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Application of a Numerical Computing Technique for the Flow

Calculation of Gas Extinguishing Systems
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ABSTRACT

This study evaluated halogen and noble gas extinguishing systems using a numerical computing
technique. The chemical dosage of the gas extinguishing system followed the 2001 standard set by the
National Fire Protection Association, and the flow was calculated using the GB50370-2005
computing equation. Specifically, the GB50370-2005 equation was applied using the AutoCAD
secondary development technique to execute the design, plot, and flow calculation, and compile
engineering quantity statistics. The research results revealed that the AutoCAD secondary
development technique can quickly and effectively design and analyze gas extinguishing systems. In
particular, the effects of some quantitative parameters were identified, including the material of the
system, room area, and carbon emission level. Furthermore, it was found that “rational

decision-making” by a designer can efficiently evaluate the type of gas fire extinguishing systems
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Key Words: Clean agent fire extinguishing systems, flow calculation, gaseous fire extinguishing systems,

numerical computing, AutoCAD secondary development

— A

1930 4 Thomas Midgley, Jr. [6]2$HH — & — & H 5 CCl,
Fo) > PG A S R-12 > SERIRR ST - A AR - AR
RAE o AT R RO ROK SRR o ROK ZEEIRE n 41V RE 1301

(CF3Br)~/8#E 1211( CF,CIBr )~ J&#E 2402( CBrF,CBIF; ) ;
ERFF S ERRBEBREYIREL (Chlorofluorocarbons -
fEfE CFCs) » Jt 1974 SR8 IR L [Blm Gl
&bty (CFCs) RERFAE - HE A A EEAHR
BHMNG NBIREE S RINGIRIE T B SRS A A=
SR E R R AN 1987 429 H 16 H #3512 2 iiE S
[EEFR T HAR A E 2 m AR Y E HITTE) LR RESRE %
T AROK SER] 4 FK-5-1-12 (CF3CF,C (O) CF (CF3)
2~ HFC-125 (CHF,CF;3) ~ HFC-227ea ( CF3CHFCF3) ~ 1G-01

(Ar)~1G-541 (N, 52% ~ Ar 40% ~ CO, 8% )~ 1G-100 (N, ) ~
IG-55 (N, 50% ~ Ar 50% ) - Ja= L K ZERIRE 1% ¥ A U
R B EREHERREE G L RIFRIREOKER -

EEEZ 5K e ( National Fire Protection Association )
# % #2 A/F NFPA 2001 Standard on Clean Agent Fire
Extinguishing Systems » FH DURR #E 780 SR AL HOK S5 47 >
ACEAREAE o (R NFPA 2001 £248 [7)% - &% Al 2 B Al
SRR SRR RO EER (Inert Gas Agents) kB B R AR
SKEER| (Halocarbon Agents) » 5 [ SRS UK SERIEUH R ]
£ 30~60 FOLAL > B Ble RARCK ZERIRIZR 10 B0 A A
e (8] -

FrEER T RE T  FUR ~ M E AR > PR
oxasen T TIHIEARBA R - ERER R R TRt 2 ga T e =
FRIGE R - R AR AR SV E 1 S - FEHE R
It - et EED UL EAS R S IENE » k= A AR
SHPEBA Rl RS i TR T B EER T E
BER REEMF MAHERREREEREZBEIER
{H - IR ST ERA E S ~ SARIMA PSR - K
BE 202 GB 50370-2005 7 Jfii & e = - 45 &t B Ae 115

( Computational Fluid Dynamics ) BB l7 » ] 22 E S
R REEE 2 FEE R ST RE AR NIZ B R
STHRAER - IR RBR K SR A 2 5P ~ Beat BT A

1% TAERCR R IEHENE:

