
Characteristics　ofﾆElectric心eneration∇Based on Motion

＼　of Magnet∇Capsule By Pulsat:i他郷ow in Ｕ-tＵｂｅ………

Artur･ｏ M.I. Figueroa＼ Takasuke Yamasaki^ and Shinichi Kami YAM A''*

1 Chaiｒ　ｏ∫　Ｐｌａｎt　ａ尽ｄ　Ａｎｉｍａｌ　Ｐｒｏｄｕｃtｉｏｎ　Ｕれ臨『･　Ｓtｒｕｃtｕｒｅ犬ＴｈｅづＵれiｔｅｄ

Ｇｒａｎｄｕａｔｅ　Ｓｃｆｉｏｏ=t　ｏｆ　Ａｇｒicｕltｕｒａｌ　Ｓｃｉｅｎｃｅｓ，Ｅｆｉｉｍｅ　Ｕｎｉｕｅｒｓit'ｙト２ Ｃｈａｉｒ大可

Ｍａｒitｉｍｅ　ＥＴＷ)iｒｏＴｉｎａｅｎ,tａｌ　Ｅｙ1ねｉｎｅｅｒｉｎｇ. Faculty　ｏｆ　Ａｇｒicｕlｔｕり２，犬Ｋｏｃｈｉ＼び厨坤り琵ｙ，

３Ｉｎｓtitｕtｅ　ｏｆ　Ｆｌｕｉｄ　Ｓｃｉｅｎりｅ，Tohofeｕ　Ｕｎｉｕｅｒｓit-y　　　レ　　　　　　ニ　　………：

Abstract:　　Previously, we reported avout MHD system for tidal energy conversi･bh･. But

this system needs various future technologies which are difficultto realize at prsent. Then

we proposedﾚａ more practical device for tidal energy conversion syste皿1by using Lenz' law.

Here, induced current is generated at the outside coil好くU-tube in whichよmagnet capsule

oscillatesby pulsating flow caused by tidal wave. Theoretical andしexperimental studies

show the pｒ:oprietyof 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　悟入suggested　therefore√by　adding　some

devices to improve the power output of the町stem.　　レ　　　　　　尚　　　　　▽∧　＼
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１

Introduction

　　　Ordinary MHD generator had been studied by many researchers' ^しIn our previous

work, we clarified the characteristics of this犬町stem and reported　about hydrogen 筥朗

genera如ｒ with　tidal　ｗａｖeleneｒgy4≒　Howeveれ　皿ｒy　strong　ｍａｇﾘetic　ｎＵχ　and　large

physical sizeトwere related to this facility. On the other hand, this similar pulsating flow

in U-tube by thi･S tidal wave l.ｍ址ht be useful to the ordinary △induced･dU行己nt method by

Lenz' law such as ordinaty dynamo.　But this problem of dymamic∇characteristics〉of＼ the

interaction of pulsating hydraulic pressure･ ａｎｄ･magneticトforce by the generati昭々urrent

had　been: scarcely　studied　垣　detail.　Thus, the aim　of this　study　iSづto　clarify　曲e

caracteristics of this induction type generator for tidal energy conversion systemト　　：

