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Meetings
The Uncertainty Analysis Committee (UAC) held three (3) meetings:
& Spain, Madrid University, January 2009.

¢«  [taly, INSEAN, December 20009.
¢  Canada, NRC-IOT, June 2010.

Chairman notes:
1 - Meeting in Italy was planned to coincide with the time for the NAV conference 2009 in Italy.
2 - The meeting in Canada was joint with the ITTC 2-day workshop on Uncertainty Analysis.
3 - Many thanks to the host laboratories for the hospitality.
4 — Many thanks to all members of the UAC for the hard work.
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Outline

Terms of Reference (ToR) — Mandate.
Recommended Procedures — Completed procedures.

Uncertainty Analysis (UA) - ISO GUM (1995) guidelines.
Water Properties (Equations and UA).

UA in Multi Component Force Balances (Dynamometers).
UA for CFD work.

The 1978 - 3P task.

UA for propulsion (Open Water).

Reporting Experimental Uncertainties.

The ITTC - UA Workshop in St. John’s.

General UA — Simple Best Practices.

¢ e ¢ ¢ e ¢ e e ¢

Conclusions
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Terms of Reference (9 tasks were mandated)

Tasks 1 and 2: Monitor new developments in verification & validation (V&V) methodology
and Evaluate the state-of-the-art for Uncertainty Analysis.

Tasks 3 and 4: Support (and work with) other ITTC committees to develop, revise, or
harmonize UA procedures, as per ISO-GUM guideline.

Task 5: Update ITTC recommended procedure 7.5-03-01-01 “Uncertainty Analysis in CFED.

Task 6: Update ITTC Recommended Procedure 7.5-02-01-03, Density & Viscosity of Water.

Task 7: Revise Proc. 7.5-02-03-01.2 & 7.5-02-03-02.2 “Propulsion and Open Water Tests”.

Task 8: Develop a Proc: “Uncertainty Analysis for the 1978 ITTC-3P Method”.

Task 9: Organize an ITTC UA workshop.
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Recommendations

’ Accept ITTC procedure 7.5-02-01-03, “Properties of Water”

’ Accept procedures 7.5-02-03-01.2 “Uncertainty Analysis Example for
Propulsion test” and 7.5-02-03-02.2 “Uncertainty Analysis Example

for open water test” (Note: the ITTC — AC asked the propulsion committee to
merge the two procedures)

Notes:

1 - A procedure for the 1978 3P method was not recommended (will be discussed in this presentation via examples)
2 - The state of art reviews, the ITTC UA workshop, and support to other committees were completed.
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Experimental Uncertainty Analysis
¢« History of UA — Highlights.
¢ 1SO-UA Fundamental Principles.

History of UA - Highlights
®3000 BC: Ancient Egypt (cubit), .....the Greeks (foot), ...
®1668 The tenth and the metric system.
®1875 The meter convention (BIPM, CIPM, GCPM)
®1977 CIPM call for UA.
®1980 BIPM recommendation INC 1980.
®1981 CGPM ratification OF INC-1980.
®1993 JCGM produced ISO-GUM, revised in 1995 (1ISO-GUM 1995)
®1998-2008 1SO-GUM mirrors. !
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UA - Fundamental Five Principles
Principle # 1. Uncertainty grouped in 2 categories: Type A and Type B

*Type A - statistical methods to the results of measurements.
*Type B uncertainties are those evaluated by other means (not statistical).

Principle # 2. Type A defined by the estimated variance (DOF).

Principle # 3. Type B is an approximate variance (existence assumed).

Principle # 4. The combined uncertainty is the law of propagation of uncertainty.
Principle # 5. Expended uncertainty = Combined Uncertainty times a coverage factor.
Notes:

1 — Usually, in tow tank testing, the coverage factor is 2, for the 95% confidence level.
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Water Properties

ITTC procedure 7.5-02-01-03.

Procedure was expanded to include:
& Fresh Water
+« Sea Water

Notes:
1 — Properties are: density, absolute viscosity, kinematic viscosity, and vapour pressure

(o)
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Freshwater Properties

Properties are: density, absolute viscosity, kinematic viscosity, and vapour pressure.
International Association for the Properties of Water and Steam (IAPWS).
Computer code: Harvey, et al. (2008) from NIST/ASME.

Uncertainty estimates for equations.

Tables for properties & their sensitivity coefficients.

