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Abstract

Thermoelectric system has various merits for use in energy conversion because the temperature difference
is only required to generate electric power and there are not movable parts in the system. However, ther-
moelectric system is not so popular in civil use because its energy conversion efficiency is not high in the pre-
sent time. But if we consider the exergy flow even in a conventional turbine generator, the turbine generator
system can not use energy completely, and a symbiotic and/or hybrid system can be applied, which is intro-
duced in the present study. On the other hand, in fusion reactor there are many parts having large tempera-
ture difference because plasma temperature is high and superconducting magnets are used. One of the ap-
plications for superconducting system is mentioned and is called Peltier current lead. This can reduce heat
leak to low-temperature system, and improve the efficiency of the whole system. Recently, material study has
progressed, and various kinds of materials are proposed and studied. The magnetic field effect is introduced
asinvestigated by the author's research group. Magnetic field effect was divided into three levels of the cate-
gories. One is in the macroscopic level, and this is characterized by the generalized Ohm's equation. The sec-
ond level is characterized by Boltzmann equation, and in this level we can discuss the macroscopic transport
parameters. The third level is the microscopic level and we discuss the band structure to solve the carriers
themselves, for example Schradinger equation. In this paper, our recent activities are mentioned in these fields.
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Fig. 3 Exergy flow analysis of steam power plant.
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Table 1 Heat leak per unit current at 4.2K for selected values of f.
f 1.0 0.8 0.0
Cu 0.93 1.14 43.53
Cu+TE 091 1.11 30.43
HTS + Cu 0.75 0.93 42.61
HTS + Cu+TE 0.66 0.83 29.05

E-part(P-type)
¥ Lead
asurement

Fig. 10  Picture of the peltier current lead.
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Fig. 11 Temperature differences versus currents in the experi-

ment.

[(28]. PHEREND /- L) — FO#EBS, HTS £ T
FRP OEMHIIANTH 5. # LT, FRP O TFHILFH =
NTWT, TOWMGHSEAENY T LB Ao TET, F
MIMDOFE— P PO T AZHLETH Y, ThENH
AWERDWOTCTH L. FiIREHOMEMILAK T
AT TWTC, MERHHANTEXAMETHL. Lizdts
T, N, PREERZNZNGH L CTABASINETE
559 hoTnwAh, TOEBEBIIHN AL DBATIRIL
K08 L, HTSR27T]DESIE 250 mm TH 0, il
W24 K EUT Th i, KRB 250 A £ T:HERE
HRENI R o TWwd, U — PRGBS RO R R
< DWHAETHRBEALEFT ST T, A RE 23
15 mm fi, JEAS5mm TH Y, HERIC N FTHEAL
ThaH, fl)—FROEE 1Im THY, Y — FEEo
W iRE L, SOESIRDIR, BRURORIEREEE %
LT ThN TV A, F, A AL OSSR

% RT 572010, MWHEOEH 2 A TR LT
5.

Z D TN THEGET - t—ﬁ”ﬁ“ff % Fig. 11 GJ"
7. BIFNFROEROKOLE
FiflizXonrs 150 A FTE ﬂéﬁ% ﬂmﬂwﬁwm
REHE, WiRAGETIZOL 200l FTH Y, 20720
12, BmAStu “C“&’%O’C%){nn;'i?}:ﬁ‘?%ﬂi L, N, PENZE
N60 KIREDMRBEAEDFAEL T 5, BisAT 52
LIZEoT, "NVF 2B R0 DMEXITKEL L5

LT, #iE J“ﬁ\ RO RAEAEL, ZOWwG
TIT P AIAHNTIT 100 A FETIRKIERE 25 2 525, N

Thermoelectric Conversion and Its Application for Nuclear Fusion

27

S.Yamaguchi

BT 150 A UJ‘ WCRMERSH S EHEWS NG,

LLEDIERRRERIE, BBRAZEEL 722 &L ol HAY 2
FEC 22 % u‘F“C i 4t PCL OWFJERFET 7 &

WOWTHAEEZDO SN~ THREZ T DL T & Eitalk3
% iT NCEGE B R H AL T LIl L - T4
BB ET S, FLTC, EIO LHICL-TRET
(flﬁ?b‘imj\’é'% FEHTE, S0mVBEORIE LA IC
HoTwd, L, TOREDLAIERNO NS >~
VAF R AN A OB/IERETIHARTRD T L, 2
BLEREZBEBRZHETALERR L, IS0

’Ci‘JH’S“C%Zg S5, BRI, TERAERAR
WHAHSNTI B o 288, AN T LW AREE
%;f'ﬁ:é{ﬂ&hb£0))‘j)rﬁb N2 EHBIZHWOT, B

JEEEBLALDILICL ST, BHOMBELHS T &
WTEDL., 8510, BBAIMKIKST 2 & SAEEIIZ 4

WHEHBLDT, v 73y bOREWRMELLZY, K
DT ARy MIHEEAPIENS., FLT, Gl o

Bz AMTE S0, HiEIX PO LT A

be%%%@%éi%t&é%

, BREMIRICEHTAZEEEZL. ZDD
dewmﬂmzﬁﬁ%é PCL OB EEHIT T IO X
HITEEND.

