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Explosion Characteristics of Mixtures with Air of Propane,

Ethylene or Hydrogen
— with Special Reference to Testing Method for Flameproof Enclosure
of Electrical Apparatus—

by Toshihiro HAYASHI*, Ryuji TANAKA** and Katsuhiro SAKANUSHI***

Explosion characteristics of mixtures with air of propane, ethylene or hydrogen are studied in three
cylindrical vessels of the same length/diameter ratio. The flammable mixtures are ignited at one end of each
vessel, and the maximum explosion pressure attained (Pm); the time to attain the maximum pressure (4,)
and the average rate of pressure rise (P,/t,) are determined for a wide range of flammable content under
atmospheric pressure ; further tests are carried out under elevated pressure conditions for hydrogen-air mixtures
only. ‘

The general tendencies of Py, #, and P,/ t, in relation to flammble gas content are those as predicted, although
their numercial values have been scarcely reported except for maximum pressures for nearly stoichiometric
mixtures. Pressure rise time (#2) can be related to the size of vessel and the present result shows that the
equation proposed by Zabetakis for the prediction of #, may not be applied to larger vessels, even when
stoichiometric mixtures of saturated hydrocarbon are ignited at the center of spherical vessel. The prediction
of tm for such gases of higher burning velocity as ethylene or hydrogen may be often desirable in practical
situations, and thus the relation between £, and the distance from 1gmt10n source to vessel wall is formulated
for several mixture compositions.

Effect of initial pressure (P) on P, is determined for thé hydrogen mixtures, and P, is always proportional
to P irrespective of hydrogen content. Some statistical treatments lead to a conclusion that the prediction
of P, is possible for a wide range of hydrogen content and for the variation of initial pressure, based on
a few tests made with some selected compositions under atmospheric and elevated pressures. Pn/t, proves
to be proportional to Py, thus to B, which implies that the dependency of #, on P, can be considered negligible.

The results of these discussions are applied to compare the characteristics of flammable mixtures specified
in the IEC standard to be used in the tests of a flameproof enclosure of electrical apparatus.

Keywords : Gaseous explosion, Conbussion characteristics, Explosion prevention, Electrical apparatus.
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KBR-AVCEAYERORT(H18R)
Nominal Inner Internal Clearance between
diameter diameter volume L/D ignition source and
(inch) D% (cm) | V (cm®) end flange [ (cm)
4 10.5 914 1.9
8 20.5 6812 circ. 1.0 " 1.3
20 49.2 93994 0.7




—4—

AiCiE, BRICMbIBRENLMELDEHNE, T4
LLEBEINKRER R P, EET D) 78 8 kagf/
cm?E %5 E T, BATADOHE 2 KAES 5200mmHg
WATEHTERLIY, BA—&ETCOERRHIL 2
~4Thb. UTICRTEEIX, ERoFERICL2ER
ENEMFMETH B, o8B, EBRPEPICBIFLARER
ERUVCZROEG (£ 1 F N744~762mmHg &
25~31C) DB OWTIIEEL h - 72,

4 KRBRRUBE

4.1 KRKUETI=& 5 RF4SH

MEFKFENDEEDT 0N, ZF L2 RUKZED
BREFEE Fig. 3, 4RUSIEENFNRT*, I8,
TDEETIE, =FVL 23 4B RUKETRBDEET R
IR KRT B2 EHTET, KK 5% TIEAkEKNE
HILERD b NS RKESTI30.5kgf /em?ic HZE L o
2720

WTNDT R DT, {LEEARPEIC BT Py
RS, LABRNETAZERTREINZEBNTHS,
BHLHEROBTHICB WY TIE, NAEEH2000cm® 2 # 2
NUE PlBiT—E L 25 2 LN TE DD, AER
NDEAFEBRES A FEBICBITS Plc 2k
BT L3R LULBERTHD, &8, 204 FEHII7 S
PUDHEEICAMESH D, 6 kgf cmPEHZ D PR
HFENEBR TR ADERIBOHSN, 25 L
TBESZITIUL, Poli 84 v FHRHRICBITHEICIZ L
AEHL R B EALNBNT, HEMICILILERRE
BOEFIZBENT, WTFROT ROV TL#H 5 %BIEE
DENDEHGFINLZ Eich D, BREBEOBRICEL
T, WRAZAOEHICE S 25 L-HBITERL 2,