~ - REBEKRSR

LK & &5 5 i #8752 ( Computational  Fluid
Dynamics ) = S EREfl - HE R R LR G RS TR B T B
MERRREST R KPR AT RAS O B 2 S
REROK BRI SRS T S8R TR R R CO, RS = T IEH
K S8 7 SRBSOK ZE7 ] » FCROK TR By B (5 3 [ 2 SRR
TS A BT KRR R 1% NEAEEIRAS -
SFURFE(RIY 17% N\ FERN A S E N BRSOk S35 AR €
i CO, SEFI RIS EEE] 34% » [l £ R 13.86%0 1 7[7E
FUROKIBEE [4] > #Haniess  UAEESEER A B

s AR AZER - 1930 FREIHAAE - B

T IE PR > BRSSO GHE 205 K SE7) > RIS
TARE(E > (i LSRR CO, SERIRIR - R T FEFFY
KEERT - (HER D &R RERIEY) (CFCs) - BEBASR
[T LSS R oK B i e 5 5% A U ( HCFCs )
FIEHIE (HFCs) B {UHEEIR(LY) (CFCs) 5 SEEEIZ AR
HERIFROK RS (filifE NFPA 2001 ) » ik 2015 RRAFTH
I ROK RESEERII A T A ¢ B RS RS -

{0l : FIC-1311 » FK-5-1-12 - HFC-227ea ~ HFC-23
HFC-236fa ~ FHC-125 ~ HFC Blend B -~ HCFC Blend A -
HCFC-124 ; 1514538 © 1G-541 ~ 1G-55 ~ 1G-01 ~ 1G-100 « k.
SEOYHREEE 1 [5] UK RASEER M A AR -
B Bk S R C DK S - RIFEFITER AT - 1B RAE A B2
FERFEIEERR 1 [9] B{RbEROK AR NOAEL JEFE DU T EE
2 2[10] - A\ EFBISRHIAEE 5 5368 - FHOK AHS N H
FA D 0K K FTAME < R K -

2 3 135t l5e 7] HFC-124~FIC-1311 F HCFC Blend
A T fEE A E > 5668 i HFC-125+ HFC-23+ HFC-236fa
TREREE S - B2 FEFT TSI RO EER © HFC-227ea ~
FK-5-1-12 « HFC-227ea IEHi{4 s A A dr 2 36.5 4F
LA B 3220 B A E{E 0 - HFC-227ea SE5II2E K
B 16 R (5¥% 4) 5 FK-5-1-12 R A KR A dr i
7= 0.014 4 JRERIEE 1 HHASEE 05 FK-5-1-12 %

S
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S5 ~ fhind - {ihEE - B - TIRE - BRERERMERARRERRA ARG RESE
FlEH 3M X =) BUE AR FE > 2B 35 oK sl HFC-227ea 1411 20% %= 3. BEFRBERKERIEEEE - EEEHRE NP
(3(£5) [11] - B4R ELE TR ASTM A53 SCHA0 AR B [19]

MV RS 1G-541 3429 FLAL 1A 1 A AE o
SIS RS (358 5) 0 BRI Y - (P

150Bar ~ 200Bar ~ 300Bar » &4 [ FH i B B o8 BL 7 300Bar

Z SR > T SRR 2 s TR R
ASTM A53 SCH80 &7

E > B EAE A ER

« K#1 » B cBRER |- @ * G
* #E3R B | RE 8 « B
. i * HRR « 5|% # « B
-l - BEH e
1

B 1 XE9E

*® 1 FERBARTREREEREERRE [0

Exposure Agent 09 at Sea Partial
Time (min) Cczn\;:;n;)a)tlon Level Pr?srf;:e ::; ;)2
Air reference 0 21 159.6

5 43 12 91
3 52 10.1 76.6
1/2 63 8 60.6

2 MR BRE S pERAREE [10]

Agent NOAEL (% vol.) LOAEL (% vol.)
FK-5-1-12 10 >10
HCFC Blend A 10 >10
HCFC-124 1 25
HCFC-124 75 10
HFC-227ea 9 10.5
HFC-23 30 >30
HFC-23 10 15
HFC Blend B* 5 75

