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Abstract

.1t is shown that with the use of the fusion output and/or environmental thermal energy, innovative open systems for
pemanent suio-working (PA) direct energy converting (DEC) from the  thermal to the electrical (TE) and fixther to the
chemical potential (TEC) energics, abbreviated as PA-TEC-DEC systems, can be used for new auto-working electrical power
plants and the plants of the compressible and cgnveyable hydrogen gas resources at various regions in the whole workd. Kt is
analytically shown that the same physical mechanism by free dectrons and electrical potential determined by temperature in
conductars, which include semiconductors, leads to the Peltier effect and the Secbeck one. It is analytically proved that the
enargy conservation law is exactly satisfied in a simple forin where the net absarbed thermal power is directly transferred to the
ehestrical power and to the chemical power in the PA-TEC-DEC systems. It is analytically and experimentally clanficed that the
long distance separation between two = type elements of the heat absorption side and the production one of the Peltier effect
circuit system or between the higher temperature side and the lower one of the Seebeck effect circuit one does not change
miechanisims of the heat pumping by the Peltier effect and of the TE-DEC by the Secbeck effect. The proposed systems gives
us freedom of no using the fossil fuel, such as coals, oils, and natural gases that yield serious greenhouse effiect all over the earth,
and the plant of nuclear fissions that left radiating wastes, i.¢., no more environmental pollutions. The PA-TEC-DEC systems
can be applicable far several km scale systems to the micro ones, such as the plants of the electrical power and the hydrogen
gasrwmnces,oompacttranspcrlab]ehydrogengaspod\m the refrigerators, the air conditioners, home electrical
apparatuscs, and further the computer elements.

Keywords: electronic adiabatic process, electronic heat pumping, free electron fluids in conductars, direct energy conversion
system from fusion thermal output, direct thermal-chemical potential energy conversion system, permanent auto-working
(PA) electrical power plant, PA plants of hydrogen gas resources, open systems

PACS numbers: 84.60.Rb, 84.90 +a, 89.30.+g, 89.90+n

L INTRODUCTION

Tt has been attracted the scientific research that the fossil fuel, such as the oil and the natucal gas, would be consumed out within
several tens years from the earth for these several years. The electric power plants using the nuclear fission have inevitable
feature of radioactive dust and dangerous running without control by careless accidents.  On the other hand, the power plants
using the nuclear fusion have many advantages compared with the fission plant, such as the low neutron yields to suppress the
radioactive dust and naturally shutdown because of cooling of confined plasmas. Various types of confinement system for the
fusion plants have been proposed hitherto, such as the Tokamak, Stellarator, Tandem Mirror, Reversed Field Pinches (RFP),
Field Reversed Configurations (FRC), Compact Torus (CT), Spherical Tokamak (ST), and so on. In the case of the RFF, the
self-organization process has been known to lead to the stable state of the confined plasma Many theories to interpret the
scif-organization phenomena in plasmas have been proposed, and one of the authors have been contributed for the
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development of this research area [1-9]. The present authors have also reporied systems of direct energy converter from
thaermal to electrical and further to chemical potential energies [10]. The fusion output power is usually converted to
the thermal power st the blanket, and the water is a candidate to absorb the thermal power for establishment of the usual
electnical power plant. In order to reduce radioactive dust produced at the blanket, we have to develop some other systems of
direct energy converter from thermal to electrical and further to chemical potential energies. On the other hand,
rescarch works on the scientific analysis, the application, the industrialization concerning to the Peltier effect and Seebeck one
have been published a lot in various journals [11-16). .

In this paper, we present innovative open sysiems of direct energy conversion using electronic adiabatic processes of electron
flaxid in solid conductars, i.e., new plants of electrical power and hydrogen gas resources from the output of fusion energy. In
Section I, we present the theoretical background and some data by demonstrative experiments for the innovative direct energy
conversion systems. Sections II-1 and II-2 are for the Peltier effect and the Seebeck one, with circuit equations ancd
demonstrative experimental data. Section II-3 is for the electronic heat pumping (EHP) with circuit equations andt
demonstrative experimental data, and some proposal of a auto-working EHP system, new plants of electrical power and the
conveyable hydrogen gas resources, without environmental polhutions, We have obtained some experimental evidence such as
the conveyable hydrogen gas by a preliminary experiment on the resolving water system. Concluding remarks are in Section
V.

I1, THEORETICAL BACKGROUND AND EXPERIMENTS WITH DISCUSSION

We present here a theorctical background for electronic adiabatic processes of free electron fluids in solid conductors, which
inchude semiconductors, and demonstrative experiments with discussion.

H-I.Energytramfersbetweenthemmlmmanddedﬁwpotenﬁalonesofﬁee_elecuunsby&amnicadiabaﬁc
Process

At first, we consider an energy band diagram around contact surfaces among three conductors A, a metal M, and B with
external electric field from B side to A one, as schematically shown in Fig, 1. Here, A and B are conductors with large absolute
thermoelectric power, called the (absolute) Seebeck coefficient written as ¢ (7)) and v g(T?), respectively. The value of the
Seebeck coefficient of the metal M such as the copper Cu is usvally very small compared with A and B. The Secbeck
coeflicient depends on the temperature 7; around contact surfaces. The Fermi energy level is denoted by Fy, the lowest level of
the conduction band by ke, the highest level of the valence band by Ey, and the vacuum level by Evyac. Since the heat
conduction is high enough around the two contact surfaces in Fig. 1, the temperature of A, M, and B become respectively the
same temperature 7} as a result. Since the external electric field is applied from B to A, the Fermi level Fy is the highest in A,
the middle in M, and the lowest in B. The free electron distributions in semiconductors and metals can be usually expressed
respectively by the Boltzmann distribution and the Fermi-Dirac one. The electrical potential ¢a(77) and ¢i(7T}) are measured
from the vacuum level vy to the Ex level and the throshold energy for electrons to go out from conductors is given by Eyac -
I The potential difference Fa (77) between B side and A one is given by