Iopl = %TL‘ (10)
T, e BETOWMILTH D, To lZFHTF OMRESHIRE

THY, e lF¥—Ry 745 ‘%K“Ci%é

Te BEPa 3R TOYHEMTRELRETH Y, P84
DR VT L v, —J7, re I3RS A 7b7£>
ETHY, ?2:1‘*0)?35 (e S N AR BT R (A R
L. LizhoT, BTOESELESIZTH <‘:11‘l._r1_40mii
2% B "7_!, %@Hijg)(mfx/ﬁ:liw’“ﬁtﬁb‘ L7
20T, PCL & LTOMRIEILL 2. —TF, HTO
JESFBUET 7% &R E D, BUROTTRE i Twn
LA F 2T TO0TDRIEFIIX LT I mm DFE A
WHENTWB, Lo T, 5mm W=D T
BT A FORBREIT 5722 812 b, 928, #ln 2
O Ko TRERBEEI DV &I, BUSII
DWZIBEITTH0DBBEEL T HLEND S
J. TODESREEE LzLT, 25 mmEE D BiTe
SO E A7z 14 kA ODIL(MLL.)'(JTZME%UW)}\%é
1, 120-140¢ FEETH Y, TNUIZEREAD

JEH E LCiE, BICHEEGICE 8 E 6T, ;LTIJ” ’fﬂ:
Wy A7 L= IS M TH 720, IEKHATE



Journal of Plasma and Fusion Research Vol.78, No.l January 2002

BEME A9 HRZ, BN T AT AR H W
BEE I A NP HERR ETESHHENS L9
Z2oC&7z, Table1iCdHH LD, Thid =013t
WY BEMIICRY, BELLEROYRIIRELS S, F
W2, ThHOI A NV TILERMES300 AT TH 5720,
BRI LD BRERL VT SIS R R R T
D, EWEMELL XV hoTWEERDbNS, 512,
B EAR D BAZE R D1/ 2000 T TH B 720, &
MEBELRVWTLHBAMMLETE S, LdoT,
ANYTLAT) =73y PTCREBRERZ AT, S, G
LEbLETCOMMEEMTELMREEXDH L. L
T, BEPERED T LR RELEEEEEL 2D
Wi, ZBRONLVF RO E RS NS. £
BiticX o C, MUMBERAWTHRESEY 15 5RE
WCTEB720, S0k bBBEADKEIYNGETE 5.

F /2, BMAEHTS #FH L7 77 K TOMBEE MR Y
AT B DOWFEHHA TS, FHIZ, KETILZHTS % FIH
L2 r — T VORI AN F—4 (DoE) & J.iMc
HEATHT, ERLANVOEERORRE E TEL .
ZOES%, TTKFZDY AT AT, HTS 2 FIH L7284
BADERBETEERL L TERL, FIRTIIAE]
BREFET B TEDSME—DTFEE RS, 512, BE
ARIE F N ARSI TH B 720, £BICLTK
X BEBAIMELZHED, S5V FohRICLoTK
XGRBEMNERRBETLOT, TNHOBMEITBEYE
MOBROARY 2T 5 Z & ITHAT& 5[29].
KEOEREE R ETRHL THALVERO—DTH 5.

BB, MRIEY 4 K25 PCLIZDWTiliR5%.
NI~ 7z X 9 12, Superlattice/Nanowire 7% & O
WEETOMEIBEEATETND, DL BRIy
OEEEFORTRERWICIIRBERT THLLEE L
B, L72d3o T, BUEIR BiTe RO E2FH LT3
B, Gt S HICHERED RO IERDBISE S ik, 4Dk
WRELRESHIFHFTES.

3. BETIRTOHIGHEEREDH L O
BB COMEIRICOVWTIE, BRIV YA+
BRI OWTHHEITS . THEERDOEL -~y 7 5%
FAALLEE S IYH IO AR 5720 K& R
BelEdidh 5. KT, MR-y 2ROV TR 5,
BEOERT— Y OFELIERHL, 0T — 298
TolMRIZE o TH—MIZHRTE L L) ICho 72
LEFEDD. LEPBBHRRIZOWTTH S, mEIZ.
BN A= K 512, Rl B EMEHCE L T3 B0

28

high temp. side

r heat

+ o+ 4+ 44444 CUITER

low temp. side

Fig. 12 Heat and current processes of seebeck element.
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Fig. 13 Heat and current processes of Nernst element.
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alloy versus magnetic field in various temperatures (ref.
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