10
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Uncertainty in Freshwater Equations

Property Symbol Ugs Units
Density yo, 1 ppm
Viscosity u 1 %
Vapour Pressure Py 0.02 %

ppm: parts per million (0.0001 %)

11
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Temp f Density p op/ot Viscosity u ou/ot V= uw/p ov/ot Pressure p, ap, /ot
(°C) (kg/m3) (kg/m3-°C) (Pa-s) (Pa-s/°C) (m?/s) (m?/s-°C) (MPa) (MPa/°C)
10 999.7025| -0.08791| 0.001306| -3.760E-05( 1.3063E-06| -3.749E-08| 1.2282E-03| 8.230E-05
11 999.6079| -0.10112| 0.001269| -3.591E-05( 1.2697E-06| -3.580E-08| 1.3130E-03| 8.728E-05
12 999.5004| -0.11399| 0.001234| -3.433E-05( 1.2347E-06| -3.420E-08| 1.4028E-03| 9.252E-05
13 999.3801| -0.12653| 0.001200| -3.284E-05( 1.2012E-06| -3.271E-08| 1.4981E-03| 9.802E-05
14 999.2474| -0.13877| 0.001168| -3.144E-05| 1.1692E-06| -3.130E-08| 1.5990E-03| 1.038E-04
15 999.1026| -0.15071| 0.001138| -3.012E-05( 1.1386E-06| -2.997E-08| 1.7058E-03| 1.099E-04
16 998.9461| -0.16237( 0.001108| -2.887E-05|1.1093E-06| -2.872E-08| 1.8188E-03| 1.162E-04
17 998.7780| -0.17376( 0.001080| -2.769E-05| 1.0811E-06| -2.754E-08| 1.9384E-03| 1.229E-04
18 998.5986| -0.18489| 0.001053| -2.658E-05( 1.0542E-06| -2.642E-08| 2.0647E-03| 1.299E-04
19 998.4083| -0.19578| 0.001027| -2.553E-05( 1.0283E-06| -2.537E-08| 2.1983E-03| 1.372E-04
20 998.2072| -0.20644| 0.001002| -2.453E-05| 1.0034E-06| -2.437E-08| 2.3393E-03| 1.449E-04
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Freshwater

Density

VWater Density, p (kgme)
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Seawater Properties

International Thermodynamic Properties of Seawater (TEOS-10).
Computer codes: MATLAB & FORTRAN (GSW v3.0).
Transport properties (Shargawy et al., 2010).

Uncertainty estimates for equations.

Tables for sea water properties & sensitivity coefficients.

14
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Uncertainty in Seawater Equations

Property Symbol Ugs Units
Density o, 8 ppm
Viscosity U 1.5 %
Vapour Pressure Py 0.1 %

ppm: parts per million (0.0001 %)

15
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Sensitivity Coefficients — Sea Water

Temp £ Density p p/ot Viscos u au/ot vV=wp ov/ot Pressure p, op,l ot
(°C)|  (kg/m?3) (kg/m3.°C) (Pa-s) (Pa-s/°C) (m2/s) (m?/s-°C) (MPa) (MPa/°C)
1] 1028.0941 -0.0680( 0.001843| -6.186E-05| 1.7926E-06| -6.005E-08| 6.4363E-04| 4.639E-05
2 1028.0197 -0.0810f 0.001783| -5.862E-05| 1.7341E-06| -5.689E-08| 6.9153E-04| 4.944E-05
3| 1027.9327 -0.0930f 0.001726( -5.561E-05| 1.6787E-06| -5.395E-08| 7.4256E-04| 5.265E-05
4] 1027.8336 -0.1050( 0.001671| -5.282E-05| 1.6262E-06| -5.122E-08| 7.9689E-04| 5.604E-05
5 1027.7225 -0.11701 0.001620| -5.021E-05| 1.5762E-06| -4.867E-08| 8.5471E-04| 5.962E-05
6 1027.6000 -0.1280( 0.001571| -4.777E-05| 1.5288E-06| -4.630E-08| 9.1620E-04| 6.340E-05
7| 1027.4662 -0.1390( 0.001524( -4.549E-05| 1.4836E-06| -4.408E-08| 9.8157E-04| 6.738E-05
8| 1027.3214 -0.1500( 0.001480( -4.337E-05| 1.4406E-06| -4.200E-08| 1.0510E-03| 7.156E-05
9 1027.1659 -0.1605( 0.001438( -4.137E-05| 1.3995E-06| -4.006E-08| 1.1248E-03| 7.597E-05
10| 1027.0000 -0.1710f 0.001397( -3.950E-05| 1.3604E-06| -3.823E-08| 1.2030E-03| 8.061E-05
11| 1026.8238 -0.1815( 0.001359( -3.774E-05| 1.3230E-06| -3.652E-08| 1.2861E-03| 8.550E-05
12| 1026.6376 -0.1915( 0.001322( -3.609E-05| 1.2873E-06| -3.492E-08| 1.3741E-03| 9.063E-05
13| 1026.4416 -0.20101 0.001286| -3.454E-05| 1.2532E-06| -3.341E-08| 1.4674E-03| 9.601E-05
14| 1026.2360 -0.2105( 0.001252( -3.308E-05| 1.2205E-06| -3.198E-08| 1.5662E-03| 1.017E-04
15| 1026.0210 -0.2195| 0.001220| -3.170E-05| 1.1892E-06| -3.064E-08| 1.6709E-03| 1.076E-04
16| 1025.7967 -0.2290( 0.001189( -3.040E-05| 1.1592E-06| -2.938E-08| 1.7816E-03| 1.139E-04
17| 1025.5633 -0.2380| 0.001159| -2.918E-05| 1.1304E-06( -2.819E-08| 1.8987E-03| 1.204E-04
18| 1025.3210 -0.24701 0.001131| -2.801E-05| 1.1028E-06| -2.706E-08| 2.0225E-03| 1.272E-04
19| 1025.0700 -0.2555( 0.001103| -2.692E-05| 1.0763E-06| -2.599E-08| 2.1533E-03| 1.344E-04
20( 1024.8103 -0.2640| 0.001077| -2.588E-05| 1.0508E-06( -2.498E-08| 2.2914E-03| 1.419E-04
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Standard Saltwater Density

