) 32 Z 3R Acta Phys. Sin. Vol. 75, No.1(2026) 011002

ZSBNGFH T o FREXT &N ZREE 20

W E RV BRI

KED TER?

e

FRE?

1) (PFRHE R AR TR S @B, 450 621010)
2) (PEZESS IR S KRR, RSB IR, 4 621000)
3) (PRARHE R F M MR BE, 4iFH 621010)
(2025 4E 9 H 14 HUL#E; 2025 4£ 10 A 10 H U2 E k)

AR SR - SR TRTAR ELATE JH 2 00T 1 0 TS0 VAT 9 PR35 o ) O 2l R e 2 O T B R T AROU il
IR R AN T 53 8l J A B 5 1 A 8 A 3 7 AR 2 SR AR R O T A A A A R R T R S B RE
HEIE NG F, AR SCR 2318l 1 A BN ST 155 B3R AR ELAE . Gl B O (SS) FEZERU (CS)
Tk ZGHHE T - URE DO I R B R . L T AR I IETE A R R A | R AL | AR 1
R AE SR R R B AR SR TR AR AR L. A5 3 073 N AR BT AR T R A S S S R ) R OO
. BT RO I 22 5, AR T 2SR GT SR AF T A 1 AR RO A BRATL R, A s S SRS E A X

PR3 THAR ELAR AR S {1 1 o SRl R 4

KR T, USRI A, 3& R R R, RS

DOI: 10.7498/aps.75.20251261

1 3

KA RS (MEMS/NEMS) | fi#i 4 &
FT A AT 4P 2 G0 25 40 ) P e 4, HE Bl T X
i AR S LI 22 L S SIS . AR R
TR B30 R S AR (Kn) 1Ak, How SO AR
TP A AR SRR B A, R4 Kn B97EH,
T4 A EEER (Kn < 0.001) 3R (0.001 <
Kn < 0.1), 2R (0.1 < Kn < 10), HH 2Tt
(Kn > 10). 24 0.001 < Kn < 0.1 i}, AR 4L
PEARBEARER BT, (R AR JC I RS I A SR A AN P
H. B Maxwelll®) SE 2 Pl AR Ze vk i o Al ]
WRAE R A5 LY Navier-Stokes (NS) J5 2
(3 FHPE. AR TR 5 i s afis i THEF
BRRAS, AR VA 258 PR Knudsen J2, HEREE

il

CSTR: 32037.14.aps.75.20251261

L) TARIE R R34 H . FEE Kn B K,
Knudsen JZ 23 H 98088 8 B8 AR BRER S5 4R,
A2 MG RE IX 0] 23 XA, Y Kn R
if, NS R EEMR RSB NS, KT R
Burnett!” 5% /= By Burnett!®) J5 2 55 J5 32 5K it #i 18
SR, BRI, XL VAR R AT AR
P AT SRAFAE—LE a8, i T 3R 2% 2 fEndE
S G A 0T ) e AR, OGRS AR I B0 Y
KAz BNBR G AR Y (DSMC) Jrik
RERSHERA AL B 0 RIERE T R, AL A PP & 2
WA R 4. DSMC fili HZ 5 | 2P 5 <AR- R 1H
AHEAE AR AR SRS 7 5 R 1 2 8] A A
YEH, i Maxwell #2851 F1CLL (Cercignani-Lampis-
Lord) #5241 L. Maxwell A5 Y J2& 5 5 42 ) 9 <0AA-
FUA BAE B, AR SR S R
R, &893 F R A8 RS, A R AR R

P TF AR IS (HES: 2024NSFIQ0062) FIPY RIRHE KEBFFT A QIHES: (LS 24yxc2053) BB IR

t BIE1E#E . E-mail: chenqi@mail.ustc.edu.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

011002-1


http://doi.org/10.7498/aps.75.20251261
https://cstr.cn/32037.14.aps.75.20251261
mailto:chenqi@mail.ustc.edu.cn
mailto:chenqi@mail.ustc.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No.1(2026) 011002

CL ##I i Cercignani A1 Lampis™ B ¥, 1%
TR VA —A A E PR R, HAE A IE. Lord i
— R ZAIIE N T DSMC, JER T CLL £
AL F R i B 2 BOPR S 1 R AR (ACs).

