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Abstract: Spray cooling on moving hot solids is widely used in metal heat treatment processes. Understanding
coolant droplet collision behavior with moving hot solids is of great importance toward improving heat
treatment temperature control technology. Via flash photography, we experimentally investigated the
hydrodynamics of droplet train obliquely impinging on a hot moving solid. The test piece was a rectan-
gular steel piece (SUS303) heated to 500°C, 550°C, or 600°C with a moving velocity of 0.5 m/s, 1.0 m/

Keywords:

s, or 1.5 m/s. The test liquid was water at approxi-
mately 20°C. The pre-impact diameter of droplets,
droplet impact velocity, and inter-spacing between
every successive two droplets were 0.64 mm, 2.2
m/s, and 1.91 mm, respectively. The tilt angle of
the droplet train to the vertical was 50°. No coales-
cence of droplets was seen—the droplets deformed
independently on the moving solid. The measured
results of the maximum diameter and the residence
time of the droplets agreed well with the empirical
formulas that can be used for droplet impact on a
stationary solid. It was found that the dynamics
of a droplet train impinging on a hot moving solid
are the same as the dynamics of a droplet train im-
pinging on a hot stationary solid when the droplets
deform independently on a moving solid. Taking
advantage of said property such that it is equivalent
to the dynamics of a droplet train impinging on a
hot stationary solid, we proposed a critical condi-
tion for droplet coalescence and experimentally
confirmed the validity of the critical condition.
spray cooling; droplet dynamics; flow visualiza-
tion; boiling.
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Development of Flow Visualization Measurement Method of Droplet Train Obliquely Impinging on Moving Hot Solid

Katsutoshi TATEBE, Hiroaki TAKESHITA, Yoshihiro SERizawa and Hitoshi Fuiimoto
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Fig. 1. Schematic of spray cooling. (Online version in color.)
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Fig. 2. Schematic of experimental apparatus. (Online version in color.)
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Fig. 3. Measurement method of several parameters (D, d , L,
L’,) and definition of collision point, X. (Online version
in color.)
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Table 1. Experimental conditions.

Fluid

Test fluid Water (about 20°C)

Volumetric flow rate

0 il 1.67 % 107

Pre-impact diameter

D.mm 0.64

Pre-inter-droplet space
L, mm

1.91

Droplet impact velocity

V,m/s 22

Tilt angle

0.° 0-50

Solid

Initial solid temperature

T.°C 500 550 600

Moving velocity

V.. mls 0.5 1.0 1.5
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KBS 01k, =2 — b YRk,
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TERK & 5 i [ AR I V2 T 0 YR A & il 28 X 22 G,
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B ENBENT EDBNh o572, 72T, WiRL O
HEZ 5 G A RITERRMICIER L 2R, 0=50°T
WeE L OB IE Lk h 572728, D5 TORH
LAERAE3 - 28I TRT,

3.2 BIH=EEGFEICERERT 2RES (6=50°)

TR A AEFHE 2 X 2 72 B FTRALRS 3R % Fig.5 1278,
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) Moving direction

Fig. 4. Experimental results for normal collision of droplet train (Q = 1.67x107 m%s, , T, = 500 °C , 600 °C, V, = 0.5 to 1.5 m/s, D=0.64
mm, L =191 mm, V'=2.2 m/s, § = 0°). (Online version in color.)

(a)T, = 500 °C (b)T., = 500 °C (©)T. = 500 °C
V.=0.5m/s V.=1.0m/s V, = [Eotas

" o
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(d)T, =550 °C (e)T, = 5508 @ (HT,=550°C
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(2)T,= 600 °C (h)T, =600 °C ()7, =600 &
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A

Moving direction

Fig. 5. Experimental results for oblique collision of droplet train (Q = 1.67x107 m%/s, , T, = 500 °C to 600 °C, V= 0.5 to 1.5 m/s, D=
0.64 mm, L =191 mm, V'=2.2 m/s, &= 50°). (Online version in color.)
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F o7, ZAUE, ACE TR O W 0 3 B 3 52 i 2 T
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&, B S 2222t O W EACE-FREEA N U 720 24U,
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AZ6Nb, WEMZETIEERGEE 2 KEVIEE, Rt
BRKEL BBEELRN, THICHET S, 22T, #
F O & [ A 1 DA s

V.

slip

=V sin0-V, ©)

NEETEAEVWLEEZ 2, X (9) KO RBIHEEH 1.5
m/s DFE, ARV, = 0.2 [m/s], BB 23 0.5 m/s D
LaE, Ve, =12 [ns] &%, L7225 T, EpHiiZEic
BTE, X ) IR TRMEERIRIZ 31T 2 8 IE %
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Fig. 6. Horizontal inter-droplet distance ratio before and after

collision for oblique collision of droplet train. (Online
version in color.)
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HeE§ 2 EBAL/ME TS ™Y, 20EEBERD &
% Table 212789, %%, Fujimoto 52 12 & v, EHFHEZE T
B [ A AT TR 22 5% 5 DU Veos 0 & {RESHE 12 WU
WHTE S Z LA WE XN TS0, REEROMEREZE
IEFHREE B A 72,

Fig 7IZfli 4 DRMFIZE T 2B D EOELETR T X
=0I2F W T, WO D RIS E LRI O £ I13IF
F%ETH 2, XOBEMIZHEW, IEADREIAL, X =1
[mm] CTAMEE LTHI3ImmE LD, ZOHBIKBD L 7=,
Z U, X=3 [mm] 1280 C, Wi E A Ea 5 B L
7zo TTC, WEAMEZERT O KT I R E Y Vsind (= 1.7
m/s) O—ERE THRT L2 3T XOBHL T b & RE
L7350, Weldn lige UCHEli-3 % & Com G RR)
3, 1 Tms &b, Lo C, BERICHEIRM 13,

t,(V cos0)

T, = =
D

(10)

Table 2. Prediction formulae of maximum spreading diameter,
d_. ,of droplet and resident time of droplet, 7.

Authors formulae
Do _ 0 003657 41
Hatta et al. ¥ D
T = 125"
dg‘ =0.87 % +2
Ueda et al. ©
T, = E\/ We
4
Akao et al. ” d“l*"‘ =0.613we"”
D
d ¢ (3-¢)
== (2 +
e G
Araki and g =20 0.84e"* —J0.71We"> —2.4We"* +6.8
Moriyama ¥ ! 2
[ g, 1408 Jo7Iwe ™ —2 4w’ + 6.8 ]
=
2
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Fig. 7. Spread diameter of the droplet on the solid surface after
collision at the distance, X, from the collision point.
(Online version in color.)

Table 3. Comparison of present results and formulae obtained
by the experiments using single droplet collisions at
static hot solid.

Maximum spreading diameter,
d...!D,atWe=18

Hatta et al.” 1.78
Ueda et al.? 1.95
formulae
Akao et al.” 1.89
Araki and Moriyama® 1.98
V=15m/s 1.94 (0.13)
results V=10m/s 2.01(0.13)
V=0.5m/s 1.94 (0.13)
Residence time, 7, at We =18
Hatta et al.” 3.64
formulae
Ueda et al.? 3.30
V=15m/s 3.71(0.25)
results V=10m/s 3.69 (0.25)
V=0.5m/s 3.66 (0.24)

Values in parentheses indicate standard deviation
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