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The present paper reports on the results of a series of authors’ parabolic flight
experiments on spray cooling in addition to ground-based experiments in which the
influence of heater orientation and the behavior of rebounded droplets were especially
studied in detail. Water and FC-72 (perfluorocarbon) were employed alternatively as a
test liquid sprayed from a single full-cone nozzle onto a Cr-plated surface of an
electrically heated copper block for transient cooling experiments or onto a transparent
ITO (indium tin oxide)-coated surface of a glass block for steady state experiments in
a relatively low superheat region. Each experimental run was accomplished within
some 15 seconds through which a stable reduced gravity condition (0.01 times the
terrestrial gravity) was maintained in the aircraft. Cooling curves were obtained over a
wide range of each of the following parameters: the wall superheat, the spray volume
flux and the Weber number for the spray droplet. It is demonstrated that the gravity
dependency of the spray cooling characteristics varies with the spray volume flux and
the droplet Weber number. Qualitative interpretations of the observed gravity

dependency are provided.
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Table 1 Spray Parameters

Coolant | Spray volumeflux | Droplet diameter | Droplet velocity | Weber number
D, m¥/(m?-s) d,pum v, m/s We
Water 0.000142 68 5.6 30
Water 0.000136 92 51 33
Water 0.000197 60 5.8 28
Water 0.000370 386 10.8 622
FC-72 0.000225 60 5.8 283
FC-72 0.000217 54 2.8 59
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Fig.6 Comparison of spray cooling characteristics for water

with different orientation of transparent heater

0000000000 000000000000
000q00000000AT, 0000000000
DooooooooooDo*®o

Oq0(AT.)"D 1)

sat:

goooobbbooooooooobobobooog
goooboobobbobooboobd m=1.7
0o0ooboobOobbdOm=1.9+010000000
ooooboooo
goboobooboobooboboobbon
CHFO ODOUOOobOOobDboboobuoobooboo
0000000000000 00FIg.8 000000
ooooobbooboo0ooogoobobbooboooog
goooobbbooooooooobobobooog
gboboboooooooob onuboobobo
OOMHFOOODODOODOODOODOODOOODOO

(a)Upward-facing orientation,
D=1.97x10" m*/(m’0s), q=430 kw/m’

& ;

(b)Downward-facing orientation,
D=1.97x10" m*/(m’0s), =450 kW/m’

Fig.7 Observation of water sprayed heater surface
from rear side



gogobobobooooobobooodwedonnon
gbOOwes30UODOO0OOODOODOODOOOO
goooobbboooooooobobboboooog
gooobgooo
ooo®oooo0000O0O0OooOooooon
dboweQOD0OO20000000000000O000OO
goooboobobobowegs8ouonboonog
ooogoobooo0ooooobbbooooog
ooogoobooo0ooooobbbooooog
goooboobdo WeldD soobooboonoo
goooobbboooooooobobboboooog
ooogoobooo0ooooobbbooooog
ooogoobooo0ooooobbbooooog
O0FgOOOOOODOOWeOO8OUDOOODOODO
goooobbboooooooobobboboooog
ooogoobooo0ooooobbbooooog

r . ' Ea'nsiﬁnt glate
A e e e

0 =1.97= 10 m Hm" &l

ﬁ_E‘ ] - e 20
P L]
x E i AT, ~T4.9K
n
o l“
::3 3 " w lUpward
_E apal y T Downward
I a "1
1 * '
N H
. . ;
3&. J
H] Mu .
Caoctant | Water .?_Hl'h st t
al. . ' tLT 1 . .
| 170 oo ann

Supermeat, AT, [K]

Fig.8 Comparison of spray cooling characteristics for water

with different orientation of copper block heater
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Table 2 Results of LDV measurements for rebounded droplets

Coolant Spray volumeflux | Droplet velocity Ratio of Droplet velocity Ratio of
D, m3/(m?-s) at heater center rebounded at 15mm from rebounded
v, m/s droplets at heater heater center droplets at 15mm
Downward center v, m/s from heater center
Upward Downward
Upward
Water 0.00014 78 -21 0.54 6.2 -1.2 0.60
Water 0.00020 125 -27 0.56 10.0 -1.3 0.57
Water 0.00043 106 -19 0.15 95 -13 0.13
FC-72 0.00005 31 -12 0.16 33 -12 0.16
FC-72 0.00007 47 -08 0.15 44 -13 0.17
FC-72 0.00011 34 -11 0.15 27 -13 0.13
FC-72 0.00019 55 -1.3 0.23 53 -12 0.14
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