Table 2 izix, KEICL KO- BRFESHMETHE
BL72.4.6%7 0 RUFBHBLF VIR LB
IECHIBICEDLRBT ANMETHY, F/2, 8%
FL 2R EEEOMBIX, FNENDOTRIZBWT
PurBEic e 5 E BN T B TH 2 (RERTII,
INLDOMEIILT LA REBEN2 52 4P o72), 4.6
%7 8YTFL LD P,KIT, SEENEREIC

* 2 RMEZEYLTERTHRE TUE, hbnEofis
e EeAs B L TR & 25 L J i 2 e
TE&, TRCHOFTREZDWTRERFEZ —RILL TE
AT EHTEDEEZTHRE L2225, BIILeh

272

EXLLMEFMERSE RIS-RR-85

BVTLO0I~1.03Th ), MZAKEA%T I LA TE
B, BEBEIRLFL > 8%NITS H4930~40%K &

2.0 450
1.6 440
1 2
§
2] 1.2 NE <4 30 b
L 2
by
g ]
&
0.8 {20
“1 B
3
B
0.4 I FT
0 1o

2 3 4 5 6 7
C:Hs vol.%
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Fig. 4 Explosion characteristics of ethylene-air
mixtures (atmospheric initial pressure ;
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each curve)
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Table 2 Explosion characteristics of mixtures with air of propane, ethylene or hydrogen

Fany, TFLyRUKEVOBRESH

Nominal dia. | 4.6% propane 8 % ethylene 6.5% ethylene 30% hydrogen
of
test vessel Pm ) Pm/tm Pm Pm/tm Pm Pm/tm Pm Pm/tm
4 inch 6.9 197 7.1 263 7.4 389 6.1 763
8 inch ) 7.3 101 7.5 129 7.8 200 6.6 550
20 inch 7.0 45 7.1 65 7.6 101 6.3 274

Note . Pm and Pm/tm are shown in kgf/cm? and kgf/cm?/s respectively.

kgf/cm?/s



—6—

v, B, IECHEBICEDHL 8% FL L, =FL >
—ZRRETAN ) LTRANDAEERE® 52 KT
Wz LIcEELZ (Fig. 4 38),
EREBRRENFET HMHENMMICOWT, Table 2
&N BRI R BT B &, KR 2 EN L P,
HRRPB VL bbb, BEEEIBELRE VY,
Ihi, AERMESBEEEPRET 2 ERHEFTH
5 LEERT S, FERMIZ Y AOBEEEEICEET
BEALNBY, Table 2 DEERE & M EEREDOSTH
EOMICEZENOWHFEERIIALNT, T, FHIKE
WiF EFNEFNO S AR O REEE O Hp s I
HHNT, BioHEEEZ T2 L ELIcHkLz0TIE, &
E#EEICRIZTH AOBERLEROKE SOPBIIEH
Bz LT E v, BEEEICOWTIKEICE W
THLIEET S,

4.2 FAERRE

LZCOTHRESTZ - BREEBREDBEETRITH-T
12, ZOMBRPCFBREOWL.UED & 212 P2RS
EuN, ZOEIMENKAEN L 212 7~ 8 kgf/
cm?THoT, FEROKESRIKNBEIN WL
nNTvwa, 5T, REENCETLETHORERB %
BEBRHOKEILBEIITLZ EXTENE, REEHE
52 2MBDBENVANBERELTEENKRESINEH
EOWTHRT 22 LA TE, BREHOBREUC & 5
ENIl % & DEBA LB R BICEETH S, £
72, TOFERKREICENZHBERENDHBEFELEY
DT, FBROBRIFBMLFERICOVTL, bEw
BEBPTOERBERL L LI, EEOKEINERTIC
BUZEEOHEK - WEDBRAETANBREFELMB 2
EWTED,

ZabetakisVid, ERRAEZFORLTERAL 2BENEK
E/MET 5 £ TORM ¢ (ms) 13, /¥77 4 Y REAL
KFRA VY v b L BREDEAT X (FEIRARTE)
ROWTIRKRATEREINBE ELTwBE*, 1272L, V
B TEbLLLBERABTHETH S,

