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ABSTRACT

In employing blade element momentum (BEM) method to

compute the performance of a turbine propeller lithand drag
coefficients of propeller element/airfoil are neddeThe
coefficients are usually obtained from model experit.

Unfortunately, the model experiment can only bedumted for
small angle of attack until stall mode. BeyondIstadde, Viterna
extrapolation method is commonly used. The metisodsied to
predict the lift and drag coefficients from staligle to 96.

Beyond that range, besides Viterna method, origftzl plate
theory assumption can also be adopted. The presemly
compares the lift and drag coefficients extrapohatiusing
Viterna method and flat plat theory. NACA2415 aiirshape is
used for computation. The computation formulas pratedures
are presented and important parameter effect tacdeficients
are shown and explained.
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NOMENCLATURE
AR aspect ratio
AoA  angle of Attack
Co drag coefficient
C. lift coefficient

a angle of attack
1.0INTRODUCTION

One of popular methods to predict the power prodimea wind
turbine is blade element momentum (BEM) method. Tieen
advantages of the method are simple formulationst fa
computation, and good accuracy results especiallgteady state
condition. Examples of BEM method application canfund in
references (Ceyhan, 2008; Dgssing, Madsen, & B&K 12
Godreau, Caldeira, & Campos, n.d.; Liu & Janaj&€H,2).

In this method, the propeller blade is divided irseveral
elements/airfoil. Each element is assumed to adtpandently
and has no interaction between them. The forcesrardents are
computed on each element/airfoil. The total foraed moments
are obtained by integrating the forces and momentseach
element/airfoil.

Therefore, in order to use the BEM method, each
element/airfoil performance in terms of lift ancagrcoefficients
is necessary. The performance is usually obtairyedobducting
a model experiment. However, the model experimeats only
be conducted for small angle of attad&lof) until stall mode. For
post stall mode performance, it necessary to eatatg the data
obtained from the model experiment in order to wbtae full
360 data.

For obtaining the full polar data, several extragioh
methods can be used such as Bean and Jakubowséiation,
Kirke Correlation, Montgomerie model, Viterna maodeitc.
(Bianchini et al., 2016). Of the methods, Viternadal is the
most common one to be used because it can be iraptecthmore
straightforwardly with reliable results.

The Viterna method is used specifically to be impated to
predict the lift and drag coefficients from stalode to 96 of
AOA For AoA higher than 99 formulation based on the original
flat plate theory can also be implemented.

The present study compares the data extrapolatsolts
computed using Viterna method and original flatt@léheory.
The computation formulas and procedures of both
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implementation methods are presented and impopargmeter
effect to coefficients are shown and explained. d@nonstrating
the calculation procedures, an airfoil based on RA€L5 shape
is used.

20SOLUTION METHOD

In the present study, the Viterna method is usezktmapolate the
lift and drag coefficients beyond the stall anghtill00o. Beyond
that range, original flat plate theory assumpti@n also be
adopted.

2.1 ViternaMethod
The Viterna method, also known as Viterna-Corrigathod, is a
data extrapolation method f@&oA (o) greater than stall angle
(astan) but less than or equal to 90rhe method was formulated
by utilizing flat plate theory (Matthew, 2009).rééquires an initial
angle with its associated drag and lift coeffictemthich should
satisfy flat plate theory.

The Viterna method is formulated to extrapolate Itfieand
drag coefficients using the following equation @.. Viterna &

2.2 Flat Plate Theory

It is known from flat plate theory that for deeplsbr high angle
of attack region (greater than¢0the upper surface of the airfoil
receives no direct impact from the flow due to fleeparation.
The condition is consistent with what so-called K@vian Flow
condition. Consequently, the thickness of the dirfan be
neglected. In this deep stall region, lift and dcagfficients are
largely independent of airfoil geometry but maidpends on the
blade geometry and aspect ratio (J. L. Tangler4200

Moreover, the flow of lower surface is completeiyminar,
and its contribution to the overall drag force isrw small.
Therefore, when the foil in high angle of attaclsition, the foil
will behave like a thin of flat plate.

