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Quenching Abilities of Sprayed Jet Cooling and Air
Blast Cooling
Minoru SHIMADA, Nobuo TAKEDA, and Susumu AKABANE
Synopsis:

With the purpose of utilizing sprayed jet cooling and air blast cooling to the heat treatment of the steel
the heat transfer coefficient & was measured and some considerations were given,

The main results obtained are as follows: ‘

a) Air blast cooling

Following empirical formula are obtained with the range of experiments, 3x 10°<R,<2x10% 0.02<
D=0.04[m] and 100<7T <600 [°C].

D \-01 0.2
Nua=3.25Re°-45( > ( ¢ >
D, U

Nu, : Nusselt number Re : Reynolds number
D : diameter of specimen disc v : velocity of air Dy=0.03[m] »=8.94 [m/ sec]
b) Sprayed jet cooling
1. There are three stages in the cooling process; they are termed as the high temperature, transition,
and low temperature stages. The cooling mechanisms in these stages are considered.
2. In the high temperature stage, « is the sum of those of air blast cooling and the cooling due to

evaporation of water droplets.

3. The fraction of water quantity, K, which is effective for cooling by evaporation in the high tem-
perature stage does not change with the water quantity and the temperature, when the sprayed jet velocity
is constant.

4. The value of K increases with v. In the range of this experiments following equation is obtained.

K=3.2x10-?* o: [m/sec]
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Fig. 1 1. Experimental apparatus.
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Fig. 3. Velocity distribution of air.
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Fig. 4. Quantity distribution of sprayed water
droplets.
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Table 1. Mean diameter of sprayed water
droplets, d,.

v, m/sec Q4 cm3/sec | @y cm3/sec | dy pm

5.51 94

10.62 209

199 3194 155 349
20.0 560

5.51 44

10.62 93

330 5612 15.5 153
20.0 218

9, : velocity of air at nozzle outlet, m/sec
Q, : quantity of air flowed out from nozzle, cm3/sec
Q. : quantity of water flowed out from nozzle, cm3/sec

0.2mm9¢ CA thermocouple
! (sheath pipe diamerer | mm)

Mc’k N Dl—) ’I—)
p-201 20 2
p-301 30 2
0-40] 40 2

junction ) Silver foil_(thickness 002 mm)

Cooled H
surfoce |

|
Fig. 5. Specimen.
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Table 2. Comparison of temperature of both side
surfaces of silver plate, thickness 2mm,
cooled from one surface only with heat
transfer coefficient a.

a Temperature °C | Temperature °C

kcal/m2?.hr.°C | of cooled surface| of another surface
688 .4 700
491 .8 500
3500 2955 300
98.6 100
694 .5 700
496.1 500
1750 297.7 300
99.3 100
697.3 700
498.1 500
350 298.9 300
99.7 100

HEESFN OB ENE a=300kecal/m? - hr-°C BETH b,
Table 2% %% L REmMOIBEZAT 3°C UTThs T
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Fig. 6. Example of result obtained with air bast
cooling. Specimen : D-30, room temper-
ature Ty=20°C, velocity of air at the
position of specimen 2=8.9m/ sec.

Air blast cooling
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Fig. 7. Value of a, velocity of air » is changed.
Specimen : D-30, T,=18~20°C.
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Air blast cooling
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Fig. 8. Value of a, inclination or diameter of

specimen is changed. v=8.9m/sec. T,=
18~20°C.

v OHEINC X U a W XBEIT B

Fig. 811, B 2QmicH LTEITRBE, X
CHBHABRYZLLEAOERETRLIZDDOTH S.
ESt o BIAEROTEA TSy, RBAERS/N
Wik d Eald3#my 5. KB ELohORER, &
BEOAKEXZIEBROZELZZTC, aDEBE>TL
5. FBIROEET >N TIRER 2Tt orik.

