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Abstract

:

For the marine industry, resistance reduction can reduce energy consumption and achieve protection of the marine environment. The use of air lubrication to reduce the resistance of ships is one of the most important ways. With this technology, high-speed air cavity crafts show immense potential as they can be utilized in various marine activities, such as emergency rescue, supply, and maritime security. Through experiments, this study presents an in-depth analysis of the effects of bubble chamber pressure and initial stern inclination on the resistance of high-speed air cavity crafts at different speeds. The results show that air pressure has a significant impact on resistance. It was found that as the speed of the ship increased, the resistance reduction effect became more prominent under the same pressure conditions. Moreover, the resistance tended to stabilize when the pressure reached a certain value. In addition to the air pressure, the longitudinal inclination does have an effect on resistance reduction. To achieve better resistance reduction, the initial stern inclination angle should be chosen appropriately. Furthermore, adjusting the angle with speed changes can optimize the resistance reduction effect. This experimental study provides critical support for conducting further research on high-speed air cavity crafts. The findings offer valuable insights into improving hull forms, guiding host selection, and assessing performance.
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1. Introduction


High-speed air cavity crafts are an innovative and emerging class of ships that offer several advantages over other types of vessels, such as hydrofoils and hovercrafts. Notably, high-speed air cavity crafts boast excellent economic performance and a simple structure, enabling easy routine maintenance, low costs, and convenient access to docks. As such, this vessel type presents broad market potential for both military and civilian applications and has garnered considerable attention as a research focus within the international shipbuilding industry [1,2,3].



To reduce resistance and increase speed, high-speed air cavity crafts utilize marine gas lubrication technology, which capitalizes on the significant differences in viscosity and density between water and gas to minimize frictional and viscous resistance on the vessel’s hull. By inflating the cavity with air, a thin air layer is formed and maintained on the bottom of the boat, effectively creating separation between the hull and the water, thus reducing the contact area and effectively decreasing resistance. This approach represents a crucial method for achieving energy savings and reducing emissions in the marine industry, as well as raising the speed limitation for safe and efficient navigation [4,5].



Research on cavity resistance reduction has been conducted by several countries, including the United States, Russia, China, France, Japan, Ukraine, the Netherlands, and others [6,7,8,9,10]. With the introduction of decarbonization regulations such as the Energy Efficiency Design Index, the Energy Efficiency Existing Ship Index, and the Carbon Intensity Indicator, shipowners, ship operators, and charterers are keen to ensure that their ships are as energy-efficient as possible and follow the IMO’s decarbonization targets. Several shipping companies and shipyards have recognized the potential of air lubrication and have started incorporating these technologies into their vessel designs and retrofit projects. The commercial availability of these technologies allows shipowners and operators to consider air lubrication as a viable solution for enhancing the operational efficiency and sustainability of their fleets. Research and development efforts continue to explore new advancements and refine existing methods to achieve optimal performance gains. They may offer a promising and exciting avenue for advancing the future of the marine industry [11].



Over the years, researchers around the world have carried out experimental studies on cavity resistance reduction for different models. As early as 2004, Gokcay et al. [12] conducted resistance tests on two high-speed cavity hull models. Meaningful conclusions, such as the small effect of air supply rate on drag reduction, were obtained.



Since 2009, the studies of Matveev et al. have made contributions in this field [13,14,15,16,17,18,19]. First, an experimental study and numerical simulation of an air ventilation cavity under a simplified hull were carried out. Experiments with a stepped hull model were carried out in an open-surface water channel. To complement and bolster these physical experiments, numerical studies were carried out using the linear potential flow method and the finite volume viscous code Fluent [13]. In their work published in 2011, Matveev et al. [14] conducted an experiment and modeling studies of the cavity formed under a model-scale hull. It was found that the placement of lifting plates beneath the cavity of the trim model significantly increased the maximum size of the cavity, suggesting the possibility of using hydrofoils and variable air supply as a mechanism to control the air cavity.