Vea (1)) = 85(1) — 9.(T). )

We use the two conductors of A and B in which electrical potentials have the features of ¢(77)> ¢a(77).  On the other hand,
Pra (T1) has the following experimental relation with the use of the relative thermoelectric power ( i.e., relative Seebeck
coeflicient ) apa(71}, as follows

Vea(M) =g (I =ag, 1) > 0, V)
where cpa(Th) is hereafter abbreviated as apar, and is written by the Secbeck coefficient o A(T)) and ap(7}) as
Xyar :aB(Tl')_aA(];)s 3




From Egs.(1) and (2), we obtain
Qgpm :[¢B(I;)_¢A(T]')]/T; @)

Frrom Eq. (4), we see the relation of @aan =~ Qapn. Electrons in the conduction band and the valence one, where in the latter
band electrons move reverscly against the holes of positive carrier, have their own total energy H written by

], ©)
2
where (m./2) va denotes the kinetic thetmal encrgy of the every free electrons.

We now consider the electronic adiabatic process of the free electrons in the conduction band and electrons in the valence
band around the contact surfaces between A and M, and between M and B, shown in Fig. 1. At first, we pay our attention to
all electrons in the conduction band and the valence one. ' When every free electrons are driven from A to B (the direction of
curtent is inversely from B to A) by external dlectric ficlds, they move adiabatic from A to M and M to B through the two
contact surfaces, keeping their total energy H, as follows

H =eg(T))+

H = e (h)+7=Via

=e¢M(7;)+”;° Vi,

v ©
where v denotes the kinetic velocity of every free electrons of interest, which were in A, and vy is that of the same free
electrons which have moved into B, Here, the drift velocity of fiee electrons by the external lectric field can usually be
n@@hmmmmwmmwmmmwmmmm&wﬁmdmwﬁw
drift velocity accompanied by external electric fields is neglected in Eq.(6). From the electronic adiabatic equation (6), we
obtain the followings:

=edy (1)) +

m

=V~ TVh =B D)~ D) T v =l D4 @
v T =T B )] TV = v el 0D~ A D)
’Z" v < %ivéM < 2’ Vi, (8)

where ¢(T1) > di(T7) > ¢a(T7). From Eq. (7), we can find a physical fact that through the electronic adiabatic process (EAP)
of the free clectrons from A to M and from M to B, the kinetic thermal energy of the free electrons of interest have been
converted 1o the electrical potential encrgy by passing through the two contact surfaces with M. In this way, the direct encrgy
oonverting(DEC)frommeﬂmmdmmeebwimlaﬁghsﬂaismdimd&nwghmedﬁwmﬁcadiabaﬁcm(EAP)of
froe electrons, abbreviated as the TE-DEC by the EAP. We can see from Eq.(8) that the kinetic thermal energy of the
froe electrons of interest has become lower by passing through the contact surfaces. Therefore, the heat absorption takes place
in the M side neighbor of the contact surface with A and also in the B side onc with M due to the Jong range Coulomb force
intemcﬁonamongthefreeeledrons,wlﬁchhaveﬂowedin,mdﬁlosethathaveexistedinMandeefaehmdbyquiteshm
equi-partition time of kinetic encrgies. When a long cable conductor is attached to the B side, the Coulomb interaction travels
along the cable conductor with the speed of electromagnetic waves (EMW). The traveling time of the EMW is greatly sharter
duetoﬁlelightvelocityandﬂlistimcisqtﬁwmnaﬂerﬂmnﬂleeqm-pmﬁﬁmomdwmalaofhtemcﬁmsammgebdrms.
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EqumthmbdwemﬁnmecﬁdﬁeedwﬁmsmﬂpomﬂwdmnsmtbelmgestmmﬂmMandBm If the
external electric field to drive free electrons is reversed, the level of Fx in the side of A, M, and B becomes highest in B, middle
in M, and lowest in A. SimeﬁeﬁneshommﬂgyEm-EpdoeanChmgebyﬂwmvamioﬂhemmlebWicﬁdime
electrical potential remains as #u(T1) < ALT7) < d(T}) in Eq. (7. In this case of reversed external electric field, the heat
;rodlxﬁmmkespﬂweinﬂBMsidewighbaofﬁanactsmﬁoewiﬂlBandalsoinﬂ:eAsidemewﬂhM,oonsequﬁﬂy
ThisTE'DEbetheEAPinodeMSisﬂleﬁmdamﬁﬂal;ﬂxysi}al_mechmﬁsmofiheweﬂ-lulownpelﬁﬂ'eﬁectdﬂnelm
having the structure of [A(T}), M, B(T7)] or simply [A(Ty), B(T})].

