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The Effect of Air Velocity on Minimum Ignition Energy for Flowing
Dust-Air Mixtures in a Tube
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Abstract ; In pneumatic transport system of combustible dusts, a dust explosion could be

propagated extensively ‘throughout the system by the presence of conveying air. Safety concerns
are needed in the design and operation of the system.

Experiments have been conducted to investigate the effect of conveying air speed on
minimum energy requirements for the electric spark ignition in air flow of cork dust, ABC-resin
powder and some other industrial types of dust in a small tube. The dust-air mixtures flowing
at air velocities between 10 and 35 m/s were formed in the 4.2 or 5.3-cm in diameter by 13-m
-long horizontal steel tube of a suction-type laboratory pneumatic system. Dust was supplied
at the air inlet of the tube by a vibratory feeder and optical monitors were used to follow
uniformity of the dust concentrations through the tube. The optical transmission data at the
cross-section of the 4.2-cm diameter tube, showed for the flow to be well homogeneously
dispersed mixtures of dust at the concentrations up to 0.8 kg/m?, at which the dust probe
showed an upper detecting limit. Therefore, the smaller diameter tube was more suitable for
use in these tests.

Ignition was produced with capacitance spark whose energy and duration could be varied
independently. At a distance of 6.5 m downstream from the dust inlet, the spark electrodes of
pointed steel bars of 2-mm dia. were situated vertical to the flow. A very wide range of
phenomena is involved in two-phase flow. With reference to the available data on velocity
gradient between particles and gases, tip of the lower electrode was fixed at a height of one-
third of the tube diameter from the bottom wall.

First in the preliminary ignition tests, the optimum spark duration and electrode gap width
were determined at various dust concentrations and air velocities. The reverse effect of air
velocity was found here both for the optimum spark duration and for the optimum spark gap
width, since the reported data by other investigators suggest that optimum spark duration
reduces and optimum gap width increases with increase in air velocity for gas or liquid spray
fuels. The flow condition in the present test were different from that of the earlier studies. It
will be also responsible for the effect that the relatively larger chemical time scale for the case
of dust flames than gas flames is required.
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At a given velocity, measurements of minimum ignition energy versus dust concentrations
were performed using predetermined optimum values of spark gap and spark duration.

The ignition energy decreased rapidly as the dust concentration increased, until it reached
the minimum for all the dust. After that, at the lower air velocities the ignition energy increased
fairly slowly, but at the higher air velocities it raised sharply with increasing dust concentra-
tions. The optimum dust concentration, at which the minimum ignition energy was given,
slightly shifted its value to a lower side with increasing air velocities. Increse in the air-flow
velocity markedly elevated the minimum ignition energy of flowing dust-air mixtures in the
tube. A more detailed investigation of the flow parameters having an influence on minimum
ignition energy in flowing dust mixtures will be required to obtain a fuller understanding of the
dust ignition processes in the flows.

From the relation between the ignition energy and the dust concentration, spark ignitability
curves are drawn which separates the domain of concentrations and conveying air velocities
that are spark-ignitable at an energy level from the domain that is not. Spark ignitability limits
" were narrowed by an increase in conveying air velocity. At an ignition energy level, the lower
ignitability limit was almost not affected, but the upper one extremely shifted its value to a
lower side with an increase in air speeds. Eventually they reached a critical extinction air
velocity above which flame was no longer propagated at any dust concentrations at that given
ignition energy for the dust-air flows in the tube. These ignitability curves validate the
previously reported data, which have been obtained using a full-scale pneumatic transport

system (7.5 or 10-cm in dia. and 86.6-m long pipes) .

Keywords ; Dust explosion, Pneumatic transportation, Minimum ignition energy, Cork dust,
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Table 1 Properties of the combustible dusts.

