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Air-atomized Fog-jet Cooling of Hot Billets

Masashi MITSUTSUKA, Heiji MORISE, Tetsuya OGURA, and Osamu NAKAMURA

Synopsis :

In order to save the cooling time of billets on cooling bed, a fog-jet cooling process has been
investigated. The main results obtained are as follows :

(1) Torealize homogeneous and regulating cooling of billets, the most favorable cooling process consists of
on-corner arrangement of billets and air-atomized fog-jet cooling

(2) From the standpoints of depressing the cracking and deforming of billets by forced-cooling and to save
required time for cooling, the following two step cooling process is suitable: the natural cooling for high
temperature zone (the initial to about 500°C) and the fog-jet cooling for low temperature zone (under about
500°C).

(3) In the cases of 123 mm square billets containing from 0.2 to 0.8 wt% carbon they are naturally cooled
from about 1 000°C down to about 550°C (billet core temperature), and then fog-cooled under impinged water
flux equal or lower than 20 and 40 //m* min at top and bottom, respectively, and are scarecely unfavorably
affected in their structures and mechanical properties.

In addition, the following items have been studied: influence of billets arrangement on cooling time, fog-
cooling conditions of decreasing bending of billets, influence of carbon content on cooling curves during
natural cooling, influence of scale on billet surfaces on cooling curves during fog-cooling, deflection of as-
rolled hot billets, selection of fog nozzle free from clogging, and an example of basic design of a billet cooling
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bed with fog-cooling facilities.
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Table 1. Merits and demerits of billet arrangements on billet cooling bed.
Arrangement Feat
of billets eatures
Merits: (i) Cooling bed is simple in structure.

Contact @ Number of billets arranged per area is large.
arrangement . . A A . . .

® Bending of a billet in horizontal direction is small.
E][I:I:I:[J Demerits : () Some sprayed water remains locally on top surface of

billets, and the phenomenon causes billets bend.
@ Cooling surfaces arc limited to two sides (top and bottom).

Merits:

On-corner
arrangement

COOO

(D Four surfaces (all surfaces) are cooled.

@ Billets are able to be uniformly cooled in axial and
sectional directions.

Demerits: (D) Cooling bed is complicated in structure.

@ Number of billets arranged per area is small,

® Billets have a possibility of complicated deformations.
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Table 2. Required time for billet cooling
(Preliminary test results).

Billet Cooling mothod Required time (min)
arrangement 1,000—>600°C |600 —200°C
(@ Natural cooling 42 140
Contact @ Air-jet cooling 27 48
arrangement |(® Fog-jet cooling 19 16
Time ratio @YQ®) 2.2 8.7
(D Natural cooling 34 99
On-corner @ Air-jet cooling 20 38
arrangement |3 poo_jet cooling 13 8.5
Time ratio (B/Q) 2.7 11.8
Note

Billet size : 113mm square X800mm long.
Water flux of fog-jet cooling : Tope+:sesesese25 Im2-min.

Air flux of air-jet cooling : Top=Bottom
ceererereed?5 m3/m2-min.
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Fig. 1. Schematic illustration of four conditions

to be considered in water-cooling of hot steels
for saving of cooling time.

Wk Lo RBY EKRESEHE L LT 5.

3-1-2 EBRFHR

SEEALEE oy 3% Table 2 1R, —BHICS IR
MR ARG L T, FSHEMcERZE (Ehe
B BREXT, »OREN (BEMSEL) <hH
T35, Fig. 1 wrRT 40088 +oreEReR
Ee b, 40085 TR,

QKFEEFSEOLEEEINT, WM EREERE : 400~
500°C [ Fc&+ 299,

Q@ BRBHOKHEINL, RAMEERED LRI Oh
TR¥T5.

Ot DBRE (FIEEM I, BRR) X, #MMERE :
500~600°C LI FCaid 9.

@RFEHL 800~600°CTH—ATFF A D7 =
A4 PERT S (EREEEBCEHEECEER
hs).

Table 1 X0 Fig. 1 725, (kD Z L5,

(i) ®EEK (500~600°C LlE) #HRLHL, K
{Ri% (400~500°C LIF) #BFLHHTHZ L, BH

DFEFEHR X0 BT ~OBFEHILOBRTEF T H
5.
(ii) WEHHOBE, EMEER, BHFHERHOD
BTEERB L v EBHTHS.

(i) BHRSHEBIEHFSHOBE, —ERIOH
HERBEPCET 5 BT oRERTECOWTR, 5
BEEDEIPFEUEED TN I h K&,

B ERML EET 5701 BT 2 K83 5854,
(1) IYROBRTH 5. EHEE BT 02X & H K
2, BERBEOLhoOP2EThHH b, (i)Y
RoBgEELbhS., ()DOBRRXBRT LD, @
BEOGHE&L Y T 5 &,

EELE ZVAEE

BT o&HREEFERMET 60'00""  42'20"
BHERA D 1000°C  1000°C
BARSGH  495°C  535°C

Brﬁﬁ{
(D) %ﬂﬁ&u{%ﬁ‘ . .
WEAE 290°C 310°C
ThBH, TOBEMD, (i) 0B BT OBRKIE
BB EEIR TS Z b5, Lich2T,
WERHBERINTNS 7y ¥+ BGHK (BAEE+
HRSBH) 13, HRBHRGHK L LTRBHAPRO A
TREPTH D Z Livbh 5.