dewhgwmdmﬁfmﬁmuﬁ&mmhmimdhefa&e%hﬁcﬁwﬁwﬂhapﬁrofheﬂabmﬁmmﬂﬂwwﬁm
sides, using two = type Peltier clements: IfﬂlehemﬁnkmaﬁaialaﬂnchedtoﬂlehemgodudimsideA(p),whichmmap
typesanicmdwta,isndawughbhkemﬁlhenodwedthmnalmag;ﬂhmaﬂpmﬁofA{pLMmdB(n)mFig 1 become
mmmmWMWEMthighmmm&ﬂnvayMghmmbGof
ehcﬂmshﬂxevalambmﬂmeedbdbﬂ:ecmﬁnﬁmbmﬂmmakeihe&bvdqﬁwhghmtbmaﬂelectricalpdmﬁals
become equal as ¢a(7}) = (7D = ga(TD). Consequentl, the Peltier effect does not work any more in this situation, and the
exte:mlelcctr'mlpowisusedonlyfaOhmichwingofﬂleelecuhalresimeodeﬁereﬂ’ectelﬂnaus.Indhﬂwmds,
mwdwpwﬂmmmmmmmmm&mmmmmmm
&ePdﬁaeﬁeadmmhmlmgehwsinkahwrﬁﬁaﬁmmMaeWMmm In order to avoid this
problem mentions above, we proposed a novel and simple method by separating the two type Peltier elements, one of
whichisﬂlehmtpmducﬁmsidemdﬂedhﬂ'isﬂnabsapﬁmme,“dﬂ:ﬁnme(ﬂ'highlydecﬁealcmxhwﬁwlmgwmm
the open systems as shown in Fig. 2(a). Here, the two type Peltier elements in Fig.2(a) have the pair of the endothermal
side and the exothermal one as is shown in the figure. One of the important innovative facts inchided in this method is that the
endothermal energy and the exothermal one are not canceled out within one set of 7 type Peltier elements, but they are
canoeledombetwetmthcmoﬂnmalsideandtcendothamalom,whichmewnnecbadbyhigﬂyelechicdcmducﬁvelmg
wires, as will be shown later by demonstrative experimental data.

Onﬂncoﬂﬂ-hand,ﬂleSeebeckeﬂ'ectelﬂnemshaveﬂlesamestnneof[A(ﬂLMB(ﬂ)]orsimply[A(ﬂ),B(Tﬂ].Ifthe

temperature of conductors becomes higher, then the bounded electrons are released mare 1o the free electrons to raise the level
opr.Thﬂdaqmeebwimlpdmﬁd¢A(T})beounmluwa'whmi'}ishighez.Ifwekeephwotempemhnesofﬂandi’"zas
Ty > Tlike as shown in Fig. 2(a) for two mutually connected = type Peltier effect elements of [A(77), M, B(7})] and [A(73),
M, B(T3)), then we obtain the serial clectrical potential difference Ven(T3,73) = { [#(7) - ddTi)] HouT) - d(T)] } +
{ [a(D2) - ALT)] + [ALT3) - (7)) }= Ven(Th) + Ven(T), which is known as induced voltage by the Secbeck effect We
mayﬁndﬁmnﬂmeﬁdsﬂmﬂwPeMaeEeamﬂﬂwSeebedcmmﬁmﬂbsamcplqunmhmﬁmembddedm
conduciors.

We have done demonstrative expesiments using two set of three or five 7 type Peltier elements with two separations of
about 1 cm and 225 cm, as shown in Fig.2 (b), where .the left and the right side sets of = type Peltier elemens are connected
as m-iype to n-type and p-type to p-type in serics. It is noted here that we use the cables comecting the both sides of the iwo
Pelﬁa%ddmﬁsystan&whhhmemadebyomﬁxﬁmswiﬂlmme@decﬁcdcmdmﬁvﬂy. Figure 2 (c) shows
experimental data for the case of about 1 cm separation between the two set of three = Peltier clements in Fig. 2 (b). The
room temperature is kept to be around 24.0 °C for the experiment of Fig. 2 () and around 26.5 °C for the experiment of Fig.
2(d).Itisswnﬁ'omFigZ(c)ﬂlatﬁ'omﬂ:ebegimjngtom'oundO.ﬁmin,thetempemmrenatﬂleHASgomdown,bmaﬂa
the cooling down the value of 7 goes up just like the curve of 7; at the HPS, This experimental result indicates that the thermal
ammmmﬁomﬂwHPSmtheHASheatsup&erASmhneaseﬁalmostuopaﬁmalmﬂ.Figure2(d)shows
expahnentaldatafaﬂ:ecaseofabommcmwpmaﬁonbetwemthehmsetafﬁvg 7 Peltier clements in Fig. 2 (b), where
ambmmshawnmﬂwdﬁacmhissemﬁmnﬁgl(d)ﬂmtaﬂaﬂmeﬁmeofmd10.0min,ﬂ1evalwofT4atlhe
HASbWwbeMymmmlowmmermmmebmaweofmemﬂmmwmmmeomﬁng
Peltier effect and the warming by the sumrounding air. The value of 7, at the HPS is seen to gradually increases up to about
62.5 C and the difference between 7} and T, becormes about 40.0 °C. The time evolution of 7; and 7 in Fig. 2(d) is seen to
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be quite different from that in Fig 2(c). Other interesting fact of the data in Fig. 2(d) is that the temperatare 7; at the
endothermal side goes down until around 1.0 min and then gradually goes up to become close to the temperatwe T, at the
exothermal side with difference of temperature around 4.5 °C. Both values of 7, and T, are higher than the room semperature
of about 265 °C by around 10.0 °C. The Joule heating by fairly high DC current of 5.0 A is considered to affect the
temperatwees of 7, and 7T to become higher than the room temperature. The most important point is that 7, at the endothermal
side and T; at the exothermal one become close to each other within a rather short time of around 15.0 min. In other words, the
initial decreased kinetic energy of electrons that determines the value of 7, and the increased one that determines the value of 75
have almost cancellod out with each other within the time of about 15.0 min along the cupper wire cable length of about 225
cm, ie., the approximate cancellation fime te = 15.0 min. In order to check the possibility of cancellation due to the thermal
diffusion and the electron drift velocity along the cable, we have measured the Ohm’s drop along the 225 cm cable and have
calculated the drift velocity of electrons. At first, we have measured whether the thermal diffusion along 225 cm cable reaches
the other end during te., = 15.0 min, and have found that the thermal diffusion time is much longer than 15.0 min. Second,
using the mobility £ =30 [ cm’/V, (t*)] of the cupper arcund room temperature and the electric field £ = 0.78 X 10” (V/em)
obtained from dividing the Ohmic drop by 225 cm, we obtain the drift velocity va=0.23 X 10" (cm/s). The transferred distance
L, of thermal energy camied by dnfiing electrons during t, = 15.0 min can be estimated as L, = v4 X900 s= 11.0 cm. We then
find the fact that the distance Ly =11.0 cm is much less than 225 em of the cable, and therefore the drift velocity of electrons
cannot be the physical candidate for the experimental cancellation time of to = 15.0. min. One of qualitative explanation is as
follows: A huge amount of electrons that had flowed in the cupper cable from the semiconductor would induce electrical
potential fluctuations in the cable, and the fluctuating polential would propagate along the cupper cable to the other end with
the speed of electromagretic wave in the cable. The propagating potential fluctuations, however, would reflect at the end and
propagate back to the other direction, and the propagating potential fluctuations would repeat go and back along the cable until
the fluctuating potential energies would have absorbed into the thermal energies of electrons, whose thermal energies would
finally go into the thermal energies of cupper atoms to balance thermal encrgics between electrons and atoms. The physical
mechanism 1o explain quantitvatively the short cancellation time tey, = 15.0 min, however, is still left behind for further
theoretical and experimental investigations.

