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Disclaimer 
All the information in ITTC Recommended Procedures and Guidelines is published in good faith.  Neither ITTC 
nor committee members provide any warranties about the completeness, reliability, accuracy or otherwise of this 
information.  Given the technical evolution, the ITTC Recommended Procedures and Guidelines are checked reg-
ularly by the relevant committee and updated when necessary.  It is therefore important to always use the latest 
version. 

Any action you take upon the information you find in the ITTC Recommended Procedures and Guidelines is 
strictly at your own responsibility.  Neither ITTC nor committee members shall be liable for any losses and/or 
damages whatsoever in connection with the use of information available in the ITTC Recommended Procedures 
and Guidelines. 
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Guideline on the CFD-based Determination of Wind Resistance Coefficients 

 
1. INTRODUCTION 

The present guideline describes recom-
mended practice in computations of aerody-
namic forces acting on above the water part of 
the ships. It is premised to use of the comple-
mentary document to F.2 method of Appendix F 
in 7.5-04-01-01.1, 2017. 

The guideline provides general recommen-
dations concerning the computational model 
setup and execution of the computations. It also 
gives the unified definitions of non-dimensional 
force coefficients and the coordinate system for 
aerodynamic forces. 

2. PARAMETERS AND SYMBOL 

𝐴𝐴𝑉𝑉𝑉𝑉 Transverse projected (frontal windage) 
area [m2] 

𝐴𝐴𝑉𝑉𝑉𝑉 Lateral projected (Side windage) area 
[m2] 

𝐶𝐶 Normal component of an aerodynamic 
force [N] 

𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉 Longitudinal aerodynamic force coeffi-
cient 

𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉 Transverse aerodynamic force coeffi-
cient 

𝐷𝐷 Tangential component of an aerody-
namic force [N] 

𝑞𝑞𝐷𝐷 dynamic pressure [Pa] 
𝑉𝑉𝐷𝐷𝐷𝐷 Wind (air) speed [m/s] 
𝑉𝑉𝐷𝐷1 Height Average wind speed used for 

CDAX [m/s] 
𝑉𝑉𝐷𝐷2 Height average wind speed used for CDAY 

[m/s] 
𝑅𝑅𝐷𝐷𝐷𝐷𝑉𝑉 Longitudinal aerodynamic force 
𝑅𝑅𝐷𝐷𝐷𝐷𝑉𝑉 Transverse aerodynamic force 
𝛽𝛽 Angle of attack [°] 
𝜌𝜌𝐷𝐷 Air density [kg/m3] 
𝐻𝐻𝐵𝐵𝐵𝐵 Height of the top of the bridge [m] 

𝐻𝐻𝐿𝐿 Ship’s mean height in lateral plane[m] 

3. RELEVANT ITTC GUIDELINES 

For the application of CFD technology in 
maritime applications, the International Towing 
Tank Conference has defined best practices in 
several guidelines. These fundamental proceed-
ings do also apply to the assessment of wind re-
sistance coefficients and thus shall be taken into 
account accordingly. Reference is made to: 

7.5-03-01-01 Uncertainty Analysis in CFD, 
Verification and Validation Methodology 
and Procedures, 2017 

7.5-03-01-02 Uncertainty Analysis in CFD, 
Guidelines for RANS Codes, 2017 

7.5-03-01-03 CFD User’s Guide, 1999 
7.5-03-01-04 CFD Verification, 1999 
*-*-*-* Quality Assurance in Ship CFD Appli-

cation, 2020 

4. COMPUTATIONAL DOMAIN 

4.1 General Setup 

Computational domain created for the pur-
pose of determination of wind resistance coeffi-
cients covers only the selected volume of air sur-
rounding the above water part of the ship, i.e. the 
ship geometry is cut at the waterline.  

A series of calculations with different sizes 
of domain should be used to confirm the size of 
a computational domain that assures necessary 
and sufficient accuracy to estimate the wind 
forces. 

The computations can be carried out at 
model scale and/or at full scale. In the case of 
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validation of numerical results vs. wind tunnel 
data, the domain size should also correspond to 
the wind tunnel measurement section size. 

