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MEMS #% 8 SRR ABi sh 425U 5 Y
BERRE (IP) &

v/

A E B2 B J7 U SOBT EE AR S 1 %508 %, JERt 100080

B E EESRTAEMIERBSARNG I3 B4 Boltzmann JF2J7 %%k, Lattice Boltzmann J7 %%
(LBM) . Inig#ia 5 Navier-Stokes 772, BAK DSMC Ji%, It BA1ZERE MEMS A I 458 4% 3 %
BB RS B i W, H P RE T LBM A 7 A A B S 4 i MEMS Hshin@. {5845
# (IP) il fRAE— MRS TR ARE M K B4 T I PMGE R, 5k T U BAR A 755 5 75 Ho /N 512 8 T
MIPRAE. ARSCAH T B ERIES.  MEMS #EBREh A RE s, BD ISR K M 58 L e L SRR
B i, B EE N A AR L R W T T DA A B L Xt (KUK RSN IP TR
B, W T RSP IR 2 A B Sp I 75 R AR A 3t vk T R T A X — . A BIRIAER Ik, FIP TR T
B PE (1000 pm) AE IR 30 35 152 55 Sk 70 10 U 000 W AR S 4 ) R, P 4 A 5 LA T S A 3l 3 A e £ AR
ft. Reynolds #2562 MAF, MFEM AT, DSMC kR miES % (5 pm) 5 Reynolds R T A%, 1E&
BEUUK R FA T SR 525 3L i 1) B A Reynolds J7 7R 4b R SR fgpiad 88 45 35k b () RS oA 8 i) A, AT SR8E T — A

A TR SRS P RS S 75 SR R UE SR MEMS Py Wi sl i) 4 7 3.

ES: 3]

MEMS, # i A4k %50, 13 &k Gk, T X, BTk, %&4& Boltzmann %42, Lattice Boltzmann

Fik, WA AN, RARANE$EE K, B4 Reynolds 742

1 5 8§

20 e 80 FEMRIFMWMIIMHEH RS (micro-
electro-mechanical system, MEMS) )i T 4] 1& F1 ¥
2R KRR AT, A sl 1 2 1A ROBE A
KR, B REAMPRER. WHETSER Y
HH®E X A 0.065um, S MEMS H1 B sh—
FEHEN T WA, A, I, A,
MABE B R R s ST . KRE T HNA
3o RS H R S SR B & R T VR IR R OK I L PO
HOAEA T EF B N THPK—®I7 %, Ak
{4, Boltzmann Jf#£ /7%, Lattice Boltzmann J5
(LBM), Jnig#id F 444 ) Navier-Stokes J5 2 J5

WCRE H 8 2005-06-28, & [E H # : 2005-11-07
* HREARBIES (90205024) #EBIIH A

O824 REFRHRE A LW ARMEZ RS EEBHERE

T E-mail: cshen@imech.ac.cn
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FIE #8454 Monte Carlo (DSMC) 54, BRAESE 2
R MEMS Hf R 3R B SR T30 1 — 2207 B il
LERFTEA. H A By DSMC 75 ¥ ik & £ B Lat-
tice Boltzmann 75 3 AN 3@ & 3K i i I8 4548 1 i) JBL.

DSMC 75 ¥ 2 &b B 33 — &5 385 I] R 1 & 38 1 77
B, E RS s E BN, 5 B 4
AN, AT SR S WX, 5 R RAF (informa-
tion preservation, IP) y:7E DSMC J7 2 I HE 28 Fp & 45
o FHFTHRERORRE S TFRERGE R, AXEE
EE, RN ERET wkix — EHER . £ 3
TAEBRE (IP) ARG — 7 I HEAR
WAl — L.

MEMS i AR FI K 4 98 L B 4F s 51N



N B 32 545 At AH T R e 9 O R B e R, R AT T 5
4 5 TP X SRl 18 U 30 i AL 4001 A 8] 7 3 B G a0
FEAE B AR A T SR A PR B 2K B & <P 4R 5 R
TR Ay it 5 AR R 5K — i R 33X 2 ALk B PN R A T A
AR Bl I YR A [ AR

W R HXFEMER, A IP HERBTE
S RSP (1000 pm) A8 452 5 Sk 76 5o 8 S 38 A R 9
JEESXENE B 5 W), WBNEISHSH
Poiseuille i zh %7 R 264k Boltzmann 23Rt
M HEFE Reynolds J7FEI 45 Rt ARF. 1 LAAT
DSMC B4 &% 3xX — [ 8 H 2 X T+ 4 iR S
(L =5 pm) BEAT T iHE.