1I-2. Applications of energy transfers between thermal energies and electrical potential ones by the electronic adiabatic
process

Using the TE-DEC by the EAP, i.e., the Peltier effect, there have been developed the so-called heat pumping modules, which
follow the usual gaseous heat pumping with the use of the adiabatic-compression and expansion of circulating gases, are
commonly used in various devices such as computers, refrigerators, water coolers, and so on. In the case of the so-called heat
pumping modules in the commercial devises, the separation between the heat absorption side (HAS) and the heat production
one (HPS) are not so large, for example, within a few cm. The separation between the HAS and the HPS should be, however,
more variable, so to say, from a few cm to hundreds of km, for more various applications, such as shown in Fig 3(a), as a
circuit system with the use of the Peltier effect. We call here the circuit system in Fig, 3(a) as “the electronic heat pumping
system”, in order to distinguish the present system from the conventional gaseous heat pumping system. We have done
demonstrative experiments for the electronic heat pumping system, using two sets of = type Peltier elements with about 223
cm separations [cf. Fig 3 (a)]. Here, .the left and the right side sets of four = type Peltier elements are connected as n-type to
n-type and p-type to p-type in sires. Under two conditions for the left side Peltier clements, we have measured the temperature
T, on the right hand side Peltier elements. At first, the left side Peltier elements have been put in surrounding air without any
external temperature controlier. Secondly, the temperature 7; on the left side Peltier elements is kept at 10 “C by additional
heating with an external temperature controller. Experimental results are shown in Fig. 3(b), where the lower curve denotes the
data of T,for the case without any external temperature controller and the upper one represents the data of Tifor the case with
the external temperature controller. It can be scen from Fig, 3(b) that when the value 7 on the left side is kept at 10 °C by
additional heating with the use of the external temperature controller, the value of 7 becomes higher than the case without the
external. temperature controller. This experimental result clearty show that the additional thermal energy is transporied from the
left side set to the right side one by the electronic heat pumping as shown by the upper curve. By subtracting values on the
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lower curve from those on the higher one in Fig. 3(b), we obiain the increased temperature of AT, by the electronic heat
pumping under the additional heating to keep 7} = 10 °C, as is shown in Fig. 3(c). We soc from Fig, 3(c) that the transported
mﬂmﬂmgyommpmdmgmAﬂsahnapwaﬁmdmmemﬁmIPAsamu&mhﬂemﬁdemm
mmmlmmwmdm@mwmsmm&emmm
soihatﬂwmeaddiﬁonalhwﬁngmﬂnm&xhamalsideofPehﬁelanﬂlsandlheMghﬂmmmtmﬁem&dobeﬂe
gremmﬂmdmymmwﬁmNexg%mmmdmnmsmvemhﬁndmmmumpmg,
using twosct of five = type Peltier elements with about 225 cm separations, as shown in Fig 3 (d) similar to Fig 3 (a). Here,
both of the two sets of five . type Peltier elements in Fig3 (d) are entirely enclosed by multiple layers of thin aluminum
shedgMNdammakcmaMangymwﬂllmmmmemﬂmmmmdmmm
thermally insulated from surrounding air by thin papers including air inside them. When the current flows in the circuit of Fig.3
(@), the Joule heating takes place to raise the temperatures T; and 7, of the two sets of . type Peltier elements. If the
endothermal energy and the exothermal one were canceled out within one set of = type Peltier elements, then T, and T,
wmﬂdhnmsewhh&emvﬂumHomvmfumdhﬁmd&emM&mﬂmgymdﬂﬁmﬂm&dmke
plm&Memﬂtmoﬂwmﬂﬁ&mdﬂwm&hamﬂmwhkhmmwdedWﬁgh@el&hﬁcmﬂuﬁwlmgmm
Fig.3 (d), then T; would increase faster and higher than T;,duc to the elecironic heat pumping mechanism. Figure 3 () shows
'theexpedmmmldalaofthemcaswedﬂandﬂWeteoognizeﬁomthedatainFig3(e)thatﬂ13netﬁﬂmalmgyby]oule
heating at the 7, sideisdeﬁnilelyﬁ'anspmtedto&ncﬂ.side,mdﬂwefa‘elhceanocﬂaﬁmofﬂleendoﬁﬂmalaﬂgyandﬁne
exahelmalonehasrealizedwiihinafaiﬁyshatﬁmeofafewmm.throughﬂlecmmecﬁonbyhighlydechicaleondmﬁvelmg
wires between the exothermal side and the endothermal one.

