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A Study on the Configuration Modeling and Aerodynamic

Analysis of Small Airplanes for Flight Training
Hwankee Cho’

ABSTRACT

This paper presents comparative results of configuration modeling and aerodynamic analysis
to single-engine airplanes such as C-172, SR-20, and DA40NG. The software OpenVSP was
used as an airplane configuration modeling tool. OpenVSP can provide the fastest method to
get three-dimensional aircraft configuration from given basic data and drawings of aircraft.
Parametric design input in OpenVSP, from given aircraft geometric parameters, was applied to
small airplanes mentioned. New aircraft models in this study were reversely designed to
coincide with the publicly obtained dimensions of the original aircraft. The basic aerodynamic
analysis of newly designed modeling aircraft was performed by the vortex lattice method.
Results are shown that the similarity of aerodynamic data obtained except for the lack of
DA40ONG. In conclusion, the modeling process applied to this work is valuable to obtain
conceptual design insight in the reverse design from the small airplanes currently in use for
flight training.
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Fig. 1. The aircraft’s basic geometric
configuration of DA-40NG(from the fact sheet of
Diamond Aircraft Industry)
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Table 1. Geometrical specifications of DA-40NG,
C-172 Skyhawk, and SR-20 aircraft used
in the reverse modeling design

Comparison of aircraft dimensional data

Aircraft DA-40NG C-172S8 SR-20
Length(m) 8.06 8.28 7.92
Wing 11.63 11.0 11.67
span(m)

Height(m) 1.97 2.72 2.70
1.63(root)
MAC 1.171 1.2
() 1.13(tip) 3
AR 10.223 7.5 9.0
Wi
s 13.224 162 12.56
area(m?®)
1.5° at root
Wing twist N/A N/A
-1.5° at tip
Dihedral 5deg 1.7deg No data
LE
Sweep(deg) 1 0 0
Wortmann
Airfoil type |FX63-137/20MOD(DA40NG)
NACA2412(C-172), Roncz(SR-20)
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Fig. 2. The modeling of three dimensional
configuration of DA-40NG with
simplified landing gear
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Fig. 3. The modeling of three dimensional
C-172S airplane configuration partially modified
from the original configuration[7]
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Fig. 4. The modeling of three dimensional
SR-20 airplane configuration
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Fig. 5. Comparison of lift coefficients with angle
of attack at 120knots and alttitude 3,000ft.
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3,000ft.
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Fig. 7. Comparison of lift to drag ratio with
angle of attack at 120kts and altitude 3,000ft.
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Fig. 8. DA-40NG’s steady surface pressure
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Fig. 9. C-172-S’s steady surface pressure
distribution and trailing wakes at the angle of
attack, bdeg. by VLM
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Fig. 10. SR-20’s steady surface pressure
distribution and trailing wakes at the angle of
attack, bdeg. by VLM
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