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ABSTRACT: The success of the Search and Rescue (SAR) operation depends on the correct assignation of the
search area for the drifting pneumatic life raft, with particular emphasis on leeway. The leeway is directly
dependent on the hydrodynamic drag and wind pressure force acting on above-water and underwater parts of
the life raft. The paper presents the numerical study on the pneumatic life raft performance including
hydrodynamic and aerodynamic characteristics in a wide range of operational conditions. The numerical
simulation results were compared with model test results obtained in towing tank and wind tunnel. The proper
prediction of life raft performance is important for determination of life raft safety function dependent on wind
velocity and operational characteristics. The results of numerical simulation are in line with data available in

literature and obtained from empirical investigations.

1 INTRODUCTION

The drift of the life raft is caused by the influence of
environmental factors and leeway. The leeway
prediction of the floating pneumatic life raft
represents a difficult task for the search and rescue
(SAR) because the raft tent is deformed by wind
pressure making it difficult to clearly identify the
raft’s reference position and search area [2]. Search
and rescue services use available computer
applications (e.g., Sarmap) to define the area of search
[10]. Unfortunately, these applications do not take
into account shape variation during drift, so they are
not precise for deformable bodies. On the basis of
previous research by the Gdynia Maritime University,
the authors created a numerical simulation taking into
account the variability of the shape of the research
object. This paper presents the results of a leeway
simulation which take into account the variable
windage area of a raft tent. The authors believe that a
detailed study of leeway and it's factors could

ultimately limit the search area and increase the
effectiveness of rescue operation [3,4,5].

2 LEEWAY OF PNEUMATIC LIFE RAFT

The leeway of a life raft is the movement of an object
on the water due to the action of the wind pressure on
the above-water part of raft (Fx) and the force of
hydrodynamic drag acting on the underwater part of
the drifting object (Fo) as shown in Fig.1.

Considering that leeway is the movement of the
raft caused by the action of wind on the above-water
part of the life raft and the hydrodynamic drag of the
underwater part of the raft, both forces must be taken
into account. Numerical simulations carried out
earlier allowed to determine: the force of wind
pressure (taking into account the variable shape of the
flexible structure of the raft) and the force of
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hydrodynamic drag. Using the previous results, a
simulation of leeway of the pneumatic life raft was
performed as a deformable object [11-14].

Fy — the power of
the wind pressure

Fy —hvdrodvnamic
resistance

Wind direction

Figure 1. Forces causing leeway (source: current study, print
screen of simulation)[9]

3 RESEARCH OF THE FORCE OF WIND
PRESSURE ON THE ABOVE-WATER PART OF
THE PNEUMATIC LIFE RAFT

Tunnel aerodynamic test of a pneumatic life raft were
carried out in 2000 at the T-3 Low Velocity Tunnel f
the Institute of Aviation in Warsaw. Wind tunnel tests
of the life raft provided knowledge of the deformation
level of life raft tent which is presented in Fig.2.

Figure 2. Life raft during wind test (research report,
2000)[15]

The results of the tunnel tests show that the value
of forces is function of the shape and inflow wind.
This knowledge is essential for modelling
environmental conditions during numerical research.

The numerical computations were carried out
using FLOW-3D. Numerical simulation based on the
results of tests carried out in the wind tunnel. The
shape of the raft was created on the basis of
photographic documentation from wind tunnel
research.

An exemplary geometric model of life raft used in
CFD simulations is presented in Fig.3.

A comprehensive approach to model and
numerical tests provided information on the
distribution of the wind profile affecting the above-
water part of the raft. Fig. 4 shows the distribution of
the wind velocity field around the life raft.
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Figure 3. Example of geometry of life raft used the
calculations (source: current study)[9]

Figure 4. Aerodynamic drag in CFD calculation (source:
current study)[9]

The conducted research allowed to determine and
compare the averaged drag coefficient of the life raft
during the experiment and CFD simulation. The
obtained results are presented in Fig.5.
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Figure 5. CFD results (left) and experimental results (right)-
Drag aerodynamic coefficient (Cx) for various wind
velocities and wind direction (source: current study)[9]

Comparison of the results of laboratory tests
carried out at the Institute of Aviation in Warsaw with
numerical simulations confirmed their convergence
and correctness of the calculations performed.



