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OPTIMISATION  OF  THE  AXIAL  PROPULSION  FORCE

M. D. CAZACU*
Abstract: One presents the theoretical principles of an original method for the propeller design, to obtain the maximum axial propulsion force of a ship or aircraft screw. This method of the axial propulsion force maximisation, exerted by an axial turbo-machine rotor, considers the maximisation of the ratio between the axial force and the mechanical power necessary to the rotor driving. The method give the possibility to determine the optimum shape of the blade profile and its optimum-settling angle for different blade radii.

Keywords: propulsion force.

1. The importance of the research concerning the optimisation methods of hydraulic  

    and aerodynamic turbo-machine design

Taking into consideration the special importance of a good efficiency of the great number of existent hydraulic and aerodynamic machines, both regarding the energy input by the turbines and the economy of consumed energy by the pumps, ventilators, blowers and turbo-compressors, I developed in the last years an original method to maximise the axial turbo-machine performances, by its applying in the following three design fields:


- the maximisation of the mechanical power, extracted by the hydraulic or wind turbine from the kinetic energy of fluid current [1][2],


- the maximisation of the axial force developed by a hydraulic or aerodynamic screw, realised unconditioned [3] or reported to the consumed power, as in the present paper, and in a future work,


- the maximisation of the fluid current velocity produced by an axial turbo-machine rotor of a fan or a pump. 


 Encouraged by the unexpected good experimental results [1][2], concerning the application of the method of mechanical power maximisation at the hydraulic or wind turbine shaft, extracted from the kinetic energy of the fluid current, I try in the present to apply these results for the propulsion of the small environmental friendly ships, using the solar energy source by means of photo-voltaic panels and which are foreseen to sail in our biosphere reservation Danube Delta and for ecological tourism [4][5], very important not only for the operation radius enlargement of an ship or aircraft, but also for the fossil fuel savings and environmental protection. This is also of a greatest importance for the ecological boats using the solar energy [6].

2.  The maximisation of the axial force reported to the driving mechanical power
Starting from the classical theory and practice of the airfoil, one presents in the figure 

number 1 the lift and drag components (1), exerted on a profiled hydraulic machine blade or on an aircraft wing in the relative flow, defined by the velocity triangle constituted by the fluid absolute velocity C, fluid relative velocity W and the transport velocity U =R(.
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Projecting these forces, for example in the case of the blade peripheral profile, both on the axial direction and on the peripheral direction of the profile motion, we can write the expression of the axial force exerted at the turbo-machine shaft
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        relative angle - β

           blade angle  β b = β + i   

    W = V/sin β – relative fluid velocity

                  U = R ω = V/tg β 
              Fy cos β

     Fx sin β






      Fx – the profile drag component

     the profile lift component - Fy


 


Fy sin β                  






       i – profile incidence angle




fluid absolute velocity V
Fig. 1. The velocity triangle and  the hydrodynamic resultant components
and also the expression of the shaft driving mechanical power


[image: image4.wmf]2

m

myxmyx

323

2

coscos

(sincos)or()()

sinsin

P

PUFFpcici

Vbl

bb

=b+b==+

rbb

.
          (3)

To obtain the maximum value of the axial force in the condition of minimum driving power, we shall calculate the dimensionless ratio
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and cancelling its partial differential with respect to the relative angle β, included between 0 ≤ β ≤ π/2  
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one obtain the maximisation condition, that by introducing the notation x = ctg β, led as to the solving of the algebraic equation of 2nd degree, having the coefficients as function of the profile fineness and its incidence angle i, considered with respect of the relative velocity W
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having always two real solutions, one positive and other negative
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as one can see from the juxtaposed table nr. 1, for the case of Göttingen 450 profile [1], which are vindicated again as the best performing, and where we put also the value of the ratio (4) for the confirmation of the maximal value of the axial force, obtained at the approximate incidence angle  i ≈ 1o (fig. 2).

