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Background. The transportation of such highly 
tariffed cargo as containers and semi-trailers, as well 
as organization of mixed road-water transportation of 
general cargo on inland waterways require movement 
of cargo ships at a speed of 30 km/h or higher to 
provide for transit speed (taking into account road 
transit as well) of at least 1500 km/day. This is 
conditioned by high cost of goods and, consequently, 
by a high growth of the final price of the goods, taking 
into account transportation costs. Now, however, 
almost all self-propelled river vessels and mixed 
navigation vessels have a speed of about 20 km/h, 
which is insufficient for economically efficient 
organization of transportation [1].

Objective. The objective of the author is to 
consider vessels of a catamaran type in the context 
of possible mixed high speed freight transit with 
regard to the impact of waves produced by them.

Methods. The author uses general scientific and 
engineering methods, modeling, simulation, natural 
experiments, comparison, graph construction, 
analysis.

Results.
Waves press, push, inhibit
Movement of river vessels with high speeds is 

accompanied by a significant wave formation, which 
leads to increased resistance to movement of the 
vessel, as well as to negative environmental impact 
on inland waterways. In this context a problem arises 
to achieve high speed for heavy roll-on-roll-off vessels 
(Pic. 1) with a proviso that they can carry general 
cargo (in the supply chain with road transport) with 
an acceptable level of wave formation.

It is advisable to choose as a criterion of 
permissible speed for large-capacity roll-on-roll-off 
vessels a practically achievable and economically 
reasonable speed at which their wave formation will 
not exceed wave formation caused by currently 
operated vessels.

It is known [2] that catamaran type vessels have 
a lower wave formation as compared to single-
hulled vessels of similar carrying capacity due to 
large relative length L / B and smaller fullness of the 
body.
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ABSTRACT
The article presents the results of development 

of high-speed catamaran vessel of large cargo 
capacity with minimal environmental wave load on 
river channel intended for joint operation within the 
supply chain together with road transport. Conditions 

for model testing, comparing waves caused by river 
cargo vessels of various types are described. The 
results of measurements of prototype’s impact and 
expansion of parameters of considered waves for 
calculation of intended model of a real vessel are 
given. 

When considering vessels with similar full load 
weight a single hull of catamaran will be more 
«subtle body» in comparison with single-hulled 
vessel and thus will generate waves of lesser height 
at equal speed. It  is logical to assume that 
catamarans have a so-called «ecological reserve», 
which consists in the fact that they may have higher 
speed compared to single-hulled vessels of similar 
tonnage (or higher tonnage) for  the same 
(permissible) wave formation.

Research methodology
For comparative evaluation of wave formation 

following movement of cargo ships we held towing 
tests of their models and measurements of wave 
heights occurring at different speeds. Research was 
carried out in test tank of Volga State University of 
Water Transport with dimensions 35х4х1,5 m at a 
water level of 1,1 m and with gravitational towing 
system. Characteristics of vessels for which models 
were made are given in Table 1.

For tests parametric towed models were used of 
1:50 scale for single-hulled vessels (Pic. 2) and of 
1:75 scale for double-hulled vessel (Pic. 3). They were 
made of wood and foam plastic, and further coated 
and colored.

For each model, following the results of 
weighing the weight of cargo was determined that 
was required to provide designed displacement. At 
launching of models their trim on an even keel was 
made. Main characteristics of tested objects are 
shown in Table 2.

Following parameters were recorded during tests: 
speed and towing resistance of a model, height of 
waves, caused by movement of the model.

Wave height was measured by float-type wave 
recorder of resistor type. After converting the signal 
via analog-to-digital converter (ADC) its processing 
was performed via a program PowerGraf as a real-
time record of wave heights measured at the point of 
installation of the float.

Towing was made subject to the passage of 
models at a distance of 1,87 m from the wall of the 
tank. Float of wave recorder was located at 0,83 m 
from the wall, the choice was made for conditions of 

Pic. 1. Large-capacity roll-on-roll-off catamaran.

цены товара с учетом издержек на транспортировку. Однако сейчас почти все 

самоходные грузовые речные суда и суда смешанного плавания имеют 

скорость около 20 км/ч, что недостаточно для экономически эффективной 

организации перевозок [6]. 

Волны давят, толкают, тормозят 

Перемещение речных кораблей с высокими скоростями сопровождается 

значительным волнообразованием, что приводит к увеличению сопротивления 

движению судна, а также к негативному экологическому воздействию на 

внутренние водные пути. В связи с этим напрашивается задача добиться 

высокой скорости для большегрузных накатных судов (рис. 1) с условием, 

чтобы они могли перевозить генеральные грузы (в логистической цепи с 

автомобильным транспортом) при допустимом уровне волнообразования.  

