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X+ Force Analysis: Fluid inside ///“\\

the nozzle W
Y .
\iA p; . Internal pressure at the
X end of the hose
[: Length of the nozzle
M: Mass of fluid per unit
d%y length
Moz qS! F: Force per unit length
) between tube and fluid
q: Shear stress on the tube
Kl \ S: Internal perimeter
A: Internal cross-section

Mgl ¥ area
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;-XE? Force Analysis: Nozzle 9,
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Iy,
\ x T;: Tension force at the end
of the hose
m': Mass of nozzle per unit

02y Fi length
m'—=1 F: Force per unit length
Qt \ between nozzle and fluid

g: Shear stress on the tube
S: Internal perimeter
qSox ‘ol [: Length of the nozzle
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0‘y 0y 0%y
ﬁ-l_gax at2+gsm0 0

T, —pLA=M+m)gl



E‘X?)} Difference between ‘g

nozzle and hose N
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%ﬁ* Force Analysis: Fluid o,
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Y
x pA p: Internal pressure
X M: Mass of fluid per unit
length
U: Flow velocity
__|_ U— yéx \ qS8x F: Force per unit length
)\ between tube and fluid
q: Shear stress on the tube
/< S: Internal perimeter
Fox A: Internal cross-section
area
Mngv Va\
(p +—=— P 0x)A

0x
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Frame

e)

o (Angular
velocity of
eference

Z)* Non-Inertial Reference ///‘\\\

Y/
N

0%y
Ainiertial = MW5X
UZ
Acentripetal = M?(gx
1 9%y
“TRT ox2 i
0%y
 Qeentripetal = MU? ﬁ O0x
Acoriolli — Za)vx,
Uodx B 0%y

=‘Rac - “Yoxar

—Ma+U626
a=M@G+Uz7)70x
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%} Force Analysis: Hose 9,

W

T Y
Q(__ X X T: Tension force
U: Flow velocity
FSx m: Mass of hose per unit
9%y length
mﬁ&c \ )/ F: Force per unit length
L \ 90 between tube and fluid
Q #—6x q: Shear stress on the tube
/ 0x S: Internal perimeter
qSox Tbg(s}//\ Q: Transverse shear force
on the tube
oT
T +—0x



Bending Moment

M= | ooda=KEL Rigidity



%) Transverse shear force on ‘g
the hose
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0%y
dt?

+* Combined Equation 9,
For the end point & T, —p;A = (M + m')gl
EI 0% M 0% M 0% 0
— Y _ UZ_y — 2 U Y — g_y
M+mox* M+m  0x? M+ m 0x0t 0x
s aYa aYa N ™
Flexural : . 1
: Centrifug || Coriolis :
Restoring Gravity
Force al Force Force
N VAN J\ VAN Y,

S

Restoring force?
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% Coriolis force is not a ///‘\\\

restoring force! N
M 0%y
Acoriolli = —2 M+m U 70t
_ _o_M i a_y _ 5, M
= —2 M+m x) 2 M+m Uwpose

y Acoriolli
whose
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;} Restoring forces are... (@,
El 0% M 0° M 0° d
= — Y _ yzo2 2 U—2 g2
M+mox* M+m  0x? M+ m  0xot 0x
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Restoring force!
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@ Experimental Setting -
Vertical >




Experimental Setting -
Horizontal
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.%) Free length - Oscillation
period Tendency
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A% Free length — Oscillation ///.‘\\

° Y/
period Tendency N
0%y EI 0%y M . 0%y , M ’ 0%y dy
0t2 M4+mox* M+m  0x? M+m- oxot ‘ ox
4 aYa B Y ( R
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;% Free length — Oscillation ///.\\\
period Graph (Vertical) et
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% Flow rate — Oscillation ///“\\

° Y/
period Tendency N
0%y EI 0%y M 2 0%y , M ’ 0%y dy
0t2 M4+mox* M+m  0x? M+m- oxot ¢ ox
e N/ D Y  ( A
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Restoring : | Gravity
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% Nozzle mass— Oscillation ///“\\

° Y/
period Tendency N
0%y EI 0%y M 2 0%y , M ’ 0%y dy
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%} Nozzle mass - Oscillation g
period Graph (Vertical) bl
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%} Nozzle mass - Oscillation g
period Graph (Horizontal) %
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.% Nozzle radius — Oscillation ‘e

period Tendency \ s’
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A4+ Nozzle radius — Oscillation )

° Y/
period Tendency N
0%y EI 0%y M )2 0%y , M ’ 0%y dy
0t2 M4+mox* M+m 0x? M+m- oxot ¢ ox
4 aYa B Y ( R
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: Centrifug || Coriolis :
Restoring : | Gravity
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% Nozzle radius — Oscillation )
period Graph (Horizontal) W
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dt?

%} Hose Rigidity- Oscillation s gs
. . \ &
period Tendency ®
B ElI 0%y M 0% M 0%y dy
_M+m6x4_M+mU ﬁ_2M+mUax6t_ga
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% Hose Rigidity— Oscillation ///“%\

period Graph (Vertical) et
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R Why does instable Y
motion occur? Nl




¢ Instability 1 : ‘g
Centrifugal Force V¥

B
Initial Displacement



%} Instability 2: Friction :/(Q\
. Uk

Discontinuity
On Time
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%2} Conclusion 9,

Parameters: T

Free Length Flow Rate Nozzle Mass
of the Hose

[ Nozzle Radius ] [R'Q'dlty of the]
Hose

Instability

[ Centrifugal ] [ Eriction ]
Force
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%} Problem statement 9,

Consider a hose with a water jet
coming from its nozzle. Release
the hose and observe its
subsequent motion. Determine
the parameters that affect this
motion.
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)+ Nozzle radius — Critical flow ///“\\
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%}} Solving the Differential ‘®°

Equation LK

y(0,t) =0
0 0?2 03
ay(th)|x=0=ax2y(x;t)|x=0=ax3y(X,t)|x=0=O.01
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¢ Bending Moment and ///“%\
: \
Curvature

Y/
ay

E
M = Ef y*dA = KEl Rigidity
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f%) Combined Equation — ///‘\\\
Length term included Ny

T, —p,A=M+m')gl)

62

y
2 4. (L +1 — )_
U? 4 (L+1—-2x)g -

o0t2 M+ mox* 2M+m
— 2 U _ g
M+m 0xot gax

Pressure & Tension term
Included!



Different oscillation
modes in same length
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TZ@ Nodes and Antinodes :’(‘\

ANQetases

1st harmonic oscillation 2nd harmonic oscillation



