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Figure 1 (Color online) Schematic of the liquid evaporation problem
in nanopores.
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Figure 2 (Color online) Schematic of the vapor molecule motion and
mass flux distribution in a nanopore.
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Figure 3 (Color online) Distributions of the vapor density along the x-axis for the porosities of 1.0 (a) and 0.417 (b), and the inserts are schematics of

different porosities.
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Figure 4 (Color online) Contour plots of the vapor density with the mass fraction of noncondensable gas being 0 (a) and 16.7% (b) (0 <x < 0.6 um).
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Figure S (Color online) Simulated and calculated liquid evaporation rates within nanoscale channels under various conditions.

224705-6



SR PEREE MBS 1 ORCE 2024 0 B 54 % B2 )

B AR = M WME I 45 A N e) T EIEIE I o T
FEHF Ry, Hryik B nanochannel %t v ik 0 H 2 $a
Wi .3, Byl it e, 3F 2 — B RE(9) &
BT, A5 AS BT ) 2R AR R P U L 2 K (9) 3
S5 RAT. MR 3N T R AT R 2 3N R R 1) e — EUAE,
AR MAR I 78 A . i B AT 40, AN SCEE ST I B,
SRR RS R T w = OB X B I DSMCHE U B, Tl
MR ZLEA R FLBR 2GR FLAR LL A T IR FFE
IR, 1% AR T 3R R AR F S, SR i m] Sk,

43 M 5 o B ] 5 SR, BT I 75 R B 1 g B
Po(T,)/P G RTIER, Bl AS #5805 7 w3 K Jik
AN SRR B S S, TR AL K AR LX)
BRI REFLW. ALK, = 0, w = OFIIENLN
i, FLBRZ N D = 0.6250F K /7 L 1.8%F BL ¥ 28 K Ik Zh
27.5kgm s, TALERZ A = 0.4171F # [ [E A7 Eext
JSE )75 R IR EALH16.8 kgm s, T HHZEIT38.9%.
FHak, XL FLERZ 0,625 42 L4373 90125 5
HEEIR, TR 776 18X N I 7% S 43 il 27 .5 A
13.9kgm™s™", MHZELA50%. 4250 AL T 9K FLiE
PR, 78S AT FL A RS BE 7 s o B o i A 7% R T
LR K, %55 R 5 ke — 8"

BT B 75 T R ] El B VS ARE AR A e b F
FE T w = OFE NFEHEXS AN F 544 T 1 28 R Id 2R i3k
1T RENALE. EloFT R ALK+ LR
MZEREE G R, Hhm"Rox S EMFETw = 0
I 2 A 2R, MBI R AT e BB o5 A B B 40 B

1.0

L/h,=0
0.8
€ 06+ * @=10
¢ @=0625
04 4 ® ¢=0313 g
/
0.2 5 4
40 \\ 3 «\’\?‘
30 Q
207\10\/4 2 o4
W (%) 0

6 (MIZERRORZ )T BN KR LS R

Figure 6 (Color online) Dimensionless evaporation rates.
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Figure 7 (Color online) Comparison of liquid evaporation rate within
nanopores by DSMC simulation and by model and correlation.
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Modeling liquid evaporation in nanopore and the effect of
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The liquid evaporation process in a nanoporous medium under the influence of noncondensable gasses is a fundamental
problem in energy and chemical engineering. Based on the kinetic theory of gasses and the moment method for the
Boltzmann equation, the flow resistance of vapor in nanoscale pores or channels was analyzed, and a theoretical model
for the single-component evaporation problem was proposed. Further, direct simulation Monte Carlo was performed to
study evaporation in the presence of noncondensable gasses. An empirical correlation was established to predict the
liquid evaporation rate. The results showed that nanoporous evaporation can be divided into three parts: vapor flow
within the nanopore or channel, kinetic expansion out of the nanopore, and convection-diffusion flow of vapor
downstream. The porosity and aspect ratio of the vapor-occupied pore section have a profound influence on the
evaporation rate. Moreover, the effect of noncondensable gas is more outstanding at larger porosities than at smaller
porosities. The liquid evaporation rate can be reduced by 50% when the vapor-occupied pore section has an aspect ratio
of 2.5. The model of single-component evaporation combined with the empirical correlation for dimensionless
evaporation rate can predict direct simulation Monte Carlo results within 10%.

nanopore, evaporation, noncondensable gas, direct simulation Monte Carlo, Kinetic theory of gasses
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