Ａ cross-sectional area

2　Nomenclature
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a1　internal radius of coil　犬

a2　　external radius･ of coil ト＜

Br　しmagnetic flux犬　　　　∧

D　　dia�eteｒ‥‥‥‥‥‥　‥‥

e　………generating voltage……………

Ｆ‥‥‥foｒce‥‥‥‥‥‥‥‥‥　‥　　‥

g‥‥‥如映lerationしdｕｅ……to gravity

Ｈ＊　〉wave height…………=‥‥　‥

卜……ぽeneratingﾄcurrent………

Ｌト　coil∧lndｕCtａｎＣｅ‥‥‥‥j

L。十C01ト狗ngth‥‥‥‥‥〉　………

Ｍよmassﾚｏｆｍ暗喩t十　………

m d numberﾀﾞof coilコ　　　し∧＼

ｍ十　magnetic moment　上∧∧

ｎレ･　:numver･･of coil turヽns

P…　…pressure　＼‥‥‥‥‥‥‥‥‥‥

Ｒ／=………Iin･ternal゜ electr･1c resista･nee

R･,ｉ………:leχ･ternal｡electric ･･resistance

ｔ

χ･

χ．

Ｘ

Ｚ

ぐ

μｆ

ρ
　
ω

ニtime　　　　:‥‥‥‥‥‥‥　‥‥

displacement六十…………　…

………velocity　　………ニ‥‥‥‥‥‥

　acceleration∧　……………

　如皿ｅ卜generating capacity

　loss coefficient…………………

　七〇efficient∇of friction

density　ニ　……………

○卵g皿郎frequencyトｊ

3 Bas

　∧:Figure 1ﾚshows the schematic diagramぺof･:

and coil assembly in U-蝉be.:……Tidal･Ｗａ･vepress

加臨北ト如面ces oscillatoryしflow犬ｏ卜the liq俳d＼

current flowed from the coil∧t6ﾀﾞthe∇externaト（

4 ･･Theoreti

With md numberﾄofしcoils as shown∧in

L:j＋てRi半mdRox)I = mae

=J(ぴφsule

bo olfしtheU-tube
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Magnet

Fig. 1　Schematic diagram of induction type electricgenerator system

　　　　　usingtidal wave, energy　　　　　　　　　　＼　　レエ=
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where Li is coil inductance, I is generating current,･RIしand Ｒ.。respectively√are internal

and external resistanc卵of the circuit, and e is generating voltage･(ep.(4)) by･ Lenz'law.　レ

　　The motion of magnet capsule in the pipe depended upon the forces：of the pressure

difference△Pf (ep.(9)), the drag force due to induced magnetiむ field F。……(ep.(6)), the

friction force between:the magnet capsule and the pipe wall Ft (epべ7)), and……thespring

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

written as　　　　　　　　　　　　　　　　　　　　　　　　十　　　　　　　　　　　　　　　　　　　犬

Ｍ。叉。＝Ａ。△Pf － Ｆ。一Ft-F. (2)

where Ｍ。 and Ａ。, are the mass and cross-sectional area of magnet capsule, respectively

　　The equation of motion of the water column 血 U-tube is written as:follows

　　　　　ρw LdXw = ( ―ma△Ｐ，－ρ。ぐ｜‰－ｈｌ（ｘ,≫ － Xm)/ 2-2ρ。gXw

　　　　　十Ｐ＊sin（ωt）　　　　　　　　　　　　　　　　　　　　　　　六大　　し＼　　　　　　　（3）

Wheｒe＼Ｐ，＝卵gH＊/2，Ｈ＊is wave heigh卜(crest to trough)｡and r is loss coefficient.

　.jIn ep.(l), by integrating the radial component of magneticトflux Br at the radial

a-direction and axial y-direction of coil, the generating voltage :eis　　　ト　　　し

　　ｍ＋ｍ－

ｅこΣ

x
い
げ

～
～

≒

　
２
　
　
　
－

　
ａ
∫
ａ

（2πancBrim) dady = ―1/2 mn。i f(x ) (4)
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where

回乱ﾄ)＝(Ｒｒl－Ｒｒ2)

Rn≠･ｈﾄ/n (s ！/s2 ) ＋ﾚ(Ｌ｡十X i ) /nヶＧy:3｡

ヶ……Rr2 7 × 2 2n（s 5 1/66 ） 十（Ｌ,i÷-X2)