ACs f4 =R K0 1)) 30 1k B 8K (TMAC).

T 1) Bh i R (NMAC) F1RE i 38 1 & 4
(EAC), 70 3IZRAE TS T 1 V) 1 Bl | k1) S
DA BE et Xof 9 T )3 o7 A . AR S S8 AR -R T
FHEAR I EVF 216 00 N ARk, I TR Sk
T, AEAT A AR — S il i I s A S
228 s A=A T 22 1] ) 2y R 3 X
BT AGPIRESRIE R, TEMEZ AR 0T, X
SO A A TEEE AR b 52 IS v S R A R
AT, AT R R R AR SO 3
5 TR AR R 25 UL 8 AR 2 T AH LA AR R
J& T TR 22 RS IS e T, A5y
T2 AL A e e A 2R A AR,
MR T | il 42 25 2 3 BE e AT 802328 BIPIR; 7E50
JE T, SR AH EL AR 38 i R -2 1 AR A AR
WGV AT, 5 W B A A e
ACs i BEHCRE TS BRI L R | A ST LA
T 3 T RE RS 55 25 123, R [R) 7 ik A8 8119 ACs £7
TERCR 22 5, (BAE AR S 1o R 2 S I £
Pk, & ZERA IR A AR e, 5
R ACs FEA S S BRG], I RIEZSHA
2R T AU SR T ELAE LB AR,

ACs HYZRIOT V8 W AT B B | 1] 4220
IR VR =2, 20 AU W A EL
)7V, %5k [ AR ST AN RE
i, OB B 731 (0 R E 23 A1 R 3RAT ACs.
RZHEFEE R THRIERITE, FXAFART
PRI FAEA R R 25 R 10 b A 2E 47 1 F
FE 019 g5 RER I, ACs X R MBI 25 8 B2
S AR #2125 S . R 2 [R]—
MO RFIR AR}, ZEA RIS BEE T AR 45
AT 22, AT P T ARSI T
RTAEBR A TR AR Y BE R e R e, KBl
T EUN R BLA. EAE, Minton 45 P45 H, 7EX
B s i e, R R Y R $3E A AR
SHRERFAL N R TTANAE. [ J7 35 A AR AR
VBN A 2, BRI ACs. T3
TET S 285 R 196 3 25 DR 28 7 R 22 B s e v oK B
T8 5E , PRHCTERG WA T v & 2 MR v HAT AR

K. Tekasakul 55 22 R B2 F ik, W& T
Kn 7£ 0.002—0.21 Ju I A G AR XX 2 1h]
B TMAC, 2550 0.847—0.938. )5, Jousten
I R T AR TEAN IR T Y ACS,
RIL ACs 5l EAT S, T 0 & ik
L eI TMAC 8 EAC, It JC#E AT CLL
G2 SRR R T AH AR AR,

3 F 8 1% (MD) B 24 S S AR- 3R 1 A
HARE SRR T 2B A, B R
AP, BV AT B sl AR (SS) 7k
TEFUN AT S, ARG A 2R 1 1) R
AR B HAA R REALYE, H 5 R A 2 i Fl e &
T N AR O TARROIRAS. Arya 25 24 BIFSE T el
KA MR T RE TS RS B4, B ACs 5 ZUAR
T TORDRE B AR 5 SR B A BEIR B
bh, SRR EIRR T Kn 5 ACs )G Z 2520 4%
REBWBEE Kn 3R, SRS 5 3R 1H A8 N AR B
AWK, IF BAERARA R, ACs X iR
FEI v ORI 27, AR S A K T AR B
PAPASCALL HY ] UL 81 T R 3 A7 ik R BB A 25
IEEG. SR, T AR Fad TR, XEL
LRI U AT BLAh, Z IR R IR AT IR AR
AT SRS T TMAC, T NMAC #l EAC
JCuk i 7 AR SS i A SR TR
BT AT, S —Fh 8 L R e IR
PR FE A, S 53 B Pz sl B2 IS oz
WL R RE AR, DA A B2 2 T AR A R O B
ACs i H T Bl Peddakotla %5 28 {58 1 4 5401
AR ENEM, 5 CLL BB 45 5K k17
TXECEGUE, 4387 T ASFASTSHOT ACs (520,
Sipkens 1 Daun 9 JIJ B 3¢ 73 Ji - #BE 15 $AGE by
FECR, HE T F AR FORDRE B <R+
BT N Y5, JEARE Tk M | AR T 7E S R
BT P HGE R, 55 AR LS AR T
fAREARE R, ISR R AGPIRE N R F1E3R
THI AL FE . 18 2903 B0 fi i T T 5%
TAFEIAG B B SRS R SR AR R T Y
FBCART RE . SR T 5 T I R T AR R A DR X
ACs [R5 M AL 1 A 2 57 3 5l PR, AR R A5
SESAFHET . BT AR S B X M R m, i S
o 1A (AR RS | R )23 B A AR A A B Ak 2 B g (4
AAbfEAl) SRR M it — SRR,

