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1. [FLC®IC

FRESE, BLY, 305 21K D/NRERAES SLIM (12 X5 H&RFER EICREIND
XU, NEIZAEFITTEIEBZ R TH~EIRT 225 5. 20X 9 RFHEEMICBIT HiEE) %
LV BESES ECROEEREMNABEE O 1 SDPMETFTHAMEERORELTH D, Hize
FHAHEER I WL, My b, ALERELZIILO LT OMEFHI AT LD L
WVE BRI O T CRTE OPERE 2 7848 9 2 MBNED D, RIS/ ML & & B D ESE AR
5. o 7T, MEEFHHHEEROSEICBNTIE, MO TRERHNEEICEA 2 EGKE
DWESLISTEE L 72 5.

AFa TR, FEHDFRICELY #1 A T = 72 MPD (magnetoplasmadynamic, &g~ 7 X~ 115)
AT A% L URDE (rotating detonation engine, [FIHR7T hRr— 3 > PY) Lo 7=kt
DOILZEFHMHEER IOV TEELT 5. WTh b, HMLWERBOKESCHRBEITER T 52 - ik
B ZFHT 5 TH Y, WHBIRORWEARIZIE DWW MR 225G 2RO b5 038, KR
BGRETOANIMEY, o O A ERMICES ETH#ERY, RERBEAMER->THD. JFE
T, TND OB LT D L CH AR mEEGHUEANIZE L CHRICRN T 5.

2. MPDRSR#%

FiRo@y, JF, HEKLEDUE COFHIFEINERIEL TRY, kKBESCEE, REZEZHW
WET A DOH LWVEFHI va bt s T b, BOMRETFEH I v a Y OFEBM
EEODHICIE, ZEONSA v— a2 TR R k3 2 FHEE A7 A OB B MHE L
IRHM, KWELSHERO EZAIL, HICKRELS BTS2 08I N5.

MPD A7 A 2%, ERHEHEREO T CTIXERIERIC S, HAEIZ 100 kW 28 2 5 KET)
DOEANLREZR, b RO OBXHMMEE TH S (FEAK - 5], 2003; Jahn, 1968; Sovey &
Mantenieks, 1991). W< D2ORMPFIET 53, T 61, BMRAELE /NSRS HUINO A % D
HEWVICE D B TE D, FRIT, 7 ZVIRER & kiR % FEEdE L 7- B CFERS MPD X 7
A4 (LLFCIXHEIZ MPD A7 A4 LEd) 1%, KEHEIEAH T, & /EERF D E /713 i
FICIZ IMW HDHWEFRLLEE 2 D,

X 112 H O ERSS MPD 2 T 22 OfEEMEEEZ 7R3, Z0HFAO MPD A7 A XX, HILT
— 7 I L BREh S 4L, EEN & OREE N B S DR T 5 B O O AAER THEEH
\Z Lorentz & 1EH L CEMMZHEA 2 RAET D, REKRMIIZ, KEBFIZ LS Joule MEA TR
ENFRRHEN S RAET D, w0 ) HEERIOEE RO LmuiitER (BR=x
L= D HEE A~ OEWNER) O NLATIXERHE I OEFRN R R THDH Z ENmbnTE
D, IR KETE CTOMEERIEN B DMEXR E SN TNWD. 2D, MPD AT A X D3
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BEEREHC & o T, HHE MR R & W o T HEEMERE D A7 B, FHT 42 ] C ORI A
KT HEE L YRR DOEARAK E72 % (Sercel & Krauthamer, 1986) .

Induced Magnetic F

Fig. 1 A schematic of an MPD thruster.

KEF THERAFEIT S MPD A T A& OMEREZ H 1 IZ TR 5 I 13 FEF I R A B 22 3% i
DFEL 72 D72, FEERAFIED AT L D% EHRE(LOBURITHR L TR 2. s —RJ & 72
D, MPD AT A X DEMAEAEL, MIRFERE COFMEBFOEBIEE->TWD. £2T, ¥
FH DO V—T"TiX, RO 7= D O EENER A E S I = L— 3 LKL,
AT A OFF WL ERMEST D 2 & BRA T D (Funaki, ef al., 2014) .

