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Study on the Burn-Out Mechanism of Tuyere

Masashi_ MITSUTSUKA, Heiji MORISE, and Katsuhisa 'TSUDA

Synopsis:

To protect tuyeres from failures which were mainly caused by burn—out, their thermal states and burn-
out were studied. The temperature and heat flux distributions in tuyeres and cinder notches were measured

in operation, and burn—out tests were also made on water—cooled Cu—plates on which molten steel

poured.
The results obtained are as follows;

was

1. In normal operation, measured temperatures of a tuyere are about 200°C in the upper portion of

its nose; and about 100°C in the lower one and its inner wall,

_hr in the tuyere nose.

The heat flux is 40~100 x 10* kcal/m?.

2. In normal slag-tapping operation, temperatures of a cinder notch are ranged from 140 to 190°C in

its nose and ranged from 110 to 150°C in its inner wall.

value, about 200 x 10 kcal/m?.hr.

The heat flux in its nose indicates the maximum

3. From the experiment of burn—-out of Cu-plates, burn—out heat flux (ggo) is derived as a function

of the temperature and velocity of the cooling water.

In the case of inlet water at 27°C and 1 m/s[cc, ¢8O

of Cu—plate with 20 to 30 mm in thickness is about 750 X 10* kcal/m?.hr.
4. The burn—out heat flux of actual tuyeres is estimated above 400~700 x 10* kcal/m?2-hr, which is

obtained only during contact with a great amount of molten metal.

Hence, it is assumed that burn-out .

of a tuyere in operation occurs only when it contacts with a great amount of pig iron.
(Received May 8, 1970)
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Table 1. Causes of tuyere failures in Yawata works during 1964 to 1965.
| Occurences of Causes of failures (%) Number of blowing
Narie of Duration l down due to
works tuyere failures| Burn-out Crack | Others tuyere failures
, , R
. . Nov. '64~
Higashida o s 80 733 63 204 64
S Jun. ‘64~ | 540 _ .
Kukioka Oct. '65 26 »; (86°7)* 11-4 34'6 22
Dec. '64~ 66-1 . .
Tobata Sep. '65 115 (74-2)* 20-0 139 3 83

*= Parentheses show the percentage ol fzilures in lower portion of nose.

— 4 —

b

)}.



i

ToEEEECET 2R 203

Table 2. Burn-out failure position in tuyere nose of Tobata blast furnace during 1964~1965.

Number of burn- Positior?*
out failures Inner wall side Middle Outer wall side

Upper portion 3 1 2 0
Middle portion 9 2 ‘ 5 2
Lower portion 41 11 17 13
Total 53 14 24 15
Mean life of tuyeres 150 - 102
(day) 117 | 76 » )
* a : Failure of inner wall side

b: # of middle

c: 7 of outer wall side

d : Hot blast

¢ : Inner wall

f: Cooling water chamber

g : Outer wall -

h : Solidified material
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(2) 1/2 hot model tuyere

(b) Actual tuyere
a : Metallic sheathed thermocouple, b : Copper wire,
¢ : Temperature measuring point, d : Cooling water chamber

Fig. 1. Installing method of thermocouples into

tuyere wall and nose.
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Fig. 2. An example of temperature transients of actual tuyere wall

(water flow rate : 200 I/ min,
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Table 3. Actual tuyere wall temperature (measured at Kukioka No 4 BF).

Position of temp. measuring Tuyere No Wall temperature (°C)* %Ozﬁlci;lgt:;p
point Mean Maximum Minimum cac)
¥ é 195 268 154 13~16
. 192 253 112 3
Upper portion 15 206 292 137 4
2 188 250 142 - 25~28
Nose wall
. . 6 141 187 ~
Middle portion 2 114 170 % 2528
. 6 91 116 ~
v Lower portion 2 103 130 | (738 .}zg&ég
50 mm from 5 93 115 69 7
Upper nose tip 5 123 145 102 33
portion 100 mm 5 57 66 44 25~28
of outer ” 5 92 97 71 33
wall 150 mm 5 47 53 37 . 25~28
4 5 75 79 69 ) 33
50 mm from 5 45 55 . 38 25~.28
nose tip 5 62 73 52 33
Lower .

. 100 mm 5 34 41 31 25~-28
portion y 5 51 53 47 33
of outer : .

1 5 26 27 24 13~16
wa 150 mm 5 33 35 3] 25~.28
5 51 53 46 - 33
Lower portion of inner wall
(150 mm from nose tip) 4 87 110 45 13~16

* Measuring position : wall thickness center
b ” : inlet

Table 4. Heat flux of actual tuyere nose wallin
normal operation (measured at Kukioka

No 4 BF).

Mean heat flux* Mean temp.

