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Abstract: In this paper, the discretization error and the convergency are studied for the typical hypersonic flow F Email Alert

over hollow cylinder flare(T2-97) using a several successive girds, and a verification procedures based on the } RSS

Richardson Extrapolation are carried out for this problem. Then with the uncertainty analysis method and the

experiment data, the validation procedures are also carried out. The study indicates that the typical problem's M2 AR DK 3L
Verification and Validation work is achieved based on the existing experiment data and computational capability. b IR B

Keywords: hypersonic flow, discretization error, uncertainty, verification and validation bk 25 e

WA H 39 2011-02-13;

IR A
MR, skaoe LT Richardsontfifi ik MICFDRAE AN T VL[] 2 8h J1%# %4k, 2012,v30(2): 176-183

CHEN Jian-Qiang, ZHANG Yi-Rong .Verification and validation in CFD based on the Richardson extrapolation method[J] , 2012,V30(2): 176-183
HEH A
http://kqdixxb.cars.org.cn/Jweb_aas/CN/10.3881/j.issn.1000-503X.2010.03.001 o§, http://kgdlixxb.cars.org.cn/Jweb_aas/CN/Y2012/V30/12/176

[1] BOEHM B W. Software engineering economics[R]. Prentice Hall, Englewood Cliffs, NJ, 1981.

[2] BLOTTNER F G. Accurate Navier Stokes results for the hypersonic flow over a spherical nosetip[J].Journal of Spacecraft and Rockets, 1990,
27(2): 113-122. cros®!

[3] WILSON R, STERN F. Verification and validation for RANS simulation of a naval surface combatant[R]. AIAA Paper 2002-0904, 2002.

[4] CHRISTOPHER J ROY. Grid convergence error analysis for mixed order Numerical schemes[R]. AIAA Paper 2001-2606, 2001.

[51] MORRISON J H, HEMSCH M J. Statistical analysis of CFD solutions from the third AIAA Drag Prediction Workshop (invited) [R]. AIAA 2007-254,
2007. el
cros:

[6] VASSBERG JC, TINOCO E N, MANI M, et al. Summary of the Third AIAA CFD Drag Prediction Workshop[R]. AIAA 2007-260, 2007. erond®!

[7] De VAHL DAVIS G. Natural covection of air in a square cavity: a bench mark numerical solution[J]. International Journal for Numerical Methods
in Fluids, 1983, 3(3): 249-264. eront




(el
(el
[10]

[11]

[12]

[13]

[14]

[15]

[11
21
[31
[41
(51
(61
[71
(el
[e1
[10]
[11]
[12]
[13]
[14]
[15]

WILSON R, STERN F. Verification and validation for RANS simulation of a naval surface combatant[R]. AIAA 2002-0904, 2002.
OBERKAMPF W L, TRUCANO T G. Validation methodology in computational fluid dynamics(invited)[R]. AIAA 2002-2549, 2002.

STERN F, WILSON R V, COLEMAN H, et al. Comprehensive approach to verification and validation of CFD simulation part 1: methodology and
procedures[J]. ASME J. Fluids Eng.,2001.

ST RS | 2 B s 1 S LS LR e A [D) [ e 3] = S3h it ke b, 2009, et

ROACHE P J. Perspective: a method for uniform reporting of grid refinement studies[J]. ASME Journal of Fluids Engineering, 1994, 116: 405-
413. et

CANDLER G V, NOMPELIS I, DRUGUET M C, et al. CFD validation for hypersonic flight: hypersonic double-cone flow simulations[R]. AIAA 2002-
0581, 2002.

MATTHEW MACLEAN, MICHAEL HOLDEN. Validation and comparison of WIND and DPLP results for hypersonic, laminar problems[R]. AIAA Paper
2004-0529, 2004.

JOHNSON R W, HUGHES E D. Quantification of uncertainty in computational fluids dynamics 1995[A]. Joint JSME ASME Fluid Mechanics
Meeting[C]. ASME FED, Vol. 213, American Society of Mechanical Engineers, 1995.

B, T8, BRIEh, BRI GH. w7 R SR, Tk AN W 3] Bl A E ), 2013,31(02): 137-143

MRIRSH, 5Ka52. 2 T Richardsondfi {4 i CFD5 iE A i A J5 V& I W 9E [3]. 238l %7 44k, 2012,30(2): 176-183

MRIESE, 5Ka5o. 2 T Richardsondfi {4 i CFDS i A iff A J7 & I W 9E [3]. 23827244, 2012,30(2): 176-183

MRIRSR, 5Ka5 2.2 T Richardsondffi {4 i CFD5 il FHiff A J7 V& I W 9E [3]. 238l 44k, 2012,30(2): 176-183

FRJT, Bk, W] I HA R Hh K 28 S0AH AR 1 BUE E 5T D). S8 4k, 2010,28(03): 272-278

TEf2, SRS . DG T CFDIAIE §f A b I AN Bl e B2 R LA AN 81 [3]. <8 1% %4k, 2010,28(01): 39-45

MROTHE, BOG, LR, S5RME, ST, S04, ARUkZR. i 0 il o T LAl ) [T 9 g [J]. R 0242k, 2009,27(z1): 40-45
HEYErh, B, SRS RN AR S 30 BT B Ak 2% A T4 SR U 1 BUME 2 AT D). 2B ARk, 2008,26(2): 163-166

B R UK, BRI 2R A &5 ST BRI oy 7R 7 ORY R T PR 5 1A 1 F g 4 A LA BIE S [3]. 8 )i 244, 2007,25(02): 232-235,
b, mERBL, TR AR R AR T U 3 2 A B B IR B R I B AT O [3). Bl D4R, 2007,25(01): 1-6

AR, SME, WS, TRARAL. = R T Bl ) i) T AT AR M O SR B F AT 3] B ABh 1A A44R, 2005,23(02): 188-194
W, AT, K, ARV, AT LA BRI AT ) AR S ) R MR IR ST 0], 238 4R, 2004,22(04) 1 494-498,
XA = 4 53 2% A0 T R 38T 0 1 45 F B I £ AR AR 9T [J]. 2558 4R, 2004,22(01): 80-83

B, BRI, XE/ANKI, [ KT v 8 75 A 3l 4 DX R Y R SRV T [9]. 8 ) A4k, 2003,21(02): 173-181

TR, KBANN, i ST 73 DO 4 190 i S0 i N T 9 [0]. 288l %2 %44, 2002,20(02): 179-183

Copyright 2010 by #53)) J1 %2R