1t should be emphasized here that the long distance separation between the HAS and the HPS of the Peltier circuit systems
do&smtchangeanyphysicalmechmismsfathePdﬁaeEecm,ie.,ﬂntwophmmaofﬂleexdhﬂmalmandihe
endothermal one do occur at the same instance. This is because that the additional electrical potential due to free elecirons
ﬂowedinﬂlecondmtxrpushﬂsmmmdmgevaydectonsmbeshmdalongﬂseoondnmminduoeﬂsecmrmn,andﬂme
travelingspeedoftheaddiﬁonalelecuicalpotenﬁalmustequaltoﬂ\eelecu'ostaﬁcpoﬁenﬁalwavecrﬁleeleurmnagwicme
along the conductor until it’s amival at the other end. Because of these physical mechanisms, the induced thermal enezgies (so
to say “positive thermal energy”) at the exothermal side connected by highly electrical conductive long cables are cancelled out
with the absorbed thermal energies (so to say “negative thermal energy™) at the endothermal side of the present elecironic heat
pumping system in Fig.3(a).

In the stcady state phase, the thermal energy absorption by the = type Peltier effect elements with the temperature 7, in Figs.
2(a) or 3(a) is writien by

Toars =Mag, I =V, I, ©)
where M is the number of the = type Peltier effect clements, and Vi, = M o:p731, 15 the output voltage by the Secbeck

effect. The circuit and the power balance equations in the steady state for the circuit in Figs. Z(a) or 3(a) are written, respeclively,
as follows,

Ic (Izl+RC+R2)_(VST1T2+VST3T4):VQ:> (10)

]c2 (R1+Rc +R2)_Ic(Vsm"2+Vsr3r4)=IcVex: (1h)

where R, and R, represent the contact resistances at the HAS and the HPS, respectively, and Venr, = M(aasnTi—casnT5)
and Vsrara = M (0unrsTsouprali) are the output voltages by the pair of the Seebeck effect elements. Since the power
balamebetweentheﬂﬂ'malinputandﬁteﬂﬂmalompmfrmnﬂmeclosedsmoundingsofthesystembymingﬂBPelﬁe;
eﬁeamusthesaﬁsﬁedmﬁwﬂeadysmwphasebmmeofﬂwmgycmmﬁmhmﬂwmendoﬂlamalmetgyandthe
totalcxothetmaloneinﬂlecirmitsystemmustbecompletelycamelledoutWethmobtainﬂlcpowerbalanceequ.ationsofﬂle
thermal energy by the Peltier effcct for the electronic heat pumping system of Figs. 2(a) or 3(a) as follows;

Ma, I -Ma,y , TI +Mao g, T, ~Ma,y T1 =0, 12)
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Suabstituting Eq.(12) into Eq.(ll), we obtain the final power balance equation, as follows
1V, =L (R+R +R,). (13)

We cleardy find from Eq(13) that the externally applied electrical power is used only for the Joule heating in the total
resistance of (R +Re + R,), and the transpaortation of the thermal energy takes place independently from the external electrical
power. This feature of the electronic heat pumping systems shown in Fig. 2(a) is common in the main concept for the general
hezat pumping systems, and it can be considered to be a remarkable advantage for development of electronic devices by using,
the Peltier effect elements.

“The physical mechanism by the electronic heat pumping (EHP) system in Fig, 2(a) is completely different from the gaseons
one (GHP), where the GHP is based on the physical mechanism by the energy transfer between the gaseous thermal- and the:
external mechanical energies by the adiabatic compression and expansion of the circulating gases. This different physical
mechanism between the EHP and the GHP leads to the followings: 1) The speed of the heat transport is the speed of the
electromagnetic wave along the cable conductors in the EHP, while the speed of the heat transport in the GHP is the circulating;
speed of the working gas in the gas pipe, i.e., heat transport time is almost negligible in the EHP compared with that in GHP. 2)
In the case of the EHP, there is no mechanically moving elements, and Eq. (8) tells us that the heat absorption (or the heat
production ) always takes place in the conductars as far as the condition of ¢(77) > @AT:) > #a(17) is kept. In other words, the
tempesatures at A of the HAS and at B of the HPS could have extremely low and high values, respectively, depending on their
circumferences. 3) The absorbed thermal encrgy at the HAS is equal to the transported thermal energy at the HPS, ic., the
conservation of the thermal encrgy absorbed at the HAS and produced at the HPS is automatically guaranteed in the EHF, as
discussed at Eq.(13). 4) Since the HAS and the HPS are flexibly separated, for example, the HAS is used for refrigerators or air
oondiﬁmﬂ&andatthesmnetimc,ﬂleHPScanbeusedindepmdmﬂyfa‘heaﬁngdeﬁommnhashemjngwawmandthe'
HTS of the Seebeck effect circuit system shown later, which can be placed at an arbitrary distance.

It should be noted here that the clectronic heat pumping system with the use of the Peltier effect shown at Fig. 2(a) and/or
Fig. 3(a) plays as a compressor of the thermal enesgy density through the transport of the thermal energy from the HAS to the
HPS, for example, the thermal energy in air with fairly low thermal energy density because of room temperature is absarbed at
the HAS and is transported to the metal at the HPS with higher thermal energy density due to heated by the Peltier effect. This
role of the compressing thermal encrgy density is same for the usual gaseous heat pumping. In other words, through the
transportation of the thermal energy to the metal with a small heat capacitance at the HPS, the compression of the thermal
encrgy density is realized to increase the temperature 7 of the metal. This increased temperature can be used for the following
Secbeck effect circuit system.

