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Abstract: 

The article presents the problems related to the application of alternative fuel like solid biomass in the ship-
building. The decreasing resources of the crude oil, the requirements regarding environmental protection as 
well as the increase of the liquid fuel prices were the reason for the study. The solid biomass comparing to the 
liquid or gaseous forms has relatively low calorific value. In order to increase this value the solid biomass is 
subject to the densification or torrefaction process and most often occurs in the shape of pellets. In this form 
it could be useful on ships. A test stand has been characterised where it can be experimentally verified whether 
ship’s rolling does affect the changes in flow resistance values during the pneumatic transportation of solid 
fuel from the storage facility to the boiler. On the basis of the measurements the hydraulic characteristics have 
been provided for the piping located on the movable platform with and without granular material. The changes 
in the platform oscillation period have influence on the change in the pressure inside transport piping for each 
investigated material. The results also show that the platform constantly inclinations do exert an influence on 
the pressure drop in the transport pipeline during transporting the granular material. It is smaller when the 
position is inclined. Comparing the results obtained for the different transported materials of a similar nature 
of the pressure fluctuations could be observed. 
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INTRODUCTION 

In view of the decreasing process of the non-renewable 
energy sources, in particular crude oil, which is used for 
the production of ship’s fuel, it is necessary to conduct re-
search oriented toward the prevailing application of the 
alternative fuels as well as the renewable energy sources. 
The energy sources likely to be applied on ships, ulti-
mately or temporarily, are amongst others: the liquefied 
natural gas, liquid biofuels such as biomethanol as well as 
solid biofuel  in the form of the pellets [9]. A factor in fa-
vour of the utilisation of the liquefied natural gas as the 
alternative fuel for the ships is the fact that it contains 
scarce amounts of sulphur [14]. Another benefit of this 
fuel is that during its combustion the emission of nitrogen 
oxides is smaller in comparison to the conventional fuels 
by approximately 80%, emission of carbon oxide by circa 
75%. The emission of carbon dioxide is less by about 20% 
[6]. Also the gas price is of significance as it is currently 
lower than the price of heavy diesel oil and marine diesel 
oil of low sulphur content [12].  
 
 

Advantage of the methanol as an alternative fuel which 
may be used in the shipbuilding on a larger scale is the fact 
that it does not emit sulphur oxides during combustion 
whereas the emission of nitrogen oxides is compliant with 
the obligatory requirements of MARPOL Convention. The 
emission of solid particles is very low. The methanol price, 
in comparison with hydrocarbon fuels with low sulphur 
content is lower [8]. An important factor in favour of these 
fuels is also the existence of biogenic equivalents in the 
form of biogas and biomethanol.  
The solid biomass comparing to the liquid or gaseous 
forms has relatively low calorific value. In order to in-
crease this value the solid biomass is subject to the densi-
fication or torrefaction process and most often occurs in 
the shape of pellets. The torrefaction process consists in 
the exposure of the biomass to the 200 up to 400°C tem-
perature without oxygen supply, under pressure close to 
atmospheric. 
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Following the solid biomass torrefaction process its calo-
rific value reaches as far as 21 MJ/kg. A biomass ad-
vantage is that it contains very minor amounts of sulphur 
compounds (0.5% dry mass) [4]. Another benefit of the 
wooden biomass is that during its combustion the CO2 
emission does not contribute to the greenhouse effect [7]. 
Solid biomass in the form of the waste wood, agricultural 
product waste or energy crops may be used as an alterna-
tive marine fuel, because its application allows inter alia 
to satisfy the requirements in respect of exhaust gas emis-
sions according to MARPOL convention [4]. It may be re-
garded as a reserve or temporary renewable energy 
source at the time until the other energy sources, such as 
[hydrogen supplied] fuel cells, capable of substituting the 
presently used hydrocarbon fuels, become fully ready for 
the universal application on ships. The solid biomass has 
also become the alternative for biogas and biomethanol 
which require complex installations and protective means 
due to low flash point.  
The lack of reports regarding the solid biofuel pellets use 
as an energy source for the ships and lack of any 
references as to the manner of its transportation from the 
daily storage facility to the ship’s boiler consists a cause to 
commence research in this area [10]. Justification of the 
topics of the research, specifications of various solid fuel 
transport installations together with the concept of the 
research/test stand have been presented by the authors 
in [9] whereas in [11] the issue of mathematical modelling 
of the pressure drop phenomenon in the transport piping 
during ship’s rolling has been discussed and the 
mathematical model used for this phenomenon 
description has been proposed. The research of similar 
subjects conducted so far concerned inter alia the 
pressure drop in the transport pipeline during 
transportation of granular material in microscale without 
consideration of the movement of the whole transport 
installation [13]. Other researches concerned 
hydrodynamics of a fluidized bed on floating marine 
systems [1, 2, 3]. Many works  are focused on the use of 
CFD simulation of gas-solid two-phase flows [2, 5, 15]. The 
purpose of this article is to present the selected results of 
the research aiming to determine the effect of the 
simulated ship’s sailing conditions onto the pressure drop 
in the transport section of the piping connecting the 
storage facility with the boiler. Owing to the dimensions 
of the stand the materials imitating the solid fuel (pellets) 
are wheat or rice grains.  
 