=75V (V@ ftd) (1

ZORUIL, BRRENVBBROKREIICERRTHL L
HET S, FHREERELIFRNOKE SO LS
ZEERLTWS, LRI ZDBEAEHEI BT 55,

*¥3 IITwWI i, BREDEREREELLLEDR
EREORIMETH 5, #-C, FRICBULER
EEDBEDBEEA RAIZ DB TRDI 2Dt

IR LERE O,

EETEM M ERE

RIIS-RR-85

VI EBRIC ERARIT B 25 iciE, BEOBRICH
H2KREEHG VICELEWEREL TS X
Nbd, 2%, ARHIFEHRECELZEECRERENIC
ETDEVIEENL ET, KRRIEXOBEL LA
BIIETLIEITCoOHE (DL LRBITER) —%F
BETEEL, 2, ZOEEIRIKENGET HERIC
AR TH D LIHEL BT T L b 2,
ARNVEBN L S ICAFHEROWBTAAL 2HES,
HADIER R » 72 D MEALERREL, HIZ TN
BAICL EROESBRALT 02 R 2010, R
DEKRDLHICERL 2,
tn=3.97R (2)

ERcBIF 3 R, KEDPEETNEERHES cm BT
TROLLZETH Y, HRREBOFLEANFEITITIK
DPRE, T, FROEBROBESITIIEKEDI LKA X
WETHEBRTH D, L3 BERETH 25, R BIT
LEBRIIERE R # KRBT HICETRETH 5,

200 ¢
@
160 ~J CsHs 4.6%
o
[ </
[2]
E & .H, 8.09
120 o ¢ %
V]
£ 80
C:H. 6.5%
w0l H. 20%
H. 30%
00 20 40 60
R cm
Fig. 6 Relation between time (t,) required for
flame propagation and distance (R) along
which flame propagates
KBEDEBI-E T 585 ¢ RIBER(R) D
3T
¥ 4 BIEREIRASTRAOER, EARVEEIZL > TR

F A AAEOYHETHY, cm® cm? /s TEHS
Nd, KAFEEIEHM2EERET I ALDRBITOEE
Th->T, —iciFZENTR - THERAREENH
e LB E N, B (bo\vi2iEE) &L bicEl
THETHY, »25 cm/ s TRT,



Tassy, LFV > RUPKENBRES LN R
Fig. 613, ABOEBRERZRQILILELZLNTH B,

0957 4 P REIMCKRFENREZTH B 70/ N4.6%
BEH AIZDWTIL, Fid/h&1ITNIE Zabetakis Dt
PR EBHT L —HET 2%, BEIKESLDIION
TEPRD» 5D ZVIEKREC KB, ZHUE, KERNEE
PEEE L L LICAKEEIET I L2 EKRL, ARERED
BABIZOWTORRDHR E —8T 5, ) L kE&E
EnZ i, BB KEENELN (KAREHMOE
K ICEBEBHEINTE I, AEHEIREL THILITEK
KEBHORLAKNDBENIT S D HEEBROWHEAAD
BAITHL TAELENENEZE LIS W EIE—iREYIC
B@EIN T3, LL, BRREBOFLAKDEBET
LEBIRES RNEREREI BT EELLITNEY

1000

700

300

ms

100

tm

R cm

Fig. 7 Effect of vessel size on pressure rise time
(atomospherjc initial pressure ; R is a
distance from ignition source to far end
of the vessel) v
BEOKE S B ERBOMRE
(REEKEIGORAKNERET TOE
B MERKTE)

— 7 —

53, Zabetakis O BRICIZBRAYFET 12T TH
5%,

IF L > RUKENFRERERIZ, Fi{b¥EEHRMARN
ST Zabetakis DIEPAR» bR E I TNE D, B
DREZNETIZONTRERMART 52 L1377 ms¢
COBAELRBETH D, GIREREIC L 3 KEBEENEL
PAADOKRERE LBEEITAFRITITIEAELINT
Wi\, ARICE T AEEE L RERE & OBR
PEBICRTLIZLETE T2,

MEgaRthnBRERLF Ly, KEL EBRBEENK
XA ANBRICEITLAERMEZRD L RAILERSE
(BENTVEWDY, REROBRIIRATENTE S
ZEHREANLDT, RENLMERICDOWT Fig., 7TITw
T ta=B-R* ' (3)

