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Analysis'. of Cooling Effect of Laminar Water Flow
for Steel Plate at High Temperature

Natsuo HATTA, Jun-ichi KokADO, and Koichi HANASAKI

Synopsis:

The cooling process of a hot steel plate in the forced cooling of the laminar water flow was experiment—
ally and analytically discussed. The main results obtained in this paper are as follows:

1) The heat transfer coefficient « of the forced cooling of the laminar water flow can be deduced as
“u=500- (85—6w)*/?” where 8 and 6, are the temperature of the cooled surface and the cooling water,

rerspectively.

2) The radius Ry of the circular black zone can be described as “Rg=a1” 7 >’ where ¢ is the cooling time
and a is the constant determined by the water flow rate and the vertical distance between a nozzle exit

and cooled plate surface.

3) The cooling curve calculated at a given point in the steel plate using the heat transfer coefficient
indicated in 1) agrees with the experimental cooling curve when the water cooling diameter Ry is

assumed to be “Ryw=ay f +10".
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Fig. 1. Outline of experimental apparatus.
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Fig. 2. Temperature measuring points.

W THS. ET, BEHIKTSHEERE L Fig. 2
WRT LS, 73470 —fHEssb EREmIC 20
mm® ¥y F TS {HFO~O % EA K. kL BERD
ElErk, £ F3BoENRGE CERE 2mm, X 2mm
O E HF, Fhiz 0.65mm FBD7 2L o oo
WEREFRA L, TOILKBEREBBR L FThr LDTHT
Dfc. i, PRV - w2 UERaSEE ST aiei,
FOEEFROFAET 900°C T eimEhans. 3
DOEMBEN A0 4577 900°C 2R LT, N
WETHEHIhD X5, O ThiFNciEE L. gt
BEES 900°C L L7-0id, FEAEDIE M FIRES A,
ZRBEL i fitich, AR EDHEL, 800~900°C o
HEAHDLEINTHADELLTHS.

i, 737 0-OWHKEL, KELY biEiHL T
WB X S ke Q, EEAE & 2 XV N EOSAEIEEH
P XWRE Dy i XD CREBZENHLN TS, XK
FETIZ, Q=0.1~7.0//min, H=50~600mm 2 X
O Dy=10mm & U7z, %k, QHRIEF /DS WHEII
WBHEKRELTHE , AL TL BB TH
Bid50T, #OEERHENELE5X5%8lkr»rD
7.

HHKDIBER 18~21°CTh v, EBRFEEERNITT
BEEiTiE 20°C & LTV 5.

3. BREFEIZROER

53770 —-BHOMRERZRBEL/I-DITE, To
HEERZ AV CHEI LA ARRIC T T 2 8E#S
R, EBRc L oTHE SN BEESB L ER—ST 5

— 120 —

&



SRR D T I 7T R —WHOWHAEITE T S AT 961

Z
r ar—
Az
Zo i_—‘_
Zz
Lr
Ro ‘

Fig. 3. Lattice model set up for numerical
calculation of temperature.
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Fig. 4. Cooling curves on back surface at striking
point of laminar flow for different water
flow rates.
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Fig. 5. Calculated cooling curves on back surface

at center of circular water film with diffe-
rent radiuses (Rw=5~100 mm) for the case
of heat transfer coefficient a= 10000 kcal/
m2h°C.
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Fig. 7. Calculated cooling curves on back surface
at center of circular water film with R, =
50mm for different values of g*.
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Fig. 12. Experimental cooling curves at the points
®~@® shown in Fig. 2 for water flow
rate 2.21/ min.
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Fig. 14. Experimental cooling curves at the points
@®~® shown in Fig. 2 for water flow
rate 6.75 !/ min.
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Fig. 15. Calculated cooling curves for water flow
rate 6.75 !/ min.
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