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INTRODUCTION

The main trends in design of ships and floating objects 
are design for safety and design for operation, based on the 
complex approach containing the predicted operational 
characteristics and functions of an object as an element of 
transport system. In the systemic approach to the ship safety 
assessment the reliability of life saving appliances on board 
ship is a vital element included in the ship design process [7]. 

Life saving appliances in the time of search and rescue 
(SAR) action are considered as the elements of SAR system 
and the determination of their performance is vital for the 
assessment of SAR action reliability [2, 4].

The pneumatic life raft is the most commonly used type of 
life saving appliances on board ships and recreational boats. 
Due to hydrostatic release mechanisms the pneumatic life raft 
can be used in most emergency cases, in sudden accidents of 
ship loss, being automatically launched from 4 m depth and 
inflated on the water surface. 

The main idea of the design of a pneumatic life raft 
has not been changed since more than 50 years. The basic 
objectives are still the small storage space on the deck on 
board ship, operation independent on weather conditions, 
automatic launch when ship is sinking, low cost of purchase 
and operation. 

The lack of any significant changes in the life raft 
construction, improving its operational parameters, is due 
to the economical reasons. Ship owners are interested in the 
purchase of not expensive equipment. The main criterion is 
to satisfy the requirements and availability of maintenance 
services. The requirements are comprised in the classification 
rules, European Union directives and international lifesaving 
appliances (LSA) code [6, 10, 11, 14].

The most important factors determining the success of SAR 
action are the survivor’s time to survive, search probability 
and efficiency of search and rescue action. 

The main conclusions coming from the reports of SAR 
actions at sea and the own research conducted in real sea 

EXPERIMENTAL AND NUMERICAL INVESTIGATION OF TOWING 
RESISTANCE OF THE INNOVATIVE PNEUMATIC LIFE RAFT

Zbigniew Burciu1)

Teresa Abramowicz-Gerigk1)

Jacek Jachowski1)

Edyta Kornacka1)

Michał Wawrzusiszyn2)

1) Gdynia Maritime University, Poland
2) Ship Design and Research Centre, Poland

ABSTRACT

The paper presents the experimental and numerical investigations of a novel design of a pneumatic life raft in calm 
water conditions. Two main issues were considered: the life raft performance under tow and its resistance in calm water 
conditions. The experiment and CFD simulations were performed by using the full scale prototype to eliminate the 
scale effect. The towing tank tests confirmed the results of numerical computations. The compatibility of the results of 
numerical and experimental tests was high mainly because the new life raft does not deform under the hydrodynamic 
and aerodynamic loads. The characteristics similar to rigid body behaviour result mainly from a new construction 
and materials used for manufacturing the life raft.

Keywords: search and rescue, pneumatic life raft, towing resistance



POLISH MARITIME RESEARCH, No 2/2017 41

conditions by Gdynia Maritime University [4, 5, 6] show 
the direct influence of life raft shape, construction materials, 
equipment and operational characteristics on the above 
mentioned factors. One of the main operational characteristics 
of a life raft is its performance under tow.

The paper presents the CFD (Computational Fluid 
Dynamics) simulations of the life raft performance under 
tow, carried out at Gdynia Maritime University. The results of 
the numerical prediction of towing resistance were compared 
with the results of physical model tests. The tests were carried 
out in the towing tank of Ship Design and Research Centre 
in Gdansk according to the research program developed at 
Gdynia Maritime University.

The comparison of CFD computations and real- scale 
measurements of life raft towing characteristics has been 
done in two loading conditions, with a drogue? and without it. 

A PROTOTYPE OF INNOVATIVE 
PNEUMATIC LIFE RAFT

Gdynia Maritime University having multi- year experience 
in testing life rafts in real sea conditions has developed 
procedures to determine the life raft operational safety 
characteristics. 

On the basis of this experience a prototype of an innovative 
life raft has been manufactured by Lubawa S.A. in scientific 
cooperation with Gdynia Maritime University and Military 
Institute of Technical Engineering in Wroclaw ( very 
experienced in special materials design), within the frames 
of R&D project [13, 18]. 

The novel construction included a pneumatic two-layer 
floor with a gravitational drainage system, two-layer canopy 
and entrance lock designed mainly for cold protection and 
resistance against deformation of the construction [17]. 

The life raft has been manufactured of the rubberized 
textile of a good resistance to heavy sea weather conditions, 
good resistance to UV radiation, low and high temperatures, 
ageing and high resilience to wear and rupture. 