The following year, Matveev et al. [15] employed a potential flow model to explore the impact of the hull transverse frame on the characteristics of the air cavity formed by wedging. In 2015, a study was carried out on the application of drag-reduction air cavities for high-speed heavy-loaded monohull ships. Based on the linearized potential flow theory of surface flow, the mathematical model description and parameter calculation for the selected structure were given [16]. In 2019, a simplified numerical model of a nonconstant air cavity was further elaborated to simulate the air cavity dynamics under time-varying external conditions [17].



Meanwhile, the work of Collins and Matveev [18] in 2020 focused on the effect of compact actuators on the water flow under the hull. They suggested that the actuator effect is more pronounced at higher water velocities. Meanwhile, Matveev [19] simulated air cavity flow with computational fluid dynamics. It was found that the numerical results obtained for the air cavity agreed with the experimental data, which served as verification of the feasibility of the experimental and numerical methods.



The research conducted by Cucinotta et al. is another contribution to this field [20,21,22,23,24]. In 2017, an experimental comparison of high-speed planing yacht models with different air cavity designs was carried out, discussing the results and influence of geometric and physical parameters [20]. At the same time, a series of computational tests and comparisons were conducted to obtain reliable predictions of the behavior of the bubbles under the hull [21]. In 2018, they presented a comparison between the experimental test and simulation results to validate the differences, further establishing the reliability of their approach for the design [22,23].



More recently, in 2021, the work of Cucinotta et al. [24] has continued with model tests to investigate the effect of adding longitudinal rails on an air cavity stepped planing hull, offering important insights into the potential of this technology for practical applications.



In addition to the two aforementioned teams, further related research has been conducted by scholars and researchers in some countries and regions in recent years.



For instance, Butterworth et al. [25] carried out a series of tests in 2015 to investigate the performance of introducing an air cavity into a model hull form, including static stability tests, resistance tests, and motion response tests. In 2019, Wu et al. [26] conducted resistance and self-propulsion tests on a model ship based on a 95,000 DWT bulk carrier with a bottom cavity, and a suitable bottom cavity was designed for low-speed and large ships based on the plate test results. In 2020, Wang et al. [27] carried out an experimental study of ventilated cavity flow in a model ship using a calm water towing tank, where they explored some characteristics of the cavity.



These studies demonstrate the ongoing commitment of researchers to explore the potential of air cavity technology for improving the performance of high-speed ships, with valuable contributions being made to the field through both experimental and numerical investigations. However, despite the progress made in recent years, the number of experimental studies on these crafts remains relatively small. The experimental research on the effect of longitudinal tilt on the drag reduction of these crafts is still very limited, leaving gaps in our understanding of the technology.



Against this background, the present study aims to obtain some useful conclusions by conducting model tests on a 25 m long high-speed air cavity craft, with a focus on resistance tests under different air pressures and initial stern inclination angles. The paper is structured into five sections. Section 1 (this section) provides an overview of the topic and summarizes related studies in the field. Section 2 introduces the symbols and nomenclature used in the testing and analysis process, ensuring clarity and consistency in the presentation of the results. Section 3 details the content and method of the test, including the parameters of the ship, the test steps, and model-making procedures. Section 4 presents the test results, which are analyzed and discussed in detail. Finally, Section 5 summarizes the key findings of the study and proposes future research directions.




2. Nomenclature


The nomenclature adopted in this study is in accordance with standard conventions in the field of naval architecture and marine engineering, as shown in Table 1. Specifically, the subscript M is utilized to denote the model number, while the subscript S denotes the full-scale vessel.




3. Test Content and Methodology


The resistance test of a ship model is a crucial component of ship model testing, which primarily investigates the forces acting on the ship model and its sailing state as it moves in a straight line at a constant speed in water. This test is crucial for calculating the effective power of the actual ship and selecting the appropriate propeller. Verification of whether the expected reduction in ship resistance can be achieved must be obtained through ship model testing, which can be considered the most common and effective method for such evaluations. This chapter will elaborate on the ship model parameters, test equipment and model, and test content.