   Table 1


	i

(degrees)
	Cy (i)
	Cx (i)
	f = Cy / Cx
	β

(degrees)
	fa / pm

	-3
	0,20
	0,023
	8,696
	41,74
	0,7949

	0
	0,41
	0,02
	20,5
	43,63
	0,9071

	3
	0,63
	0,032
	19,688
	43,57
	0,9034

	6
	0,85
	0,055
	15,455
	43,27
	0,8887

	9
	1,05
	0,081
	12,963
	42,82
	0,8572

	12
	1,15
	0,112
	10,268
	42,24
	0,8233

	15
	1,21
	0,147
	8,231
	41,56
	0,7848
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Fig. 2. Dependence with the profile incidence of the axial force reported to the consumed driving mechanical power 

the peripheral optimum relative angle having the approximate value βp ≈ 43,65o  (fig. 3)
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Fig. 3. The value of the peripheral relative angle βp that realise the maximisation of axial force reported to the driving power as function of profile incidence angle i

In the figure number 4 we give the variation of Gö 450 profile fineness with the incidence angle i.
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Fig. 4. Göttingen 450 profile fineness as function of the attack angle i

3. Determination of the optimum profile setting angle for other blade radii

Because for the other blade radii Rj, the relative angle βj is already determined by the formula
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and taking into consideration the relations that give the expressions of lift and drag coefficients in the case of profile Gö 450 [7], in which we considered the variation of profile lift coefficient as function of the attack angle i, named now of incidence
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and the parabolic variation with the incidence angle of the drag coefficient 
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we will maximise the axial force reported to the driving mechanical power (4), given in this case by the expression in which we assumed the blade portions of wing spread to bee bj = (R = constant on the radius, as well as the wing depths  lj
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By cancelling its partial differential with respect to the incidence angle i and dividing this expression with its common factor (1 + ctg2 (j) ( 0, we obtain the equation of 2nd degree
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or with (9) and (10)
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those two solutions:  i1 = 0.067 ( 0  maximise the ratio between the axial force and the consumed driving power, while  i2 = - 9.6834  diminishes this ratio to the zero value, being the same for any blade profile radius.  


In the table number 2 we give the values of profile relative angle  (j ( (b  for any bade radii  rj ( 1.

Table 2

	rj
	1.0
	0.9
	0.8
	0.7
	0.6
	0.5
	0.4
	0.3
	0.2
	0.1

	(j(o)
	43.65
	46.67
	50.02
	53.73
	57.83
	62.34
	67.25
	72.54
	78.16
	84.02


4. Conclusions

   The interesting results obtained by this method of propeller design optimization, applied to the formerly vindicated Göttingen 450 profile [2], give us now the possibility to apply this method even to other profiles, to find maybe a better blade shape and after this to realize a laboratory model of such screw to demonstrate also experimentally the value of this method. 
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OPTIMIZAREA  FORŢEI  AXIALE  DE  PROPULSIE

Rezumat: Se prezintă principiile teoretice a unei metode originale de proiectare a elicii, pentru a se obţine forţa axială maximă de propulsie pentru o navă sau un avion.  Această metodă de maximizare a forţei axiale de propulsie, exercitată de un rotor axial de turbomaşină, consideră maximizarea raportului dintre forţa axială şi puterea mecanică necesară antrenării rotorului. Metoda dă posibilitatea determinării formei optime a profilului palei şi a unghiului lui de aşezare pentru diferite raze ale palei.

Cuvinte cheie: forţa de propulsie.
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Sheet1

		i Gö 445		Cy(i)		Cx(i)		f = Cy/Cx		x -		beta - (ra)		beta - (gr)		p (-) mec		Fa (-)		d2Fa/dbe2

		0		0		0.005		0		0		0		0		infinit		infinit		0		Fa Max

		1		0.002		0.01		0.2		0.1612398437		0.4132051811		23.6869212117		0.1409075132		-0.0135437438		-0.0154		scade

		2		0.004		0.015		0.2666666667		0.2930853381		0.5720699284		32.7938175495		0.0783042431		-0.0162323876		-0.0297		Fa Min

		3		0.006		0.02		0.3		0.3811237329		0.665372473		38.1423710664		0.0649906938		-0.0200116705		-0.0436		Creste ?

		4		0.008		0.025		0.32		0.446477761		0.7317731795		41.9487809884		0.0597156077		-0.0240836673		-0.0572		Creste ?

		5		0.01		0.03		0.3333333333		0.5		0.7853981634		45.0228246534		0.0565685425		-0.0282842712		-0.0707		Creste ?