FRFD AR BIIFTADHEEIZL BERTH 5D
A= 170k %iF Zabetakis dR EE U & & N, HhEE
EoRKENTRITE ADBEIZSIEWEEZ 5B, Fig,
TIZRBDEE L FEFICHERL 2. ZN5NERKN
EAEEROBBEXDHECETEIHTHY), BHK
RN FENBHEOPFLAKDBACIIAERMIIINS
DRI BZHEBINLKRE(LDB EELLNS,

4.3 BEHAOHE L BRREFENER

BA N ADVE & ARES O HBIBGRIC DV TIZBEIC
HMHNTWBHD, BIERMS 2 IAESREICRITT
MENEEICET IREIR L2254\, RETIX, W
EBEENESBEBENRRFE~DCA 2 SHRICEY
T, KE-ERIEET AOVE & BRFEOBRIZOW

TN D,

Fig. 8 i kEBE L BAKEN P,0HEF2E2OWE
PiZOWTRLZLDTH), IRNET 0y MIEHR
ETHD, “THOFBRUBEICBWTY, Pk P?
FICIZ L ERBEIA LN, a RV b 2FHNOKE
BrBEICLbERE L ORATEML TLERENK
g wnweEZ b,

P,=aP,+b (4)

84 v FNFBIIONVT, LROEH L KRBENE
BERLIDHDFig. 9TH2 (127201, aidl0FLE
ERLTH D)o ZDODFEHN T, FTRIBFATE TR
THMMEICH 5%, THRBEBOKIFICB W TREIC L
LU W—EEEALT I EHNTED, MFNERIZER
EizB 2 BHENHNEMEHELRL, TNEIZL40
Thol. RAPERBECR(EETAZ L6, =0
NEENDP, (ERME) 2 b &L, TNIIL4LI0PEREL



—8—
127
o 1or
& P(mmHg)
= .
2 st 800
L 600
. 6f 400
T 200
L 0
4 -
v i * 8inch vessel
l o 20inch vessel] |
210 20 30 40 50 60 70
H. vol.%
(a) For 8-inch and 20-inch vessels
12 .
E 10
% y Pi(mmHg)
'a) iimmkblg
BL . ° * 800
E
§ 6} . —
4 -
2 A M " N L " " —

10 20 30 40 50 60 70
H. VOI.%

(b) For 4-inch vessel

Fig.8 Effect of hydrogen content and initial

pressure on maximum pressure attained
AE—LERBETZAORERUVHNELREX
EHomRE®

72EE e L TNE, ERFREICOWTRAOTOBEE
APEBLNS, Fig. 8 (a) DEHRIZIZH LR LD
FHEERZEAZLDTH DD, 204 Y FBHBIBITLE
BEE LR —BT2ZLicBRELZW,

44 > FEBRNBAKCOWT L REDFEHET PP,
—KRBENBERIMMBER Z LI TELD, TITik
WD FEERAR BP0 En8fvFLafrF
BRIBITD PoEANESO I ARBEICLL L V—
EEEAZEEICICERL, FREINTA ALY
HDBEMFEHEL KD (AERTIZL.09TH-72), 84
YFEBRICOVWTRIROFEIC L D KD 2 P, (Fig. 8
(@) DEMBICHELTZ) 2 ZNFEHLTENET S,

EXELLMEFHMEHRS RIS-RR-85

101 .

) 6 | 4
<
g
= " 1=
™~
I
S
4+ 4=
o 12.0
oL . _ 1000a/b L5
* e v $ T i T e
A 1 A i Il A 1.0
10 30 50 70
H. vol.%
Fig. 9 Effect of hydrogen content on constants

in equations which approximate the
relation between initial pressure and
maximum pressure attaind

(for 8-inch vessel ; refer to equation
4
;)EtﬁkEﬁmBﬁ%%ﬁ'\Tiﬁﬁitmiﬁ
& KREIBE DR
(81 FRE|NFE ; N)SH)

Boni PoE#EAL DD Fig. 8 (b) OHEIHEETH
D, ERELR—HEL T3, Zhid, TRIERDE
%% B ¢ KBGO TRBBICOWTIE, ZONKEED
BRUbBBPTCORKRKENNIZAZREICLL W —
EETHLLALZLTLINILEEKRT 5,