RIS U A O
Cork ABS-resin | ABS-resin | ABS-resin |Polyethylene|Polyethylenel Cellulose
Types of dust
(1) (11) (m) (1) (1) acetate
Mean diameter (um)
mass-weighted dw 28 74 58 166 21 86 38
surface-area-weighted ds 14 29 28 95 14 60 21
Specific surface area {cm®/g) | 16,520 3,800 4,300 620 4,120 2,030 6,140
Specific area mean diameter (um) 20 17 15 130 16 32 8
Density (g/cm?) 0.21 0.95 0.95 0.74 0.92 0.92 1.26
Heat of combustion (cal/g) 6,450 9,720 9,660 9,480 11,110 11,110 4,470
Moisture (wt. %) 5.5 0.7 0.7 0.7 0.1 0.1/ 3.4
Ultimate chemical analysis (%)
C 58.6 85.0 85.4 84.8 85.4 85.4 47.6
H 7.2 8.8 8.6 7.9 14.1 14.1 5.5
N 1.1 4.5 4.6 6.0 0.1 0.0 0.1
0 31.4 0.3 0.3 0.2 0.3 0.2 41.7
Hydrogen-to-carbon ratio: H/C 1.47 1.24 1.21 1.12 1.98 1.98 1.39




B LARDBAFREKR L ANK — & BEEENE

Cork

ABS-resin (ID)

Polyethylene (1)

Cellulose acetate

0 150um 0 60m
I T W | l_‘_/l\j_'_!
Photo 1 Scanning electron microscope phothraphs of dust
particles at two magnifications.
HELAOEEETEMSETHE (2 BENOESR)



DIFEIFICE T W TR TR 2 EESH COREEF
MR (d;) RUBEEWRE (d,) THELUL, LREE
B URFIR FEIE, BEHDELLRERREEE (8S
-100 %) T, BERE Y ) A—F —TFRZFhHEH
ELTCEHETR LU, B, REAOHEIZSE—
BB R o REEE T, 1T I TEOH I, JISM
881313z ¥ UAMER DA M2 > 7 —~HAE L 72, 2 L 7 B
SLEIBAMBEC L > TR LA EY AT 3 WE T, Bl
v —=ARavy PISHIBRRZIELALERT,
R T F v OBRBEET Z 2 T—FBKRKE v, ABS-HlE
BEZEZEDDLDOORABRIIRE Y,

Photo.1 3R LA 4 BOEEREFEMRETE
T, 2EBEOERTEIFNZTNRLTCH S, TNV E
FRTHEsERIc Rz, a Vv 0FEL L KEWELERE
BLASWEENEET S Z LTS3, 28,
ABS-#ig (I1) B UEiEE © Vo — R A ERE 21T
STREOFRBEEFORBE LD TH B,
BRI RV IED I EREE»S b3,

3. BLARORME
KEWADO B TERBCESIL7 + 544 —F

D—ERIE, FHFA A4 —F &b db—NOXEAE Y

CABESTE LTRIA L, BHRTOB CADERIR
BElX, 45 REEMTHRELRY TlrHhri 0V EENT
BHERICRZ 205, Ik EEORBRERTHEL .
BT OHEEWEORALEMR AR & FAEAMT
DB @R % FIRAIE U 76 % Fig.3, 4 127”7 Fig.
3B anIBUARRB LB THS5 DT 2, Fig. 4
ZFy, RRESKE BB LEWRY) =F L v
(II) BLADEBAERELEZNZTRT , ZhICL 3
L, BEREAVIC & ZERBNIC b BB CARMER S
N3 EMNFPEH, ERNME CORESHRIIRAT
3, #FITRIRCRLI:E D 2HEMEICBT 5E
B N AKFEAETONEERDOEG2EL DBES
FUMEC BB THEL 25, Fig.5,6 Dk > 7%
ERAEsN, Thbb, Fig. b TIIHEBHNSEL S
WINVIZHLATHZ I L ET, BENELR
HHSB N EE— T MR LR — (FER) 1K
BB EMNbhrd, I LT, Fig.6 TRXY =7
V(1) B UAEBER0.8kg/m® 2Tz LTiRER
ROEED100% TH—R CARTH S Z LHMEES
h3, 28, XEBHEOBERTIIH AR
BHARD L ITRET D 5 BT 28 U ABE 23K
DEIEETERVWEEDNTWBRY, ZDROEEL

Transmission, T (%)

Fig.3

Transmission, T (%)

EEXL LM RHE RIIS-RR-86

Air velocity=20 m/s, C=0.24 kg/m?