D EDOFiRBERY H, BT owipnsfimis At
B, BT ~oBEE ks XOBRDOEFEOW
Hhb, BT 2EHCREL, SRRy ARSHL, &
B EBHHT 5 _BAHFTRREBFICTHL B & &M
BIht.

3.2 RALRR

FEEBRCE X\ C, BN BT AR E
£z bhn [EPRE+BESH] oRBEHELZT>
fo. Tods, ZOBFZRE, BFRGHEFO EEO AL
(#"” 2R) iR L TiThhi.

3-2-1 SEBRIEE A

KBREERX, v -5 ~—A KRB, »—-5 77
W, EEBEHERM, K - BROHGRE, S L0 HIES
HHEK S h Tw 3 (Fig. 2 2). BELHH Y —
i, BRX:6m, E:H1mThh, BE/ Aride
— 55 =7 A ETHlORBMECRE IR TH5,
ANCHEZBZ K, XA 2, FORER, &Y
— YO RFI AL 300 mm BfE, 1875 R 100 mm
MR ThB.

3.2.2 & ¥

13 BV~ BISICERERYPRUES, BT OB/ — o H#Es

iz BT [ epd 5 1o, ZERE (113 mm HE) O

B2 60’ :93% &, HEERE (160mm BRE) oDEhid 42/207
Elea. .

— 62 —



BREEY Vv, F OBEBSHEIN 2005
'A’ HUO 60[.] “LDO 1000 T T T T T T T T T Nurnberl
T L I ey soecinen* G¥'GEts |
ST :
< 3 l 2 800 b
2 ‘o_Fs—s——Uj—r—r‘ o e o e
@\4@\ 600}~ i' 2 7000 |
00 ©0 00 ©03,60 00 ©0 ©0 0O oa-——-.[l e
11979719 P2 IT T2 97 9T 97 ¢ aof ]
lA.‘; 1
l 500
STrrrrir j 1 L L \ 1 . ! . ] . ]
) % ® L 0 10 20 30 40 50
7 Q@ / _—\ @ Time (min)
¥ fé%&® / I | 9 * Five billets 123mm square and 4m long were arranged on
,7;) 01 L ® <> D their corners with spacing between them of 175mm.
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A A Fig. 3. Cooling curves of billets during

@ Billet (123 § X 4000!), @ Thermocouple, @ Roller(200 §)
@ Water header, ® Air header, ® Nozzle, @ Water pipe
(ID:4, OD:6), ® Air pipe (ID: 16.1), @ Fog stream,
Water supply, @ Air supply, @ Electric furnace.
Unit : mm
Fig. 2. Experimental apparatus for fog cooling
of hot billets.

(A) General view of specimens
(B) Specimen setting on frame
Specimen size : 123mm § X4 000mml

Photo. 1. Specimens used for fog cooling tests
of hot billets.

EECHE IR TW5 BT o C&5EHBEIE 0.1~
0.8wt% ELIEVb, LEIND ifEo BEEEYER
L, kit Table 3 wiRT 5MELBAL. BT
il & T\ 5 BT Wi~k (SRIRABOME, LT )
X 121mm § 7273, ZOEBROERHCEEIhTW:
123mm§ BT k. REXEEI LA LS
HTrcd, ABOWEEHREY 7lmm§ wmITl, 175
mm B[R CEERC 2y + Lz (Photo. 1 £R). 2k

natural cooling.

DO RICBENE 2 o P L.

3-2-3 ZERRHB:

5~ 6 KD EEERT & 1000°C 1 n 24 L
#, v —37— A ETCHERE: CTERAHL, 5|&
FLWTHERE CTEEASATS. AaEOmAIYE—L
T 570, ARy EEEESIE, 20 0s L2 90
FERlE] X e te. WS AKEN, LMD 3.3~33, THEAS
~671/m?-min TH b, LFEOEHEE I 40m/s T
B5.

3.-2.4 ERFER

(1) BRWH

HABH I h ok omHIfliR%Y Fig. 3 Wi, &

DR B, RO EDD5D.

(1) BHEEZ, ARoMRCEEIRS.

(ii) 1000°C i 550°C ¥ TORHPERERIL,
AR O CECHALTHEAL, FOfEIL, Tid
DEBHTHAS.

