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AN, KA, SR, A6
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W . A UK Rogers KB RIS RS RUE SR 1%, BUESRMAA ] R AR % 8. HUEim &5 51k =/
KR Roe ¥ UR1 B kS B Harten-Yee () TVD #3088, A T IRk, R sskmgzE, K T LA
X (ADI-LU, LGS, LU-SGS) . #¥t& s (f{EEH #E (Re=200) BEAELRHA RS, W T AR A ERT
B RAKAENE, DR EE SE T HE R R . BfE KA Roe M UEHE KA T LA LR (IH
EEFE WS SEHEE (=1 KEEHRS): NACA0015 A 55y F E .

SHEEAS AT F ) A ST, HA AR =21
N R W—REKSIENE, HREEE
B X ES KYRF 8, DA H AT IEfEE S T
JEM AL TARE (BT E 30~60km/h) R L
(10°~10° B 2%) B4 ) MAV (Micro Air Vehicle)
FHIE B I, A

CFD (Computational Fluid Dynamics) JE#ijf
RAMR PRI RCE R T E A RTFBRLZ — R
T BB A IR AR ORI, SKRAR W] 48 N-S J7 12 f#
PWIXEK B (M<0.3) , SIEBREM “HPE”
A, 3K S BRI Ay 24 b I8 5 2k S T A ZE AR K
Gt B TA) A 2 0 7 X I 00 A ALE 2R e ) e AT
B/MSIEE RSB B ZEN, ERARIBAER
P EBEENERESR, MiEESURE. B
AR RIX 2 1) R B R T v 1D (RES)
i, BRSEAEYE, SIAART B, TR A
A DU I 4 1 7 FR R e B AN T R 7 R T 15 21
o HRTVFEAA] ERS)EZH i — R0k
SIMPLE %% K& PISO Hik%, (HRNEh
I REBESE (Pseudocompressibility ) J7¥2:
W2 X PR R B R, BAMR: 2) @
iok 7 AT s 448 4 7 s ) A O T i 3fe DA T AL 2R
(Preconditioning) %EFE, BEEVHFRAT E4aPETT
FEAE SRAFARIE LB B @ 2 A W P 1) j,  RRPT B Y
SOk ETVELGR T 80 AR, RAMUE
FiENEEMERE. X T 2R IGE R E, )
FE48 77 1 KR AT e 4 N-S J7 R 2 H AT FH BA
T2 B ) SR AR T i) R BB T v, G STk
[4,5]-

AR A Rogers &R XU 8] 240 s 46 757
B, BUESRARAS T R . BUEE RS
5 5F P =Bk 1 Roe #2HI —Fr K5 B Harten-

Yee () TVD A& 088, & 7nbeess, &k
R, R T JLMBEAEA (ADI-LU,

LGS, LU-SGS) . #I*f40 8t K E i 5
(Re=200) [FEfFZe @, b T AR 7k
IvHE S RFNSR AR, DL AP AP = ok =X
WHEERKFF. &5 XM Roe ¥ HUEKME T
JURP S 7R PG s v sh ) . B8k sh IR A
(o=1) KFIHEHS: NACA0015 R A EH Hr
A HE R .

2 BUETTIE
2.1 #EHJTRE

Hhee Al bR & 5P EE AN AT K Navier-Stokes
TR

0 (U 0(V) o(W
SRR, B B I A I A
o g7l )l 1)

(2.1a)
FEIiTE: ‘
O _ 0 5 o9 (7 _FY_O (5 5)=_

(2.1b)

SIANNLATRGERR, 1EH A BRI
8] SHO0. A Euler Bt 2 20Xt R AR ] 5 44
HEAT L %@Wlﬁﬁ‘-ﬁ%ﬁﬂim*ﬁgzﬁﬁ}ﬁ
Zor&, FHHEXMN AR E R KRN ) P8
tabE, WE R LG E R R AR E & AR R
=4Sy tE T B T R

I + 81% " (bn+l,m+l_bn+l,m)
" | oD
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n FoRYEIN S, m RS R

1 1 151 151 15
1, =diag| —,—+—,—+—,—+—
AT At At At At At At
1, = diag[o,1,1,1]
p U v
p=L“l E=|F7| F=|P7
Jlv é J’(‘.
w
W m m
G=|P7| D "D pmn
é AT

m FRE m ZE BN EERT . B AN LAl EYE
PEZR$, ATHL 1~1000.

