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The Concept of a Gravity Engine and Energy Performance for
Tidal and Hydro-Power

Jae Young Lee
School of Mechanical and Conrral System Engmmeering Hon Dong Universiry

Abstract — This paper is to propose the concept and performance of a gravity engine which could cxiract
cnergy from sea or river as a clean, renewable and sustainable power. The vertical motion of the buoyancy
cylinder of the present gravity engine is comverted to the mechanical work duectly without any hydrauhc
loss. The positive net energy between the wnposed and hamessed one 1s achieved by the specific operating
procedure. The detailed derivation of the emergy balance 1s made based on the first prnciple of thermody-
namics The calculaton demonstrates that the preseni gravity engine could hamess more energy than the
conventional turbine system in the same basin area because of the relatively high efficiency in the energy

conversion system and added mass from the buoyancy cylinder.

1. Introduction

Traditonally, the mechanical energy has been ext-
racted from water by the water mill or twrbine. The
sun transports water from the sea to the land through
the evaporation and condensation process. The water
m the high land would flow down to the sea agamn
and its major driving cause 15 the potential energy.
Another cyclic change has been experienced in the
sea: the gravitatonal interaction between the earth
and the moon changes the local sea water level. Tur-
bines, a mechanical energy convertor, have been used
as an effective tool for extracting work from the fluid.
In terms of entropy, both hydro and tidal energy is
low in entropy. Althigh it is renewable, sustainable,
and clean"™ and Korea has a tremendous amount of
tidal energy resource in the Yellow Sea, a private or
governmeni sponsorship was not forthcoming becanse
of its high wihal capital costs and the environmental
consideration, Recently, the intemational concem on
the global warming issues a concept of tax for the
CO, production. This tax could directly affect the
price of energy and change the ranking of the energy
sources. The nuclear energy and other renewable
energy from the sun will be in a betier position. Also.
i terms of the substantiality and reality for the large
power. the tidal power is approaching to the 1eal
domain.

Korea has concentrated on its most favourable site
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al Garolim having a narrow entrance of 2 km, a rea-
sonable depth for turbme instalfation, a mean tdal
range of S5m and a basin area of 100 ki’. There
would be 24 power units of 20 MW each (480 MW
in total), and the proposed turbines are doubly regu-
lated and of 8m in diameter”,

There have been many proposals for the optimal
extraction of Gdal energy. A fairly complex double-
basin scheme with regimes involving generation on
both flood and ebb tides has been proposed, airned at
significantly spreading the gencration period beyond
the 25~30% maximumn attamable in single basin
schemes”. A commonly proposed variation 18 to use
the twhines as pumps at the top of the tide to add
more water 10 that standing in the basin. The volume
of the waler is added at low head, and later released
to generate power through the turbnes at higher head.
The overall effect 15 particularly advantageous on
heap tides and can yield some 10% increase in
energy production. There is small room to unprove
the efficiency of the conventional tidal power

It is natural to think about a new device rather than
the water mull for the tidal power. The purpose of this
paper 1s lo propose a new energy conversion mecha-
msm, the gravity engme, for redoction of the capital
cost of the tidal power and to produce the net posi-
tive energy grealer than that from the conventional
tidal power plant. To reduce the size of dam needed,
it is the best way to develop an efficient energy con-
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version mechanism. The conventional turbine technol-
ogy has a small room to be improved. However, the
present gravity engine could dramatically increase the
energy extraction in the way of the increasing the
added mass of the system.

2, The Working Principles

The gravitational engine has five parts including the
buoyancy tank, drain pump, latch assembly, gear box,
and electrac penerator. These patts are working toge-
ther to extract electricity from the tidal potential energy
of the gravitational mteraction between the earth and
the moon. As shown in Fig. 1. the present gravita-
tional engine submerges the buoyancy cylinder into
the water by opening the valve at the bottom of the
cylinder at the low tide. A special latch system locks
the cylinder to prevent it from moving up at the high
tide. The water in the cylinder is drained by the drain
pump and air replaces the water volume during the
ebb tide. The buoyancy force due to the empty cylin-
der is released when the highest tide occurs. Let us
call it as “gravity engine” because it needs cyclic
operation fuelled by the gravity force.

The energy from the upward motion of the buoy-
ancy cylinder is transferred to the electric generator
with the gear box assembly. The gravitational head
due to tidal change could be amplified by the added
mass corresponding to the amount of water inside the
gravity cylinder. The driving mechanism to generate
the added mass is the buoyancy force acting on the
surface of the cylinder.