H AT, MAA SCHRSEIE S R BUE R 7 8

011002-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 75, No. 1 (2026) 011002

(IBEPERRIE. KB IE 3 TS MAHG R B R Tk
£, AR XIEAKET, M2 ACs 1 ZE A
L. VFLIFoTE B33 KB, oIS s o D~
LR RAT B A0 R B9 IR R AN R A T P, ARy
T 53R EAWMAT R, B2 E %
M) A5 43T R BUR R AR 580 SS T 2% T/,
oy Z IR A AR, 58 AR 300
ARt (L b S AE R R N R AR T 5 R
N AR, BR T EIRBUE T, FAa g ST
AR TR BLAE FHAR AR IR A 146 0l 156, 45 3] A A
SRR R A A RS IS R AR G
. AN, —SERFGR SR LA 2 2] A T
FEHE T AR - T A AR AR A BT 5T K
T T B L A AR AR (39:40],

SR, BUERU S MBI EE G HOR 2T
MR- T A BAE A G, 5, Tao Al
Wang!"! $ T — BT 19 % 2E U U ik (CS). 3@
I ANF A SHCT WA A B R WU, X HASE
T EAANEUR (SS) ks CS ik ayiE e, €S
AT AEAER SS ik —Fhy &, I A AR
KR REAIFHRERE . T AR A ST 14
T ACs 2R B3, HRAIIEE Ot ooihs) i
Wi N AT 220 PR, SRS 2T & 2 S8 %
7 CS 5 SS ki 2 7 A Fr k. A SCE X EE
A7 BT (B Rl S R AT A 25 S A B,
it MD B R Z R S8 (R THIRE . A S
A8) X ACs BsZmabLE]. ) B 1 1 AR A
& JREAFR U 1Y 73 3 J1 2288, XL T ANRDE
BRI T CS M SS ik FALIZE R FHE T WiFh
BT 225

2 HKEAEN

2.1  fEHIAT

AR SCR FHITF IR LAMMPS #6547 MD #542,
Ovito HI PR R G AT AL, BELE T R E N
31.36 A x 31.36 A x 50.00 A, Q& 1 frs. by T
UL B8 1 A% 3 3 T LA P A A B AR A 12
A A SCR 3 F B 2 J7 5 21 Phantom BE AR
R 347 A R BE T I ok R 32, Ho
BEI IR T e )2, gEdeRE s fafe e I L
PR AR 57 £ H B8 Phantom J2, Z B2
TR IR A (6 B S 0, BE L I IR 55

i), PRARIE R e BTN SRR, oS
SRS TR ELAE I 52 3 R BOVE . BT R R
F FCO(100) fbAHEAR , Aks 5 40k 3.92 AL 7 o
F1y 7 Tyt R P T A A AR AT

FUURTIZ

Phantom/Z
o S5 T2

1 23 T8l ARl & 7o A

Fig. 1. MD simulation box schematic.
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Fig. 2. Schematic diagram of the incident angle of gas mo-

lecules.
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Fig. 3. Schematic diagrams of surfaces with different rough-

ness morphologies: (a) 1D sinusoidal rough surface; (b) 2D
sinusoidal rough surface; (c¢) pyramidal rough surface;

(d) random rough surface.
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Fig. 4. Variation of ACs with sample size for CS and SS
methods on a smooth surface: (a) SS method; (b) CS meth-

od.