The bright orange colour and radar reflectors integrated 
with the canopy increase the life raft detectability in the 
ranges of visual observation, thermal infra-red and radar 
detection [20]. 

The new life raft consists of four independent inflated 
compartments: two ballast compartments, canopy 
compartment and pneumatic floor compartment. The 
properly inflated compartments suffer no deformations 
under towing and show much better characteristics similar 
to the rigid body behaviour in comparison to the old type life 
rafts, manufactured in Poland over 10 years ago by Stomil 
Grudziądz enterprise – Fig. 1.

Fig. 1. Deformation of the canopy of a 6- person life raft - real scale tests in the 
wind tunnel of Institute of Aviation , Warsaw, Poland [4]

The new designs of life saving appliances having 
characteristics not covered by the requirements of SOLAS 
(Safety of Life at Sea) Convention Part III and LSA Code 
should be recognized by Maritime Administration and 
meet the requirement of equal or higher safety level than 
that adopted in the rules. Before the recognition Maritime 
Administration should confirm that according to IMO 
requirements the new lifesaving appliances have been tested 
and comply with the requirements of SOLAS Convention 
and LSA Code [11].

In the light of the regulations a fully occupied life raft with 
operating drogue should withstand towing with the speed of 
at least 3 knots in calm water conditions. The total mass of a 
life raft with equipment and container should be no greater 
than 185 kg. The canopy should not collect the water and the 
towline breaking force should be not less than 7 kN for the 
life rafts of capacity no greater than 9 persons. 

The recommended standard mass of a survivor to be 
assumed in the calculations should be equal to 75 kg. This is 
much less than the average mass of a seaman [15], therefore 
the mass taken in the experiments and calculations presented 
in this paper was equal to 82.5 kg according to Det Norske 
Veritas (DNV) classification rules [17]. 

This assumption allows to certify the life raft by DNV-GL 
(Det Norske Veritas -Germanisher Lloyd), because all vessels 
which keel was laid up over 1 January 2012, with respect to the 
DNV rules [17], should be equipped with life rafts, approved 
for the assumed mass of 82.5 kg. This mass should be also 
taken in calculations of devices for picking up survivors from 
the water [9].

The design calculations for the life raft concerned 
hydrostatic, hydrodynamic and aerodynamic characteristics, 
and characteristics influencing the probability of life raft 
detection (Fig. 2).

For the assumed mass of a survivor equal to 82,5 kg the 
total mass of the life raft including 8 persons and equipment 
was 760 kg. 

The elements of the life raft, their masses and areas used 
in calculations are presented in Fig. 3 [3, 18].
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Fig. 2. Life raft design characteristics influencing probability of detection [1]

Fig. 3. The elements of the life raft, masses (m) and areas (P) [18] 

The weights of survivors were modelled by ballast. For that 
purpose the plastic containers were positioned on the floor of 
the life raft. For the loading condition equivalent to weight 
of 1 person and equipment – the ballast was installed at the 
side of the towline connection. In second loading condition 
equivalent to the weight of 8 persons and equipment the 
ballast was distributed evenly along the sides of the life raft.

Due to a specific character of the tested object, the tests were 
carried out according to a non- standard test procedure. The 
life raft was towed by the carriage; the towline was installed 
at the floor level and was connected to the dynamometer at 
the carriage (Fig. 4). 

Fig. 4. Model test of the novel life raft tied to the carriage, loading condition: 
1 person, V = 0 m/s

The measuring range of dynamometer was 1500 N and 
measurement uncertainty at the 95% confidence level was 
0.075 N. 

For the ballast corresponding to 8 persons and towing 
speed of 0.7 m/s and 1.5 m/s the life raft was equipped with 
a drogue.

The mean values of the measured resistance are presented 
in Tab. 1.

Tab. 1. Mean resistance values of the life raft
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1,50 908,1 1 82,5 No
0,70 202,8 8 660,0 No
0,70 295,8 8 660,0 Yes
1,50 952,9 8 660,0 Yes
1,50 1419,9 8 660,0 Yes

During the test of the life raft with 660 kg ballast and 
connected drogue at speed 1.5 m/s the measured resistance 
has exceeded measuring range of the dynamometer. As 
a result it caused a decrease of mean resistance value for 
this configuration. 

The test results of the trials are presented in Fig. 5. 