3.1. Hull Parameters


Table 2 provides the key parameters of the hull and additional relevant parameters, where CB and CM are calculated according to the following equations:


   C B  =  ∇   L  W L   B T    



(1)






   C M  =    A M    B T    



(2)







The foregoing hull parameters correspond to an initial stern inclination angle of 2.5°. The model is shown in Figure 1 and Figure 2. A distinct feature of this craft is the incorporation of cavities at its bottom, referring to the existing literature and similar ships. This innovative design element serves the purpose of reducing the resistance encountered by the craft during its operation. The lower part of the hull is divided into three sections: the stern cavity, midship cavity, and antiair bubble escape area, as depicted in Figure 3. The sidewalls of the cavities extend to the stern bulkhead, providing space for the arrangement of the stern propulsion system. For a more comprehensive design, please refer to Figure A1 for the lines plan. The wetted surface area S (m2), as presented in Table 2, pertains to the no-air state, whereas the value for the air state corresponds to the original wetted surface area, reduced by the cavity area of 84 m2. Specifically, the latter equals 97 m2, given that 181 m2 minus 84 m2 results in a total of 97 m2.




3.2. Test Setup and Model


This experimental study was conducted in a towing tank with a length of 135 m, a width of 7 m, and a depth of 3.6 m. The main data measured in the testing procedure are the resistance, pitch, and heave of the model. The resistance was derived from the measurement of drag force with the resistance dynamometer. Pitch and heave were measured using the inclination sensor and the displacement sensor, respectively. The data were collected in real time via a data acquisition system. Moreover, the wave characteristics during the voyage were thoroughly monitored using cameras positioned on the starboard and port sides, while the flow characteristics at the observation window were recorded using a panoramic waterproof camera fixed to the stern beam.



The test model used in the experiment was crafted from wood–plastic panels, which served as the primary material. These panels were lightweight, corrosion-resistant, malleable, and cost-effective. The model was attached using automotive sheet metal adhesive, screws, and other techniques.



The construction of the model was performed with utmost care and precision using a combination of automotive sheet metal adhesive and screws. The headline of the model was constructed using a polyputty base, a material that boasts excellent adhesion to the surface of the object and does not exhibit any cracking during the drying process. Furthermore, to achieve a high degree of surface smoothness for the model, it was meticulously sanded and painted to the appropriate standard. For the purpose of facilitating the observation of the flow phenomenon at the rear of the broken stage, a transparent viewing window made of plexiglass was thoughtfully provided on the tail glide.



To prevent damage to the measurement element by the inertial force during the experiment, a clamping device fixed on the trailer was employed. The model was driven by it to the stage of uniform speed movement, and the clamping device was opened to make the model in a free sailing state for measurement recording. After the measurement was completed, the clamping device was re-engaged, and the trailer was braked again to slow down and return the model to the initial position at low speed.




3.3. Test Content


In order to better complete the test, a pretest was first conducted. Resistance contrast tests were carried out at real ship speed of Vs = 30.9 kn, while air cavity pressures of 10 kPa, 17 kPa, 35 kPa, 50 kPa, and 68 kPa were, respectively, applied. It was observed that the resistance value gradually decreased as the pressure increased. However, after the pressure reached 50 kPa, the resistance value of the ship model stabilized.



This phenomenon could be attributed to the increase in the void fraction in the gas–liquid two-phase flow as the pressure increased, leading to a reduction in the model’s frictional resistance. This trend continued until the saturation pressure was reached, resulting in an isobaric interior of the cavity, at which point the resistance reduction effect reached its maximum. Considering the real situation, the follow-up tests were carried out at 50 kPa.



