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Uncertainty Analysis in EFD, Guidelines for Resistance Towing Tank Tests

1 PURPOSE OF PROCEDURE

To provide guidelines for implementation of
QM procedure 4.9-03-01-01, “Uncertainty
Analysis in EFD, Uncertainty Assessment Me-
thodology.”

2 GUIDELINE FOR RESISTANCE
TOWING TANK TESTS

Decisions on conducting towing tank ex-
periments should be governed by the ability of
the expected test outcome to achieve the test
objectives within the allowable uncertainties.
Thus, data quality assessment is a key part of

MODEL FIDELITY AND TEST SET UP
As built geometry
Hydrodynamic deformation
Surface finish

Alignment and ballasting

SIMULATION TECHNIQUES
Instrumentation interference

Reynolds number, extrapolation
Turbulence stimulation

TOWING TANK
REFERENCE
UNCERTAINTY

the entire towing tank testing process: test de-
scription; determination of error sources; esti-
mation of uncertainty; and documentation of
results. Figure 2.1 illustrates typical contribu-
tions to towing tank reference uncertainty in-
cluding both model scale and extrapolation to
full scale. When extrapolating to full scale mul-
tiple error sources have to be considered, here
only indicated as Reynolds number, extrapola-
tion. In the example provided in QM procedure
4.9-03-02-02, only discussions with reference
to model scale uncertainties for the total resis-
tance coefficient, Cr, for a model scale resis-
tance test are made.

TEST ENVIRONMENT
Calibration vs. test
Unsteadiness/separation of flow
Sensor installation/location
Wall interference

Water conditions

DATA AQUISITION AND REDUCTION
Sampling, filtering and statistics

Curve fits
Calibration

Figure 2.1 Typical contributions to towing tank reference uncertainty, model and full scale.
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Figure 2.2 illustrates integration of uncertainty
considerations into all phases of the towing
tank testing process, including the decision
whether to test or not, the design of the ex-
periment, the conduct of the test, and the im-
portant step of proper analysis and documenta-
tion of the uncertainty of final results. Along

with this philosophy of testing, rigorous appli-
cation/integration of uncertainty assessment
methodology into the test process and docu-
mentation of results should be the foundation
of all towing tank experiments.
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Figure 2.2 Integration of uncertainty considerations in an experimental process.

Recommendations for application / integration 3.
of uncertainty assessment methodology are as
follows:

1 Recognition that uncertainty depends on
entire towing tank testing process and that
any changes in the process can significantly
affect the uncertainty of the test results. 4.

2. Full integration of uncertainty assessment
methodology into all phases of the towing
tank testing process including design, plan-
ning, calibration, execution and post-test
analyses.

Simplified analyses by using prior knowl-
edge (e.g., data base), tempered with engi-
neering judgement and with effort concen-
trated on dominant error sources and use of
end-to-end calibrations and/or bias and pre-
cision limit estimation.

Documentation, including:

a. towing tank test process, measurement
systems, and data streams in block dia-
grams.
equipment and procedures used.

c. error sources considered.
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d. all estimates for bias and precision lim-
its and the methods used in their esti-
mation (e.g., manufacturers specifica-
tions, comparisons against standards,
experience, etc.).

e. detailed uncertainty assessment meth-
odology and actual data uncertainty es-
timates.

Recommendations for management are as fol-
lows:

1. Commitment to full implementation, in-
cluding provision of adequate resources.

2. Provision of proper initial and continued
training for responsible test engineers.

3. Facilitate application/integration through
development of appropriate handbooks and
databases.

4. Informing customers of the uncertainty as-
sessment methodology used and which un-
certainties that can be expected for each
type of tests.
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