2.2 WRZES#ER

MR ZE 5 7 ik Rl oy R AR A BARGIA
FERL, PRIRAELRMEXTRIE SR, TR THE
T R AR S DUAEA A. WA SCR RS vk
TV B 225 B

— 4 S AE RO 7 R A R E EOE R A
%4_ 'fj+1/2 _fj—1/2J:0° E#ﬂfﬂgﬁ{éﬁiﬁ
ot Ax

B, A 9K =K Roe #&zX 1 —F Harten-
Yee # TVD #& X i EE E .

2.2.1 Roe #&R"?
Roe — il E# =4

Frn =30 (@) £ (a))]

_%[Af‘i]/z _Afj:»l/?.:l (2.3)

Af* RIESHHT R ERSEEE. & XmTF:
Afﬁuz = Ai(fj)ACIjn/z
A BT Of /g . AT R IE ORI
NRER SRR, XHEE:
At = XATX T, AT=A-A"
+ = 1 )
Heh: A =(A+|A])2. 7 =5(qj +qm1)
qu+1/2 =4qjn—4;
FAEME LA AEE R, ansAAE
ERINK U E R, =R R

Fran =%[f(qj+,)+f(q,- )]+

1 " N _ _

E[Afj—I/Z _Afj+l/2 +Afj+l/2 _Afj+3/2]

AT R T AE RS KR PR —BY, T
15 A AR AR &

¥ s =%[f (4,0)+ 7 (4, )]

£ . _
_’2'[Afj+|/2 _Afj+1/2] (2'5)

e=0 LKA MrhES: e=1LKXHQ2.6)
—PrmRES R IMANDNRE e FHEEREE
AR MR R RS, Bl TR, X
HEe=0.01.

2.4)

2.2.2 Harten—Yee TVD (Total
Variation Diminishing) #%z{™

i Harten ) /i B HUE@E & T -
f,-+1/2 =

%I:f, +8+fiut8m—V (aj+1/2 +7j+1/2)ACIj+1/2:|

(2.6)
o _ (fj+1 =¥ )/Aj+1/2q Aj9#0
iz qu) Ajrng=0
2.7)

Em~8j A2 %0

Visuz =Y Aqjn AG .y =0

0 a

(2.8)

W @)W E R, B
L2/s+6) g <6

y(z)=12" :
{ E |46

O R—/PUIER. g HiBEERHIZZKE. Harten

ST

8= miand(oj+ll2qu+1/2’Gj—IIZqu—l/2)
2.9
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— s B ok 2, R PETTUR A B ep 2 4
=, &Mzwmrﬁf
R]k— [Eﬂlk E-1,k+F,+1k F]H+Gl,‘[ ij,

—BEL i+ AE G2 ik Y AE o 1k = BE 0 ju — AF g + AF ik

+ - + - + -
+AF ok —AF jax —AG]jknin HAGkin HAG] k2 —AG ki

- (Ev )i+l.j.k + (Ev )i—l,j,k = (ﬁ» )i,j+l,k + (ﬁv )i.j—l.k - (G,, )i.j.k+l + (Gv )i‘j,k—l ]
(2.10)

FERc— A A AT AR

P T
Y

K ggm%ﬁﬁUﬁLimUﬂ A i AR T

RIE K = Roe #&:\8 —kr TVD # . 5
2R EBEE AW T

(L, +7,,0)AD, j + T, AD, T, AD,
+‘,r,j,k~lAD jok—1 +J ljkAD Jk +J AD L j+lLk
+J,,,mAD,

Jik+1 Jk+1

=—Rmim i;m (1.5D"" —2D" +0.5D"")

ik

ﬁq:‘ AD = ﬁn+l,m+1 _ D"n+1,m
H T A R R A SRR T =
e AL B T vk

1) ADI-LU(Alternating Direction Implicit
Low-Up Splitting);

B PR ADI 38, R E=ANTT RS
HRARHITER . SRIEAEREAT7 ) oK =X £ B AR
LU 43fi#, 53340 E=MABEMT =M. F05
5 8] U ) J5 7 1) & 434 — KA

2) LGS(Line-relaxation Gauss-Seidel);

VAR AL EATT M A, 53—
PR RS, Zovm I B A WA R T A Y
R B SRR, P A7 W) 5 R AT
BRI A, XHERFE=XM 4X4 Birikis
B, SRJERZ =X AT .