7t¥, Fig. 7, Fig. BRREIhTwa X Hie, ABh
LR EDIREE T—T, » 100~700°C OHFFETII,
IREENLEDOT D a DEDELIXD IRV
32 BELH

NESFEENT DWW T OLAT OEBREE R, FEHT3I~
4 EDERFTLOEDIDODFEHE EDTHRT. adf
OB HEEE £10% BETHO. Fik, BERTO
EEAMELAET B ERFEECEETHSDT, EX
DOHEBEI B EORBA BRI SHREL D
C, BERIEE LTRLTHS. EFTR I X b iRE
METT5FCH5H, REEXRRTHHEELLTIH
& vz

To & LTRKDRER &D7c.

Fig. 913, v 2—FRX LTCQ2ZEXLERDak I T
QRFTFT—EBR LT v R EXIBED a2 RkOLERET
H5. QOBMZXY, FooEincX Y, aliiién
T5. BROEE, BHE 4 3FETI0EEZXD
noh, AERIINGOEELHBELTHITTSET
W EDTWiV. dy BRDOWTCHE, ZOEREX X %
THEELTBTLEEDD.

Fig. 10130 H5XQ%—FILLT, ABRAEEZE
ZTBADERTHB. EHENNSLKKXD L a3y
5.

Fig. 11 v3ysHdhis & B R iR 2 SHBrC gbr Lic
PDTH5. BRI, ZThE 3IRBCHITB &8

i

Sprayed jet cooling
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Fig. 9. Value of @, Specimen : D-30, T,=15°C
Full line curve: Velocity' of air » is
changed and quantity of water droplets
Q is nearly equal. Broken line curve : Q
is changed and » isequal.

, Sprayed jet cooling
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Fig. 10. Value of a; diameter of specimens are
changed. v=8.9m/sec, Q=1.46 mm?/
mm?- sec, dy=303um, T,=15°C.
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Sprayed jet cooing ¢ (keal/m?.hr)
5 o 50 x10°"
700
600
—~ 500
£
% 400}
~
300 }
200
100 ¢
o+t 2 3 4 5 6 7 8 9101
{sec)

Fig. 11. Three stages in cooling process.
A~P : high temperature stage, P~Q :
transition stage, Q~B:low temperature
stage.
Temperature at R : characteristic temper—
ature.

Sprayed jetcooling

v=14.4 Misec

250 /- ||
P L
- -] 4 A:d
- L 2 S0
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?’ E \e 7my
¢ 200 S
5 J~ 8.9 M/sec
8 L
g
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o4

1.3 1.4 1.5 1.6 1.7 1.8 L9 20 21
' @ {mm*/mm?. sec)

Fig. 12. Characteristic temperature related with Q
and ». Specimen : D-30, T,=15°C.
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T Zic, Do: ZEHERBSEE (0.03m kL7
v B MBI 1) DEUELEKHE (8.9m/
sec & L)
¥k, Prix 0.70~0.72 oFH & 7% D B 0 vwo
T, Tz 0.71 & LTS 3.25 otz &, F7-
Re DipDREIDORKMBEE LTRABFERY LD, BR

Nu,=3. 25Re°‘45<

xtQ’ Air blast cooling

0-20, v=8.9m/sec

T
a eq.(3) /9—30,V=14.7m/sec
o 3 7 A P=30,v=89m/sec
= y 2 D-40,v=8.9m/sec
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N
-
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Fig. 13. Comparison of measured value of @ with

calculated results by eq. (3).
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7o QEFHET, FERICREA LTwiERE, ™Sk
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. Sprayed jet cooling

Table 3. Value of ay for different diameter of

5 o T-E=385T specimen.
S ,o)/o/ 7-r|=4351; v=8.9m/sec, Q=1.46 mm3/mm?.sec,
$ 4 /0/ ° r_£=555t - d°=303";1m, T0=15°G
= /o/ oI P17, = 685T
t 3 A — assaom ) | Di ; o
IS 4 AT N PR T—T, °C iameter mm X .
8 <10, & 160jum | 720%™ %= 303m “m of specimen kcal/m2-hr-°C
= 2 ?._;u
3 » 20 86
| 2 685 30 101
40 108
o
05 1.0 15 20 20 98
@ lmm¥mn?. sec) 585 30 118
. . 40 125
Fig. 14. Relation between Q and a w, Value of :
a wg has a tendency to converge to a, as 20 125
Q decreases to zero. a4, is heat transfer 485 30 140
cofficient in the case of air blast cooling. 40 147
Specimen : D-30, »=8.9m/sec, T =15°C. 20 182
385 30 182
DR REBAHOBIRRICOEE L THERED ST L & %0 179