*NOAEL No Observable Adverse Effects Level 22 2R B JE
*LOAEL Lowest Observable Adverse Effects Level. F{ET[EIZZR B

S HE/KS o

AGENT GWP ODP Life time, yrs
FIC-1311 04 0.0001 <0.005
FK-5-1-12 1 0 0.014
HCFC Blend A 1550 0.048 12
HCFC Blend B 15 0
HFC-124 609 0.022 6.1
HFC-125 3500 0 32.6
HFC-227ea 3220 0 36.5
HFC-23 14800 0 264
HFC-236fa 9810 0 209
1G-01 0 0 0
1G-100 0 0 0
1G-541 0 0 0
1G-55 0 0 0

* 4. UL B8k 7 HFC-227ca BERIBGER (AHIFEE)

oo ] A EEH

UL AGAS (SEA) PTELIMITED) SINGAPORE
CHANGSHU 3F ZHONGHAO NEW

UL CHEMICAL MATERIALS CO CHINA
LTD )

UL CHEMORILLC USA

UL  CONTEXT PLUS LTD UK

UL  ICOOL NINGBO LTD CHINA
INVENTEC PERFORMANCE

uL CHEMICA?_S © ¢ FRANCE
MUDANJIANG HALI

UL |NTERNATIONAL CO LTD CHINA

UL  ORIENT CORPORATION PTE LTD  SINGAPORE

UL CHEMICALS SDN BHD. MALAYSIA

UL :?NEgIbABI\;I‘iI'IgAI\ISTECHNOLOGIES USA

UL UNIQUE FIRE INDUSTRY SDN. MALAYSIA

UL  SOLVAY FLUOR GMBH GERMANY

UL  SINOCHEM LANTIAN CO., LTD. CHINA

UL  SHANGHAI MOSAFE CHINA

UL  LUKE ALEXANDER LLC USA

UL  SAFETY HI-TECH SRL ITALY

=5 RPFRBREOKEREGETHRE R K EERIRRE [11]

RINET R I
AGENT EMIAI
Class A
FK-5-1-12 4.5% 0.66kg/m®
HFC-125 8.7% 0.48kg/m®
HFC-227ea 6.7% 0.55kg/m®
1G-100 37.2% 0.47 m¥m?
IG-541 34.2% 0.42 m¥m?
IG-55 37.9% 0.48m*m?*
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=~ BUEERER

K E N fisa 2 CFD ( Computational Fluid Dynamics )
THEEBRAARERRETIEE YRR R BT E LA
TEMRETREAIRE T Rt LB K RAS R Bt B E M R AR
BitE R RS T E AR &bk - R bhiiEE
TR B2l % 77 2 A LA = BRI A 25 ETE B i %
FAERSRRE » FrLAE MR EINE R B T8 b SRR
RAE R IR AR [E]F 5 B 4B A AT ED - Henson [14]8 18 56 S LL
Bernoulli‘s J7fE B Swai AR IR et B A MG TE AT
Wi RIS 5B — EbhiRE EAEAE (NFPA12): Williamson
Je Wysocki 5 A [12] » St A — B EEBEE L ] Halon
1301 Ay BN % o #£ 1977 4 Williamson & Henson [14] "Ry
H"REN T EUERTS NFPA 12A - JEHE 1301 24 -

Henson £ ] Bernoulli‘s[12]f2={E FAR B ) T2
AL ATLEE TR B IRERE B =m0 mEt &
B ELBRTT T P A1 - 2 e s R i S ) B S S AR e
BEEEE AT RERE SRS - NS
PAPC Sk AR 5% TARRTRAHEME < o A U iR =EE =
KBRS TE R A AR BUSR I RSEOR A B N (E

