∆ ╕√ ─◄Ⱡꜟ◑

─כ ╙ ∆  

 

2 ⌐ ℮  

⌐ ⌐ ℮ ─ ╩ ∆ ╩ ∆╢√╘─

│ 5 ─ ⅎ™ ⌐╟╢ ╕√ Table 6-6-1⌐≡ ◄Ⱡꜟ◑כ

⅜ ≢№╢ ⌐⅔™≡│ ╩ 20.5≢ ⇔≡ ∆╢ 4.2.2 ─ 1)

╩☻כ◔כꜛ◦  

╟╡  

( ─ ⌂⇔ ) 

 

 

 

 

≢  

 

A  
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┘ 4.2.4─ 3)  

 

Table 6-6-1 ⌐⅔↑╢  

  
◄Ⱡꜟ

כ◑  

─  

  

⌐

℮  

 

Ᵽכ♫כ    ₃  

Ᵽ כ

♫ כ ╩

ↄ

 

◖fi☿fi♩    ₃  

▬ꜝ◓הכ♃♇◌

fi♄  
 ₃  ₃  

  ₃  ₃  

  ₃  ₃  

  ₃  ₃  

⌐

╦ ⌂ ™

 

─

 

  ₃  ₃  

◖fi☿fi♩   ₃  ₃  

☻▬♇♅   ₃  ₃  

☻▬♇♅   ₃  ₃  

ⱨꜝ▬ꜘכ☻▬♇♅   ₃   

꜠fi☺   ₃   

  ₃  ₃  

  ₃  ₃  

כ♃▬ꜝ   ₃   

♦ⱨ꜡☻♩ⱥכ♃כ   ₃   

◖Ⱨכ כ♃ⱪꜞfiה   ₃   

◖Ⱨכ כ♃ⱪꜞfiה

( ⌐╟╢  
 ₃   

 ╕╪   ₃   

 ⅔≢╪   ₃   

◘Ɑfi☻▫♦כⱥכ◖

כ  
 ₃   

Ⱪꜝ◦⸗כ♃כ(

 ONהOFF ⌐

 

 ₃  ₃  

Ⱪꜝ◦⸗כ♃כ

  
 ₃   

  ₃   

 

2.1 Ᵽכ♫כ⌐ ℮  ─ ⌐⅔™≡│ ⇔⌂™  

 Ᵽכ♫כ╩ ∆╢ ─ │ⱦꜟ ⌂≥ ⅜ ⌂╙─⅜₈ ⱦꜟה

ⱦꜟה ⱦꜟ₉⅜ 19 %6-6-1)≤№╡ ╩ ╡ →≡ 0.2≤⇔√  

Ᵽכ♫כ ╩ 2 ≤⇔ 10 ⇔√≤⇔≡ ╩ 1 ≤⇔√  

Ᵽכ♫כ╩ 10 ∆╢─│ fi▬◒כ◊►─ ☻כ◔כꜛ◦ ꜝ►fi♪◔

☻כ 2 ─ ╩ ≤●☻ ╩∕╣∙╣Ᵽכ♫כ≢ ∆↓≤╩  

 

T i (h) T ic(h)  2(m)/60(m/h)=0.033(h)  

Tv( ╣ ) 1.89/60 0.037(h)  

Tv( ╣ ) 10.93/60 0.182(h)  

TS 1(h) 
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n=10( ) 

─ ns=n  

─ 1( ) 

─   

Pt ' =1-{1-(Tv+Ti )/Ts}
n  

1 ─ Pt = Pt ' × k =Pt ' ×1 

 

№╢ ⌐ ⇔≡ ∆╢ ≤ ─   

T i (h) ⅜1 ∆╢ ─   

Tv(h) 1 ─ ≢ ⅜ ∆╢   

n( ) 1 ─℮∟ ╩ ∆╢   

Ts(h) ╩ ∫≡™╢   

⌐⅔↑╢ ns() ─℮∟ ╩ ∆╢ n  

 

2.2◖fi☿fi♩ ⇔⌐╟╢☻Ɽכ◒  

─☻כ◔כꜛ◦ ⌐│ / ─ + ─ ⅜№╡ ≥∟╠⌐⅔™

≡╙ ≤⌂╢☻Ɽכ◒⅜ ∆╢◖fi☿fi♩│ 1 ─√╘ ☻כ◔ 1 √╡─◖fi☿

fi♩ ╩ 1 ≤⇔√ ◖fi☿fi♩─ ⅝ ⇔ ─ ⅜ 5 ms≤ │ 1 ≤

⇔√  

 ╕√ 50 %⅜Ⱪ꜠כ◌╩ ╠∏⌐◖fi☿fi♩╩ ∆≤⇔√ │Ⱪ꜠כ◌⅜ ╛ 100 

V │Ⱪ꜠כ◌╩ ╢≤ ─ ─ ╙ ╢ ⅜№╢√╘≢№╢  

 ⌐◖fi☿fi♩⅜№╢ ≤ ⌐◖fi☿fi♩⅜№╢ ╩∕╣∙╣ 50 %≤⇔

⌐◖fi☿fi♩⅜№╢ ⌐ ⌐ ↕╣╢ ⌐↕╠↕╣╢≤⇔√  

 

ה ≤ ⅜ ∆╢ Pt'  

 Pt' =1-{1-(Tv+Ti)/Ts}
n 

 1 ─ Pt = Pt' Ĭ k =Pt' Ĭ 0.25 

 

2.3 ◓ꜝ▬fi♄כ─  

☻כ◔כꜛ◦ ⌐ ╣ ⅜№∫√ ╛ ─ ⅜ ╩☻כ◔≡⇔╩ ⅝ ∑⌂™

⌐ ◓ꜝ▬fi♄כ╩ ™≡ ∆╢ ╩ ≤⇔ ℮─☻כ◔כꜛ◦╢№⌐

∟ ╣ ≤ ─☻כ◔כꜛ◦╢∆ ╩ 30 % ⌐ ™ ∆╢ ╩ ∆ ⌐ ◓

ꜝ▬fi♄כ╩ ™╢ ╩ 10 %1 №√╡ 15 4 ≤⇔ ╩ 1 ≤

⇔√  

 

∆╢ │ ☻כ◔ ─ ╣ ─ ╩ ◓ꜝ▬fi♄כ≢ ╢ ☻כ◔│ ─

╩ ◓ꜝ▬fi♄כ≢ ⇔√╡∆╢  

 

ה ≤ ⅜ ∆╢  

    Pt' =1-{1-(Tv+Ti)/Ts}
n  

 k = 0.03 

     1 ─ Pt = Pt' Ĭ k = Pt' Ĭ 0.03 

 

2.4 ─  

⌐ ♪ꜝ▬Ᵽכ╩ ╩כⱤⱠꜟ╛◌Ᵽ♩כ◌☻─☻כ◔כꜛ◦≡™ ╡

⇔√╡ ⌂≥─ ╡ ⇔╩ ℮ ╩ 50 %≤⇔≡ 1 №√╡ 3 10

≤∆╢  

∆╢ │ ☻כ◔כꜛ◦ ╛ꜟⱤⱠ♩כ◌☻─ ─⌡∂╩♪ꜝ▬Ᵽכ≢ ╘√
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╡ ╘√╡∆╢  

⌂⅔ ≤⌂╢ ♪ꜝ▬Ᵽכ│Ⱪꜝ◦ ─╖≢№╡ ∕─ ╩ 5 %≤∆╢  

 

Pt' =1-{1-(Tv/2
0.5+Ti)/Ts}

n  

 k = 0.5 Ĭ 0.05 = 0.025 

 1 ─ Pt = Pt' Ĭ k =Pt' Ĭ 0.25 

 

2.5 ⅛╠─ ─  

─ ⅜№╢ 30 % ⌐⌂╢ ─ │ 18.7 %4.2.2─ 3)

⌐╟╢☻Ɽכ◒ ╩ 1 ɛs 4.2.2─ 2) ≤⇔≡ ─ ⅜

╩☻כ◔כꜛ◦╢∆ ∫√ ⌐ ⅝╢≤⇔ ╩∆╢ ⌐ ⌐☻כ◔כꜛ◦⅜ ╣╢

╩ ≤ ⅎ√  

 

ה ⅜ ⅛⌂™╟℮ ∆╢ ⅛ ─ ╡ ⇔  

ה ⱪꜝ◓╩ 2 ⇔ ⌐ ╘╢  

ה ─ ↑ ╘  

╩☻כ◔כꜛ◦ה ⅝ ∆  

╩☻כ◔כꜛ◦ה ⌐ ∑╢  

╩☻כ◔כꜛ◦ה ∆╢ ─ ∟ ⅎ  

 

─ ╩ 1 ≤⇔≡  

↓─ │ ─ ∆╢ ≢ 1 ⅝╢≤ ⇔ ∕─ ─ ≢№╢ 1

⌐≢∆⅜☻כ◔כꜛ◦│≡™⅔⌐ ↕╣≡™╢√╘ │ ⇔⌂™≤⇔√  

 

ה ≤ ⅜ ∆╢  

Pt' =1-{1-(Tv/2
0.5+Ti)/Ts}

n  

 k = 0.187 

    1 ─ Pt = Pt' Ĭ k = Pt' Ĭ 0.187 

 

2.6  ─ ⌐⅔™≡│ ⇔⌂™  

─ ≢ ⅜ ≢ ∆╢↓≤│ ⅎ⌐ↄ™⅜ ⅜ ≤⌂╡

⇔√ ≢ ⅜ ∆╢ ╩ ADL꜠ ⱳכ♩ 6-6-2)─ ╩ ∆╢ ╩

⌐ 10 %─ ≢ ∆╢↓≤≤⇔√  

≢♃כ♦─2017 ─ │ 28.2 % 9.0 % ≢ 18.2 %1

√╡─ │ 18.1/ 14.7/ ≢№╢ │ 1426

491 1917 ≢№╡ │ 17.2/ {(18.1/

³1426 )+(14.7/ ³491 )}/1917≤⌂╢  

│≢☺כ♥☻ ─ ╩ ⇔ │ ≢│ ⇔⌂™√╘ ☺כ♥☻

≢│ ∑∏ │≢☺כ♥☻ ⌐│ ⅜ ™≤⇔ ─ ╩ ∆╢  

⌂⅔ │ 7.25h 20 64 ╕≢─ ─ ╩ ™√ ⌐

╦╣╢√╘ ╢↑⅔⌐☺כ♥☻ │ 4.2.3─ (4-14)≢ ⇔√ ╩ ™╢   

 

─ (h)Ĭ ( / / )/(24- (h)) 

        (h)Ĭ18.1/(24-7.25) 

                (h) Ĭ1.08(/h) 

 

─ ⌐⅔™≡ │ │ ≤⇔

≡ ∆╢ √┌↓ 1 √╡─ ╩ 5 ↓─℮∟ ≤⌂╢♃Ᵽ◖⅜ ⌐
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╩ 40 ≤⇔√ ─כ♃▬ꜝ ╩ 5 ≤⇔ (Tic)= ꜝ▬♃