0

200

400

600

800

1000

1200

1400

1600

0 5 10 15 20 25 30

R
es

is
ta

nc
e 

[N
]

Time [s]

V=0.7 m/s, 1 person
V=1.5 m/s, 1 person
 V=0.7 m/s, 8 persons
 V=1.5 m/s, 8 persons
 V=0.7 m/s, 8 persons + drogue
 V=1.5 m/s, 8 persons + drogue

Fig. 5. Towing resistance in time series - model tests results of the life raft 
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NUMERICAL PREDICTION OF LIFE RAFT 
TOWING RESISTANCE

The CFD technique allows the modelling of a space 
surrounding the life raft divided into cells. The applied 
Reynolds-averaged Navier–Stokes (RANS) equations give 
the approximate time-averaged solutions in each cell. The 
CFD software utilized in the presented research was Flow 
Vision HPC, whose code is based on the finite volume method 
(FVM) and uses the VOF method for the free surface problems 
solutions [19]. 

The simulations were performed by using the overlapping 
mesh technique. The assumption of this approach is that 
one of the meshes is stationary in the whole computational 
domain, related to the global reference system (GPS). The 
second mesh modelling the life raft is related to a local 
reference system (LRS), whose movement is determined by 
model of six degrees of freedom (6DOF) implemented into 
the program, with special consideration of three degrees of 
freedom (3D) – pitch, roll and heave.

The numerical 3D model of the life raft used in CFD towing 
simulations and computational domain shape with the given 
boundary conditions are presented in Fig. 6 and 7.

Fig. 6. Numerical model of the life raft and reference system related 
to the life raft

Fig. 7. Computational domain and arrangement of the reference systems and 
boundary conditions

The high accuracy of computation is achieved by solving the 
governing equations in the ‘free surface’ cells (the cells partly 
filled with liquid). The simulations of turbulent flows were 

based on the eddy viscosity concept and k-ε semi-empirical 
turbulence model was applied. The practical application of 
the Flow Vision software is based on the consecutive steps 
performance. They are related to the geometry identification, 
modelling, pre-processing, solving the equations and post-
processing (Fig. 8). 

 

3D geometry creator 
CAD software 

-  modeling of the basic shape and borders 
-  modeling of the life raft geometry

PRE-PROCESOR 
FlowVision HPC 

-  importing of the life raft and domain 
geometry 

-  numerical mesh generation 
-  applying mesh adaptation conditions 

SOLVER 
FlowVision HPC 

-  selection of computation method and 
monitoring scheme 

-  entering fluid characteristics 
-  selection of turbulence model

POST-PROCESSOR 
FlowVision HPC 

-  presentation of the obtained results of 
computations 

-  displaying values and fields of obtained 
characteristics: 6DOF life raft’s center of 
gravity co-ordinates, velocity field of water 
surrounding the life raft, pressure field on 
the life raft surface, surface wave pattern, 
flow animations

Fig. 8. Schematic diagram of Flow Vision HPC software application

The assumptions accepted in the CFD modelling of the 
life raft towing are as follows:
– 3-dimensional flow simulations are used,
– simulations are performed in full scale, 
– calculations are based on the reverse flow method, 
– simulations are performed by using overlapping meshes 

enabling life raft pitch and roll motions, 
– the semi-empirical k-ε turbulence model was applied, 
– the VOF method was applied for the free surface problems, 
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– the life raft in simulations was treated as a rigid body 
with the flat bottom, without deformations related to the 
loading,

– the water pockets situated under the life raft bottom, 
providing ballast to ensure the life raft stability were 
modelled as non-deformable volumes, 

– the divergent time step in simulations is dependent on 
convergence of solution.
The simulations were carried out in the domain of 

discretized structural mesh consisted of 1.6 million cells. 
The structural mesh is presented in Fig. 9.

Fig. 9. Domain of the flow with hexahedral mesh

The simulations were carried out in the assumed domain 
in calm water conditions. The test speeds of the life raft were 
equal to the speeds assumed during the model tests, i.e. 0.7 
m/s and 1.5 m/s. The initial conditions were defined as follows: 
2% turbulence intensity level, length of mixing equal to 0.07 
of the life raft diameter, Reynolds numbers for the assumed 
kinematic viscosity coefficient of 10-6 m2/s were equal to: 
Re=1,855 E6 for the towing speed of 0,7 m/s and Re=3,975 
E6 for the towing speed of 1.5 m/s.