29 LeFgEEwE, BWcBIIn gt Bl
HOHMNEERS L LI, MO REBEALEGTICBITS
BREADOTFRLTERTH 25, KEUSNDT A~DE
AEICOWTE, EBRND 2 WIERTIFHLRET IR
Thbd,

Kiz, AEREICRIZTHEOHEICO>WTHENS,

S D ADREEREL, EHSHT BEFENNS
WZEDPHMLNTWBEY, KFE—ZERBEETADKEEE
EyESCELTwEL, o, BARHRT2EETS
KROFEEELVREEE BT 2 L THE, H2E
HHOBRICBIT5RERM 4,12, KFBEIFELTH

TR E b w—EEE L D, L,=—F ¢ L TRME)

FRATHIE, BEEE Pn/ tal3RAD & IWEFTE



TRy, LFL Y RUKEDBRFRE ) Mg

Bo 12771, h~hEBBREKRBEI L ERTH D,
Py tn=hPo=kP+k (5)
EBIC LT, KEI%TI tald BE & L icmL,
IKEGAY T LRI LIEE A A 5Nz, KEBEH15~60%
NEBRTIITENERII—EL -2, Pizk s 1,

. 110
W%
10% % .
0
8
E
L2
b
6 L
4
of
12
A 1 } S T i X 3 I 1 0
0 100 200 300 400 500

Po/tn kgf/cm?®/s

Fig.10 Relation between average rate of pre-
ssure rise and maximum pressure
attained
- (for hydrogen—air mixtures)
REERE ¢ {RXEHOBER

DEBIIIE, GLA—FEESRLTIE FELTH
272, Fig. 101, (RBERMORE S ZIZDOWTEEHE &
BRENOBMFEATL b0 Tho, BOSESRIZER
BT BB/ REIC £ 2EDR A2 b0 Th B
B, EHOFBEICBLUIPB=0nE &P, t,=0¢&
VO EBEMZ Th D, (LEBBMKICE TS ERD
DEART 5% EOEE b 555 =5 L BRI
KREBEICL LD L ALN, it PAck bltvn—5E
BCHBEALLTLENES Thb, 27, FERE
ERAREHZCTNLWEICRFT L AL T,
RIERE L BAEN % Z N EIRTICZL S ¢ 2 2 L0
TELNIELHLHTH D,

4.4 BBEBEORBREE~DIGH

R Tl Z b bBlLri L Hic, KE—z
K[BET A ERACTIHREDRKAEN & BEEE % Rk
/oI, KEBE L WELEDIBSLED S 2, IEC

—9_—_

BBICEDL46H% 70 Hb0E8%RF L L
SFORFERFELRIKRREIR, 0% 2HEL T2 HEA
e —D>FTOFETHIETTH B, LrL, ERLALE
ERETHD64%I2BWTE, ROV O RUPF
VYIRETAD Pt ST ARRKENR2B LI T
i, BEREVPTLENHELINIZEPICKE(XDDT,

B LM REEY Lo, REBYZANEEELZE
AN, KREBEICOWTRI LR EZUTIERT,
Table 2 ICRTZF L 8% E RENBREESE 2R
FTREBEIRDIHICLTRDA, k24405
BRICBVTL, S8BT FLD PyidT.1 kgf,/cm?THh
L5, Fig. 100 4 4 > FEBICHNT 2 FERICHE VT

600 [~

Pn=17.1

500

400 -

kgf/cm?/s

300

200

Pu/tn

100

OIF At 3 1t 3 1.t
- 10 15 20

H: VOl.%

Po=11t L2 EBD P,/ t, 2 KD B, ZDHFE, P,=
1.1 %% L NOKKRE L AEREORBELIKE 5. %
BRICOWT ED P, 285200 KRIEBE L AITHE
ENBFEE R EROL Sk s, ZORIZBWT,
ENEFNOEBICBT 8% F L > DREHE & &1
BORTEEKDNUE, TNEFNOEHIOVTHENE
H2HBRTERRBESGBLNG (RF0BESR), =
NDBERIBFBOKREENRL->TOLRLEE 21T T
HED, BoNizERIE, FHOKE % BIEIZ15.8,