כ =45(0.0125 h)≤⇔√  

 

ה ≤ ⅜ ∆╢  

  Pt' =1-{1-(Tv+Ti)/Ts}
n  

 k = ³  

  1 ─ Pt = Pt' Ĭ k 

 

3) ⌐ ╦⌂™  

3.1 ─  

⌐ ╩ ⇔√ ╩ ⇔ 24 ≤⇔√ 0.01 %

Ti(h)=24(h) 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.2 ◖fi☿fi♩  

─√╘ 1 2 ≢ 4 ╩ ⅝ ⇔ √∞⇔ ⌐ ╦╢ │ 2 ↕∆

│ ⌐⌂╠⌂™ 50 %─ ≢ ─☻▬♇♅ ╩∑∏⌐◖fi☿fi♩╩

⅝ ⇔∆╢  

5 msҜTi(h)=1.4Ĭ10ī6 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.3 ☻▬♇♅  

1 /2 ☻▬♇♅ ONOFF√∞⇔ ⌐ ╦╢ │ 2 ONŸOFF ─╖ ⌐⌂

╢ 5 msҜTi(h)=1.4Ĭ10ī6 

Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.4 ☻▬♇♅  

─ │ ⌐ ONהOFF ⇔─√╘ ⌐⌂╠⌂™  

 

3.5ⱨꜝ▬ꜘכ☻▬♇♅  ⇔√ ⌐⅔™≡│ ⇔⌂™  

⅛╠№→─ 4  4 24 ─ ─ 20 ─ ⌐ 4 ⌐ ∆╢≤⇔≡

ONהOFF 10 5 msҜTi(h)=1.4Ĭ10ī6 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.6 ꜠fi☺  ⇔√ ⌐⅔™≡│ ⇔⌂™  

1 √╡ 2.5 17 / NITE 376,406JEMA

2016   

Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.7  

─LEDה │ 100 ≤⌂╢ ╟∫≡ ≤⌂╠⌂™  

 

3.8  
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─ │ 180 ≤⌂╢ ╟∫≡ ≤⌂╠⌂™  

 

3.9 כ♃▬ꜝ  ⇔√ ⌐⅔™≡│ ⇔⌂™  

⌐ ╩כ♃▬ꜝ╢™≡⇔ ⅜ ⇔⌐ ∆╢ ╩ 1 5 ⅜ ⇔

1 №√╡ 5 ≤∆╢  

  Ti(h)=5/60/60=1.39³10-3  

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.10♦ⱨ꜡☻♩ⱥכ♃כ  ⇔√ ⌐⅔™≡│ ⇔⌂™  

Ti(h)=2.3(h) 

100⌐ 1 ─ ⅜ ∆╢≤∆╢Ҝ ─ k 0.01 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.11◖Ⱨכ )כ♃ⱪꜞfiה ⌐╟╢ ) ⇔√ ⌐⅔™≡│ ⇔⌂

™  

1 √╡ ↕╣╢≤ NITE ╟╡ 5 ─ ⅜ 25  

╩ JBMIA 20122016╟╡ 2,892,872 

 │ 10 ≡™╢≤ Ҝ ȺTI[h]10/60 

Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.12◖Ⱨכ )כ♃ⱪꜞfiה ⌐╟╢  ⇔√ ⌐⅔™≡│ ⇔⌂™  

 ◖Ⱨכ ─ ╩ 50 1 ─◖Ⱨכ 3 ≤⇔ ◖Ⱨכ╩∆╢≤ ∏

∆╢╙─≤∆╢  

3 minҜTi(h)= 5Ĭ10ī2 

  n=50 

 k=1 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.13  ╕╪  ⇔√ ⌐⅔™≡│ ⇔⌂™  

NITE ⌐ ⌂⇔  ⱨꜝ▬ꜘכ☻▬♇♅─ ≤ ≤∆╢  

 

3.14  ⅔≢╪  ⇔√ ⌐⅔™≡│ ⇔⌂™  

NITE ⌐ ⌂⇔  ⱨꜝ▬ꜘכ☻▬♇♅─ ≤ ≤∆╢  

 

כ◘Ɑfi☻▫♦כⱥכ◖3.15  ⇔√ ⌐⅔™≡│ ⇔⌂™  

─◖fiⱦ♬♅▼כfi כⱥכ◖─≢ 9 ה 2 Ҝ №√╡

45000/  

כ꜠ꜞ ─ 5 msҜTic(h)=Ti(h)=1.4Ĭ10
ī6 

1 כ꜠ꜞ─╡√№ ⅜ 1.5  1 124  n=1.5Ĭ124=186 

  Pt'=[1-{1-(Ti+Tv)/24}
n]Ĭ[1-{1-(Tv+Ti)/Ts}

n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.16Ⱪꜝ◦⸗כ♃כ   

Ⱪꜝ◦⸗כ♃כ─ ⌐ ╟╡╙ ⌐ ™ ⅜ ╣≡™╢√╘ ─Ⱪꜝ
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│כ♃כ⸗◦ ⌐│⌂╠⌂™≤⇔ ⅜כ♃כ⸗ ↕╣╢ ─╖ ≤∆╢ 3.17

  

 

3.17Ⱪꜝ◦⸗כ♃כ  ONהOFF ⌐  

⌂◖fiⱪ꜠♇◘כ─ ⅜ 5 ה 5 ⅜ ↕╣≡™╢↓≤

⅛╠ ◖fiⱪ꜠♇◘כ─ ⅜ 1 №√╡ ON6 ⇔≥OFF6ה כ⸗≡∑╦

╙כ♃ ONהOFF∆╢≤ ⇔ ≢ ON 6 №√╡ 144 5 msҜ

Tic(h)=Ti(h)=1.4Ĭ10
ī6 1 %≤∆╢  

  Pt'=[1-{1-(Ti+Tv/2
0.5)/24)n}]Ĭ[1-{1-(Tv/2

0.5+Ti)/Ts}
n] 

 1 ─ Pt = Pt' Ĭ k 

 

3.18  

☻כ◔כꜛ◦fi▬♅כꜞ  

─◖fiⱦ♬♅▼כfi כⱥכ◖─≢ 9 ≢ כⱥכ◖☻▬▪⅜ כ◖☻▬▪

ⱥכ╩ ≢fi▬♅כꜞ ╩ 2 9 /2 /365/262  

fi▬◒כ◊► 6 ה fi▬♅כꜞ 1 ╙fi▬♅כꜞ √╡

∆╢╙─≤  

62 Ĭ 6+1 434 1 √╡─ ≤   

 

ⅎ™⇔≡™╢ ⌐ ╩ ↑≡╙ ⌐♪▪⌐ ╣╢ │ ⌐ ⅎ™⇔⌂™√

╘ 1 ─⅔ ⅜ ╩ ↑ ⌐ 2 ─⅔ ⅜ ╩ ↑╢ ╩ 10 %≤∆╢≤  

434Ĭ0.1=43.4Ҝ44   ╩ 1 ɛsҜTi(h)=2.8Ĭ10ī10 

─ ⅜№╢ 30 % ⌐⌂╢ ─ 18.7 %╟╡ ─

k=1Ĭ0.187=0.187  

♪▪─ ה ╩ 1 1≤⇔ ─ │ ⌐ ⇔ ≢

│ ⇔⌂™╙─≤⇔≡ ╩ 0.187Ĭ0.5=0.0935 

─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ 20.5≢ ∆╢  

  Pt'=[1-{1-(Ti+Tv/2
0.5)/24)n}]Ĭ[1-{1-(Tv/2

0.5+Ti)/Ts}
n] 

 1 ─ Pt = Pt' Ĭ k 

 

☻כ◔כꜛ◦ⱪfiכ○  

™ ∆╢⅔ ⅜Ɫfi♪꜠כꜟ╛ ⌂≥─ ⌐ ╣╢ ─fi▬♅כꜞ╩

≢ 5 %≤∆╢≤  434Ĭ0.05=21.7Ҝ22  

─ ⅜№╢ 30 % ⌐⌂╢ ─ 18.7 %╟╡ ─

k=1Ĭ0.187=0.187 

─ ◄Ⱡꜟ◑כ⅜ ↕ↄ ⅜ ─ 1/2≤⌂╢√╘ ≤

╩ 20.5≢ ∆╢  

  Pt'=[1-{1-(Ti+Tv/2
0.5)/24)n}]Ĭ[1-{1-(Tv/2

0.5+Ti)/Ts}
n] 

 1 ─ Pt = Pt' Ĭ k 

 

 

⌐ ⅜ ╢─│ ≢№╢  

⌐ ↕╣╢√╘ │ ⇔⌂™≤ ⇔ ─ ─

Pt 0 

 

∕─  

☻כ◔כꜛ◦ⱪfiכ○ ≤ ─ ≤∆╢  
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4 ⅎ™  

ⅎ™ ≤⇔≡│ 500 g≤⇔≡ 5 ─ ╩ ™╢ ─ ≤⇔≡

│ ⅜ 84.7 m2 Ᵽ♇◒ꜘכ♪ ╩ 24.01 m2 ─ ↕╩ 2.2 ≤⇔ ∆╢

│☻כ◔כꜛ◦ ⇔≡™╢↓≤⅛╠ fi♥כ◌▪◄ ה ⱨ□fi 0.0 m/s≤⇔√  

╕√ ─☻כ◔כꜛ◦fi▬♅כꜞ ⅎ™⌐│●ꜝ☻ ⌐⅔↑╢₈ ╣₉≤ꜚ♬

♇♩ ⌐⅔↑╢₈ ╣₉⅜№╡ ⅜ ⌂╢↓≤⅛╠ ⇔℮╢ │

─ ≢ ╩ ∆╢ ₈ ╣₉≤₈ ╣₉─ │ 1 1≤⇔√  

 

fi♥כ◌▪◄ה☻כ◔כꜛ◦fi▬♅כꜞ ה ⱨ□fi 0.0m/s 

              ╣   ╣  

    1.77    10.93 

  m3  2.14     3.11 

 

 ⅎ™─ ≤⇔≡│ ⌐ ℮╙─≤ ╦⌂™╙─⅜ ∆╢ ∕╣∙╣

Table 6-6-2⌐ ∆  

 

Table 6-6-2 ⌐⅔↑╢ ⅎ™  

ⅎ™   

⌐ ℮ ⅎ™  

─ ⌂≥┼─  

 

Ⱨ♇♩ ┼─  

⌐ ╦⌂™ ⅎ™  ⌂⇔  

 

4.1 ⌐ ℮ ⅎ™⅜ ⌐ ∆╢  

4.1.1─ ⌂≥┼─  

☻כ◔≢ ↕∑╢ ⌐ ∫≡ ─ ⌂≥┼─ ⌐╟╡ ⅛╠

⅜ ⅎ™∆╢≤⇔√  

 ─ⱥꜙכⱴfi◄ꜝכ╩ (R1)≤⇔ ∕─℮∟ 10 %(R2)⅜ ┼─ ⅜

∆╢≤⇔ ┼─ ─℮∟ 10 %(R3)⅜ ⅎ™╩ ∂↕∑╢≤∆╢  

 