YB3 8 UK R K A K Mg 8 4 152 5 3K 118 0 ) B
] Reynolds /7 #2 (H: A Poiseulille sl B3 2R FH £k 40
i) Boltzmann J5 #2580 H) i DR A4 >k SR g ad 8 40 3,
HH B BRI Bl 1) R (58 6 5, MR ALY Reynolds
75 A2 FH K K MR ARG S 3 W) ). BB RS S
LK DSMC F1 IP J7 30 45 ARCAHARF. Fraz il
#I3R A1 Reynolds 75 F2 4 75 ot 8 S S8k 30 4% b oK i
MEMS H i3l B9 77 B3 4t T — N6 ™ s s B e 2l
MIARUE. BeE 4t — SR a4

2 kfg MEMS dRE#HESERNA—
LW R7 A

2.1 Z1{t Boltzmann F#EFH %

284k Boltzmann 2 (W3 [1] # R ZEBFI3C
WR) &EA KM MEMS A K sl i 8, x4
Y T R 0 Ao T DAE D A 0 O At U7 0 AR . R
At Boltzmann J7 1238 A KA IR AR B 3.
B AR R Boltzmann 2, W& BGK 7
P X RMEMNSL. B BGK HHEH#
Xof 2T S B ) B e R, LA — SR S M T
BIE.

2.2 Lattice Boltzmann 7%

7 20 4 80 AR5 -4 Frisch % AR JEE K
— MR Pl X — 7k 51 AR T Boltz-
mann 7% (LBM, JL3C [4] K A8 B 851 1 3CHR) 15
BT M. B, Nie 2 Bl | LBM BRI T X
Knudsen B A E RS, BRI THEENESN
TSR, BATA Nie &1 LBM J7 1 DSMC
HEXFFRAESHT (K&K I/h = 100, $HH O E
T pi/pe = 1.4, FBINENFET pifpe = 2 BFIEH]) K
TRl E WA PEAT T AL 67 DIt LBM Jyikfead I
T E PR TR . g5 R, X F /> Knudsen
¥ (Kn = 0.0194), LBM J5#&:H1 DSMC J7 &84 18

. %tF Kn =0.194, LBM Fi DSMC(BL % IP) {3
PERI T 25 A AN 2= 5, TR T 40 A 45 A H 2
R e PESUR, 24 Kn o= 0.388 Bf, DSMC il
UESE LBM F ¥ ) 07 5 2 M43 A 1 S0 B, T 2
HEMEMEMRK (LB 1). XHH AR LBM J5
B AR A SRR S B MEMS sl (3 03¢
ik [6, 7]).

0.04
T e
- - S
0.02} .~ ~~
oy Kn=0.388
< 0.00 " LBM, Nie %
a * s N1€ P
| N ----LBM ;
& oo2k % —-— W# N-S, Arkibe % g*
- .. & DSMC .
" - P ’-«'
—0.04} - -’
L
—0.06 L L L
0.00 0.25 0.50 0.75
X

B 1 EASAGSEMESA (01 = pe + (i — pe)( — X)
KRB, LBM, DSMC #1 IP ##l L, Kn =
0.388, p;/pe = 2.0, I/h = 100[6:7]

2.3 MigBiA R EHER Navier-Stokes Hi2

FH B #5304 4F 1) Navier-Stokes J5 #2 3K f#
T VS AR U 3 e R AT DU A o AR 1% (CFD) 1
T EMBERI, Karniadakis 1 Sherwin KJE T
EEERIT (%) Bk B SRR eSSl
FR MR 46 80 AT 48 Navier-Stokes 772, FEF|
FT K p WAhRE PR E T 17 %2 B8 K MEMS i3
R, XA (9] A T HiiE.  Karniadakis %
¥ HHE) AT Knudsen #5535 0.5 KB HE).
X — R A R I A X BERATTR 5 B
F, —NRUSMER AN B EME, 75— B S
BT Z Ak 55— MBI R i 45 66 A T 1Y) 5 o R 11
4 (101 F 3% Navier-Stokes 75 3:51 DSMC 75 8=
BEIMRRAE Kn > 0.1 RAEMRKZN, mMHETHES
A Knudsen f/ME (WLE 2). F M7 2EH
IR ARG L5 PR RMESBERES. mT R
& 1E# Reynolds FFER LAYE Kn BUKE] 4.2 B 24t
5 DSMC &5 BAHAF M 47 i 5 5 (W3 [11]). Fukui il
Kaneko #:F Boltzmann 75 #2#% i) Reynolds J5 & [12]
5 DSMC W4 RAHAMMTT. MR, XE—HI
5L, MmN IHETFESE Reynolds FHEH
) Poiseuille ¥ K i R i A B & Boltzmann 8, X
TEBA T SRR A E .
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R RSE R