Position of

nose wall (Kcal/m2-hr) gradient (deg/cm)
Upper portion 81x 104 27
Middle # 57 % 104 19
Lower 7 42x 104 14

* Thermal-conductivity of tuyere wall : 0°83cal/cm-sec-deg
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Fig. 4. An example of temperature transients of cinder notch in normal slag tapping.
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Table 5. Temperature and heat flux of cinder notch wall in normal slag tapping
(measured at Kukioka No 2 BF).
’ Heat flux (kcal/m2-hr)
Position of measuring points Temperature (°C)
Mean Maximum
| Upper portion 157 + 22 90 % 10¢ 136 x 10*
| pper p
Nose wall 7 Middle portion 177 4+ 12 —_ —_—
|
i Lower portion 173 £ 13 95x 104 156 x 104
Upper portion of inner wall
(115mm from nose tip) 0+ 8
Lower portion of inner wall | .
(115 mm from nose tip) 129 + 18 39x10* 63 10¢

Inlet water temperature ; 17~20°C
Length of cinder notch : 180mm

350 T T T

: burning
start of tapping

] ! I ]
Kukioka No4 BF,Sep.|22, 1 966
|

300 stop of *

stop of cooling
water supply

Upper portion
\/ of nose wall
YA\

E——
© Q6 b0

250 start of pressure

reducing

[N

(°c)

VA

200 \
150 €

Temperature

100

50 ,

A i

\ Outlet water temp.
|'. i / Inlet water temp.
A A A A _l

6°00° 45’

5°00’
Time -

30’ 15’ 4°00° 3°45°

Fig. 5. A temperature transients example of tuyere and cooling water in burn-out of tuyere.
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O o°c 7e8°C = =7 — 32
_l \ 1 I\ v/ : 773°C \\ l I
—~ 4l 98 —5\573| AN — ' 2 \\ 28
— re—Start of burn-out
‘E gl o7 ;79! \‘ 2 — : 55’5% l 24 T
g 2 \ ~L_]| : | T __ 3 L — %
—_— I ) 3 1 — —_
55 12l20s | ass N -] ) 20
85 12295 435| N 3 N | | 2se0°C s\[\ @
Eq R o] D>
SO 16391 390 N 1 - 1 16 o
@y [ [ ! 302¢°c 2 '
2 °© ! 6 ! {’l .// g
EL 20fa8s| 295— ‘j’ — ; S 12
Ao ] v 501°C” 125 25 125 \~$ °
= 24l 579l pg?V /2 , bt = @ : temp. measuring point g
i A 1o 4% b "2' b+ heoting surface -— 5
v / = gi\i 251 ¢ ¢ cooling surface /L/
281 6731 98y ej/— ﬁ‘ o] d = water flow direction e 4
7,{ T > it Nl L ——] :
32 | 7e8%g/0°C — 3 —— : o
: L_734°C |
68 64 60 56 52 48 44 40 36
Time from pouring start of molten steel (sec)
Specimen : rolled copper plate (301 X 50X 50mm), Molten steel temp. in ladle : 1615°C, Diameter of tundish nozzle: 40mm,
Cooling water temp.(inlet) : 27°C, Water velocity : 1'0m/sec, The ladle stopper was closed after 17sec from pouring start
and re-opcned after 33 sec. .
Fig. 6.(a) Temperature transient on electro-magnetic oscillograph recorder
in burn-out of copper specimen.
I 000 , : : 1-2 REERIBEER
, 873210% LRD &S, BETI0OMIR T, HIREORS %
) ) Ate, o > -
800 e l/) BT B LRI TLTr L. Thd i, C0BE%
5 — ///T EIET BT, ERECHVTHAEL § 2 b— hL
. 600 // FFEREREITIL D7D, £ D FHpkiE, 50 mmOx (6~
2 | /f | 30) mm t BBOFHEHKRH L, EFEIC 30~40 mm
‘é 400 4~ Temp. :mean of 4 points & DIBIME (1 510~1 560°C ) SN 1~2t EA
S5 Measuring time : 54 sec . . S
= / " from pouring start GRT) L1 QEABEEIIE 2t T 3~4 min). BN DB
ater temp. : inlet -~-- 27°C .. N = pe .
200 ; outlet --- 37°C WiE —RICICT B, BUHOFE R CHiziL,
1902 10° Temp. gradient - 228 deg/sec el 1 . . . - wem
+10°C Heat flux: 706 XI0° AEHTIE 12 Y 1'6mm¢ CA & — 2BAf (Sinm
th e .
o l . L H) 2BEHE 3 LA (4H/L~A) KELRD,
o] 5 10 15 20 25 30 E=l=E PR+ o 7 e -
Distance from cooling surface (mm) T DOREN LA v ¥ o lciibk L.

a : Specimen, b : Sheathed couples, ¢ : Refractory meterial,
d : Cooling water, e : Al-plate, { : Molten steel

¥ig. 6.(b) Temperature distribution in copper
specimen in stationary state before
burn-out.

