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M. SCHAFFAR and J. HAERTIG 

French-German Research Institute, 5 rue du General Cassagnou, 68301 Saint-Louis, France 

Abstract 

The vor tex latt ice method successful ly appl ied in the past to he l icopter ro tors is now 

app l ied to mar ine prope l le rs . Two cases are presented: advanc ing coeff ic ient .7 wi th 

un i fo rm and non-un i fo rm upst ream Velocity behind a vor tex generator . The resul ts 

presented here concern the evo lu t ion of the thrust coeff icient w i th the az imuth ang le , 

the spanwise d is t r ibu t ion of the thrust and the wake. 

Notation 

D propeller diameter 

KT thrust coefficient 

J advancing coefficient 

N total panel number 

R propeller radius 

U„,DZ velocity of the upstream flow 

x,y,z coordinate system 

/?f circulation shed in the wake 

P,rn,,y"i panel bounded circulation 
<p perturbation potential 

<// azimuth angle 

Q. angular rotational velocity 

1 .Introduction 

Rotor b lade /vor tex interact ion (BVI) noise is one among several noise sources for 

hel icopters du r ing low speed or land ing f l ight. Since three years we have deve loped an 

aerodynamic code named ROTAR, in o rde r to compute the loads on the ro to r b lades 

[1,2,3,4] wh ich serve as input data for an acoust ic code named ROTAC fo r the noise 

pred ic t ion . 

With the suppor t of the DRET an at tempt is made to apply this ae rodynamic code to mar ine 

prope l le rs . The aerodynamic code is based on incompress ib le and inv isc id f low, what is also 

the case in water f low. Nevertheless some par t icu lar phenomena l ike cavi tat ion can not be 

s imulated in the code. The propel ler data and the test ing condi t ions were obta ined f rom the 

DCN [5 ,6 ] and it is p laned to compare our results wi th other computed resul ts and a lso wi th 

exper imenta l resul ts . 
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In this paper we present a description of the method and the first results obtained for a 4 

bladed propeller. 

2.Description of the computational method (ROTAR Code) 

Using Green's theorem, the solution of the Laplace equation for the perturbation potential q 

leads to a sources and doublets distribution on the blades and doublets on the wake; for thin 

blades only the doublets distribution is necessary; in our case, for each panel, we use the 

equivalence between a constant surface doublet and peripherical vortex lines. 

The following system of axis is chosen (see figure 1): z is the vertical axis and corresponds 

to the axis of the propeller (Urn=-1.) and x,y is an horizontal plane in which the propeller is 
rotating. 

Each of the blades is divided into N = N, N, quadrilateral panels (N, chordwise, N, 
spanwise,see figure 2). On this panel system, we map a bound vortex lattice with vortex lines 

of the strength TCi in  the spanwise direction (figure 1) and vortex lines in the chordwise di- 
I 

rection whose strength yCj is defined by yy,= C , - r~. ,)  where n indicates the time 

step. At each time step the conservation of thk=kirculation is warranted by the shedding of 

an unsteady vortex line Pn; the wake is built stepwise by the vortices previoulsy shed and it 

is free to move for each time step. 

With the non-penetration condition we obtain a system of N linear equations by writing the 

induced velocities at each control point using the Biot-Savart law.  The pressure jump across 

the blades Ap,, = -(p, - pJi, is obtained with the Bernoulli equation written for the upper (u) 

and the lower (1) side of the blade. At the end of the time step n, the normalized propeller 

thrust coefficient KT is computed. The computational step is 30° and 60 steps are sufficient 

to obtain a steady state. 

The Vortex Lattice Method computes the loads for a thin blade and to obtain the loads acting 
upon thick blade we use for each position in span a conformal mapping to extrapolate the 

results to a thick blade, assuming that the potential cp remains the same. 

3.Application to a 4-bladed propeller 

We present only two cases: 

1. advancing coefficient 0.70 with uniform upstream velocity (0,0,-I.), 
2. advancing coefficient 0.71 and non-uniform upstream velocity created by a wake 

generator which simulates the propeller's shaft and supports. 

For each case we compute the following quantities: 

the total thrust coefficient KT and the momentum coefficient KQ determined with the 

pressure forces only, the evolution of the thrust with the spanwise position and the local 

thrust, 

the tip vortex circulation, 



the evolution of the normalized circulation with the spanwise position, 

the wake evolution (z/R, r/R) with the azimuth angle behind the blade and the variation 

of r/R in function of z/R, 

the local ACp normalized by the free stream velocity, 

the velocities in 4 planes above and below the propeller. 

In this short paper we present a small part of these results (see figures 3 to 5). The evolution 

of the thrust coefficient with the azimuth angle shows a rapid convergence to 0.19 for the 

uniform upstream velocity and to 0.18 (with small oscillations) for the generator's wake (for 

the momentum coefficient KQ the corresponding values are 0.031 and 0.030). The spanwise 

evolution of the thrust shows a maximum at .75R, a constant value when the upstream 

velocity is uniform and some variations with the blade number for the generator's wake. 

The two last figures show the evolution of the tip vortex behind the propeller: the variation 

of the contraction (z/R) in function of the altitude (z/R) shows a straight line over 6 radii when 

the upstream velocity is uniform and some diverging periodic variations for the propeller 

moving in the wake behind a generator. 

4.Concluding remarks 

These calculations will continue with taking into account the central body on which the 

propeller is fixed. The last step will be the comparison with experimental results and with 

results obtained by other computational methods. 
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Fig, 1: Propeller axis: X,y Z (vertical= upstream) Fig- 2: Vortex Lattice on the blade 

Fig. 3: Evolution of the thrust coefficient KT:a) uniform upstream velocity, b) non-uniform 

upstream velocity. 
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Fig. 4: Spanwise evolution of the thrust: a) uniform upstream velocity, 

b)non-uniform upstream velocity. 

Fig. 5: Wake behind the propeller: contraction (rlR) in function of the altitude (zIR). 


