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Abstract : Soot is a very small particle formed near a combustion field, where a very steep temperature gradient exists. It is
important for appropriate control of combustion devices to understand the behavior of soot particles in combustion fields.
In this study, the behavior of each soot particle under temperature gradient is observed in order to reveal the thermophoretic
behavior of soot particle. The relationship between the morphological character and the measured thermophoretic velocities
of soot particles was examined quantitatively. Then, the method to estimate the behavior of soot particle induced by
thermophoresis was examined. The dimensionless density, the ratio of the bulk density to the true density, was suggested as
one of the morphological character of soot particle. It was found that the relationship between the thermophoretic coefficient,
K, and the dimensionless density is a first-order negative correlation especially when the size of primary particle is less than
50nm. It was found that the thermophoretic velocity becomes slower as the dimensionless density becomes greater, that is,
the aggregated particles are of a closed structure. The thermophoretic coefficient approached an asymptotic value, K, = 0.53,
which is almost same as the value for the particles in free molecule regime, as the dimensionless density becomes smaller.
These results enable to estimate the thermophoretic velocity from the dimensionless density of the aggregated particles. This
will be useful for the appropriate estimation and control of soot particle near a combustion field and the development of
combustion devices.
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Fig.1 TEM Pictures of Samples (Left: #900, Right: MA600)
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Table 1 Characteristic properties of samples Back light
Size of Dimensionless| é Observation area
Bulk True
primary density / .
No. density | density Air 7 TR Y y7  Airoutput
particle (Bulk density/ container A— G C A >
(glce) (glce) / B A
(nm) True density
Sample on the mesh O
#30 30 0.13 1.81 0.072 .
#33 30 0.16 1.81 0.088 -
#40 24 0.14 1.79 0.078
Fig.2 Experimental apparatus
#44 24 0.18 1.81 0.10
#45 24 0.19 1.81 0.10
#970 16 0.15 1.77 0.085 Hot plate
#900 16 0.20 1.69 0.12
MAG600 20 0.11 1.79 0.061 T
285 26 0.13 1.81 0.072 T
2mm || ceeeeeaYaas
235 78 0.26 1.87 0.14 T BT L
215 80 0.28 1.87 0.15 ﬁ H } T
#7550F | 21 0.17 1.81 0.04 | T——————
#7350F 28 0.10 1.80 0.056 COld plate
#7100F 492 0.10 1.84 0.054 Fig.3 Schematic drawing of observation area
#10 75 0.13 1.82 0.072
#20 50 0.11 1.82 0.061 EL, EIROM (90 mmx90 mmx30 mm) Z ML 72, 2
#260 40 0.13 1.81 0.072 Motix, ESEOHR%Z B UCREEFIciE L, i
ANR—H%—% AT 2 L7, D
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Table 2  Estimated thermophoretic velocity

Dimensionless density 0.05 0.1 0.15
Thermophoretic coefficient| 0.55 0.34 0.075
Thermophoretic velocity:
11.72 7.25 1.60
Fuel side (mm/s)
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WT2boL, BEMICEELHERT 2500 TL 5,
U T 2 2 L ISR 2R FOEEZFRT 5 2 LTl
BishE e, ZRD TS, TTRTOMED x /7RI
AT B IO, p ili7 R 3 BRENESE & LT
FELTED, Inso@EIIIFEEEACTwS,. T
bbb, RAZERNICBEIT2 2 & & L CHERRIE ¢,
EHRELTWL I LIRS,

PRBESHEFE IR AL K/mm 126 72 % 72 O HER
NEPRKEL D EEZ NS, i, T TR OEGKE)
REDEIT X ORISR T 5. Thbb, EkE)
BEONE VLD IFBVKEIOERZZITICC L, FNICHE
ETLHNCEZDLDRIKITTLE I DLWz IcHE
BERRIMEL %, —J7 CRIKEIREDIR E v b D I3 Bk
FOWELZIFPT L, HERED I S 1UHERERIR YR & <
%5,

HEAR % AT 2k e o3 3R O HEREZRE)IC DV
T, WSO DEBDOGDOSMNEZRE L TR T 257 — A
AT T4 BB ot K, OfEIZ, TR FOMRICE
£ 5 K, DES—FMICRE 5 &) SRlokER (Fig.6)
ZHWVTEH L 7. SRIOGFIE T, MXIu%EZ 0.15,
0.10, 0.05 @ 3 ffifHE L, WMEAR VT = 100 K/mm, ¥
M T=1000K & L7, ZOEFTREOES LIE, HA
M2 2 S TIIOUEE & OB 2 R L 72,

©)
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Fig.10 Dependence on particle velocity