At this pressure, resistance tests were conducted for the initial stern inclination angles of 1.5°, 2.5°, and 3.5°. By implementing the control variable method, 20 different speed multicondition combinations from 12 to 31 knots were utilized to investigate the effects of pressure, pitch angle, and other key parameters on the resistance performance of the high-speed craft. Furthermore, the resistance reduction effects on the craft before and after air injection into the bottom of the craft were compared. Additionally, resistance data without air were tested at an initial stern inclination angle of 2.5° to provide a reference for experimental comparisons.





4. Results and Discussion


In this section, the results of the model resistance test conversions and the sailing measurements of pitch are described and analyzed.



4.1. Text Results


For comparison purposes, the resistance experiments of the ship model under every towing speed were performed. The results are shown in Table 3, which include four cases. The first case is no air bubbles and for the initial stern inclination angles of 2.5°. The remaining three cases are at 50 kpa and for the initial stern inclination angles of 1.5°, 2.5°, and 3.5°, respectively. The experimental results were revised based on the recommendations provided by the ITTC.



The Froude numbers were calculated according to the following equation:


  F r =    V S      g  L S      =    V M      g  L M       



(3)








4.2. Calculation Method


The results of the ship model resistance test were converted based on the 2D method. The obtained conversion results include the actual ship resistance and the effective power of a bare hull in ideal environmental conditions with no wind, waves, or currents, infinite water depth, and a seawater temperature of 15 °C (density of 1025 kg/m3).



The total resistance coefficient    C T   , using the 1957 ITTC ship model-real ship conversion formula, is


   C T  =   2  R T    ρ S  V 2     



(4)







The frictional resistance coefficient    C F    is


   C F  =   0.075     ( lg  R e  − 2 )  2     



(5)




where:    R e  =   V ⋅  L  WL    υ   



V is the speed of the ship (m/s).



υ is the kinematic viscosity coefficient of water (m2/s).



The roughness allowance coefficient was selected according to the length of the ship and the experience of the towing tank. For this test, the value of ΔCF was determined to be 0.00078.



The residual resistance coefficient    C R    is


   C R  =  C  TM   −  C  FM    



(6)







The total resistance coefficient of a real ship is


   C  TS   =  C  FS   + Δ  C F  +  C R   



(7)







The real ship effective power is


   P E  =  1 2  ρ  V 3  S ⋅  C  TS    



(8)







The definitions of the parameters mentioned in the aforementioned equation can be found in Section 2, which is dedicated to nomenclature.




4.3. Effective Power


The results of the calculations are shown below.



The graphs in Figure 4 and Figure 5 demonstrate a clear trend, where PE is approximately linear with respect to velocity in the range of 12–26 kn. Figure 4 shows the impact of the presence of air compared to its absence and indicates that the presence of air effectively reduces the effective power required to overcome resistance. It is noteworthy to mention that as the value of the horizontal coordinate increases, the interval between the two lines also increases. It is observed that at higher speeds, there is a greater reduction in effective power. Moreover, Figure 5 shows that at a pressure of 50 kPa, from 12–26 kn, the effective power with air increases by increasing the initial stern inclination angles. From 27 kn to 31 kn, the effective power with air in the initial stern inclination of 2.5° is lower than that of 1.5° or 3.5°. As can be seen, at high speeds, a 2.5° stern inclination results in better resistance reduction. Near the velocity of Vs = 30 kn, the resistance of the initial tail tilt of 2.5° is minimal. Based on the calculations derived from the data, the resistance reduction effect is 18.3% in comparison to the condition with no air.



In Figure 6, the residual resistance coefficient in the inflated state appears to be greater than in the noninflated state. This observation can be attributed to the amplified influence of wave-making resistance resulting from inflation, thereby contributing to the overall residual resistance experienced by the vessel. According to Froude’s perspective, a ship’s total resistance comprises both frictional resistance and residual resistance [28]. However, despite the greater residual resistance, the total resistance in the inflated state is actually lower when compared to the noninflated state. Hence, this further underscores the superiority of air lubrication in terms of resistance reduction.



