AT—IVEEDRTL—;

SEMFIEIC R IF

JFE £ No. 42
(2018 4 8 H) p. 34-39

E/
a?

Effect of Scale Thickness on Spray Cooling
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Abstract:

The influence of surface conditions such as scale thickness on water spray cooling and air jet cooling characteristics

was investigated by laboratory experiment. SUS304 stainless steel with the thickness of 20 mm was used as a sample.

An artificial scale layer was formed on the sample surface by thermal-spraying using AloOs powder. The thickness of

the Al;O3 layer varied from 50 um to 210 um.

The artificial scale layer showed a thermal resistance function in both water spray cooling and air jet cooling. In

water spray cooling, the cooling rate during film boiling, which depends on surface temperature, and the apparent

quench point temperature at the interface increased with AlzO3 scale thickness.
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Table 1 Surface conditions of specimen™

Coating layer Thickness (4m) Roughness (umRa)
50 1.6
100 1.5
ALO;
170 1.3
210 1.4

Base material: SUS304 20" x 140" x 130" mm
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Fig.1 Experimental apparatus of spray cooling™”
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Table 2 Experimental conditions in spray cooling tests™

Reheating temperature 620°C

Cooling start temperature 560°C

Water temperature 30°C

Water flow rate 88(1)121’11(3)/326567’
Injection distance 530, 265, 200 mm
Mean droplet diameter 330 pm

Mean droplet velocity 10 m/s
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Fig.2 Experimental apparatus of air jet cooling™
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Table 3 Experimental conditions in air jet cooling tests'”

Cooling area 150 mm X 250 mm

Injector hole ¢2.520 X% 17 mm pitch

Reheating temperature 620°C

Cooling start temperature 560°C

Air temperature 20°C

Air flow rate 230 Nm’/m” min
Injection distance 15 mm
Transferring speed 0.05 m/s
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(c) Cooling rate during film boiling
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Fig. 3 Effects of scale thickness of spray cooling characteristics
at interface

22T, rad BEESIBAGR (W/m®), @ l3ffis, RSB &
UEIRGSHI OB R (W/m?), cl3R7F7 7>« Evy=
R (5.67x10 P W/m'KY), e I3HESTR, o 13, KiE
B & CEEGETTOBEERE W/m’K), T3 i
WE X, T A3mHEE (27 272137 oRE K T
H5b,
EidoeFvE VT, WHIKEE 2 mm O EERE
BENCIELIEY —T 5 & 512, MHLDOIEEFE
(CE R EREATE Y & O BRI B R 1T o120 A —v
JEDHD T, Z DEMREZR G 62272 > TRz ®,
NS DPIT-72DERIC &1, A7 —VEZMEL CGGHE
BP0 7, BEIECOBMEEL E R T2,

3. RERER

31 AT L—SHIRERER

312, FEZE 100 L/m’min 12517 % AlOs DL A
r—DES B I RIGEOMRELRT, K3 (@) 12,
fRENTCIRD IR R & R 7 — Vg ¥ O 5 O RS B %



R — VRS DR T U — G HEE I R T

(a) Thermal histories at interface
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Fig. 4 Effects of scale thickness of air jet cooling™
characteristics at interface™
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Fig. 6 Modeling of relationship between surface or Interface
temperature and heat flux™
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Fig. 7 Comparison of thermal histories at interface between
simulations and experimentsm
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(a) Boundary condition of conductivity of scale layer.
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(b) Comparison of thermal histories at interface
between simulations and experiments.
Cooling start
600

400

200 |210 m (Exp)
210 pm (Sim.)

20 s :

Interface temperature (C)

[«

Time (s)
8 R —IVBOHMCERDEEKEEEER LIEAD
RECOHBREORRIIER "

Fig. 8 Simulated results of thermal histories at the interface
considering varying conductivity of scale layerlj)

L, 12CORFICIRAY -T2 TNEK 6 IR THIFRD &
1z, A7 — v ¢ AR OBGR 2 ifbL Ll c e 7 vik
L, H72IZJE S 50 um D A7 — )VIE b EE L T 217 - 720
Zov s, SHMoiE», fnho WM EmToRR, 3%
HDHEX 3 (@) IIRTHRIREDERE B —HT 5 L 51
L7z,