In the same way as the heat pumping circuit system by the Peltier effect, the Secbeck effect circuit system can be established
with a larpe separation between the higher temperature 77 side (HTS) and the lower temperature T3 onc (LTS), as shown in Fig.
4-(a). Here, the labels A and B represent the same materials as was shown in Fig. 2 (a). The physical quantity of Vo is the out
put voliage induced in the Seebeck effoct circuit system, and R, the total electrical resistance of the cables connecting the both
sides of the HTS and LTS in Fig. 4<(a). We recognize that in the Secbeck effect circuit system, the thermal energy is directy
converted to the electrical potential enesgy, as far as the condition of 77> 7, is kept in the open system. In the same way as the
circuit equation of Eq. (10) for the circuit in Figs. 2(a) or 3(a), the circuit equation of the Secbeck effect system without Ve in
Fig 4(a), which has no external electrical power and no current in the circuit, is written as follows;

Voa —~IM (a5 T —@ppr, 1)+ M@ s T, — A 13)]=0. (14)

When we set 72 = T3, the third term of the left hand side of Eq.(14) vanishes. Since the relative Secbeck coefficient
has usually a weak dependence on the temperature, we can put as daprs= @ann and therefore we obtain the following
equation for the output voltage V., by the Seebeck effect;

Vow =Mapr (T - 1,) . (15)
We find from Eq. (15) that Vo by the Secbeck effect is proportional to the temperature difference AT = Ty —T. We
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have done demonstrative experiments using two sets of Peltie elements with M = 30 and about 30 cm separation between:
ﬂmetwosets,asshowninFigfl(b),where.ﬂ:eleﬂmdﬁ:eﬁghthandsideofﬁﬁeendemmlsmommectedasn—typewnqpe
ard p-type to p-type in sires. Figure 4 (c) shows experimental dependence of V., by the Secbeck effect on the externally
applicd variable of AT = Ty —T. in Fig4 (b). It is seen from Fig, 4 (c) that V,,sincreases almost propartional to A7 up
to around 2500 mVat AT % 100 °C, as is expected by the anaytical equation Eq. (15). If we increase the number of Pelic
elements, for examples, 20 times of fifteen Peltie elements, i.e., 600 Peltie elements for Fig.4 (b), then the data of Fig, 4 (c) give
ns anestimated Vo, = 500 Vor AT = 100 C. This estimated value of V. is encugh to drive the heat pumping Peltier-
effect circuit system with around 600 Peltier elements shown as Fig. 3 (b) without any external electrical power. This
experimental result indicates that the system proposed in Fig. 4 (a) has a good direct energy transfer from the thermal to the:
electmalpotennalenﬁ'gl&swnhfmrlylongsepamuon,andgvesmﬁeedomto&stabhsheasdythcelwﬂmalpowerplmﬁswnh
the various separation distances between the HTS area and the LTS one. Wedonotneedﬂlefosmlﬂlclssnchmooals,ods,
and also the nuclear fission, all of them leave environmental pollutions.

It should be emphasized here again that the long distance separation between the HAS and the HPS of the Peltier circuit
system or the HT'S and the LTS of the Seebeck circuit one does not change any physical mechanisms for the both effects.

IE-3. Permanent auto-working direct heat energy conversion syslmns‘ﬁ'om environmental thermal energies to the
electrical - and/or chemical potential energy resources

We;resmﬂhaemmvahvepamanmtmﬂo—wmiangdnedenergyconvaﬂngsysﬁems(PADECmtmns)frmnﬂle
exvironmental thermal to the electrical and further the chemical (TEC) potential energy resources. Hereafter we abbreviate this
kind of systems as the PA-TEC-DEC systems.

(PA-1) At first, we add the Seebeck thermoelectric circuit system to the heat pumping system by the Peltier effect circuit of
Fig. 2, as shown in Fig. 5(a). Here, Fig. 5(a) 1s the PA-TE-DEC system, where the Seebeck effect circuit system is simply-
added on Fig, 2(a). In Fig 5(a), the part of the thermal encrpy transporiation is denoted by the mark <1>, and the part of the
DECwiﬁﬂmposiﬁvefwdbacksysmbyﬂxewaeckaﬁ'ectoMpNvoltageisshownbyﬂlemkak'I‘hesubsa’iptS
repmmtselanmtseonmningwiththeSedaeckeﬂ'ectOpaaﬁngseqmmeofﬂlisPA—TEDECsysmsshowninFig5(a)is
as follows: I)V\kclosetheswiﬁchlandopmtheswi&hlBythisstﬁeofdmﬁm,ﬂxeﬂﬂmalmgyis&anspatedﬁmnﬂle
HASmtheHPSatlhemaxk<l>tomakethcmpemuneTzhigherand}ﬁghﬂ:Ina’da'mraisethetempemmrei’}.atﬂlel-lTS
of the Seebeck effect circuit system, the HTS is contacted to the HPS of the Peitier offect circuit system with the use of the
tlnmallyeondwtivehlsulm,smhasﬁnesﬂioonoil2)Aﬂaﬂ1evalueofVm.havebeoomehighelm@todﬁvetheheat
pmnpingcixwitbyﬂteposilivefeedbackdﬁvingvoltage,weclosetheswitch2andopentheswitchl,andresulimﬂyﬂme
PA-TE-DEC system is established to work without the first external battery.

