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Direct Observation of a Single Coal Particle Combustion in a Laminar Flow Furnace

Tatsuro Arryama, Yu~ichi Yamakawa and Michitaka Sato

Synopsis :

The experiment on a single coal particle combustion was carried out with a laminar flow furnace to clarify the

fundamental combustion mechanism of pulverized coal particles injected into the blast furnace. High speed camera was
used to observe the coal particle combustion, and the temperature distribution nearby the coal particle was estimated
by the image analyzer. A flame sheet around the particle due to the combustion of volatile matter was observed after
the ignition, and it was found that the radius of flame was dependent on the oxygen concentration and coal type. On
the basis of these results, it was estimated that the location of the flame sheet of coal particle influenced on the

combustion rate through the heat supply from the combustion flame of volatile matter.

Moreover, in the case of

massive coal injection in a blast furnace, the dispersion of coal particles and the oxygen content nearby the coal particles
were considered to be significant on the combustion rate.
Key words : blast furnace ; pulverized coal injection ; single coal particle ; combustion ; direct observation ; image analyzer ; laminar

flow furnace.
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Fig. 1. Schematic representation of experimental
apparatus.
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Table 1. Experimental conditions.

Temperature 1200°C
Gas velocity 4m/s
Oxygen content 7,15,21,25%
Feed rate 30g/h
Particle diameter 44~63um
Sampling point 100~500mm

Table 2. Properties of coal particles.

Proximate analysis
(dry base, %)

VM FC Ash C H S N o

333 593 7.4 76.8 4.7 0.6 1.9 8.7
25.8 653 8.8 79.3 4.4 0.4 1.9 5.2
423 543 3.4 76.8 5.7 0.4 1.6 12.2

Ultimate analysis (dry base,%)

(@foviig

(IR AR SRS IR BOD 3 FE 2T L 72, Table 2 (2 & fR
D TESHE, ERITEERT

BRI FOERSIRES D)

AR O FHETHSRS U o Bi—hiF oEfE R £ 2 EIRERT
T AR TEEHE#E P Fig. 3 IR T, REBXAKRT, B
3??&%&%%115%'(‘%60 AREFIIEFEKESZAELEL L, U
D0.6ms, H 5kl 0msBORI—R FDOEHRFTEERT,
ARG R, BERETCEI N L OT, HEaDEs1:1500
°CHIf%, #HAEIL1400°CHHEDRESZRT., ZOFEHED
Lbh»d Ly cEKSE RTFOBBICIEEADSERIEER
TERRINZRRPBECEET 5, BRI SRS

TRAEMES L, B L 04U RS 2T R
BH L, Bk, BBEXBIMAT 225, RiT-Rim» 6B AL
B Z2OBRBKREPERINS, £OKRREANTIREE
BETHREALFHTU-L Y, RAWVKRO#SRIZ L 2 2
AR, DL S RERVBES L LIRS B,
FRRTERTRARY, 06 2@NEE T SR
T, 2 LTHEKE B 4msu,h%§éi¥ﬁ6 LRz
CRRBRINET 5,

KiZFig. 3 OA W 2 iBERC & 3 BEFIMEOHF 2 R~

Laminar flow furnace

—l High speed camera

Image analizer

Silica
glass
High speed pyrometer

- 0.5ms
-si
-0.85 /1.0um

Recorder

?

Fig. 2. Laminar flow furnace and measuring device.
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Fig. 3. Observation of burning behavior and temper-
ature change of coal particle.
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Fig. 4. Influence of coal brand on coal particle tem-
perature measured by pyrometer.
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Fig. 5. Influence of coal brand on combustion effi-
ciency.
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Fig. 9. Influence of oxygen content on combustion
efficiency.

62 EEREICSIMEBENRE

ERE S A 52 & B WM—RL T OMRBEEENE B 1T -
12, —HEDOEEE B AR E KB 2 A C DR, R
—KLF O 1 msHBOFE #Fig 10 R T, BMERE 7 %D
A2, Fig. 8 D#EFAIR TR THEE RV 729, hDFHEaD
&3 CREBE LS ATIR O s b o 12 A, BBRIBE 215, 21,
25% LWINT 2 i o N THKBE, EL»ITKRIZAERL,
BHIZHEET 5, LR DHA KRV E(FFHRINTC S
Db b, 2712, TOKRRBEHT 2L, HBEDOPR
AEEALERRIRE 7% %Ky, BRBEVISXROHA K
b RRTFWIBRALT 2, BRIBEEOHKL & b 2 KREFER
KRS CEERT, M3 e 37— OB BT
LTwv 3, 127U, Fig. 9 DB b o bh» 5 & 512,

Coal A (VM 33.3%) Temp. 1200C
25%

02 7% 15% 21%

&— 1500C
1400°C

1300C

Fig. 10. Observation of burning behavior of coal
particle under different oxygen content
conditions.

JEHRHC 3s 1 B Mo BORC TR O IR Blss 707 I

60—

Coal A

501

a0t

30

20

Frequency (%)

10

0.55 0.65 0.75 0.85 0.95 1.05 1.15 1.25 1.35 1.45 1.55
Diameter (mm)

Fig. 11. Relation between maximum flame diame-
ter of a coal particle and oxygen content.
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Fig. 12. Schematic representation of combustion
mechanism of a single coal particle.
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