R1Ĭ(R2/100)Ĭ(R3/100) 

 

↓─℮∟ ⱷכ◌כ ─ ( ─ 20 %)─ⱥꜙכⱴfi◄ꜝכR1 0.001╡─

80 %─ⱥꜙכⱴfi◄ꜝכR1'0.01≤⇔√  

{0.2ĬR1Ĭ(R2/100)Ĭ(R3/100)}+{(1-0.2)ĬR1'Ĭ(R2/100)Ĭ(R3/100)} 8.20Ĭ10ī5 

 

4.1.2  

☻כ◔≢ ⇔ ⅜ ⅎ™∆╢≤⇔√ ─ⱥꜙכⱴfi◄ꜝכ╩

(R1)≤⇔≡ ⅜ ∆╢≤⇔ ⌐╟╢ ⅎ™│ ⌐│ ⇔⌂™≤⇔≡

1 %(R2)⅜ ⅎ™╩ ∂↕∑╢≤∆╢  

R1Ĭ(R2/100) 

 

↓─℮∟ ⱷכ◌כ ─ ( ─ 20 %)─ⱥꜙכⱴfi◄ꜝכR1 0.001╡─

80 %─ⱥꜙכⱴfi◄ꜝכR1'0.01≤⇔√  

{0.2ĬR1Ĭ(R2/100)}+{(1-0.2)ĬR1'Ĭ(R2/100)} 8.2Ĭ10ī5 

 

4.1.3Ⱨ♇♩ ┼─  
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╩☻כ◔≢ ↕∑╢ ⌐ ─Ⱨ♇♩ ┼ ⇔ ⅜ ⅎ™∆╢≤⇔√  

─ⱥꜙכⱴfi◄ꜝכ╩ (R1)≤⇔≡Ⱨ♇♩ ┼ ⅜ ∆╢≤⇔ Ⱨ♇♩

│ ⌐ ∆╢√╘ ∏ ┼ ⇔≡™╢≤⇔√  

╕√ ⱥꜙכⱴfi◄ꜝכ⅜ ⇔≡™╢√╘ Ⱨ♇♩ ┼─ ─℮∟ 1 %(R2)⅜ ⅎ

™╩ ∂↕∑╢≤∆╢  

↓╣│ꜚ♬♇♩⅜ ⅝─ ─╖ ∆╢⅜ ⅝─ │ 100 % (R3)≤⇔√ (ꜚ ♬

♇♩ ⅝/ ⅝─ │ ⌂√╘ ╩ ⇔≡) 

R1Ĭ(R2/100)Ĭ(R3/100) 

 

↓─℮∟ ⱷכ◌כ ─ ( ─ 20 %)─ⱥꜙכⱴfi◄ꜝכR1 0.001╡─

80 %─ⱥꜙכⱴfi◄ꜝכR1'0.01≤⇔√  

{0.2ĬR1Ĭ(R2/100)Ĭ(R3/100)}+{(1-0.2)ĬR1'Ĭ(R2/100)Ĭ(R3/100)} 4.10Ĭ10ī5 

 

╟∫≡ ⌐ ℮ ⅎ™⅜ ⌐ ∆╢ │  

 (8.20Ĭ10ī5)+(8.2Ĭ10ī5)+(4.10Ĭ10ī5)=2.45Ĭ10ī5 

 

4.2 ⌐ ╦⌂™ ⅎ™⅜ ⌐ ∆╢  

╩ 1 ≤⇔ │ 1/(365Ĭ24)=1.14Ĭ10ī4 

⅛╠─ ─ ⅎ™⌐≈™≡│ ה╣ ה╣ ╣ ≡╩ ╦∑

√ ⅎ™ │ 1.00Ĭ10ī3≢№╢ 3.4.1  

╟∫≡ ⌐ ╦⌂™ ⅎ™⅜ ⌐ ∆╢ │  

  1.14Ĭ10ī4Ĭ1.00Ĭ10ī3 1.14Ĭ10ī7 

 

─ ⅎ™ │ 4.14.2╩ ╦∑≡  

  2.45Ĭ10ī5 1.14Ĭ10ī7 2.46Ĭ10ī5 
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6.6.3 FTA≤  

FTA╩ Fig. 6-6-2 ┘ Fig. 6-6-3⌐ ∆ │ ─ ≢ 3.11Ĭ10ī7

─ ≢ 3.54Ĭ10ī8≤⌂╡ ─ ≢│ 5.26Ĭ10ī8 ≤⌂∫√⅜

─ ≢│ ╩ ╢ ≤⌂∫√   

 

 

Fig. 6-6-2 ─ ⅛╠─ ─ FTA  

 

 

Fig. 6-6-3 ─ ⅛╠─ ─ FTA  
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6.6.4  

ꜞ☻◒▪☿☻ⱷfi♩─ ⅛╠ Table 6-6-3─ ╩ ⇔√ ≡─ ╩ ∆╢↓

≤≢ ─ ≢ 2.98Ĭ10ī8 ─ ≢ 2.64Ĭ10ī9≤⌂╡ 5.26Ĭ10-8╩

∫√  

 

Table 6-6-3  

ꜝⱬꜟ─  

ⱷכ◌כ  ─ ⌐╟╢  

ⅎ™ ─  

─  

╩╝∫ↄ╡≤ ↑╢  

 

1)  ꜝⱬꜟ─  

 ─ ⌐ ∆╢ ꜝⱬꜟ⅜ ↕╣≡™╢√╘ ╟╡╙ ⌐

╩ ╡ ℮╙─≤⇔ ╩ 1/10≤∆╢  

 

2  ⱷכ◌כ ─ ⌐╟╢  

 ⱷכ◌כ ─ ( ─ 20 %)⌐ ⇔≡ ∆╢ │ 1/10 

0.2Ĭ0.1+(1-0.2)Ĭ1=8.20Ĭ10ī1 

  

3  ⅎ™ ─  

 ⅎ™ ⌐╟╢ ⌐╟╡ ─ ╩ ∟⌐ ∆╢≤⇔

⌐ ∆╢ │ 1/100≤⇔√ ╕√ ⱷכ◌כ ─ ( ─ 20 %)│

⅜ ∆╢≤⇔√  

0.2Ĭ0.01+(1-0.2)Ĭ1=8.02Ĭ10ī1 

 

4  ─  

 ⌂≥ ⌐╟╢ ─ ╩ ∆╢ ⱷכ◌כ ─

( ─ 20 %)⌐ ⇔≡ ∆╢ ╩ 1/100 ≤∆╢ 4.3  

0.2Ĭ0.01+(1-0.2)Ĭ1=8.02Ĭ10ī1 

 

5  ╩╝∫ↄ╡≤ ↑╢ ╣─╖  

╩╝∫ↄ╡≤ ↑╢↓≤≢ ╩ ∆╢ ⱷכ◌כ ─ (

─ 20 %)⌐ ⇔≡ ∆╢ │ 1/10≤∆╢  

0.2Ĭ0.1+(1-0.2)Ĭ1=8.20Ĭ10ī1 

 

 

 

6-6-1) ARES ☺ꜗכ♫ꜟ Vol.40 ₈ ─ ≤ ╩ ╡ ↄⱴ

◒꜡ ₉ 2017.12. 

6-6-2) W. Goetzler, L. Bendixen and P. Bartholomew: ñRisk Assessment of HFC-32 and HFC-

32/134a (30/70 wt. %) in Split System Residential Heat Pumpsò, Arthur D. Little. inc., United 

States (1998).  
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6.7 ◖fiⱦ♬◄fi☻☻♩▪─ R290ꜞ☻◒▪☿☻ⱷfi♩╕≤╘  

6.7.1  

1)  

─ ─╕≤╘╩ Table 6-7-1⌐ ∆  

 

Table 6-7-1  

Name Type Ti (s) n k Note 

NITE─ ⌐
≠ↄ  

     

Ɑfi☻▫♦כⱥכ◖
כ◘  

 

⅜כ꜠ꜞ⌐ 1 186 5.0³10-3  

ⱨꜝ▬ꜘכ☻▬♇♅  5.0³10-3 10 1 20 h─ ⌐ 4 h⌐  

╕╪  5.0³10-3 10 1 20 h─ ⌐ 4 h⌐  

⅔≢╪  5.0³10-3 10 1 20 h─ ⌐ 4 h⌐  

◖fi☿fi♩  5.0³10-3 2 0.5 
50 %─ ≢ ╩ 1

2 ⅝ ⇔  

☻▬♇♅  5.0³10-3 2 1 
1 2 ☻▬♇♅ ONќ
OFF 

◖Ⱨכ  180 50 1 50 / 3 /  

─ ─Ⱪꜝ◦⸗
כ♃כ  

5.0³10-3 144 0.01 
1 ⌐ 6 ON/OFF

1% 

◦fi▬♅כꜞ
☻כ◔כꜛ  

 

1.0³10-6 44 0.0935 

כⱥכ◖☻▬▪ ╡
⇔ ─ 10 %⅜
≤ ♪▪

50 % 30 %

18.7% 

0.5³0.187=0.0935 

כ◔ⱪfiכ○
☻  

1.0³10-6 22 0.0935 
™ ⅜ ⌐

╣╢  

∕─  1.0³10-6 22 0.0935 
™ ⅜ ⌐

╣╢  

כ♃▬ꜝ  

 

5 5 1 
1 5 ⅜ 5 ∏≈ ⇔

 

 3.6³104 1 0.0001 
1 10 h

0.01 % 
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2)  

≢☺כ♥☻ ╙ ⅜ ⅝⅛∫√◦♫ꜞ○⌐⅔↑╢ ─╕≤╘╩ Table 

6-7-2 ┘ Table 6-7-3⌐ ∆  

 

Table 6-7-2 (1) 

Name Type Ti (s) n k Note 

─
 

 4.5³101 
1.08
/h  

0.282³ 
 

1.08 /hꜝ▬♃כ
5 s♃Ᵽ◖ 40 s
28.2 % ה (

ה( ( )≢│ ⌐
∆╢ ╩ 10 %≤∆╢  

꞉◗fi      2 h 2  
 

 
 

 
1.0³10-6 1.1 0.04675 

1.1 25 % 30 %
18.7 % 0.25³0.187=0.04675 

     2 h 2 15 m2 
 

 
 

 
1.0³10-6 1 /  0.064 

⅜ ╢ כⱣ◌ה
2 ³0.032=0.064 

   7.2³102 1 0.082 
120/

25 % 0.25³120/365=0.082 

     
1 h ╤⇔ 0.2 h

0.1 h 0.7 h
2  

      Table 6-7-1  

 
 

( - ) 
 

 
1.0³10-6 1 /  

0.032Ĭ 
2  

30 %⌐⌂╢ 3.2 % 
 

╤⇔  

 
 

( - ) 
 