0.0l bl ol ol il
10~2 1071 100 102 102
Kn;
B2 WdmEERERENEN, [/h =15, pi/pe =
1.43, IP, DSMC F &M # Navier-Stokes 5
1 Lh e

2.4 E#E#EHl Monte-Carlo (DSMC) Fi&

DSMC 75 3] B 4bs MEMS S 4k %3
AEH I, REBBIUN A B o7 00 R I X A
Fft S 0 T 1) R Hxof T B v v L 1 A AT DA M B
R 75k B AR e, AT DUAL B Y B A 25 R B S (]
¥ DSMC J73 M AT MEMS A £ i i SHL A
FEFIPLR S S BRI A . X T DSMC 75k, A%
KAEEFIH B MEMS 8348 HN 058 8 444 I T 46 3
SR E] i H R WA TS, XA T E AN
DSMC Ai&EA#H MEMS Fwsh M. H52 k-, &
V& WORE WS RSB0 2% 5 15~19)) i DSMC 5
3 X B T 1 AR DL U] A PR T v L v A A
Yﬂ. [20,21].

3 EERE
IP) %

(information preservation,

AT fBg DSMC 77 2 b B3 28 L 3l Bt iy 188 21 Fr)
R, BEAPLIRE TE TR FRTE, FEAAE (in-
formation preservation, IP) 3 2223 X BEHAT
DSMC JF&R—fJ7 ek, @ —MER S F 85
FiFpEEE: Bpin DSMC J7 i 4 F RIS HE ¢
FfE BB (IP JEE) us. ¢ FKIHES FH230. il
R 70 BE T B) S O 56 42 0% DSMC J7 k. TP ¥
B SR AE A T TR R KB B H 5245
FRIEARE, BN THTFREHA=EEN, X
FFRAMEEEZWELE. Y5 FINRE RS, AR
. 25 7 01EH A RN AR, {5 HEE S
e (W3 [24, 25]):

(1) Y4B 4 F N8 RS R RS, KR TP
HPE w, 5T R,
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(2) PRI 23 A T AL AR I, AlE RS A TP 3
PEHCA T E

_ mM1Us,1 + M2l 2 1
uzl_uzQ ()

mi + mo

X B EFR « ARG RS 1.

(3) XFF M Ak N HHE X L7, TP
TRPE w; BOA I A A A

(4) —BAEH T, EEERME T mM K
T P AR A X R XT ) T, BRI ST IP
HSE u, PIACH) IP S U F1IP % p (5 n), B
TEAE 5 <P E N Bl <P E T R

[%/6pdv [/pvrlds 2)
/// v =~ [[pas 3)

AR X PR B AR BRRI SR T 2R AT, 1 R SR
fSMELRRE. X (3) AWMBATERHKMEL. Fx
b TP B — A i sl T AR T

ff = ffs-
-[7}ﬂd5+—[711ds (4)

Ko AR IiKE, = ARPEN kR, IP &
BEE B> FERM S K IE WA B8 A T
itk A, FTCLEARSIRFES A (3), LR
W IP B REFR R E 0 EA. 23—
MR At, BI# IP 8 BERE (2) RGHE

A

Ap:—zgéjypU-MS (5)
XHEBREMEIBIER: p=nkT. MK IP &
BER RN A

I WA RS I IP B B EHEA
TR HTH 5. R ) 200 3 5 A% FR B 207
IP B SR 24 15 2

1 &
—ﬁ§:wk (7)
¢ k=1
Heor N, MRS T, kREMEFS> TR
=2
3.1 HiERIRIE

HATISIE IP B R ()2, jF—
R4 FARFE R B IOEL S5 F, TofiTiRE K B 52



PRI E N P EE IP HE. — NS
FAEIN — AN 1 B 3R T8 RO R R 4 B
R [13,24,25]

v ="V cosl

u=—(In(ranf))'/*/,
w=Vsinf (8)

k —1/2
= ()