The vertical movement of the cylinder {A) is

z tow hde high lide

™ fan
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botiom valve  submatgad buoy alorad by Iatanan jo worke and
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vessal lateh drain pump with the wnathar
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Fig. 1. The operating procedure of the gravity engine.

o~ 2e ded H1Z 20004 28

A
[ ]
B Gear|
box
‘il
Buaynac
Ve);sel ’ gear Generator
assembly for
circular
motlan

Fig. 2. The energy conversion to electric gemerator.

changed wmto the circular motion (B) by the gear
assembly as shown in Fig. 2. Since the vertical veloc-
ity of the cylinder increases exponentially, a special
gear assembly should be attached to get the umform
revolution of the electric generator. The adaptation of
the energy storage system using the flywheel technol-
ogy. compressed air, or the advanced battery technol-
ogy could be an alternative mechanism.

3. Evaluation of Energy Performance of the
Gravity Engine

The benefit of the present gravitational engine is
the direct extraction of the mechanical energy from
the vertical motion of the gravity tank. Since the fric-
tion loss of the gear assembly is less than the hydrao-
lic loss of the wrbine, the efficiency of the present
gear assembly is higher than that of the turbine for
the tidal power Another strong merit is that it could
extract more energy than the turbine technology from
the same reservoir area hecause of the added mass
effect of the buoyancy cylinder In this secton, the
detailed energy calculation will be made on the basis
of the energy conservation law.

3-1. Energy Extraction

The energy of the gravity engine is calculated to
demonstrate its higher efficiency than the conventional
turbine technology. Although the present engine needs
energy input to drain out water from the buoyancy
cylinder, the net positive energy out could be bar-
nessed when the stored energy is bigger than the
imposed one. Further, the net energy outcome is big-
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ger lhan thal of the conveniional turbine plant. To get
the net energy, at first, we calculate the maxumum
energy stored to the empty cylinder submerged into
water at igh nde. which is equal to the work pro-
duced by the vertical motion of the cylinder after
releasing ils latch. Once this total energy is calenlated.
subtracting the imposed energy to cylinder empty at
low tide from the total energy gives us the net energy.
(A) Energy extraction during one cycle operation
Let us calculate the maximum energy stored in the
empty buoyancy cylinder at high tide as shown in
Fig. 1 {dx A buoyancy tank with the cross sectional
area of A, and the length of H is submerged under
the water in depth of h which is the tidal height. Tf
we set the origin of z axis al the water surface, the
energy stored 1o the empty buovancy tank could be
obtained by integrating the buoyancy force from the
bottom of the liner (—~H-h} to the water surface (0):

EMFF (po—pogA,zdz ()
~H-h

It gives the following relation:
1 2
Euwi=5(Pu=pJgAH+h)’ &)

To get the above energy at high tide, it is necessary
to make the cylinder empty at low tide by operatng a
drain pump. The energy used to this is calculated by
integrating the force for removing water from the top
(0) to the bottom (—H) of the cylinder as shown in
Fig. 1 (c) by dividing it with its efficiency:

Eooot] tow uae= I (po—p.)gA.zdz (€)]
This gives:
Eopy= 2mm(pw pJeAH’ “H

If the energy stored in the empty cylinder at high tide
is greater than ihe energy supplied to evacuate the
tank at low tide. the present system could exiract net
positive energy from the tidal movement. The net
energy is made by subtacting Eq. (4) from Eq. (2):

! )1{3+2Hh+hﬂ (5)

drain,

1
Egnm=§(pw7pu)gAb|:(] -

The last term in the RH.S is comespondent with
the energy due to the tidal water level change. h. It is
very similar to the the energy from the conventional
tidal power plant. It is not difficult to find out the
present energy, Eq. (5), is greater than the conven-
tional one, because it has two more {erms in addition
to the conventional energy if its energy conversion
efficiency is not so bad.

The key point is the draining time: if the draining
is made at mgh tide, we could not produce such a
large energy as Eq. (5). To check it, let us estimate
the imposed energy by dram pump at a high tide to
make cylinder empty:

1 H-li
Esupplg,] hjglllldu=Tl_fLi (P-»—P.)gAbZdZ

dran”

I m(pw p.)gA(H +2Hh) (6)

Then, the net energy will be

Buuims(Pe PIEAN +1( )gAb(szHh) ™

The second term in Eq. (7) is negative because the
drain pump efficiency is less than 100%. In the case
of the draining at high tide. the net energy produced
will be less than the conventional turbine tidal plant.
Therefore, making cylinder empty at low tide is the
key factor in this technology.

For bench marking, let us formulate the energy
from the conventional tidal power plant using the tur-
bine efficiency, 1, by integrating the static pressure
force from O to h.:

E. e mm:'n:mll_r; P ngth7_nm“prh Lyh— (8)

To compare the present system to the conventional
one, let us approximate the density difference between
water and air. p,—p,, to the water density, p,, and
consider the energy conversion efficiency 1, Then
the work from the present gravity engine is derived
from Eq. (5)

E,.=0 ,eA, ((1-1%Jﬂ’+2ﬁh+h2j ©
o

This system could be optimized by checking the
maxiroum of the energy. Eq. (9):

Energy Engg. 7 (2000), Vol. 9(1)
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OB e _

=0 (10)

Equation (10) gives us an optimum length of the cyl-
inder:

Tarrin

H_mh (1)
Therefore, the optimum size of the buoyancy cylinder
determined by the tidal height and the drain pump.