100
Cork Vertical
start
50 |—of dust
supply
0 ! L ] |
100 Horizontal
50 [—
0 | | | |
0 1 2 3 4

Simultaneous transmission traces for optical dust
probes at the vertical and horizontal directions in

the

2" EEEES & UKTHOBE TOH LA XEEE

TIME, s

center across the 2” tube.

D RFFRES

100

50

100

50

1% Vertical

5= 2.73
PE(II)
Vo=15m/s
C=0.20 kg/m?

Horizontal

M i A A

—  T(%)=65.46
§=2.53
| | | L
0 1 2 3 4 5
TIME, s

Fig.4 Simultaneons optical transmission traces at the
vertical and horizontal cross-section centers of the

11/,” tube for a polyethylene (If) dust flow.

11/,

REEES & UKERDHETORY ZFL >

(1) BLARISHT 5 HEBEREFECHRE



BLARDBNBRIZEINK — L BREENE

¥ T T T
R A Ay
= o B%o %% x
= o ° Se
= v 2 Te g o8
= + © o8
s i
S s0f +
- - +
g . Vo(m/s) ol
3 T+ 10 .
L
m - -
& 0 @

Cork

0 0.2 0.4 0.6 0.8 1.0

Nominal dust concentration, kg/m3

Fig.5 The ratio of vertical direction transmission to hori-
zontal one at a central cross-section of the 2" tube
versus the nominal dust concentration of cork flow.
2" LEWENKFFRICHT 2EEAMBBENL

t :”l/7 /lll»*ﬁla/\u&fa:mﬁg1¥
T T T T

~ 100 O—0e—X%—¢ O—oxt—rge e
S &~
= ° g
E ._
™~
=
&
g sof -
g
a
g Vo(m/s) =
é’ O15
2 e} 2
2 i
& ® 25 PE(II)

0 0.2 0.4 0.6 0.8 1.0

Nominal dust concentration, kg/m3

Fig.6 The ratio of vertical direction transmission to hori-
zontal one at a central cross-section of the 2” tube
versus the nominal dust concentration of polyethy-
lene (Il) in the flow.

1!, BEEMEOKEHRIC ii?‘éﬁlﬁﬁﬁﬁﬁiw
kemhmofYzFLr () BLARENEE

BRI D g REINEREBERT BRI N TS DD,
Z ZCOARG CAEBE EEERER L DX Bouguer
-Beer-Lambert Bl CEb a5 L WiEEERH - 72,
7oL, MUABELSHK 0.8 kg/m® 22 % L BEEEK
b EVEMET, ZOBEFORLERASZOLAD
BECHZ I LBbhol,Fig.6 TOEBEELDORD
NINSDEENITES 201, IhsORHRER

2D THAS EBEbh3,

BIE®D Fig.5, 6 DFER» 5, 27 BB BT 1Y/,
EET OB —RICREI N6 IDEFTODE
ESFEMOB LA DWW THTAE L2, ZOBEER,
CZTHERALZRTOB CARE CR—MECOERE
FHEEER & AR AAEEENERTIZIZEL L, 10
~35m/s DEGHELGH I Ed 0.8kg/m? £ T
DEECHL TR —Hicks I L2397, &
T CABE - BBELOHEEE» SR TS 11/,7 i
ERTOEBOBEZR»FAREBEIIZIZZL VD
DE¥WEaNG, 22T, UTOERRTIZEK 1'/,” BT
LEERFATHO,

4, BRMFERTRILEF—

4.1 MEZRNLF—IRETREDNE

MeaED (<107*ms) OIEFERER, BEEZMER
Ul HIEEBOLEREL» S A THATE S, ZOBD
MBI ANF—B3ERE R LTEESNFEKTIIZ
BELEWwbDELT, MEZALVF—EKRD, —
H, BRKZR7o—-KEBEIV T -7 HEOHHEN
TWBZERFELLONTWBDT, 9, BIREEN
S50 A/ecm? AT o0 S WCEiEB L7 — 7 INEINE
HEhskdicliz, LrLiss, HELFHL L
BB OBEE L Z T nE, BEFBIEIRELZLT
BIGENH B.Fig.7 ZZO—FIERLI: b DT, ES
WENE T I ONKIEMERBESTRNAARATREINT
THREINRD By ERRED CHRELFEZEAL, &
ROCIIRE=ANT - WERT 2, Z0EMOE %,
2" BERCORET -2 L LT Fig.8 IR T, 2D &
3 ZHIEFNIIEE SN TV 33919, iR DER
BRNDOBOREICI>THOREL ER B, Fhid,
HMEL AN - KIERERERSCEKET 2056 T
H2535, —KH, KCHGEEERENEIEE (50 gs) I,
EEERSER 2 PREL AN T — R EREEDOCE
EZFRVWESLHL I b b, IHIEEELR
BREIEIED D TR L 5B —EDOBNRFEE® (T
hbb, BF-A+rith7ov A55ER) T
NITTFREINEE LBV L, I2E 5D EBb3,