 
1.0³10-6 1 /  

0.187Ĭ 
2  

30 %⌐⌂╢ 18.7 % 
ה  

 
╤℮ ↑Ᵽכ♫
כ  

 1.2³102 4  0.254 

SC─ ≤ SC─
⅜ ∂ ⌐№╢ 50 %

∂ ⌐№╢ 50.8 % 
0.5Ĭ0.508=0.254 

 
╤℮ ↑Ᵽכ♫
כ  

 1.2³102 4  0.279 

SC─ ≤ SC─
⅜ ∂ ⌐№╢ 50 %

∂ ⌐№╢ 55.8 % 
0.5Ĭ0.558=0.279) 

 

♪ꜝ▬Ᵽכ  
 

 
 

3.0 100 0.0127 

─ 5 % SC─
≤ SC─ ⅜ ∂

⌐№╢ 50 % ∂ ⌐
№╢ 50.8 % 
0.05Ĭ0.5Ĭ0.508=.0.0127 

 

♪ꜝ▬Ᵽכ  
 

 
 

3.0 100 0.014 

─ 5 % SC─
≤ SC─ ⅜ ∂

⌐№╢ 50 % ∂ ⌐
№╢ 55.8 % 
0.05Ĭ0.5Ĭ0.558=0.014 

 

◓ꜝ▬fi♄
כ  

 1.5³101 10  0.169 

⅜ ↕╣╢
50% SC─ ≤

SC─ ⅜ ∂ ⌐№╢
50 % ∂ ⌐№╢
67.5 % 
0.5Ĭ0.5Ĭ0.675=0.169 

 

◓ꜝ▬fi♄
כ  

 1.5³101 10  0.181 

⅜ ↕╣╢
50 % SC─ ≤

SC─ ⅜ ∂ ⌐№╢
50 % ∂ ⌐№╢
72.5 % 
0.5Ĭ0.5Ĭ0.725=0.181 
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Table 6-7-3 (2) 

Name Type Ti (s) n k Note 
     4 h  1  

      Table 6-7-1  

 ◖fi☿fi♩   5.0³10-3 1 0.25 

☻כ◔כꜛ◦ ⅝
⅝ 50 %◖fi☿fi
♩ ┼─ 50 % 
0.5³0.5=0.25 

  
 

 
1.0³10-6 2 0.187/ 

─≥☻כ◔כꜛ◦
30 % 18.7 % 

 ♪ꜝ▬Ᵽכ   3.0 10 2.5³10-2 

Ⱡ☺─ ↑ ⇔ ♪ꜝ
▬Ᵽכ 50 %Ⱪꜝ◦
כ♃כ⸗ 5 % 
0.5³0.05=0.025 

   5.0³10-3 2 0.5 

☻▬♇♅─ ONהOFF
1 ─ 2  
∫≡ ⇔

≡⇔╕℮ 50 % 
 

ⱳfiⱪ   5.0³10-3 2 1 
☻▬♇♅─ ONהOFF
1 ─ 2  

 ╤℮ ↑Ᵽכ♫
כ  

 120.0 4 1 
2ﬞ ─ ⇔ ─ 4

1 2 min 
     1 h 1  

      Table 6-7-1  
 ◖fi☿fi♩   5.0³10-3 1 0.25 ⅝ ⅝ 25 % 
 ♪ꜝ▬Ᵽכ   3.0 10 0.025 Ⱡ☺─ ↑ ⇔ 5 % 

  
 

 
1.0³10-6 20 0.187/ 

─≥☻כ◔כꜛ◦
30 % 18.7 % 

 Ᵽכ♫כ   1.2³102 10 1 2 min³10ﬞ  
 

הכ♃♇◌  
◓ꜝ▬fi♄כ  

 1.5³101 4 0.03 

╣ ≤ כꜛ◦╢∆
─☻כ◔ 30 %

─ ◓ꜝ▬fi♄כ
10 % 

 

6.7.2  

1)  

─ ─╕≤╘╩ Table 6-7-4⌐ ∆  

 

Table 6-7-4  

Safety measures 

ᵑ  ꜚ♬♇♩─ⱨ□fi╩ │ ╙ ↕∑╢  

ᵒ  ꜚ♬♇♩─ ╩ (5-2-5) ⌐∆╢  

ᵓ ─☻כ◔כꜛ◦fi▬♅כꜞ  ⅎ™╩ ⇔ ┼─ ⅎ™ ∆╢
╩ ⅎ╢  
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2)  

─ ─╕≤╘╩ Table 6-7-5⌐ ∆  

 

Table 6-7-5  

Stage Safety measures 

☻♥
☺כ  

0-1) ─  

0-2) ─ ⌐≈™≡─  

 

꞉◗fi
 

1-1) ┼─ ─  

1-2) ⅎ™ ╩ ⇔ ⅎ™ ⌐  

1-3) ≢│ ─ ⌐ ∆╢↓≤⌐≈™≡─  

 2-1) ─√╘─  

2-2) ┘ ┼─ ─  

 3-1) ─√╘─  

3-2) ┼─ ─  

3-3) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

│≢☻כ◔כꜛ◦♪☼כ꜡◒ (3-4 ╩╝∫ↄ╡ ↑╢↓≤╩  

 4-1) ─√╘─  

4-2) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

4-3) ≢│ ─ ┘ ⌐ ─ ─
╩ ↄ⇔ ≤⌂╢ ≡─ ─ ╩ ∆╢  

 

 

5-1) ─√╘─  

5-2) ┼─ ─  

5-3) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

│≢☻כ◔כꜛ◦♪☼כ꜡◒ (5-4 ╩╝∫ↄ╡ ↑╢↓≤╩  

5-5) ⱷכ◌כ ─ ⌐╟╢  

 

6.7.3 ꜞ☻◒▪☿☻ⱷfi♩  

☻כ◔כꜛ◦fi▬♅כꜞ  ה♩♇♬ꜚ ─ ╩ Table 6-7-6⌐╕≤╘╢ ⌂

⅔ ↓─℮∟ ≢☺כ♥☻ ⌐ ╩ ∫√◦♫ꜞ○─ ╩ ≢ ⇔√  

 

Table 6-7-6 ◖fiⱦ♬◄fi☻☻♩▪─ 5.26³10-9 5.26³10-8  

  ☻♥
☺כ  

 

β  β  β   
 

( ) 

 

( ) 

β  

( ) 

 

 

 

1.12³10-5 

(꞉ ◗fi  

 1) 

 

4.72³10-11 

(꞉ ◗fi  

 ) 

3.35³10-6 

(

) 

 

1.13³10-9 

(

) 

7.25³10-8 

( ) 

2.50³10-6 

( ) 
2.10³10-5 2.18³10-5 3.11³10-7 

ה  

 

 

4.19³10-9 

( ) 
   3.54³10-8 

 

 

 

5.52Ĭ10-9 

(꞉ ◗fi  

 1) 

 

2.32³10-14 

(꞉ ◗fi  

 ) 

4.37³10-8 

(

) 

 

7.25³10-10 

(

) 

6.49³10-9 

( ) 

1.82³10-10 

( ) 
2.20³10-10 1.23³10-8 2.98³10-8 

ה  

 

 

1.64³10-10 

( ) 
   2.64³10-9 

 β ה ה ה ─ │ ─ ≢ 10 ≤ ⌂╢ ⌐⌂∫
≡™╢  

   ─ ─ ⌐ ™  

   ⌐ ≤ ─ ╩ ⌐⇔≡™√ ┘ ─  

   ⌐ ⇔≡™√ ─ ─ ⌐ ™  

   ─ ⅜ ∫≡™√  



 

199 

6.8 ─ꜞ☻◒▪☿☻ⱷfi♩  

6.8.1 ⸗♦ꜟ ┘  

◖fiⱦ♬◄fi☻☻♩▪─ FTA╩ ⌐ ≤⇔≡─ ♫◌◖fiⱦ♬─ꜞ☻◒▪☿☻

ⱷfi♩╩ ⇔√ │ R290⅜ 500 g ─ │ 24.01 m2≤⇔√

┘ │ ♪▪ ⅜ ╢ ⌐ ∆╢ ╩ ⇔ כꜞ

♅▬fi◦ꜛכ◔כ☻─ ╣⌐│ (5-1-17)┘ (5-1-18) ─☻כ◔כꜛ◦ ꜚ

♬♇♩ ╣⌐│ (5-2-3)┘ (5-2-4)╩ ™√ ꜞ☻◒▪☿☻ⱷfi♩≢│ ╩ Table 

6-8-1─ ⌐ ⅝ ⅎ≡ ╩ ⇔√ ≢₈ ₉≤ ⇔≡™╢╙─│ ⌐

∕─ ⅜⌂™ │ ⅜ ↕™╙─╩↕∆ ⌂⅔ ⌐כ◘Ɑfi☻▫♦כⱥכ◖ ⇔≡

│ ─ ⇔≡™╢ ⅜ 3.4 %≢№╡ ⅜ ⌂™≤ ⅎ ⇔⌂⅛∫

√ ─ │ Table 6-7-2 ┘ Table 6-7-3≤ ≤⇔√ ╕√ ─

│ ≢─ ─ ≢№╢ 0.2 % 2.0³10-3 ≤⇔√  

 

Table 6-8-1  

Name Type Ti (s) n k Note 

NITE─ ⌐ ≠
ↄ  

     

◖fi☿fi♩   5.0³10-3 2 0.5 

50 %─ ≢ 1 2 ◦
╩☻כ◔כꜛ ⅝ ⇔

─◖fiⱦ♬◄fi☻
☻♩▪≤ ∂  

☻▬♇♅   5.0³10-3 2 1 

1 2 ☻▬♇♅ON/OFF
─◖fiⱦ♬◄fi☻

☻♩▪≤ ∂  

ⱨꜝ▬ꜘכ☻▬♇♅       

◖Ⱨכ כ♃ⱪꜞfiה       

כ◘Ɑfi☻▫♦כⱥכ◖       

╕╪       

⅔≢╪       

─ ─Ⱪꜝ◦⸗כ♃
כ  

 5.0³10-3 144 0.01 

1 ⌐ 6 ON/OFF

1 % ─◖fiⱦ
♬◄fi☻☻♩▪≤ ∂  

ꜛ◦fi▬♅כꜞ
☻כ◔כ  

 1.0³10-6 7 0.0935 

כⱥכ◖☻▬▪ ╡
⇔ 30 %

─ 50 % 1  

n=434³0.1/7=6.2ќ7 
k=0.187³0.5=0.0935 

☻כ◔ⱪfiכ○
 

 1.0³10-6 4 0.0935 

™ ⅜ ⌐
╣╢ 30 %

─ 50 %ꜞ ▬♅כ
fi─ ─ 5 %  

n=(434/7)³0.05=3.1ќ4 
k=0.187³0.5=0.0935 

∕─   1.0³10-6 4 0.0935 ≤ ≤  

כ♃▬ꜝ   5 1 1 1 1 ⅜ ⇔ 5 s 

  3.6³104 1 0.0001 

1 10 h

0.01 % ─◖fiⱦ♬
◄fi☻☻♩▪≤ ∂  
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6.8.2 ꜞ☻◒▪☿☻ⱷfi♩  

