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Abstract:  Previously, we reported avout MHD system for tidal energy conversion. But
this system needs various future technologies which are difficult to realize at prsent. Then
we proposed a more practical device for tidal energy conversion system by using Lenz’ law.
Here, induced current is generated at the outside coil of U-tube in which -magnet capsule
oscillates by pulsating flow caused by tidal wave. Theoretical and experimental studies
show the propriety of the prediction to this system. However, large scale estimations of
prototype of this system only, indicated less power production that might just be suitable
for sensor applications. Further investigation is suggested therefore, by adding some
devices to improve the power output of the system.
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1. Introduction

Ordinary MHD generator had been studied by many researchers® ®. In our previous
work, we clarified the characteristics of this system and reported about hydrogen gas
generator with tidal wave energy® . However, very strong magnetic flux and large
physical size were related to this facility. On the other hand, this similar pulsating flow
in U-tube by this tidal wave might be useful to - the ordinary -induced c¢urrent method by
Lenz’ law such as ordinaty dymamo. -But this problem of dymamic characteristics of the
interaction of pulsating hydraulic pressure and magnetic force by the generating current
had been scarcely studied in detail. Thus, the aim of this study is to clarify the
caracteristics of this induction type generator for tidal energy conversion system.

2 Nomenclature

A cross-sectional area
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3. Basic sheme.

Figure 1 shows the schematic diagram-of the System;' It consists.of -a magnet capsule
and coil assembly in U-tube. Tidal wave pressure: is 'tran‘ks'ferred on-both ends: of the U-tube
which - induces oscillatory flow of the liguid and magnet  capsule system.  The induced
current flowed from the coil to the external circuit accorcding to Lenz’ law.

4 Theoretical Procedure -

With me number of coils as shown in Fig.l, the basiC'Voltagé equation s written: as

Li+(Ri+mRo)I=m.e ' - ' Y
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Fig. 1 Schematic diagram of induction type electric gerierator system
using tidal wave energy

where L; is coil inductance, [ is generating current, R: and R« respectively, are-internal
and external resistances of the circuit, and e is generating voltage (ep.(4)) by Lenz'law.
The motion of magnet capsule in the pipe depended upon the forces of the pressure
difference AP: (ep.(9)), the drag force due to induced magnetic field F. (ep.(6)), the
friction force between the magnet capsule and the pipe wall F¢ (ep.(7)), and the spring

force settled for support Fi (ep.(8)). The equation of motion of the magnet casule is
written as

MmﬁimzAm APf_Fm"“Ff"Fk (2)

where M. and An., are the mass and cross-sectional area of magnet capsule, respectively.
The equation of motion of the water column in U-tube is written as follows

Pwlake=(-meAPc— 0w ¢ [ %0 —%n | (e = %)/ 2=20« gXu
+P* sin (wt) 3
Where P, = p.gH*/2, H* is wave height (crest to trough), and ¢ .is loss coefficient.
In ep.(1), by integrating the radial component. of magnetic flux Br ‘at the radial

a-direction and axial y-direction of coil, the generating voltage e is

az Le-x

e:minif (27 an.Bri.) dady = —1/2 mn. % f (xn) )

air -Xx
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where n. is number -of coil turns, a: and a», respectively, are the internal”and external
radius of coil, L. is coil length, and m is magnetic moment.  Here,

£(xa) = (Re1 = Rro) o , | ®)

where

Rri=xi1(s1/s2) + (Le—x1) M (ss/sa)

Rre=x2m(ss/se) + (Le—x2) Zn.(‘s\‘,'j/svs)‘

X1 = xm +.0.5L. —0.5Lin |

X2 = Xm + 0.8L. + 0.5Ln

x3 =08L, + 0.5Ln = xa

x4 =0:5Ly = 0.5Ln — Xm

si=As+ <A22+ x12) 2

s2= A1+ (A%+ x,2)17?

sa = Ayt (A% x52)172

sa= A1+ A%+ x52) 2

s5= A2+ (A +x5%)7

se= Av+ (A®+ x,2)V7

stT= Ay + (A2+ x,4)12

sg=A1+ (A24+x,2)?

