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Abstract: Single droplet-wall collision heat transfer characteristics on a heated plate above Leidenfrost
temperature were experimentally investigated considering the effects of impact velocity. The collision
characteristics of the droplet impinged on the heated wall and the changes in temperature distribution were
simultaneously measured using synchronized high-speed video and infrared cameras. The surface heat flux
distribution was obtained by solving the three-dimensional transient heat conduction equation for the heated
substrate using the measured surface temperature data as the boundary condition for the collision surface. As
the normal impact velocity increased, heat transfer effectiveness increased because of an increase in the
maximum spreading diameter and a decrease in the vapor film thickness between the droplet and heated wall.
For We < 30, droplets stably rebounded from a heated wall without breakup. However, the droplets broke up
into small droplets for We > 30. The tendency of the heat transfer to increase with increasing impact
velocity was degraded by the transition from the rebounding region to the breakup region; this was resulted
from the reduction in the effective heat transfer area enlargement due to the breakup phenomenon.
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Table 1 Experimental condition

HSV IR
Pixel resolution (pum) 32 77
Window size (pixel®) 255%255 112x112
Frequency (Hz) 1800 1800
Integration time (ms) - 0.013
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Fig. 1 Schematic of the experimental facility
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Fig. 3 Schematic of sapphire sample
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Fig. 4 Geometry and boundary conditions of the
heated plate for three dimensional transient
heat conduction analysis
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Table 2 Conditions of previous studies for maximum spreading diameter
Present study Ueda et al.?) Biance et al.'? Hatta et al.!? Karl and Frohn*®
D‘("I‘Irlrrﬁ;"r 2.0 0.9 - 3.0 0.8 - 2.00 03 - 07 0.07 - 0.26
Substr_ate Platmum-_coated ‘Copper Silicon Inconel alloy 625 Chromium plated
material sapphire Stainless steel copper or steel
Wall
temperature 425 300 280 500 327
(T)
Colllslgjr; angle 90 ) ) 90 0 < 60
Weber(_‘)‘“mber 15 < We<73 10 < We < 200 8 < We, < 40 10 < We, < 200 0 < We, < 25
Cc}gggilzgilc Vertical surface Vertical surface horizontal surface Horizontal surface Inclined surface
D - D D e 0.093 TWe °™ + 1 D ax [ We,, ( 1+ Tﬁ, )JFQ]OO
. . —_—= e —_— | —
Dyna/Do ratio - S 0.87 \/ (Bet2)  Z=oer® D, D, L6 |2
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5 , , , , AZL b, 2 Aol M= oF 2 mmo] HFHE
pef | Qe 425 Cef Mw R FEAAG FAE AE
® femataliore) = #e AHE AR EEdlE Evetan 2 AE
34— - Hatta et al. (1995) N -
" Binee ot o (o00e) o] Anpr} g A ekl olgd Axtie o

2 E53rAQl dld o9& AyEkeIth Karl and
Frohn'V F2]oh d=x wwe] Ad& Wi

s AAE Sl HAaY AdEY= 44 &
. Ego] o AMiA s &g vk o
L]

Maximum spreading diameter ratio (D

1 10 100
Weber number (We ) /\E]'@E-OJ é-ﬂ]'7]' E_] i}” ]/]'E]Jd: 7/—18

Fig. 8 Maximum droplet spreading diameter as a | o3t JaFo = e}

function of We number in vertical collision Fig. 9% A &o] o 2 mmel NHe] =
, Ae= Hebd Aotk e 71 30 o]skel 45,
0 Prosentsny ztolE HolA eFtert 30 o]4Y @ Hamdan'”
< 719 243 ¥lE 7hATh Hamdan'”9] 2 ¥
& A= 400 T o] TE Bws

[m]

2

N

(%)

/D,)

max

I

O O

[m]

fen)
[m]
myeo

©o

>
i)

<
:d J
)
o

2
rlo

Maximum spreading diameter ratio (D
[m]

=
20 40 60 80 100 Lo o8t ogstor F=HT)
Weber number (We,)

