9 Bathtub hydraulics

Having a bath is a good practical way to learn about hydraulics. Here are just some of the things
to look out for.

Just filling the bath can be an experience in itself. The hot and cold water taps are running
but then you notice that the two are not mixing well. One side of the bath is hot and the other
cold. There is some mixing at the interface due to turbulence but this is all. The only way to get
an even temperature is to stir the water vigorously with your hand. The reason for this mixing
problem is that water density varies slightly with temperature and this density difference is
enough to inhibit mixing. This is a major problem at most power generating stations that use
vast quantities of water from rivers and the sea to cool their systems. High towers help to cool
water before it is returned to the river or sea but any slight difference in temperature will stop
it mixing fully with the receiving flow. Swimming downstream of a power station can be a pleas-
ant, warm experience. The challenge for the engineers is to find ways of mixing the water thor-
oughly so that the receiving water returns to its original temperature as quickly as possible so as
not to affect local aquatic plant and fish life. It also stops hot water short-circuiting the system
and finding its way into the intake and back into the power station as can happen with coastal
stations.

As water flows from the taps across the bottom of the bath the flow is usually super-critical —
fast and shallow. But this state soon changes as a hydraulic jump forms at the far end and then
quickly makes its way back towards the tap end as a travelling surge wave (Section 6.4). For a
while a stable circular hydraulic jump can be seen just where the water plunges into the bath
but eventually this is drowned out as the level in the bath rises. The incoming flow is still super-
critical and this now shoots under the slow flow. The energy is not dispersed in the hydraulic
jump, it is gradually absorbed as friction along the base of the bath slows the water down.
When this occurs in natural channels it can cause severe erosion of the bed and sides
(Section 7.2.1).

Once your bath is full to the right level and is at the right temperature, there is now that
‘Eureka moment’ that Archimedes experienced when he stepped into the water. Archimedes
first discovered the significance of this some 2000 years ago when he realised that the water
displaced when you get into the bath has the same volume as your body. He also noticed that
if you float on the water instead of sitting on the bottom then the amount of water you dis-
place is equal to your weight. From this he was able to solve the problem that the King of
Syracuse had over what materials had been used to make his crown — was it gold or was it really
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lead (Section 2.12)? This was the beginning of our understanding of hydrostatics (water which
is not moving) and led to formulae for the design and construction of water tanks, dams and
submarines that we still use today. It is an almost perfect theory. It was unfortunate that the
Greeks also tried their hand at hydrodynamics — water which is moving — but they got this bit
wrong and sent science off in the wrong direction for almost 2000 years. We had to wait until
the likes of Sir Isaac Newton came along to put things right.

Sitting still in a bath and soaking up the warmth is a good experience — but for children this is
almost impossible. Sliding up and down quickly is much more fun as you can make waves and even
make the water flow over the sides of the bath. This is because water is a real fluid with viscous prop-
erties. As you start to move up and down the bath you transfer your body momentum to the water
by surface and form drag (Section 3.10) — the larger you are the more form drag you can create and
the more water you can move. When you stop sliding about, the waves seem to continue for a while
before they stop. This is because the only force available to absorb the wave energy is friction and
as there is very little of this in a bath it takes some time to suppress the waves. Water can also slosh
about in harbours in much the same way as the bath tub and it can cause lots of problems for ships.
The wave energy comes from the sea, it enters the harbour and it is difficult to get rid of because,
like the bathtub, the walls of the harbour reflect the energy rather than absorb it. The movement of
the water can move ships back and forth on their moorings which can be a major problem if the
ship happens to be a supertanker and you are trying to keep it still while loading it with oil. This is
why harbour entrances are narrow and specially angled to stop wave energy from entering. You may
have noticed that the sea is much calmer inside a harbour than outside. Some harbours though have
been known to behave in quite the opposite way. When the entrance is narrow the waves inside
seem to get larger. This is a resonance effect that harbour designers must guard against.