(B) Open system and closed system

The above formulation could be applied to the
open system (without reservoir). which could be con-
structed any place where the tidal height 15 provided.
In stead of dam, a very large buoyance cylinder
should be provided to the open system. This will pro-
vide hard environments to the mechanical design of
the latch system, the gear assembly and supporting
structure. To resolve this problem. a closed system
with the smaller buoyancy cylinder than the open sys-
tem with water reservowr is proposed here also. The
working principle is the same as the open system.
Only the difference is the area of the buoyancy tank
By the multiple operations during one tide cycle, the
closed system could harness the same energy as the
open system with smaller buoyancy cylinder. The hard
design environment could be mtigated m this way.

The basic principle in the energy production is the
same as the open system derived above. Only differ-
ence is that it needs reservoir which is smaller than
the conventional one. As shown m Fig. 3, the closed

E = 1/2 Mgh
+ MgH

: G-rav-lly'
Engine !
system &

nal water mill and the present gravity engine.

oidxl=st o Hi1z 20004 24

gravity engine system is constructed on the dam. The
water in the dam with a high tide potential flows to
the outer cylinder of gravity engine to provide a high
tide condition.

The net work extracted from the present gravita-
tional engine is made with N times operations:

N i
Ew.,d=“-prgAb[(1—

drun,

JH2+2Hh+h2J (12)

Its maximum could be made when the cross sectional
area of the cylinder multiplied by the number of cyclic
operations is the waler surface area of the reservoir:

A =N® A, (13)

3-2. Dynamics of the Buoyancy Cylinder

The vertical mation of the buoyancy cylinder shows
exponcntial change in velocity. In this section, the
basic design principle of the gear assembly to get the
uniform rotation from the nonuniform vertical motion.
The relation between the angular velocity of gear and
the vertical velocity of the buoyancy cylinder is as
follows:

2TR@=v(t) (14

where @ is the angular speed which should be a con-
stant to provide uniform rotation to the electric gen-
erator. Then the radius of gear is a function of the
vertical velocity:

v(t)

R:ZTE_&) (15)
Once we know the time dependency of the vertical
velocity. the radius of the gear could be determined.
This conversion from the time domain (vertical motion}
to the geometrical domain {radius of gear) is realized
by continuously connected shell type gear (like a tur-
ban shell). To determine the radius of the gear, the
equation of motion of the buoyancy cylinder is mod-
elled:
case 1) The vertical motion under the water

Mmf%(pw»pd)gm,H-Ku ez (16)

case 2) The vertical motion above the surface of the
water
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zdz

I—_'Ia O=<z (]7)

Mbuuy¥=(pw_pq)gA(H—z)—K
The vertical motion under the water is exponentially
varying but after escaping from the water, the buoy-
ancy force is reduced o show a damped oscillation.
We leave the detail design of the gear assembly for
the future study. At this moment, it can be stated that
the uniform rotational motion conld be achievable
from the time varying vertical motion by designing a
special gear based on Eq. (15).

4. Discussions

4-1. Efficiency and Added Mass Effect in Energy
Production

In this section, two strong reasons why the present
gravity engine could produce more energy than the
conventional murbine plants are wvestigated: efficlency
and added mass by the buoyancy cylinder. Let us
compare the efficiency of the present gravity engine
with the conventional turbine for the same tidal
height, h: the ratic could be simply stated as follows:

E... ngm(Au X[ 1 )11 J
= [ 1= -+2H+1 18
Eouer ot Mot VA Muraa/ 1 (1)

(A) Efficiency

Many efficicncy factors are presented in the above
formulation, Eq. (18). Let us address their values to
estimate the real merits of the present engine. The
turbine efficiency of the conventional tidal power has
been studied well. Normally. it depends on the water
level because the waler flow rate depends on the
water level. The turbine with fixed blades has a high
efficiency at the rated water level but poor at the low

water level. Its efficiency is less than 65% by averag-
ing the whole water level™. The turbine with con-
trolled blades could maintain high cfficiency with
broad band of the water level whose average effi-
clency is less than 73%. In spite of its dependency on
the water level, many factors in a marine environment
incloding micro orgamsms cause degradation of its
efficiency. Pessimistic estimation of the waler mill
efficiency reaches to 20% or less™. However, to the
authors opinion. the reasonable value could be esti-
mated in between 60% and 80%.