3 ZRATR
3.1 ACs #HHEREENTK

Sk B UE B L TR B IR #bE, AR BT
Kammara %5 28 3¢ F @ 140 B A/EFH A9 MD £ 4.
AT R MB A 4t A S AR5 F e Y] 11 1) 5
B AR, R B E 19 MB 4345 R v ) i B, L
i CLL AL MD BAULAY S S SRS o0 A e
T, ZERANE 5 iR, Al AR, A8 22 ) i)k
100—500 m/s HFEEIN, A3 SS 75453 TMAC
5 Kammara 55 P8 (1) 25 5 i KA 22/ F 6%, CS
TrAER SS TP R R et 2 T A7 A.

0.8
- = - This paper
- —— Kammara TMAC result
g
O -
s 0.6
5]
Q
o
g
= 04F -—'""__"‘“&L §§§§§
_‘§ \.%
:
g 0.2}
o
<
100 200 300 400 500

WIS/ (mos—1)

[l 5 ZARSCAI Kammara 55 28 15 ) (1) TMAC 458X} H
Fig. 5. Comparison of TMAC results obtained in this work
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Fig. 6. Comparison of ACs obtained by the CS method with varying MFP and by the SS method on surfaces with different morpho-

logies: (a) Smooth surface; (b) 2D sinusoidal rough surface; (c) random rough surface.
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Accommodation coefficients obtained on a
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2.0 0.669 0.533 0.538
1.0 0.637 0.446 0.498
0.5 0.612 0.408 0.425
0.2 0.491 0.269 0.278

M, FEEASE (2.0 nm<MFP<10.0 nm)
T, BEE A AR X R, SRS
BHAS AR 5. UL 6 FORFRIIEAS FE A9 ACs
Sl Ay <E)

G L BEAR (MEFP > 10.0 nm) B,
W 110 R B E 225 1 T S = N N 1
UE I MFP = 10.0 nm B9 16.39% % %
MFP = 20.0 nm ) 5.57%. K, SRS EERIRHAS
VEFRZAEA5 7] 20, AEHEAE b vkss . i T
Fe M Z KR 2548, ) 1) 3l i 3 1 32 B RS
B G 5R, PRt TMAC BRI, xRS 3R 1, <
AR 3~ KRS 225 460 [B) 19 22 W ARG ) Bl 4R 4B K T 4H B
YEFRBS ] (2 SOA MRS A B B T A AR

X B [B] 22), 458 T D) 1) gyt 3h . A I KT K-
AR 980 S B TMAC FEAIR, 1 TMAC mg
et (2% MFP M 10.0 nm 342 20.0 nm A, Yt
F ST AT ) S A R RN 66.17% B
£ 65.19%, 1M 2D TE5ZHAERE M 90.66%
Th# 91.54%). W 7 s, BiE MFP M 10.0 nm
B 20.0 nm, VIR A AYF X SAR- R A EAEH
BRI 1.49 ps, TS 26 T SEA R4S AR,

Time/ps

25 101520 60
MFP /nm

Bl 7 R[S R T A MEP T 9 4 40k - 3% M L4 A
i ]
Fig. 7. Average gas-surface interaction time on surfaces

with different morphologies at varying MFP.

[F] B, S-S 2 23 (A SR S B4
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R 21w, AR DD S A TRz 2
k. B TR S5 A AE, 43 IR B — 0l A S
I TCVE R A SR T #4g, F B0 ) 2y 35 1 7 3 s
. 40, 24 MFP M 10.0 nm ¥ % 20.0 nm B, <,
5y 5 501 2R 02 5T 01 34 S/ N R B8]