(PA-2) Next, we show the operating soquence of the improved PA-TE-DEC systems shown in Fig. 5(b): 1) We close the
switch 1. 2) Heat the HTS at the mark <2> with the use of some external heater such as fire of woods or a portable heater, so
that the temperature 73becomes higher and higher. 3) After the value of Vout. have become high enough to drive the
heat pumping circuit by the positive feedback driving voltage, we close the switch 2 and open the switch 1,
and the PA-TE-DEC system is established resultantly to work with lesser initial external input encrgy, The current, I,
continues to flow by the positive foedback circuit, as far as we keep the condition of T3> T,

The physical reason why we can realize this type of the PA-TE-DEC system is as follows: (1) In the heat pumping circuit by
the Peltier effect in Figs. 5(a) and 5(b), the environmental thermal energy absorbed from circumferential material at the left side
isconﬁnumsbflrampomd&ommehﬂhandsidemﬁwﬁghthandmembeomdmsedﬂnmalmgydmsiw,asfmasﬂme
condition 73at the HTS > T, at the LTS is kept to yicld high enough positive feedback Vout. by the Seebeck effect circuit. (2)
Whenelecu-icalmnremﬂowsmﬂmeSeeheckeﬁeddlcuiLﬁﬁschcmwuksasﬂEMmmpmgm:ibyﬂdeﬁﬂeﬂbdm
absabﬂleﬂﬂmalenagyatﬂleHISmdprodmetheﬂﬂmalmgyattheLTS.(3)Duetothccombinationof(1)and(2),ﬂ1e
thetmalenezgyconﬁnuomlyﬂowsﬁ’omﬂmregionsofﬂtoﬂ,T;,,andﬁnallytoT;inﬂlistotalsysm. Since this PA-TE-DEC
system is the thermally open system, the entropy law of thetmodynamics in the closed system is not available. We know that
the earth itself'is one of the open systems, and the thermal energy circulation supports all lives on the earth and also the weather
changes every day. Here, the thermal energy changes atways its type, such as the electrical energy, the chemical one, the
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hwrodynamic one, and so on, and human uses some part of them as an available encrgy resources.

Now, we add further a resolving water past as a load for the electrical out put on the system of Fig. 5(a), as shown in Fig, 6(a).
Hire, Fig 6(a) is the system, where the resolving water part is added on Fig. 5(a), and Fig. 6(b) is that, where the resolving
wter part is added on Fig. 5(b).

We propose the simplest PA-TEC-DEC system, which has only the Seebeck effect circuit system and the resolving water
pat, as shown in Fig. 7. We can see from Figs. 6 and 7 that the electrical potential energy at the Secbeck effect parts is
canverted to the chemical potential enerpy as the hydrogen gas and the oxygen one, which are easily compressible and
conveyable depending on the porpoise of their usages. '

When we consider the steady state of the PA-TEC-DEC systems shown at Figs. 6(a) and 6(b), we can write the circuit
equation and the power balance one, respectively, as follows;

M(aundi — Cppr D)+ N(Qupr Al — @, 1) = 1 (ch +R, +RL): (16)

M(aon ) — @upr, DL+ N(Qupr AL — e )L = ILZ (Rcl +R, +RL) 3 Q7

where R, R and Ry represent respectively the total circuit resistances of the heat pumping Peltier effect circuit, the Seebeck
effect circuit, and the load circuit including the effective water resolving resistance, and A (=1.0) denotes the coefficient of
the thermal energy transfer from the part of 75 to that of 75, for example, no thermal loss correspond to A =1.0. Since the left
hand side of Eq. (17) indicates the net absorbed power of the external thermal energy into the circuit by the Peltier effect, this
equation shows that the energy conservation law is exactly satisfied in a simple form where the net absorbed thermal power is
directly transferred to the electrical power of the effective Joule heating in the circuit. We can see from Eq. (17) that when M=
0, corresponding to the case of Fig. 7, then the difference of the thermal flow power between the absorbed thermal enérgy at the
HTS and the exhorted thermal energy at the LTS is used for the electrical power output (the right hand side term of Eq. (17)).
The first term of the left hand side of Eq. (16) by the heat pumping circuit acts as the effective resistance against the output
wvoltage by the Seebeck effect of the second term. When we make ideal thermal insulation arcund the parts of T; and 73, 1., A
=1.0, the temperature 7> becomes to be equal to 73 Taking account of the weak dependence of the relative Seebeck
coefficient on the temperature, we can rewrite Eq. (16) in a simpler from as follows;

Cpurs[N(G, - T,)-M(T,-T)1=1, (R, +R,+R)). (18)

Since J;, >0 is the necessary and sufficient condition for the realization of the PA-TES-DEC system, we obtain the following
condition from Eq. (17) in order to establish the present PA-TES-DEC system.

N -T,) > M(I;-1)), (19)

We find the following interesting cases from Eq. {19): 1) The M =0 case is the case of Fig, 7, and the condition of 75> T} is
easily satisfied to realize the PA-TES-DEC system. 2) When the heat source areas with fairly high temperature, such as the
Sahara Desert, volcano area, deep high temperature regions inside the earth, and so on, are very far from the place where we
nieed available enerpy resources, then using the heat pumping system in Fig. 6(b), we can make the steady state with 73 = 75 =
7, and realize the PA-TES-DEC system which satisfics the condition of Eq. (19). In this case, the thermal enerpy transfer by
the heat pumping system becomes very useful and the use of the high temperature super conductors for the long cables will be
mevitable for the high transformation efficiency from the thermal energy to the electrical or the chemical energies,
corresponding to the ratio R /(R + Rx+ Ry) in Eq. (17).

Using hot water flow to keep 7, = 76 °C and a cooling fan to keep 73=29 °C, we had also done a preliminary experiment on
the resolving water system. This experiment corresponds to the case where we picked up two parts of <2> and <3> in Fig, 6(a).
Using this experimental system withA 7" = 73 — T3 = 37 °C, we had obtained H; gas of about 40.0 cc and O, gas of
about 20.0 cc at the pressure of the atmosphere on the earth level after 30 min. These experimental results indicate that using
the thermal energy input, we obtain the chemical energy power of about 15.6 mW and the chemical energy of about 7.81
mWH.

If we use more Peltier elements, for example 1000 set of the = type Peltier clements, we can drive motor by burning the
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hytrogen gas exhorting just water, or by using the hydrogen fuel battery. Instead of the resolving water system, we can directly
pust the storage battery at the part of <3>, which is also conveyable and the chemical potential encrgy storage system itself,
being considered usually the electrical energy storage system for the electrical power supply.