……χ１７=χ｡,十。０ｊＬ。-一一ＯｊＬ。

X2 =･ﾚ又よ十〇j5L･。＋Oし5L。

ｉ ３ = 0.5Lc + 0.5L。･一χ。

ｘ４ﾌﾟ＝0.5L1－0.5L。－ｘ｡･

Si = A2伴(入224ﾃﾞｘ･1.2)1ダ2

sﾚ2･＝A 1･.十万(A12十恥勺1ダ2

乱二大A2一千ﾀﾞ(Å22＋ｘ32)1ダ2

14.三Ａト十万(大丿＋i32:)1μ

S5 = A2 +･(Ａｊ十一ｘ2y2))ﾄ1ダ2

肩≠Ａｉ＋(Ａｉ２＋ｘ丿)1リ

右√＝Ａ丿十.(A2.2十ｘげ)イ

ss = Ai子犬(Ａ１２十ｘ戸)1ク

タよ＝寸∧2m�し(ｘよ)I………

　十………Ｆ.f.万こμf･Ｍ.･,･g･題ｎ（乱ﾉ）ｊ…………

　　……=Ｆｇ≠ﾕkχよ∧　　　　　………

where Lm･i･s length上回∧magnetレμ.㈲is the

㈲
　
⑦

……1（8）:

capsule
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and wall,ｘ。is displacement t）fmagnet, and k isトspringconstant.

　　The expressionイｏｒ△Pf is written as ｆｏｌｌｏｗs5）‥‥‥‥：

where

△Pf＝Ｃｄｐ，/(1－q2)2

Cd = f.if｡2　　　　　　　　　　ダ　　　　　　十　　　　　大

八1 = (0.2881-1.32q + 3.467q'-2.359q^)/(l-q)　　.

L2±0.7095 + 0.004836L｡d - 9.537Lcci V 10≪ + 2.235LodV 10'
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(9)

(10)

巾)

ト　　　Ｌよ＝Ｌ。／Ｄ。　　　　
●　●●●●●　　　　　　　　　　●●　　　　●　●　　　　　●●●　　●●　●●●　　　　　●●

ｑ＝Ｄロ／Ｄ，　　　　二　　　　　　　　　十　　●
●●　●●●●　　　　　　●●　●●　　●●＼　　ニ　　　‥

where D is diameter of magnet, and Ｄ
pis

diameter of ductレ　　　十＼犬　　　　犬

……Finally, eps.(l) ―(3) were solved simultaneously using Runge-Kutta method. and the

propriety was confirmed by the experiment.　　　プニ＼犬　　　　　　し　　　　　＝　　　＼ト

５

ExperimentalﾚProcedure

　　Figure 3 りhows the schematic diagram of the experimental apparatus.　Intermittent air

pressure using compressor with timer was metered into 曲e U-tabeよThe spring constant k

of the supporting spring was」1　g/mm. The magneticニmoment m　of the permanent

magnet(50mm, length; 10mm, diameter) was 30 ｘ上10=7A-ｍしニThe coiト(30mm, external

１．９

ｇ

１．ｇ

0.05 ｅ

0.05

　　　　　　　　　　　　　　　　　　　　　　　　　　＼　χ　　　　m

Fig. 2　Generating voltage and magnetic force to ａχial direction of coil
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Acrycliトtranspare皿]U-tube,巧mmCexternaト4=毎皿峠e絃ｿﾞ卵dユOj毎昨ﾚ但φ＆∧diameter),吻邸

Ｕ泳1 tｏ尚observe the mo仙⊃ｎ＼ using ＼Ｅ videoしcamera………ﾉ鋤白皿皿√……よく叫毎:……如面姐巨=貼………y･.･ｏ:1t友応･Q.･蛍fS

recorded using丿he一合0-called thermal array cord･er｡.:.:and･･.1.゜th･6.万一万=･I･data一万:we･jﾌﾟ.･eφI

comput:昨∧through∧A/D
CO叩むrter一才…………J……＼∇………ﾉ…………=………＼＼＼万…………＼………………六万:………ﾚﾉﾍﾟ＼j………□…………:………=･………＼……Iエ