011002-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No.1(2026) 011002

0.06 A, 1] 2D IE5% MBS R MHE fn 0.37 A. EAC X
B ASAARS3 T R 0 R 1T A3 I PR, BRI
S0 2 R AR A G - SRR A . PRIk, B
B NGRS — G REAR, YRl R NMAC BEfL
BAR, RLBE 210 Y NMAC 2 35 FRAK, BT A 2 1m0
EAC YR T RS St m AoHRs % m - sh 5
sy 22 5 IR T RIS X I ] Ak )
By i3 )5 A [R]. gk A5 B4 B 5 A S R
SRy A A X N R R S, i — AP X
FbT SS 5 CS ikl gs . EMRIE 3R
T, ¥ CS I AEAR MFP F 45321 ACs W 2
SS Jrikiy ACs, 14 EIE MR R ZEE (A0 2 Jrd).
SR, P FLBR LAXT R T SS ik ACs, 1595
PR 2238 A T 14.88%—5.21% =2 [a]. 1Ffhi 22 2 W]
ARG B AR RIS N, 0Pl 22 DU R B G BE A

#£2 ANEJEAFEM MFP F CS5 SS ik ACs 1Y
AR 2E(E

Table 2. Maximum positive and negative differences in
ACs between CS and SS methods on surfaces with differ-
ent morphologies at varying MFP.

FEIEE  EfmAEME TMAC NMAC  EAC

IEZEE 0.007 0.002 0.028
Smooth

e -0.028  -0.070  —0.004

IEZEE 0.020 0.024 0.018

2Dsin

e -0.143  -0.052  —0.013

IEZEE 0.018 0.017 0.017
Random

fi2(E -0.064  -0.080  -0.022

RfiE MEP #n, A SC3RAFH ACs 5 Tao
Wang!! #fz 38 9 B8 A8 b B B AEfE 22 7 (R
TMAC 1 EAC H R I X 5 TH R, NMAC A
[F]). s S Y TS0 o0 A G R R R T A R
SEBRSL R . R MEFP FVR A ST &1 F,
W P SRR 2 1 T B R S R B X
R (ANIEL 8 iR ). 2o e I AR 2 i 2 (i PSR
HRE M2 T, ARG T, HEEHKX
PR BRI, 5 B (R BELASAE FH T 220, (RS
ilf 48 5 - [ il 42 A g i A% 3k O B 2 R (W
3.3 Wr), Ml BE S N . Tao Ml Wang!'! A
78 W R FH A G IR (0001) FEim, P p
% MFP $#Hn, TMAC FF&iii EAC 7t

MFP/nm

8 ARIEAR WA MEP IS 1 W B R
Fig. 8. Sticking probability of gas molecules on surfaces

with different morphologies at varying MFP.

AR, H IR F B (195 u) i B T (12 ),
MR ETF (40 v) FiE A T Z ). & 2 0
TR SHR AR ) ) (L m sl R, V)
S AR /IN). MR, SRR TR ) &k 2
flf 48 DA T3 5 1. PRI e, FEAR R A4 1 T, Ak
1 ) Bl R RE B30 R R AR I %A R
AN T AR RN T AR N A AR R,
Tao fil Wang!*!! fBF5T#EME T RN 72

3.2 ACs EREERENTK

K9 s TANFEASRE T CS F1 SS kiR
13104 ACs Fifi 2 171 LB 55 (300—900 K) B4 1k
et R, REEART F A A TMAC
M EAC ¥ 2 TR, BRGH R NMAC ff
FrfasEsh, BRI NMAC B8 R ACs
Bor a2 TR RN AR LA 2 [H]
FEAE S 2R 0 AH AR HIBL.

T VL BE TR ACs (5 v U 40 Sk W A%
OALH R EMRME: 1) FimEF#dRsh; 2) £ims
S MRS TR A BE F AL B R