E7iz, 27 —VES50um, 210 um DL TR ITRE
JEIE & R D T FE R 2 RS ¢ ik U -ORT . R T
3, A7 — VES50um, 210um TOZ > FFHBlA L
TeREO FURITRIZIZ 2 N2 365°C, 485°CTH -7, TR
U, ARy T VLl TRIT 2T T2k TlE, 2
> FHER O FEIRIEZE I 2 241 365°C, 410°C ¥ & -T2,
ZORED 2 = VREREDFRIETH 5 AET UL, A
BHEY LTER T3 27— VEDEWVIZY, 22> FH
TARE O SR I A3 < 72 5 ¥ W S iR oM 2 3T & 3,
722U, R —VIES 210 um DBFEITIE, HERFEE ¢ i
FEROMICKE R EDH -2 DAL, FHEORKE Y
LC, A7 —/VIES 50 um OZMT O 2 2GR 2 H
WTWRTEDTHD EHEZBNDL, AT U —IEHNIHIHAES
L B WIRINRIREITH 2 26, WIMDEZET 2 D SR
BRI, K6 TRLIEED bIZE 2@, LIch5
T, 7T FHROEEE, 25 LM g BT ok
TARENH 5,

7z, 27— VES 210 um DRHTHER T OREEE S,
SUHIRED 380°CE e > IeHF T — 2 1ZEL T, & FIZHE



R — VRS DR T U — G HEE I R T

Ulco Z20HOWMAEE, 27 —VIES 50 um DT
DRHIERR 2272 L TWw b, HERTIE, K3 (@) IIRLTC
£312, 27— VES 50~210 um DR TCDOEMT, Hms
130°CLAT ¥ 72 o T D m AR E L 5 T b, HEFEDB
RY LTUL, AT —WVIZERDIEEL, ZD—idH 5 WVI3iE
& CHEUKDRBALT, A7 —VvOBRFIEY L TofE
HAD/NS K IsolceBEZ6ND, IR T L —1mHIO®H
THRPIT FBRERP KIS o BHRICHY T2, E8
WRT &1, A7r—vOllEDH 2% FEl% ¢ DL
LRDIERT 2 CARE LTt L 7o R SIS SR v 1313
—HT %,

5. BbYIc

SO EEEIRE LTET NI A —VESHRT
L —IRAREIC RS TR A MG T 2700, A7 L —imH
Sl A SR A S L 7

I 20 mm 0 SUS304 #f & 3R-RA . L THW, 2
= VETRHT 2 e TRy VESEEHL T, Bohni
WHI M2 S 2 2 2 T, UFORIRZETT,

27V —IHHEB L UOHEGEI Y b, A7 — vIdBUKPUE
Y LCERT %0 BMERPSRmREIC LS TIZIFET
H 5 EERHTIE, A7 —DEWIT B DG EHHEE DS
BTFT 2, LPL, BMBERICEKMIREOREND H 5 2
TV —ImHITE, RS O S T OWANREIZ R — v
FESICEoTIRE—E, LI b 2Icling 2 M
L, 7z FREREO SRR b &V,

BE R
1) ZHIEE. #ke il 1968, vol. 14, p. 1457-1471.
2) KRR, PERIRSC. AARKMCA 2. 1988, vol. 54 B, p. 934~
937.
3) RALRYER, VHRS. FAKEH
2851.
4) FHEPE, PERERSC. #ie il 1992, vol. 79, p. 55-61.
5) Wendelstorf, R; Spitzer, K.-H; Wendelstorf, J. Int. J. Heat and Mass
Transfer. 2008, vol. 51, p. 4892-4901.
6) LAIZEE, #HiE. CAMPISIJ. 1995, vol. 8, p. 444.
) INERL BIOVE—, JIIRIESE, ST, #kv #1997, vol. 83, p.
611-616.

B NN

PSR, 1989, vol. 55 B, p. 2846-

8) RIS BT S AABAIER  BTRDGE. HABKBI 2. st
1971.
9) FIHEBON, Jeallf—, LR, PHAKER. HARESE 2SR,

2000, vol. 66 B, p. 519-527.

PRI, FRRERTE. HABE S 2505k, 1987, vol. 53 B, p. 1061~

1064.

SR, A R, LRI AR

A, p. 691-696.

12) Trmali—, (HIRE, BRI, @SR HAR A2k 201,
vol. 77 C, p. 2932-2939.

13) &z, MHEBER, RKEHR, A,
e Fke . 2014, vol. 100, p. 1514-1522.

10)

25 AN ZAL

11 L X

~

4. 2006, vol. 72

MR, mmftz, H

el

=S

JFE $#i No. 42 (2018 4 8 H)
Copyright © 2018 JFE Steel Corporation. All Rights Reserved. ZXE[Hiiin



