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Experimental Studies on Burnout of Tuyere

Naomichi UxAl, Harunobu UENO, and Mamoru TsukamoTto

Synopsis:

Molten iron is poured on the upper side of test piece which section closely resembles to blast furnace

tuyere section currently in use.
horizontal rectangular channel.

The lower side is c»oled by forced circulation of water passing the
Specimens are oxygen free high conductivity copper (OFHC), 99.79, cast

copper, 99.979% aluminum, rolled brass plate, aluminum bronze, mild steel and titanium. A transitional
phenomena until burnout were observed and the effect of principal factors on the burnout heat-flux has

been investigated. The results obtained are as follows.

(1) In the case of OFHC, the burnout temperature of molten iron is higher as the velocity of cooling

water is increased.

(2) The values of burnout heat-flux are larger as the velocity of cooling water is higher and under the
same water velocity, burnout heat-flux values increase with the rise of subcooling temperature.
(3) In the case of OFHC, the influence of specimen wall thickness on the burnout heat-flux is

negligible if the velocity of cooling water is high.

(4) Experimental equation obtained is as follows:

go=AX 4T gp X V045

A is constant with given material.
A=1.75x103x 296445 6 X Ty —2.4x 103

EEELEIAT 511X, 5L EBOLZEITGENES

Where
2 : Thermal conductivity, kcal/m hr °C
Tp : Melting point, °C
ATg,p : Subcooling temperature of cooling water, °C
V  : Vclocity of water, m/sec
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Tig. 1. Schematic diagram-of experimental-apparatus.
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Fig. 2. Test section used’for burnout.
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Table 1. Chemical composition of pig iron used
for the experiment,

Pig iron for steel manufacture
JIS G 2201 GRADE 1

Analytical values (%)

C Si Mn P S Cu
3.5 0.7 0.6 0.13 0.03 .
: ~0.9| ~0.7| ~0.15] ~0.04

Table 2. Properties of materials and specimen wall thickness.

orHCm | 9 7% Al BP3 | AIBCGZ | SS4l Ti
Melting point, (°C) ! 1083 1083 660 900 1050 1500 1670
Thermal conductivity at ‘ ‘ :
300°C, (kcal/mhr°C) . 310 240, 200 100 50 | 40 15
Thermal diffusivity at : ¢ .
300°C, (m2/hr) | 0.44 0.29 0.34 0.123 0.084 O.QDS 0.026
Specimen thickness, (mm) ] 22’ %g 15 15 15 15 E\ 15 15
Distance of thermo-couple | i i i
from cooling side, (mm) | 1, 4,7 1, 4,7 t 1, 4,7 1, 4,7 | 1,35 J 1,35 1,35
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Fig. 3. Electrical resistance-network for analog
: . 0 2 4 6
method of unsteady state heat conduction. Time, (sec)
: . . {a) Specimen: OFHC
a : Heat transfer coefficient of molten iron side.
a 3 Heat transfer coefficient of cooling water side.
. Vi i
Py : Temperature of molten iron. 1 5mmfrom caoling side o, | 17310[0-‘3“
P; : Temperature of cooling water. 1200 Z: g‘.);:xloﬁ(cal/nf hrC
2 : Thermal conductivity. a; 1 50X100 5
1000 g =0
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800 £
2
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. _ H
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H [ ( I =
§ 400 I—, t } ! 4 mm = 0 Omm
S —
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T 20 ZK—L: :; :; /—I_m I
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(b) Specimen: Ti
@1: Heat transfer cocificient of molten irou side.
Qg 3 cocling water side.

Fig. 5. Relation between temperature and time by
electrical analog method.
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Fig. 4. Relation between temperature in specimen BRI, CRIE MR OB T e S S

and time of molten iron flow.
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"Flow"is defined as the stream of molten iron poured go as

not to hit the specimen directly.

"Direct"is difined as the
vertical stream of molten iron to hit the. spccimen directly.

Velocity » m/sec

Fig. 6. Relation between velocity-of cooling water and temperature of molten iron
to attain burnout of OFHC specimen.
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Fig. 7. Relation between specimen wall thickness
and temperature of molten iron to attain
burnout OFHC specimen.

3. RBERBIUSER

3.1 BEICWH-3XTORERR

BEEOTMTIC X 53R NIRE &R & OBRO AR
eBl% Fig. 4 R L. BEZLORBEIIEHE» LD
A#hg, BHKEE, REOMEAK X>TELLMET
525, WTRLBEKOEMEIFARCEER LR T 5.
(a)i3shHtss OFHC THREENPLDAR g BZNX—2T Y
MM gso £V DAXVEESETRT. BERE LA
WEHE)Ssec THREEREL, TORETTS. (T
CTOBEGREY A —N—va— FERLE) ZOF—N—v
=— FMEZE-DL, FE—EDBREN LT 5
B, BHEOEMMILL BB TEHEL. ZoBMfIRE
EWLERBAREISOTWELDEELZLNS. (b))

stk OFHC T ¢=gpo DFEETL, F—/N—v o
— FEER DL, HH—EHRBEEFIREEN L 23,
OREMCHBOBEIEATS. ZOBEFRRKRED
Bl ¢ iWiKFE L, ¢ BKREL LD ONTL DRF
E» a2/ (c)ix Al, (d) 1k Ti OBETH
5. () (A)THEA -~y - FRERRSNG LD
oo (D) () (A)PBEALARX S, HHICX>TE
EOS EBS)MHEEL, BERERCEKFLTVWSON
b, E7(b)(c)iZ I\ CHER BRI
XBELTESHSLEONDG. TR N TF T MWD
EETRRWVS, [ ORSIESVPEEERILE T
iz tEXLNS. Fig. 41Tk1F I EEHRL 27
¥4 572 OB EBHLEL X %R NRE LR
BfR% Fig. 5 Wi Lz, ZhiddEERBVER % MbEiE—

