COM_14

The motion of a hydraulic cylinder is cushioned at the end of its stroke by a piston that enters a hole as
shown. The cavity and cylinder are filled with hydraulic fluid of uniform density, p.

a. Obtain an expression for the average velocity, Vou, at which hydraulic fluid escapes from the
cylindrical hole assuming that the cylinder moves at a constant velocity, Vey.
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b. Determine the velocity, Vou, with relative uncertainty, for the following conditions.
p =900 £ 5 kg/m’
L=100%£0.1 mm
R=15%20.1 mm
r=10£0.1 mm
Veyr= 100 £ 1 mm/s
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SOLUTION:

Apply conservation of mass to a control volume that deforms to follow the piston as shown below.
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where
d _ d 2 2 _ 2 dx _ 2
ECLpdV—pE[ﬁR L—-rnr x}-—pmﬂ E——pm’ Veyl

=Vev

I Pl dA = pVout”(R2 _r2)
cs
Substitute and solve for Vout.

_pﬂercyl +pI/0ut7T(R2 _’,.2):0
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Vout =chlm
1
Vo=V

out cyl
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The total relative uncertainty in Vout is given by:

1,
[ 2 2 2 b
W = [“Vm,nyl tuy, Rt ”VJ

where
2
Uy Ve 1 Vo 5ch1 = (1%) - 12 eyl = 5ch1 =uy
oot Vout achl chl (1% ) -1 chl o
VR — out (y) -1 2/2 o 2% OR = -2 6_R = _2uR

o OR Vgl [(’V) _1} (Iy) -1 1_(%)2 R 1_(,»R)z

1oV, 17 2 /3 Vey / 2 S u
Uyor = v or or % or = or = 2 7 = 2
[(fy) S R

Substitute and simplify.
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Using the given data:
Vour =80 mmy/s

out

102
yl* /00 =1.0%10

0.1 mm -3

Up_ %5 =6.7*10
0.1 mm —_10%102

u,_ 40 =1.0*10

v =10mm  —67%10"

oy _4.5%107 = 6V, =3.4 mm/s

out

=80.0+3.6 mm/s|
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