 ♫◌◖fiⱦ♬─ ╩ ⇔⌂™ ─ ╩ Table 6-8-2⌐ ♫◌◖fiⱦ♬─

0.2 %╩ ⇔√ ─ ╩ Table 6-8-3⌐ ∆ ꜞ☻◒▪☿☻ⱷfi♩≢│

─ ⌐ ⇔≡│ ⌐∕─◦♫ꜞ○─ ╩ ∂√ ╩ ≤ ∆╢ ∫

≡ Table 6-8-3⌐ ─ ♫◌◖fiⱦ♬─ ╩ ⇔√ ─ ⅜ ≢№

╣┌ ≢№╢≤™ⅎ╢ ┘ │ ─◖fiⱦ♬◄fi☻☻♩▪≤ ∂⌂─≢

⇔≡™⌂™ ≢☺כ♥☻─≡ ≢╙ ≤⌂∫√ ⌂⅔ │

─◖fiⱦ♬◄fi☻☻♩▪≤ ─ ╩ ╢↓≤⌐⌂╢√╘ ⌐│∕╣╩ ⇔√

─ ╙ ⇔≡™╢   

 

Table 6-8-2 ♫◌◖fiⱦ♬─ (1) ♫◌◖fiⱦ♬─ ╩ ⇔⌂™  

☺כ♥☻    

 
 

 

( ) 

 

( ) 

 

( ) 

 

 
2.16³10-8 

( ) 
1.13³10-6 2.35³10-5 5.88³10-7 

ה  

 

1.82³10-8 

( ) 
  7.39³10-7 

 

 
7.33³10-10 

( ) 
5.01³10-11 1.23³10-8 4.14³10-8 

ה  

 

3.42³10-11 

( ) 
  5.13³10-8 

 

Table 6-8-3 ♫◌◖fiⱦ♬─ (2) ♫◌◖fiⱦ♬─ 0.2 %╩ ⇔√  

5.26³10-9 5.26³10-8  

☺כ♥☻    

 
 

 

( ) 

 

( ) 

 

( ) 

 

 
4.32³10-11 

( ) 
2.26³10-9 

4.70³10-8 1.18³10-9 

ה  

 

3.64³10-11 

( ) 
 1.48³10-9 

 

 
7.33³10-10 

( ) 
1.00³10-13 

2.46³10-11 8.28³10-11 

ה  

 

6.84³10-14 

( ) 
 1.03³10-10 
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6.9 A2L ─◖fiⱦ♬◄fi☻☻♩▪─ꜞ☻◒▪☿☻ⱷfi♩  

6.9.1 ⸗♦ꜟ  

 A2L ╩ ⇔√ ≡™≈⌐☻כ◔כꜛ◦ ◖fiⱦ♬◄fi☻☻♩▪─

84.7 m2 ╩ ⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ⇔√ ─☻כ◔כꜛ◦fi▬♅כꜞ │

⌐╟╠∏ R290≤ ∂◘▬☼ Fig. 5-1-1 ≤⇔√ ⅜ 3.8 kg─ │ ◦ꜛ

─☻כ◔כ ╙ 3.8⌐∆═⅝≢№╢⅜ ≤⇔≡↓─ ╩⇔√ ꜚ

♬♇♩⌐ ⇔≡│ ⅜ ↕╣⌂™ ⌐⇔√ ⌐ ⌐ ⇔√ ≤∆╢ ⅜№

╢√╘ ה ה ה │ R 1234yf⅜ 3.8 kgLFL─ 13 ─ large cabinet

Fig. 5-5-4 ≤⇔√ ⇔⅛⇔ large cabinet─◘▬☼─ ꜚ♬♇♩╩꞉◗fi ≢ ∆

╢↓≤│ ◘▬☼ ⅛╠ ⇔ ™√╘ ┘ │ R 1234yf⅜ 1.0 kgR 290 

500 g≤ ╓╒≢☼▬◘☻כ◔─ ─ ≤⌂╢ ─ small cabinetFig.5-2.1≤

⇔√  

 │ 1.0 kg─ R1234yf⅜ 4 ≢ ╣╢≤⇔ 6.1≤ ─ ≢ ⇔√

│ 5.7 min≤⌂∫√ Fig. 6-9-1 √∞⇔ R1234yf│ ⅜ 114

≤ ⅝ↄ ™ ≢№╢√╘ ⅎ™ ⅜ ─ ⌐╟╡ ↄ ╕╡ ⌐

⅜≢⅝╢↓≤⅜ ↕╣╢ ∕↓≢ ─ ∆⌂╦∟ ╩

0.8≤∆╢ IEC 60335-2-40⌐⅔™≡ ⅝ ≢ ╩ ⇔ ⅜ ↄ⌂∫≡™

╢ ≢ │ 0.75≤↕╣≡™╢ ∕─ ─ ≢─ ─ ⅛╠ 0.8│⅛⌂╡

⅜ ™ ≢№╢  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ⌂≥─ 15 30 m2 ⌐⅔™≡│ ─╟℮⌐ ∆╢  

 R1234yf─ ꜚ♬♇♩⅛╠─ ⅎ™⌐ ⇔≡ 1.0 kgה 24.01 m21ה kg/h

─ │∕╣∙╣ 29.32 min31.57 m3min1.08 

m3 5.5.2 ─ Case 5-5-9 ≢№╡ ╩ 5.5.2 ─ (5-5-

1)⌐ ⇔√ ╡ ≤∆╢ ⌂⅔ 0.9806│ ⅎ™⌐ ∆╢ ╣─ ≢№╢  

 ≢─ =(5.2.1─ (5-2-1)┘ (5-2-2)─ )³(1-0.9806) 

                +(5.5.2 ─ Case 5-5-9─ )³0.9806 

 ╣─ │ 3.8 kg≢╙ 84.7 m2 ─ ≢│ ⅜ ↕╣⌂™ 5.5.2

─ Fig. 5-5-5 ∕↓≢ ┘ ≢│

╣─ ⅎ™ ╩ ╣╩ ↄ 1.94Ĭ10-5 =1-0.9806≤∆╢ ╣≢│

1.00Ĭ10-3╩  

  

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0 10 20 30 40 50 60 70 80

kg
/m

3

min)

A2L LFL

A2L UFL

5.7min

Fig. 6-9-1 ─ R1234yf 
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6.9.2  

 A2L ⌐≤∫≡─ ─ ╩ Table 6-9-1⌐ ─ ╩ Table 6-9-2⌐

∆ A2L ⌐≤∫≡─ │ 4.2.1 Table 4-2⌂≥ ┘ ─ 6-9-1)─ ╡≢

№╢⅜ ↓─℮∟ ≡™≈⌐כ♃▬ꜝ ∆╢ A2L ≢│ │כ♃▬ꜝ ≢│

⇔⌂™ 6-9-1)√╘ ─כ♃▬ꜝ 5 %╩ ≤⇔≡ ∂╢═⅝╙─≢№

╡ │↓─ ╡ ™≤∆╢ ⇔⅛⇔ ─ ─כ♃▬ꜝ─ ⇔ ⌐ ⇔≡

│ ⅜כ♃▬ꜝ│ ∆╢⅛╩ ⇔≡⅔╡ ⇔⌂™ ╩ ⌐№→√╡ ∫√╡

⇔≡ ≤⅛ ↕∑╢╙─≤ ╦╣╢ ╩כ♃▬ꜝ ⌐№→╢≤ ─ ⌐ √╡ ꜝ

╩כ♃▬ ╢≤ ⅜ ↕╣╢ ⅜№╢ A2L ≢╙ ≢ ⇔√

╩כ♃▬ꜝ ↕∑√╕╕─ ≢ ⌐ ∟ ╪∞ │ ∆╢ ∕↓≢ ─

√╘ ─☻כ◔כꜛ◦ ─◦♫ꜞ○⌐⅔™≡│ ─ ⇔ ╩ ℮ ꜝ▬

│כ♃ ≤⇔≡ ╡ ℮↓≤≤∆╢  

 

Table 6-9-1 A2L─  

Name Type Ti (s) n k Note 

NITE─ ⌐ ≠
ↄ  

 

 
    

כ♃▬ꜝ  
 

5 5 1 1 5 ⅜ 5 ∏≈ ⇔  

 3.6³104 1 0.0001 1 10 h 0.01 % 

 

Table 6-9-2 A2L─  

Name Type Ti (s) n k Note 

─
 

 5³101 
1.08
/h  

0.282³ 
0.05³ 

 

1.08/hꜝ▬♃כ 5 
s כ♃▬ꜝ  5 %
28.2 % ה ( )≢│
⌐ ∆╢ ╩ 10 %≤∆╢  

     2 h 2 15 m2 

   7.2³102 1 0.082 
120/ 25 % 

(0.25³120/365=0.082) 

     
1 h ╤⇔ 0.2 h

0.1 h 0.7 h 2  
      Table 6-9-1  
 
╤℮ ↑Ᵽכ♫
כ  

 1.2³102 4  
0.254 
(=0.5Ĭ 
0.508) 

SC─ ≤ SC─ ⅜
∂ ⌐№╢ 50 % ∂ ⌐
№╢ 50.8 % 

 
╤℮ ↑Ᵽכ♫
כ  

 1.2³102 4  
0.279 
(=0.5Ĭ 
0.558) 

SC─ ≤ SC─ ⅜
∂ ⌐№╢ 50 % ∂ ⌐
№╢ 55.8 % 

 
◓ꜝ▬fi♄

כ  
 1.5³101 10  

0.169 
(=0.5Ĭ 
0.5Ĭ 
0.675) 

⅜ ↕╣╢
50% SC─ ≤ SC─
⅜ ∂ ⌐№╢ 50 % ∂
⌐№╢ 67.5 % 

 
◓ꜝ▬fi♄

כ  
 1.5³101 10  

0.181 
(=0.5Ĭ 
0.5Ĭ 
0.725) 

⅜ ↕╣╢
50 % SC─ ≤ SC─
⅜ ∂ ⌐№╢ 50 % ∂
⌐№╢ 72.5 % 

     4 h  1  
      Table 6-9-1  
 ╤℮ ↑Ᵽכ♫
כ  

 120.0 4 0.5 
2ﬞ ─ ⇔ ─ 4 1 2 
min ≢│ ⇔⌂™  

      
      Table 6-9-1  
 Ᵽכ♫כ   1.2³102 10 1 2 min³10ﬞ  
 

הכ♃♇◌
◓ꜝ▬fi♄כ  

 1.5³101 4 0.03 
╣ ≤ ─☻כ◔כꜛ◦╢∆

30 % ─ ◓ꜝ▬fi
כ♄ 10 % 
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6.9.3 ꜞ☻◒▪☿☻ⱷfi♩  