3) LU-SGS(Low-Up Splitting Symmetric-

Gauss-Seidel ).

BT R EET LU, REEE—Em
H#E W, SRR =AM =M. 2K
THMARER TR ER. B—MAXT=A
ME3E I i=1—ii, j=1-3jj, k=l1-kk HH; =
FMEHIR i=ii >1, j=jj—o1, k=kk—1 K E. 5
R LR =M FEUS i+j+k=const [HIHHE /7
;b= R B i+j+k=const [T 7],
FAE IR R KA BE T B EA

3 SRR R F

3. 1 Ged e AL R & v £t sh (0=0)

RSP MaEn @y — B
RIEAFELATTRIB F 5, (BHAEMSMAES
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A, MR EEES T EERORA, B
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1 FEAE, THESSRAMN T A, A
i B ) AR 44 0 R i i v () A e I R . ANA R
10 fEEAEER. THE MR 80x60 [ “O” K
¥, BEH BN 0.0035, EFEIE K
At=0.025, ¥ItEHIHA BB, HETEIHI
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JE¥6 e BEA M RS A 1 U DA B SR R 3
RS G
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R 7 vETHE TR 71 &% CL F1 CD B i ] 38
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B N
T NS
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T EEEEsEtcEie

o T — E3.2b [AAESeH CL A1 C 2Bk
os T Re=200, ©=1

"/\ Ai I ;1?1(,\‘ ,1
i

cL co
EE= 1
am=—HNERENETANE

d Harten-Yee/LGS . T

B 3.1 RALEHR CL 1 CD 24K Re=200, ©=0 o

3.2 AR B 2k R 8] 25 KA R 3t /
8o AREHIEERBSCHTE & KRZEDT 107 't A , o
YOBERRR Y M A ERA ISR 4 | - et |
BRIV IRZE, BT UNIGEHT B s E# % s uiﬂ, el
£IKF] 100 LA b XN F @ #ER B, ADI-LU & 32c ANFEMEBEFH RS
¥ IR BERAKL A 2-6 2P, LU-SGS B Re=4.8x10", o"g=0.2

Eih 14-16 25, LGS K 5-7 4 XN HBLRM
&M B, ADI-LU FEAPEERE R A 44-49,
LU-SGS 4 30-38, LGS #iEH/NA 16-20 25. LA
AR A SR AR A 1) R LGS R B, FEAE
B e R A LGS Baaikg K.

3.1d & Harten-Yee —ft TVD #& it 55
B RENBE ) RECZEMN, R =M Roe &=
thig, F+ A ERIK, e ABmK. TS
Harten-Yee FIPRI2%, FHEFBE KRG K. Frd
B 5 v R =P Roe Ao

3. 2 Wit H B AL R W H SR (0=1)

Re=200, 4FAFLEHIFRABER T, HT 1§
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T &AM R, CL A1 CD 2L M HE8E P A
M. K 3.3 WAL Re=200, o=1, JHH T
ZRHCL. CD finf[a) 281k, [FE 3.1b thik: H
TR e RN, FHRECL hff, F
BIBH ) B2 CD A K (R 1) o HEEEN
A2 [ 52 ARSI CD ARATR 2 CL IR,
M AEEe=1r, HEBWTEMFE. A
PIFMEOL S, BRI RBCRA IR LE T ) R B

J.A.Albertson iR &5 H['*)
Pl 3.3 AN [F] s 5 B T AR Uk RS0 4 R EL AL Re=4. 8x10, o0=0. 2,