On the other hand, Figure 6 and Figure 7 depict the residual resistance coefficient curves, indicating that the peak occurs around Fr = 0.5, consistent with the trend of the curve measured by Groot and Henschke [29].




4.4. Heave and Pitch Angle during the Test


Conventional displacement-type ships mainly rely on static buoyancy to maintain the stability of the hull, so they generally maintain a positive floating state or a slight stern inclination during navigation.



Small changes in longitudinal inclination will lead to changes in the angle of attack of the incoming flow, wetted area, etc., thus causing changes in resistance components such as residual resistance and viscous resistance and ultimately affecting the total resistance of the craft.



Figure 8 and Figure 9 illustrate the test waveforms, depicting the experimental results for two distinct velocities, 12.4 kn and 30.9 kn, respectively. It is observed that as the velocity of the vessel increases, the water splash on the bow becomes more prominent and forceful.



During the testing phase, the model was subjected to three different trim states of 1.5°, 2.5°, and 3.5° by adjusting the load conditions. The resistance values were compared across the range of design speeds, and the corresponding results are tabulated below for further analysis, as shown in Table 4.



At the design speed, the test results indicate that the model exhibited the lowest resistance at a stern inclination of 2.5°, with a value of 298.11 N. As shown in Figure 10, Figure 11, Figure 12 and Figure 13, the relationship between the resistance and the longitudinal inclination of the model can be expressed as follows:




	
When the longitudinal inclination is inadequate, the air does not exert a considerable lifting effect on the model. The high-speed air cavity craft does not attain the gliding state during operation and remains in the phase of ascending resistance peak, thus failing to achieve the optimal resistance reduction effect;



	
Excessive longitudinal inclination leads to the lifting of the hull, gradual reduction of the wetted length, and a constant backward shift of the center of dynamic pressure at the bottom. Such an inclination results in poor stability of the ship at high speeds, and a significant change in sailing lift that causes higher splash and more severe waves within the amidships range of −0.4 to 0.05 m. This, in turn, leads to an increase in wave-making resistance and the growing contribution of splash resistance to the residual resistance, thus impairing the reduction of resistance.









4.5. Resistance Reduction Effect Analysis


As a result of the presence of an air layer at the bottom of the model and an increase in the bottom inclination of the bow glide surface, both the frictional resistance and acceleration of the motion are significantly reduced. Consequently, the resistance and seakeeping performance of the ship are enhanced.



At the same time, the introduction of air creates a cavity, which leads to a decrease in the wetted area, along with a reduction in the density and turbulence of the gas–liquid two-phase mixture, resulting in a decrease in resistance.



The high-speed air cavity craft at different speeds is in different sailing states, which have different Froude numbers. As its bottom longitudinal pressure distribution is different at different speeds, the sailing state will also change significantly with the speed during the sailing process. As the speed of the vessel increases, the hull is lifted, causing the longitudinal inclination angle, wet surface area, and wetting length to vary with speed.



As depicted in Figure 14, it is evident that the resistance reduction effect varies with the increase in speed. Specifically, the resistance reduction effect experiences a slight decrease between the speeds of 15 and 25 kn. However, after reaching 25 kn, the rate of resistance reduction effect increases substantially, reaching a maximum of 19.2% at 31 kn. Notably, when the vessel reaches the design speed of 30 kn, the resistance reduction effect is 18.3% compared to the absence of air injection.