T5. ZOPEDBEERE awe £T5. Figo 141X
Xygq t%iQ&@Sﬁgﬁ%: RERH &R EDEEE T
— T,=385°C, 485°C, 585°C 3 X (f 685°C, ZE&ifE
v=8.9 m/sec DFEHITOPWTEDLLILDOTHS. T
nNehrdE, FNThOBEEETHL, aw3Q L LD
wEEHEERNLTYS. ZhoDEEE2Q =01 ET
EE L, chifftitloRmzssds, ZORCKTD
iz Rz Fig. 7 K LA v=8.9 m/sec O fnH
DEEDHEEIFE—HLTVS. RBHEESIV v %
Iz BT OV hFROBERB AL £ TH
BEINC KT AEMEERT a, 2 L, Qua—w=aw &F
KL, aw BBROLOEHICX 5BMEERLEE LD L
LMTED. 7272 L, EMCEEEZESLHERTEANE
BeRET LTWART THBD, HBOHROEIMR
HlE SR fo3D, T T, 20T EEERCANIL
WTEDHDOPOTWS., FTT,
tha=aa"‘aw”'"""""""""""""'""""'(4)

ZIT, Que WEBASHNOBRIBC S0 52UERTD

o M

Table 31X v KX VR EFELL L, MBAEEZZEX
FBAROE, BIRBILET S aw ZRDLBRETL
72HDTHD. REBFBEEI/IILD L ap HOPBED
+ HIEAM D DA, 400°C T TREFROEENIRbI
D, L, BRORESHENE, BOXIIT
FELRKEENEOTET, LORERELTHILEDD
PDEZEZLNG.

BEE T—T, BMEER aw ET5E, dBMIZE
TEEFIVELDNLEE anF(T-Tdt TH5. —
%, BARR], BAEfSLVOBREEQLE L, dFF

Table 4. Value of K.

v m/sec | Q mm3/mm?.sec | T—Ty °C K
8.8 | 0.55 385 © 0.028
8.8 0.55 685 0.028
8.8 1.1Q 685 0.028
9.0 1.46 685 0.029
14.7 0.45 685 0.047
14 .4 2.04 685 0.046
4.4 0.73 485 0.014

Ty=15°C

M, MMFck 2B Q-F-dt PT~THR, ERET
20 LETRIE, QFdty {539+ (100—To)Cp} 721 2B
Xhozlithsd. ZZCr3ER, C RHETDH
5. L LEBCRBRERRAECRET 520, #
R, ERLTEDCRHCHES T HEgEK LT
5&, RADX ST,
awF (T — Ty)dt=KQ Fdty {539+ (100— T) Cp}
cemireenieeenn (5)
(5)Rickh, EBRTZOLNIL aw OEZAV, o
QB XU T—T, XY EKBWHITEB»EROER
% Table 4 WHET. ZhzihbE, e PELFIEQ
B LT KDOERZE SRV, v BREWVWEKEKE
5. T—T, » 385°C & 685°C L TKRZESLW.
v LK Lo, ZoEBOEMIEL, Fig. 15T
TTWROERERM 2 b
K=3.2%10730 -ereeererrransrcenrscasianannns (6)
(BIRBIC(5)R, (6)RXVkdicfkRe(4)R
TRAL, 2oNic{ErEREE LE LIz D% Fig. 16
TmRT.
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Sproyed jet cooling
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Fig. 15. Relation between K and u.
K is defined in eq.(5).

Sproyed jetcooling
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Fig. 16. Comparison of measured value of a with
calculated results by eq. (3), (5), (6)
and (4). T,=15°C.
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