4.2 Discretization and Level-of-Detail 

In case of validation of numerical results, the 
CAD model of the ship used in the computations 
should mimic as accurately as possible the ac-
tual geometry of the wind tunnel model. In gen-
eral, the adopted Level-of-Detail of the CAD 
model used for the computations of wind re-
sistance coefficients should be based on realistic 
assessment of the computational resources and 
available computational time [3,4]. The recom-
mended rule is that the generated computational 
mesh should assure smooth transition from 
smallest cells on smallest geometry details to the 
cells in the flow around the ship. The level of 
detail should then be as high as possible within 
affordable mesh size with taking into account 
the above rule. This means that e.g. covering the 
details with mesh makes little sense if their vis-
cous wake cannot be modelled properly. 

4.3 Computational Grid 

As the wind resistance coefficients are usu-
ally evaluated for a range of inflow angles, a 
method of varying the direction of the flow rel-
ative to the hull must be selected. This can be 
realized both by rotating the ship geometry in 
the domain with fixed boundary conditions and 
single mean flow direction as well as by varying 
the velocity direction on the boundaries of the 
domain while leaving the hull location in the do-
main unchanged [1]. The selection of more con-
venient method depends on the solver features, 
e.g. the mesh type and possibility of solution-
based mesh refinement. In both cases, it should 
be assured that the mean flow is not significantly 
affected by numerical diffusion when it is not 
parallel to mesh lines, and that the viscous wake 
of the ship superstructure is modelled equally 

accurate for all angles [2]. For the different flow 
directions the domain should be big enough to 
prevent larger influence of the boundaries at cer-
tain angles.  

In case the geometry of the above water part 
is complex, an unstructured grid is usually used, 
but a structured grid can also be used because 
structured/unstructured grids have a minor ef-
fect on the calculated wind forces as long as a 
sufficient grid density is ensured. 

Particular attention should be paid to proper 
discretization of the regions of the wake of ship 
superstructure elements. A verification of the 
solution in respect of mesh quality is recom-
mended after the first run to assure that the char-
acteristic flow structures do not get strongly af-
fected by an insufficient mesh density. The 
wake modelling should be also equally accurate 
for all wind directions. 

In the same manner, with regard to the num-
ber of elements, it is required that the results in 
series of calculations with different numbers of 
elements converge. 

4.4 Turbulence Modelling 

For engineering purposes, the RANS (Reyn-
olds-Averaged Navier-Stokes) flow model is 
generally used with an appropriate turbulence 
model. The turbulence model shall be able to 
give accurate predictions in ship aerodynamics 
and the higher order models should be applied 
e.g.: k-epsilon or k-omega model and so on. 

4.5 Boundary Layer Treatment 

Due to the low contribution of shear forces 
to the total air resistance of the ship, full resolv-
ing of the boundary layer down to the laminar 
sub-layer region is not necessary. The use of 
wall functions and mesh resolution (wall y+) 
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corresponding to their requirements are applica-
ble instead [5]. 

5. BOUNDARY CONDITIONS 

Regardless of the adopted method of varying 
the direction of the flow relative to the hull, the 
recommended setup of boundary conditions is 
given below [3]. 

At the inlet, i.e. the upstream boundary, the 
prescribed velocity distribution and the uniform 
velocity distribution can be used as a specified 
wind profile. 

At the outlet and top side constant pressure 
should be applied. No-slip wall for the water-
plane is recommended especially in the case 
when a uniform inflow is adopted. 

When validation of numerical results vs. 
wind tunnel data is carried out, non-slip bound-
ary condition should be applied to a bottom 
boundary of the flow domain in order to mimic 
the shear flow due to the floor of the chamber. 
If the model is not exposed to local shear flow 
around the top or sidewalls of the chamber, then 
free-slip or symmetry conditions can be applied 
to top or side boundaries in order to save com-
putational efforts. 

6. CALCULATION PROCEDURE 

In general, time resolved computations are 
recommended for the evaluation of wind forces 
due to usually blunt shape of the vessel’s super-
structure, resulting in unsteady, separated flow. 
However, both of steady and unsteady computa-
tion is applicable for estimating wind resistance. 
If it is necessary to capture flow separation, un-
steady computation is preferable. 

The values of considered incident angles 
should cover the range 0~180° for fully sym-
metrical geometries and in 0~360° for unsym-
metrical ones. 