When assuming that the airfoil behave like a flite for
deep stall angle, the flow separation effect wilise Therefore,
in order to resolve the flat plate flow behaviotive stagnation
point on the rear side of the airfoil is moved bgswaming
potential flow theory like behaviour. Based on thrinciple, the
curve of lift and drag coefficients can be desatihesing the
following equations (Duquette, 2007; J. Tangler &ckirek,
2005; Timmer, 2010).

Janetzke, 1982; L. Viterna & Corrigan, 1982): C, =2sina cosa (8)
C,=2sifa 9)
C, = Asin2a+A, %254 @) °
sna It can be implied from Eqg. (8) and (9) that lift cardrag
C, = Blsin2 a+ B, coxr 2 coefficients ato = 0 will be zero. This is idealization of the curve
where and not realistic. Even though not realistic, theory assumption
was found to be a good first-order approximatiorifoand drag
o coefficients (Hoburg & Tedrake, 2009).
A. = max (3)
2 2.2 4 (four) Digits NACA Airfoil
In é i% NACA (National Advisory Committee for Aerautics)
= = - i n of NASA (National Aeronautics aSgace
B=G, @A (CLS'A" Cor, SNt Comﬂd'ﬁdmﬁsﬁ@ﬁon) s conducted airfoil experiments ngsirational
and systematic shapes. Based on the shapes, NA@BIissed
C, -C, sin? fo the shape nomenclature which is now a well-knowanddard
B, :S‘a”# (6) (Tobergte & Curtis, 2013).

stall

Comaxis found using aspect ratio (AR) as follows

CDmax [01.11+ 0.01AR )

The AR in Eq. (7) can be obtained from BEM method
application where finite blade length will affedise flat plate
assumption. The chosen value AR will not affect the results
significantly. AR equals to 9-10 can be used for most
computations.

For data extrapolation from > 9C° to a < a,,,, the calculated
values are reflected. The Viterna method does rmotsider
pressure or skin friction distributions; howevey, haking a few
simple assumptions and correction, it is possilbleobtain a
reasonable estimate from the Viterna method. Whiiemethod
is not an accurate representation of the true phy#iprovides a
reasonable estimate and accuracy in early desareps.

Original NACA airfoil series consists the 4-didi;digit, and
modified 4-/5-digit which can be drawn using anialgt
equations that involve the camber (curvature) & mhean-line
(geometric centreline) of the airfoil section adlwas the section's
thickness distribution along the airfoil length.téa series has
included the 6-digit series which are more compéidashapes
constructed using theoretical rather than geonatmethods.

The 4-digit series are first family of NACA seriasfoil. The
first digit specifies the maximum camben)(in percentage of the
chord €), the second indicates the position of the maximum
camber ) in tenths of chord, and the last two digits pdevihe
maximum thicknesst) of the airfoil in percentage of chord. For
example, the NACA2415 airfoil, which is the one diga the
present study, means the airfoil has a maximunkiiess of 15%
(0.15) with a camber of 2% (0.@2 located 40% (0&) back
from the airfoil leading edge. By knowing the vaus m, p, and
t, the coordinates and shape of an airfoil can bapcted and
drawn.
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3.0AIRFOIL DATA

The computed airfoil shape in the present studfASCA2415.
Using the definition of 4 (four) digits NACA airfodescribed in
the previous section, the shape of the airfoilresach and shown
in the following figure

NACA Parameters

m= 0.02c t=0.15c
c‘)¥0:.2 07 “_ojﬁ__./—o?a 1

Figure 1: NACA2415 airfoil shape

The lift and drag coefficients of the airfoil wille the input data
for the program code. The coefficients of the dirfeill be
mostly taken from experiment data which can be ¢oun
reference (Abbott & Doenhoff, 1949). The experina¢mesults
are shown in the following graphs.
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(b) NACA2415 Drag coefficient

Figure 22 NACA2415 Lift and Drag Coefficients (Abbott &
Doenhoff, 1949)