TEST STAND 

The construction of the stand enables to set the platform 
in motion together with the transport installation located 
thereon. The platform movements may simulate ship’s 
rolling and upon turning by 90° against the base – pitching 
(ship’s longitudinal motion). The test stand in two projec-
tions is shown in Figures 1 and 2.  
 
 

 
Fig. 1 Test stand for solid fuel pneumatic transportation (front 

view):  

1 – platform base, 2 – movable  platform, 3 – electric screw ac-

tuator, 4 – transport pipes, 5 – tanks, 6 – portable computer to 

register the measurements data, 7 – actuator power pack,  

8 – cyclone air outlet 

 

 
Fig. 2 Test stand for solid fuel pneumatic transportation (side 

view): 

1 – platform base, 2 – movable platform, 3 – electric screw ac-

tuator, 4 – transport pipes, 5 – granular material tanks, 6 – 

portable computer to register the measurements data,  

7 – actuator power pack, 8 – cyclone air outlet, 9 – radial air 

blower, 10 – differential pressure gauge, 11 – thermo-anemom-

eter 

 

RESEARCH STAGES 

The detailed research programme has been described in 
[10]. Presently we refer to the research stage with the 
platform movement taken into consideration. This stage 
consists of two parts. The purpose of the initial part of the 
measurements is to determine the relation of the pres-
sure drop to the variable period of platform oscillation  
Δp = f (T); 

varT = ,    ������ � 	
��. (1) 

The purpose of the second part of the measurements is to 
determine the relation of pressure drop to the change of 
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the fuel mass amount with the constant period of plat-
form oscillation Δp = f (ṁ); 

varm =ɺ ,    ���� � 	
��,  (2) 

where: 
T – platform oscillation period, 
ṁ – transported material jet, 
w – two-phase mixture velocity,  
ta – air temperature. 
 

THE SELECTED RESEARCH RESULTS 

The measurements conducted on the stand with the im-
mobile platform referred to various positions, ie vertical, 
(0° angle) and with deflection by 30° angle. On the basis of 
the results the hydraulic characteristics have been pro-
vided for the piping without and with granular material, 
the minimum transport velocities of the granular material 
have been determined, definition was provided for the 
pressure drops in relation to the transported fuel mass 
amount, pressure drops for various inclination angles of 
the installation have been determined. During the meas-
urements also characteristics have been provided and 
compared for the two granular materials, wheat and rice. 
The amount of granular material was changed by altera-
tion of the opening of the valve β. The range of valve 
opening change was within 72% and 89%.  
The Fig. 3 demonstrates the relation of the pressure drop 
in the installation in vertical position for two granular ma-
terials Δp = f (w). 
 

 
Fig. 3 Flow resistance values in pipeline during transport 

of wheat or rice 

 
The graph where the hydraulic characteristics  for the two 
granular materials were presented enables to compare 
the difference in the values of pressure drops between 
wheat and rice. The graph shows clearly the difference in 
pressure drops which is caused by the fact that a single 
wheat grain has slightly bigger dimensions than rice grain. 
The discernible difference in pressure drops between the 
two granular materials may also result from the difference 
in roughness of wheat and rice. During the determination 
of the characteristics 74% valve opening ensures the gran-
ular material flow without saltation. 
In the Fig. 4 there is shown the relation of pressure drop 
to the various installation inclination angles for the two 
granular materials Δp = f (α).  
 

