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Numerizing of Heat Transfer Coefficient between Water Spray and Heated Metal Specimens

Masashi MITSUTSUKA

Synopsis : The author made four kinds of water spray cooling experiments to numerize heat transfer coefficient 4 between water spray and a heated

specimen as a function of water flux W, water pressure P and specimen surface temperature 6. In this report, the author described numeriz-
ing of the equation: h=f (W, P, 6). The specially fixed water flux ¥, (W1 to W4), water pressure P, (P1 to P4), specimen surface tempera-
ture 6, (50, 75, to 900°C), and the most probable values of heat transfer coefficient 4, obtained from these experiments were introduced for
numerizing of the above-mentioned equation.

The principal contents are as follows: (DIn each 6, the exponents nl to n4 of the equation: h,=AW," corresponding to Py: P1 to P4
respectively were obtained (A is constant). The mean exponent  is (nl+---+nd)/4. @ @1n each 6, the exponents m1 to m4 of the equation:
h,=BP," corresponding to Wy W1 to W4 respectively were obtained (B is constant). The mean exponentm is (m1+---+m4)/4. @ By using
n and m, the equation: h=C( W"P™) among arbitrary W, arbitrary P and 4 was numerized in every 6, (C is constant). @h, and h;,,, corre-
sponding to 8, 8 and B, respectively were calculated by using the equation: #1=C( WP"P™). Next, by using the relations: [4; vs. 8,,] and
[, VS. B4.,], the equation: A, =f(6,,) to obtain 4, corresponding to an arbitrary 6,, between 6,y and 6,4, ,, was numerized.

Key words : cooling; heat treatment; continuous casting; thermochemical-treatment.
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W, [L/min-m?] P, [MPa] 0, [°C]
W1:50 P1:0.052 61:50
W2:100 P2:0.089 62:75
W3:200 P3:0.157 L 25°C ik
W4 :400 P4:0.275 635:900
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Experiments Numerizing of & =f (W, P, 6.)
@ High temperature
6. :200~900 C Process 1 Process 2 Process 3
@ Low temperature Determination Numerizing Numerizing of
6, : 50~400 T || of /.. >l of &2 =f (> & =f(H,
@ Non-boiling corresponding Wi Py ) P.6,)
6. : 30~80C to 0.a: 50, by using for any W
@ Steady state 75, to 900°C B P and 6,
6 . : About 30°C

Fig. 1. Process of numerizing of an equation: A=f(W,
P, 6,).
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Fig. 2. An example of relationship between W, and #

(P,:P3).
Table 1. Values of the constant C and the mean exponents n and m in Eq. (4).
6 sa n m C Bsq n m C 64 n ™ C
50 0.722 0.112 1.92E2 325 0.709 0.283 1.52E2 625 0.595 0.0825 3. 12E1
75 0.621 0.0920 3.41E2 350 0.708 0.257 1.15E2Z 650 0.578 0.0825 3. 29E1
100 0.519 0.0887 6.28E2 375 0.702 0.210 8.56E1 675 0.563 0.0853 3. 49E1
125 0.421 0.0756 1.12E3 400 0.696 0.172 6.59E1 700 0.542 0.0912 3. 82E1
150 0.315 0.0607 2.06E3 425 0.692 0.125 4.96E1 725 0.530 0. 0980 4.03E1
175 0.261 0.0706 3.00E3 450 0.679 0.0869 4.04E1 750 0.516 0.100 4.27E1
200 0.299 0.105 2.66E3 475 0.669 0.0594 3.41E1 775 0.503 0.101 4.50E1
225 0.457 0.162 1.20E3 500 0.653 0.0439 3.13E1 800 0.493 0.103 4.71E1
250 0.627 0.223 4.54E2 525 0.645 0.0406 2. 90E1 825 0.488 0.103 4. 80E1
275 0.685 0.249 2.70E2 550 0.625 0.0495 2.98E1 850 0.484 0.106 4.91E1
300 0.721 0.282 1.86E2 575 0.613 0.0664 3.05E1 875 0.483 0.107 4.93E1
600 0.604 0.0831 3.12E1 900 0.483 0.107 4. 94E1
4.2 BEEFRB=(FERE) OHHEZE 4.3 BREEFRB=KBEE, KE, REAEX)
EEORMRE 6, IS T 5 BUZERE A O REIZD DEHE
WiE, 3. 2fCEB L 7. EROwW, FEOPE LXMEREOEIEEE 6, IZKIBT 5
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Fig. 4. An example of relationship between (#," P,;") and
hg, (h,=C(W{"P,™) in each 6,).
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Table 2. Comparison of the values of / obtained from Eq.

