[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) OO00O00OMHDOOOOODOODOODOODOO
Title(English) Plasma behavior and generation characteristics of seed-free MHD

electrical power generation

oo@a) OO0
Author(English) Manabu Tanaka
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00105270,
O0000:20170 30 260,
ooooo:0o0o0a,
oo0o0:000o0,000doO,0b00bO,00 00,0 0
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:J [0 1052701,

Conferred date:2017/3/26,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(3 E2)

Doctoral Program
=2A =
A A =

THESIS SUMMARY

L Ao A CROND . M

. % )
Department of Academic Degree Requested Doctor of

=~ X CEE () .
FAERAL M 2 fBEHEe ()

Student’s Name Academic Advisor(main)

WE =

feEHE &)
Academic Advisor(sub)

#E  (Fa3C 2000 FFEFEE)
Thesis Summary (approx.2000 Japanese Characters )

ARSIy — R 7 U =MD BETH 5 @iifm AT 7 X~ 572 b NS PERER AT T X~ FRIZOWT, FEhk & Bt
T LV REENDO T T XA ZFB L RERMEL E DL DO TH D,

W1 SRR TIE, e L9532 — R 7 U —MHD BEEOEEMIZ OV TR %I, BT L B 2 —%21F\, EAL
AT TZBAR IOV T E E O FICERA T AT 7 A~ MHD B ETIT) =T IRIR 7 7 75 —EREK TIIT 4 A7 BIRA
— VISR & L ORI O RS TRV R B IERE S IIAF T & 32— 5 C, — OIS CIXEHER L EIC L 0 BEEENS
(LT 57E, 20 OEEEGEMRFMEN ZIVE TOMEN G IXHIREIZ 2 > T WD & 2k 7e, PlHEHERA 7 A7 Z X~ MID
FEIZOWTIE, EBRIRO PIREREPE E CEOIRET L, £ 2 CHE SN D TREME N 2807 ERgEH NI L D
PEREFMI A M E TH D Z L ik~ -, U EDZ L& EE %, o — F7 U —MD EED ST X~ 268) & I BRNE DM O W31k %
W, AFROER & B E BRI LT,

B2 E BT AT T X MHD EEOREBRMEEL 77 A< iiEs®8)” <k, £7, V=7 BR7 7 77— EREBHICL D
BA A AT 7 X~ MHD FEICOWTC, EEREEEIEEZ AW RERR LD, BEREOEREHREEEZHA LML, T4 A7
TERFE B & LR CIRAWVEGRSRER S OND Z L 2R Uiz, £, BEENT 7 X< MR A O 2IRE CIEBiR L eI
L CHARIEIC 22 5203, WA ORRE CIHEMARENSMEI S, 77 XA~RE—Zzb L biz, v— KT T X~ HHITPL
B D RBIEREN S — FEAVWT L BN EE2HLMNI L, V=TT 7 57—, 74 X7 GRR— VB S %
KL Ule “IRITEIERT D, ERICBVWTHRSNTWA T I RO RG22 I 21— a U THRTEEBIS, &
WA AR E CITBHERLES I ShB—72 7T X<l b, BOWREEENMEOND Z &R LT,

FHIFW T UEEERNRIEA L TARIBAT AT T A MDD BE” TlX, V=T BIR7 7 75—, T 4 A7 BIRF—1LIE3E
BRIC L DXt/ R EBRE L LIZ@iRA T A7 T X~ MID FEEOFBERERICOW TR, 1/ v ORE RT/VERIE
W77 AT 20 b/NMEAEERANY =T BIRY 7 77—, T4 A7 BIRE—VERBROWTIUICE N TH AL, FRiC
HACECAARIRE CIIMAERAORRICE D T AT L) 2o X E—HHRMEL R D08, R A bR T v vy i
XV EWERE KT T, ADAIRE 5500K 7500 TIX7 T L0 b A E— RN SO Z LB R L, 77,
EEERLE R T A AQREEICOWT S, (EBfiiEDO X ) v ~OEFICL VKB TE A LaEEELT A ATITLD
7T A2 EEORE N O BN LT,