F IV DOR S LA DIREZMER L 72 (Fig.9). EXRTT
BT 0.05 DK FClE L DB X2 50 12722 & 80 % HERS
LCLEID, 20— THIILEE 0.15 DR TIiE L/
H BB L2 45126 7%  TIZHERBIRIZ 10 % 282 %
WI bbb ZOMRITLEHEIEDKE S IIHERIRICKE
< ?/575:5-7\_6 Loz,

IR DB GREDHERSIC E D X ) B A2 5.2 5
IZDWTHRT (Fig.10)., EAFEDFER IS/ S » (#EXRT
BEHE 0,05, 0.10 TEAGHE 1.0 mm/s DFf) & HER#IRIZ 1
Rz, ThbbRETHHRET LI LItk s, HEAMEY
KREL BBICONTHREIRIZ T B> T E, ERIUEE
0.05 CTlEB X2 17 mm/s DR}, MERITTEE 0.10 Tl 10
mm/s DI, ERIGEFEE 0.15 TlE 3 mm/s DRFHERSI 10
YAl E LD EDDLND

DEDr—2ARY 74T, TIRFOERITTELE»S Z
DEGKENRE E KD, HEEAEZ G T 2FZ 2R L 7.
XY, MRILEIE L BVKEIRBOBIRZH S T L7

FHOBERRY, LRG0T 5§ MR
FRAT L, 50 o SR R T ¥ 5 L0141

ﬁ%ﬂﬁ“(f) 5 EDThroT.

I THRBNDEFICOWTEZTHAS L, RIEARH
H 5T OWMPHENOIEIZ D D, F 7BIFEIT IS
PREARICO MDD L EEZ6ND. Ldo>T, B
BV ZEZT 5 7012iE, T3 ICE T GUkEiT,
WAL, EE) 2z B, EE R E R 2L
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HABMEE &5 55 524159 %5 (2010 4E)

WL DRFDOEEZRDLINETHZ, LorLads, K
BN BRI T 2 3 TR I B TR E, 2
RESZBET20OPHEETH 2 L EHIC, BERDOKE
FTLICH o TL 270, FHEIZIEFICEMEE 2D, T
R AL ) PEE LTS E D BEN R T EIZEZ
o, X Q) 2ACT, RELREARIE T Z 5DR
FfE e LT Z 20O LGB FEAN R HEETET
brrEZOND, T, BIKEIRBDERIUEED HD
SHEETE % L) AFREOERIEZ, 4T TR TOK
E IRMMIEYIN 2 BB T I ToXH2HER T3 2 &
PTEL L) BRTIERICHATHL I L1005

5. #8

AT, TIRTOBKEZE % @S 279,
M niEsoh RO S p s TR (h—R v
77 v 7)) OEVKENC X 528 % H 4 DR A12 DWW TIE
L7z, BEERTH 2T TR T OIE & BkEhEE & DRI
ZERMNICEHE L, ZOfHE % W CBIKENC X % 3 9k
T OZE) Z ERICPIT 2 5B E2BE L 7.

FERE LT, BIkEIZEEORFEME T H 2 Bk R B0
EROBEDOHE ) W IRET 2 2 E23bv o
7o, 61T, BEOBREICH L T 3HE2 HEETH -
tﬁﬁﬁﬁﬁé#@kbfﬂﬁf§é’k%%%#*

RRIZ KL T-BED3 50 nm DL T DA ICITMER T &
ﬂ@ﬁ#ﬁ m1&~%m&%Mﬁ£O TIRFDOMER

U LD & BUKEIMR 2 E RIICHEE TE D 2 LR Rwye
Lt.?&b%,??ﬁ?@%%ﬁmgmfﬁ%%®ﬁ%
DFRJE & BIKERE D ERIVBIRIC O W THI O TH S 2
T3 EMNTER, BRI B ENS S kB b,
THbLREOS CEEARNGEIC R 2 &, BUKEIREIZKR
LD, RAEMIC053ICHBET 5. Zoftild, Hig T
TRAVBEIIC B 1) B0 T DBk ED2EE) & 1ZIE—H L T3

EiRoHEE HEEH I s — AR T4 L LT, EED
WABESH IS B 2 BKB OB 2 it U 7. RBEEREfE T o
B OB % E RSN L, BOkE Ak O ZEE I K
ERWERRITT I ERMR L, 72, TTOHERBME
DRED D ADIBFAIZOWT OFEH R L 72, ARHFZERS R
1, PRIBEREE ST O ROl LRGN S IB AT E 5 LA
FHAEARTHD EVAD.

HE

AFFENZSGRRIEE 70— )L COE 7 75 4 (BT
Bk 284 ) R—vay) OXEEZ T, £, A
WF7ED—iBi%, SCGBREAER OB EZT, HlKY Tl
WYY 777 4— - F /7 dHIHLE ) B W THES Lk,

ZICEH 2R,
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