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Uncertainty analysis in CFD for resistance and flow field
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(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: In order to comprehend and study the whole process and details of uncertainty in CFD, accord-
ing to the ITTC- Recommended Procedures, uncertainty analysis in CFD is carried out with the numerical
results of the resistance and flow filed of SUBOFF. Five grids are used in the numerical simulation and the

grid refinement ratio r;=" 2 . Base on these results, the verification analysis is performed. Numerical er-

ror and numerical uncertainty are evaluated, so the verification process is conducted completely. Subse-
quently, the validation analysis is performed. Comparison error and validation uncertainty are evaluated,
so the validation process is conducted completely.
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(11)

U= (Sy=SL)
1
Tab.1 Computed total resistance coefficients
G) (10° M) Se (10°°)
1 5.02 2.922
2 1.89 2.954
3 0.68 3.038
4 0.24 3.237
5 0.096 3.738
1~5 2 2. 9543E-02
2.9543E-03
: 1~5 o
2. 9542E-03
0.001 35%~0.009 02%Ss, S 29592603
[17] ?j—r 2. 9541E-03
= 2. 9541E 03
’ 2. 9540k~
2, 9540E-013
. 2. 93199E-03
( 8|<<6G’ UI<<UG’ 3200 300 A0 3500
_ ELANVS
USN _UG) ) [2] 2 2
Fig.2 Interation history of grid 2
2
Tab.2 Interation history study
1 2 3 4 5
S, (1079 2.922 2.954 3.038 3.237 3.738
U= % (SyS.)| (10 2.635 1.148 1.678 0.715 0.504
S % 0.009 02 0.003 87 0.005 52 0.002 21 0.001 35
ot} l

€ =Sy~ Soy =(2.954-2.922 |10 =0.032x10
€0y =Sea- Sep=(3.038-2.954 |10 =0.084x10
€00=Se,- Sey=(3.237-3.038 |10 =0.199x10

€es=See - So=(3.738-3.237 |10 =0.501x10
Rs

Ry, =% =0.381

€632

Re,= 2032 =0.422

G43

Ry =% =0.397

€es4
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SC
S =Sy - 05, =(2.922-0.032 ) x10 =2.890x10 (34)
S.,=Se- 8, =(2.954-0.084 1 )x10  =2.867x10 (35)
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Us,
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3, Usd, U %S 4
3
Tab.3 Verification of computed total resistance coefficient
R P Ce U, (10°) 5 (10°) U (10%) S (107)
1( 1~3) 0.381 2.784 1.625 0.044 3 0.032 0.012 3 2.89
2( 2~4) 0.422 2.489 1.369 0.107 0.084 1 0.022 7 2.867
3( 3~5) 0.397 2.664 1518 0.267 0.199 0.067 9 2.839
4 (%S,)
Tab.4 Verification of computed total resistance coefficient (% S.)
Rs Pe Ce Us %S.) 5, (%S.) Us (%S;) S (10°)
1( 1~3) 0.381 2.784 1.625 1.53 111 0.43 2.89
2( 2~4) 0.422 2.489 1.369 3.73 2.93 0.79 2.867
3( 3~5) 0.397 2.664 1518 9.40 7.01 2.39 2.839
412
SUBOFF (Benchmark Test) ,
D=2.925x10°, U, =2%D
E
E,=D- S,=(2.925-2.922 )x10 =0.003x10 =0.1%D (40)
E,=D- S,=(2.925- 2.954 )x10  =-0.029x10 " =- 0.99%D (41)
E,=D- S,=(2.925-3.038 )x10 =-0.113x10  =- 3.86%D 42)

U,
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Sc
Se1 =56, 6y (76)
Scz :Sez - 662 (7 7)
Ses =565~ O (78)
Us.
Us,=| (1= Cy )6gc. (79)
Us,=| (1- Cg )5REGZ (80)
Uo=| (1 Cos 16ne. (81)
5 y 2 UG UGC % gmax
6 {m=0.883 8 rR,,,=0.5 u,/u,
5 (r/lR,,=0.5)
Tab.5 Verification of numerical calculated tail flow field (r/R,,,,=0.5)
Re Ps Cs Us UGC
1( 1~3) 0.557 1.686 0.794 0.026 79 0.005 52
2( 2~4) 0.670 1.156 0.493 0.077 42 0.039 25
3( 3~5) 0.675 1.132 0.481 0.118 55 0.061 53
6 (% 00 IR,,,,=0.5)
Tab.6 Verification of numerical calculated tail flow field (%{,,,,. r/R.,,=0.5)
RG pG CG UG( (J/Ogmax) UGC( O/Ogmax)
1( 1~3) 0.557 1.686 0.794 3.03 0.62
2( 2~4) 0.670 1.156 0.493 8.76 4.44
3( 3~5) 0.675 1.132 0.481 13.41 6.96
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E
E=D-S, (82)
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2 2 2 2
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2 2 2 2
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7 2



12 2

222
7 (E.U))
Tab.7 Validation of numerical computed tail flow field (E, U,)
|IEIT, Ul ],
(%) (%)
0.112 5 12.73 1( 1~-3) 0.136 8 15.48
0.097 8 11.07 20 2~4) 0.154 9 17.53
0.070 1 7.93 3( 3~5) 0.179 0 20.26
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Ec
E.,=D- S, (88)
E.,=D- S, (89)
Ee,=D- S (90)
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2 2 2 2
Uva :\/Usc n+Up :\/UGcl +Up 1)
2 2 2 2
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2 2 2 2
Uvcs :\/USCN3+UD =\/UGC3+UD (93)

8 2
123 E. U, 10 11 12
8 (E¢,Uy)
Tab.8 Validation of numerical computed tail flow field (E., Uy,)
[E[ ], U],
(% 1) (% 1)
1 0.129 14.60 1~3 0.134 15.16
2 0.131 14.81 2~4 0.140 15.82
3 0.119 13.46 3~5 0.148 16.70
8 , 2 . |Ecl<Uy,  1R,=05
7~12 , 0° 90° 180° ,
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(3) : 3 ,
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