0.23 wt% (R KFA) : 42'30"
0.61 wt% (A C) : 44'30"
0.83 wt% (R E) : 46'30"
(iii) Lit’ioC, EEORESRHNVFE CEHR, K&
v—vic A% BT BERZSEC X >THET
5.
32K BERC @Ko CCT Ric+hFho R
DEHHBETEATS &, CEROBACONT, TR
DREBIRL 7o b, POBBEEMET TS &b
M5, T HERRO BREBHE YR LCE KETH
i, FREEOE-ECRBOBHFTERRM, EiE
EoBWMECRABOFRI W R LB TTHE. 20
B X b (1) ~(i)0RFLEMBTH LD TES.

(2) EHEHH

% 1000°C 2 LFTERE ¥ CHRGH S h, FIEHE
THEBHH S hic AR oBHikiRE Fig. 4(CFigE) &

— 63 —



2006 #% & W

% 69 4 (1983) 162

600 T T T T T T T T T T T
lnitiol temp.: About |
1000°C

500 |- Water flux(l/m/ min):
S Top 10, Bottom 20
- Number of doto A 2
by 1 ; - 1 -
5 400 |-
2
o
2
5]
2 300 ]
[l
- | Istart of fog
d cooling
8 200 -

100 -

TR | TR S T W SOV S| L
0 2 4 6 8 10 12

Time (Min)

Note : Five billets 123mm square and 4m long were arranged
on their corners with spacing between them of 175mm,
These billets were natural-cooled from about 1000°C
down to about 550°C (core temp.), then fog-cooled.

Fig. 4. Cooling curves of billets during

fog cooling.
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Fig. 5. Cooling curves of billets which are at
rest on the roller table.
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Note : A hot-rolled billet 123mm square and about 5m long
was arranged on its corner with spacing between ful-
crums of 3m, naturally cooled down to about 500°C.

Fig. 6. Deflections of hot billets during
natural cooling.
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Table 3. Chemical composition of specimens.

(Wt%)
Specimen
C Si | Mn p s Cu Ni Cr
Symbol JIS
A (o)| SS41 10.23(0.03|0.44{0.008|0.020/0.05| — [ —
B (®)]|SWRH42A|0.44|0.24|0.50|0.010{0.020(0.05[0.022(0.027
C (m)|SWRI62B }0.61[0.26}/0.77(0.616{0.019(|0.04]|0.018|0.036
D (A)|SWRH62A|0.63|0.23{0.43[0.014{0.020(0.04[0.020{0.028
E (0O )|SWRS82B|0.83|0.26(0.79{0.021{0.024[0.05[{0.016{0.027
Je—— 123 x 4,000
(____Bending measurement )
1,500 [+—1,000— 1,500
& G
Drop test Bending test
s ™
®® O

Oagf
395 —= 20 200

150 425

® Macro-structure, ® Micro-structure and color-
ﬁﬂ?‘%kn% Residual stress and Charpy test.

Fig. 7. Position of samples used for tests in a
fog-cooled billet.
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(4) EERER

HESRENT, JIS-E110]l %@L —ARELTHT bR
7o FBHRE 1 1500mm, 37k[kR : 914mm, kb b
:907kg, % TOEE 1 7Tm),
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vy VE—RBHIABORFHACERSh, Rk
1, v nE—ERABEYHGCER TR R
BH:JIS 45V, 7).
42 HBRER

(1) vy tolay

Table 4. The amount of bending of fog-cooled
specimens.

Water flux (1/m®.min)
Specimen Izgg"f;:é Top 10 20
Bottom: 20 40

A 4.0 (1) 4.0 (2) 12.0 (2)

B 3.0 (1) 6.1 (7) 7.2 (10)

C 7.0 (3) 4.6 (15) 7.0 (12)

D 8.0 (1) 4.0 (2) 10.5 (2)

E — (0) 7.7 (3) 5.5 (2)

Average 6.0 (6) 5.2 (29) 7.6 (28)

Note :

Specimen : 123mm square X4m long.

Amount of bending : mm per 4m long.
Cooling method : Same as manner in Fig. 3.
Parentheses : Number of specimens.

+2 T T T

specimen: |ension
C ]

Residual stress (kgf/mm?)
~
T

E
o ~
\\
-4 ﬂ \\ -
AN
Compression .
-6 | |
Top ——0 10 20
Bottom-—>0 20 40

Water flux (1/m2.min)

Note : @ Numbers of data are same as those in Table 4.
@ Residual stress is average value.

Fig. 8. Influence of water flux on residual
stress of fog-cooled billets.
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BB L THAT 52, BESHNOEEIRED b
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Note : @ Test conditions
(A) Bending test (Fulcrums : 1 000mm apart)
(B) Drop test (Fulcrums : 914mm apart, weight :
907kg X 7m high)
(C) Charpy test (Specimen : JIS No. 4)
® Values in the vertical axis are average. Numbers
of data are same as those in Table 4.

Fig. 9. Influence of water flux on mechanical
properties of fog-cooled billets.
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Fig. 10. A outline of the billet cooling bed in
Kamaishi works which was designed by this work.
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