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Heat Transfer Coefficients in the Surface Temperature Range of
400 to 800°C during Water-spray Cooling of Hot Steel Product

Synopsis :

Masashi MITSUTSUKA

Heat transfer coefficients (a) of water-spray cooling in the region of steel surface temperature (f)
400 to 800°C are numerically expressed as a function of #; and impinged water flux (W), by using
published water-spray cooling data (7 papers, 112 data) measured with scale-coated steel specimens by
many researchers. In the region of 6 : 400 to 800°C and W : 10 to 2000 1/m?2 - min, ay is represented

by the following equation,

A =2.292 x 108 . We.616 § 2.448

where ayw is value of a without radiation heat transfer, [aw] being kcal/m? - h - °C.
In addition, are discussed features of exponents of W and 65, comparison of the above equation with
other researchers’ one, a in the film boiling region, and a calculation methods for @ between 125°C

and about 1200°C.
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Table 1. Test conditions of each researcher’s investigations which were used for this work.
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. FIED : AIMO 7 5 7 ¥ 742K RAMN b, HUS K

ARt Kmtkikis, B LEE BRI,
DERAD LT Lo i, REMERSBEEIC RIFT
WA ERANCRE Lo Brgei e, 2) Db o ek
DOFEMBIRIE 3 800°C L E#220 5, B EHEICIT A
P ABIELTULHLEDEEL s, Bk 2)
FHAK 2 Kb T 630°C o mBR LT B0, 3K
RIMTILA 7y — ADMEH LT, Fhd i, o
DEEEFRL, Ar —AOfNELLEMMEKAT L—
T HRDMHTH B, ERIeT I ENTES,

B RO KB OFFL 15~40°C Th b, F oL
3 30°C THL, WEOSE S RAFCEE IR T W
5. Fi, A7 v—ohyiiniiEHac\EmECEHRE LT
WA,

2:-1-2 ¥t fk

ﬁﬁﬂﬁﬁﬁmbfvéﬁﬁﬁﬁmu,m%ﬂﬁi“

BULDLEETRVLDONEAELT B0 D, KELH

®%mé$a“&ﬁ% T OBMEER ap 4y HE LT RRRT
L. Bt b EERTODBEGER awm DBAIC
i, (H)K

Ay == Apotal — Ar ~(1)

T ap ER
Hu~te.
ar=c-0-(T{+T) - (Ty+Ty)
¢t HcgtE (0.8 w{HH)
G LATT 2V Y VER
Ty, ORI E (K
Ty kiR (K)
PRI D KAy O BMEER aw OBCGUETINL, ko
ERDTHA.

ek, ap DRI (2) X

(2)

HrEEw o b, R 05 : 400

500, ---800°C x5t 2 @y Aok 2
FIE@ : vDERDD 05 ©Y LT, (3) XA+
5.
aw=Jf1 (W) = (3)
FHE@ « Wi dp 2 | 2 210Xy L (10~25, 2575,
-1500~2000/m?-min), £ & = Lo (4)
AT 5%.
Qg = [ () ervemmerecienenni ()
FIH® : (3) K& () XROBEFEA AV, &5 — 2%
W ()R EBGET 5.
aw=f3(W, 65) - ~(5)
2-2 BITRR
2:2-1 ay=f(W) ot
aw 1L Os WK B IR LD 5, 0, #—FEiZ LT,
W aw T RIET S RA#~72 (Fig. 1 £1). (3)5¢
(6)KXD X5 L%% B O TELICWDIEK n OfF

wRed fo (Fig. 2 5 18). H(1) & (2) kX 3
&, 05 :400~500°C DA, n Offut, W : & 2001/
m*min XS LT, 00 27— Fichhg (RERIE
Wy Livl, SRIOMIITIE, 0, OLRFEIChH D,
n OEME & LTV 0.63 %48 L7-.
2:-2-2 a.=f(0) OFAAL
BWICE BB IR 25,
Qv OC fg— M
SIS E, W :10~20007//m2-min # 7 KR IX ) 0
(S HLE - 25, 75, 150, 350, 750, 1500), #&iFHC &
mOfE% Rtz (Fig. 3 XU 428). “hbo™)s

Fig.