(5) with that of A,.

s O Omax Osc O Omax Osa O Omax
50 1.34 +6.1 325 2.16 -4.3 625 3.14 +7.5
75 1.34 +6.5 350 2.43 +5.1 650 3.15 +7.2
100 1.13 +3.6 375 3.29 +10.7 675 2.73 +6.8
125 1.33 +3.2 400 3.18 +8.9 700 2.36 +5.6
150 2.01 +3.5 425 3.50 +10.2 725 2.26 +5.0
175 1.29 -5.3 450 3.16 +9.7 750 2.10 +4.2
200 3.33 +9.1 475 3.09 +7.5 775 2.04 +3.8
225 6.76 +17.9 500 2.90 +5.6 800 1.89 -4.2
250 6.79 -15.4 525 2.71 +4.6 825 2.04 -4.0
275 3.83 -10.2 550 2.79 -5.8 850 2.15 -4.4
300 3.08 -7.3 575 3.00 -5.9 875191 -4.3
600 2.98 +6.2 900 2.17 -4.7

0=[ C&eca— Has)/ fas]1 x 100[%]
o : Mean value of sixteen o [%]

O max :Maximum value in sixteen ¢ [9%]

0.8 1 l I T -

n,m [—]

225 250 275 300

Fig. 5. Relationship between 6, and the exponents n in Eq.
(2) and m in Eq. (3).
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Fig. 7. Comparison of A, of this work with & of other researchers.
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Table 3. Experimental conditions of the other researchers’ experiments.
%A Researcher Specimen Heated Nozzle w P
laterial[Size[nm] B ftemp. [*C] | Distance Type | [L/min-m? 1| [WPa]

All @Junk *1 2. 5tx83wx850L B1 | 800-1300 | 600mm *C3 | Unknown 0.2-0.59
@Xuller Steel | 6-10tx20wx60L Bl | 800-1200 | 100-200 | C1,CZ 18-540 | 0.06-0.53
@Nizikar 18-8 | 16tx127x127 Bl -1093 | 102-305 | €1 163-1140 | 0. 07-0. 62
@Hoogendoorn | 18-8 | 25tx185¢ B2 -1000 | 170-550 | C1 36-1500 | 0.1-0.098
®Tamari Steel | 10tx140wx170L B2 | 1200 Unknown | C1 600, 1200 | Unknown

A2 ®Shinada Ag 2t x 30¢ Bl 400-500 | C4 33-127 | %6
@Author Steel | *2 B2 - 630} 600 C2 5-100 | 0.06-0.78
®Author Steel | ¥3 B2 x5 Cc2 100-1120 | 0. 01-0. 26
@-1 This work | 18-8 | 30tx204 ¢ B1 | 1025 170 C1 34-1000 | 0. 04-0.063
©-2 This work | Cu, Al | 30tx204 ¢ B1 170 C1 34-1000 | 0. 04-0. 063

*£A)Al:Steady state experiment, A2:Unsteady state experiment, *B)B1:Vertical placement,
B2:HBorizontal placement, *C)Cl:Fullcone spray, C2:Flat spray, C3:0val spray, C4:Air-atomizer
%1)Heat-resisting steel, %2)22-51tx550wx1000L, *3)2.2-3.8tx about 1000wxL(strip) *4)Mean
temperature:about 825 °C, ¥5)Top:1000, bottom:139, *6)Impinging speed:9-15m/s
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