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1 Introduction

Results of various simulations have been presented in Results. In the following pages results of simulations of less practical but nonetheless interesting cases are presented.

2 Cant angle variation

From time to time some discussion arises about the position of the blade with respect to the shaft. During the drive the blade, when considered as flat, is (more or less) in the same vertical plane as the shaft. The blade comes out of this plane due to a finite value (a few degrees) of the pitch angle: the angle over which the blade has been rotated around the shaft axis, usually into such a direction that the upper edge comes closer to the stern. This angle is very important for comfortable rowing. In practice it is very often measured and adjusted but it is not the subject of the following discussion. 

Assume now a rotation of the blade around a vertical axis that intersects the shaft axis at the point where the shaft and the blade meet. The angle between shaft and blade thus created is called the cant angle by Bill Atkinson. By turning the blade towards the stern the force (perpendicular) on the blade obtains a bigger component into the forward direction and would be more effective in the first part of the stroke (and less effective in the second part of the stroke). As most power is developed in the first part of the stroke the final result is expected to be positive.

See Fig 2.1. This is an adaptation of Fig 5.4 in Simulation of Rowing.
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A is the pin of the oarlock, B-B indicates the position of the blade, C is the centre of the blade.

( is the oar angle and ( is the cant angle. The angle that equals ( + ( is indicated by * in the figure. L equals the distance AC. Fig 2.1 shows the velocities of the blade with respect to the water while Fig 2.1A shows the resulting flow velocities with respect to the blade. The flow velocity perpendicular to the blade is up. The flow velocity parallel to the blade is ul and the magnitude of the flow velocity is u. ( is the angle of attack of the flow with respect to the blade.
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From ( follows CD and CL and subsequently the force on the blade as before.

The simulation has been carried out with cant angles ( = -0.4 ... +0.4 rad with steps of 0.2 rad. (-23o...+23o, step = 11.5o).

Table 2.1 shows the result of the simulation. Power input for all cant angles is 400W and the recover time is 1.1s.

The maximum efficiency is reached for a cant angle of  0.4 rad (23o) in the considered interval.

However, the advantage over 2000m is only 6s with respect to zero cant angle. The stroke rate (SR) and the velocity variation during one cycle show some variation with the cant angle. The negative effect of a negative cant angle is considerable

See Table 2.1, Fig 2.2. 

Atkinson has found a small negative cant angle for the single scull as most efficient. The reason for the discrepancy is not clear.

	cant angle
	T2000
	Prow
	SR
	Fbl
	eff

	rad
	degr
	sec
	W
	min-1
	N
	-

	   -0.4
	-22.9
	 493.2
	 400.5
	  27.5
	 383.0
	   0.642 

	   -0.2
	-11.5
	 475.0
	 398.9
	  30.5
	 317.2
	   0.716    

	           0.0
	0.0
	 465.2
	 402.0
	  32.1
	 294.6
	   0.753    

	    0.2
	11.5
	 462.3
	 398.8
	  32.8
	 288.0
	   0.772    

	    0.4
	22.9
	 459.7
	 402.0
	  33.6
	 298.6
	   0.779  

	Table 2.1

Results for cant angle variation
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The instantaneous propulsion efficiency for the different cant angles has been calculated. The cant angle appears in the expression for the propulsion efficiency:
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The instantaneous values of the propulsion efficiency is presented in Fig 2.3. Not surprisingly a negative cant angle shows a lower efficiency in the first part os the drive.
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Remark

Rowing will be quite different with a positive cant angle. A smooth catch will require a higher rotational speed and thus a higher handle speed. Fig 2.5 illustrates this.

For 0o and 30o cant angle the oar is shown at the catch position. For a smooth immersion of the blade the relative velocity vector v must be parallel to the blade (blade still considered as flat). The figure shows that in the case of the 30o cant angle the handle speed must be about twice the handle speed at zero cant angle. It is difficult to guess how much exercise this will require for a rower.  
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3 Parallel blades

This is a very unpractical case and meant only as a mental experiment. Yet rowers discuss this case from time to time. 

Assume that the blade is hinged to the shaft and that a construction is added that keeps the blade always perpendicular to the longitudinal axis of the boat. (Such a construction is used for the screen wiper of busses and also for the rulers of old fashioned drawing tables).

Fig 3.1 shows the kinematics of the oar and blade. 

This figure is an adaptation of  Fig 5.4 in Simulation of Rowing.
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A is the pin of the oarlock, C is the centre of the blade.

( is the oar angle. L equals the distance AC. Fig 3.1 shows the velocities of the blade with respect to the water while Fig 3.1A shows the resulting flow velocities with respect to the blade. The flow velocity perpendicular to the blade is up. The flow velocity parallel to the blade is ul and the magnitude of the flow velocity is u. ( is the angle of attack of the flow with respect to the blade.
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From ( follows CD and CL and subsequently the force on the blade as before.

Table 3.1 shows the result of the simulation and for comparison the results of a normal blade taken from Table 2.1 

The simulation has been carried out with the model for the cant angle but now the cant angle varies with the oar angle taking γ = -φ.

	
	T2000
	Power
	SR
	Fbl
	efficiency

	
	[s]
	[W]
	[min-1]
	[N]
	-

	parallel blade
	465.8
	400.6
	35.8
	306.1
	0.761

	“normal” blade
	 466.3
	 399.3
	  31.9
	 294.0
	   0.753

	Fig 3.1

Comparison of normal blade with parallel blade


The average speed over 2000m is almost the same for both cases. The SR is 4 stokes more and the maximum blade force is 12 N more for the parallel blades.

The drive phase is short, about 0.6s as can be seen in Fig 3.2.
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Remark

Parallel blades have no advantage over conventional oars. Besides the construction needed is very unpractical and probably would not be allowed for racing by FISA. As with the canted blades it is maybe almost impossible to obtain a catch without a backslash. Fig 3.3 shows the high rotational velocity needed.
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The required high rotational velocity of the oar is also shown in Fig 3.4. (upper branch, left part).
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The blade trajectory, Fig 3.5 shows that the blade does not move into the heading direction after the catch but immediately moves to the stern.

[image: image14.wmf]j



Finally, the propulsion efficiency has been plotted in Fig 3.6.

The expression for the propulsion efficiency becomes as a result of γ = -φ:
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Conclusion: Fancy arrangements of blades with respect to the shaft do not look very promising.

Top
Fig 3.5


Blade trajectory for parallel blades.
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Fig 3.6


Instantaneous propulsion efficiency for parallel blades.





Fig 2.3


Instantaneous propulsion efficiency
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Fig 3.4


Oar rotational velocity as function of oar angle
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Fig 2.5


Blade kinematics


left: cant angle = 0     right: cant angle = 30o
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Fig 3.1


Velocities of parallel blade
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Fig 3.1A


Flow velocity
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Fig 3.2


Boat velocity during one cycle for parallel blades





Fig 2.4


Time over 2000m for different cant angles








Fig 3.3


Blade kinematics. Parallel blade
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Fig 2.2


Boat velocity during one cycle for different cant angles
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Fig 2.1A


Flow velocity





Fig 2.1


Blade velocities
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