SEDFEEFLES —RITMELEOBRTH 5. BHfls

X OB HEIKBIOBMZERIT, BHIRTIC X 5BEERT
BlobORERA L, ABEEIMAICE L E ST,
Z DRI ORRE R B E TR BIR T 5 BT Ik
7o. ®h(a)i3stE OFHC, (b)ix Ti Thb5s. (a)
OB G IR 4sec BITIBH & OEHE TH
1100°C, BHEIBEIZH 180°C &7 h BHIREBIGET
5. ¥ OEEREBEMPILEL LT, SARORE
BRa, % 2/3, 1/2, 1/3, 1/4 L/hE LTV &FH
RIEER ERT 5. (b)) &y S5sec THERAIER
BEASEGEL, BHEEE 150°C iy, X ORER
Bt 555, ldsec fHAPSREREF LS. T
DIBE LRI EE» SER L, BERESELS Lz
= ThHB. Zhi, OFHC, TilkHoWT, T Z Tt

L ¢l

Ly

®



»

TIOBEARCEAT > EROTFR 1155

MTCXHEREEAEABRAOEC XZHERZEE LT
Bb. BEERTERTOREEIEAEIREOSHTES
5, OFHC ¥ l mm, 4mm, 7mm & X Ti X 1 mm,
3mm, 5mm TH 57H BREIOIBERFRETHOK
2, OFHC Of&, HIIEEEROETIR X 2T
Fig. 4 (b) @BWF B~ 7Y + &5 5 DIRE LRSH
BT ENEZ LN, ZERBRRERSELNL. T O
BAVE Fig 4 (d) CTRREEFIRESHIR Lcss, Fig.5
(b)) TREERIZ S 5 mm ORE OREITITEHRIC
ERL, BESLZLRE. TR OWTIREETIRE Y
75, BROUEBORKRDOLE SR, ERP—ETER W
¥, FEALEELTCVWBZEMHELZLNS. 2%) Ti

DOREAIE1670°C TH 555, FHEERTHEA Licise

XMA T X D50 L7efE R, $90.2 mm DI E D TERR
Sh, Tio Fe 2 EBIX12% ThHhorDT, Ti-Fe &
&TORIE % 1400°C L Lz, Z0Z 25, HEBE
RLEMECTHDOTH, WD S OBKEIIC X R OA
SEPEERMEL LD LB ELLNS.
3-2 SBHKEE, HHRELERBEORR

stk OFHC, % 74 — ViR 100°C, FE 15mm i
2T Fig.6 wiEsk (150 kg) OEZ X -/ TFic ko
T, DS Fig. 4 (b)) X 5@ E~T/N—2 7Y b
THBGIBELAHKEEOME G E R L. HE OB
&, HE 16 m/sec (HEE CIHEIRE T LFET 54, 16
~22m/sec TORE LRI LE V. TR TORAR

32
X 6 ™/gec
A 12 Mfgee
28 O 7 ™/sec
= ® L /sec %
= 7
] % y'] l A
=z A l =
x
H |2 °
= x a o
< 20 —1
E s /
A o o
H 1 °
& ° o
5
& 16 |
°
12
« —
.__—
- e 7o
0
8 . l
40 60 80 100 120 140
ATsub, (T)

(a) Specimen: OFHC
Thickness: 15mm  Purity: 99.99 %
Thermal conductivity: 310 kecal /mhr T
Melting point: 1083 €

(keal/nf hr)

Burnout heat-flux,
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(b) Specimen: Al
Thickness: 15mm Purity: 99.97 %
Thermal conductivity: 200 keal /mhr T
Melting point: 660 T

Fig. 8. Effect of subcooling temperature and velocity of cooling water on-the burnout
heat-flux. (All figures are obtained by flow iron)
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Fig. 9. Relation between experimental results and experimental equation.
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Fig. 10. Relation between subcooling temperature
and velocity of cooling water and burnout
heat-flux.
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Fig. 11. Effect of specimen wall thickness on the
burnout heat-flux.
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Table 3. Burnout test results by pouring
molten iron.

Velocity Subcoolin Burnout heat-
Material of cooling temperatu%e flux
water
(m/sec) (°C) (kcal/m?hr)
OFHC 1 120 10,0108
7 7 114 18.3x 108
4 12 82 19.7x 108
4 16 98 25.2x 108
Al 3.5 110 10.5x 108
” 6 80 10.1x 108
” 10 117 17.2x 108
4 14 108 18.2x10¢
BsP 3 3.5 102 6.2x 108
4 6 83 7.1x108
v 10 116 12.0x 108
z 14 88 11,1106
SS 41 3.5 122 5.5x10s
4 6 103 5.6x10s
7 10 86 6.3x 108
4 14 120 10.4 x 108
Ti 3.5 108 3.3x10s
” 6 103 3.5 108
” 10 110 5.2x10¢
4 14 91 5.2x 108

Specimen wall thickness: 15mm
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28 v 99.7%Ca s
o ac L ve 0.
X BsP3 )
A AZBCZ Y o
u| & ssi1
am N4 15%
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) 16 o © _I
Xe®®l o
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3 - a’}f‘
H -~
2z £
k<3 x
& -
s Forad
o G&A
8 ,3‘;&%
5 v
A ‘h}/ N
4 N | Qoo =(1.5%10% 3% 5.6 X To—2.4X10Y ATs ub 3P
aLs
A
)
0 4 8 12 16 2 0 = x108

QoulCal culated . Keal Al hr

Fig. 12. Relaf‘tion between experimental burnout
heat-flux figures and calculated values by
experimental equation.
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Fig. 13. Relation between velocity of cooling water
and burnout heat-flux.
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