V = —(In(ranf))'//8
0 = 2nranf 9)

Hrp

i ranf =76 0 fl 1 ¥R MIBENL 4> 3. 76 IP IR
BT w, v, w BFEME. N (8) X #EF A DSMC
1 S B TR AT 60 T X FE HORE 1R B B B A B w AR A
b ORUF 18 R 4 5T A PR O T AR SR T
HBIAGHEMERE. TAEFHRER v LUEHE
) 28 % 0 o P A

=0 (10)

FH o (T2 (8)) 4t

v="Vcosh =Vcosf =0 (11)

BWA V Hl cosd RMIVFEHARETMMRIETE (9)
cosf = 0. BELF
w =0 (12)

I SRR AR BT A — B, WIS B
ME w,v,w B2, MEFEE, X—BERSEA
B AR TP #EE AR, Frll, AT
N BT T RO, RO R TP R w5 BETH
FEHR [FME i 16 Wi 5 2k 1.

TFEBRATEUE TP RRERERI 25261 4 plf 1
F (Emfﬁﬁﬁﬁgﬁﬁﬁ uy, vy, w; U2,U2,w2)
Z— W S B R B 4 & uy ATRASKRTR A

o= miuy + maus2 mo

e—— sinf cos ¢c;  (13)
Fort e BRI MAHXTESE, ¢ R0 2r Z Yy
RPN R, T cosd B7E —1 5 1 Z WA kE
PR R, X HEBRATEM ui, v, wi,us, v, w2 BVFEH
DNEESFREARE »E. RIOZME L% (R
f2) KB o F I B4 B BE. X (13) Tl
(CEd
— MUy + moug ma

- mi1 + ms mi1 + ms

mi + Mo

Snfcos b —
sinfcosgcy =

Uy

miul + mots

14
mi1 + ms ( )

B4 sin® Fl cos¢ MM/ PR ¢ /£ 0 5 2n
Z ¥, XFE IP BRERERLI, 2B (1),
B EUE .

4 MEERA IP R\EISAQ, HA3
FEHRET

WAEE R MEMS 84k BB AM R T, B
JUART T8 bR R0 0 7 B A0t f8 S0 7 H 0K 52 P9 3 O 8l 9
R, B IR R A IR P 5 1 N E SR B A
o, G BEAERE R DO T R AR B s X T
DSMC-IP #4l, 7 ZAEREIE M OFIH DME B
fH p FIMTREE B K EBE AT U A BEIT IR AR AR
M. HFERARADREEp MU, W BT R
At ERBEER p U K EMPE. EFEHA
FARE p A U (E R R 7R SR i Rl T AR I 15 75 21
. X BRI IRk R I s N DA B p & H 5B
SERLERIE (JSK B AE) ARSE, TRV U B
Wil s AL, X DSMC-IP K, BR—1&
WA TR R AL AR A TR RN
7 1 3 A W AR R P R B R E
AeAb AR RE (L3 [10, 24, 25]). EEME, HHHE
— R ZCR A SHEE AR B R TR, Bz
ok R R

Ap = At Pi—1,;Ui=1,j = pi+1,jUit1,5 N
2Az

Pij—1Vij—1 — pij+1Vijt1
15
- ) w

X ARUE T AR KS L HS 1 I B8 S 35 22 e N A 48 Y
W, G T AR 07 R SR B IR 2 AR R
T 52 5 2% A B VA1 A AN AT R, SEBR b, AR SpPIE
AN BRI TR 3 O &N B A RS (R
3k [10]). MK (6) Fisk (15) B2 Ap F Au 4
WA F B TP g R E A DU, AT 5 3 ST Y
pu, pv 5, AR EATA KB, ZmLUOGHE, DR
ZEBAE W H AR ETE. 2 At By REREI 1
T REREE R, A (15) BEIR Ap S p
1070 KA. HEF X — Ap RIFE Y LUAF
SE T AR R BRI T . FRATT R UK AL B T 3k s
H