F.=1/2mnf(x,)1 , & a - ®
Fi= g cMngsgn Ga) Do o : ' M
Fv=kxn " , | ®

where Lin is length of magnet, (¢ is the maximum friction Coefﬁcient, of magnet capsule
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and wall, x» is displacement of magnet, and k is spring constant.
The expression for AP: is written as follows”

AP =Cip ./ (1—g»)? ®
where

Co=Tfaufe _ ; 1o

£ =(0.2881—1.32q + 3.467q®—2.359q®) / (1—q) an

fi2 =0.7095 + 0.004836L . — 9.537L« 2/ 108 + 2.235L.:%/ 107
Le=Ln/Dn
q=D./D,
where D. is diameter of magnet, and D,is diameter of duct.
Finally, eps.(1)—(8) were solved simultaneously using Runge-Kutta method, and the
propriety was confirmed by the experiment.
5. Experimental’ Procedure
Figure 2 shows the schematic diagram of the experimental apparatus. Intermittent air
pressure using compressor with timer was metered into the U-tabe. The spring constant k

of the supporting spring- was 11 g/mm. The magnetic moment m of the permanent
magnet(60mm, length; 10mm, diameter) was 30 x 107 A-m?. The coil (30mm, external

— Eq. (8) f(x)
=== Exp. ¢/ €m: v = 0.0138m/s
== Exp. Fn/Fux  1=0238 A

Dl .

-0.85 2 @¢.85

Fig. 2 Generating voltage and magnetic force to axial direction of coil
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diameter; 47mm, width) turning number was 2500. - The diameter of the coil wire was
0.5mm and its internal resistance and inductance were 63.3 ohm and 0.055 H, respectively.
Acryclic transparent U-tube, 15 mm(external diameter) and 10.5mm (inner diameter), was
used to observe the motion using a video -camerd recorder. - The' generating voltage was
recorded using the so-called thermal array corder and the data were outpﬁtted in 4 personal

computer through A/D converter.

6 Experimental results “and ' discussion

The propriety of eq.(5) was confirmed by the experiment wherein the tested permanent
magnet as capsule ‘was inserted into the coil at ‘congtant ~gpeed ‘using & lathe bed. The
generating voltage under this motion is shown in Fig. 3. The solid line indicates the
calculated value of eq.(5). - The broken'lirie i§ the expefimental value. - On the other hand,
as ‘the magnet was inserted vertically into the coil(c‘onneyctked from external power source)
and standing on top of the weighing balance, the generated push or pull force was
measured as shown in Fig.4 and indicated by dot and brokenline in Fig.3.

Figure 5 shows the comparison between the calculated and experimental results. —The
results’ indicated a reasonable agreement -between ‘thé two. - Thus, an - estimation of
simulation characteristics of a large prototype can be considered.

0.5 F TR ; :

. o Magnet
z i
.25 + . R s
w8
5 (]
P Nt B

0 \' L ,!/ < Weighing

) .05 , Balance

X m ' o

Fig. 3 Magnetic force bstween coil.and magnet’
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Fig. 4 Schematic diagram of experimental apparatus
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7 . Prediction of Characterist'ics on Large Scale Prototype

Table 1 -shows the input conditions wused in'the calculatlon Only one side of the
U-tube as shown in Fig.l was used. Figure 6 shows one ‘case of calculation result where
small output current was indicated but apparently large wvoltage. The power - generating
capacity Z can be obtain as follows ' k

Z=J (PR.)dt : : a

As shown from Figs. 7 to 10, a very small order: of magmtude of ZQ (107" kWh/day was
obtained.

Table 1 Reference value of,parameters

a1 internal radius of coil . 0.10

m
a: external radius of coil L0015 rn
D diameter of magnet L 0.14 m
D, diameter of duct ‘ S 018 m
L length of duct k 330.0 ‘m
Lin length of magnet L0010 m

L coil inductance » \ 795 H

L. length of coil L N 0210 'm
ma number of coil 15

M. mass of magnet 6 kg

R internal’ resistarice B : : w110 ohms
Ra external resistance ‘ 100 *ohms
T wave period ‘ CTn10 s

U permeability of magnet- s 4o %1077

8 . Conclusion

From the calculation results, it was concl’udéd that in the: case of lafge turning number
and small wire in coils, small current but apparently large voltage can be easilly obtained
which can be used for sensors applications.  However; in terms: of power production, this
system might not be more effective unless another idea, that 1s; by usmg booster? or
condenser in electric circuits will be considered.
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Fig. 6 Calculation result for large prototype
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Fig.10 Power generating capacity Z vs. mass of magnet Ma
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