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Verification of Winglet Effect and Economic Analysis Using Actual Flight
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ABSTRACT

Winglets are specialized wingtip devices to reduce induced drag, and they have been
installed on Boeing-made aircraft since the 1980s, Airbus has also developed a winglet named
‘Sharklet” since 2009 and has started providing them as an option to the A320 Family. The
winglet has the effect of improving take-off performance, reducing fuel consumption, increasing
payload, and increasing flight distance by reducing the induced drag generated at the tip of
the wing. The purpose of this study is to analyze the actual flight data of the sharklet-installed
and non-sharklet-installed models of the A321 aircraft to verify the fuel efficiency improvement
due to the winglet installation, and to analyze the economic analysis accordingly. Through this,
it can be used to determine the winglet installation when introducing an aircraft or to make a
decision for upgrading the existing aircraft. To this end, a case study on the aerodynamic
characteristics and effects of the winglet installation was conducted, and the economic analysis
was verified.
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Table 1. Collective Statistics

Table 4. Analysis of Variance

Table 2. Independent Sample Test

Standard | Standard Sum of Mean )
Sharklet N Average deviation arror Model Squares Df Square F Sig.
Index Without | 18024 | 0.663 0.121 0.001 Regression | 431.61 5 86.32 | 58137.75| .000
With | 15956 | 0620 | 0.113 0.001 Residual | 5044 | 33974 | 0.001
Total 48206 | 33979

Table 5. Coefficients
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Table 3. Model Summary
Adjusted R | Std. Error of | Durbin—
Model R |R Square Square | the Estimate | Watson
1 .946 0.895 0.895 0.039 1.701

Levene’s Test for
Equality of t-test for Equality of Means Unstandardized |Standardized Collinearity
Variances Coefficients | Coefficients Statistics
Model 4 t Sig. m—
' Sig. Mean |Std. Error . olera

F S ! d (2-tailed)| Difference | Difference B Error Beta -nce VIF

Equal (Constant)| 1.400 | 0.002 601.80 | 0.00
Index \;e;r;ir;?:(? 77.982|0.000|33.4/33978|0.000 | 0.043 | 0.001 Dummy |-0.022| 0.000 20,09 1360 | 0.00 | 071 | 141
Equl PLD |-0.050| 0.000 -093 |-524.97| 0.00 | 0.98 | 1.02
i APM .007 . .07 34.72 . 0.71 | 142

Va”a”fes 33.6(33887|0.000 | 0.043 | 0.001 0007| 0000 | 00 000
ass”u‘;]e ; OAT |0001| 0000 | 006 | 3303|000 | 097 |1.03

DIST |-0.016| 0.000 -0.11 -63.53 | 0.00 | 0.94 | 1.06
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Table 6. Fuel Efficiency Prediction Model Table 8. Cost of Purchase [1]
Fuel Efficiency Prediction Model R Square - gvh”hﬁlu'[t With Sharklet O
arkle ithout-Wi
Fuel Efficiency Index = - 0.022X1 - (Without-With)
0.0050X2 + 0.007X3 + 0.001X4 - 0.016X5 0.895 Cost of $00 $ 950,000 - $950,000
4 1.400 Purchase

Dependent variable: Fuel efficiency index

Independent variable (X1): Dummy variable; 0 (Without), 1 (With)
Independent variable (X2): Payload(ton)
Independent variable (X3): Fuel mileage (APM Value)
Independent variable (X4): Outside air temperature (°C)
Independent variable (X5): Flight distance (1,000km)
Table 7. Fuel Efficiency Index
Payload Without Sharklet| With Sharklet Improvement
(tory) Fuel Efficiency Index Rate
8 0.926 0.905 2.3%
10 0.826 0.804 2.6%
12 0.726 0.704 3.0%
14 0.625 0.604 3.5%
16 0.525 0.504 4.1%

Fuel Efficiency Index: Fuel Consumption per Ton-Km
Improvement Rate: (Fuel Efficiency Index of With Sharklet - Fuel
Efficiency Index of Without Sharklet / (Fuel Efficiency Index of With
Sharklet)
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Table 9. Benefit of Fuel Saving

Fuel Saving per Flight (pound) 700
Annual Number of Flights 1,095
in pound 766,500
Annual Fuel Savings
in gallon 114,403
Fuel Price per gallon $20
Annual Savings $ 228,806

Table 10. Net Present Value

Initial Cost - $950,000
Annual Savings $ 228,806
Aircraft Usage Period 20 years
Annual Interest Rate 5%
Net Present Value $ 1,901,428

Net Present Value,
1,901,428 = -950,000 + 228,806 X Uniform Series, Present Worth Factor
% Uniform Series, Present Worth Factor = (P/A, 5%, 20 years) = 12.46221
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Table 11. NPV Sensitivity to Fuel Price

Fuel Price ($/Gallon) Net Present Value ($)
275 2,970,714
250 2,614,285
225 2,257,857
2.00 1,901,428
1.75 1,545,000
1.50 1,188,571

Net Present Value Sensitivity to Fuel Price

$3,500,000

o $3.000,000
E]
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=

€ 52,000,000
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@
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P

4+ 51,000,000
]

z $500,000

30

$1.50 $1.75 $2.00 $2.25

Fuel Price per Gallon
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Fig. 1. NPV Sensitivity to Fuel Price
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Table 12. NPV Sensitivity to Fuel Price and Annual
Interest Rate

Annual Fuel Price ($/Gallon)

Interest
Rate | 125 | 15 | 175 | 2 | 225 | 25 | 275
3% 1.2 1.6 20 25 29 33 37
4% 1.0 1.4 1.8 2.2 25 29 33
5% 0.8 1.2 15 1.9 2.3 26 3.0
6% 0.7 1.0 1.3 1.7 2.0 23 2.7
7% 0.6 0.9 1.2 1.5 1.8 2.1 24

(NPV Unit: $ Million)

Net Present Value Sensitivity to Fuel Price &
Annual Interest Rate

54,000,000 s
@ 53,500,000
3
@ $3,000,000 / —
T s2.500000 | % -3
@ 52 000,000
o 52,000, —B-2%
¥ 51,500,000 — _—
& 51,000,000
] —h=5%
Z  $500000
50 T T T | 7%
51.00 $1.50 $2.00 52.50 $3.00

Fuel Price per Gallon

Fig. 2. NPV Sensitivity to Fuel Price and Annual
Interest Rate
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