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Figure 8.2: Schematic of the Earth-moon system showing the point away from the moon (point
1) which experiences a net gravitational acceleration that is slightly less than that experiences at

the point closest to the moon (point 2). Points 3 and 4 experience a net gravity acceleration that

is intermediate to that of points 1 and 2.
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Figure 8.3: The surface of a liquid within a gravitational potential well will lie at an
equipotential. For the Earth’s oceans, the liquid water surface will acquire a slight deviation
away from spherical due to the variation in the net gravitational acceleration arising from the

moon (and to a lesser extent, the sun).

Refering to Figure 8.2, the difference in the force on a fluid parcel of mass m due to the lunar
mass, my, at positions 1 and 2 on the Earth is given as

mm,G mm,G

F,—-F = :
: ] (R.'"RE)2 (R.'"'RE)Z

Normalizing this difference to the lunar gravitational force at position 3 we find the relative
variation in the lunar gravitational acceleration on the parcel of mass m to be given as

h-F_ 1 1

2 2"
F, (R -R;) (R +R;)
: R, 1 . .
Since we know that —=~ — we then can see that the lunar gravity varies by about +/-3% from
!
point 1 to point 2. The ratio of the average lunar gravitational force on mass m to the Earth’s

gravitational acceleration is given simply as

2

F,. M_.[R i .

?E=—E(R—’} ~80x60*. Thus we can find the deviation of the net (i.e. Earth + Moon)
3 My \Rg

gravitational acceleration across points 1-2, normalized to Earth’s gravitational acceleration, as

F,—F F, . . . .
| o =%—3 =1x107. Finally, we note that the potential energy, U, of a unit mass parcel
3 E
of fluid located at the Earth’s surface, is given as U = F-R where F is the acceleration on the

158



Energy for the 21 Century and Beyond
Unpublished manuscript by G.R. Tynan, MAE & CER-UCSD
January 2017

unit mass and R is a vertical displacement relative to an arbitrary reference plane. Let us take the
reference plane to be the surface of spherical ocean that would occur if there were no lunar tides.
We can differentiate this expression to write

oU=0F-R+F-dR.
However, we now note that in the presence of the lunar tidal effect, the surface of the ocean will
still lie on an equipotential, and thus we will have dU =0 . Thus we can find the displacement of
the ocean surface due to the tidal effect as

or=-9F g
F

Using the result above, we then find that 8R=—8?F-R== 1107 R, ~ Im, which is consistent

with typical tidal heights of ~1-2m.

This tidal variation occurs on a timescale corresponding to the time needed for the Earth to
rotation approximately 4 of a turn, i.e. about 6 hours. In some special geographic regions, the
ocean water is partially enclosed in a basin. If the period of oscillation, or “sloshing™ of the
water within this basin is close to this period, then a resonant oscillation can be setup. In this
case, much larger tidal oscillations (sometimes up to 10m in a few locations on the Earth) can
develop. However, typically the values are of order of a few meters at most.

Tidal power systems are then arranged as follows. A basin region is enclosed from the open sea
by the construction of a barrier between the open sea and the basin. This barrier is designed to
allow the incoming tidal waters to flow into the basin. Then, when the tidal reverses and the
flow begins to move out to sea, the basin traps or retains the water within the basin. As the open

sea level then recedes, the resulting height differential can be used to create a potential energy
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difference. The trapped basin water can then flow through a suitable mechanism that extracts the
potential energy and converts it into useful form (usually electricity). Obviously this scheme has
a temporal variation that oscillates. If the basin has a surface area, A, and we have a tidal height,
h, then the basin volume is obviously V=Ah. This mass has a potential energy, U, given as

U,, = pgAh®. This potential energy can be extracted on a tidal period T~6 hours. Taking into

account the oscillatory nature of the process then gives an average power extraction rate P as

2
p . Loga’
2 T

Let us now make a numerical estimate of the average power that is available from this scheme.

Let us assume that the basin has a surface area of 1 km”. For tidal heights in the range of [1,10]

meters, we then estimate P

ave

~3x10° —3x10" MW / km® . The larger values would only hold in

few special geographic locations around the world; the intermediate and smaller values could be
achieved in most coastal regions. Keeping in mind the anticipated future world energy demand,
we estimate that to produce 1 TW of average power we would then require tidal basin areas
ranging from 3x10°km’ (for height h=1m) to 3x 10’ km’ (for tidal height h=3m). We note that
the largest proposed tidal power system (proposed for the Kamchatka peninsula area in the Far
East of Russia) has an area of ~20,000 km® with a tidal height h=9m, and an estimated average
power of ~100 GW (i.e. 1% of estimated future carbon free power demands). The largest
existing tidal power system, located in France, has an average power capacity of about 200 MW.
Thus it would seem that tidal power, while using well established physical principles and

technologies, and which produces power on a highly predictable schedule, nonetheless is limited
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