Pﬁ;m = Pf,j + WAP?,]‘ (16)
A w AR E T, SZhriEHECY 100 F] 2000
zh, METEEAETEEMN, « ZWHBET 1 R
FH AR A sth T 32 Sk SR 4 A GE R A 1.2 pm
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x 30pum x 3000um fEFEE (ANOESA 15psig
(1 psig=6.89kPa), WA KS) K525 161 i im Ll
B, B3 AHT IP HEF MR ABRMET w
41, 100 1 1000 B, FEEEA D 2500 pm #RTH H0
WEE p FEAZRTE. 2 o B4 1000 B, p 78
%) 6 x 10* HEHBIE 1.39kg/m® MEHME, T
w =100, p f£ 6 x 10" B KJFHEEH H2E—FL %, T

B p/kgm™3

40000 60000

0 20000
EEREEIEIZRS
& 3 B p EEHMEAD 2500 um &b (BB LS
R [15] MS2E 4 0RR), M 3000 pm, & 1.2 pm,
MRAR) EAFAEBRBEF (v = 1, w = 100,
w =1000) B4R

5 BERESZIEEM

7E— Winchester B RURE UK g A4, 5%
e TR B RE 7K 50nm ALEF. FRAE
K (RBE ) WrERES TERP ST FEHE
HE (~ 65nm) A/, A Knudsen H# 4 1.3.
FRLH R — A 25m/s (FELL 4800 #% /min JiE
AR 5 cm B2ERRAL), AN T Mach % ~ 0.07,
T Reynolds #t ~ 0.12. RBEALIXh 8% 48 3 3k iy s Al
KER 1mm, B4Rk G AR FBREK 20000 f,
BEKHITERE— B (1/10 ~ 1/3) KEE. X—HES
A ) R AT DA A AR R AL A — AN TR AR (e T
) 76 H COFm A LU U 76 A R 188 1k B
W] (35 %) FHEKZEs) (LE 5). BT R =
SUBIA Reynolds 75 Bk e 4 &8, X2 FH
Reynolds[®™) 4 it 34 4 i 4 e SR 5K (4 S Ak O JE 7
p. BEp. FHREE U RMEBREE b BRRE—E
B TR, XA BT BB — A N T BT R SR
UL B0 B A5 A 8T T AS = B A T — N AR T B B R SF
TER. T e G, X—FEATUEANT
i3 — L B L, (28]
d dP d
C1X<H3PC1X> = A (PH) (17)
He X = z/L, H = h/ho, P = p/po, T A =
6uUL/pohd FRASCHERE. 7E3CHR [25) HEM, JF
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AR IR TT R (w = 1), p JLTPRIFAZE.
B 44 1.2um x 40 pm x 4000 pm FEEF A O
FE 14 8.7psig, 13.6 psig Fl 19.0 psig B} IP 75 B:F1
seay U7 A R B E S04, H 0 Knudsen $4
0.16, 25 RAFFRLF. TP Bilg RAGAEFBEE 2 W7
FE:F 24k Boltzmann 75 F2 i) 58 =4 5+ &0 DS
k.

20

1P
A 19.0psig
o0 13.6psig
¢ 8.7psig

500050001000
/pm

4 IP J5¥:f13C [16] B2 58 Bos it W 138 IR 7 40 A 1) H

. MK 4000 pm, B 1.2 um, A RAHR, Kn =

0.16, EH4 H L psig A HAL I IR S7 18 A S2 56 3F

Aib iR E

[ R
0 1000

2 (17) ANt OB T X HE— AN, B E— BRI 1
MR Couette MM E (HFEAWM) 5 Poiseuille
WHWR (TR, WHhE) M, HiX—§
REEF W N—PRE S B —DMEE AR ER
.. Fukui F Kanekol!2) 2 B 5 3 74 v J3 ) 2k 4k
Boltzmann 752 i) & 0] LL 4% 4 “F 18 Couette 3 FH
Poiseuille i f#, H#ESH THEFHIL Reynolds
B, EHREATILLEEEA

S \@rantim P L | = A (PH)  (18)
Hr @P’T r(Kn) & Poiseuille #ifR # £k 4. Boltzmann
FRETHE RS ET SRR (ELERE Qrc
H— T 1), FHUF 5 Cercignani #1 Daneri fiT 5
By 1280 AR, SC[30] FRMET Mo =07Fo =1
) Qp g (Kn) THEH K5 SR M I Z0HE B, i 5 [11]
2SR T Robert 5 H ) o =1 BFRBIA A K

