
MOE-KLTFSE 

1/64 

    

Ἅ ᾒ Ὠ  
 

    

 
 CFD-NHT-EHT CENTER  

 2016 6 15 ,  

/
/


MOE-KLTFSE 

2/64 

7.1   

҈  

7.2  

7.4 Richardson  

7.3  

7.5  

/
/


MOE-KLTFSE 

3/64 

7.1.1   

7.1.2  

7.1.3   

          7.1   

/
/


MOE-KLTFSE 

4/64 

      7.1   

  A.   

7.1.1  

B.  

      

  

1  

2  

3  

4  

C.  

     

  

1  

2  

3  

4  

/
/


MOE-KLTFSE 

5/64 

7.1.2   

D.  

        

  

1  

2  

         

        1986 ASME J Fluids Engineering

1993 2008

1993  

/
/


MOE-KLTFSE 

6/64 

1.  

2.  

3.  

4. FUD HD PLS EPS   

: FUD PLS  CD

SGSD 3  

6.1.3   

       

/
/


MOE-KLTFSE 

7/64 

1  

2  

3  

4   

Validation and verification --- V & V  

      :Validation  

̆ Verification  

 

 V& VȂ 

      ASME V & V 

2013 ASME V& V  

/
/


MOE-KLTFSE 

8/64 

                              7.2  

7.2.1   

7.2.2  

7.2.3   

/
/


MOE-KLTFSE 

9/64 

      7.2   

7.2.1 Ғ ⅎ  

1.  

         

 
2

1 2 2

2

1 1 2 2

/ 1 ( / )

1 ( / ) /

u r r r r

u r r r r

-
=
-

1 2 2 1 2

2

2 1 2 1 2 2

/ / /
[ ]

1 ( / ) / /

u r r r r r r

u r r r r r r
= -
-

/
/


MOE-KLTFSE 

10/64 

2

2

2

2

2

4

cos( )sin( )

cos( )sin( )

cos(2 ) cos(2 )

4

t

t

t

u x y e

v y x e

x y
p e

p n

p n

p n

p p

p p

p p

-

-

-

=-

=

+
=-

2.  

        2D 3D NS  

2
Re Re

0

u
u u p u

t

u

µ
+ ¶Ð =- Ð +Ð

µ

Ð¶ =

 Ethier C R, Steimman D A. Exact fully 3D Navier-Stokes solution for 

benchmarking. Int J Numer Methods Fluids, 1994, 19(5): 369-376 

2D  

 

/
/


MOE-KLTFSE 

11/64 

3.  340  

 4.  

 

2

2
0 )

T T
a x L

t x

µ µ
= ¢ ¢

µ µ
̂

 
0/

0 sin( / )
t t

T T e x Lp=
 

0

2
/2

02

0

1
[ ( ) ] sin( / )

t tT T
a a T x L e

t x t L

p
p

µ µ
- = +

µ µ

(a) 

/
/


MOE-KLTFSE 

12/64 

0

2

2

/2

0

0

0 )

1
[ ( ) ] sin( / )

t t

T T
a S x L

t x

S a T x L e
t L

p
p

µ µ
- = ¢ ¢

µ µ

= +

̂

(a) (b)  

(b) 

        

, 

 

/
/


MOE-KLTFSE 

13/64 

7.2.2 ẅ  

 1982 Ghia  

E. Ertuk, T.C. Corke and C. Gokcol. Numerical Solutions of 2-D Steady 

Incompressible Driven Cavity Flow at High Reynolds Numbers, Int. J. Numer. 

Meth. Fluids, 2005, .48:747-774 

 U. Ghia, K.N. Ghia and C.T. Shin. High-Re Solution for Incompressible Flow 

Using the Navier-Stokes Equations and a Multigrid Method. J. Comput. Phys., 

1982, 48:387-411. 