Bt TR T, ARPEASRT T TMAC
I EAC YRR, 2T 3R 1m0 7 1 IR sh 385
RE G RN R AR 300 K F+ 2 400 K B,
FAE 107 RS 3 N2 33%, i 25 145 1 3R
3. R, YRR & AR T AEROR B (R
B, W (1) NFR) B, B iR R 2 R
TR A e ik, PR AT A 3R T 54 B vl 1% WG AR
R M 46 S R E A D st ) o 400 ) 3 07 ok
WE 10 frR, e RE R SS Jr ik i W B8R
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0.7} 09l ool
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] 2 0.7+ 3
9] 0 9] L
= < e = 07
0.5} 6r 0.6}
051 0.5
04r 041
gl T
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T,/K T./K T./K
(d) 1.0 (e) 0.9
0.9} 0.8}
| | —— TMAC (SS)
08 07 s —+ NMAC (S5)
“ | “ | —— EAC (SS)
g o7 G 06 =~ TMAC (CS)
-+- NMAC (CS)
061 05 ¢ -+- EAC (CS)
0.5} 04f
4 1 1 1 1 1 1 1 1 1 1 1 1 1 1
300 400 500 600 700 800 900 300 400 500 600 700 800 900
T,/K T,/K
E 9 ARIEASFRMEAFRERE T CS 5 SS ik 2H ACs X HE  (a) JeHF R, (b) —4E E5X MRS (o) 48 IE %M RE 1

(d) FIEIEHBERT; (e) REYUHRESR T

Fig. 9. Comparison of ACs obtained by CS and SS methods on surfaces with different morphologies at varying surface temperatures:

(a) Smooth surface; (b) 1D sinusoidal rough surface; (c¢) 2D sinusoidal rough surface; (d) pyramidal rough surface; (e) random rough

surface.
—a— SS Smooth -o- CS Smooth
—o— SS 1Dsin ~o- CS 1Dsin
0.2} g —— SS 2Dsin - CS 2Dsin
X ~¥—- SS Pyramid v+ CS Pyramid
—#*— SS Random -#- CS Random
&
2
= A
g 0
0 L
300 400 500 600 700 800 900
Ty/K
B 10 AREJESFRE T CS 5 SS Jr ik W b 3R bl 2 1 i
iR

Fig. 10. Variation of sticking probabilities for CS and SS
methods with surface temperature on surfaces with differ-

ent morphologies.

300K A Y 9.18% % 2 900 K s (19 0.59%, [ i 15
93.57%. TMAC H# <.~ [ Al 15 YEORAR ELAE FH s
(], PRI BER B TS . EAC FREIRT W5 T
PRI ZR: —J2AH AR B Ta) 4 e BR ) 1 g St 3 1, (4n
B 11 s, e R SS ik A A0 B4 H
AFE] A 300 K R 15.51 ps B2 900 K K 9.79 ps );
TRRIE AR A R, (AR 200G
e, X —EATEOLHE FRLRS R e, KRR

—=— SS Smooth
24 + A\_ -o- CS Smooth
S . —— SS 2Dsin
~ -4~ CS 2Dsin
20
2
S~
[}
g
& 16
12+
300 600 900
Ty/K
P11 6 X 2D IEsXMBE R R CS 5 SS H ik PR

- T A E A FH S [ I 3 v R BE 1 2B Ak
Fig. 11. Variation of average gas-surface interaction time
with surface temperature for CS and SS methods on smooth

and 2D sinusoidal rough surfaces.

PR-F A AR B PR T RAE S22 5.
& 9(a) H1 ¥y £k A Borisov & P2 3 33k 52 56 I 15 1)
TER R EAC 4521, S5 R G 1 AR A IR
FEIRER T, B E T AR AR E T EAC 4.
S PRSI0 TR R A ) B A% AN [) ) 7
AT, IS ST — RS 2% . W LUE 1,
ARICGHEEE R GBI fE G FHA R
Gf—3tk, I R ENR TS B EAC B
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ANHIRRAE, S 2B B UE T SR TR T S P e
VS5 TE  ] AE

BEAR, ST 2 0 R AR ST TR R i
(AR RS 2548 (SR FH s 389 3 T T AR EL S, Dh A7 6 3 T
R A N [y NS I 7 = /AN W)
Sar = Areat/ Aproj s FoHT Aveat 7 B 35 52 BR 2 T TR AR,
Aproj ABGL AR, AR, YT 2D IE% KRS
T, Sa M 300K A4 1.21 F#ZE 900 K A4 1.07), Hll
55 T R RS 25 04 XoF 3 I Ao R 0 42 HE AR, S
TMAC #1 EAC [ R Tt K. sk 3 s,
4 JE T IR A 300 K T2 900 K B, S KT (SS
753 1) TMAC [ T 0.21, EAC K T 0.14,
TMPHLRE R T 1) TMAC FEig Y 0.22, EAC FEIE
Bt 0.20.