Fig. 9 Maximum droplet spreading diameter of 32 9XNE EM
droplet with Dy = 2 mm

Fig. 82 724 Yslste M2 e s 2 Fig. 102 oA 9] gnjgeo] whe} Wstal= AIRE
& A A HdY AFS UEd Ao HoaZ grel &x wIls yehid Ao
Hatta,"¥ Tran 59 8] 2 23<] 7341—1:‘ W] 2= A 85 &8st S TEES
Ueda A#23 & 239t Tran'9S 22 m = &EHAT
o] AL 600 To A ol FwI} % Fig. 112 AIZHE #w el HA4 25 yehd



574 WEA . 1P -

340 430°C
Weber i

number
' .55 OOmi 05Sm: L30ms 165ms 2.20me 27Sma 330ms 385 A440mE 495ma

o | [ [ [-[[o]o]o]ole
_|e]olo]olele]el0]0]0)
BEEOROOOOOEE
B0 EEEEEEE
BRO0EEEEEEE
| -]olojele|e|elelele
- IREAECOEREEE

Fig. 10 History of surface temperature distribution

-
o

w
N

5

e
o

-

420 W

H0ogg

400

380

360

Local minimum surface temperature (C)

4%-&&&&§DDDD
3 ‘
31)1420-’ ’”’72””*foDD’[rDUﬂDDEHD[DDDDDDDDE
S o
S 415 08
g qano 009 %
2 e 0009943378888
L o @e <17§g3 i
o 410 5 & 4§g
S A o %éég o We=15|
£ < o¥ o We=12
S v gl
o 405 p ag” & We=19
: g8 s )
o o=
%’400 SEas a4 We=49
O > We=73
395 >
0 5 10 15

Time (ms)

Fig. 12 History of average surface temperature

o oMEe Fad 2R Wse
W ok 71 TR 7P o, dwsrt 159 o
M e 65 T % EE Kt
Fig. 125 949 We,ol & /\]7}1:13 3}
Hel A EEE

w57 73

K

MY . AAT

o Mwimt

Wiatinr [T

number

(we,) A55ms 00ms 055ms 1L10ms 165ms 22 275ms 330ms 385ms 440ms 495 m

Tmm

= ST~ R S =

15 =] [=] (s} fal . ‘3 cy
L[] e[ elefe]e]e]
12 o (-] A o o b
HOOO000000nn
19
l EEEEIH.

4% Z7be] w2 impact energy?] TUIE FEX
e o el s AR b= B
Haers
2383t We,7F 30 olstd = &
o] it E=7F HA
g oWk, 30 o]l A

Fus

9}

ZE/\I:j]_

=

2oAe gy W3 % dREES UEkith
A7 15791 A2 : 75 m
E]t oF 8 MW/ Afr&E ThH o, o
AR el AT HRA He ek
rEol 543 #7}0})&} A =

Ey

x
Fie 145 ojdel Wus 28 A 25 409
WA Azl mE WHE melzth Awo
= gdg uge Axe] FEd] HPow o
3 F7kshel el dsl Pejz Hoho)
A fasts 4%e welth FuEsE
Ao MHORYE oldd olFelx A W