— 12
? m

XxH A =1.318889, B = 0.387361. Alexander, Gar-
cia fil Alder™] FIFH DSMC J5 kB4l T % Sk 35 & BF
(L =5 pm, hg = 50nm=0.05 ym, U = 25m/s, 0 = 1
PR ESHHBA AR T K) 233N E,

FHEH T DSMC #4858 {L Reynolds JiF (18)
(UK o=1H0THITRE (19) HEMMHRT. XiE



B T 5 4L Reynolds 77 F2 AT DA7E 3™ 3 I8 40 5k R fi
EEIENB. HRE, Winchester I H UK 85125
Sk E L BE A 1000 pem, 17 3K A 3% — ) B ) DSMC
TR MRS 3k (~ 5 pm) FEAT T HAL

7 J—w—U

B 5 AR AR SO I B0 1 I AR R

3 [31] A IP R T MR A ) L
KEHFEXE Nz =08 2=L EANy =0
Fy =h(z=0)XoABTHKTTME, H
A EFRFTDIE. Refmgs AT
THD 1 58 4% W0 A% 2L 0BT I R A% . 7E3C [31) HRA T —
Pl 5 vk A L ha R B AR 3. I TR 48 190 A
18 B A 5 B BT B8 A ORSEAT 6. B, X
THEBBEEL (L = 5 ~ 25um), R4 A S T
B R EIZE 0.996 F] 0.9996 Z[H, fRIET L
HHIER R, WE T DSMC FiEM IP Jiik
SRAARFEKERED K, ORISR X+
DSMC J5¥k, 8% 182 A 48 i IR f e I 25 4
RBT, EXT IP B, AN — SR
FIE B R L E W R E. FHAE R B
FH LB ERFBSGR. B 6 41 IP JiiEf

2.0y

L8} 1P

° Reynolds &

L6

p/Po

L4t

L2t

o™
0.00 025 050 0.5 1.00

z/L

B 6 MAEBRELLEPMESSA. RELKE
L =1000pum, U =25m/s, 0 =1. Kng = 1.25,
IP FIMEHE 4L Reynolds 7745 1 e (31]

FAHBA A XK EFEIL Reynolds 52 (19) B3 £

TR R, MR RARH AR, 1P J5 ik R A
FCAR R SCHE B, SRR B 4 H, I REX
TARRBAFE (RRE o) 4 H g 3.

6 FIFIR{A Reynolds AEKBMEER
i Bh ] fR

BEH5 4L Reynolds 77 #2 (generalized Reynolds
equation) = (18) JFUAHE T HIKZA T M AH T #E
ERLENBR, KR PRUEE U E3hm L7
B R — N AR, AT BOR X — #4541k Reynolds
FREMLLE AL (degenerate) FH 3k sk A {5 3 Wi 30 1)
RS2 T RS T R, AWMTAE, W
AU =0RkA=0 HTHINPERFET, H AW
B, ATCANTTREAE 2. B N A T A0 1 O Bl i S
I EHE 16 Reynolds B (4 TR »)

d [= dP
ax QP,TR(K")P

x| =0 (20)

Qprr(Kn) & Poiseuille Ji i1 £k 4k Boltzmann J5
BV RE ., HFHLERE Qprc H—H T KT 3
SRR, AEMADME OLK P ZEEmM
F 3 DA SR R Bl i) ST . T RUME AL, TT
URA Qprp BRIAAREL TR (19), XHHRL

i) Reynolds J7 FRHUA 11 R B =X
d 12 dP
d_X{ [1 +6AKn + ?Knlog(l + BKn)] Pd_X} =0
(21)
Ja Knudsen ¥t Kn S 7 {E@T P kFEiA
A C
Kn = E = F (22)
X H
- 1Y 7TRTO - .
= TR = dafh = K (29)
B X FREERE

A= %\/L];T (24)

po AHPAKKIET, To Z2AAMERE, p 2EE
To BHSAANFEMERE. CHYHEEXEMES O
¥ Knudsen %, ¥ 77 (22) AT (21) B3
BC\]|dP
)i -
He D EES RS € HNFEEE, SRS KE
EHaAnt, HAERMNER, R8s CRER LR
WRIE— T 288 B R,

