
2.25 ADVANCED FLUID MECHANICS Fall 2004

QUIZ 2

THURSDAY, November 18, 2004, 7:00-9:00 P.M.

OPEN QUIZ WHEN TOLD AT 7:00 PM

THERE ARE TWO PROBLEMS
OF EQUAL WEIGHT

Please answer both questions in the same book
Clearly showing where one question ends and another begins!
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Question 1 The transition from dripping to jetting

Everyone is familiar with the phenomenon shown in Figure 1. which shows what happens when
the flow rate of water through a vertically aligned faucet (or ‘tap’) is slowly increased. Initially a
‘pendant drop’ forms at the exit which grows until it is large enough that it pinches off (Fig1a).
Then for slightly higher flow rates, the faucet periodically drips (Fig 1b); finally at higher flow
rates a uniform jet forms (Fig1c). In fact, the transition from dripping to jetting is more complex
than shown in this figure. In this question we wish to consider this transition from dripping to
jetting.

Figure 1  Figure 2: (snapshot at a single instant in time t)

For fluids exiting from typical size orifices, viscous stresses are negligible and the flow may be
considered inviscid. The surface tension coefficient is σ. The flow rate discharging from the
orifice is given by Q = 1

4 πD
2U ;   where both Q and U are defined in the laboratory reference

frame.  The exit orifice from the faucet may be considered to be circular with diameter D.
(a) We shall initially analyze the flow using the stationary control volume shown in figure 2. First

we need to determine the appropriate force distribution on the plane AB shown in the sketch.
Use an appropriate boundary condition normal to the jet surface to show that the pressure in
the jet at the plane AB is

pi = pa +
2σ
D

(1)

Also give an expression for the axial force arising from surface tension acting along the axial
direction of the jet. Check that your expression is dimensionally correct.
(b) One necessary condition for the flow to undergo a transition from dripping to jetting is

proposed to be the following:
The flux of momentum into the control volume shown must always be greater than zero
(otherwise a stationary pendant drop will have formed, which is attached to the orifice).
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PROBLEM  2  (Déja vue all over again?)

A small cylindrical tube has an inside radius R(t), length 2L, and two open ends. It is
submerged in—and filled with—a liquid that has density 

� 

ρ  and kinematic viscosity 

� 

ν . The
pressure at both open ends is atmospheric,

� 

pa . The tube is made of piezoelectric material, and its
inside radius R(t), which is uniform over the tube’s length, can be programmed by the application
of an electric voltage.

Suppose the tube’s inner radius is programmed so that 

� 

R(t)  decreases from

� 

R1 at t=0 to 

� 

R2  at

� 

t = Δt  at a constant rate

� 

dR dt = −κ

� 

(κ > 0)

Assuming incompressible, inertia-free flow, derive, in terms of the given quantities,
expressions for:

(a) the mean flow speed distribution u(x, t) inside the tube, and

(b) the pressure at the tube’s center point 

� 

p0(t)  at 

� 

0 ≤ t ≤ Δt .

(c) Write down, or derive, a complete set of inequalities that together guarantee that the flow is to
a good approximation inertia-free, as assumed. Express these in terms of given quantities:

� 

R1,R2,L,κ,Δt,ρ,ν .  NOTE: You will be penalized for including superfluous (i.e. unnecessary, or
redundant) criteria.


