25 % 452 W wOE 5 W ik Vol. 25, No. 2

2005 4 3 H EXPLOSION AND SHOCK WAVES Mar. , 2005

XEHS: 1001-1455(2005)02-0189-04

R502 Fr B E A H2 F R KER PR LB 5T

KB R
CHIE K 3% S AR IR BF 5 7 WV M 310027)

TEE : AR Gbr v 2 TR e PR S 0 2k o S DR R K A B R o R R R AT T A K T A
H R502 B ARHIAFI A HFC-161 IRA Y EA R E LB HFC-125/HFC-161 18 A 4 A9 # KERL PR 45 31 7 5 1
e BRI 28 AR METE L 0 M T HFC-125 % HFC-161 RYBHBA M . BeJR ARG X0 8088 . oA T AT IF A =
JLIRA Y HFC-161/HFC-125/HFC-143a B M KEME 25 3] 7 7l 42 4 F I L X

SRR MR A R ARR s S B AR IS R HFC-161;R502

FES S 0643.2; TB612 EfRZERAE: 130 - 35 XHARERS: A

1 51

] ¥ T % B 55 8 BB IR 0] R 2 28 32 BT )32 R AR N SRR IR D e OB E R b E it A
Yt R502 ALK A A58 TAESAAE AT . H BT PR B A XS R502 @9 =2 AW 1 R & i i 58 TAE
ARI(American refrigeration institute) i, 37. ) AREP (alternative refrigerant evaluation program) K iff
FERW RA04A 1 R507 A g K3 2 AT v8 70) © Bl 1 48 AL ) 3a R TA ml . 30k 9 b 2 AR i 42 7 55 R502 A
I, X R R EE T IRVEA . ODP(ozone depleting potentia) {H 4 h 2, (H &2 H GWP(global warming
potentiaD (EATSAR HLAL K, 15 21 Fir 42 il Wk % S HE 00 B0 2 AR IE L .y e, JF & BF 58 B 8 1 18 R 4 HL
POCAPERBHEIE R502 58 AL AR 8 50 BT B 28 5 5

WL R4 1 HFC-161/HFC-125/HFC-143a = JCiR A5 4 19 36 A% ) B3 R Cln i o5 L I 5503 1
I S 358 55 R502 45630, F BAT A (9 BRIP4 B8 CODP {8 % . GWP {H/N T R502 ,R404A \R507 X}
W AED » AT 25 JEAE S R502 () 2 U AR . SRTMAE W8 R g A= ™ e 4 sl B f o R v i 8
FR T RE 2 itk e B R4 A b DR DA S B T A 2 4

WA AR SR A AR S i HEC-161/HFC-125/ e

HFC-143a =GR A Y8 R TR AT iR 9T, B8R Testbe

BUA SCHRXIR A 0 TR T HFC-143a 19 ] JhHE T 28 ] ey vale

PEAT T I B B AT L T X HEC-161 AT R PE BF 5% 119 ‘I'I'l/ Vacyum pump

S KRN AT WL EE . AT F R HEC SIS

161 155 I 4 JEF B B KE R IR B HFC-125 %f HFC-161 - [ Lo Tened sample

PR I R 10 5 W B0 AT 0 2 SRS TR0 22 2 Wb, Manometer N

2 g,‘-: Eﬁ %% E 'S -A : t\r/e(l)rlltsaf(g)‘ramer
BB BT 2B ASTM ESSTHEAJCR iy oo gﬁ*mmod? il

IO e 8 0 3 3 A 2 B KA B T AR R VR B i S AN U Relicf valve

PR M R o4 "
SRR B WML R RIEGB/ T12474-90 #L 5E P TR A R st % 2

Fig. 1 The gas explosion limit test scheme

« YRS EE: 2004-06-15; 1&E HHEE: 2004-09-06
TEE® A ok BL1978— LB B A,



190 DS 1 5 et i %25 %

F8 2 A Hp TR AR KR R s DT VA A

e LI T B 0 — A S BB AR A B SO L A S 1400 mm A AR 60 mm A BEJE RN T
2 mm, IR M TR R A AR A )R AR B i

AR AR ZS IR S M B K AE UK . SR R Ao 400 Wi At e B JERAR O i KRR, FE
JEH IR AR IE R 100 VA 10 KV, KAERFZE A1 2905 0.5 s, B 1 Bz 28 B v i i B Ol TR AR
T HI4R (EH A% 2 mm AHTFE LTS RI B 3~4 mm, BB BE W R T 100 mm, KA 275 BE
A R A 47 2 A7 T A ) e 1 A B

3 LBEEMRESWN

S E S TR VB A (20 £ 3) °C A3 AR EE AW 1B S 40 %6 ~ 80 %6, S50 Fi 1 0 L S5 56
il Ve 46 2 T 99. 999 %,

TE bR I BE F TR 7 90 [ N L S2 B AF ST o BRI IR 4 X 25 S £ 0. 05°C 2 B IR B Ak 2 S N A
BV PO A YR R 114 735 A2 5 T K AW B o (EL 3 5 R SRS L AR AR S v, S U/ IR AR A
R 1R 25 L HEBR T TR 22 0 AR B 19 B — e R N ((20£3) OO RYBIEM R &, =<
fROFE B 2 R RE S O RS 38 HFC-125 5 HFC-161 IR AW RIS =SSR GO I
AR A DR AR TR 1 I 7R 09 S 300 2 19 28 R A ey TR U 24

