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Abstract: To systematically investigate the influence mechanism of ambient temperature and pressure on
the single-droplet evaporation characteristics of the environmentally friendly refrigerant HFE7100,
the suspended droplet method is employed, combined with high-speed imaging and thermocouple
temperature measurement techniques to simultaneously observe droplet morphology and internal
temperature changes. Experimental results indicate that the single-droplet evaporation characteristics of
HFE7100 are significantly affected by ambient temperature (50, 100, 150, 200, 250 *C) and
pressure(1, 10, 20 bar). At high temperatures (=100 ‘C), evaporation exhibits a two-stage
characteristic: an initial heating stage and an equilibrium evaporation stage; whereas at a low

temperature of 50 °C, it only shows a single-stage equilibrium evaporation. At 250 °C, due to the
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small difference in component boiling points, bubble formation and rupture can be observed, but
their promoting effect on evaporation is limited, and high pressure (10 and 20 bar) significantly
reduces bubble size. High temperature significantly accelerates droplet heating and evaporation
by enhancing gas-liquid heat transfer intensity, saturated vapor pressure, and gas-phase diffusion
coefficient, but it increases the proportion of the initial heating stage. Furthermore, the influence
of ambient pressure on evaporation characteristics depends on the ambient temperature. At a low
temperature of 50 C, increased pressure reduces the evaporation rate constant by suppressing
vapor diffusion. However, at high temperatures (150,200,250 “C), pressure accelerates droplet
heating by reducing latent heat of vaporization and enhancing convective heat transfer, thereby
increasing the evaporation rate constant. These effects (promoting droplet heating vs. suppressing vapor
diffusion) compete with each other, ultimately determining the impact of ambient pressure on

droplet evaporation. The findings provide an important theoretical basis for the optimization of
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spray cooling technology.
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Table 1 Basic physical properties of HFE7100

Wy B B EEIER I ey
I3 F C,F,OCH,
SFIRE/ (g mol™") 250
i/ C 59~61
Il S 3/ °C 195. 35
It #¢ £ 77 / bar 22. 28
AN FE SR (25 °C) /bar 0.27
WHIEE/ (kg » m™*) 1510
FWIK S/ (mN + m™ ) 13.6
AR/ (K] - kg™ ) 111.6
WA/ (K]« kg ' = C™D) 1.183
WAHMGR/(Wem™ « T 0. 069
(AN 0.4215
AR B e 297
AR EE 0
KA F5H/a 4.1

1.2 AHHREANIER

Pl 1 RN T %5 P A 55 PR 78 & T AR R
GRS R B, KRG EE R R RS R
BE IR G R AR R KA 1% 7R G DA ST BE R RS
KOs R ARG 4 TN .

JE S ¥ R 50 R X2 S50, R 1 548 10
PR A ] 4 Sk R DXORT g T DX, AR T R A7 Gk
50 barf s . Ry # & G0 H LAY A= T4+ A K
SEH) 50 bar B fE R IR . I B R AT GA
700 °C IR BEEHIREEE R 41°C, 7R E B4 BE 3B
TR A i) X R T 15 T A A B 3% S L 7 L 0 i) e
BAZ PR O BB, R FB 3% 09 W% H T 5%
T B A R RS AL R

VBUTH 1 B B A% 1 FR B B R T R T VRO LB Sk
AR P B SR K AL i 22 (CHAL-002-24) LA
Je W2 1 e ML e e . 3 TR R VR AR A
TR T He ok RS B AE W A Sk L D i
HL ALK V0T 5 A I B R FE EL AR R 50 pm 1 PV {1 22
BRI N L (55 kR A
1R 725 FL P15 ] B fle & e % 15 B 0 B8R R 4R R
g8, WMr LA 2R 64. 5 mm, fr K AL 2% B
4 200 mm/s, W b I B 38 e 2 BT F B s TR )N
F 0.5 s,

BE R ARG HITHEHL NI DAQ R4t oA A




110 3

(3

i

N

EE O %60 %

LED 3# 5% IE Al CMOS @& s S4B . R H &k
%ML (Photron FSATCAM SA-Z) in 24 a5 55 3k
(Navitar Zoom 6000) , it & 7 5oL IR, L R £ I8
WA KRR . EMECRARII R B N 1000s 1, 4
e 1024 X1 024 REK BRG] R 1/100 2 s,
I K A O 19 E g

b, RAEF R 500 He, M@ B SR b +0.75% ¢ (¢
BRI B o rh T AR R 22 AR /N RO W b
B 1/10, v] Z i 44 el 1 22 X % 0 28 & 1
mi o) AR A TR E A E R 5 K, L
R i X 0 15 22 A 1 4 R ) o 1 e R T

I
I
I
! i
1 I
Il I
Il I
——————————————————————————————— it |
e 1 >
. e R R
LR i X JE )34 [
TR cor @) | ||
| I : | I ocoo '
Y - L 1
| | ! ! HER| |
E i ! [ : SEHLA !
| | Lo S : . :
| | o e ; | o ) !
| | EH: AT S ! e |
| ! e Wi ) | nIL‘ ————————————————————————————
PN Foooee e T i R S
| | : : a 411 +
! D1 - Hely 8 T maL ‘
| | ! e Hn | )
e - 3L o P
B L D - i ' (EERSE |
: o : e P :
! ! i E Sl L H "Rk !
i P [ I I I | s TR e | S : !
| ¥ | |
| | ! | |
| | ! .
| | A

h=x

=y

K1

______________________________________

1 v T 8 DA B 05 BP0 28 A AT LA Ik 8 2R 68

Fig. 1 Experimental equipment for single-droplet evaporation in high temperature and high pressure closed environment
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droplet under different ambient temperatures and pressures
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Fig. 7 Definition of droplet normalized lifetime, duration
of initial heating stage. and evaporation rate constant

of equilibrium stage
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Fig. 9 Evaporation rate constant of HFE7100 droplet under

different ambient pressures
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stage of HFE7100 droplet to the total normalized

lifetime under different ambient pressures
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