. 5
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H 1m0
w1010
T 1120
] 1m0
— 1040

== 1050

17




26" International Towing Tank Conference
Rio de Janeiro, Brazil, 28 August - 3 September, 2011

Rio de Janeiro /A

UA, What’s New? State of the Art Review

ISO GUM 1995 & VIM available on-line at BIPM.

New supplements to ISO GUM.
a) Monte Carlo methods
b) Introduction to ISO GUM
c) Five more in the near future

New standard for CFD verification & validation, ASME (2009).
Revised guide on Sl units, NIST (2008).

Application of ISO GUM to ITTC model test.
18



26" International Towing Tank Conference
Rio de Janeiro, Brazil, 28 August - 3 September, 2011

Rio de Janeiro oA/ Y A A A AT

Example ITTC Model - ISO GUM

Blockage Correction & Form Factor

Blockage Correction, AV/V (%)

0.6 _I LI LI LI T 17T T 1T T | LI I_
: ] [:]'5_""I""I""I""I""I""IIIII
- 1] | i
05 __ = ] - = —_ L
[ g = = ® _ 04 [ DTME Model 5413 N
i ] ot k=0193 +-0.034 .
04 - i 1
- . L [m] .
. CEHIPAR 2716 ] 1I— 03 h
0.3 - | © Schuster Correction - L i
- m  Tamura Correction i Q .
i A Scott Correction A ] E}L 07 k= 0192 +-0.041 ]
0.2 — ' CEHIPAR Model 2716 i
E o o o o oo ©°Q © E 1
0.1F A . 0.1 o Lin(1982) -
C A s, A A ] o 2009 Data i
0.0_|||||||||||||||||||||||||||||_ DD |||uu||||||||||||||||||....|...._
05 10 15 20 25 30 35 00 01 02 03 04 05 0B 0OF
: : 4
Carriage Velocity, V, (m/s) Fri/C.




26" International Towing Tank Conference
Rio de Janeiro, Brazil, 28 August - 3 September, 201
N
Rio de Janeiro

\"/

Multi-component force balances

Multi-component
force balances are
widely used

But what is the uncertainty?
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Uncertainty Analysis

o Single component force transducers:
o IS0 376: > 48 points at > 8 loadings in predefined scheme
o ASTM E74: 30 points at 10 loadings, random loading
o Valid for compression or tension
o ITTC recommended procedure is based on ASTM E74

o Similar approach for thrust-torque transducer:
o Compression and tension for two components
o Extended ISO approach: 6*8*8*4 = 1536 points!
o Not feasible!
o Don’t think about UA for 6 components?

21
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Calibration of multi-component force balances

o Mathematical model
F=BS

F = force vector: Fx, Fy, Fz, Mx, My, Mz
S =signal vector: S1 ... S6 + quadratic & cross terms
B = evaluation matrix (6x6 up to 6x96)

B is determined by multiple linear regression on calibration
data

o0 Residuals (difference between applied and predicted load) are
calculated

22
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Calibration of multi-component force balances

o Standard error of regression:

(N 2\
2R
|=1

" | N-P
\ J

N[~

0 R;; = residual of i component and j™ loading
o0 N = number of points
O P = number of coefficients in mathematical model

23
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UA for multi-component force balances

0 Sources of uncertainty

)

©O O O O

Calibration system (weights, friction in pulleys, alignment, balance level etc.):
Best Measurement Capability (BMC)

Balance design and manufacturing (bolted joints cause hysteresis effects)
Load table (time vs. quality, coverage of loading space)

Mathematical model (right type and number of terms)

Data reduction process (removal of outliers, overfitting, extrapolation errors)

o Expanded uncertainty (k = 2) of force component F,

U, =2(s? +BMC?)’