Grid: 205X71

JE4) 1.5 TTEHNITE .
3.3 NACA0O15 3 7 2555 oy kS BUE AR A
TR I A SR i A OB 3 R R B

A M RE SUREAL . (BRI HEZ Wi sh i A4
ISR RIERN, AT KK SE LR 73 2 0 R

Grid: 117X51

1 AERF)HERB AT H G R

] CD | CL | st
& & S8R (0=0, Re=200)
Present 3™ order 1.35540.053 +0.806 0.185
B 3 order ! 1.368+0.048 +0.707 0.198
Kovasznay(exp) (81 -
Wille(exp) * 1.3 - -
HARMNSM (o=1, Re=200)
Present 3™ order 1.28840.144 | -1.505+0.858 | 0.186
B 3™ order 1.25240.110 | -1.216+0.718 | 0.194

G A, Al 2 A0 R A ST ) K A Ak
T, PIREREFR S B A

% B TICE W8 (Re=4.8x10") NACA
0015 BAIVELEE EAD (0=0°~60°) , TCHEN L
HHEa =02 (o' =0c/U, ol FPiEE, ¢ hE
Rz, U bR ) HshA RS, IFF
Walker [13iR5 345 1 J.A. Albertson [R5 &
JFUOBAT LR, OAIE T VS R IR . RA

ARG SR K “O” RIBAG, P
BE: 1) 117X51, 2) 205X71.

HFEAEAER: 1) SNORE&M NDLR
EJ1AME, EES T, WO, EEME &
HEE. 2) B U=U,;

Z_P: —piy i Uy~ Gy JBETH BRI
n

[, n hBEMSNERIRE) o 3) HF cut WK

5 B



BREEEMEMXGE N FEBFARFTS

FH RSP0 444

hy 38 7 3 Y A 5 11 S SRS Bh i RN TH B S5
KEINMF R BT e X EIhnsE i

a* =0.5a; (1-cos(m/T,)) 0<t<T,

t>T,

(3.1)
He: o WEEN EMER, o o HHEESHE -
R, t TR, To R EAME R i 1L
ik Blo o BT A IR ZA R AT MRIEZE R 1 =0
A t=To EAPINEERE A 0.

K 3.2 IAE M E TR T R EGE A A
AL FRK 45 R . RI 45 R Re=4.8x10"
F 1.9x10°, AT A2 KAt=0.001, M
¥ To=0.1, FEM# To=1.0. LLERIN, Wik
13 WA T B SR AT D M ) e e R A
SEW AL LSS ST IS . (B
i S R R T o Y 3R = B2 ST
R YA EL, AR B fAo=31° FMla
=46° i IS FE AN T 18 4E

& 3.3 4 Re=4.8x10*, o'y=0.2 &1FTF, &
fHa=25° F1 36° I AR 2 FE W A& T T £ (R
R BB e, B BR® Mgt
gk R IR RS L, AT LAE I 4R R
B IR ZIRETS R R IRERIAIEsh & .

o' =0y

4 5

SHEE V40 AT Seim B ER R R B, =F
KazX 74 ADI-LU, LGS, LU-SGS 18 i # 1
RIBPIFERZE—E; CL. CD W FREMIRGIE
B, LUK St #5554 RYE 1R . (EARBRR
& DU 1R] 25 SRAR R LR B, AESRARMK T 6
$ 8 e B AES LT LGS Ba X7 VA SR AR R
1810

Z\ Roe #& 51—} Harten-Yee ] TVD #&
ATHELEREY, R RME REEAEE E 1
R, = Roe ML A&

= Roe #3\, LGS BaxX7vERARFIAAKE
WL (0=0)F1 NACA0015 BRI e, 45
BRYFERKY G KB4 ) F A
SR (0= DRI SCERIS 1T 45 RV & 82
4, #t—PRAE T ATTIER E#E .