* 3 AFJEZRM T SS JrkAE 300 K 1 900 K K
TREEARSIM ACs MZE(H

Table 3. Differences in ACs obtained by the SS method
on surfaces with different morphologies at surface temper-
atures of 300 K and 900 K.

e TMAC NMAC EAC
Smooth 0.213 0.009 0.140
1Dsin 0.325 0.124 0.270
2Dsin 0.335 0.141 0.249
Pyramid 0.286 0.107 0.226
Random 0.236 0.111 0.224

5 TMAC 1 EAC AJa], NMAC 9748kt 34
AN R AR 0 25 5. SR T i A
s 2 T ST AR Sl X 12k 1) By 3 1o RS I AN ] %
TR, JFFHIRN 5 R GORGGR AR T 43K
Sk & THTRELAR B 3G, DT 3G 5 7% 1] ) B3 Ny . AH
B, FHRE % T 3252 ) - AR S g A oV H 32 =
PIRBT i TRRE R T R 5 (- —Be g
Se FRE), M55 T HAF S 2 WA -[ERE A RE ST, A
TP ) S aE . ARG 2R, R T AR 3l
PEFERL N 5 R 3B RN A H KT, T NMAC
KB A R A MR RLRE R, R R
SISO FRE A s k0 = fin, 2L [R) S SO RS
KK NMAC FRE.

HARE B2, Mg RIS, CS 5SS
TR EAC (B e BEEZE . X T iR 3R 1w 1]
SR PG Re R £ T TEN R (RO R R
REAR I8/ TR EAE DX PN 43 5, (R 4R i <C-
SREREXT EAC M52 ss. B 12 J@os TRl R

i~ CS J7ik AST o+ By SRR fE 40500, B 2
BT AR 2. X — B G AE ' i RO RS
T T AR, Pk EAC Xl 708 4015 A SR,
HAR AR F2 2Ly AR-ZR A ELAE H 3 T 0 BB Bl N

12 CS J5 3 A SRR 3 1 B 200 g 45 0L 3 ]
Fig. 12. Typical collision trajectories of incident gas mo-
lecules under the CS method.

3.3 ACs BEANBHEEHTL

3.2 R TR AR EEXT ACs H5ER, Ay
D) [ At A i, SR AR AR A3 A S R 5
NS B SR FRIiR shae, S 3%
T 14) 2 R i

BT CS A SS U7, At AR AR
I, ASHEE V8 2—4 5 V, JEE Y ACs.
& 13 itz , PP 5 245 B 1) TMAC, NMAC Fl
EAC 5 A G B B pE A% = AR T,
ACs (7840 3 2 b R HLR LRV — 7T, %5
1o A R B (AR R IR AR 1 H95,
T3 58 BEFE G . 1] 14 OGS R yoz - i 4 HE
Sy B, FH UL AS RIS AR DX 8 ) A X 43 A 5%
. FPARFEBEUH T X 3EE X IR, JFAFRR
E LSRR, AR MR- 3R E AR EAE AT ) 4
AVAANIX: Zone 1 (ToHHEAEHIX) . Zone 2 (W 5|
[X). Zone 3 (HEJ¥ X)), Zone 4 (BEJFFHHEX).
IR T SS kTR R R, SV, 2%
= 4GV, I, SRS TAE Zone 3 5 R TR R
TR/ NMEE  1.85 AVV/INE 1.62A . H—I7
T, AH B AR FH B a1 J BRI T AR sh it g it
MIFESME N, & ACs TRERYFZHZR. Kl 15 £,
ARIES LT R CS 1SS J5 ¥k i - 25 AR- 2K 1
AHELAE FH B 847 B A S S8R T v T BTG (e NG
Jy4.44ps). CS HI SS itk ACs a# iy — kR
B, fEm A T, R X ACs RS
e A R