—10—

14.7TRUI50%TH - 72, IECHBETIIF L BEC
L8 +0.5% LFFEL2FH TV BT L 2 FETIL,
CNEFESENBRFNLSZIBEL L TKERIRZR
AZELTLERENDETEIZ Ve EZ 5, KEIS%IC
B AWE L BRAENOEMENBEFRIZ, 44 FEH%
TIERE6), 84 »FEBTIRIRAMIC L NIELS NS,
INHDRIC P=6002 KA L2 & &N Pyld, £0L%
P,,=0.00535P;+3.92 (6)
Pn,=0.0055P;+4.07 W)
N7.1RU7.45 %0, Table 2i2RTF1L > 8 %iRE
HAD Ppb i3 AEE LSS, ZDZ DL, 15%K
F—LRBES ADMEL KAEL N $600mmHg &
723Be L 8% FL VBAS R FIEIFKRE) LiEH
ENBRFEUEETT LV B,

RO FEIZEN4.6% 7 as s> L EENVBRIGEE
RYKRBEL RS EZD, 4, 8R4 FEH
2 DWTZNZFNIL.6, 13.5R1F13.6% & % 72D T,
U%BEFFEDBE L L1z, KEURBIZDOWTHERE
v TFig 9 2BV THEEEXRENNEFEE RS
72o WMEEBARENNBGEZERTEMNSEL L ENE
PROEEIT, KBBENS L 1%NOETILBREICLY
ERECENT 3 £ A TE W (Fig. 9). KFE10% £15%
Y A EES S, HWEESI L D URIT 2 ESR Y
KRR, WE L REREHOBFRR 2 RTENRITK
nkIik o,

4 4 v FEBRIZOVWTE P,=0.005P,+3.6

84 v FEHKIZOWTIE  P,=0.0051P;+3.8

ZnsnRic P=670%AL TH 5 51E1Z, Table
2070 D PrlliE ALHEL VI T, MEE670
mmHg & L 72 14%7kFE—ZERBET R134.6% 7 0¥
—ERBEATR ERENBRBEERTEEZEZLND,

IEC &Iz b ER BHE N ESHEBNRRME
SREE, KFEZTE A CEMICAT ) BORBREMER
oL SeKEo2h, 29 LRFBEBREOBRNE
BENNLEEZHRELTWEZ LICHEBESRIE LTV,
WML EDKE—LREETACEXKTIHEE LS
BAIIE, FRICBUECHSTIHEIFOMbE Z
LB BNT, TOHBEIRT B0, MECE
LWiEPESRICMb S L) ik¥hiltsivw, LAaL,
ERCE, BABBOFRITLTBHTIIL(, D,
— I RBEBEITAIALRBREAICEREZINGD
T, BBICMbAIBTER O TIHEBIZERTH 254
PENEBbNS,

R LRI &

RIIS-RR-85

ol

5. f&

EHERTOBAT ANBRFEICOVWTHRELES
e, REMLWTBRESZATHE T vy, 2F1L X
BAKELEREDBETAIZOWT, KEENDRLZL=
BoOHEERLBAVWTERL 2, BRETADMK WE
PEZNREBROERE, INLOERTHIRANEN, RER
BRUCEHAEREICITTRES, s 0BRFHE
MEEOBEYE, BIREROKE S L BRFENBK
2T, RmON T8 DMAIELN
2o 72, ZHENVBRAETVAFEDNDL S LEETTCRL
BREEMELRTHSRBERDODZLIHTH DY, FZRT
TEHBREENESREBORBRFEICETER LD
FIE#HlE L THREL, WEFKAEN4L .6% 7 asrr
—EERUVERITFL > —BREAVT A LRENRRRE
HE2RTKRE-ERBEVADEML, F0LFN, BE
15%, ¥E600mmHg & UF, B8 14%, ¥E670mmHg (8
Bl vol%, EHiRY—JE) ThobIkilni,

(BBANGO4E 5 A 7 HARHE)

SE X

1) BOE#ER, BES 25, (6), 103 (1968)

2) OB ATREES, TLT%5, (3), 230(1966)

3) FEEEERLMEAEMIiES "THERRM R
fast (2 - RLBBE 1979)7 -

4) International Electrotechnical Commission,
Publication79-1, “Electrical apparatus for ex:
plosive gas atmospheres, Partl . Construction
and test of flameproof enclosures of electrical
apparatus” (1971)

5) BRTZER -k FE, EEXELTEMRMFREE
RR-18-3 (1969)

6) memiE—BR, “#AME, p.127, EWEE (1976)