5. Summary


	(1)

	
In order to achieve a more effective reduction in resistance, the high-speed air cavity craft should select an appropriate initial stern inclination angle, and if feasible, the angle should vary with speed;




	(2)

	
The influence of air pressure on model resistance is significant. As the air pressure increases, the resistance value gradually decreases until it reaches the optimal air pressure, after which the resistance remains relatively stable;




	(3)

	
At the displacement state of a real ship of 125 t and a chamber pressure of 50 kPa, the resistance of the initial stern inclination of 2.5° is observed to be at its minimum near the design speed of Vs = 30 kn. Comparatively, the reduction effect is estimated to be 18.3% when compared to the state without air injection;




	(4)

	
Before the formal test, a preliminary test was conducted to evaluate the test conditions, check the scientific feasibility of the experimental design, and accurately control the relevant variables, laying a foundation for the formal test. The pretest is crucial in preventing the inefficient use of manpower, materials, and financial resources resulting from poorly designed or blindly conducted tests. By reducing costs and saving time, the pretest plays a positive role in enhancing the efficiency and effectiveness of the overall testing process.







This study focuses on the air cavity craft model. However, due to the presence of cavities in the model, the resistance will be expected to be different compared to the same type of cavity-free one. Hence, future work will focus on the comparative validation of the cavity model with the conventional one without cavities to assess its applicability for industrial implementation.



Furthermore, it is important to acknowledge that the model tests have inherent limitations. There are some differences in drag between the self-propulsion of the ship and the experimental towing situation in real engineering, and vibration, noise, and cavitation are also important influencing factors to be explored. The above provides a reference for related research and offers ideas and directions for similar studies.
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Figure A1. The lines plan. 
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Figure 1. The model of the high-speed air cavity craft. 
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Figure 2. The internal structure of the model. 






Figure 2. The internal structure of the model.
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Figure 3. The midlongitudinal section of the model. 
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Figure 4. Effective power without air compared to air pressure of 50 kPa when the initial stern inclination angle is 2.5°. 
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Figure 5. Effective power at 1.5°, 2.5°, and 3.5° for different initial stern inclination angles. 
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Figure 6. Residual resistance coefficient curve without air compared to air pressure of 50 kPa when the initial stern inclination angle is 2.5°. 
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Figure 7. Residual resistance coefficient curve at 1.5°, 2.5°, and 3.5° for different initial stern inclination angles. 
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Figure 8. Typical sailing condition of the model (speed 12.4 kn). 
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Figure 9. Typical sailing condition of the model (speed 30.9 kn). 
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Figure 10. Heave at midship and pitch angle (initial stern inclination angle 2.5°, no air). 
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Figure 11. Heave at midship and pitch angle (initial stern inclination angle 1.5°, air pressure 50 kPa). 
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Figure 12. Heave at midship and pitch angle (initial stern inclination angle 2.5°, air pressure 50 kPa). 
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Figure 13. Heave at midship and pitch angle (initial stern inclination angle 3.5°, air pressure 50 kPa). 






Figure 13. Heave at midship and pitch angle (initial stern inclination angle 3.5°, air pressure 50 kPa).
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Figure 14. Resistance reduction curve. 






Figure 14. Resistance reduction curve.
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Table 1. Nomenclature.
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	Symbol
	Definition
	Unit





	AM
	midship section area under the design waterline
	m2



	B
	breadth
	m



	CB
	block coefficient
	



	CM
	midship section coefficient
	



	LPP
	length between perpendiculars
	m



	LWL
	waterline length
	m



	S
	wetted surface area
	m2



	T
	draft
	m



	TF
	fore draft
	m



	TA
	aft draft
	m



	∇
	molded volume
	m3



	ρ
	water density
	kg/m3



	CFM
	frictional resistance coefficient of ship model
	



	CFS
	frictional resistance coefficient of full-scale ship
	



	CTM
	total resistance coefficient of ship model
	



	CTS
	total resistance coefficient of a real ship
	



	CR
	residual resistance coefficient
	



	Fr
	Froude number
	



	PE
	effective power
	kW



	RT
	total resistance of ship
	



	RM
	total resistance of ship model
	N



	Re
	Reynolds number
	



	RS
	total resistance of full-scale ship
	N



	LM
	length of model
	m



	LS
	length of ship
	m



	VM
	velocity of model
	m2/s



	VS
	velocity of ship
	kn



	CF
	frictional resistance coefficient
	



	ΔCF
	roughness allowance coefficient
	



	υ
	kinematic viscosity coefficient of water
	m2/s
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Table 2. Main dimensions of the ship and the model.
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Symbol