 ꜞ☻◒▪☿☻ⱷfi♩ ╩ Table 6-9-3⌐ ∆ │ ≢│ ╩ ⅎ R290

≤ ─ Table 6-7-4 ╩ ∂╢↓≤⌐╟∫≡ ≤⌂∫√ ≢│

┘ │ ≢ ≤⌂╡ ≤⌂∫√ ⌂⅔ ꞉◗fi

─ │ ╟╡╙╦∏⅛⌐ ↕™∞↑≢№╢⅜ ─꞉◗fi │ 0.00042 %

≤ ⌐ ↕™ ≢№╡ ꞉◗fi ╩ ⇔√ ⌐│ ╩ ⌐ ∫√ ⌐⌂

∫≡™╢ ꜞ☻◒▪☿☻ⱷfi♩─ ⅎ ≢│ ─꞉◗fi ╩ ⇔√ ≢

⅜ ⌐⌂╣┌ ⌐ ≢⅝╢ ∕─ ─ │≢☺כ♥☻ │

╩╦∏⅛⌐ ⅎ ≤ │ ≢ ≤⌂∫√  

 

Table 6-9-3 ◖fiⱦ♬◄fi☻☻♩▪─ A2L ─  

5.26³10-9 5.26³10-8  

☺כ♥☻    

 
 β   

 

( ) 

 

( ) 

 

( ) 

 

 

5.03³10-8 

(꞉ ◗fi  

 1) 
 

2.11³10-13 

(꞉ ◗fi  

 ) 

2.59³10-8 

( ) 
 

1.33³10-13 

( ) 

5.81³10-10 2.63³10-8 1.83³10-9 7.20³10-9 

ה  

 
1.34³10-9   1.16³10-8 

 

 

  

5.59³10-11 2.20³10-13 1.70³10-9 6.10³10-10 

ה  

 
1.17³10-10   1.30³10-10 

β ─ │ ⌐ ≤ ─ ╩ ⌐⇔≡™√ ┘

─ ⅜ ╡ 10 ≤ ⌂╢ ⌐⌂∫≡™╢  

 

│☻כ◔כꜛ◦  A2L ─ ⌂ ≢№╢ ⅜ ↄ ∆╢ ⌐│ ≥

↕╣⌂™√╘ A3 ⌐ ═≡ ⅜ ↕ↄ⌂∫√ IEC 60335-2-89JIS C 9335-2-89

┘ ≢│ ─ ╙ ⌐ ╕╣╢ ∕↓≢

ה ╩ ⅜ ↄ ∆╢ 30.17 m2 ⌐ ⇔√ ─

ꜞ☻◒▪☿☻ⱷfi♩╙ ∫√ ↓─ ♪▪ ─ ┘ ⌐ ≠ↄ 0.1 

m/s─ ╩ ⌐ ╩ ∂╢↓≤⌐╟∫≡ ⇔√ ∕─ │

ה ה ⌐⅔™≡ ⅜ ╩ ⅎ A2L ─

─ ⌂≥ ⌐ ⅎ Table 6-9-4─ ╩ ∆↓≤⌐╟∫≡ ⅜

⌐⌂∫√ ─☻כ◔כꜛ◦ │ ≤ ∂≤⇔√ Table 6-9-3─

⌐ ─ │ ↓─ ╩ ⇔√ ─ ≢№╢ A3 ⌐ ∆╢

Table 6-7-5 ≤─ ™│ ┘ ─ ╩ ⌐⇔√↓≤ ─√

╘─ ╩ ≤⇔√↓≤ ─ ╩ ⌐ ⅎ√↓≤≢№╢

⌂⅔ Table 6-9-4⌐ ⇔√ │ Table 6-7-5≤ ∂ ≤⇔√ ⌂⅔ ↓╣╠─ │

─ A2L ⌐ ∆╢ 6-9-2)≤╒╓ ─╙─≤⌂∫√  
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Table 6-9-4  

Stage Safety measures 

☻♥

☺כ  

0-1) ─  

0-2) ─ ⌐≈™≡─  

 3-2) ┼─ ⱴכ◒─  

3-3) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

│≢☻כ◔כꜛ◦♪☼כ꜡◒ (3-4 ╩╝∫ↄ╡ ↑╢↓≤╩  

 4-2) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

4-3) ≢│ ─ ┘ ⌐ ─ ─

╩ ↄ⇔ ─ ╩ ∆╢  

 

 

5-2) ┼─ ⱴכ◒─  

5-3) ⅎ™ ╩ ⇔ ⅎ™ ⌐ ╩  

│≢☻כ◔כꜛ◦♪☼כ꜡◒ (5-4 ╩╝∫ↄ╡ ↑╢↓≤╩  

5-5) ⱷכ◌כ ─ ⌐╟╢  

 

6.10 ─  

 IEC 60335-2-89 ┘JIS C 9335-2-89≢ │LFL─13 ≤ ↕╣≡™╢√╘

R290─ ╩ 500 gR290─ LFL─ 13 │ 494 g≤⇔≡ꜞ☻◒▪☿☻ⱷfi♩╩ ∫√

⇔⅛⇔ IEC 60335-2-40≢│ A3 ┘ A2 ─ │ LFL─ 26 R290≢│ 988 

g ≤ ↕╣≡⅔╡ IEC 60335-2-89≢╙ ╩ IEC 60335-2-40≤ ∂

╕≢ ∆╢ ╙№╢ ⌂⅔ IEC 60335-2-40≢│ A2L ─ │ LFL─ 52

R1234yf≢│ 15.028 kg≤ ↕╣≡™╢  

 ∕↓≢ R290─ ⅜ 1.0 kg⌐⌂∫√ ─ ╩ ∆╢ ⅜ 2 ⌐⌂╢

≤ ∕─ ╩ ─☻כ◔כꜛ◦╢∆ ╙ 2 ─☻כ◔כꜛ◦╘√╢⌂⌐ ╙ 2 ⌐

⌂╢ ⅜ 2 ─☻כ◔כꜛ◦╡⌂⌐ ⅜ 2 ⌐⌂╢≤ ─☻כ◔כꜛ◦fi▬♅כꜞ

╣≢│ ─ ⅜ ⌐⌂╢√╘ ─☻כ◔כꜛ◦ ─ ↕ √╡─

ⅎ™ ⅜ ∂⌐⌂╡ ꜚ♬♇♩ 0 m/s─ ⅜╒╓ ≢

⅜ 2 ⌐⌂╢ ─☻כ◔כꜛ◦ ꜚ♬♇♩ ╣≢│ 4 ╣≤

∆╢≤ ꜚ♬♇♩─ ⅜ ∂ │ ⅎ™ ⅜ 2 ⌐⌂╢⅜ 5.2.2─

Fig. 5-2-3 ⅛╠ ⅎ™ ⅜ 2 ⌐⌂∫≡╙ │ ≥ ╦╠∏

ꜚ♬♇♩─ ╩ 2 ≤⇔√ │ ⅜╒╓ ≢ ⅜

2 ⌐⌂╢ ⅜ 2 ⌐⌂╢≤ ⅜ 2 ⌐⌂╡ │ ≢

2 ⌐⌂╢ Table 6-7-6⌐ ─ ─ ╩ 2 ⌐∆╢≤ ה ה ה

≢│ ≤⌂╡ ה ≢│╦∏⅛⌐ ╩ ⅎ╢ ⇔⅛

⇔ 2.3⌐ ⇔√╟℮⌐ ◖fiⱦ♬◄fi☻☻♩▪ ─ ↄ─◦ꜛכ◔כ☻│ ⅜ ⌂

ↄ ꜞ☻◒▪☿☻ⱷfi♩≢│◖fiⱦ♬◄fi☻ ─ ─☻כ◔כꜛ◦─ ╩

≤ ╩ ∆═⅝╙─≢№╢ ∫≡ ─ │

↓↓≢ ╘√ ╟╡╙⅛⌂╡ ↕™ ≤⌂╢ ⌐ ─☻כ◔כꜛ◦─

⅜ 10 %≢№╡ ∕─ ─☻כ◔כꜛ◦─ ⅜∕╣╟╡╙⅛⌂╡ ⌂™

│ ─ ╟╡╙ 1 ↄ ↕™ ≤⌂╢ ╕√ ⅜ ⅎ╢≤∕─ ☻כ◔כꜛ◦

─ ⅜ ⅝ↄ⌂╡ ∕─ │ ⌐ ↕ↄ⌂╢ ╟∫≡ ⅜ ╩╦∏⅛⌐

ⅎ╢ ≢│ ─ │ ╟╡╙ ⌐ ↕™ ≤⌂╡ ⌐ ≢⅝╢

≤ ⅎ╢ A2L ⌐≈™≡╙ ─↓≤⅜™ⅎ╢ ∫≡ IEC 60335-2-89─

⅜ IEC 60335-2-40≤ ─ ╕≢ ↕╣√ ─ ╩

∕╣⌐ ╦∑≡ ⇔≡╙ ⌂™≤ ⅎ╢  
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6-9-1) ₈ ꜞ☻◒   3. ◦♫ꜞ

○⌐ ≠ↄ ₉ (2016.8). 

6-9-2) ₈ ╩ ⇔√ⱦꜟ ⱴꜟ♅◄▪◖fi─ꜞ☻◒ ₉

(2017.9). 
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⌐☻כ◔כꜛ◦ 7 ∆╢  

7.1  

─ ≢№╢ñF●☻ ò≢│ ─≤⌂☻כ◔כꜛ◦

Refrigerated counters and freezer cabinets in the commercial area (hermetically sealed)⌐

↕╣╢ │ 20221 1 ⅛╠ GWP 150─ ⇔⅛ ╘╠╣⌂ↄ⌂∫√ ∕

─√╘ ≢│ ∕╣╕≢ ⇔≡™√ⱨ꜡fi ─ ⅛╠ R744GWP 

1 ⱪ꜡Ɽfi R290GWP 3▬♁Ⱪ♃fi R600aGWP 4⌂≥─ ⌐ ↕╣╢  

─☻כ◔כꜛ◦  ≤⇔≡│ IEC 60335-2-89ΓHousehold and similar 

electrical appliancesSafetyPart 2-89: Particular requirements for commercial refrigerating 

appliances and ice-makers with an incorporated or remote refrigerant unit or compressorΪ7-1)⅜№

╡ ⌂≥⅜ ↕╣≡™╢ ─℮∟

│ ⱨ꜡fi ⌐ ═≡ ─ ⅜ 10 ⌐⌂╢√╘ ◖☻♩ ה ≢

─ ⅜№╡ ™╛∆™ ≢│⌂™ ∕↓≢ ⅛≈ ≢№╢ R290

R600a⌂≥─Ɫ▬♪꜡◌כⱲfi HC ╩ ⇔╛∆ↄ∆╢√╘⌐ ⅜ ≤⌂∫≡

IEC 60335-2-89⅜ 20196 ⌐ Edition 3.0⌐ ↕╣√ ⌂⅔ ≢│∆

≢⌐ R600a⅜ ╦╣≡⅔╡ ≤⇔≡─ IEC 60335-2-24 ┘ ─

JIS C 9335-2-24╙ ↕╣≡™╢  

 