BE, BCARBEELRZVWERRICBWT, HE
B E L L KTERBI ANV F—RBIEEET LK
o TTTRKRELIBRT 5,

o



— 100 —

400 AIR
300+ VELOCITY

200
100

ON O 00

T 1 171

Spark current, A Spark gap voltage, V

0 100 200 300

Time, us

Fig.7 Influence of air velocity on spark discharge voltage
and current (Gap distance 3 mm, 1'/,” tube).
KIERBBEL L UVERCERTEERERENTE (B
B 3 mm, 11, i)

60

0 g
500 |-

8. 400

bﬁ B

5 300f

=1

[5]

=200}

0,

[€p}
100 dg i 4mm -

3.5A ta: 50 ps
0 10 20 30

Air velocity, m/s

Fig.8 Effect of air velocity on spark energy (dg: Gap
distance, 1d : Spark duration).
HEIRNE—IIRIZTERERENTE

4.2 EEHR L RERH

BRI AN F W RIZTEHERFIZIERICL
Lad, BLABRORNFEKI AN —-OHEIBIZIZY
A L RE o 1% OFEISIERS L TB 0, FEx
RETUMEETERVELEDLRTVE,ZOHT,
I TDE L OFIFEIC X DR KTEHEERSR & Bk
BREERLEEZEERNFTHL I LBHONTY
27918 22T, BROEKH T CHELI:T—5 28
BLT, BINEKIANVE —DREERZRTERETD,

EETEMRIMIEHE RIIS-RR-86

10°

o
Lttt

1 T T T

10?

AIR
VELOCITY
a 10m/s

b 18

Lttt

TTTTTI]

Optimum spark duration, usec

Dust concentration, kg/m?®

Fig.9 Influence of flow velocity and dust concentration
on optimum spark duration for cork in the 1'/,”

tube.

1Y/, BB aLs 1o 2 RENBREIC RITT R
EBRULABENTE

E 5 IA T T T T T

g 4 T

5

% 3) ' i

! AIR

a VELOCITY

o 2F -

® 10m/s

g . @18

£ 1r O 26 T

2 34

O 1 1L I _l;. 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Dust concentration, kg/m3

Fig.10 Influence of air velocity and dust concentration on
optimum gap distance for cork in the 1'/,” tube.
1" BEAIN DREEEERICRITTERERE L
BLARENEE

RERERE S L CREEEHRICRIETHCARE
B EREEDEE S, a7 FHizowT Fig.9, 10
WRT, chick sk, BREENKE & 5BHE
WEREERL 20, BCaEEmERTEIET
LW UB/ME 2 mm CHRET 3, S OIERIE,
HRADPTEHEDBEES L E o HOBEZ2 LD T, —
5, BINFEKEINF —DORFUEL L TRIEHK: VO
HIE R AKAMNER Fiflickan T, HE
NRBREELSHEVPELBREEN, ThIIBLA
BENSHENEL, REVKREZAINF 25275