24
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Effect of load table on uncertainty example from [1]

0 One Factor At the Time (OFAT) table
o0 Pure loads up to 100% of load range
o0 Combined loads up to 75% of load range
o 505 points in total

o Design Of Experiments (DOE) table
o D-optimized twice (minimizes standard error and # points)
0 Only combined loads
o 136 points in total

[1] Bergmann, R., Philipsen, I., 2010, An experimental comparison of different load
tables for balance calibration, 7t International Symposium on Strain-Gauge
Balances, Williamsburg, VA USA

25
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F
=
n
\_II

o
O
=

.small: M
[
PJ.
[

O

main: F

. main: F _ small: M
maimn: FK, small: M_I ¥ ¥

26



26" International Towing Tank Conference
Rio de Janeiro, Brazil, 28 August - 3 September, 2011
I Rio de Janeiro

P

DOE table: forces and moments

main: F , small: M
-+

0 jﬁ : *J:-Lj | — 0

27
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Effect of load table on uncertainty

©C O O O O

Both load tables are applied to internal balance
Calibration machine at Qinetiq is used
Evaluation matrix determined for each data set
Back-calculated loads for own and other data set
Comparison of normalized standard error in FX

103 sg, /FXeg load table
calibration model| OFAT | DOE
OFAT 0.31 1.37
DOE 0.85 | 0.90

OFAT model best on own table, but worse on DOE table
DOE model performs equally on both tables

28
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UA Final results

o Normalized standard error = 0.9x103
o Normalized BMC = 0.3x10-3
o Expanded normalized uncertainty U.,= 1.9x1073

29
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Concluding remarks

o Visual inspection of 6D load table in 3D is useful to check coverage of load
space

o DOE can be used to obtain a more stable regression model with less points

o ldeally, balance uncertainty should not be derived from the residuals of the
data set used for the regression, but from a separately obtained data set

30
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UA for the ITTC-1978 PPP Method (1)

® \alidation of the ITTC-1978 Powering Performance
Prediction Method.

26" International Towing Tank Conference
I Rio de Janeiro, Brazil, 28 August - 3 September, 2011

- ITTC — Recommended 7.5-02

03-01.4
I I Ii Procedures and Guidelines Page 9 of 9

Performance, Propulsion _ B
"TOWING TANK 1978 ITTC Performance Prediction | Effective Date | Revision

CONFERENCE 2008 01

Method

3. VALIDATION The main Issues:

® Method of UA for the prediction is
3.1 Uncertainty Analysis  djfferent from that of measurement
_ ® The source of uncertainties from

Not yet available model-ship correlation not available

31
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UA for the ITTC-19/8 PPP Method (2)
Overview of the validation process

Model Test Results and Model Test
Uncertainty Analysis Procedures
H The 1978-ITTC Method “<7 Extrapolation
Method

Full Scale Prediction and

Uncertainty Analysis: $+ Us Prediction Validated?
method is ok, -

WValidation:
¥ F=(5-D) = (Us)*+(Up)?
=E+ Ul

h 4

Sea Trial Data and Correction: Environment, Sea Trial
Uncertainty Analysis: D+ Up Fouling, Steering and etc. Procedures
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UA for the ITTC-19/8 PPP Method (3)
A real example: 36,000DWT Bulk Carrier

Particulars of
Ship Hull

Particulars of
Propeller

[tems Symbol Ship Model

Length of waterline Ly 178.00m 6.5267m
Breadth, moulded B 32.26m 1.1827m
Draft T 10.00m 0.3667m
Displacement volume \% 44212.0m’ | 2.1795m’
Waterline plane area coefficient Cwr 0.9384 0.9384
Wetted surface S 7762.0 m* | 10.4356 m*

Items Symbol Model Full scale
Diameter De 0.1943m 5.30m
Developed Area Ratio Az /A4, 0.55
Pitch Ratio (PDplor 0.64
Number of Blades Z 4

26" International Towing Tank Conference

de |Janeiro, Brazil, 28 August - 3 September,

2011
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UA for the ITTC-19/8 PPP Method (4)

A real example: 36,000DWT Bulk Carrier

® Only the uncertainties of the powering performance prediction
for the condition of the design draft and design speed (at 85%MCR)

of the ship are evaluated.