NREFTEITAR A ERETRERVE =TT T AR

FEEIPAREBEE SR EENE - KEA TP

- ESEAR
BIFRCOK SARE HFC-227ea J g S A NS RF T Dt »
PR B B SR BE I K BEMEA TSR (R MIIRRE ) - J I
BERH SRR Y ERARERE" [1]-HFC-227ea iE4h
RS E L R SR SE R A (A BE T » o BEE ) By BRI T —

VST FEUTERIEAS [2] -
_ P
Fn = V0+%+Vp @)

Pm ——BERSRHE I —F0F AR
HEETT)
Py ——BOKZERISEEFEE S (Mpa S@8%EES))
Vo —— AT, & EEFA RN AMMAR (m?)

HYEE 1 (Mpa 42

Vo =1V, (1— ) %))

n—{EFEENEE (GO
n—HH7EE (kg/m®)
T — L RAERESEE (kg/m®)

/u SNE=

K Bt &
BRENEBNERE (m)

HFC-227ea T i & R &[2]

w
Qw = T (3)
Qw — IR G TRE (kofs)

W —EEFEGtE (ko)

t —— KRG TREEE (s)

S E T EL2]

Ng
=Y @
1

Q—EIIEGETRE (kals)
N——ZHEE T T HETERE (H
Q—E—HEERGTRE (kals)

S B S R R BT R [14]

AP 5.75X10°Q?

— 5
L (1.74+2xlg0%) DS ®)

AP——E 1 BEEFEE A HEHEL (MPa)
L —&EEE (m)
Q —EEK=TRE (kals)

D —— ZHEANK (mm)

5 REBUR T iiE E§8 % 2 UL (Underwriters
Laboratories ) 3 & {+ [ 75 & & = /FM ( Factory Mutual
Approvals ) 3= [ T g #H 4. 3¢ 0] /Vds ( Vertrauen durch
Sicherheit ) & Z & (E{F L7 /LPCB ( Loss Prevention
Certification Board) HxEU[jERE 712 B & HBHEE A%
MESEATRAH - AHI7E20E NFPA 2001 LLK GB
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| BEER RN RERK ARG RETE

50370-2005 i & 112t » 4R EHHL CFD MR - 4Erf2

AMETEER S E R - fiR 2 R st EEERI T AR ZE—
BTG -
Atz CPD EREEA IR C B S HEF MR HE

Fr SN2 ER A AUTOCAD 48 B[RS V- G 1L B 57
TRRIRR R TR RE B8 B BE A HOK S e ] 2 (ECRe s TR
PRt SE kB - AP EHEE - WEE R BREE ST p P %

ST 3 - A AT Rk AR EE 4 - B 5 0 fEEEAR
B 3 T AR Nt SRR BRI RR R ] - 12 ]t Excel
HRIBUNNEIEAE 6 > FIHER - BERSE - OERE
SFIEESE > HPERAVELE mm o EIERST AR A

BRI 1 ¢ FgE: 200 |

WEEETE :
FEREH :

RIS

& RS on)
[ 3&n SRR L (s

(6B}
- (GE)

i 2. BRI KRS

DN ( Diameter Nominal, mm) $r> » B A{RIER G252 12
7 EEE REIERENSUE 7 0 B &M R TH
Fkb U= T RERS A  Eapiiest 5 E < e
HEPRRTEE < 2k - X

Fotie TAEERR SRS R RR K S BT RR 2400
AUTOCAD I Al E#iElT BT 2 “BrE
& fEEEp R B E RIBIE RV HE 5
TR > WA PR E RS RN HI AR B Gl 7y - 755
TIRERES RS AR 3 K& 5 A e

DN50

B 3. SEmEE EFEfr : mm

4. FATERETR
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PR B T AR AT T

Ft+=% FH RE-ORE

s B Hitk EAfr e R
1 & ff  DN32 Sk 16.1
2 %54 DN32 I 11
3 % 1  DN50 Sk 12
4 % 5% DN50 I 5
5 % (& DN50/32  {H 1
6 @ g5 DNS5O0 I 4
7 = JE DN3250/ & 1
8 = @ DN32 I 2
9 @ g5 DNS32 I 4