As you relax in the bath you decide to have a drink. A glass of whisky will do the trick but
you want water with it. So here is a little puzzle to while away the time. Do you put the water
in the whisky or the whisky in the water? Start with a glass of water and a glass of whisky. One
spoonful of whisky is put into the water and mixed and then one spoonful of the mixture is put
back into the whisky. Is there more whisky in the water or more water in the whisky? If you
cannot work it out then have a look at the solution in the box.

It is now time to get out of your bath and take out the plug. Notice how this sets up a nice
whirlpool around the plug hole and it seems to be hollow down the middle. This is a boundary
layer effect similar to those described in Section 3.9.3. The boundary layer close to the outlet
slows the flow velocity which makes the water swirl and the vortex then forms. We say that the
boundary layer curls up. All water intakes at reservoirs and control gates along rivers suffer from
vortices like this which draw in air and reduce the water discharge. If you put some floating
object over the vortex, such as your plastic duck, it stops the swirling and the discharge down
the plughole increases. This is what engineers do in practice to stop vortices from forming at off-
takes and also pump station suction inlets. Setting the outlet or the pump intake deep below
the water surface will also suppress the vortices.

Finally there is the inevitable question that | am sure will keep you awake at night — which
way does the vortex go? Some say that the vortex goes in a clockwise direction in the northern
hemisphere and anticlockwise in the southern hemisphere. There is a very practical demonstra-
tion of this by an enterprising young man who lives on the equator in Kenya and puts on
demonstrations for the tourists. He has a large can filled with water which he sets up 20 m north
of the equator. When he pulls a plug out of the bottom of the container the water slowly starts
to swirl in a clockwise direction. He then does the same test 20 m south of the equator and the
swirl starts in an anticlockwise direction. It works every time. Convinced? The reality is that no
one is absolutely sure. Experiments to test the theory have been tried but they are very difficult
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to do in a laboratory. The problem is that the force which causes the movement — the Coriolis
force which comes from the earth’s rotation — is very small in comparison to other forces around
such as minor vibrations due to traffic outside the laboratory or temperature changes in the
room setting up convection currents in the tank. All these can significantly influence which way
the water will begin to swirl and override the effects of the Coriolis force. A large tank of water
is needed to get an appreciable Coriolis force but arranging this under laboratory conditions is
not very practicable.

If you have an aversion to baths and you prefer a shower there is always something to learn
here though it may not be as much fun. When you switch on the shower and draw the plastic
curtain around you for a bit of privacy, have you noticed how it tends to cling to your body - it
is cold and uncomfortable. This is because the fast downward flow of water from the shower
causes a slight drop in air pressure within the curtained space (remember the energy equation —
energy changes from pressure energy to kinetic energy). The pressure outside the curtain is still
at atmospheric pressure — slightly greater than the air pressure inside — and so the pressure
difference causes the curtain to move towards the water and to cling to you.

Once you start to appreciate what is going on in your bath, bath-times will never be the same
again!

EXAMPLE: A MIXING PROBLEM

Take one glass of water and a equal glass of whisky. One spoonful of whisky is put into
the water and mixed. One spoonful of the mixture is put back into the whisky. Is there
more whisky in the water or more water in the whisky?

Start by assuming that each glass holds 10 spoonfuls — so the water glass holds 10
spoonfuls of water and the whisky glass holds 10 spoonfuls of whisky. Now follow the
argument below under the water and whisky headings as liquid is moved from one to
the other:

Water Whisky

1 Owater 1 Owhisky

One ‘spoonful’ (one part) of water is taken from
the water and added to the whisky

9water 1 Owhisky + 1water
The whisky glass now holds 11 spoonfuls of the mix.

Each spoonful of the mix comprises 10 parts water

and one part whisky i.e. (10ypnisky + Twater’11.
Now take one spoonful of the mix and return this

to the water:

9water + (1 Owhisky + 1water)/1 1 1Owhisky + 1water - (1 Owhisky + 1water>/1 1
9water + 1/11 water T 10/11 whisky 10whisky + 1water - 10/11 whisky — 1711 water
9 1/ water + 10/1 T ypisky 9 1/ whisky + 10711 ater

So the result is the amount of water in the whisky is the same as the amount of whisky
in the water. So whichever way you mix your drinks it make no difference.
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