TH D, BEEIREHEOLN FEh & NE TR, &Y 1isec
R TITA L Otz d b by, ThbnEiisy
LW LRHBRALALL &3, HEBESESERLE TR
THBTEFFBELTVS. s, 31 O3 ikl
FA 16mm¢ ¥ — BT HE EICHDIA AR IRAET
DB EWIFFERILI1 ~2sec THB. Fndx, ZOR
NAETEELTHBLDE:ELLNS.

VR IRRF D RRFRAR & 7 1R ELAT O S K AR o 3UB IR B
sAi D% Fig. 6 TR DO—% Table 6 125574
CORITXDE, 9 10seclii FAIRAEZ HigE L 7%, 3t
FHEE S LR LISE L. BRENORE Nk
750X 10¢ keal/m?-hr, {BEEZAEIIT 228 deg/cm, BHE
IMEEYY 190+ 10°C, hnZAMIREE T 875410°C Th 5.
DRG] GRABD X B L, BH ¢ HEEERE
gBo® X DR E v & S PERERHFLEET, £ A DB
B, REHRES B LR L CHEET 5. Tihbb, g¢<
gso D& FTILHHKMBTTFLABEL, Hr oz

¥ gBo: MHBHBEOEARNEHT, ¢>q80 Wi 3 &, BHDORE
BABHRELBEEL, LOLX, TWTOOLRIZMEE (burn-
out) §5. ZNWE, ZDMERN~-2-FH FRYIEREVWbh S,
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Table 6. Results of burn-out test of copper plate, which was heated by

pouring molten-steel and cooled by water.

. . . . : Temp. of Temp. of |Heat flux in} Heat transfer
Experim- | Size of Velocity Weight molten steel Burn-out cooling the specimer& coefficient bet-
o of cooling | of poured|. : ) .
ental specimen | ' steel in the ladle of surface of |in stationary | ween specimen
number ( mm) (m/sec) (1) after tappingl .. |specimen state and water
G P (°C) |(kcal/m2-hr)| (kcal/m?.hr-deg)
001 20t x 500 | 10 1+2 1630 non 180 770 104 5-0x 104
002 7 4 15 1600 v, 146 630 # 53 »
003 “ 7 2:0 1655 % 167 880 7 6-4 #
004 4 5 1:7 1585 4 110(?) 620 # 7°5 7
005 4 5 2-0 1665 4 170 740 7# 5:2 7
006 4 3 1-0 1655 4 173 970 7 6'5 #
007 4 2 20 1600 % 165 635 7 46 7
008 | 30tx 500 1 1'5 1615 burn-out | 190 750 # 46 7
009 | 12tx50 3 1°2 1650 7 - 224 14907 ( ?) 76 #
010 6t X 5 14 15 1605 non _
011 % 7 1-5 1665 burn-out | —— 1400~1600 —_

Inlet water temp. : 27~29°C, Diameter of pouring stream : about 30mm.

Temp. drop of molten steel from tapping to contact with specimen : 80~100deg.
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IS Burn-out , Boundary: Non burn-out
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— 10 Y \\ —>—]
] NERRY2
] \ A}
e 7l-x \‘I - - o—
E ;\\ ) o
\:( .
N 5 ~ Y \\ %
b4 : \ \
Z 4 X
8 SN
>3 Specimen: Cu-plate TN
N ecimen: Cu-
£ P B ~30mm'x 50mme) - x| NI\ .
o NN
3 -
~ 2[ o-—Without burn-out T
£ 5 | x---Burn-out _ W\
§ a--- Melted on only . \‘\\
heoted side
VLG Ve #1110 aTsub
(2): V25710 a7sub®®
S R R S I I
7 10 15 20 30 ° 50 70° 100
Subcool of cooling water a7sub (deg)

Fig. 7. Effect of temperature -and velocity of cooling
water on burn-out.