& £ X |

[1] S.E.Rogers, Dochan Kwak, Upwind Differencing Scheme for

the Time-Accurate Incompressible Navier-Stokes Equations,
Aiaa Journal. Vol.28, No.2, February,1990,253-262

[2] S.E.Rogers, Dochan Kwak, Steady and Unsteady Solutions of

Navier-Stokes Equations, Aiaa
Journal,Vol.29, No.4, April, 1991, 603-610

[3] Y.H.Choi, C.L.Merkle, The Application of Preconditioning in
Viscous Flows, JCP 105,207-223(1993)

(41 FAL, WWRE, =M R0 b £ 15 FH IR 0 A LT
5, J1%2R, Vol.32,2,2000,pp.151-158

[5 BRI, #E5OR, BREM, thapl, ETEEESSRE L
RES FiER AR B W AT K46 Navier-Stokes 7#2, /K3)
HEWR G, Ser.A, Vol.14, No.3, Sep., 1999

[6] Yee Hc. A class of high-resolution explicit and implicit shock-
capturing methods, NASA TM 101088,1989

[7]1 J.Walker, et al, Unsteady Surface Pressure Measurements on a
Pitching Airfoil, Aiaa 85-0532

[8] Kovasznay,L.S.G.,Hot-wire Investigation of the Wake Behind
Cylinders at Low Reynolds Numbers, Proceedings of the Royal
Society of London, Series A, Vol.198, No. 1053,
Aug.1949,pp.174-190

[9] Wille,R.,, Karman Vortex Streets,Advances in Applied
Mechanics,Vol.6,Academic,New York,1960,pp.273-287

[10] J.A.Albertson, T.R.Troutt, W.D.Siuru, Dynamic Stall
Vortex Development and the Surface Pressure Field of a Pitching
Airfoil, Aiaa 87-1333

the  Incompressible

6 LAY



BEZEMEMXGE PN FEBRERFTE

i2EiR 1T BRI AR B B KR E KX I8 B S Eh iR

I, AR
(1. PEEBBAHFEARFRET RS KREDL, L 100076)
(2. JERFMARGELERE, b 100076)
The Aerodynamic simulation of Max Dynamic head Test for The Lattice
Wing of Escape Rocket
Qiao-Yan CAI, Jia-Min NI
(China Academy of Launch Vehicle Technology, Beijing 100076, P.R. China)
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WHIRK, e T M BB RBADRA . B AT R% b % A3 8T xRk R, o
TR I VBN 2 SR B RN B ) Wt R TR S BB S5 i e SR Ot T IR KRS K B SR I EEAT i
THI I AR BB A B SR I AR it T B B ORI A AR v 3R

KRR MR, R ATE: R

Abstract: Because a lattice wing is the stabilizing wing for escape rocket ,so the design for it become a
important part of the escape rocket aerodynamic design. Be sure the lattice wing complete the stabilizing control
task, it must be reliability design by aerodynamic and structural professional. By way of validating the
reliability of aerodynamic design and structural design, we institute a kind of ground simulation test. The test is
the max dynamic head test for the lattice wing of escape rocket. This report conform the full-load condition of
the lattice wing, the aerodynamic load relation between flight and ground test. And at the same time, we provide
the aerodynamic parameter for slide rail truck structural design and power design in sled test . We provide the

important assurance condition and test scheme design gist for the ground max dynamic head test carrying out

successfully.
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Investigation into Flow Characteristic and Heat Transfer of the Micro-channels
Gaseous Flow with Single Phase

Cai Zhou-xin,

Sun Jian-hong

(Faculty 204, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

W OE: AR BEXA (0.001<A<0. 1) HISARRS, 7EHT A OB IE AR AR B TH AR R LAk
b, BT N-S HREREBAAL, KRN T Simple HEAT T TR TAE, 25 REVIEED i

ENBEE Kn BN An BUERK, WEEEBK, HEM KRR H8K,
KR WoliE; ¥ BBX; N-S HE; FALMKE; Simple

Abstract: This paper is about the gas flow in slip regime (0.001<Kn<0.1). Based on analyzing four simulation

models of microchannels’ one phase gaseous flow and their characters, a numerical simulation by N-S equations

with slip model is presented, in which, collocated grid and the Simple scheme are used particularly. The results

show that the pressure in inlet is changed with Knudsen number; slip speed and temperature creep are increased

with the augment of Knudsen number.

Key words: microchannels; Knudsen number; slip regime; N-S equation; collocated grid; Simple
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Fig. 1 The concept of micro-cooler
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Fig. 7 The average velocity of u along x axial
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Fig. 8 The average temperature along x axial
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