H 6. EXEE  ZRIKEHEE  FEREE

80mm
100mm
125mm
150mm
- SCH80
20mm
25mm
32mm
40mm
50mm
65mm
80mm
100mm
125mm
150mm

st

A

AERELRIR

EfTxra
TS
BE:

TE:
BiRESH :
BUREER
SETLLE
WEDTLIE :
WERTLLE
SEEBRLE
ZHENESE :

RiFaR

RUH

| mm
mm

| mm

| glcm3

B 7. REREEE

| Um
| kgm
‘ m

| m

ERYUE FRHBSE

5 FANEERKER Bfr: mm

A~ S
AhgeFEeH CFD EEEHETE CO, - HFC-227¢ea -
FK-5-1-12 ~ 1G-541... 5% S A4k 245 5 &ifF3EF 10m (L)
x10m (W) x3m (H) HIi%FEa%E HFC-227ea SE7 » g%
FEEHCK Z4REEH S R AR B R R TR BT
HETHASTE 8~[E 12 - MBI HAEREFE 8 “95%
Discharge Time('s ):10” ZEF|FEHEE] 10 FMF & NFPA 2001
HREEHE § fiklE] 9 STRAS IR B AR/ N SRR I B 4 e
RIE 10 FrniE 2R E ok E 11 R Bt EER
UESGEER ] ~ O ~ BRFLIERE A [ - BER A B
PN 5 5T 7% 4 NFPA 2001 Table A.5.4.2.2(b)
[L01F K R ANE 12 fivr - SaHERUE A EE) - Fraier
WEIHENE  MEREANBINEEIE - figi@E NS
WRF Y TAE AR D S a3 A - S TAEReR » TERETR
BTG ETAS -
JEF DL EBHEEE T T =0 #E4T 17m(L)*17m (W) *2.5m

(H) ZEHF53H7 - 5FEERR ] HFC-227ea 5 1G-541 » X CFD
HEREAGSR TSR ES - SRS - SRE -
L FHER. .. S MEdEsER 6 - WNVEM BIFREEA
ERSEER T ~ % 8 HeJHEMESHEIHRE - KL L8
BELBRETI R 9 IR TR TSGR 2% -
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EQUIVALENT LENGTH

PIPING SYSTEM PARAMETER :
Pipe Num Type Num Type Num Type Others(m) Total(m)
o NO.
Total Number of Nozzles: 4 = e - - =
Total Number of Nodes: 15 DNs2
6 1 90E- 0 0 0 1.13
Total Number of Ppes: 19 DN32
7 1 Side 0 0 0 14
Protect Area(m2): 100 Tee-
DN32
Alttudem) 0 8 1 Side 0 0 0 14
; i Tee-
Alttude Correction Factor 1000 DN32
Normal Temperature of Enclosure(C): 20 oo e T 0 ° 2
5% Discharge Time(s|: l — [:ds: - - —
Area open outward spring door(m2): 0 3250 DT;:O
Allowable Strength of Enclosure(kPa): 12 " 1 sde 0 0 0 4
Tee:
Charging pressure(MPa): 42 DN32
12 1 Side 0 0 0 14
Design Factors: 0 Tee
DN32
Have Standby Cylinders ? No m T we o 0 0 113
. DN32
Have Not Closed Opening? No 1 e o 5 5 e
DN32
15 1 90E 0 0 0 1.68
DN50
8. “ﬁ@ﬁﬁ ® %ﬁl@fﬁﬂ%ﬁl ® ﬁﬁ@ﬁﬁ%@% 16 0 0 0 0 0
17 1 Union- 1 90E- 0 0 2.18
32*50 DN50
PIPING RESULTS DATA 18 1 90E- 0 0 0 1.68
5 9 > DN50
Pipe  No#1 No#2 Len. Dia. Pipe Eqlen. Elev. Flow - ] e 5 5 5 o