()% (7))L X

— 83 —



270 g & M

i 69 4 (1983) % 2%

’8, 2'0’/0 0.7
| 11 ] 1 ] ’ =8.8W"™ (W<3m) ]
%2 5 W0 2 5 W02 w,f’T,a""l —
(1) Og: 400 °C 10'2 5 1022 5 10° 2
(2 6g:500 T
5”] T T 1 T T T
p ZA T ] T oTso‘ L] T T P
£ 2 . 1 2 ow=uTw h
"E ) ()0/ _ 108} (7=10.91% © A
ST o o & a
g 5 o 4 49 © 074 ]
x o .9 D
2 G =AW 2t s o
2 4 TG=om : Pt i}
© 2 A
-102 EL— ' ) 111 1o | [ L1 1]
10' 2 5 107 2 5 10° 2 10' 2 5 10 2 5 10° 2
W/ m - min) w
(3) bs:600 °C 4) fg:800 C
W : Impinged water flux (!/m?-min), Og: Surface temperature (°C)
aw : Heat transfer coefficient (without radiation) (kcal/m?. h. °C)
7 : Correlation coefficient
Fig. 1. Effect of W on aw during water spray cooling.
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W,0s, aw : Same as in Fig. 1
Fig. 2. Effect of §s and W on exponent value
(n) of W in equation “aw oc Wnr”,
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Fig. 3. Effect of #5 on ayw during water
spray cooling.
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Fig. 4. LEffect of #5 and W on exponent value
(m) of f#s in equation “awocflg~7".
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W,0s, aw,7 : Same as in Fig. 1
Fig. 5. Relation among W, fs and aw during
water spray cooling.

T T T T T T
104 . '/1
~ 5 . ® .. _
o R
L . u. (.
- L. J oy
o~ 2L o8 ®® —
£ S
- ° . .. ¢. L]
g 10%- ° . LA ]
s cx it
S * © L n
3 Tt
= el e ®
-§ 2l o o./ﬂ . |
[] . . wos1s
v . aw=2292-10% (;375)
07 .
1. 1 1 L 1 | {
102 2 5 0 2 5 104

Observed 4w (kcal/m?-h-.°C)
W,80s, aw : Same as in Fig. 1
Fig. 6. Comparison of calculated ay by Eq. (9)
with observed one.
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W,0s, aw : Sams as in Fig. 1
Fig. 7. Comparison of aw calculated by Fq. (9)
and Eq.(10).
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W,0g, aw : Same as in Fig. 1
Fig. 8. Influence of measuring methods (in steady
and unsteady states) on aw obtained.
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Table 2. Equation for calculation of a1 during water spray cooling.

Surface Boiling W\ Eauation ]Water flux JEquation! - .
tomp{°C) state i of %ygtai l‘(v‘/m“min)lnumber | nesearcner
125 to  [Nucleate A -10B:/s.wo8 ‘ 'Mitsutsuka
475 lTransiticm!(A. B! Const.)! 5 to 100 Ea.02 : et al?

| M| . e
400 to g0, Tramsition Ea(®)+Ea() 10 t0 2000 Eq.9) This work
t t . PR + . P _
About 800 .  Muiller et

to 1.200 ‘LF'lm ‘ Eq.(1)+Eq.Q ‘ 186 to 546 ‘ Eq.(11) ,al'®
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Qw:100 ~
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- .

© an

Qeotar (keal/mich <°C)

0s (°C)
W, 65 : Same as in Fig. 1
Ayotal ¢ Water spray-+radiation
Fig. 10. Heat transfer coefficient (a) between fg:
about 100°C and 1200°C of steel surface tem-
perature during water spray cooling.

HhnE Ex bha, T, Tablel 2k 5,
MULLER 5 o fu7cdglkstk & H offiix, (9) Ro
RETC AR XXBROME X h/h &V, LichiDT, jiE
DR HEOE LI ABEE TRELTHhE A1) X
LEHINS apal Offil b2k hEL B LD EE
2 bhs. BFEERIRD aora 2VNE T, Og 1255
BRI~NBTT5. —7, @) RE (12) AnbAMEHR
% aioral 13, HEOMTERELT V3,

4. & B

RS DOKA T v - RICL, WM EEE
s 1 125~%5 1200°C MoBfZEZR a2 HR LT 5 &
&, iR (B4 : 400~800°C) o a # {PRHD
T2 GRXTHE, 77— 12 @) 2HAC-TERNETS
BHT TV, ROKREEL.

1) 64:400~800°C, Mgt KHEZEE W : 10~20001/
m?-min OFWHEAD aw (KEHDa) 11, ay=2.292x
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