5 54 45 A [T O |/ RS RS | A NI N = 14 Vol. 54 No. 4
2022 4- 8 A Journal of Nanjing University of Aeronautics &. Astronautics Aug. 2022

DOI:10. 16356/j. 1005-2615. 2022. 04. 001

EHEREAEREEERBODSE P HARER

e, 2REN FOBN
(1. P A2 0 R R4S 2 Bt , B At 2100165 2./ st 28 it R R 2 Al o 4 28 A8l 0 5 5 it sl s o ol A B
AR AT S %, M At 2100165 3. P EI 2 S A o 5 R R bl M e i as s RS T, 48 B 6210005
4 FE TR S 25080 %, 6 AT 1001915 5.8 Iy [ 57 KA H0 T2 R ok 119260)

-

HE: ZEARAEZ AR KT EO A ARPAHR T A - AL TAEAFHRAGELEPALEZ— dTA
KATEBG ARSI TR AL LR RS R, K A Navier-Stokes 7 #2 £ M %% % DSMC 7 &3 R ft 3% 2
ARG LE R R A RR T % 4 BB % 49 Boltzmann A2 A 5 2 4 & wh i it AR B X W) Fe ik R )
Bl A B R AR % A2, R T B M e S — R . A ot iz & Ak ey At Lk AT W B e AT, B E A48
A4k 2h 22 6 % — 3£ % (Gas kinetic unified algorithm, GKUA) | %t — &4k 35 2 5 4 X (Unified gas kinetic scheme,
UGKS)ﬁUfik%%ﬁlﬁ}i?f‘%(lmpmved discrete velocity method, IDVM) 3 # #4112 , 447 € A1 69 K K AR A
FIRG X, K EECMNBAPRFGREAFLAERL, A, ALERIDVM#t—FFREBNETFHH, ARA T
EFHRBRVERME, RSB $IXTW%§/£E’-E%*%I5I AT, R EE LU T 'é%yj\ﬁ@,k
KA I AR S 2 Boltzmann A2 B HAER E kB AP A E R T IRS

FESHES:0356 XEkARERD A X EZE %S :1005-2615(2022)04-0537-15

N

Advances on Discrete Velocity Method and Its Application in All Knudsen
Number Flows

YANG Liming"?, LI Zhihui**, SHU Chang" >’
(1. College of Aerospace Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China;

2. Key Laboratory of Unsteady Aerodynamics and Flow Control, Ministry of Industry and Information Technology, Nanjing
University of Aeronautics & Astronautics, Nanjing 210016, China; 3. Hypervelocity Aerodynamics Institute, China
Aerodynamics Research &. Development Center, Mianyang 621000, China; 4. National Laboratory of Computational Fluid
Dynamics, Beijing 100191, China; 5. Department of Mechanical Engineering, National University of Singapore, Singapore
119260, Singapore)

Abstract: The calculation of aerodynamic force and aerodynamic heating for flight vehicles round trip to Earth’s
atmosphere (over different flow regimes) is one of the challenges and hotspots in computational fluid
dynamics. Since the flow scenarios faced by such vehicles are no longer purely continuous flow or rarefied
flow, neither the Navier-Stokes equations’ solver nor the direct simulation Monte Carlo (DSMC) method
can obtain accurate results. In recent years, based on the Boltzmann model equation, which is independent of
the continuity hypothesis, various numerical approaches have been developed to simulate fluid flow problems
in all flow regimes by discretizing this equation in both physical space and velocity space. This paper reviews
and analyzes the research progress of this kind of algorithm, including the gas kinetic unified algorithm
(GKUA) , the unified gas Kkinetic scheme (UGKS) and the improved discrete velocity method (IDVM). It
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focuses on the basic ideas and the implementation of these methods and pays attention to their current

progress and applications. At the same time, the IDVM is further extended to simulate the unsteady flows in

all flow regimes. Finally, some problems existing in this kind of algorithm are discussed and the prospect for

work in the future is proposed.
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Fig.1 Schematic diagram of flight vehicles covering differ-

ent flow regimes between the atmosphere and space

orbit (pics. from the network)
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Fig.2 Real-time computing pressure distribution during the
spacecraft capsule re-entry (120—70 km) with the

first cosmic velocity of 7.5 km/s"™
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Fig.3 Temperature distributions and steady-state deforma-

tion of structure at H = 120—100 km and v. =

7.6 km/s around Tiangong type spacecraft by strong

aerodynamic heating™"
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