(m (mm) SCH (m (m

5 5 1 025 32 SCH40 113 025 412 216 215
6 6 2 025 32 SCH40 113 025 412 216 215
7 5 7 24 32 SCH40 14 0 412 216 217
8 6 9 24 32 SCH40 14 0 412 218 217
9 7 8 25 32 SCH40 26 0 823 217 22
10 8 9 25 32 SCH40 26 0 83 22 217
1" 7 10 24 32 SCH40 14 0 412 217 218
12 9 1 24 32 SCH40 14 0 412 217 216
13 10 3 025 32 SCH40 113 025 412 216 215
14 1" 4 025 32 SCH40 113 025 412 216 215
15 8 14 55 50 SCH40 168 0 1646 222 226
16 0 13 05 32 SCH40 0 0 823 2% 2%
17 12 13 05 50 SCH40 218 0 1646 233 23
18 15 12 15 5 SCH40 168 15 1646 229 233
19 14 15 45 50 SCH40 168 0 1646 226 229

9. BERERANTRER

10. mEETEER (BRSAH)

NOZZLE DATA
NozzleNo. ~ NozzlePre.(Mpa)  Flow (kg/s)

Equiv. OrificeArea  Nozzle No.

(cm2)
1 215 412 1.23 16
2 215 412 1.23 16
3 215 412 1.23 16
4 215 412 1.23 16

H 1. fESRER (RHEY] - RE - FLER)

ul
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QUANTITY OF Agent
Design Quantity (kg): 164.63
Additional Quantity (kg): 2.00
Residue in Pipeline (kg): 0.00
Agent Residue Per Storage (kg): 1.00
Total Required Agent (kg): 166.63
Capacity of Cylinder (L): 120.00
Filling Agent per Cylinder (kg): 83.31
Fill Density (kg/L): 694.29
Quantity of Cylinder: 2
Total Agent (kg): 166.63
Standby Cylinders: 0
Standby Quantity of Agent (kg): 0
Actual Ejection Concentration (%): 7.00

12. BREGHE - SSOEHENER - SEEE -
HARE - HBE - sehREREER

* 6. FEsTEERERE

“‘EE HFC-227¢a 1G-541
BafE m® 578 578
AT % 7% 34.2%
#EM|EE kg 318 354.11
SiifdE 700 8 24
SRR TR 10 60
S IR m
(SHIRETE 27cm) 0.46 1.38

R 7. HFC-227ea ERHBCH: K fEAS

% 8. 1G-541 Bl ECHF e (HA%

EE BENE

BR ERE

No.  Name R+ Bir HB BE & mkg  096Kg
MM ME SCHIO RIS (2016/3/300E)
1 Eh 3 DNBO n 4 1,860 7,440
2 B 114 DN32 0 150
3 B 1 DN25 =R ! 95 6,080
4 &b 134" DN25/20 11 0 170
5 Han 1 DN25 =t 16 17.30 217
6  Han. 112" DNAO = 13 20.90 272
7 Han. 2 DN50 n 2 22.30 45
8  Han. 3 DNBO 0 6 31 184
9 iR 358" ao210 1 210
10 Ppe 34" DN20 m 10176 105 10,685 174 170
1 Ppe 1 DN25 m 3392 143 4851 257 84
12 Ppe 112" DN40 m 3422 214 7323 41 135
13 Ppe 2 DN5O m 848 264 2239 544 44
14 Ppe 3 DNBO m 205 542 11,111 113 222
15 Red. 3Y1-1/2" DNBO/4O 1 1 535 535 0
16 Red. 134" DN2520 1 64 70 4480
17 Tee 232" DN50BOIS0 1 3205 3,295
18 Tee. 11/22-1172" DN4O/S0M40 5 2 870 1,740
19 Tee.  1-11/21" DN25/40/%5 0 8 565 4,520
20 Tee. 34134  DN20/25I20 16 286 4576
21 Tee. 112" DNAO n 4 280 1,120
2 Tee. 34" DN20 =R ) 90 2880
&ib 73861 655