INETILEEREMEET NV EANVTEZOEHEY I 2 L—2a UM ThiLTEsh, Ly
7T X DFEELZED R D HEERFEIC 5 2 2B IO TR IS RN ELTH D (B 21X
Nakata, et al., 2008). —J5C, MPD AT AX|ZBWTCIL, B I ITHIAFET D IEH (W
s — AMEIRIC R CEX VBB BA I TE Y (Kubota, ef al., 2009), Z OFfEE L — AHH
b £, AT AX OHEEREME 2R+ 5 ECTHREREBEHEL S, SOF 0, HEEMFED R
FEH VICHERBEAET), BEIORAT A X HEAERZOIRE SO RIS O IS B 7B f 2GR -
B 2OV T RO DI, BRI FEOFRE Y — A %I L COMERL 1R OGNS &
Tl LoLans, BEMEICBOL L, FEY —RAHEBOZEICBE LT, FEDAT A
Z IR ES K ONEIR SIS TR DL REBREY 722 3T A — 2 RSN W T, 5723 Ml 217 9
OWRBEBITH -T2, ZD7=H, MPD AT AKX OHEEMFHEICE R 2B LY 52 5/ iEEOH 5 E
WA EDOFRE Y — A %, BRI/ T A =2 TlEn, BmET ML ViRx, BRRARY I 2
—arBIOBS I 2 L= a NIRRT DI EREE o TN

ARTIE, BEOCHMEET NV EREB L OIEET 2 2 & T, il E Y — A& LI ERR
e BNERL S R 2 b—a VBT VRS L, FEIET 100 kW SO T VI 2 HEER LT 5 H
OB ERITIMPD AT A X DY 2 b—3 3 A2 L TE OS2 EE L7255 5 (Kawasaki,
etal.,2016) (Z2W\WT, AT CEBIZHENTTD.

X 2|2, B — AT VEROAETEE L7- MPD 2 7 2 X NOREETRE & B
Doz RT . ZOKTHE, [FECE Sz (3 Eo BB ok &z (X
TRIOER B ONTHEIR) OB OKES: « W IGD rz A7 A4 ADURIITEY, #EEFITLENS
FANEHNLTWA., IR T@Y, $EY —RAETLVOEKICL Y, MEMENKELEDDD
Domns. Thbbh, HEY—AETI/VEEA Y OGAL, KEBRKRES 2RI TR -
TWb., £72, HEV—AET/VHERIZLY, BRETOA AV OFFBAENERINTZZ E0D,
BB ESMICOBEELLENAEH TS, b0k, mEY - inhad Lo REICHR
TERZ e, ATZREZ~ORANENS, ERICEIVIOVVEZRT Z &R I .

X 3 (a) IZHXEEEI 6, 8, 10 kA OGH OB « Ul Y I = L —3 3 T K D il E
A D TFRFER L B OEBRER OB Z /R T, ERB VI 2L —va VEERTHY, SRR
FEOEBRERTH D, Bl I 2L —2 3 BT, BRI T O 728K 75 -
—WNHB Iz £, 2O T PR, EBRERE LJESL WS, £, K30b) I
FHEEL S X = b— 3 T L D BB ImEVE T O T RIS 5 & BEAE O ERRFE R Otk 2 =4 T LD
Babic kv, BHRTRIAELNTHNDZ ERNDbND.

UbDXHic, v—REFNEZHEKETSHZ LT, ZNE TREREI ST A —F Omis IR I
LG INTE I —RAEERCEM~OBGRICBEA LT, HiEv I a1 — a3y ETER
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Fig. 2 Discharge and flow fields in an r-z slice of an MPD thruster without and with the sheath model coupling. The
upper and lower electrodes are the anode and cathode of the thruster, respectively. (Kawasaki, et al., 2016)
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Fig. 3 Typical results in the MHD and thermal coupling simulation. Experimental data was cited from (Winter, et al.,
1995; Winter, et al., 1997; Wegmann, et al., 1992) for the comparison. (Kawasaki, et al., 2016)