7.2 IEC 60335-2-89 

⅜☻כ◔כꜛ◦ ∆╢ IEC 60335-2-89≢│ ≈─ ┼─

⅜ 150 g⌐ ↕╣≡™√√╘ ─ ⅛⇔☻כ◔כꜛ◦ ≢⅝⌂

™ ≤⌂∫≡™√ ∕↓≢ ─ ⌐ ∆╢√╘ ╩ ⇔

╩ ≢⅝╢ ─☻כ◔כꜛ◦ ╩ ∆╢↓≤╩ ⌐ 2015⌐ IEC

International Electrotechnical Commission─◘Ⱪ◖Ⱶ♇♥▫כSC 61C─ ⌐ ꞉כ◐

fi◓ WG4⅜ ⇔ 20196 ⌐ IEC 60335-2-89⅜ Edition 3.0⌐ ↕╣√ ↓─ IEC

╩ ⇔ ─ ⌐ ≠⅝ ⌂ ╩♦ⱦ◄כ◦ꜛfi≤⇔≡ ⇔√

╩ ה ⇔√╙─⅜ JIS JIS C 9335-2-89≤⌂╢√╘ IEC ─ │

─ ╙⌐☻כ◔כꜛ◦ ⅝⌂ ╩ ╓∆  

IEC 60335-2-89 Edition 3.0─ ⌂ ╩ ⌐ ∆ │ ─ ╩

⇔≡™╢ ISO 817≢ ─ ™ ⌐ A3 A2 A2L ≤ ↕╣╢ ↓─℮

∟ A3 │ ≤ ┌╣ ≤⇔≡╙ ↕╣≡™╢ⱪ꜡Ɽfi R290╛

≢ ↕╣≡™╢▬♁Ⱪ♃fi R600a⌂≥⅜ ╕╣ A2L │ ≤

┌╣ ≢ ≤⇔≡ ⇔≡™╢ R32╛♅ꜝכ─ ≢ ↕╣≡™╢ R1234yf⌂

≥⅜ ╕╣╢ ─ IEC 60335-2-407-2)≢│ A2L │ A3 ┘ A2 ⌐ ⇔

≡ ⅜ ™√╘ ⅜ ↕╣≡™╢⅜ IEC 60335-2-89≢│ ─ ⌐

╟╠∏ A3 A2 ┘ A2L ≢╒╓ ─ ≤⌂∫≡™╢ ⌂⅔ IEC 60335-2-89≢│

│ A3 A2 ┘ A2L ─ ≡╩ ╗ ≢№╢ ╕√ IEC 60335-2-89≢│

╩ ≢⅝╢─│ ⌐ ↕╣≡™╢  

 

7.2.1  

│ ─ LFL─ 13 ≤ 1.2 kg─℮∟ ↕™ ≤ ↕╣√ R290─

LFL⅜ 0.038 kg/m3≢№╡ 494 g╕≢ ≢⅝╢ ꜞ☻◒▪☿☻ⱷfi♩≢│ ⅝╡─™™

≤⇔≡ 500 g╩ ⇔√ A2L │ A3 ╟╡╙ ≤⌂╢╙─⅜ ⌂

ↄ 4.2.1 ⅛≈ ∂ LFL─ 13 ─ ≤⇔≡╙ A2L ─ ⅜ A3 ╟╡

╙ ⅜ ↕™ 5.5 ∕─√╘ A2L╩ LFL─ 13 R1234yf─

LFL⅜ 0.289 kg/m3≢№╡ │ 3.76 kg╕≢ ⇔≡╙ A3 ┘ A2 ╟

╡╙ A2L ─ ⅜ ≢№╢⅜ IEC≢│ 1.2 kg╕≢⇔⅛ ≢⅝⌂™ ≤⌂∫≡™

╢ ↓╣⌐ ⇔≡ IEC 60335-2-89─ ─ Edition 4.0╩ ∆╢ IEC/61C/WG4⌐
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⅛╠ 5.5.1⌐ ⇔√ ╩ ⇔√ ─ ≢─ │ LFL─ 13

⌐∆╢ 1.2 kg─ ╩ ∆╢ ↓≤⅜ ╕∫√  

 

7.2.2  

⌐ A3 │ A2 ≢№∫≡ 4 ─ LFLR290⌐№∫≡│ 152 g ╩ ⅎ╢

A2L ≢№∫≡ 6 ─ LFL R1234yf⌐№∫≡│ 1.734 kg╩ ⅎ╢ ⅜ ↕╣≡™

╢ ─ ─ ╩ ⌐ ⇔⌂↑╣┌⌂╠∏ ∕─ ⌐ ∆

╢ ╩ ⇔≡╟™ │ (7-1)⌐╟∫≡ ↕╣╢ ─ Alim ─

≢⌂↑╣┌⌂╠⌂™ ⅎ™ │ ─ ⌐╟╠∏ 150 g╩ ⅎ╢

⌐ ⇔≡ ↕╣≡⅔╡ ─ ╙ │ 150 g╩ ⅎ╢ ⌐

⇔≡ ↕╣≡™√⅜ ─ CDV Committee Draft for Vote≢ ⅜ ≡ A2L

─ ─╖⅜ ↕╣√ ∫≡ A2L ≢│ ⅎ™ ╩⇔⌂↑╣┌⌂╠

⌂™⅜ ─ ╩⇔⌂ↄ≡╟™ ⅜№╡ ≢ ⅜ ∂≡™╢ ↓

╣⌐ ⇔≡│ IEC/61C/WG4≢─ ─ ─ Edition 4.0≢│ A3 ┘ A2

≢│ 4 ─ LFL╩ ⅎ╢ A2L ≢│ 6 ─ LFL╩ ⅎ╢ ⌐─╖ ⅎ™

╩ ⅎ┌╟™ ≤⌂╢ ≢№╢  
 

Alim
M

2.2Ĭ0.25Ĭ'
 

 Alim   m2  

      G  ─  kg/m3  

        M   kg 

      2.2  ∆╢ ↕  m  

      0.25  LFL─ 25 %╩ ∆  - 

 

7.2.3 ⅎ™  

150 g╩ ⅎ╢ ╩ ⇔√ ≢│ ─ ⅎ™ ╩ ╦⌂↑╣┌⌂

╠∏ ─ │ 5 ─ ≢ ⇔ ─ ⌐⅔™≡

⅛╠ 5 │ LFL─ 50 %╩ ⅎ≡│⌂╠⌂™ ≤⌂∫≡™╢  

2.2 m A1 m
2 (2-2)  

 

24 A1
M

2.2Ĭ0.25ĬG
 

 

│ ⅜№╢╙─⌐⅔™≡│ │ ╩ ╘√ ≢ ™ │ ⅎ™ ⅛╠

30 ⌐ 3 ⌐ ⌂ ≢ 60Á

ⅎ™ ≢│ ╩ ℮ ⌐ ↕╣≡™╢

≤ ─ ╩ ⅎ™↕∑╢ ─ │ Fig. 7-1⌐ ∆ ≢ ⇔ ─ ≡─

│ 5 │ ─ LFL─ 50 %╩ ⅎ≡│⌂╠⌂™ ∆⌂╦∟

⅛╠ 5 │ ⌐ ⅝⌂ ⅜ ↕╣≡╙ IEC ≢│ │ ↕╣⌂™≤╖

⌂↕╣≡⇔╕℮  

⌂⅔ ↓─ ⅎ™ │ ╩ ↕∑√ ≢ ℮↓≤⅜ ↕╣≡⅔╡ ⱨ□

fi⌂≥─◄▪ⱨ꜡כ╩ ℮↓≤⌐╟∫≡ ⅜ ↕╣⌂™╟℮⌐⇔≡╙╟™⅜ ∕─

│ ◄▪ⱨ꜡כ⅜ ╩ √∆─⌐ ⌂꜠ⱬꜟ╩ ≢⅝⌂ↄ⌂∫√

ⱨ▫ꜟ♃ ╕╡⌐╟╢ ⌂≥ ╩ 5 ⌐ ⇔ ╩ ⇔⌂↑╣┌

⌂╠⌂™ ≤ ↕╣≡™╢  

  

(7-1) 

(2-2) 
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AFV ─  

APV ─  

X ─ ⅜ ∆╢ ⅛╠─ ≤ ⅛╠ 50 mm≤─™∏╣⅛ ⅝™  

FL ─  

W ─  
 

Fig. 7-1 ─   
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7.2.4 ┼─  

 150 g╩ ⅎ╢ ╩ ⇔√ ⌐│ ⱴכ◒ Fig. 7-2 ╩ ⇔⌂↑╣┌⌂

╠⌂™ ≤⌂∫≡™╢ ╕√ A3 │ A2 ≢│ LFL─ 4 R290≢│ 152 g╩

ⅎ╢ A2L ≢│ LFL─ 6 R-1234yf≢│ 1.73 kg╩ ⅎ╢ ⌐│

─ Fig. 7-3 ≤ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™ ≤⌂∫≡

™╢  

 

 

 

Fig. 7-2 ┘  

 

 

 
 

 

 

 

 

 

Fig. 7-3 ─ ┘  

 

 

 

7-1 IEC 60335-2-89:2019, ñHousehold and similar electrical appliances - Safety - Part 2-89: 

Particular requirements for commercial refrigerating appliances and ice-makers with an 

incorporated or remote refrigerant unit or motor-compressorò, (2019.6). 

7-2 IEC 60335-2-40:2018, ñHousehold and similar electrical appliances - Safety - Part 2-40: 

Particular requirements for electrical heat pumps, air-conditioners and dehumidifiersò, 

(2018.1). 
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8 ─ ┘ ─  

8.1 ●☻ ⌐⅔↑╢ ה ה ─  

A3 ┘ A2 │ ─ ≢№╢ ●☻ ⌐⅔↑╢ ●☻⌐ ∆╢√╘

∕─ ה ה │ ●☻ ⌐ ╦⌂↑╣┌⌂╠⌂™

3 4

2.1 Table 2-1

R290R600a

R152aR32R1234yf   

1 MPa 0.2 MPa

 
 

 

 

  

  

  

  

  
 

3 5

3 5

3

20

 

 
 

    A B  

 A  A  B  A  ₈ ●☻─ ₉≤╖⌂∆  

 A  B  B  B  ₈ ●☻─ ₉≤╖⌂↕⌂™  
 

3

A B

3

1 

MPa 0.2 MPa

B B  
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20207

 
 

3 

3 

 
 

⌂⅔ ⌐ ⇔≡ A2L ●☻ ─ ⌐╟╢ │ ●☻

─ ≤⌂∫≡™╢√╘ ↑ │ ≢№╢ ⇔⅛⇔ A3 │ A2 ─ ⌐

╟╢ │ ●☻ ─ ⌐⌂╠⌂™√╘ 20 ╕≢─ ↑ ⅜ ≤⌂╡

≢─ ⌐ A3 │ A2 ─ │≢⅝⌂™  

A2L

A3 A2

 
 

a)          

b)      

c) 1 MPa 0.2 MPa

     
 

R152a

 

 

⌐☻כ◔כꜛ◦ 8.2 ∆╢ ─  

8.2.1  

JIS C 9335-2-898-1)│ IEC 60335-2-898-2) ╩ ⇔ ⌂♦ⱦ◄כ◦ꜛfi ≤─

╩ ⅎ√╙─≢ IEC 60335-2-89─ Edition 3⌐ ∆╢ ╩ ∫√ JRA 40788-3)