 
Рис. 1. Большегрузный накатной катамаран. 

 

Критерием допустимой скорости большегрузных накатных судов 

целесообразно выбрать такую практически достижимую и экономически 

обоснованную скорость, при которой их волнообразование не будет превышать 

волнообразование от эксплуатирующихся в настоящее время судов. 

Известно [5], что суда катамаранного типа характеризуются более низким 

волнообразованием по сравнению с однокорпусными судами близкой 
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Table 1
Designs and characteristics of test vessels

№ Project, type 
of vessel

Length at 
designed 
waterline,
L, m

Width at 
designed 
waterline 
(single hull),
B, m

L/B Draught at 
designed 
waterline,
Т, m

Block 
coefficient,
Δ

Displacement 
of vessel,
D, t

1 pr . 33750 103,5 15,4 6,68 3,6 0,831 4770

2 pr . 507 103,75 16,5 6,28 3,5 0,845 5060

3 pr . 558 135 16,5 8,18 3,52 0,845 6460

4 pr . 1743 105 14,8 7,09 2,5 0,831 3230

5 Catamaran 
type «Transit»

150 28,0 (10) 5,36 (15) 2,8 0,630 5300

Table 2
Main characteristics of test models

№ Model of vessel project Displacement of 
a model,
D

m
, kgг

Length of a 
model, L

m
, m

Width of a model 
(single hull),
B

m

L
m

/ B
m

Draught 
of a 
model, 
T

m,
 m

Scale,
λ

1 Single-hulled 
vessels

pr . 
33750

38,16 2,070 0,31 6,68 0,072 1:50

2 pr . 507 40,48 2,075 0,330 6,28 0,070 1:50

3 pr . 558 51,68 2,70 0,330 8,18 0,071 1:50

4 pr . 1743 25,84 2,10 0,296 7,09 0,05 1:50

5 Double-hulled vessel type 
«Transit»

12,56 2,00 0,373 (0,133) 5,36 
(15)

0,037 1:75

Pic. 2. Test of a single-hulled model.

Pic. 3. Test of a catamaran model.

двухкорпусного судна (рис. 3). Они были сделаны из дерева и пенопласта с 

последующей шпаклёвкой и окраской. 

Для каждой модели по результатам взвешивания определялся вес груза, 

необходимый для обеспечения проектного водоизмещения. При спуске 

моделей на воду производилась их посадка на ровный киль. Основные 

характеристики испытываемых объектов приведены в таблице 2. 

 

 
Рис. 2. Испытание однокорпусной модели. 

 

 
Рис. 3. Испытание модели катамарана. 
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Рис. 3. Испытание модели катамарана. 
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measuring wave heights at the boundary of wave 
sector without taking into account the wave reflected 
from the wall of the tank.

Measurements of wave heights were made in the 
range of speeeds of prototype single-hull vessels 
17–31 km / h, and 23–36 km/h for double-hulled 
vessels.

For each model with its speed corresponding to 
30 km/h speed of real full-scale vessel, wave height 
was measured at two additional points: at a distance 
of 140 cm from the wall of the tank, which is 
approximately 25% of the distance from the ship’s 
board to the tank wall, and at a distance of 46 cm, 
which is equivalent to 75% of the distance from the 
board to the wall.

Conversion of wave heights was produced on the 
basis of geometric similarity of models and of real 
ships. The speeds were recalculated based on the 
Froude hypothesis about equality of coefficients of 
residual resistance of a model and prototype vessel 
under the same Froude numbers for length.

Results and conclusions
Pic. 4–6 show the results of measurements of wave 

heights for ship models at maximum speed. Data 

Pic.4. Results of measurements of wave heights for models of single-hulled vessels pr.33750 and 570:
4a) Towed cargo P

c
 = 2,50 kg. Sensor is located at 83 cm from a wall of a tank. Speed of real vessel V

r
 = 29,63 km/h.

4b) Towed cargo P
c
 = 2,00 kg. Sensor is located at 83 cm from a wall of a tank. Speed of real vessel V

r
 = 30,52 km/h.

hypothesis about equality of coefficients of residual resistance of a model and 

prototype vessel under the same Froude numbers for length. 