. S = Do <E o Ne
g B o) W W o T o W o & ™
wl” « 2 s Eaﬂﬂuﬂmmﬂi W R Mo op of 4 = Xm No o "
M a E W . % o AN @eoﬁu.gm_.ﬂ)wl.,w
© oo a 38 b ny oW " i X No ﬂla iy
T ] S o g I % T T LU L .
LB b o oo en 172} MML. g il ~5 Z.o =n e X J_Alx_ O# iy )
==z 9 £ g § XX YO o R T
o 3 E T g™ BPEIRT me o, PR
o 0o ore oo 5 ;/% T Eraara N
B - o dr - P - o)~ > -
s o £ 2 owz%ﬂuﬂ@ﬁa TE 4w T b
T oleE 5 s Srmkimg B airy  FR
m o[®3 & 88 9w _AH%F _LoaWom maor o
a E 2 o E & > Ay = oy N ot gy NS &o;ﬁ o -
4r al ¥ 8 o 2 = 4WL§NIHHT£oEoﬁATMor o) tm@ﬂroov
o P & 8 9 TTTEABE L Ko > E o
o 5 2 0o " E 2 g Emy T G
7 TEOT % S Y~ I I T el PR
= ° o m, 8 m @Mﬁorﬁwmwﬂ%ﬁ%ﬂ Mmﬁugmﬁmﬁmﬁcmﬂ
= I o W . 0
T a0 a2 - 5 MﬂlW%mx%_@wwmﬂrﬂ%%%%a:q
< o o # = v = K
> 4. wl T JTESIEIER_RLZLLEES
W py _]O _ 'S
¥ g g g 888 ° < g g g g @ > %%ﬂﬁ%%%%%ﬂ&%% TN T B
i ” (M) @1el Jajsuel) jeaH Wa (M) @1e1 Jojsuel) Jeay WnWIXe = FAEsSsT O w® BN A4r B o & No ok o
.&.O
B = ) = H N T g
i o) X o) B N B A ) = o ~ o o o T K0 X
i THEEN GV ERARVEEEEELZLRT T WX
X 3 < ]hgmovLe — " "N T o0 T 4% — £ 2y s ~ my
il 2 0 o o ~ — ™ - X = =" B = _UT ;oT ,ﬂl ~o
©oa 5 S o 2o o ITETE T W T R T 2 = o N
3 bbb Y ~— = ™o = T ~ = T oS H R R S
= P22 gt g2 ®EREW nw_u/rgdw?%oﬁur%_/ququrwww&mﬂ o %CME <8 o
= 0 17 — 7o W 1 X ﬁﬂmmPo N0~ ° - = i
= O g WL _ N = M = © o xe A gL o Wl By Mo B
<0 00« g s e N T oo Ry I N o R o ol
— E — ~ " o= N N N TH o o = it B
° 7 5 2EER R aERT,RNRLRR 20 B E
H O \enwm ﬂﬂﬁ o A IFa B EOT = No EE‘O|1Z_.~|1W E.w‘m B \mﬂ‘_lu_m zl " TN M_l
o oty Dgai? Tmy,Pel T L S
R 7 ES oowm L TR TEe P o o A W H oy, ok Bl
< o) 0 R e B N v W E . my oy o o
N S O © & Mo T 7T Nk ﬂord s N A= o xbdﬂaauodﬂmﬂ _u_om,ﬂﬁdoﬂl
Z 38 g o & ok o @VNJ%H3a_ﬁome,ueooﬂaﬂ.ﬂngm W B E
& J0 O S % M Eewﬁuro“uariq = W e O =% ¥ ﬂrﬂ
5 <0 0 Yoo muE AT @u;ﬂ9 M%%MH@ 20 eF R T il
8 ¢ 0O 5 \IW/FL“% \_IAOH ﬂo _~I1‘OI7 N OT.:_ HOOE |‘M ‘UJ.A;O‘_I
) a }7] NI el = HTME o H 5 . |
= a8 0 ~ E %%Eymﬂdr.wmi%@? P B I MO E e
99 %9 ¢ % T mU P oo TEY NSEEEE 7 o8 l2EE 2
4 980 . = %%Maﬁi]ﬁ%%%mﬁmwm% I S e s aF o E
® oo T THE T ML A O E T GO T R o 4 R %R
(;Ww) eale Jajsuel) JeaY SAOBYT "R _z_.o 5o 5T o T T OB W R O W B oy o A U B T \R Y g T

adhe AdE B3Ath(Fig 13 3x)

1

7F&0]



576 A g g - AT

Table 3 Conditions of previous studies for heat transfer effectiveness on hot surfaces

Kendall ¢ 0
Present study and Pedersen et al."”  Dunand et al."®  Lelong et al.!”
Rohsenow"
Diameter(mm) 2.0 0.22 02 - 04 0.18 0.165
Velocity(m/s) 02 - 15 091 - 3.0 2 -10 10 5 - 7 (normal)
Collision angle(®) 90 30 - 70 90 10 - 80 30
Substrate material Platinum Copper or Steel Copper Nickel Nickel
Wall
temperature(‘C) 425 100 - 400 621 540 550
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