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The Calculation of Propeller Thrust using Semi-infinite Helical

Vortices and a Wind tunnel Test

Young-Min Park* and Beom-Soo Kim**

ABSTRACT

In this study, a program has been coded to evaluate propeller thrust rapidly
following the effects of propeller shapes and the environmental facts. At this time,
Semi-infinite Helical Vortices model is used to predict the induction factor which is
introduced by Kawada. This program is based on Wrench’s Propeller lifting line
theory, and it can predict aerodynamic coefficients such as thrust, power, and
efficiency. First of all, this program is compared with test results of NACA reports to
verify of the reliability. Secondly, subsonic wind tunnel test has been performed
following variations of propeller’s rpm and inflow velocities.
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Fig. 1. Aerodynamics schematic of propeller
blade section
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Fig. 2. lllustration of the concept of a lifting
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Table 1. Hamilton Standard 6129 propeller B A— ﬁ%g""”
pm an-
r. | XC | 1000 ] 800 hy | by
Blade angle(¢) 504,

0.375| 0618 | 25.66 | 3539 | 4543 | 0.175| 0.0
0.500 | 0.699 | 20.91 | 30.72 | 40.78 | 0.101| 0.0 /.
0.625| 0669 | 17.51 | 27.51 | 37.56 | 0.081| 0.0 ol

0.750 | 0.585] 15.01 | 24.89 | 35.01 | 0.07 | 0.0
0.875| 0463 | 13.11 | 23.02 | 33.08 | 0.061| 0.0
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T

Fig. 7. Efficiency curve following variation
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Fig. 5. Thrust coefficient curve following Table 2. Navy Department drawing No.
variation of advance ratio 5868-R6 propeller
é o AAAA ° T, XC 1000 800 hU hp
g ;M --------- snn.,, AA‘AAA Blade angle(¢)
§ . "5‘.;..\ L 0.375 | 0.653 | 28.46 | 3824 | 48.15 | 0205 | 0.0
o B R N NN 0500 | 0761 | 2194 | 3181 | 4162 | 0.119 | 0.0
’ 5 o s : 0.625 | 0.717 | 17.79 | 27.46 | 37.78 | 0.099 | 0.0
Fig. 6. Power coefficient curve following 0.750 | 0614 | 15.05 | 25.01 | 35.13 | 0.089 | 00
variation of advance ratio 0.875 | 0.476 | 13.06 | 22.96 | 33.03 | 0.083 0.0
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Table 3. Specification of a APC propeller

:::_i Propeller Model
8 APC 13x10 Model Propeller
2 Wind tunnel Velocity
% Om/s ~ 12m/s
) Diameter pm Z Airfoil
vinb 13 inches 2000, 3000 2 Clark-Y
. L . h h
Fig. 8. Thrust coefficient curve following i b ¢ L 4
- . 0.375 0.093644 | 335809 | 0.09263 | 0.02434
variation of advance ratio
0.5 0.091132 | 26.6721 0.09263 | 0.02434
05 Lasal 15ReN 0.625 0.079810 | 20.7139 | 0.09263 | 0.02434
a AL, meees 6=25
Toaf Tl - v Sl 0.75 0.061789 | 16.6172 | 0.09263 | 0.02434
g I R 0.875 | 0.044029 | 150040 | 0.09263 | 0.02434
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Fig. 9. Power coefficient curve following
variation of advance ratio -
Hall eff 1-A . .
_ s Difterentia
L Eg(m I_f""'—’ Tranceducer
" = 1o 0 8.0 0 s A ARAL AL, -
5° P - .00 ‘*._.
3 06 * q R
E E 3 %
;0.4- .. P
° »
L /- H i DAQ Board DAQ Driver Data Post
02 - . 1 (=2 #S) Xz #HS) Process Process
. i (= xeal) (= Heal)
0 05 vinD 15
Fig. 11. Data acquisition flow chart

Fig. 10. Efficiency curve following
variation of advance ratio
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Fig. 12. Model design of an experimental
test
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Table 4. Computer environments

Type Specification Q.T
CPU Intel Pentium Dual Core E6500

RAM Samsung DDR2 1GB PC2-6400U 2
HDD Seagate Barracude 7200.10

Table 5. Calculation time

Type ¢ at 75% Time(s)

15.05 23

Navy Department
drawing No. 5868-R6 2501 25
35.13 29
15.01 21

Hamilton Standard
6129 propeller 24.89 2
35.01 27
APC 13x10 Model 16,6172 o0

Propeller
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