Conditions:
calm and deep water
85%MCR= 6400kW
Transmission efficiency=0.985

Predictions:
Speed of ship at design draft (Mean Value with Uncertainty)

Revolution rate of propeller (Mean Value with Uncertainty)

® All model tests are carried out in the Deep Water Towing Tank at CSSRC.
34
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UA for the ITTC-19/8 PPP Method (5)

A real example: 36,000DWT Bulk Carrier
Simplifications:

® The Following uncertainty sources are not taken into consideration
® Geometry uncertainties resulted from model manufacturing.

® Uncertainties resulted from installation in model tests.

® Uncertainties originated from model-ship correlation,

® Uncertainties originated from all full-scale corrections.

® Uncertainties related to extrapolation of appendage resistance.
® Uncertainties related to air resistance calculation.

® Uncertainties related to transmission efficiency of ship shaft

® The form factor Is assumed to be zero
35
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UA for the ITTC-19/8 PPP Method (6)
A real example: 36,000DWT Bulk Carrier

26" International Towing Tank Conference
I Rio de Janeiro, Brazil, 28 August - 3 September, 2011

Method of UA:
Input Parameters: The 1978-ITTC Method Output: Vs + §(Vs)
Mean value+Deviation, _:> (e.g. using the routine ||:> Ns + 8(N;)
such as K7, +8(Kn,) software in Lab) at 85%MCR)

® All the standard deviations are really estimated with Type A or Type B
method in the ISO-GUM (1995)

® Repeat tests are performed at the points around the design point that is
estimated by resistance tests and open water tests

36
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UA for the ITTC-19/8 PPP Method (7)

A real example: 36,000DWT Bulk Carrier
Preparatory steps: estimate of design speed and design point of propeller

V. ~13.5kts and J, ~0.40 Repeat tests Test points
V. —1.0kts

N
2

® Repeat tests at the vicinity of the estimated
design point to evaluate the measurement
uncertainties of model tests

Resistance test

SN o
2
by N

&

V. +1.0kts
,—0.05

24
ek

Open water test

&
Sy

0

J, +0.05

.

. —1.0kts

&

A I T
i

—

>

Self-propulsion test

"
&
-

=3
i

.~ Vo +1.0kts
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UA for the ITTC-19/8 PPP Method (8)
A real example: 36.000DWT Bulk Carrier

_ Standard Uncertainty
Uncertainty Sources '
Components Ve(kts) =13.646 | Ng(rpm)=132.943
Resistance test Rrm: £1.2% 1 (V)=0.029 11 (Nz>=0.400
Km: £0.42% 1,(V5y=0.005 142(N3)=0.066
Open water test Kon: £0.75% | 11, (V5y=0.003 1:(N2)=0.001
| Fr +4.1% 14V 5=0.000 114(N3)=0.004
Selt-propulsion test T;D,,: T +4.1% quVg:o. 000 ujgﬁrgzo. 000
at speed V) Oim’ £4.1% 11(V9=0.000 14(N9)=0.000
| Fro £3.1% 14(V5=0.055 14(Np)=0.360
Seli-propulsion test Tj: L +0.71% qunga. 002 MjENz;ZO.DH
at speed V; Oom: £0.62% 14(V5y=0.018 14(Noy—0.221
. Frs +3.6% 14(V5=0.064 14(No)=0.481
Self-propulsion test T;D,: T £0.36% qungo. 001 ujgﬁrgzo. 005
at speed V3 Osm: +0.46% 14(V5=0.003 14(N9)=0.035
(#1,~ #,2) Combined Standard Uncertainty He(Vy) = 0.091 He(Ng) = 0.76
Expanded Combined Uncertainty Uc(Vs)=0.18 Uc(Ng) = 1.5
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UA for the ITTC-19/8 PPP Method (9)
A real example: 36,000DWT Bulk Carrier

Uncertainty Standard Uncertainty

Sources Components Vs (kts) =13.646 | Ns(rpm) =132.943
Load cell Rrm 10.39% 1 (Vs) =0.009 1413 (N5)—0.130
Calibration F Fali +1.2% Fh 4(V,5'):0. 000 M14(N,5’):0. 001
(+0.015k2/) Fry, +0.96% w5(V5)=0.017 us(N9=0.111
Fr; 40.91% ho(V2)=0.016 115(No=0.122
(+0.048kz7) Krn 10.60% #;3(V)=0.007 #13(N:)=0.009
Dynamometer Tim +0.09% 114(V5) =0.000 th4(Nz) =0.000
Calibration Ton +0.08% u15(Vs) =0.000 11 5(Np) =0.001
(£0.0022kg/) | T, 40.06% t15(Vs) =0.000 11 6(Ng) =0.001
(+0.030kgrcm) | Kom 10.17% ty7(V) =0.000 117({Ng) =0.018
Dynamometer O 10.15% t1z(Vs) =0.000 1 4(IN5) =0.000
Calibration O 10.14% u1s(Vs) =0.004 w5(Ns) =0.050
($0.0081kzfem) | 0y, +0.11% 1 (V) =0.001 1y o(Ng) =0.008