┘ JRA GL-218-4)│ A3 │ A2 ╩ ⇔√ ♩ⱷfi☻☿▪◒☻ꜞ─☻כ◔כꜛ◦

⌐ ≠ↄ JRA 40848-5) ┘ JRA GL-238-6)│ A2L ╩ ⇔√ ◔כꜛ◦

♩ⱷfi☻☿▪◒☻ꜞ─☻כ ⌐ ≠ↄ ≢№╢ JRA 4078JRA GL-21JRA 4084

┘ JRA GL-23╩ ⇔≡ JIS C 9335-2-89≤ ╩ ⇔≡ ─

≤ ∆╢ JIS C 9335-2-89─ ╙ ≢№╡ ≢│ ꜞ☻◒▪☿

☻ⱷfi♩ ⌐ ≠™≡ JIS C 9335-2-89─♦ⱦ◄כ◦ꜛfi≤ ─ ╩ ⇔

√ ⌂⅔ ─ ⌐⅔™≡ JIS C 9335-2-89│ IEC 60335-2-89≤ ⌐ A3 A2 ┘

A2L ╩ ≤⇔≡⅔╡ JRA 4078┘ JRA GL-21│ A3 ┘ A2 ╩ JRA 4084┘

JRA GL-23│ A2L ╩ ≤⇔≡™╢ ⌐ ↓╣╠─ ⌂ ╩ ∆╢ ⌂⅔ IEC 

60335-2-89≢│ ─ ⅜ 150 g╩ ⅎ╢ ⌐ ╩ ∆ ≤⌂∫≡

™╢╙─⅜ ↄ JIS C 9335-2-89│ IEC 60335-2-89≤ ─ ≤⇔√ ⇔⅛⇔

≢│ ⌐╟╠∏╒╓ ∂ ╩ ∆ ≤⇔√ RA-WG≢│ 5.1.2─ Table 

5-1-4⌐ ∆╟℮⌐ 200 g─ ⌐≈™≡╙ ≈⅛ ⅎ™ ╩ ∫√ ∕─

⅜ 200 g≢№∫≡╙ ⅜ ↕╣≡⅔╡ ⅜ 150 g⌐⌂∫≡╙

─ ⅜ ⌐ ⅝ↄ ╦╢↓≤│ ⇔ ™ ∕↓≢ ─√╘

⌐╟╠∏╒╓ ∂ ╩ ∆ ≤⇔√  

 

8.2.2 ─  

≢│ ⅎ™⌐ ⇔≡ ᵑ╩ ⅎ™⌐ ⇔≡ ᵒ╩ ⇔ ↓╣

╩ ∆╢⅛ 7.2.3⌐ ⇔√ ⅎ™ ⌐ ∆╢⅛─™∏╣⅛≤∆╢↓≤╩

⇔√ JIS C 9335-2-89≢│ ⅎ™⌐ ⇔≡ᵒ╩ ⇔ ↓╣╩ ∆╢⅛ 7.2.3

⌐ ⇔√ ⅎ™ ⌐ ∆╢⅛─™∏╣⅛≤∆╢↓≤╩ ⇔√ ⅎ™⌐
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⇔≡│ ⅎ™ ⌐ ∆╢ ⅜№╢  

ᵑ ⌐ ↕╣≡™╢ │ ⱨ○⸗כ◘ ⌐⅔™≡╙ ꜚ♬♇♩─

ⱨ□fi╩ ↕∑╢ ↓─ ꜚ♬♇♩─ ╩ (5-2-5) ⌐∆╢  

ᵒꜞכ♅▬fi◦ꜛכ◔כ☻─ ⅎ™╩ ⇔ ┼─ ⅎ™ ∆╢ ╩ ⅎ╢  

 

8.2.3  

A2L │ A3 ┘ A2 ╟╡ ⅜ ™⅜ IEC 60335-2-89─ ≢│

│ LFL─ 13 ≤ 1.2 kg─ ⌂™ ≤↕╣≡⅔╡ 1.2 kg╕≢⇔⅛ ≢⅝⌂™

─ IEC 60335-2-40≢│ ─ ™⅛╠ A3 ┘ A2 ≢│ LFL─ 26

A2L ≢│ LFL─ 52 ╕≢ ≢⅝╢ ≢╙ ∂ 13 ─ LFL≢│ A2L ─

⅜ A3 ╟╡╙ ⅜ ↕™↓≤⅜ ↕╣≡™╢ 5.5.1 ∕↓≢

─ ≢│ 1.2 kg─ ╩ ↄ⇔≥─ ≢╙ LFL─ 13 ╕≢ ≢⅝╢ ≤⇔√

A2L ≢№╢ R1234yf─ LFL⅜ 0.289 kg/m3≢№╡ │ 3.76 kg≤⌂╢

↓─ │ ─ IEC 60335-2-89─ Edition 4.0⌐ ⇔≡⅔╡ ↕╣╢ ≢

№╢  

 

8.2.4  

 IEC 60335-2-89≢│ ⅎ™∆╢ ⌐↕╠↕╣╢ ⅜ ─ ⅛

╠ 100 ╩ ∂√ ╩ ⅎ≡│⌂╠⌂™≤ ↕╣≡™╢ ⇔⅛⇔ A2L │ ⅜

ↄ ╟╡╙ ™ ≢╙ ⇔⌂™↓≤⅜ ⅛∫≡⅔╡ ─

IEC 60335-2-40≢│ A2L ⌐↕╠↕╣╢ │ 700 ╕≢

⇔≡™╢ ∕↓≢ ─ ≢│ A3 ┘ A2 ≢│ ⅛╠ 100 ╩ ∂√

A2L ≢│ 700 ╩ ⅎ≡│⌂╠⌂™≤ ⇔√ ↓─ ╙ ─ IEC 60335-2-

89─ ⌐ ⇔≡⅔╡ ↕╣╢ ≢№╢  

 

8.2.5 ┘  

│≢☻כ◔כꜛ◦fi▬♅כꜞ  ⅜ ⌐ ⅎ™⇔√ ─ ⌐╟∫≡ ⌐

⅝⌂ ⅜ ↕╣╢ 5.1 A3 ≢│ ╛ ─ ≤⌂כ꜠ꜞ─

⅜ ≤⌂╢√╘ ─ ⅜ ≢№∫≡╙ ⌐ ⌐ ╢ ⅜№╢ ⇔

⅛⇔ IEC 60335-2-89≢│ ⅎ™ ⌐⅔™≡ 5 │ ⌐

⅜⌂ↄ ↓─ │ ⌐ ⅝⌂ ⅜ ↕╣≡╙ │ ↕╣⌂™≤╖⌂↕╣≡

⇔╕℮ ∕↓≢ ─ ≢│ ⅛╠ 5 ─ ╩ ⇔ ↓─ ╙

╩ ↑ ─ ╩ ⇔⌂™ ≤⇔√ ∕⇔≡ ≢─ ─ ╩

∆╢√╘⌐ ⅎ™ ≤ ╩ ⅎ╢ ≤⇔√ ↕╠⌐

≢│ ꜚ♬♇♩ ╣≢│ ╙ (5-2-5)─ ≢─ⱨ□fi ╩ ⇔√  

 

8.2.6 ⅎ™  

IEC 60335-2-89≢│ ⅎ™ ╩ ─ ≢ ⇔≡™╢ ─ IEC 60335-

2-40≢│ 4 ╣≢ ↕╣≡™╢ ⅎ™ │ ╛ ⌂≥⅜ ≢ ↕╣

√ ╛ ─ ⅝↕≤ ─ ≢ ╕╢╙─≢ ⌐╟╢ ™│⌂™ ∕↓≢

JIS C 9335-2-89≢│ ─ ─ ≢ ⅜ ≢№∫√√╘ IEC 60335-2-89≤

∂ ≢ ⇔√⅜ ≢│ ─√╘⌐ 4 ╣╩ ⇔ ⅎ™ ┘

⌐ ∆╢ ≤⇔√ ⌂⅔ 494 g─ R 290─ 4 ╣│ 7.41 kg/h≤

⌂╡ IEC─ ─ 2.66 kg/h─ 2.8⌐⌂╢ 3.757 kg─ R1234yf─ 4

╣│ 56.355 kg/h≤⌂╢  
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8.2.7 ┼─ ┘ ─  

IEC 60335-2-89≢│ 150 g╩ ⅎ╢ ╩ ⇔√ ≢│ ⅎ™ ╩

℮↓≤⅜ ↕╣≡™╢ ⇔⅛⇔ ─ ┼─ ⌐ ⇔≡│ A3 ┘ A2

≢│ LFL─ 4 R290≢│ 152 g╩ ⅎ╢ A2L ≢│ LFL─ 6 R1234yf

≢│ 1.73 kg╩ ⅎ╢ ⌐─╖ ⅎ┌╟™≤↕╣≡⅔╡ ⅎ™ ─ ⅜№╢

≤ ─ ⅜№╢ ─ ⅜ ╣≡™⌂™ ∕↓≢

⌐ ∆╢↓≤≤⇔ JIS C 9335-2-89≢│ 150 g╩ ⅎ╢ ╩ ⇔√ ≢│

┼─ ─ ╩ ╦⌂↑╣┌⌂╠⌂™ ≤⇔ ≢│ ⌐

╟╠∏↓╣╩ ⇔⌂↑╣┌⌂╠⌂™≤⇔√  

 ≢│ ↓╣╩ ⅎ ─☺כ♥☻ ╩ ⌐∆╢√╘⌐ A3

┘ A2 ⌐⅔™≡│ ┘ ⌐ Fig. 8-1⌐ ∆ ⌂ ꜝⱬꜟ╩ ∆╢↓≤

╩ ⇔√ JRA 4078╕√ ╩ ∆╢ ─ A3 ┘ A2 ─ ⌐

≢№╡ JRA GL-21⌐ ⅎ™ ─ ┘ ─ ⌂≥─ ─

ꜞ☻◒ ─√╘─ ╙ ↑√ ⌐ ⇔≡│ ●☻ ⌐ ∆╢╙─≤

⇔ A3 ┘ A2 ≢│ Fig. 8-2⌐ ∆ ⌐ ∆╢ Fig. 8-3⌐ ∆

╩ ∫√ ┼─ ⌂≥⌐╟╢ ╩ ⇔

┘ ⌐ ─ ╩ ↄ⇔ ≤⌂╢ ≡─ ─ ╩ ∆╢↓≤╩

⇔√ JRA GL-21 ⌂⅔ ●☻ ─ ⌐╟∫≡ ⌐ A3 ┘ A2 ╩

≢ ∆╢↓≤│≢⅝⌂™ ╕√ A2L ≢│ ●☻ ─ ≢

╩ ∆╢↓≤ ┘ ⌐ ─ ╩ ↄ⇔ ≢─ ─

╩ ∆╢↓≤╩ ⇔√ JRA GL-23   

 

 

 

 

 

 

 

 

 

Fig. 8-1 A3 ┘ A2 ─ ꜝⱬꜟ─  

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8-2 ─ A3 ┘ A2 ─ ─ (1) 
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