/
/


MOE-KLTFSE 

14/64 

 De Vahl Davis G. Natural convection of air in a square cavity, a benchmark 

numerical solution. Int J Numerical Methods in Fluids , 1983, 3:249-264 

 Barakos G, Mitsoulis E. Natural convection flow in a square cavity revisited, 
laminar and turbulent models with wall functions. Int J Numerical Methods 
in Fluids , 1994, 18:695-719 

D.C. Wan, B.S.V. Patnaik and G.W. Wei. A New Benchmark Quality Solution 
for the Buoyancy-Driven Cavity by Discrete Singular Convolution. Numer. 
Heat Transfer B. 2001,Vol.40, pp.199-228 

/
/


MOE-KLTFSE 

15/64 

 Fuchs L, Tillmark N. Numerical and experimental study of driven flow in a 

polar cavity. Int J Numerical Methods in Fluids , 1985, 5:311-329 

 Lee D, Tsuei Y M. A hybrid adaptive gridding procedure  for recirculating 

flow problems.  J Comput Phys.  1993, 108:122-141 

/
/


MOE-KLTFSE 

16/64 

 Demirdzic I, Lilek Z, Peric M. Fluid flow and heat transfer test problems for 

non-orthogonal grids ,benchmark solutions.  Int J Numerical Methods in 

Fluids , 1992,15:339-354 

 Oosterlee CW ,Wesseling P, Segal A. Bechmark solutions for the 

incompressible Navier-Stokes equations in general coordinate on staggered 

grids.  Int J Numerical Methods in Fluids , 1993,17:301-321 

/
/


MOE-KLTFSE 

17/64 

       21X21  

 Napolitano M, Orlandi P. Laminar flow in a complex geometry ï a 

comparison.  Int J Numerical Methods in Fluids , 1985,5:667-683 

/
/


MOE-KLTFSE 

18/64 

        

 Oosterlee CW ,Wesseling P, Segal A. Bechmark solutions for the 

incompressible Navier-Stokes equations in general coordinate on staggered 

grids.  Int J Numerical Methods in Fluids , 1993,17:301-321 

/
/


MOE-KLTFSE 

19/64 

       Re

 

 Gresho P M. Is the steady viscous incompressible two dimensional flow over a 

backward-facing at Re=800 stable? Int J Numerical Methods in Fluids , 

1993,17:501-541 

/
/


MOE-KLTFSE 

20/64 

/
/


MOE-KLTFSE 

21/64 

 Hassager O, Henrikson P, Townsend P, Webster M F, Ding D. The 

quarterbend:a three-dimensional benchmark problem. Compt Fluids, 1991, 

20:373-386 

/
/


MOE-KLTFSE 

22/64 

 Saitoh T, Sajiki T, Maruhara K. Benchmark solution to natural convection 

heat transfer problem around a horizontal circular cylinder. Int J Heat Mass 

Transfer, 1993, 36:1251-1259 

/
/


MOE-KLTFSE 

23/64 
6.2.3 ҙ Ὴ  

/
/


MOE-KLTFSE 

24/64 

                 7.3  

7.3.1 ⅎ ЈTaylor  

7.3.2 ЈLeonard Taylor  

7.3.3 ЈJin Taylor  

/
/


MOE-KLTFSE 

25/64 

      7.3  

7.3.1 ⅎ ЈTaylor  

mod
) ( ) ( )i el FDTE

x x

f fµ µ
= +

µ µ

( )FDTE Taylor  

mod( ) el
x

1i i

x
( ) ( )FDTE O x

1 1

2

i i

x

2
( ) ( )FDTE O x

1i i

x
( ) ( )FDTE O x

/
/


MOE-KLTFSE 

26/64 
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6.4.3 Richardson  
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Xing  Tao  Stern F  

Factor of safety)

 

Xing  T, Stern F. Factors of safety for Rechardson extrapolation . ASME J 

Fluids Engineering, 2010  132, 061403-1 ð   061403-13 

Celik I B, Ghia U, R Roache P J, Freitas C J, Coleman H, Raad P E., 

Procedure for estimation and reporting of uncertainty due to 

discretization in CFD applications.  ASME J Fluids Engineering, 2008, 

130:078001-1 to 078001-4 
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