The drain pump efficiency. N, Is more easy to
estimate since it works in the outside of the sea water
and it has an enough time to get the best efficiency
by setting the proper revolution speed. Then even for
the centrifugal pump, it is not difficult to get the effi-
ciency higher than 80%'™. The present gravitational
engine converts a vertical motion to the rotational motion
with a special gear assembly. The newly introduced
efficiency of the gear assembly, M. should be
checked by a sophisticate experiment. The energy loss
in the gear assemnbly could be generated by the fric-
tion in the tooth of gears and bearings which could
be partially removed by providing a proper lubrica-
tion system. Gear sets are noted for their high effi-
ciency (up to 99%], reliability and service life as well
as relatively small size and ease maintenance™. In
addition 1o this, the coefficient of friction for bearing
18 normally in between 0.0012 and 0.008". Therefore.
the efficiency of the mechanical energy convertor could
be 90% or more.

(B) Added mass effect

For the same basin area, the present engme could
produce more energy [rom the amplification of the
buoyancy cylinder. Let's define the normal mass of
waler due to tide:

M...=p.Ash (19)

Also, the added mass by the huoyancy cylinder with
height H is defined as;

M.=p.AH (20

From Eq. (9} the energy extracted form the gravita-
tional engine could be restated as:

Em:ng,,émeth]WM‘.(,\, g(h+ %( 1 #ml)ﬂj 21
So the present closed gravity engine could produce
not only the work obtainable from the conventional
turbine, the first term in R.H.S, but also the additional
energy form the buovancy cylinder, the second term
in R.HS, as shown in the second term in Eg. (21).
This effect of the added mass 15 the key ment of the
gravity engine.

4-2, Reduction of the Reservoir Area
If the objective of design is set to construct the

Energy Engg. J (2000). Vol. 9(1)
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Table 1. The area reduction effect.

Tidal Buoyancy A
Case height Mo Tl Maew  cylinder A—"
h (m) length H(m)

1 5 07 09 08 20m (4 *h) 1/47.57

2 5 07 08 09 40m (9 * h) [/82.28

3 6 07 09 0.8 24md *h) 1/57.86

4 6 0.7 08 09 54m {9 *h) [/114.28

same power as the conventional tidal power plant,
then the present gravity engine needs smaller reser-
voir area of less initial capital cost and environmental
effect. The area reduction ratio could be estmated by
the following relation:

A T l

A Mow :
n (]— ] j—2+2H+1

Tldr.un h

(22)

We check several cases to see the sensitivity of each
parameter in Eg. (22) as listed in a Table 1. Tidal
height, 5m, is selected from the data of Garolim
bay™. The efficiencies of turbine, gear box, drain pump
are addressed on the basis of the arguments in section
4.1, The height of the buoyancy cylinder, H, is deter-
mined by Eq. {11) to provide an optimum condition.

In this estimation, the turbine efficiency of 70% is
used to remove special pleading to the present system,
i. e. the reasonably best value to the conventional sys-
tem. As shown in the table, the high efficient drain
pump allows the longer buoyancy cylinder, which in-
creases the added mass. The drain pump efficiency
plays a key role in energy production,

From the above results, it was found that a large
amount of energy from a smaller reservoir than the
conventional plant is possible. Considering the condi-
tion of the real estate in Korea, the area reduction in
the reservoir has a meaning. If we replace the con-
ventional turbines with the present gravity engme, the
hydropower in Korea increase several tens or hun-
dreds times {m calculation) greater than now. Also,
the development of the small hydropower could be
reactivated. Also, the tidal energy in the Yellow Sea can
plays an important role as a reliable energy resource.

5. Conclusions and Future Studies

In this study, a conceptual design of the gravita-

X Es} Mo M1z 200011 28

tional engine is proposed and amalyzed. The vertical
motion of the buoyant material is converted to the
mechanical work. We named it as an: “Gravity enging”
which has a buoyancy cylinder. a Jatch assembly, and
a specific hydravlic system controlling the water in
and out side of the cylinder The energy calculation
on the basis of the first principle of thermodynamics
show that the present gravity engine could extract
more energy than the conventional turbine. This is
achieved not by improving the efficiency of the
device but by finding additional energy. This addi-
tional energy is extracted by the added mass to the
cylinder due to the buoyancy pressure. Future works
to 1mplement the present proposal are huge from
design to experimental verification.

Nomenclature
A : area
E ; encrgy
g : gravitational acceleration
h : the tidal height
H : the length of buoyance tank
M : mass of water
N : the number of operations
v : velocity
Greeks
p . density
n . efficiency
T : 3.141552
@ . angular velocity of gear
Subseripts
a : air
b : buoyaucy
bay : bay
drain : drain
gain : gain
grav T gravily
mill : mill
res : reservoir
supply : supply
W T water
water mill : water mill
work » work
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