The loading condition was equivalent to 8 persons and 
equipment on board. The simulations were carried out both 
with and without the drogue 

The drogue resistance was computed by using CFD 
simulation, with the same settings of the solver as the settings 

used for the life raft. The drogue was modelled as a thin-walled 
rigid body, placed in the flow near the free surface. 

The points of the life raft towline fastening and drogue 
line fastening were assumed in the centre of gravity (COG). 
With this assumption the line of action of towing force and 
line of action of drogue resistance force intersect COG hence 
life raft pitching moment can be neglected in calculations. 
The towline and sea anchor configuration adopted in CFD 
simulation is presented in Fig. 10.

towing line 
drogue 

COG 

Fig. 10. Towline and drogue configuration

RESULTS OF COMPUTATIONS

The hydrodynamic resistance of the life raft and drogue 
were calculated separately in calm water conditions. The total 
towing resistance was a sum of life raft and drogue resistance 
forces. The final result of the simulation obtained after the 
post-processing comprises the general flow pattern as well as 
the velocity and pressure fields which are important elements 
of the conducted study. 

The positions of the life raft on the free surface in steady 
states at two towing speeds are presented in Fig. 11 and 12. 

Fig. 11. CFD simulation results - free surface deformation for 0.7 m/s 
towing velocity 

Fig. 12. CFD simulation results - free surface deformation for 1.5 m/s 
towing velocity 
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The towing resistance function in time series obtained 
from CFD simulation compared with the results of model 
tests at speeds 0.7 m/s and 1.5 m/s are presented in Fig. 13.
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Fig. 13. Model tests results of the life raft towing compared to CFD simulation 
for two towing velocities: 0.7 m/s and 1.5 m/s.

The variability of the life raft resistance in time domain is 
determined by the unsteady simulation mode of the object in 
three degrees of freedom (Fig. 6). The resistance fluctuations 
are also determined by the temporary changes of the life raft 
position relative to the flow direction.

The percentage share of the mean drogue resistance at 1.5 
m/s speed is 51% (Tab. 2). 
Tab. 2. Mean resistance values of the drogue

Resistance [N] Drogue resistance / Life raft 
resistance [%] Life raft Drogue

921 466 51

The wave system generated by the life raft under tow at 
1 m/s and 1,5 m/s and flow velocity distribution on the free 
surface are presented in Fig. 14. 

m/s

m/s
Fig. 14. Wave system generated by the life raft under tow at 1 m/s and 1,5 m/s, 

flow velocity distribution on the free surface.

Tab. 3. Mean resistance values obtained from physical model tests and CFD 
simulation

Speed
[m/s]

Drogue 
application

Mean Resistance [N] Mean 
percentage 

error
[%]CFD Model tests

0.7 No 189 205 7.9%

1.5 No 921 957 3.7%

1.5 Yes 1388 1383 -0.3%

The compatibility of the results of numerical calculations 
and experimental tests was high (Tab. 3) mainly because 
the new life raft does not deform under hydrodynamic and 
aerodynamic loads.

 The characteristics similar to the rigid body behaviour 
mainly result from a new construction and material of the 
life raft, especially the life raft canopy [12]. 

The ballast chambers (water pockets) were modelled in 
CFD simulations as rigid bodies with front face areas equal 
to the areas of water inlet into a pocket (Fig. 15). 

Fig. 15. Model of water pockets used in CFD simulation

The observed deformations of the water chambers during 
physical model tests were small and there was no significant 
influence of their deformation on the calculated resistance. 
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CONCLUSIONS

There were two main issues considered during verification 
of CFD modelling of the flow around the pneumatic life raft: 
prediction of its towing resistance and performance under 
tow. 

The experiment in towing tank and CFD calculations were 
performed by using the full-scale prototype to eliminate the 
scale effect.

The life raft during the towing tests was stable both with 
and without drogue. 

In the loading condition corresponding to 8 persons on 
board , after application of the drogue the 32% increase of 
towing resistance was observed at speed 1.5 m/s.

The experiment and calculations were performed in calm 
water conditions. The earlier studies on towing performance 
of life rafts in waves show the significant influence of the 
length and elasticity of the drogue rope on the dynamical 
loads [4, 8, 12, 16]. At small velocities the drogue rope is 
not strained and drogue gives small resistance, resulting in 
increase of yawing and decrease of stability. Further research 
will be aimed at the life raft performance in different loading 
conditions in wind and waves, what is of primary importance 
for the life raft operational reliability and safety analysis of 
survivors, development of the operational procedures and 
information for the rescuers.
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