No.  Name R+ Bfp %& Ef & mkg 096K
SR SCHBO & B8 (20165R03 )
1w . DNSD  F 4 330 133
2 Eb r N5 H o 150 9600
3 Han 1 NS F 8 7 1
4 Hnoo11R MO B4 il 8
5 Han v NSO B2 2 45
6 Han 3 NGO H 8 3 8
T Pipe 1 DN m 10186 105 10695 164 167
8 P AW DN m 3392 10 449 224 76
9 Pipe I DN5  m 169 185 318 327 55
0 Pipe 112 DMO  m 1696 286 4851 547 %
1 Pipe v DNSO m 848 365 305 746 63
12 Pipe 3 DN m X7 7B 1525 153 317
13 Red 32 DNBMS R 1 85 5%
¥ Red LM DNBS R B4 0 4480
15 Tee W3 DNORS0 B8 M 2960
16 Tee 123012 DNISROMS B 16 60 4160
7oTe W NG 0 R 02880
A w0 m
R 9. JTEFHUEER I
-
# Efir HFC-227167: . 1G-541
fﬁ?ﬁfﬁgf”aﬁ NT$ 46,000 138,000
SR NT$ EEEEE Sk
ﬁ'ﬁI&ZK NT$ seskoskokok skkskkok
R TBEN NT$ 73,861 90,887
PR R A NT$ 165 206
&t NT$ 120,027 229,093
TR R (R S B AR = R R R A S 2 S A e

*2016/4/14 =2 F{ERGTHELFEYI_SZA RMBAT7/HE

*PEZ RMB : NT =

AT > SRAEROK 2 Siases TR R IE 55 BB 52 2k 1
NFPA 2001 #{# - JRESTES [HFZEA
# GB 50370-2005 2 2= ; # GB 50370-2005 LA

AUTOCAD =%

REESSE  WIRER

AT DA HE 1T 2 85 R B ROK BER BTG - S0 A SR 5
fER B A (EAIME B A E KRR B - Bl EGERET B

1:5

7\‘. t \\\El—ﬁ

REAsrEf TG ~ @E - REHE - T
HEHER > T R

R R A

9] ]
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A EDERFRBEROK SR AT TS - BRI
RS IR EFFERREEHBI2BEL RIS
B EER

SE

1 E3GE - 2EF (R 98) BFREEHK A EMERE)
AERSRASERE Rt 505 &57KPKIAT) - 8 > 119-125 -

2. EE NRIMIEEIZAEAE (2006) » GB 50370-2005 4
BEHOK ZSiaa e - H 11-12 > g N RIGRIEEI
EEEHEAY -

3. HEE (R 103)  DURESETABRETRIRI; 3 22 ARG R
K EESREER N M 2 5% » TP EERMRORER KR KBS

CE N R

4. Bk (R 90)» —SRAbBRZIRREETE - DI LA T
HEREIEE - 2EREERGARAE > 516 -

5 OmEEERRERS (R 104) - CNS 1387 Z2003 JH[Y5-
FHEROK &5 -MERE Stlis - &k -

6. Giunta, C. J. (2006) Thomas midgley, JR., and the

invention of chlorofluorocarbon refrigerants : It ain’t

necessarily so, Bulletin for the History of Chemistry, 31(2),

66-67.

10.

11.

12.

13.

14.

National Fire Protection Association (2015) NFPA 2001
Standard on Clean Agent Fire Extinguishing Systems, 6-8.
National Fire Protection Association (2015) NFPA 2001
Standard on Clean Agent Fire Extinguishing Systems, 20.
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