12
P+6AC + —C'log (1 + D (25
m

) %F Reynolds ##, 3Gt Reynolds ## (generalized Reynolds equation) Mt Reynolds # (degenerated Reynolds
equation) WIEANEREMMES, W Shen C. Phys. of Fluids, 2005, 17: 046101
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AT B F F R AL B Reynolds 75 7 5K f# U8 &
Wi, BATHERAE 1.2 um x 40 pm x 3000 um
FEE AR FEAE 1.2 pm x 40 pm x 4000 pm #3181
FE 345345, FFRISC [16] K 3C [17] B S2 5045 51 K& 3C [10]
R IP SRR X T To = 294K, C = Kno Z1H,
XFFEA 0.15579, X FRA 0.052325. 7 (25) £E
M AR TS

P |x=0= pin/Pout, K P |x=1= Pout/Pout =1 (26)

Pin ZAEH3C [16, 17] AL BB A H. A K
SRR T ME 8 e, MNIE A ERAIERRML
) Reynolds 7725 IP 7k (BE ML L TES) &
LIS HIEM AR, XA AR P T -1
HTF 28401 Boltzmann 7572 [ /2 4% sh 388 B AT

3.0
[ iB4k Reynolds 512
---- IPHEE
2.5 R a 19.0psig
- o 13.6psig
8.7psig
A, 2.0F
15k
1-0 - | L L L
0.00 0.25 0.50 0.75 1.00

X

B 7 KBRS E S oA, BB 4000 pm, &
1.2 um, Kn = 0.16. B4 Reynolds 5#, IP 7
BRI m LR 07 ks, &, BILE Reynolds
FRE IP Fik R BMEX Tk, BPAHME
psig A B I R A A Se e O AR MR E

T % iF

fFRARAE (IP) A DI E (3000 ~
7500 pm) HAEE A E LA SE (1000 pm) 1R £ 9K 3h
WO EMRERESAERDNE, HER55E
¥yE. DSMC Jjgk. WEFE{k Reynolds 75 FEFIIE {L
) Reynolds 77 B ICHHFF. HTEEZRAHEMLK
Boltzmann 75218 H sk i) Poiseuille #ish B &K,
X PR AR A 8k AT DB R MR 1 R AR s e X F 1P
TR AR S RIE. £ XA MRRLE,
AT LA {5 bk IP J7 3% 3 A TR 2251 E i) MEMS
Wsh, XFERWSITLLA S, 5 DSMC Jjk—H#
RiGH, FIP J7mblab e, spfE s A A sh 7
HRRBITA MEMS A P30 5 S A4 0 3l i 2245
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F B8 IE.

HWAR Qprr(Kn) HEALK) Boltzmann J5 2
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INFORMATION PRESERVATION (IP) METHOD
IN SIMULATION OF INTERNAL RAREFIED
GAS FLOWS IN MENS ***

SHEN Ching?

Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, China

Abstract This paper reviews firstly method for treating low speed rarefied gas flows: the linearized Boltz-
mann equation method , the Latice Boltzmann method (LBM), the Navier-Stokes equation plus slip boundary
conditions and the DSMC method, and discussed the difficulties in simulating low speed transitional MEMS
flows, especially the internal flows. In particular, the present version of the LBM is shown unfeasible for simu-
lation of MEMS flow in transitional regime. The information preservation (IP) method overcomes the difficulty
of the statistical simulation caused by the small information to noise ratio for low speed flows by preserving the
average information of the enormous number of molecules a simulated molecule represents. A kind of validation
is given in this paper. The specificities of the internal flows in MEMS; i. e. the low speed and the large length to
width ratio, result in the problem of elliptic nature of the necessity to regulate the inlet and the outlet boundary
conditions that influence each other. Through the example of the IP calculation of the microchannel (thousands
micrometers long) flow it is shown that the adoption of the conservative scheme of the mass conservation equa-
tion and the super relaxation method resolves this problem successfully. With employment of the same means
the IP method solves the thin film air bearing problem in transitional regime for authentic hard disc write/read
head length (L = 1000 micrometers) and provides pressure distribution in full agreement with the generalized
Reynolds equation, while before this the DSMC check of the validity of the Reynolds equation was done only
for short (L = 5 micrometers) drive head. The author suggests degenerate the Reynolds equation to solve the
microchannel flow problem in transitional regime, thus provide a means with merit of strict kinetic theory for

testing various methods intending to treat internal MEMS flows in transitional regime.

Keywords MEMS, rarefied gas flow, information preservation method, conservation scheme, super relax-
ation method, linearized Boltzmann equation, Lattice Boltzmann method, microchannel flow, hard disc drive

write/read head, degenerated Reynold equation
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