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ABSTRACT

In this study, the flow rate and air resistance pressure were analyzed on models a, b, and ¢ due to the
front wing angle of the airplanes. Models a, b, and ¢ have front wing angles of 120°, 100°, and 160,
respectively. The results of the flow analyses showed that the flow rate and air resistance pressure of model
¢ were observed to be higher than models a and b. The airplane model with a larger angle to the front wing
is thought to be the best model for flight. This result can be applied to development of the best in-flight
airplane.

Keywords : Airplane(H|27]), Flow Analysis(7&S5l4d), Front Wing  Angle(2F=t7il ZtE), Air Resistance
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1. Introduction airplane are those that have the ability to fly
artificially with the air pressure from both sides.
The oversea market can be seen fo increase to The flight principle of airplane is based on the law

meet the global era of the 21’st century, and the of gravity. This principle of airplane that ~can

negotiations with various countries. In order to overcome this gravity force and fly in the sky can

be seen mainly to be lift, momentum, resistance,

satisfy this demand, the transportation to and from i3]

and gravity The most important thing in a

overseas quickly and conveniently is an important

way. A typical example among these means of plane's flight is its lift. The greatest advantage of

. , . . .
transportation is the airplane. The wings of this airplane’s  wings is that it generates the greatest

force of lift when it flies, indicating that the
structure of airplane's wings is the most important

# Corresponding Author : jucho@kongju.ac kr element during airplane's  analytical —simulation
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process.
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2. Analysis Result

2.1 Analysis models

In this study, the wing angles of models A, B and
C are 120° 100° and 160° respectively. After
modeling, the CFX analysis was conducted®®. The
structural analysis was carried out to investigate the
pressure and speed of the airplane applied by the
flow according to the wing angle of the airplane.
Fig. 1 shows the design models of A, B and C
used in this study.

(a) Model A

(b) Model B

(c) Model C
Fig. 1 Design models in this study

Table 1 Numbers of meshes on models A, B and C

Model Nodes Elements
Model A 15241 81485
Model B 15372 82015
Model C 15093 80706

Table 2 Material property of AL7075-T6

Young's Modulus(GPa) 71.71
Poisson's Ratio 0.33
Density(g/cc) 2.81

Tensile Yield Strength(MPa) 503
Tensile Ultimate Strength(MPa) 572

2.2 Comparison of finite element models
A, B and C
In this study, Table 1 shows the number of
elements at the meshes of models A, B and C
generated through finite element method. Table 2
shows the material property of AL7075-T6 on
aircraft body used in the study.

2.3 Flow analysis

Each flow area on models A, B and C was
designated as the fluid enclosure in box format. The
inlet speed of flow was given at 700 km/hr and the
outlet pressure was applied at 1 atm. Fig. 2 shows
the fluid box enclosures of models A, B and C
with meshes.

Fig. 3 shows the contours of magnitude and
direction on air flow rate for each model. The
highest flow rates at all models are shown in the
middle wing of the end wing of the airplane. The
highest flow rate at models A, B and C become
320452 m/s, 319981 m/s and 320995 m/s
respectively.

Fig. 4 shows the contours indicating air resistance
pressure at each model. The air resistance pressures

of all three models became the highest on the head
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side of the airplane.
The highest pressures at models A, B and C
131857Pa, 132271Pa  and  132583Pa

respectively. Model C was shown to be the airplane

become

model with the wing angle that is most resistant to
air resistance pressure.

Fig. 5 shows the contours about the air resistance
pressure of the airplane on the mid-plane at each
model, with the highest pressure of 131857 Pa for
model A, 132271 Pa for model B and 132583Pa for
model C. This figure shows that model C is an

(c) Model C
Fig. 2 Fluid box enclosures of models A, B and C with
meshes

airplane model with the wing angle that is most

resistant to air resistance pressure.

Velocity
Streamline 1

320.452

241.478

162.504

83.530

4.556
[m s”-1]

(a) Model A

Velocity
Streamline 1

319.981

241.751 /V\\

/

P

163.521

85.290

7.060
[m s”-1]

(b) Model B

Velocity
Streamline 1

320.955

242.078

163.201

84.324

5.447
[m s”-1]

(c) Model C
Fig. 3 Contours of air flow rate for each model
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Pressure Pressure
Contour 1 Contour 1
l 131857.250 l 131857.250
123402.367 123402.367
114947 477 114947.477
- 106492.586 - 106492.586
98037.703 98037.703
- 89582.813 - 89582.813
81127.922 81127.922 '
- 72673.031 - 72673.031 =
64218.145 64218.145
I 55763.258 I 55763.258
47308.367 47308.367
[Pa] [Pa]
(a) Model A (a) Model A
(F;’ressure ggﬁtsosljl:qe
ontour 1
l 132270.828 l 132270.828
123741.875 123741.875
115212 997 / 115212.922
. 106683.969 106683.969
155.01
98155.016 / 98155.016
- 89626.063 P prosEaIGs
81097.109
81097.109
- 72568.156
- 72568.156
64039.207
64039.207
55510.254
55510.254
46981.301
46981.301 (Pa]
[Pa]
(b) Model B
(b) Model B
Pressure
Pressure Contour 1
Contour 1 l 132582.766
l 132582.766 ——
123956.375 —
115329.969 A—
- 106703.578 ——
98077.172 | 89450.766
[EtanaEn 80824.375
80824.375 L 79197 969
| £2197.969 63571.570
63571.570 I 54945172
54945.172 46318.770
46318.770 [Pa]
[Pa]

(c) Model C

(c) Model C
Fig. 4 Contours of air resistance pressure at each model

Fig. 5 Contours about the air resistance pressure of
the airplane on the mid-plane at each model
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Velocity
Vector 1

. 297.090

222.818
r 148.545

74.273

I 0.000

[m s*-1]

(a) Model A

Velocity
Vector 1

. 302.802

227.101
r 151.401

75.700

I 0.000

[m s*-1]

(b) Model B

Velocity
Vector 1

. 301.179

225.884
r 150.590

75.295

I 0.000

[m s*-1]

(c) Model C
Fig. 6 Contours with the vectors of air flow
velocity at each model

Fig. 6 shows the contours drawn with the vectors
representing the direction of air flow velocity for
each model. The highest flow rate for each model
was 297.09 m/s for model A, 302.802 m/s for model
B and 301.179 ny/s for model C. Model B is shown
to be the airplane model with the front wing angle

as the fastest air flow rate.

3. Conclusion

In this study, the flow analysis was carried out
with the fluid model according to the plane's wing
angle. The main conclusions obtained from these
analyses are as follows;

1. The air flow rate of each model was the largest
at the rear mid-wing of the airplane. The air
flow rate became 302.995 m/s at model C with
the largest wing angle among the three models,
so it is believed that the larger the angle of the
wing, the greater the flow velocity of the
airplane.

2. The air resistance pressure of each model was
found to be the highest pressure in the head of
the airplane, regardless of the angle of the wing.
Among the three models, the highest pressure of
132583MPa can be seen in the model C where
the angle of the airplane wing is the largest. The
larger the angle of the airplane wing, the airplane
wing is thought to be the best structure to

withstand the air resistance pressure.
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