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Fig. 5 Variation of the efficiency with the advance ratio for propeller Clark Y 5868-9
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Table 1 Aerodynamic characteristics of the propeller Clark Y 5868-9 with
two blades, diameter 3.048 m and pitch of 25° and 35° at 0.75R

pitch 25° 35°
N, rpm 1000 800
Numerical Experimental  Error [%)] Numerical Experimental  Error [%)]
(present) (present)
J 0.950 0.950 1.400 1.400
n 0.906 0.856 5.4 0.927 0.856 8.4
Kt 0.049 0.052 -7.0 0.064 0.060 6.9
Kp 0.051 0.058 -11.8 0.096 0.098 -1.9
T,N 1434 1542 -7.0 1198 1120 6.9
Q, Nm 729 827 -11.8 877 894 -1.9
P.W 76358 86630 -11.8 73495 74910 -1.9

Both the panel method due to Palmiter and Katz (2010) and the present method
allow calculate the loading along blade as can be seen in Fig. 6 for the case of pitch
angle of 25°. As can be seen the loading curves follow the same tendencies but the
present method shows higher values from about 60% of the rotor radius and also
higher values at the blade tip. Perhaps this is due to the fact the panel method
represent better the local geometry of the airfoil section than the present method. They
reported that a big part of the blade showed inadequate pressure distribution calculated
by the panel method. Hence, they suggested modifying the original blade geometry of

Clark Y 5868-9 to obtain better flow conditions along the blade.
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Fig. 6 Comparison between the present predictions of the radial loading along the
blade and Palmiter’s and Katz results

4. RESULTS AND DISCUSSION

Hartman and Biermann (1938) presented the experimental results of the propeller
Clark-Y 5868-9, having Clark-Y as an airfoil for the blades, it has two blades, 10 ft
diameter and pitch of 25°. The data for the Clark-Y(B) is available in Lyon et al. (1998)
for Reynolds number of 3.0x10°. This propeller is referred to in this paper as the
reference propeller.

The validated code was used to calculate a propulsor with a new airfoil Goéttingen
796 similar to the original airfoil Clark-Y but has a higher value of the ratio CI/Cd. The
characteristics of Gottingen 796 were determined from XFOIL for Reynolds numbers of
0.50x10°, 0.75x10°, 1.00x10°, 1.25x10° 1.50x10° 1.75x10° e 2.00x10°. The curves of
the lift and drag coefficients were obtained in terms of the angle of attack for increments
of 0.25°, and incorporated in the numerical code.

Propeller 1 has exactly the same geometry and operational conditions as the
reference propeller except that the airfoil section is Gottingen 796 instead of Clark-Y(B).

Propeller 2 is exactly as propeller 1 except that it has three different airfoil
sections along the blade, where airfoil Géttingen 449 is used for the root region, airfoil
Gottingen 796 for the middle part of the blade and airfoil Gottingen 622 for the tip
region of the blade. The root region is defined between r/R=20% and r/R=40%, while
the tip region is defined between r/R= 80% and the blade tip.

Fig. 7 shows the predicted results of the thrust, power and torque coefficients as
well as the efficiency for propeller 1. The general tendency of the predictions is as
expected.
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Fig. 7 Variation of the thrust, power and torque coefficients as well as the efficiency with
the advance ratio for Propeller 1.
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Fig. 8 Comparison of radial distribution of propeller 1 and reference propeller

Fig. 8 shows a comparison between propeller 1 and the reference propeller for the
advance ratio J=1 corresponding to maximum efficiency. As can be seen, the loading of
propeller 1 is more than that of the reference propeller in the middle and tip regions due
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to the fact that the Gottingen 796 airfoil has (CI/Cd)_.. more than that of the Clark-Y

max
airfoil. The respective contributions of the three regions of propeller 1 to the total thrust
are: -1% for root region, 48% for middle region and 53% for the tip region.

One can also observe that the tip loading is big for both propellers. In order to
uniformize the blade loading and reduce its distribution at the tip we used three
different profiles along the blade as in propeller 2. The airfoil Géttingen 622 was chosen
for the tip region because it is thin and has a small camber while the Goéttingen 449 was
chosen for the root section because it is thick and hence adequate for the mechanical
fixation of the blades. The Goéttingen 796 airfoil of 3.5% camber was chosen for the
middle region.

Fig. 9 shows the thrust loading coefficient for the propeller 1 with one airfoil along
the blade and propeller 2 with three airfoils along the blade. As can be seen propeller 2
shows bigger loading at the root region and lower loading at the tip region. This is due
to the fact that the Gottingen 449 airfoil at the root region has a camber ratio of 5.4%
more than that of the Goéttingen 796 of 3.5% camber of propeller 1 in the same region.
The tip region Gottingen 622 airfoil has a camber ratio of 2.4% that less than that for
case of propeller 1.

The respective contributions of the three regions of propeller 2 to the total thrust
are 2.2 % for root region, 51.4% for middle region and 46.4% for the tip region.
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Fig. 9 Comparison of radial distribution of propeller 1 and propeller 2

Figs. 10-12 show the performance coefficients for the two propellers. One can
observe that the thrust and power coefficients of propeller 2 are less than those of
propeller 1. The efficiency curve seems to less affected by using different airfoils along
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the blade length. One can also observe that the range of the advance ratio J is less,
varying from 0.55 to 1.2.
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Fig. 10 Comparison of the thrust coefficients for propellers 1 and 2

0.12

0.10 |

0.08

kP

0.06 |

0.04 |

—@— Numerical, propeller 2

0.02
—&— Numerical, propeller 1

0.00 L L
0.0 0.5 1.0 15

Fig. 11 Comparison of the power coefficients for propellers 1 and 2
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Fig. 12 Comparison of the efficiency for propellers 1 and 2

5. CONCLUSIONS

The proposed model is adequate for predicting the performance of small
propellers with acceptable accuracy and small computing time.

XFOIL and XFOIL tools can be used to predict the aerodynamic characteristics
and incorporate these data in the model to predict the performance of the same rotor
but with different airfoil. Using different airfoils along the blade can be used to have a
uniform loading distribution along the blade as required.
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