								0.35355		0.6647173776		0.9532505881		54.6449381723		0		0		0		creste ?

		i Gö 445		Cy (i)		Cx (i)		f = Cy/Cx		x +		beta + (ra)		beta + (gr)		p (+) mec		Fa (+)		d2Fa/dbe2

		0		0		0.005		0		1		1.5707963268		90.0456493067		1.87623592070622E-35		-0.005

		1		0.002		0.01		0.2		0.9541447717		1.3549867055		77.6743971309		0.0009408619		-0.009788616

		2		0.004		0.015		0.2666666667		0.9060847864		1.2593287902		72.1908223669		0.0029862096		-0.0144053289

		3		0.006		0.02		0.3		0.8665826891		1.1968806482		68.6109925735		0.0058366993		-0.0189554959

		4		0.008		0.025		0.32		0.8321869705		1.1487260919		65.8505402985		0.0094643545		-0.0234669278

		5		0.01		0.03		0.3333333333		0.8		1.1071487178		63.46712395		0.0139754249		-0.0279508497

								0.35355		0.6686102727		0.9573796343		54.8816350854		0		0

		0.2		-0.01354		0.14091

		0.26667		-0.01623		0.0783

		0.3		-0.02001		0.065

		0.32		-0.02408		0.05972

		0.33333		-0.02828		0.05657

		0.35355		0		0
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Sheet2

		i Gö 445		Cy (i)		Cx (i)		f = Cy/Cx		x +		Beta (rad)		Beta (gr)		fa / pm

		0		0		0.005		0		Infinit		Infinit		Infinit		Infinit

		1		0.002		0.01		0.2		10.0990195136		0.0986977799		5.657834518		0.0098048641

		2		0.004		0.015		0.2666666667		7.6310436741		0.1303011959		7.4694953049		0.0171724445

		3		0.006		0.02		0.3		6.813435503		0.1457283972		8.3538571666		0.0215410913

		4		0.008		0.025		0.32		6.4061011871		0.1548514723		8.8768359901		0.0243675806

		5		0.01		0.03		0.3333333333		6.1622776602		0.1608752772		9.2221496483		0.026334039

		i Gö 450						0.35355		5.8284798235		0.1699169478		9.7404619755		0.0294367192

		-3		0.2		0.023		8.6956521739		1.1215907808		0.72814965		41.7410627396		0.7949341204

		0		0.41		0.02		20.5		1.0499695489		0.7610272377		43.6257652209		0.9070820904		Max

		3		0.63		0.032		19.6875		1.0520828173		0.7600231455		43.5682057918		0.9034417254

		6		0.85		0.055		15.4545454545		1.0667971213		0.7530902614		43.1707793187		0.8786913068

		9		1.05		0.081		12.962962963		1.0801139536		0.7469029759		42.81609416		0.8571579288

		12		1.15		0.112		10.2678571429		1.1021226446		0.7368556014		42.2401300174		0.8232659408

		15		1.21		0.147		8.231292517		1.1288401919		0.724950587		41.5576769601		0.7847567722

		i Gö 445								x -		Beta (rad)		Beta (gr)		fa / p m

		0		0		0.005		0		Infinit		Infinit		Infinit		Infinit

		1		0.002		0.01		0.2		-0.0990195136		-1.4720985469		-84.3878147887		101.9901951359

		2		0.004		0.015		0.2666666667		-0.1310436741		-1.4404951309		-82.5761540019		58.2328275555

		3		0.006		0.02		0.3		-0.1467688363		-1.4250679296		-81.6917921402		46.4229033531

		4		0.008		0.025		0.32		-0.1561011871		-1.4159448545		-81.1688133166		41.0381324194

		5		0.01		0.03		0.3333333333		-0.1622776602		-1.4099210496		-80.8234996584		37.973665961

		i Gö 450						0.35355		-0.171571324		-1.400879379		-80.3051873312		33.9711770526

		-3		0.2		0.023		8.6956521739		-0.8915907808		-0.8426466768		-48.3045865671		1.2579658796

		0		0.41		0.02		20.5		-0.9524085733		-0.8097690891		-46.4198840858		1.1024360535		Min

		3		0.63		0.032		19.6875		-0.9504955157		-0.8107731813		-46.4774435149		1.1068782545

		6		0.85		0.055		15.4545454545		-0.9373853566		-0.8177060653		-46.874869988		1.1380560981

		9		1.05		0.081		12.962962963		-0.9258282394		-0.8238933509		-47.2295551467		1.1666461528

		12		1.15		0.112		10.2678571429		-0.9073400359		-0.8339407254		-47.8055192893		1.2146743238

		15		1.21		0.147		8.231292517		-0.8858649853		-0.8458457398		-48.4879723466		1.2742801789
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