011002-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No.1(2026) 011002

(a) 0.7 (b) 0.9 (c) 0.9
o6l 0.8} 0.8t
0.7t 0.7t
0.5F
3 S o6l S o6}
= = I
0.4}
0.5F 0.5F
0.3 0.4f 0.4f
0.2l ' ' ' ' 0.3 0.3
2.0 25 30 35 4.0
Ve/ Vs
(d) 0.8 (e)

ACs

0.6} —e— TMAC (SS)
—— NMAC (88)
—— BAC (SS)
-=- TMAC (CS)
-=- NMAC (CS)
-=-BAC (CS)

ACs

0.5

0.4

0.3
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Fig. 13. Comparison of ACs obtained by CS and SS methods on surfaces with different morphologies at varying incident velocities:

(a) Smooth surface; (b) 1D sinusoidal rough surface; (c¢) 2D sinusoidal rough surface; (d) pyramidal rough surface; (e) random rough

surface.

Bl 14 6 R yoz F R84 i 7 B
Fig. 14. Schematic diagram of potential energy distribution

in the yoz plane on a smooth surface.

SRS —E EAHF A EEE S, PIAIr ik
BN ACs B RAREAFE2E 5. X T R A
ST, AR R A (R 25 2 1 AT (e 2R A0
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A RE AL 18 7 AFAE 22 5. <[l b, BERbE S
il 58 5 A D A IR S O B R R ARG 1R
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> sl N —¢— SS Random
g N\ ', -0 CS Random
= \\;\ ""\,\\
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Vel Vo
K15 ARREDEASRIAA G HE T CS 55 SS 77k i1 1
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Fig. 15. Average gas-surface interaction time for CS and SS

methods on surfaces with different morphologies at varying

incident velocities.
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Fig. 16. Total gas-solid collision counts and average energy
loss per collision for CS and SS methods on a smooth sur-

face at varying Incident velocities.
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Fig. 17. Average relative deviations of ACs between CS and

SS methods on surfaces with different morphologies at vary-

ing incident velocities.
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Abstract

In rarefied gas flows, accommodation coeffcients (ACs) serve as core parameters for gas-surface interactions
and play a crucial role in the accuracy of mesoscopic model simulations. However, there exist significant
discrepancies in the ACs obtained by different molecular dynamics simulation methods. To accurately
characterize the momentum and energy accommodation properties of rarefied gases with solid surfaces under
non-equilibrium conditions, this study systematically investigates the gas-surface interactions between argon
molecules and platinum surfaces using molecular dynamics (MD) methods. By using single scattering (SS) and
continuous scattering (CS) methods, the effects of gas-gas collisions on tangential momentum accommodation
coeffcient (TMAC), normal momentum accommodation coeffcient (NMAC), and energy accommodation
coeffcients (EAC) are compared and analyzed, as well as the operating rules of parameters such as surface
morphology, surface temperature, incident velocity, and mean free path (MFP). The results demonstrate that
gas density exerts a dual effect on momentum and energy accommodation: at smaller MFP, the high gas density
within the interaction region impedes the accommodation of subsequent incident molecules with the surface,
resulting in lower ACs; at moderate MFP, gas-gas collisions promote the accommodation by increasing the
frequency of gas-surface collisions, thereby enhancing ACs. Within the MFP range of 2.0-60.0 nm, the deviation
in ACs between the CS and SS methods ranges from —14.88% to 5.21%, validating the dual role of gas density.
Furthermore, at larger MFP, the TMAC and NMAC obtained via the CS method exhibit different trends with
the increase of MFP across surfaces of varying morphologies. In contrast to gas density, increases in both
surface temperature and incident velocity shorten the interaction time, resulting in reduced ACs. Notably, the
effect of temperature varies across surfaces with different morphologies: elevated temperatures on smooth
surfaces enhance the thermal fluctuations of surface atoms, thereby increasing NMAC, while elevated
temperatures on rough surfaces make the rough structures smoother, thereby suppressing accommodation.
Under high-speed incident conditions, gas-gas collisions enhance NMAC on smooth surfaces, inhibit both TMAC
and NMAC on rough surfaces, and suppress EAC across all surfaces. In addition, the ACs obtained via both the

CS and SS methods decrease with the increase of incident velocity on surfaces of different morphologies.
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