SEE SR B AR AR IR g P 4 X 1R 2508 £ 66. 7 Pas IR A ASUARRD iR 25 <20, 21 %05 il 1%
SARTE A SR B I R 25 <20, 1306, MRV E AR S EKIR A BAE H— &%
20 W RIRE 7 8K 3 2 B PR A TR A SR 10 min, Z 5 R E 1 min, 55 5T IF 50 IS 36 M 1)
HEAT K

ST AN TR) 5 A S 06 K00 22 T RE IR 2] 10 sk T K, B AT 22 & M T AR SEEZE ) . AR S B6 R
FL A K SCHRL7 132 B, Y A A D) B PN AR 5 ASOIE B TR B R T — 8 B SR T B0 s i v O 11 81
FoUE 1 IO AL 15 o F AR F BB e 0 0K T SRR R /B B LA v 2 005 KR 300 W HL R B
SREE ST e R 0 5 A IA) B AT 56, 2 R B R /N (Z9<22. 3 mm) B 0 R R 3 a e A 1 ERGE K
23 R HI IR OB ASRE 0] ) RSG5

BRI ARG e TR A2 KO e S & I T F — K S50 il <nT B 8
S, B ERRIABIMES N 0.7 Pa, il R LR

R TR X A RS B T 22 2 58 W 2 g
HFC-161 1R G YR KERBR AT B e & T 5% T 5%
SRR Y 0 R KA B K 00 (B OB HE 1 L R4 51
H8.26% 1. 90%) 5 SCHK{H CEEKE b F B4k
8. 4% 1. 8V AT A W] AT R KE b T BR A 4 % iR
22575 —0. 14,0, 1, AT DLBE ¥ 5 S0P R 4, AT AV 2

4 XBWEREHHN

AR B V (HFC-125)/V (HFC-161) = 0 (4}
HFC-161).,0. 203.,0. 398.,0. 811,1. 183.,1. 630,2. 049,
2.445.2. 841 ERLHI T ZHFES . T A KR FE S
PR R )2 A8 IR A SR T T R A A i AR R
et 5 I A B A ST AR B AN T S o A 2 MRYEBLS R R
AT TSR e BIE B L M &4 . B 2 i N Fig. 2 Observation of experimental phenomena

H¥




%2 W i BLAE . Ro02 T R A v 70 A5 A Al RS2 98 BF S 191

YEBLG I A= i I L v i B HE P4 A R B I NS IR R T, i ARE R 4l it HFC-161, 7R %8
ASPRERRRIEE S 3. 96 %0~ 17. 71 % CH M 0 1B 9D IRF 5 k7= A 10 20 0 KO TR B B, O R A R e
e, A HFC-161 5 HFC-125 BB A RN, BEE 415> HEC-125 & A3 IR & ¥ & 4= B KE
0 e X 3 45 /0

3. K 4 4002 HFC-125/HFC-161 1R G M A3 XEM FR DL SR G FE S HFC-161 %5 KE 1 BR i i
IR GE L R, R A AR 2 R R SR R (HFC-125/HFC-161) , B 3 A Ak kR HFC-125 5 HFC-
161 IR A HEAAE S P ARTUN B @ B 4 AR BRMIR B FEAh HFC-161 £ 2 P IR B 0 50 . .
R HE L B 50 K T BRI A R K DXl PR RT R AR L L CRR A4 X 4 4 HFC-125
5 HFC-161 MR ¢=2. 94, HA YV wurman /V rpan, =¢ B A Hl ¥ 700 76 6 b A 4 %) 22 4
Bi4 HFC-125 5 HFC-161 MR AL L R T 2. 94 i A il 4 9 1 F BR 8 A X B TR AT ] Fe 1) Y 25
SLIRE A KAIRIE.

0.20F /-—-/" - 0.20F
—a
0.16F  Explosion range 0.16 \
0.12}F 0.12F
S B / v él B \.\.
0.08} P 0.08} ‘ \.\.
| //'/‘ | Explosion range -\.\.
0.04 004}ty | —a
005 10 15 20 25 30 07705 10 15 20 25 30
V(HEC-125)/V(HEC-161) V(HFC-125)/V(HFC-161)
(&3 BRI B Al 4% K 4 HFEC-161 48 ¥E A BR il £
Fig. 3 The explosion limits of HFC-125/HFC-161 Fig. 4 The explosion limits of HFC-161