(#, 1~ Hp) Combined Standard Uncertainty ue(Vy) = 0.026 Ho(N5) =10.22

Expanded Combined Uncertainty UdVs) =0.052 UdN:) = 0.43
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UA for the ITTC-1978 PPP Method (10)

A real example: 36,000DWT Bulk Carrier
Total Uncertainty

26" International Towing Tank Conference
I SR ESUenelin: BIeell, 28 MEgNSL=> SeRlzmbel. <L)

. Standard Uncertainties
Uncertainty Sources
Ve (kts) =13.646 Ng(rpm) =132.943
Repeat model tests u(Vs) =0.091 u(Ng)=0.76
Calibrations u(Vs) =0.026 u(Ng)=0.22
Combined Uncertainty uc(Vs) = 0.093 ncdNg)y=0.79
Expanded Combined Uncertainty Uc(Vg) =0.19 UcANs)=1.6
Prediction | Vs (kts) =13.65+ 0.19 | Ng(rpm) =132.9 + 1.6

Significant Uncertainty Sources:
The contribution of calibration uncertainty (bias uncertainty) is almost negligible with
comparing to that of uncertainties (precision uncertainty) resulted from the repeat tests.
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UA for the ITTC-1978 PPP Method (11)

A real example: 36,000DWT Bulk Carrier

Conclusive Remarks
® The uncertainties from model tests can be evaluated with
the method suggested in the example. The uncertainty of level
of confidence 95% for the ship speed prediction is 0.19kts, while the
uncertainty for the propeller revolution is 1.6rpm

® The significant uncertainties unavailable will result from the
model-ship correlation.

25t ITTC Powering Performance Prediction (2008) found that the database of
120 ships doesn’t contain enough high quality complete datasets to enable a

reasonable correlation study.
41
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Uncertainty Analysis for CFD (1)

meorant Advance in UATor CFD
ASME V&V 20-2009
Verification and Validation

® in Computational Fluid
Standard for Dynamics and Heat Transfer
Verification and Validation
in Computational Fluid 1

Dynamics and Heat Transfer

The Objective is the specification of ¢
a verification and validation that the
degree of accuracy inferred from the
comparison of solution and data for a [ ——

Engine

specified at a variable at a specified
validation point
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Uncertainty Analy5|s for CFD (2)
Important Advance in UAforCFD . . . .

Three hulls of different types were
used and 18 test cases using these

hulls were specified. CHALMERS £ UU:LCN'
33 groups carried out computations s = ey @ @

for one or more cases and reported .the RTE -y ——

results to the organizers who compiled

the results. Gothenburg 2010
A Workshop on Numerical

® Most of groups who had performed Ship Hydrodynanics

V&V and presented uncertainty results Proceedings, Volume II

complied with the ITTC-2008 approach Bt

for UA of CFD. FREDERICK STERN | So—=f
%ﬁm& Shippin g and Marine Technolegy

CHALRMER S UNTVERSITY OF TECHNOLONEY
Gothenburg, Sweden, 2010

Repoot Mo, R-10:122

88N MNo. 1652-5185



Rio de Janeiro AN NN VWA

Uncertainty Analysis for CFD (3)

Concluding remarks based on review

26" International Towing Tank Conference
I Rio de Janeiro, Brazil, 28 August - 3 September, 2011

ITTC Recommended Procedure 7.5-03-01-01 (Revision 02), 2008
Uncertainty Analysis in CFD, Verification and Validation Methodology and Procedures

® The ITTC procedure is very detailed for estimating the uncertainty in a simulation
result. It is intended for practical use and presented in an easily-implemented way.

