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Figure 1 (Color online) Computational results for a plate with zero angle of attack. Subscribe oo implies quantities of the oncoming flow, the
reference of the length Lo=1 m, x is the stream-wise coordinate along the plate, y the normal-wise coordinate. (a) Distribution of pressure along
the surface of the plate; (b) distribution of shear stress along the surface of the plate; (c) distribution of the slip velocity along the surface of the
plate; (d) distribution of the temperature along the surface of the plate; (e) normal-wise distribution of the stream-wise velocity; (f) normal-wise
distribution of the normal-wise velocity; (g) normal-wise distribution of the temperature; (h) normal-wise distribution of the density.

104709-3



JtaSE. pERRE B it RO

20154E #E45%F FE 10

MR R BB E R J77%; NS with slip 1]
& F NS B M R W R4 15 5. AT LAE 3,
T At 48, SFEERSE R, A2z
WARK, Feal27Emr s, B MIRE i E, B Ak
{1405 YR 85 A K

PR BN, BSR DSMC 77k BB | AR5
TEahit, HEIFAREORIE S R R L T BsL s
IS I K /s o P) Rt 2 e s S #29) VA =4 1 B L 2
I T RS BNE A% Maxwell 73047 H AT/
B0 25 T A PE AL AR i PR O, 91 P R A R 1
BUIR AR AT BE ). a0 B i LLEUR T RS RN S 3 ok A
B AT RNZAE RO 4 em AbCL ] 1(h)), A
K, 2408 0.4, NMTiZASFHBELHN 5 mmCk
WO TFHBEN 2 mm). FHZAEEL N 108
1()), XFR.F 2000 KCRIEEA 200 K). 1Z%Ab#HE
B2 (32 m/s)/mm(H B 1(e)flifd), BAEk A%
— AT H BRI Z EEEZEZ 8 160 m/s. Qi
B 5 T G2 )P 38 38 5B I 5 2 — IR U7 IR
B, MPZAE R 5y F#GS 3P E LN 1190 m/s
(TEZEE 300K T, 2 T8 FREE LN 450 m/s).
FEL W ok, AHBE — A2 7 B AR 2 18] 1 2 Al
2 = AR BT Y) AL S R BENLS]. WAE BB
AR = BTN, R T RRE R AR K E
PR E T A 160 m/s, AT HHAGE BT 88
EARARE—NINE, ESESEAENS THRIZEFM
TR B oy A B S AR E R Maxwell 734G, 244K, DL
R R TR T A, SEBR B, i falEE
F— "N FEHEENWEE S 7 W0E MR,
A B R R, LIRK 160 m/s Bi&—ANEfl 17
.

3 FoBEAA

Rt 2%, SRS T T 23380 J1 240
R RIN, WERTLLSH NS . & AR,
JRRHT NS HRERE—AMER IR L5, HM NS 77
FEATR IS RIS &5 WIe 5 WA RINA R IR 7%,
Ban ERTiR, £ NSRS 128t 5 H NS R )
— AN KR &R T RIS B E A A e B
Maxwell 347 DR S/, IX— 55 AE kn R /NN
WIFE 30 km B, PL m NKESH BB kn BU5L4H
0.00002), H ®ATGHHEA KT 3, LESZNHFE

(PP L FEAS rmr I, R S A TR R AR

Mk 7 L= prigiR s ol, B kn BOASK
NTIT L5 7 BUAR K B L, 43 ¥ #4883 38 FE 43 AT o] e
22w 2 Maxwell 34T 48, 22 fE M H T2
B 15 N, AR TS E M. B, SRR
PERNR A ¢, 1 b vl Be A 22 O, e SR )
Bgr. ARG T2 3R nl LS 2 AR R A Ok
R, (G REAEME— 1. AR B985 28 Ab £ 43 5[\
(ORIE T, ol 75 H 2 R R [R5 R P S,
TEASAR Sy 7 A AR 3T A R B I, e S A
Ha IR E— A REP, X BB SRR
FEEA TR LB A, DL B R
A REAT A EW AL T IX R A SR B ) )
if 0 SR 2 388 1) {1 ] L.

BRI, FRATTIA 9, Al 2 6] iy K AT [l @A ¢
(1) 73 S 30 77 5 B T N 7 o 32 2 R 1) g =2, S
15y ¥ 8 s R 78 2 A8l 77 2 i A A e R e )
W, BPES M E A, w1 s 7 Y R
WHEA IS A IR S, N X — @, R T AR Tis
)10 1 JE Atk ) b B ANORT PR Ak, B R B A
P SL58 F B AN TV, WA T RESRIR A R, Fn g R
A SEME T RS, AT LSRR o FIis sh it AR 5 1
H R SR O VE R R . Tie 4 N ik, %
AR 4 T AT ) SR E6 45 SR T TR IR E R B A )
iR ANGEETREsTEshin it &5 iE
T BRI (T RES R REEAR S, £
W E T kn W] DUBAREOKR), FHAISLES 45 R I,
FEARUE LS4 Rl E . BALFh R 3) 5 & 2 1 e i
WA ARFIAE, AL IR 565X 5 2 i 2R Bl
AR,

Hwk, AR T arSEE e, 758N H T sLbrr,
M a MM, R —NHRE T KRR
WS AR S 1 S IESEA R, N5
TR SE A EIR KM AR, HEEKZHIER
TR TR EWER. BEXET S FEse
MR I F I, B AT 7R eV 2 TR
BER. W AUEA TS R T VE.

I A] DA 2 — AN SRR A R R
KB — e B, B et A F A ES A i )
i AN R i) R, T E R ERATT A S0 TE s A 2
2. BCRIEATS A T it i) R, 5 s A ) P R S Ay
o3 B M B 15 2 R AN ], 4545

104709-4



JAESE.  RERE MEEE S ORI 20154 45 10

PAERBATH ARSI AR LT 0 RAT A AR T7 A T R, A e R 3 2 [A] e AT 2R I
IR 22 8 BB B2 B s . IR IRATARE R ™ A A E P

S5 3HK

1 Chien H S. Superaerodynamics, mechanics of rarfied gases. J Aero Sci, 1946, 13 : 653—664

2 Anderson J D. Hypersonic and High Temperature Gas Dynamics. New York: Mcgraw-Hill Book Company, 1989. 22
3 L. FREASMAEE)A . R BB kAL, 2003. 70-83, 122126

New problems of aerodynamics

ZHOU Heng'" & ZHANG HanXin’

! School of Mechanical Engineering, Tianjin University, Tianjin 300072, China;
2 National Laboratory of Computational Fluid Dynamics, China Aerodynamics Research & Development Center,
Beijing 100191, China

Aerodynamics is a branch of mechanics, and is also one of the foundations of aero-space technology. Starting from
1930’s, it gradually separate itself from the traditional fluid mechanics. With the development of aero-space
technology, the development of aerodynamics is very fast. In many countries, especially in big countries, the
manpower and material resources devoted to aerodynamics is the biggest among all branches of fluid mechanics and
even among the whole field of mechanics. In fact, aerodynamics has already had its own comprehensive system of
knowledge. But recently, the R&D of the technology for near space flying vehicles, which would fly at the height of
40-70 km with the speed of 5-20 times of sound speed, has draw more and more attention. The flight height,
combined with the flight speed, is new to us. So people would ask, if there is relevant new and important area of
aerodynamics needs to be explored, and what would be its key scientific problem. In this paper, we would try to
answer this question.

aerodynamics, near space, kinetic theory of gases, rarefied gas
PACS: 47.40.ki, 47.45.-n, 47.15.Cb, 51.20.+d
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