	
Ship

	
Model

	
Unit






	
LWL

	
25.0

	
2.5

	
m




	
LPP

	
25.0

	
2.5

	
m




	
B

	
5.8

	
0.58

	
m




	
TF

	
1.25

	
0.125

	
m




	
TA

	
2.38

	
0.238

	
m




	
T

	
1.851

	
0.185

	
m




	
∇

	
125.0

	
0.125

	
m3




	
AM

	
7.17

	
0.0717

	
m2




	
S

	
181.0

	
1.810

	
m2




	
CB

	
0.465

	




	
CM

	
0.668

	




	
LPP/B

	
4.31

	




	
B/T

	
3.20
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Table 3. Test results of the total resistance of the ship model.






Table 3. Test results of the total resistance of the ship model.





	

	

	

	
Resistance (N)




	
VS

(knots)

	
VM

(m/s)

	
Fr

	
No Air

2.5°

	
50 kPa

1.5°

	
50 kPa

2.5°

	
50 kPa

3.5°






	
12

	
1.952

	
0.394

	
95.005

	
77.401

	
81.965

	
85.970




	
13

	
2.115

	
0.427

	
124.516

	
100.001

	
105.156

	
114.157




	
14

	
2.277

	
0.460

	
150.490

	
119.654

	
125.898

	
139.395




	
15

	
2.440

	
0.493

	
173.273

	
136.724

	
144.405

	
161.890




	
16

	
2.603

	
0.526

	
193.211

	
151.577

	
160.888

	
181.848




	
17

	
2.765

	
0.558

	
210.650

	
164.578

	
175.560

	
199.473




	
18

	
2.928

	
0.591

	
225.934

	
176.092

	
188.634

	
214.974




	
19

	
3.091

	
0.624

	
239.409

	
186.485

	
200.321

	
228.554




	
20

	
3.253

	
0.657

	
251.421

	
196.122

	
210.834

	
240.420




	
21

	
3.416

	
0.690

	
262.314

	
205.369

	
220.386

	
250.778




	
22

	
3.579

	
0.723

	
272.435

	
214.590

	
229.188

	
259.834




	
23

	
3.741

	
0.755

	
282.128

	
224.151

	
237.453

	
267.792




	
24

	
3.904

	
0.788

	
291.739

	
234.417

	
245.393

	
274.860




	
25

	
4.067

	
0.821

	
301.614

	
245.753

	
253.221

	
280.915




	
26

	
4.229

	
0.854

	
312.097

	
258.526

	
261.149

	
286.117




	
27

	
4.392

	
0.887

	
323.534

	
273.099

	
269.389

	
291.221




	
28

	
4.555

	
0.920

	
336.272

	
289.839

	
278.153

	
296.555




	
29

	
4.717

	
0.953

	
350.654

	
309.111

	
287.655

	
302.445




	
30

	
4.880

	
0.985

	
367.026

	
331.279

	
298.105

	
309.220




	
31

	
5.043

	
1.018

	
385.735

	
356.710

	
309.718

	
317.207
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Table 4. Resistances (N) of models for different stern inclination.






Table 4. Resistances (N) of models for different stern inclination.





	
Speed

	
Stern Inclination Angle (°)




	
(kn)

	
1.5

	
2.5

	
3.5






	
28

	
289.59

	
278.17

	
296.53




	
29

	
309.08

	
287.58

	
302.51




	
30 (design)

	
331.32

	
298.11

	
309.27




	
31

	
356.73

	
309.76

	
317.19
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