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* Investigate the effect
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* Produce the mgximum angle of tilt
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conservation of free jet |

dp

F =
dt

Free jet:

zFext=F_Fo=0

s Momentum flow %
IS a CONSERVED quantity
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Assume that the velocity is even at the narrow area
of the center.

By momentum flow conservation

pQoU = pQuyg
p(nr#)U? = p(nr,*)uy?
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Assume Gaussian curve u(x) = uge 2¢?
profile:

By momentum flow conservation

pU? - iry? = pju(x)ZdA

= puy? - mc?
TroU
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Ug
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Airstream velocity at the opening
IS weaker at the edge!
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my = Fp —mg
2., 2 b2/ K \*
j} _ T[pClZ);r]l 1o (1 B e—ro—z(l—vy) ) _g

U=16m/s, K = 38.04s7%, y(0) = 0.18m, y'(0) =0
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When y-displacement is low......

Aerf
Uefr
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Py +§pU =Pb+x+§pub+x
1 1
Po + EPUZ = Pp_x + Epub—xz

Fpernoutti = nbz(Pb—x — Pyiy)

2 — ub+x2)

p
= —mbh* E (Up—x
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Viscous force
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[ No-slip Condition

Boundary Layer Thickness
§ ~ 0.382y/Re, "

Re., =22y (£ kinematic viscosit
ey =Y ( . y)
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U=16m/s: 6 ~1.2mm dP  u?
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U=16m/s: § = 1.2mm

Feoanda = T[bz(APleft — APright)

po
= —1b? 3D (ub—x2 — ub+x2)

20
— ngernoulli

~ 0.04Fpernouii

Bernoulli effect is the major one!
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2 K b—x
X = —1.04ﬂp(U — Ky)z(e‘(l‘ﬁy) (%)
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U=16m/s, K = 38.04s71, x(0) = 0.001m, x'(0) =0
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Fp =mgcos@

= OPTIMIZATION!
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Maximum Angle of Tilt
0.ax = 50°
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U=7~8m/s
m = 2.8¢
Veq = 8.4Cm

Xeq = 1.3cm

F
50° max (F_P) = tan 50°

D










: Spin of the ball

w = 0.74rev/s=4.65rad/s
v=>bw =0.093m/s < 8.5m/s
(airstream velocity at equilibrium point)

Irregular direction

NEGLIGENT!
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P + %pvz = constant

Throughout the field!
Assumption: 7 x v = 0 (Irrotational)
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1 2 1 2
Py +EPU =Pb+x+§pub+x
1 1
Py + EPUZ = Pp_yx + Epub—xz

Bernoulli equation applied
in @ SINGLE streamline

Although cause of error,
still VALID in turbulent situations!



%’}Ignoring gravity term in Bernoulli ///“%‘
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equation W

1 .2
pgh - pv
8.5m/s at 8cm height

gh=0.784 ™"/

1 2
_ 192 — m
SV = 75.9 /52
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Y/
N

UL
Re = P
u
% =(kinematic viscosity of air at 27°C)=1.57 x 1075m?/s
U=8.5m/s
L=0.04m
Re = 2.7 x 10*

CD ~ (0.5
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Under assumptions that...

1. Velocity of the ball can be ignored compared
to velocity of the airstream

2. Drag force is a decreasing function of height

We can apply ‘drag force field’
just like gravitational field



% Starting point of the ball ///‘\\\

does not matter! N
J PotantialEnsray
0.005

q Y\, .";{ e
0.004 Equilibrium position / stable/condition

0003 would not significantly matter
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-0.002 —— E mec
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%) How measure ‘g
" maximum angle of tilt? N

e Ten times of trial

« When stably levitated for more than ten
seconds, PASS!
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@ Drag force change due to ‘®*
motion of the ball N

Upally = (Vo — yeq)(Zn/Ty) ~ 0.10m/s
Upallx = xo(ZH/Tx) ~ 0.04m/s

U=16m/s

NEGLIGIBLE!



%«)} Gaussian Curve
Assumption

Assume Gaussian curve
profile:

Y g
k\‘ L/

Y

u(x) = uge 2c?

du(x) Uy — Zx_zz
_ —_—— C
7 Clz xe
= — C—zxu(x)
du(x
o —xu(x)
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Coanda < Bernoulli N
Liquid
4 Nitrogen
Outer layer:

No interaction with
the ball surface

o
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public void obtainFilteredImage()
{
for (int w=1; w<=width-1; w++)
{
for (int h=1; h<=height-1; h++)
{

if (red[w][h]>50 && red[w][h]-blue[w][h]>20 && red[w][h]-
green[w][h]>20)

{
copyImg.setRGB(w,h,RED.getRGB());

else

{
copyImg.setRGB(w,h, WHITE.getRGB())
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public double[] center()
{
int xsum, ysum, count = 0;;;
double[] ¢ = new double[2];
for (int w=1; w<=width-1; w++){
for (int h=1; h<=height-1; h++){
if(new Color(copylmg.getRGB(w,h)).equals(new Color(255,0,0)) ){

Xsum += w;
ysum += h;
count += 1;

}

c[0] = xsum/count;
c[1] = ysum/count;
return c;
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public static double rotateX(double x, double y)
{

double xReal
double yReal

x-referX;
referY-y;

return xReal*Math.cos(deg)+yReal*Math.sin(deg);
}

public static double rotateY(double x, double y)
{

double xReal
double yReal

x-referX;
referY-y;

return yReal*Math.cos(deg)-xReal*Math.sin(deg);