B LARNDERNBEBAIANX— L BREENEE

GiBCEE AN,

DEoiERIZ, EEEENKZ WEEOLELLOKL
ATRDFTH CAKRTFURFRKT b7:HIIE, HEHERE
BREicblo Ttz avyF—25L20hEtokw
ZEERLTWAFig. 11 KB 2 EKHERECBT B,
BB L SR BRI O BIES SHL B/ INK
TEEE LB 7, —RICIE, SRIKEBICHESET S
TRESFEKBEE TCXMAINI QLB ANVT
— BRI FEK I ANF—ICHET2HDEEZSNT
WaH, ZITRHREEEZRITHEERTCRLE, &
iz krid, EEEROEIZRORE (KL, BEHE
A2 WEEEBHERIROBWIELILE & 2 %HITER
2ZI5DT, &HEREOINVF—([FT5NEIC
RBEDTRZOMHEEZ SN NERFELRE TN,
KEHTER S NI BO T 30N F—ZYREENGE
s, BIEKI ALY —ERNCEAT S, o
T, AL ERCHEEATMSRRERICKE S BET S
bOEEbh2H, KROENBRFICE>TELL
MEISN2BE L H 50T, BCHRESIENEEED
SN S LETH D, £72, Ballal ef al .7V DE
B B THRNDBEBE—Thn I & M0 ETHE
EOHE 252 Twb—REBbhs2, ZhiE»D
TEBEAB LI WEIB05, HUARFOHFEKIZ
BEE Y 5 (LA ERER 0S4 R T I N TIRER
KEWIEROER®BDPB EEZ N5,

nB, BN IV — E RERSENP L,Ecw
P OBRICH D, BEEIEICT L T n=1.3 ¥cES
NTWw3Y, I I TCOEBLE CORBEFEHIENZK
0.95atm TH Y, B U ARET 2 » DERTHTH 3
Bu=1.3%LLTh, ZOFENC L ERNFEKZINVFE

Minimum spark
ignition area

(a)Vo=10m/s (b)Vo=34m/s

d=3.0mm d=2.0mm

Fig.11 Comparison of minimum spark ignition areas at
fow and high air velocities.
B BETEECSITIRDKTERNEROLE

— 101 —

—DBRRKEEZIZ6.5%TH 5, 0> T, EERBEE *
FRALLIECLZHET - ~\ODEIOEE, =
ZTiHNEwEEZ NG, nDERRNAUDOEEIC X
DEBIC/NELRD I EBHEINLTWEY,

4.3 BPMFERTIZNLF—TF—4

IO LTHIELEZaNZHLAD 2" 1 1Y/,”
RERICBI2RNFEKIANVEF— LB CABELED
BiEE zh® N Fig. 12 B XU Fig. 131cR %, —ED
TEEHRETE, WIFNOBLCABEMETICONTER
INEKZANF —ZBEBIET L TEOB/IMEIZET
3, FICBERETE, ZEEENKEVEIBCR
INBKIANF—Z LR T2, BREEIWNE WS
i, ZO LRI DERT, L b 1Y, BEFT
OFREDZAINVF—EE2RT, ERKC L ZHEEED
EZOERNI, T8 2" ERTOHCABEDOR
BW—ehsrrizT—shoBEeNnESS, Tihb
b, i 10 m/s DBE, B/IFEKZ ZNVF —DFR/IME
ERTEER 2 BEOCOHNMEEBEMCH Y, ZDHOD
BEBINC L > TR/IEKIAINVE—Z LD EBIE
{72B%, iU CRR/IMEL D S EVIBEAITIRE
BucrsRerERRONRY, ZhoDBlrsbh
3EIi, ZREENMESBENEVE, BRICL3

1]
1,000 L— -]
500 ]

: . -—
£ o _
[€4]
&
5 100} -
% - =
5] : :
g oF ]
= i AIR _
& B VELOCITY,
§ Volm/s) -
g a 10
B B b 15 |
g 10 5 c 20 3

- d 25 -

S e 30 .

AR S T T T T A B
0.0 0.5 1.0 1.5

Nominal dust concentration, kg/m?

Fig.12 Minimum ignition energy data for cork at various
air velocities in the 2” tube.
2" BEEROBADETREICHITBINIORIEX
IRNF—F—%



T 17T
el

102

T T TTTT
BRI

Vo(m/s)
a 10
b 13
c 18
d 21
e 26
f 30
g 34

Minimum ignition energy, E(m]J)

10

T

Lty

0.0 0.5 1.0
Dust concentration, C{kg/m?3)

[ay
ol

Fig.13 Minimum ignition energy data for cork at various
air velocities in the 2” tube.
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Fig.18 Domains of spark ignitability for cork in the 2”
tube at various spark ignition energies.
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