We may find that the present PA-TEC-DEC system with the use of the continuous thermal energy flow system can be used
for new plants of electrical power and also hydrogen gas resources without environmental pollutions. Since the solar battery
refkcts over 60 % of the solar energy, being lowered its efficiency of the energy conversion, if we use suitable black materials
in addition to solar battery panels, then all energy of the solar light can be absarbed into the combined biack materials to use for
the present PA-TEC-DEC system and to yield high energy couversion system with fairly high efficiency.

IIL. CONCLUDING REMARKS

We have shown that with the use of the fusion ouiput and/or environmental thermal energy, innovative
open systems for permanent auto-working (PA) direct energy converting (DEC) from the thermal to the
elecirical (TE) and further to the chemical potential (TEC) energies, abbreviated as PA-TEC-DEC systems,
can be used for new auto-working electrical power plants and the plants of the compressible and conveyable
hydrogen gas resources, We have clarified thearetically the physical mechanisms of the Peltier effect and the Zecbeck one
int Section II-1 [cf. from Eq(1} to Eq(8) ]. 'We have also clarified analyticalty that the externally appliod electrical power is
usod only for the Joule heating in the total resistance of the circuit, and the transportation of the thermal energy by the electronic
heat pumping (EHP) system takes place independently from the used power of the extemal electrical source in Section [1-2 [cf.
firom Eq.(9) to Eq.(13) . We have noted four favorable features from 1) to 4) of the EHP system compared with the gaseous
heat pumping (GHP) after Fig. 2(a), and have shown that the EHP system can be used for various porpoises.

We have demonstrated by experiments shown at Figs. 2(b) to 2(d), and Figs. 3(a) to 3(¢) that the EHP system with long
scparating cables works well as expected. We have confirmed by our experiments that the long distance transpoctation of the
injected thermal energy is realized through the EHP system, so that the more additional heating to the endothermal side of
Peltier elements and the higher current in the circuit do yield the greater thermal energy transportation. Since the HAS and the
HPS are flexibly separated, the HAS is used for devices such as refrigerators, air conditioners, and all cooling systems. At the
same time, the HPS can be used independently for heating devices such as the heater for the TE-DEC circuit systems to
generate electrical power, heating water pots and all heating water pool systems, which can be placed at any arbitrary distances.
We have also clarified that the long distance separation between the HAS and the HPS in the Peltier effect circuit sysiem and
between the HTS and the LTS in the Seebeck effoct circuit system does never change any physical mechanisms for the both
effects

We have demonstrated experimentally at Figs. 4(a), 4(b), and 4(c) that the proposed Secbock effect circuit system has a
£00d direct energy converter from the thermal o the electrical potential energies with fairly long separation between HTS area
and the LTS onc. We have clarified at Fig. 4(c) that with the use of two sets of 30 Peltie elements with about 30
cm separation between the two sets, the output voltage by the Scebeck effect increases almost proportional
to A7 up to around 2500 mV at A7 = 100 °C, as is expected by the analytical equation Eq. (15). This
experimental result gives us freedom to establish casily the electrical power plants with the various separation distances
between the HTS arca and the LTS one, without using such as oils, nuclear fissions, i.e., without environmental pollutions.

We have proposed at Figs. 5(a), 5(b), 6(a), 6(b), and 7 in Section II-3 that the PA-TEC-DEC system with the use of the
continuous thermal energy flow system can be used for new plants of electrical power and also hydrogen gas resources without
environmental pollution. We have analytically proved by Eq. (17) that the energy conservation law is exactly satisfied in a
simple form where the net absarbed thermal power is directly transferred to the electrical power of the effective Joule heating
in the circuit system. We have clarified analytically that the necessary and sufficient condition for the realization of the
proposedPA—TEC—DECsystemcanbeexpressedinasimplefamoqu.(19)dedwedﬁ'mnﬂ1ecirwitequaﬁonandthepowa'
balance one (cf Egs. (16) - (19)). Using Eq. (19), we have shown interesting cases to establish real PA-TEC-DEC systems,
one of which is the case where the heat source arcas with fairly high temperature are very far from the place where we need
available energy resources. We have also discussed about the high transformation efficiency from the thermal energy o the
electrical or the chemical energies, comesponding to the ratio Ri/(R.+ Re +Ry) in Eq. (17), for example, if we use the high



tesuperature supper conductors for the connecting cables in the PA-TEC-DEC systems, then this transformation efficiency
conld become very close to unity.

It is important to emphasize again that since and the entropy law established in the closed system is not applicable for the
proposed open systems, the PA-TEC-DEC systems do work physically well because of the feature of their open systems. We
may expect easily that if the present innovated systems would be used warld widely, the green house effect by the CO2 gas
skxould be decreased
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Fig.2(b) Demonstrative experimental system, using two set of four or five = type Peltier elements with
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Fig. 2. Peltier effect circuit systems.
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Fig.3(a) Demonstrative experimental circuit for the EHP, using two set of four = type Peltier elements
with about 225 ¢m separation.
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Fig 3(d) Another demonstrative experimental circuit for the EHP, using two set of five

type Peltier elements with about 225 cm separation. Both of the two set of five type Peltier elements are
entirely enclosed by thin aluminum sheets in order to make thermal energy containers with low heat capacity.
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Fig4(b) Demonstrative experimental circuit system by Secbeck effect, using two set of 30= type Peltier
elements with about 30 cm separation.
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Fig. 4. Seebeck effect circuit systems.
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Fig.5. Permanent auto-working (PA) systems of the EHP added with
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Fig.6(b) The PA system without initial electrical power.

Fig.6. .The PA systems combining the EHP by the Peltier effect, the feedback circuit
by the Seebeck effect, and the chemical energy production part by resolving water.
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Fig, 7 The simplest PA-TEC-DEC system which has only the Seebeck effect components and the resolving water part.
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