BOBBPES» D, HEOBHEITI70~200°C % FHk
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F oI, SR LBHIKA~DELERENEREL, W
BERA LT 5. C0EE, RAHKR EFBI AR
T5.

o, SEOERER»S, HEIRFIE Vo &
BEIKO AR Y T & — ViREE 4T & ORfRE KD
%L, Fig'7 ®X 3k’ Tihbb, THEZKES

It

f).iﬂbfb\%)(ZOwéO) mmt x50 mmE @ Cu 3Bz
30 mm ¢ DEFE (1 510~1560°C) ZWHIEAT D &
xoystaRstix, Fig. 7 OB TREh 5. S
#HALsT 5 &, ‘
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[VBo] : m/sec
[-’-'Tsub] : deg
20 L | I - |
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\ \ \V‘ — _ ___L-—s00nd]
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— N \ N
§ 7 —— \\\\ - \ 1
> ~ -
£ ‘\\;\\\X
N . --..& __4—800
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o \ \ N -1 000
£ X -
8 ™~
g 5 \ \\ 300
5 N N\
> ] N\ \ee
‘g "~ — - A 700
° 2 T
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——=-— ZENKEVICH
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) ! | |
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Subcool of cooling water (deg)

Fig. 8. Relation between subcool and velocity of
cooling water and -burn-out heat flux.
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Fig. 9. Relation between cooling water velocity and burn-out heat flux.
‘K i R Z E%) VB ELPRIR
LD, RESERHEO L TFIRICHET B1EE BB P GEHRERD 4% <100% 10% kcal/m2. hr
L R T R it b0 K A
K 5:7x10¢ I'1x108 <1lm/ sec 10~ 35°C
n 23 15 SIETI O (GLIEHERLRS) # <200 104
5. <Im/sec 10~35°C
(D) ROBREMDOWRE DFER & T % &, Fig. IFHEER H #9700x10%
8D XS5it Y, ZENKEVICHID & FSER CEMIT e 5 Im/sec 27°C
DEBREDE IS VBT 5. Fig 813, KERASE X W 7 400~700% 104
EUTER L8, EBCI, MEsEAd 5 ENRED Im/sec 20°C
BERT 55, ZENKEVICE DEBEMARIE, OB ERIID GELEEALES) 7 ?
LUTETHAT 5. £i, B4 LOBRRMICHET 5 <linfsec  10~35°C

ZENKEVICH DOEWETRIZ 700~1 000 x 104 kcal/m2-hr ¢
SHELOEMEL 3IE—FT 5.
4.3 FEABORS

LREBRBRCMOMAEE DR, S, FO0EE
BHEMET 5. ChoogRriiosl

TdhHDH. TEIERE, PETEVWE8L &TEE ORI
ANTEHE LA SDTH S (Fig. 9 8M8). LkEDDS
W, BERICHBHKEZFTLULAS, SEELREMEL T
WA, TOFHL PO LETHEL WS, i,
MARGBKEA Db, KEH 0~200 kg/cm?-abs
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ThHo, PO 1'5~5kg/cmi-abs X HENLDHE
v WERIELTY, TEd, AKiEs 20~30°C, HiE
¥ Im/sec D& ZThX, TI0REGRED 200 % 104 kcal
Jm2.hr DUF 75 58 L 7g v 73, 400~700% 104 keal /m?-
hr U3 EEET20LEXLND.

BFATHRSREOREZ 5 X 5D E LT,

1) %< & & HmEs

2) BRI O ERAEL

3) Wik 4 4

4) SEFED ERZEL

5) VaEk ”

TH5. 1) ¥x 100% 104 kcal/m?-hr LUF, 2) XM
B 7 vas 10x10¢ DIF, 4) § 200x10* LR CH %
MHOBHEOER T S 3) OWEEIET GET)
T, TRl boBREENET S, &L
% 100% 104 kcal/m?2-hr Ll o ff (SEBIH & X 170X 10%)
MHESNS. BTHBRESS VL, BURREAKANKT
L, PRE2EET22E0DN 5500 EFELLR
. AU, TI0OEEHSTESE L OEMIEROE - 4l
TEpic by FET 2 23V 2, ThUAOET D
PEDREETBECEADLIRTTS. I)IK2WTL,
T 2 UELEICIRTE L e & X OBGRRT, B8-S HZKHE O
BRHICEEINDH, £ OfEIE 400~700x 10 Ll i
e BLOLEEIND. Lin2T, §) K XHIFEES
0L HHEVHITTHS.

%, 1A (—fgiKid burn-out) 32 Z A5 EE
MBI 5. EHEAZAKS LALOERZMET 5 &
X OBKE ¢ L&BEWmAE Tw OBk, Fig. 10
DE5EED. Tihbb, Tw HPARKOBFEE Ts LA
LD EEHAIEF UL ki), ¢ & Tw

A : start of boiling
B: burn-out point
Water velocity : small

S i

B
ﬁ i
a3 !
2 AN
s N
b | N ~9
£ | !
| [}
o [}
g o
A [} ]
//ﬁ ! :
1 : t
a; L v c : d

Jog (metal surface temp.- boiling point of liquid)

a : Convection, b : Nucleate boiling
¢ : Transient boiling, d : Film boiling

Fig. 10. Illustrative representation of boiling.
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