 
Fig. 4 Pressure drop in relation to the platform inclination angle 

for various materials 

 
The analysis of the measurement results on the stand with 
the stationary platform (Fig. 4) allows to observe the pres-
sure change during the transport of granular material of 
rice and wheat, depending on the change in the platform 
positioning angle. In the measurements three inclination 
angles have been considered with the permanent mass 
capacity of granular material. In the graph (Fig. 4) one can 
observe that the pressure reaches its biggest value when 
the platform is in vertical position (0° angle). Change of 
platform position angle by 15° and 30° causes insignificant 
pressure drop. This minor pressure change is caused by 
the reduction in the difference of the height to which the 
granular material is transported.   
In the Fig. 5 on the radar graph there has been shown the 
relation of pressure drop during platform movement for 
rice Δp = f (α). 
 

 
∆p –rice, α = var, β = 74% 

Fig. 5 Pressure drop during platform movement for rice 

 
The graph presents the average momentary values of the 
pressure drop for rice, with the constant opening of the 
inlet valve and constant period of the platform oscillation. 
These are the averaged values of the pressure drops as 
the platform is inclined by 15° and 30° angle and -15° and 
-30° as well as in vertical position during constant pendu-
lar movement. As can be seen, when the installation is in 
vertical (0° angle) the value of the pressure drop in the 
pipeline reaches its maximum value. The measurements 
on the stand with the movable platform and with the con-
stant period of the platform oscillation with one granular 
material confirm the earlier results of the research con-
ducted in the stationary conditions with one granular ma-
terial. They also implied that the platform inclinations do 
exert an influence on the pressure drop in the transport 
pipeline while transporting the granular material. It is 
smaller while the position is inclined.  
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The growing sectional area of the supply valve opening is 
accompanied by the increase in the capacity of the pneu-
matic transport.  
The results of measurements which purpose has been to 
determine the relation of the pressure drop to the change 
in fuel dose amount with the constant period of platform 
oscillation Δp = f (ṁ), are shown in Fig. 6. 
 

 
Fig. 6 Pressure drop in relation to the change of the jet  

of the material dose amount 

 
In the graph there are shown relations for two granular 
materials, wheat and rice. It can be concluded that the 
flow resistance values for the wheat are slightly bigger be-
cause wheat has bigger density. On the basis of the re-
search conducted the maximum valve opening has been 
determined as amounting to 89%, since with the bigger 
opening flow saltation appears. With the valve maximum 
opening (ie. 89% sectional area) the maximum capacity 
has been achieved when no saltation occurs. 
The results of the measurements which purpose was to 
determine the relation of the pressure drop in time and to 
the variable period of platform oscillation Δp = f (T), are 
shown in Fig. 7. 
 

 
Fig. 7 Pressure drop in relation to the change in platform oscil-

lation 

 
The graph shows the changes in the pressure of two gran-
ular materials caused by the change of the period in the 
simulated sideways rolling, for four different period val-
ues, with the constant mass capacity.  
In the graph one can see that the changes in the platform 
oscillation period have influence on the change in the 
pressure inside transport piping for both wheat and rice. 
As the periods of movements increase, the resistance val-
ues decrease and reach the minimum values once the 
platform is stopped.   

The values of determination coefficient showed on all the 
graphs are in the range of 0.9-1.0. This indicates a very 
good fit of the trend lines.    
 

CONCLUSION 

The presented selected results of measurements taken on 
the stand with the stationary platform have proven that 
the platform inclination angle change by 15° and 30° influ-
ences but slightly the pressure drop in the piping. The dif-
ference of pressure resistance values between platform 
position angle of 0° and 30° amounted to 74 Pa. The re-
sults obtained from the measurements conducted on the 
stand with the movable platform also indicate a minor 
pressure drop during change of the dose of granular ma-
terial as well as the changes of the period in the simulated 
rolling. At the stand with the movable platform the results 
of measurements which aimed to determine the depend-
ence of the pressure drop on the change of the platform 
oscillation period, have shown very small pressure drop in 
the transport pipeline accompanying the decrease of the 
period of platform oscillation. While comparing the re-
sults obtained for the transported wheat, followed by 
those from the transportation of rice, a similar nature of 
the pressure fluctuations for both materials can be ob-
served.  
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