WE 3 FrR B HFC-125 & &R, BB KE T IREE S8 2 78 H AR 5 35 B br o vh 43 501 0
SEN S HRKE TR PRTE 109088 13 % LA B IACH TR SEPR AR AT #% . XA 7E HFC-161 H s Jin— & & 1) HFC-
125, 0] DU I BHARAE F L B AR v 7l 22 e i B . anil 4 BioR L B HFC-125 & & /8 i, HFC-161 /)
FEKE L BRAR IR i 2 e BE . T IRAS AL I 58 0 ¥ 2% . iX 5 HFC-125 X & AR BN A %, B4R
BEA T wE BRRIR S B E AR AR HFC-161 85 f HFC-125
B IR A AL T FURRRIRAS i AR S B i 2 R
CE RO RE

= TR 4 ¥ 7 HFC-161/HFC-125/HFC-
143a "1, LA HFC-125 S BEAR I, Ho A 76 Fh 28 43 7]
BRSO TR G i ¥ 70 S5 B Al b i 4 %) 22 4
FI I S8 15 9 HEC-125/HFC-161 F1 T A SCHk™
HFC-125/HFC-143a %52 5 8o , gt 463 =
TLIR A YR IEX BB L (WL 5) L DLk ok 54k IR 0
AR R % 2B, 4 = J6R A Y HFC-161/ ) 100¢
HFC-125/HFC-143a MYBC bb 326 7 JE 58 1 X 3k i B 5 =TGR AR K T L
AT LA R e Al . X — 2T e I AT R B AR Fig. 5 Explosion area of HFC-161/HFC-143a/HFC-125
TSP RE SR AR B ik BR R B

~N
N

’




192 DS 1 5 et i %25 %

5 & it
(1) AR AR A 7 A3 A A B 2 S 0 4 B, X 2 B EAT TR AR SR 22 40T T T S T R EAT TR

B . 45 R AR 2R A A S I B B AT B R AR B
(2) X EATH RN M HFC-161 1R 4 ¥ 70 (1 1% M v #EAT T 1050, 5000 T JOHR M AR BR 55 T A ]

R R TR Ve TR Y 22 A o IE L AR A T AR
(3) JRA I Pk a5 2 AT DL o 3 4 I LS PR R DL AL . &% HFC-161 1R & WA iy 2 AR 1 2

ARGFBHT SR H HFC-161 By AT PR 5 5 1 LS HIE O 8 PR 3R 5 T30 7 6 19 %2 4x, 548 HFC-

161 BHARRCR B0 1 1 v 500 5 2 1R G 2H 0T A TR & v ) LA B 3 S R A J5 SR B W 5 i 1]

SE K

[1] XUAN Yong-mei, CHEN Guang-ming. Experimental study on HFC-161 mixture as an alternative refrigerant to
R502[J]. International Journal of Refrigeration, to be published.

(2] HET=.5—K. B8 & A BRI Al B $1v% 5 0% Me A BRI AR 52 [T . #8455 vhdi . 2003.23(3):225—229.
TIAN Guan-san, MA Yi-tai, YANG Zhao, et al. The explosion limit of the flammable refrigerants containing non-
flammable components[J]. Explosion and Shock Waves, 2003,23(3):225—229.

[3] E681-01, Standard test method for concentration limits of flammability of chemicals(vapors and gases)[S]. Phila-
delphia: ASTM, 2001.

[4] GB/T 12474-90, 75 = rfr Al PR A K% A i R 58 7 vk (S

(5] BR3C - #ghoiin . A =M. ot B2 hAt , 1983:100—104.

[6] Kondo S, Takahashi A, Tokuhashi K. Experimental exploration of discrepancies in F-number correlation of flam-
mability limits[J]. Journal of Hazardous Materials, 2003, A100:27—36.

(7] FRZeds TS, BRped B2 Sk ah DML b st HUAR Tl th it . 1981 .78 — 82.

[8] Zabetakis M G. Flammability characteristics of combustible gases and vapours[ R]. Bureau of Mines Bulletin 627.
Washington D C: US Government Printing Office, 1965.

(9] &meTs, A, AL, 55, IR G W M T A A 2 L. 0% 2441 . 1997 (4) .23 —27.

ZHAO Xiao-yu, ZHOU Hai-min, HAN Li-zhong, et al. Experimental investigation of refrigerant mixtures[]J].
Journal of Refrigeration, 1997(4) :23—27.

Experimental study of the explosion limits of a new refrigerant to R502

ZHANG Rui » CHEN Guang-ming
(Institute of Refrigeration and Cryogenics, Zhejiang University ,
Hangzhou 310027, Zhejiang, China)

Abstract: A mixture of HFC-161 used as an alternative refrigerant to R502 is promising. It is necessa-
ry to study the flammability of HFC-161 in order to ensure the safety in application. Follow GB/
T12474-90, an experimental setup for explosion limits was established. The pure HFC-161 and the
mixtures of HFC-125 and HFC-161 in different ratios were tested. Basing on the experimental data,
the regularity of explosion limits was analyzed with mixtures composed of HFC-125 and HFC-161 in
several different ratios. The results might be used as the basis for the evaluation of the explosion lim-
its of the new ternary mixtures of HFC-161, HFC-125 and HFC-143a.
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