® Basically, the ITTC recommended approach is consistent with the ASME V&V20

® It is recommended to keep Procedure 7.5-03-01-01 relatively stable other than
updating frequently.
A sufficient number of documented V&V solutions for practical applications will be
necessary for programmatic levels of uncertainty to be established, which will provide
targets for reductions in numerical and experimental uncertainties (Larsson, et al, 2003)

» V&V is more empirical than mathematical

The various approaches to error estimation and quantification of uncertainty in Cilp
have their relative merits. (Roache, 1997)



26" International Towing Tank Conference
Rio de Janeiro, Brazil, 28 August - 3 September, 2011

Rio de Janeiro W NNV N W\ VNNV

-

e

Open water & propulsion Procedures




Open water Procedure |

Prototype
propeller plan

Rio

Rio de Janeiro &\ VWV VNV

v

Model propeller
scale plan

:

Model propeller
marmfacture

Model propeller
deformation

Geometry
Llncertaindy
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Open water Procedure |

Data reduction equations:

T
P.ﬂ:.ﬂq' P.-H_-"-.DE

Ky =

] = Va _ JEg
nD Mo =

47
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Open water Procedure |

Uncertainty Analysis for propellers coefficients:

(U 71Ky P=(uy /TP +[(u,-dp/et) pF +(2u, /n) +(4uy /DY
(uKQ/KQ)Zz(uQ/Q)2+[(ut-8p/6t)/p]2+(2un/n)2+(5uD/D)2
(uy 13)=(u, NV, F +(u, /n)’ +(u, /DY

(u,70 /15 )=(u, 13) Fug 1K +(uKQ /KQ)2

48
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Uncertainty Analysis for propellers coefficients (example)

(uKT 1K, P =((u, YT +[(u, -0p/0t)l pJ +(2u, /n)* +
+(44, /D)’

Uy =Ju2 + U2 === Uy =u(F)=4/u(F)+uZ(F)

Ua :lST //n I U, (F) = SEE = /SS,, /(n-2)
U, (F)/F = (U, /my +(u, /g)
Open water Procedure | l
Hr :Zn:ui 49
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Open water Procedure |

S G ENE S e Aoy
| |
I D : I @ : | @ 1| & i : o |
I I 1 0 CATTIAZE | | I
I : I :-l-h Tachometer! — Spiﬁd : |
Installation || Das 1! 1 |
|
| FPrototype : I : I 1! [ : |
i | propeller plan | I || [ Kr o Ka ||
| I | 1| Thrust i i : i
v i N 1| Revolutions! T : il I
I propeller I D e L Fewolutions « ; I I
: Model propeller ; 114 T DABS i : | I
I scale plan | : : 1 | I : I
I l I I ! 1 | ([Water 1 i
I 1 1! I |
: : | trmrnersion | Yo || water 1l g e e 1 : I
|| Model propeller : il etz : || temperaturel |1l lldensity P (I |
| matmfacture I [ |:-'-I| DaS I : kinematic 1y I
| T | | H : : | viscosity v : | :
I . I -
I - : I : ' 1| I : |
1| Model propeller | I i | I p I
1| deformation I I : ]| Enct-EOD | | |[Ductthrust  Tplly e |
I I I i 1| theust/ | | [Ducted propeller )1 4 Kp I
I I I |":l.I Dymaraoraeter/ (|71 | thiust T e o '
: : : e | : | [[Total thrust T : : :
I I I : ! 1| (I I
| L | ' 1 Direct \ | Data Reduction |
| Gaontatey 1 | Aligmment I Calibraion : | Measurement : | Eeuation :
: Lncoriainiy : : Lucertainty | Dncertainty | | Dncertatuty | : Lincertainty i
| :
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Propulsion Procedure |

Data reduction equations:

Ky =—— .

T_P_ﬂ:_ﬂq H@_P_ﬂ:_ﬂe.
JrDn K

wr =1 e =

I Kq

51
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Uncertainty Analysis for propulsion coefficients

(uWT Iw, :-(uJT 13; F+(uy /D) +
+(u, /n)* +(u, /V)

Propulsion Procedure |

(u,7R /77R)2 = (uKQT / KQT)2 + (uKQ / KQ)2

(u /t)=(uy 1TV +(up, /Py f +(ug /R F (U [ F)2= (U L4 K)? + (U, /Crc )’

l l I"‘(UCR /Cr)*

(uRC I R. ):(uRT /RT)2 +(u. /F)
(e, [Fy)’=(u -oplat)l pf +(us/S)* +
(2u, IV )? + (U /1+K))? +(Ue /Cre)? 52
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GENERAL INFORMATION

mcwdﬂmnmmwmm

In @ typical June month, icebergs and whales/birds
John!

ofters, mmmm.s‘.lm’su
ihe home of several Ocean Technology labora-
fories and the Gcean Technalogy Cluster called
"Oceansadvance” thal is made up of over 60 com-
panies and interacts with a larger number of oil and
gas companies and marine related industries.

