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Fig. 1. Schematic of the water-entry experiment.

S2 36 % F] Photron FASTCAM SA-X B = 3
AR ML BRAR N K B G AT #0438, 3 mi Ny
2000 fps. AIEH| RIS HE AR, e i —
209 x 500 W [ s M6 JRUE i 2 B BU IS B AR K
B, IR 938 1000 W T I KT A B LE KA 16 42 A5
ME AN TR IR. KRG B I K i FE 38347

204703-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 65, No. 20 (2016) 204703

T =RCL LA, AR I B R e s I w2
L S8 FIRE N KR S

3 SRR
3.1 ARIREIRIENKZ SIS

SRR TR FE X ERAR N K 25 38 (K S, AR SR
F 17—800 °C iff J5 ¥ Bl N 1R BR PR 30 AT 2 BN 7K 5K
5, NKIEE N 1.5 m/s. ANEERE FERIEANKES
w2 frs, HAgiin#a] 100 5 200 °C I ERAE R
17 °C =R B A M F PN KIER. TR
Bt 2 b B R A [N KIS 8] R S AR S O, [
— IR R R R B 2 R B e A AR R R
()R] B, AP 2 HpeT DU 3, AS[RNE R Bk ik LA
AN KT AR

BRpR T K TS, — 2 K By Rk A 3 18I 1)
Ligzh, XZ AR S ER R R R A Bk
M R A N K 25T . TR — B 1 Tk R
L ER A Ak 7K 5 5 s B %1, P A Sk AR 1 8 K B O
HBERIR R ALE. ANJK5 ms i, 17 °CERIE R
TFL 1) 7 R JEC Atk i P I 6 B 0 5 3 3R A7 1) T o,
ISR R B A PR B8 bh e, L SRR
RAESY B RIS B R P, SR — BT BR R R
iz, B2 58 NKHET, MK PE7EER AR T v Al 1.
AP B W 7K PP R A 2 T 3 B, 0 S R AR, TR
WA TN KZE I, 5, BRRFR M58 foK, )
AT KEEVRAL. 100 5 200 °C BRAANH 17 °C BRiA
PIEA T ENK TR, BIR200 °C & m T /KT
B, (KA I VA B B, BRAR R K BIR A B R
S, WA R R0 R AR A, TR 1R
THARBEA PR AN K ZS i

300 ©C R AIKIN, FA6 7 A (1) B BRI AN T
Jit 8 Bk R R TH, 3 Rt R LK AR B SR 2 P By, 1
TN R BT, IR Bk AR T 4 2, B S
WK RS 2k 232 1) DO R 9K, 5 kA 2 T 2 TR Jl— A
2, BN JE S s K . BEEkAE 30 A
TR RE S HE T, BRI 30 g 40 D JE R K 1 2)
e, IR 9K, MYk B —E R ER, TIEN
GNP ) AR A IR, BEERERES. WET
JE A/ 5 VRIE MBS ok, Rl P2 Az ) 51 R
WIS, A IS R A . ) B
AE 5 s AR R ZU R B, T B =
W, 1) PR SRR R o AR TE A AR AR A A T A

IR 2B, XAl e 40 R B AIBUK. 1R
BN EBE T, FRAERARERTAE, R
PRI R BR A N KGR B AR, SR T A R 25 R
JE AR BEAT A6 2 T 2 8 9 o7 A R 0 1) T g Z2 48
23 T U4

17¥°@

K2 1.5 m/s NKHEE A T A FREEBREA KL
Fig. 2. Water-entry characteristics of spheres with dif-

ferent temperatures.
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Fig. 3. Boiling regions of different wall superheat.
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Fig. 4. (color online) Water-entry depths of different

temperature spheres depending on falling time.
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Fig. 6. Water-entry characteristics of 300 °C sphere

with different impact velocities.
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Fig. 8. Water-entry characteristics of 330 °C sphere

with different impact velocities.
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Fig. 9. Water-entry characteristics of 400 °C sphere

with different impact velocities.

Bl 10 ARFEAKEET 600 °CBRIEAKBER L
Fig. 10. Water-entry characteristics of 600 °C sphere

with different impact velocities.
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Abstract

The present study aims to address the effect of sphere temperature on water-entry cavity. For this purpose, an
experiment on vertical water-entry cavity of a heated sphere is conducted by utilizing a high-speed video camera. The
temperature of the sphere ranges from 17 °C to 800 °C. The complex flow phenomena of water entry, produced by a
change in temperature of a sphere, is obtained for the first time. According to the finding, cavity is not formed around the
room temperature sphere under the condition of the impact velocity of 1.5 m/s. When the temperature of the sphere is
300 °C, the cavity appears, while it disappears when the temperature reaches up to 400 °C. Interestingly, cavity appears
again as the sphere is heated to a temperature of 700 °C. The degrees of drag reduction of the sphere are different in
various temperature conditions. Based on the theory of heat transfer and fluid dynamics, we analyze the mechanism for
the influences of temperature and velocity on the forming of cavitation. The results show that the heat-transfer efficiency
and heat-transfer mode between sphere and water change with the increase of temperature. Meanwhile the turbulent
characteristic around the sphere, the surface roughness and hydrophobicity of the sphere are affected by the bubbles and
vapor layer. In consequence, these characteristics influence the formation of cavity. The results of the effect of impact
velocity on water-entry cavity reveal that the heat transfer performance plays a significant role in the forming of cavity,
while the heat transfer efficiency is improved by the increase of impact velocity. The water-entry characteristics are
similar to those in flow field under high temperature at low impact velocity as well as under low temperature at high
impact velocity. The flow field of water entry looks similar under 330 °C at high impact velocity as well as under 400 °C
at low impact velocity. Thus, an abnormal phenomenon appears. That is to say, the cavity size first decreases, and then
disappears with the increase of impact velocity for the sphere at 330 °C. The heat transfer performance can determine
whether a cavity forms under the conditions of the impact velocity ranging from 1.5 m/s to 3.8 m/s. Meanwhile, the
impact velocity itself can merely affect the cavity shape. The pitch-off time of the 300 °C sphere is irrelevant to impact
velocity, which shows a good consistency with the literature result. Also, this research will be conductive to gaining an

insight into the complex flow of water-entry with a heated sphere.

Keywords: heated sphere, water-entry experiment, water-entry cavity, heat transfer mode
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