Results and conclusions 

Pic. 4-6 show the results of measurements of wave heights for ship models at 

maximum speed. Data correspond to results obtained at the location of the wave 

sensor at a distance of 0,83 m from the wall of the tank. 
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Pic.4. Results of measurements of wave heights for models of single-hulled 

vessels pr.33750 and 570: 

4a) Towed cargo Pc=2,50 kg. Sensor is located at 83 cm from a wall of a tank. 

Speed of real vessel Vr=29,63 km/h. 

4b) Towed cargo Pc=2,00 kg. Sensor is located at 83 cm from a wall of a tank. 

Speed of real vessel Vr=30,52 km/h. 

 

 

 

 

 

 

a) b)

Pic.5. Results of measurements of wave heights for 
a model of a single-hulled vessel pr. 558 with towed 

P
c
 = 2,00 kg. Sensor is located at 83 cm from a wall of 

a tank. Speed of real vessel V
r
 = 31,79 km/h.
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Pic.5. Results of measurements of wave heights for a model of a single-hulled 

vessel pr. 558 with towed  Pc = 2,00 kg. Sensor is located at 83 cm from a wall of a 

tank. Speed of real vessel Vr=31,79 km/h. 

 

 

Pic.6. Results of measurements of wave heights for models of a single-hulled vessel pr. 1743 and catamaran:
6 a) Towed cargo P

c = 1,75 kg. Sensor is located at 83 cm from a wall of a tank. Speed of real vessel V
r
 = 30,37 km / h.

6 b) Towed cargo P
c = 0,85 kg. Sensor is located at 83 cm from a wall of a tank. Speed of real vessel V

r
 = 35,73 km / h.

  
а)                       б) 

Рис. 6. Результаты замеров высот волн для моделей однокорпусного 

судна пр. 1743 и катамарана: 

6 а) При буксировочном грузе Ргр=1,75 кг. Датчик на 83 см от стенки 

бассейна. Скорость натурного судна Vнат=30,37 км/ч. 

6 б) При буксировочном грузе Ргр=0,85 кг. Датчик на 83 см от стенки 

бассейна. Скорость натурного судна 

Vнат=35,73 км/ч. 

 

Кривые зависимости высот корабельных волн от скорости судов 

приведены в пересчёте на натуру (рис. 7).  

Из графиков видно, что высота волны от катамарана на скорости 30 км/ч 

в 1,7-3,1 раза меньше, чем от однокорпусных судов. При этом следует 

отметить, что однокорпусные речные грузовые суда не эксплуатируются с 

указанной скоростью из-за отсутствия технической возможности или 
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correspond to results obtained at the location of the wave 
sensor at a distance of 0,83 m from the wall of the tank.

The curves of dependences of heights of ship 
waves on vessel speed are given in terms of expansion 
(Pic. 7).

Conclusions. It is seen that wave height caused by 
a catamaran at a speed of 30 km / h is by 1,7–3,1 times 
less than that caused by single-hulled vessels. It should 
be noted that single-hulled river cargo vessels are not 
operated at the specified speed due to the lack of 
technical capability or economic inefficiency. Maximum 
height of waves of catamaran can be compared with 
wave heights caused by single-hulled vessels moving 
at much lower speeds. The experimental results 
confirmed the assumption about ecological reserve of 
catamaran vessels compared to typical single-hulled 
vessels, operated on river waterways.

We used for the experiment a model with 
characteristics similar to the data of catamaran 
«Transit», being now designed. The model has 
body l ines that differ from body l ines in the 
preliminary design of vessel «Transit». When 
considering the maximum value of curve of heights 
of catamaran ship waves that refers to the speed 
of 30 km / h, there is reason to assume that it can 
be reduced by development of body lines of 
submerged part of the vessel, so that the maximum 
of the curve can also be shifted. For this purpose, 
it is necessary to carry out towing tests of model 
of designed catamaran.

In accordance with known method of recalculation 
of results of towing tests of models of ships to the real 
vessels, calculation of water resistance to movement 
of vessels and towing capacity at different speeds was 
performed. For catamaran vessel type «Transit» with 
its design speed of 29 km / h value of towing capacity 
of 3,4 MWws obtained. Given the fact that towing 
capacity is always less than the total capacity of the 
selected vessel engines, this result is quite consistent 
with calculations of propulsion quality of catamaran, 
made by the method Alferiev–Madorsky presented in 
[3, 4]. In them see efficiency of fixed-pitch screws, 

working in conditions of restricted draught, the 
number and power of main engines with reverse gear 
units has been designed and adopted at 2 х 2000 kW.
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Pic. 7. Graphs of dependences of heights of ship waves on vessel speed. 
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Pic. 7. Graphs of dependences of heights of ship waves on vessel speed. 
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