Analysis of Flight Characteristic of Paper Plane in 2D
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Abstract

:  We construct the wind tunnel for paper planes to test different flight parameters, including AOA, head angle, and AR, to get the lift and drag force In different condition to
:simulate the flight. Meanwhile, we make paper plane launcher to see the real flight status. That we know the difference between experimental measurement and actual situation.

:1. Introduction 2 Experimental Set-up and Method
:  The paper plane is usually accompanied by our life, while we realize a little of its§ :  Figure 2 shows the equipments and parameters to measure the lift and drag force
:flight mode. Typically, it corresponds to the Bernoulli’s law, and launcher to fly the paper. We use the numerical change of scale and angle of Ilnes
: 1 1 :  :to calculate force. :
: L = Epvzﬁcl" ' D= Epvzﬂﬂn (1) . . (1) record the weight before turn on wind tunnel
:where p is air density, v is velocity, A is wing area, and C is coefficient.
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Figure 1. (A) The forces exert on the paper plane. (B) The parameter of the paper plane.

:  Besides, In Figure 1, we know the forces and the parameters of the paper plane that
:effect flight, including angle of attack (AOA), head angle, and aspect ratio (AR), '
: (Wing span) °

: Flgure 2. The force-measured equipment, needed parameters, and paper plane launcher.
AR = (2) : ¢ In the part of simulation, we use data below, interpolated method and RK4 to run

Wing area the flight trajectory; then, compare it to real situation.

:3. Result and Discussion

: 3-1. mpare to Bernoulli’s law |
:5-1. Compa (A, o v (B) oi {C)
: 0.205 _ - 15 | o . 15 1 )
y = 0.0055x + 0.1753 £ o * || I3 0¥ A
30.195 [ g1 =t uE i o =20 . i
o o= o - 3 A A 5 A 7 2 10
S i = . EIE o o4 A 5 : 3 .
11 J "
1.6 | 8 ) 29 0 ) [0 [5 200 =
1.6 [.8 2 2.2 .
0.185 ) < - 43 Velocity (m/s) | Velocity (m/s) | AOA (degree)
_ ' _ Velocity square ((m/s)"2) '_ 16 (D) 4 50 @ (E) H 17 (F)
Figure 3. T he lift force versus velocity square with AR=0.53. a . 0 o ;5 | A
In Figure 3,we notice that it isn't in correspondence with the Bernoulli’ law. The .;” | ) o o ¢ . ! : o13 | g
< =30 = 4
pOSSIb|e reason Is that the wing of paper plane is just a flat, different to the original =140 ’ 5" - é'; o
£ 13 A 122 z
assumptlon of streamline shape. g N A ¢ | 2 . A '
21y A : é i P10 7 -
' ¢ ? s o 5
3 2. The relationship in different AR ot 0 ;
: 16 = 3.2 & 0 5 10 15 20 0 5 [0 [5 20 1.6 [.8 2 2.2
L (A) - . (B) AOA (degree) AOA (degree) Velocity (m/s)
E, e e o ¢ ° E = - © AR=0.53 AAR=052 ®AR=046 AAR=047 ®AR=039 & AR=039
w13 % 2.2 = . Qﬁzggg Figure 7. (A)The lift force per unit area vs. the velocity. (B)(C) The L/D vs. the velocity.
£ 1‘2 . . o ° ® =5 . s ® AR=0.53 (D)The lift force per unit area vs. the AOA. (E) (F) The L/D vs. the AOA. .
S 3 ® _ . : N : :
.l e o © A P g ° A From the relationship showed in Figure 7, the lift force of Type2(A) are smaller than:
10 07 L® Typel(O)’s and the L/D of TypeZ2 Is bigger than Typel’s. Therefore, we can speculate:
1.6 1.8 2 2.2 ; _ 5 - : :
Velocity (m/s) 1.€ ]\imty (m;) 22 that Typel paper plane iIs prone to fly longer, while Type2 paper plane tends to fIyE
Figure 4. (A) The lift force per unit area versus the velocity with five different AR. further. .
(B) The drag force per unit area versus the velocity with five different AR. _ _ _ _
16 (A) . ,, (B) : 3-4. Comparison of simulation and real flight
515 ® ﬁj . o . =266/ V=2.57m/s
E 14 2 ~ : ° | EE-.HJ - (A) XO?;XSElsll degree ki (B) AOA=7.9 degree
Z o i z 2 e AR=0.89 Difference:5.12E-3m S~ Difference:3.74E-3m
813 ° 515 ® AR=0.70 E = —
312 o o e Y S e :ﬁ;ﬁjg £1.17 V=2.56m/s %1.17 V=2.70m/s =
= - o 2 o S AR=03 = AOA=10.7 degree ) AOA=9.2 degree e N
S O 0.5 . o o) AR=0.39 T Difference:3.03E-3m o Difference:3.59-3m ~ \\:\
10 0 S
0 5 10 15 20 0 5 10 15 20 1.14 1.14
AOA (degree) AOQOA (degree) 0 0.05 0.1 0.15 0 0.05 0.1 0.15
Figure 5. (A)The lift force per unit area versus the AOA with five different AR. Displacement (m) Displacement (m)
(B)The drag force per unit area versus the AOA with five different AR. (C) i3 (D)
. . . 0.15 '
:  Figure 4 and Figure 5 present that whatever for velocity or AOA, the smaller the Z0 10
: AR of paper plane Is, the larger the lift force Is; however, the variation of drag force Is go'og &
mainly resulted from the velocity or AOA. Hence, lift force is sensitive to the AR, E 0,06 g e
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(C) The displacement and (D) The height versus the time in two types.

As shown In Figure 8, we compare the simulated trajectory, using the data obtainedi
from above experiment, to the real’s. The difference between Typel iIs smaller than:
Type2, and It can attribute to the uncertainty of the AOA In Type2 for its CM dlstrlbute
being more forward. In addition, we can verify our previously postulation (3-3).

Typel
Figure 6. Paper planes with smaller head angle (Typel) and with bigger head angle (Type2).
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3 The lift force is sensitive to the AR, while the drag force is resulted from theg e e TP AT etecthetydtrdeolivvctvdn ey’ A .

. velocity and the AOA.

:4. The paper plane with smaller AR is prone to fly both further and longer. :
:5. The paper plane with small head angle fly further, while the bigger head angle one:
:  fly longer. :
6 Without considering yawing, our simulation can be In correspondence with the realé
:  trajectory when the paper plane don not fly too further. :