6　Ｅχperimental

　∇The propriety of eq.(5) waりconfirmed byﾚt･･b.りJ1万:.万一

magn昨as capsuleﾚ叩ａs.･ inserted into the coil………y諺……::･ﾕ

generating voltage under this motion沁sh乱面几

c扇面lated valﾘe ofﾚeqべ5). The∧brokeが玉坤･1台………七.h6

as大即e magnet was insert緋ｖe雨callトinto the cφ

and･standing on:佃pヵfﾄthe weighing b峠神体ﾚ

measured as shown in Fi6r.4 and i姐icated∧by dot………I=

　　　　　　　　　　　■　　　　　　　㎜　　㎜■　　　　　　J　■■■■■■　犬Figure 5 shows the comparison between

resultsトindicated a　reasonable agreement上

simulation chとiracteristicsof ･a large prototype皿（励．

Ｚ

皿

０．５

２５

○
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①
②
③
④
⑤
⑥
⑦
⑧
⑨
⑩

Thermal dot array recorder
Ｅχｔ･ernal　resi s tance犬
Coil　　　　　ｊ ･･･
Magnetト　＞　〉　　＜く．　　一一
Spri ng　　　　　　　　　∧
U-tube　＼　=･　　ト　･゛　　　犬
Video earner･ａrecorder
Comp･ressor　＞･　□．

wa t e「

Fig. ４　Schematic diagram of experimental apparatus
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Fig. 5　Motion of water column ｘ1，magnet capsule ｘ。，and generating

　　　　voltage ｅ in pulsating flow 紬Ｕ tube　　　　　　　上
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７

Predictionしof Characterist丿囃ﾄ面工卵白e Scale Prototype∧＼==ｿ∧…………

of＼ the

where
　■　　　■　■■　　　■　　　Ｗ　　　　　　　　　IＷ･　　･･　･・･　I・･　･･:■　■　■　■　■　　■■■■■■■■■　　■　■■㎜■

S比洲＼out仰レcu汁e飢乍面indi(jated huノt ap面≠社抄]=ノぃ仏玩（ノ面頂辿(ノ……＼Ｔ㈲]ゲ･=・但

ａ１

･Ｉａ２･

ｊＤ。

Ｄ･ｒ･

L

d

Ｌ。

Ｌト

Ｌよ

nid

internal ･radius of coil ･=･………;

external一一radius of･ｃｏ且万………:､1.

d姐皿eter of magnet　……]ト:=………

diameter of duct

ﾚﾚlength o卜ｄｕqレ

　lengthしof血我ぼ面t

coilﾀﾞinductance
.･

length･of coi･1･.:ﾀﾞ

十ｎｕ血ber of c:oil

上　……………………ﾔ＝　＝　犬　　…………8∧

　From the calculation resu!ts, it was尚c(

聶nd small wire〉1n coils, smallﾚcurrent jbut
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Fig. 6　Calculation result for large prototype
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Fig. 7　Power generating capacity Z vs. number of coils m
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Fig.10　Power generating capacity Z vs. mass of magnet Ｍ。
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リヅグエ:ンジンや海洋波浪のエノネルギュ変換のだ

字管内に導き、その流体圧で磁石を埋め込んだ力……=゛

置したコイ.ル比レシ:ブ則で発生した電力め特性とj

すなわち、この現象を支配する基礎方程式を誘導レ

モI：デルを想定して数値計算でその発電特性を予測く

流は極僅かで比較的大きな電圧が取り出せるも=か

増速を図るとか、電圧変化の平滑化を図るとかの:j

ｻ己=ま1ﾄ:水｡･スタ十

七＼だ脈動流をＵ

:Ｕ字管外に設

l上、ﾉ実際上の

贋の巻線抵抗を考慮すると電

ごシズテ＼ﾑｼﾞの他ブ≒スダヶ-で

けj15日受理

2月26日発行
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