However, it can be seen from Fig. 2 that akeA of 15.95,
theCp cannot be determined from experimental graph. &bee,
in order to resolve the issue, a polynomial fitlviie used to
predict the value of; for this range. The same procedure has
also been demonstrated in reference (McCosker,)2012

For the present case' drder polynomial is used to predict
the Cp for unknownCp, range. By using the available data, the
equation of the polynomial can be determined ammdvahas

807 x*+ 40°x*+ 6110° x+ 0.0063 (10)

The summary ofC, andCy data obtained from experiment
curve and predicted by Eqg. (10) are shown in tHeving table

Table 1: NACA2415 Lift and drag coefficients

A0A (degree) C. Cp
-10.3¢ -0.8€ 0.0090¢
-8.27 -0.64 0.00786
-6.2 -0.42 0.0071¢
-4.34 -0.24 0.0067¢
-2.27 -0.02 0.00647
-0.2 0.2 0.0064¢
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1.87 0.41 0.00651
3.94 0.61 0.00699
5.5¢ 0.84 0.0079¢
7.66 1.06 0.00935
9.7t 1.27 0.0111¢
11.8 1.43 0.01368
13.66 1.57 0.01613
15.95 1.65 0.019722
18.0¢ 1.5¢ 0.02399:
20.12 1.34 0.029008
22.2 1.2¢5 0.03476!
24.27 1.34 0.041298

In order to observe more clearly the input dat® thata
shown in the above table is shown in graph below.
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Figure 3: Experimental and predictégh, andC,

As shown in the above graph, stall angle is ardlBidf AoA
Unfortunately, as described before, (Bg data are not available
for post-stall angle. Therefore, they are predictading
polynomial equation shown in Eq. (10). The predid@g data are
shown as green circle symbol in Fig. 3.

4.0 RESULTSAND DISCUSSION

Based on the airfoiCp and C, coefficients shown in Table. 1,
computations are performed using the methods destiin the
preceding section. The first computation is perfednio analyse
the effect of Coefficient lift adjustmenCy{,g) to lift coefficient.
The C_,qj is an important parameter needs to be determirnashw
using the Viterna method to predict the lift andglcoefficients
beyond the range from stall angle t6.90, ,q; will determine the
maximum value of computed, .

3 (three) values o€, are used which ar€ g = 0.7, 0.9,
and 1.2. The computation results are shown in til®viing
figure
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Figure 4: Effect oCL,q to lift coefficient

From figure, it can be seen that.q = 0.9 has the best fit to
the line compared to other values @f,g. Therefore, the next
computation will useC,,q; = 0.9.

The next computation is performed to analyse the
extrapolation ofC_ using Viterna method only and flat plate
theory assumption. The computation results are shiowthe
following figure
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Figure 5: Lift coefficients comparison

It can be observed from the figure that there @erdpancies
of results around the peak which are around %1atd 176.
Higher peak can be resolved by implementing flateltheory
assumption as shown as red line. As a result, tlfigure, it
can also be noted the shape is much more sinuseitieh
applying the original flat plate theory assumptioihe
assumption is used in computing lift and drag doiefiits from
90 to 180 and in its reflection in negative side of the aurv

The results for drag coefficients are shown in fibleowing
figure
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Figure 6: Drag coefficients comparison

From figure above, it can be observed a good agreem
between Viterna method and flat plate theory assiempn in
terms of shape and magnitude of the curve. Thdtseslnow that
the effect of Viterna method folCp extrapolation is not
significant. Significantly higherCpnha in the curve can be
adjusted using the value AR as shown in Eq. (7).

5.0 CONCLUSION

In the present study, implementation of lift andglicoefficients

experimental data extrapolation using Viterna metlamd flat

plate and theory assumption are performed. It isndo that

discrepancies can be noticed for lift coefficiemtsile a good

agreement can be found in terms of shape and noalgnfior drag

coefficient. The computation results shown in thmespnt study
will be important for determining the Viterna metho
implementation procedure when using blade elemarmhemtum

(BEM) method.
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