94 W EEE BRI XD TMEBE O EERE TIE, TIREHEA T X 7T X~ MDD BEICHB T D TEICOWT,
A V& T8 R R A FEBR R & ONCBERRNTIC L 0 MRat L7, EBRADIE, MABOBMC XY, L L bITHEE—F
BEBETH L EHIT, FEAEOHME A L E—F U ADETIZ LB RO, ETFHRDER RSO RLX =L §
JEDBEMZ B 53 Uiz, BUERT ClE, 13 USSR SRR R L BB —57 5 2 L 2R Lictkic, BEdit &l
FHGE O TER 2 RF Lic, ZOREE, fiFiEid CIREREORENR, 7T X< ThEE ) DB AL TARk
N, ZOLXEBEOWKRTTHELZ TS Z LD HRMEVD, BEERRTOKETIE, #EEREORENRR, BT
7T X NEREN, ZOLXEBEORAEKFTRET D2 0L NRENEN &, £TOBORDEERIC L D 2EHEK
LTz,

%5 & “HEIAY 2 — VMBI T ¢ A MHD B O EIFEIC 5 2 DA CIE, T4 AV HREHDO ) ANVICBTHHE
JibEy 7 Y 2 — VAINEMZ L A BEEE OHIIE &, FUC X VARSI T T X<I2 X 5D MID FEIZOWT, R-Z 2 T HUEMATIC X
DRRR LT, T TV B EENIA L L7 EBONT N D, ) AAZ K 2 B O BEE IR T EREE S 0@ O EINE R 8
ISR TITho, Fiz, THCXY TREBMENPHICTE 52 L 2R, MATYZLE—D 0. 39DV i EHEE )<
EVIEEEIERE (R 7= v Z L B — R 26%, Ex v hr =2 65N BN EONDL I L ER LI, £, ¥E/ URHDNC
AU T LEEETIR S LBV T ERRICHIT 2170, 8 V2 EBTAE 325417 v 3y L ERRIC ) Ak
2 EHEOBIEN GO M, ~U U A TIHEMSSEHE ERMRNZ & T/ VBT 2EHEOBIREN SN & &
~LTZ,

FoE T T, AFRELVELNT-MAEZEEDD L LEHIZ, SHROFEOVN TR,

ii% : WSCE R, F3C 2000 & HE30 300 Fx 1RO T 20, b L <IEIEL 800 54 1 HHRH L T 7230y,

Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or lcopy of 800
Words (English).

HE  WRSCEEIL, IRV —F IRV (T2R)IZTA A — Ry MARSNET DT, AK FTRERFHDONAE TIER L TTZE0,

Attention: Thesis Summary will be published on Tokyo Tech Research Repository Website (T2R2).




(& t3Fe)

Doctoral Program

i X EEF

THESIS SUMMARY

HIL N R HREA. (RU) 1L o

| =] N 1/ — = I =
Department of EJLIZ} x ﬁ & Academic Degree Requested Doctor of ( L5 )
SRR, - = B () - o
Student’ s Name RS Academic Advisor(main) WE B

fEEHA (E) -

Academic Advisor(sub)

S (FEIC 300 GEFEEE)
Thesis Summary (approx.300 English Words )

Recently, MHD electrical power generation with seed free pure inert gas plasma is proposed
for a high efficiency energy conversion system. In this study, the generator performance and
plasma fluid behavior of two types of seed free MHD electrical power generation (high
temperature inert gas plasma method and preionization inert gas plasma method) are
discussed with experiments with shock-tunnel and time-dependent 2D numerical
simulations.

The experiment of argon driven high temperature inert gas plasma MHD power generation
revealed that the linear-shaped Faraday-type generator has wide operating condition than
the disk-shaped Hall-type generator and the increase of the inlet total temperature suppress
the ionization instability and enables the stable and high enthalpy extraction ratio. This
suppression of the ionization instability is successfully simulated in 2D numerical simulation.
Experiments of xenon driven experiment are also conducted and not only the decrease of the
operating temperature but also the critical temperature to suppress the ionization instability
can be decreased with the change of the working gas to lower 1onization potential one.

The basic characteristics of plasma flow and discharge characteristics of preionization in
preionization inert gas plasma MHD electrical power generation are discussed with a
shock-tunnel driven experiment and 2D numerical simulation. It is revealed that the
discharge mode and the power factor are changed with the increase in the input power and
the plasma generated region is affected by the Mach number due to the influence of the
thermal and velocity boundary layers.

The generation characteristics and the increase of the ionization degree with the self-excited
Joule heating are examined with 2D numerical simulation. The self-excited Joule heating
enhances the ionization degree only at low preionization power and high magnetic flux
density. This increase of the ionization degree enables the decrease of the preionization power
and the net enthalpy extraction ratio of 25% and isentropic efficiency of 65% are simulated for

low preionization power of 0.3% of inflow enthalpy.
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