4 RESEARCH ON THE HYDRODYNAMIC
RESISTANCE OF THE UNDERWATER PART OF
THE PNEUMATIC LIFE RAFT

The life raft towing performance has been tested in
the towing tank of Ship Design and Research Centre
in Gdansk.

Figure 6. Model test of the life raft in the towing tank [1]

The hydrodynamic drag of the life raft and the
drift were calculated separately under calm water
conditions. Total towage resistance was the sum of the
life raft and the drift.

The test speeds of the life raft in the numerical and
modeling tests were the same. The simulations were
carried out in the established domain in calm water
conditions.

Figure 7. Model of life raft used in CFD simulation [1]

The result of the simulation obtained after the
post-processing comprises the general flow pattern,
the velocity and pressure fields ( Fig.8) which are
important elements of the conducted study.

2m/s

Figure 8. CFD simulation of hydrodynamic drag (source:
current study) [16]

In the verification of the modeling of the flow of
the pneumatic life raft using CFD methods, the
following factors were taken into account: prediction
of towing resistance and the behavior of the raft in
calm water during towing. The concordance of the
numerical calculations and the results of the
experimental tests was high. The tank towing
experiment and CFD calculations were performed
using a full-scale prototype to eliminate any error of
scale [1].

5 NUMERICAL STUDIES OF LEEWAY

In previous articles, numerical calculations of
hydrodynamic and aerodynamic resistance were
carried out. The obtained results were compared with
the results of life raft model tests on a real scale to
confirm their correctness. The convergence of the
results was high, which allowed the continuation of
numerical calculations in the field of leeway of the life
raft. CFD simulations of leeway were performed for 2
types of life rafts. The types of life rafts are shown in
Fig.9 and their parameters are shown in the Tab.1.

Figure 9. Two types of life rafts used for CFD calculations
(source: current study)

Table 1. Life rafts data (source: current study)

8-persons 10-persons
Life raft net weight 95 kg 100 kg
Max persons weight 660 kg 825 kg
Total weight 755 kg 925 kg
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Figure 9. Graph of undisturbed leeway (source: current
study)

Based on the theory of leeway, the numerical

calculations assumed equality of hydrodynamic and
aerodynamic resistance acting on the life raft.
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Calculations were made for calm water conditions
(without taking into account waves and sea currents)
to reproduce the earlier conditions of experimental
research. The forecast of an undisturbed leeway of the
pneumatic life raft is presented in Fig.10.

The graph shows the dependence of the leeway of
the life raft on the wind speed affecting its above-
water part. For example, when the wind speed is 9
[m/s], the resistance of the above-water part and the
underwater life raft (read from the diagram) is 70 [N],
and the speed of leeway is 0.2 [m/s].

The results of the experiment and CFD calculations
are summarized in Tab. 2.

Table 2. Comparison of mean aerodynamic and
hydrodynamic forces obtained from CFD simulation versus
wind tunnel and towing tank experiment (source: current
study)

Hydrodynamic drag

Water Mean Resistance [N] Mean percentage error

speed [m/s] CFD towing tank tests CFD/experiment

0.7 189 205 8%

15 921 957 4%
Aerodynamic drag

Wind Mean Resistance [N] Mean percentage error
speed [m/s] CFD wind tunnel tests CFD/experiment

10 64 60 6%

20 250 232 7%

Summarized results in a Tab.2 for selected flow
velocities. The average percentage error is in the range
of 4-8%, which should be considered a good
compliance for a flexible object subject to deformation
during testing.

6 CONCLUSIONS

The success of the rescue operation depends on the
correct determination of the search area, which takes
into account the leeway of the life raft. Previous
numerical simulations of the life raft’s drag and
aerodynamic  characteristics  allowed  correct
prediction of life raft’s leeway. The knowledge of the
relationship between the wind speed and the leeway
speed of the life raft can directly affect the speed and
efficiency of rescue operations at sea. In conclusion,
the authors believe that numerical research of life
raft’s leeway and the results obtained may directly
affect the narrowing of the search area and increase
safety at sea.