The reference velocity value applied at the 
inlet should be selected so that the resulting 
Reynolds number corresponds to fully turbulent 
flow regime. This value should be also close to 
the wind speed values expected to be used in fi-
nal force predictions. 

The basic criterion of terminating the com-
putations is the convergence of forces. In case of 
strongly unsteady flows, the duration of the run 
should be long enough to assure reliable evalu-
ation of the mean value. 

7. EVALUATION PROCEDURE 

The output of CFD computations should be 
reported in compliance with the below presented 
coordinate system and with given definitions of 
the force coefficients. Fig. 1 below shows the 
coordinate system and sign convention for 
forces and wind angle to be used in reporting the 
results. 

 

Fig. 1 Coordinate system 

The force coefficients should be calculated 
using the aerodynamic forces expressed in the 
coordinate system presented above according to 
the following formulae: 

VAA

y

x

Ψ

CD

RAAX

RAAY
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𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉(Ψ) = 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴(𝛹𝛹)

𝑞𝑞𝐴𝐴∙𝐷𝐷𝑉𝑉𝐴𝐴
  (E-1) 

𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉(Ψ) = 𝐵𝐵𝐴𝐴𝐴𝐴𝐴𝐴(𝛹𝛹)
𝑞𝑞𝐴𝐴∙𝐷𝐷𝑉𝑉𝐴𝐴

  (E-2) 

where: 

𝑞𝑞𝐷𝐷 = 1
2
∙ 𝜌𝜌𝐷𝐷 ∙ 𝑉𝑉𝐷𝐷𝐷𝐷2   (E-3) 

The angle of attack 𝛹𝛹 is 0° when the air ve-
locity is directed to the stern. For reference, 
wind speed 𝑉𝑉𝐷𝐷𝐷𝐷  is recommended to use the 
height average wind velocities [6, 7] 𝑉𝑉𝐷𝐷1  and 
𝑉𝑉𝐷𝐷2  for the calculation of 𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉(𝛹𝛹)  and 
𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉(𝛹𝛹) respectively.𝑉𝑉𝐷𝐷1 and 𝑉𝑉𝐷𝐷2 are the aver-
age speed obtained from the calculated velocity 
profile at the origin of the coordinate system un-
der the condition where the ship model is re-
moved from the computation domain as shown 
in Fig. 2, which is obtained by dividing the rec-
tangular area drawn with dashed lines in Fig. 2 
by representative heights 𝐻𝐻𝐵𝐵𝐵𝐵  and 𝐻𝐻𝐿𝐿 . 𝐻𝐻𝐵𝐵𝐵𝐵  is 
the height of the top of the navigation bridge 
from the sea surface and 𝐻𝐻𝐿𝐿  is the average 
height which is derived from dividing the side 
projected area 𝐴𝐴𝑉𝑉𝑉𝑉 of a ship by the ship length 
(𝐿𝐿𝑂𝑂𝐷𝐷) as shown in the Fig. 3 and Fig. 4. 

  

Fig. 2 Conceptual figure of height average wind ve-
locities VA1 and VA2 analysed with integration 

𝑉𝑉𝐷𝐷𝐷𝐷 = �𝑉𝑉𝐷𝐷1 for 𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉
𝑉𝑉𝐷𝐷2 for 𝐶𝐶𝐷𝐷𝐷𝐷𝑉𝑉

  (E-4) 

𝑉𝑉𝐷𝐷12 = 1
𝐻𝐻𝐵𝐵𝐵𝐵

∫ 𝑉𝑉(𝑧𝑧)2𝑑𝑑𝑧𝑧𝐻𝐻𝐵𝐵𝐵𝐵
0  (E-5) 

𝑉𝑉𝐷𝐷22 = 1
𝐻𝐻𝐿𝐿
∫ 𝑉𝑉(𝑧𝑧)2𝑑𝑑𝑧𝑧𝐻𝐻𝐿𝐿
0   (E-6) 

 

Fig. 3 Conceptual figure of HBR 

 

Fig. 4 Conceptual figure of HL 

8. QUALITY ASSURANCE 

8.1 Verification and Validation 

The first step in validation of CFD based 
wind forces coefficients was reported in 29th 
SOS Committee report. It presents the compari-
son between wind tunnel tests and a CFD case 
study with the level of confidence and margin of 
differences for two ships’ models. 
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