Conloct Information

Forinfo on he UA workshopiraining. please contoct
Anmedt Denad)i-Acudi@nve-enre. ge.ca

Waikshop Decument repesiory Contac! Infermation:
Pt rasearchars ot rve. cal~derod TG,

Relovant Information
Intormation fof NRC-IOT (Hot labetary)
Pifoxffwwwic-cnve go. calengfbnfiot Him

I
WS- anec. g cainms-fermyindex imi

Intoration for the aity of S1. Johs, Newfcundand:
Pt fhwww stfohnis.caindle 5o

Indorresion fer Canarl Oceon Technalegy Cusler
e Ocoarsadvance.net

UUAISONS WITH OTHER ITIC COMMITIEES
In order o further munications

facilitate com between
fhe UAC and ofher TIC committees, the UAC designat-
ed af least one of ils member fo be ihe permanent

WWWWWWIMZOIOUAM

Committea/Group UA - Member
MCGererd  Resslonce AC, LPR W
Comrifees  Popuson wa.
Monoaurng MW, MR WE.
Seckeaping AD, WE
Ocean Engnearing WE MW
MCSpeciaist  CFDIn Maine ydtodynamics SN, MR.AG
Commiftess  Sodling of Woke fisics
Sutere Vectment Mw
High Speed Creft SN
Stciity in Waves
Vortox nchsced Vircion AD.AOD
Dufaled Aow Magmsament
me Grow Quafy Systems Group AD.

AO (Angeio Ower o]

MR (Mt von E\chr The Nathartands)
£ (uis Pérez Rojos, Spar

MW Mehom Wotverdt tH) ond

AD. fiivmed Deradi-Acust, Canada)

The 2010 ITTC Workshop
on Uncertainty Analysis

June 8 and 9, 2010

NRC-OT,
$t. John's, Newfoundiand, Canada

INTRODUCTION

A 2-day Uncertainly Analysis (UA) Workshop is

scheduled for June 8 and %, 2010, at the NRC-IOT
in St. Johr's, Newoundland, Canada. ISO-GUM
experts from a National Mefrology Institute (NMI)
along with Dr. J. Park from fhe Naval Surface War-
fare Cenler, NSWC, USA, and the 7 members of
the Uncerlainty Analysis Commiltee: (UAC) will de-
welop and lead fhe workshop. Dr. Park will help fo
facilitate the NMI application of 50-GUM guides

Jual

review and explanafion
(in the moming), while in
in

FEES & PARTICIPATION

A fee of $300 5
required. To register, simply fill in the
‘form and Fax it fo 709 772-2462, or e-mail it fo

Ahmed, re-Chie.ge.ca. be
advised fo register by May 15, 2010 fo faciliale

signal analysis. The
examples for resistance and propulsion
fank data (in fhe moming). In the aftemoon, however,
the focus will be on several smaller sessions/examples

from
fal hydrodynamic fests. and the 7 members of the
UAC will collect actual fonk data fo be used as
‘examples in the workshop.

Al relevant experts from all TC fechnical commil-
tees should affend the workshop. The UACTOR # 7
requires Gll members of IMC commifiees who cre

responsible for lasks involing unceriainty analy-
ses fo atfend. For example: An TTIC commitee (say
Seakeeping) has a lask that involves UA. Therefore,
ihe Seakeeping commitiee should send their rei-
evant commitiee member fo participate in this UA
workshop. Ofhers from ITTC member's laboratories
can parlicipate provided that the space permits
1o do s0.

Parlicipation of he refevant members from all ITTC
commitiees in this UA workshop s crifical. In addi-
tion o leaming ISO-GUM guidelines, parficipants
will develop the same underslanding for applica-
tion of 50-GUM guidelines. This undersianding is
further enhanced with calculation of unceriain-
fies in the results for typical fank tests (resistance,
propulsion, manoeuvring, seakeeping ...etc).

Farficipaling in fhe workshop fogether will result
in @ hamonious UA understanding across all ITC
member laborataries.

Registrants are encour-
aged fo biing their laplops for analysis of practical
examples provided by the organizers af the work-
shop.

Involving #ial predictions, and sea
keeping
Name:.
TIC Commiliee:.
Sessicn Doy 1 Day2 Institution/Laboratory/Company:
Marning  Uncertainly Anclysis UA for Resstance:
necry. Equatans. and Rrepusion
Prapagaion, O siandards
Aflenoen A for [
cetbicsion, Pro cretpos fosd Sackeaprs,
uncarionly, sgndl orciyss i recichoms

3 Septe

June 8 and 9, 2010, St. John’s, NL, Canada (NRC-IOT)
25 Participants
2 CDs Proceedings

Dr. Joel Park and Dr. Rob Douglass (Instructors/Facilitators) 53
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Questions ?
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