ACKNOWLEDGEMENTS

This research was financed by Gdynia Maritime
University Grant No. WN/2023/PZ/03 & WN/P1/2023/04.

232

REFERENCES

[1] Abramowicz-Gerigk T., Burciu Z. Jachowski ],
Kornacka E., Wawrzusiszyn M., ,Experimental and
numerical investigation of towing resistance of the
innovative pneumatic life raft”, Polish Maritime
Research, (94) 2017 Vol. 24, p. 40-47, doi: 10.1515/pomr-
2017-0048

[2] Burciu Z., ,Method of determining search areas in a
rescue operation at sea” (in Polish), doctoral dissertation,
Naval Academy, Gdynia 1997.

[3] Burciu Z., ,Modeling of search areas in terms of the
safety of human transport at sea” (in Polish), Printing
House of Warsaw University of Technology, Warsaw,
2003.

[4] Burciu Z., ,Reliability of SAR action in maritime
transport”(in Polish), Printing House of Warsaw
University of Technology, Warsaw 2012.

[5] Burciu Z. & Grabski Fr., “The experimental and
theoretical study on the reliability of the life rafts”,
Reliability Engineering and System Safety, vol. 96, no.
11, 2011, doi: 10.1016/j.ress.2011.06.001.

[6] Breivik ., Allen A. Maisondieu Ch., Olagnon M.,
“Advances in search and rescue at sea”, Ocean
Dynamics, vol. 63, no. 1, 2013, p.83-88, doi:
10.1007/s10236-012-0581-1.

[7] Breivik &., Allen A. A., Maisondieu Ch., Roth J. Ch.,
“Wind-induced drift of objects at sea: the leeway field
method”, Appl Ocean Res 2011, p. 100-109, doi:
10.1016/j.apor.2011.01.005.

[8]IAMSAR, Manual, International Aeronautical and
Maritime search and rescue manual, Volume III, Mobile
Facilities, 2005 Edition.

[9] Jachowski ]., Ksiazkiewicz E., ,Determination of the
aerodynamic drag of pneumatic life rafts as a factor for
increasing the reliability of rescue operations”, Polish
Maritime Research 3, (111) 2021 Vol. 28, p. 128-136, doi:
10.2478/pomr-2021-0040

[10] Matyszko M.,” Assessment of the Potential Effectiveness
of the WIG Craft in Search Action at Sea Using SARMAP
Software”, TransNav- the International Journal on
Marine Navigation and Safety of Sea Transportation,
vol. 13, no. 2, 2019, doi: 10.12716/1001.13.02.23.

[11] Marchenko A. V., “The floating behaviour of a small
body acted upon by a surface wave” Journal of Applied
Mathematics and Mechanics, vol. 63, no. 3, 1999, p. 471-
478, doi: 10.1016/S0021-8928(99)00059-3.

[12] Power J., Simones- Re A., Kennedy E. Kuczora A,
Akinturk A., Veitch B., Mackinnon N S., Brown R,
Boone J., ,Liferaft performance in wind and waves: an
experimental evalution”, RINA, Royal Institution of
Naval Architects International Conference — Design and
Operation of Passenger Ships — Papers (2007).

[13] Raman-Nair W., Power ]., Simones- Re A., ,Towing
dynamics of a liferaft and fast rescue craft in a Surface
wave”, Ocean Engineering, vol. 35, 2008, doi:
10.1016/j.oceaneng.2008.03.009.

[14] Raman-Nair W., Power ]., Simones- Re A., Millan ].,
»Numerical Model of Towing Dynamics of a Long
Flexible Life Raft in Irregular Waves”, Marine
Technology and Sname News, vol. 46, no. 04, doi:
10.5957/mtsn.2009.46.4.213.

[15] Research report, “Aerodynamic testing of pneumatic
liferafts in the wind tunnel & 5m” (in Polish), Report nr
168/BA/2000/D Institute of Aviation, Warsaw 2000.

[16] FLOW-3D. Available online: https://www.flow3d.com/
(accessed on 15 April 2023).