3. EEBETrFR—2arvIvPy

T hR—vay (EIERE) &%, BV A2 INEVER & R ERL L CEE BT 5
RETHD., MBGEE A LEBIIET b r—y 3 Uik s mEn, @RI X 25 56 - g
MBI &L/ TIEDOERDMEANAEL D L & BT, BEOMBUC L - CHERIY OBRE) 2 X FF
TOME L 2o TV D, BEOMBOBERECEVE DY) — IS U CThkx RIEREDT hRx—a v
WAET I DN, BT, BREEHRO 122 L THIZT hXx—Ya Y EMRRZERNH L. Z0oHEs
WZiE, B2 E LT, Bl LT, RAMHOREIB LUMLAINTO LEAESNZH D (B
Bl BRI TIRAR) 25, £70, RE—7fll LT, nRMMEZRCHEE, BIAHEER], Bk L
NETFHND.

ARTIE, EE LT, BB BIEAITRAKT COREICLVELST hxr—varBIUE
DOFHEHERE S 2T DA~DISHICERZR D, 1ZUHIC, 7 hx—3 3 » OIEEIZE R X OUS A
ZENZ OV THRD TR L 72 1T, ZEE OO/ V—7 TRV MA TS T hr— g v
PRBERAN IS L 2 FHAERE S 2T D OGEELAIFE O —5IZ O W T B RIZER 5. 723, T b
F— a3 OGO E 2 HEEIC OV T, kE  (Fickett & Davis, 1979; Lee, 2008; 7 k% —
g URFFES:, 2011; Lee, 2018) 7R E A BRI 72\,

T R x—Ta BT o b AN LB & L C CJ (Chapman—Jouguet) PN B < A5 AT
4. —EERBREL - BRI TIRS R A, B0 1 RICICEET AT hx—2 a U HICBWT
%, 7 hx—ra VEORIRICHEYICRER Z IS Z & T, RFERAWZERETIC I T
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X—a VEOERFHREEST MR —Ta VEER (BiRo C R) OBT)IFRRENSEONS. B
RIS, FEEAEER AT OB DO BfR % 5Lk 7 5 Rankine-Hugoniot D FRAJLIE L2 D TH
D, 7 hx—va VEFIEDO = RVX—RIF 2B 2 DR, BE OINEA ARRIEIZ L > TEREL,
T hR—Ta UEEHRORERE U OB S V- B MR « Il U CEFsIcET H0E (CT A
LIEHTIND) ZH>TWVWD. ZOXSICLTHELND, CIEMIZBITLT hr—3 3 VEOEHRE
M (C] 7 hr—a V) Do l¥, < OFEBRTEBEOT b — a VEOERRHE &R E
BL—HTHZENMBATNS.

O, — 7R - LA TIRE KRR 2 ER 20 1 G EBHET 57 br— a VI
T, BEEFEOFmE»DS C) SICE S E TONEREEIZ OV T, Zel’dovich, von Neumann, 3 XX
Déring |12 K WASZIZ, fEifE/2ET /L (ZND E7/VEMEILD) BIREINTWD. ZND E7 /L
OEEXZ [ 4 1Z~7. ZND E7 /LTI, HER/INOJE I & RO Se BRI 3, 178 2521 D 4
'E (pre-shock IKFE) |ZXF LT CI 7 hr—3 3 Vil Doy OFXHEE &2 Ff > TIEIET 5. EHBRIEIC
£ U, pre-shock IKRE DILE | TMNEIS I OVERE 2 52 1T, post-shock JRAE (von Neumann JRHE & & FE5)
~NEBET D TSR @REE S 2R o VRIS & BAG U, ARERBEIRRE D B 13 #L
REZT, TN EORAERMDER SIS, AR ORISR S T D
7o, BEOIREITHRAFELIC FRET L. PR OREN+oREL 2D L BEGOGN
XERE RV R E MDD, UKD, EITAICINEEZ T 5 & &b, BRERRIR L T,
RNV TERIZET D (C IRRBIZET S) . FRIEE O % CTHIM AR O AR SCBLHY 72 fE Ik
Z IS esEE: (induction zone) & FETR,  ZAUZ 5] & < fHfb & O BLAY 72 s8I 2 S H  (reaction
zone) & MRS,

Leading
shock A
T Push‘ v
propagation
b »
< S T— >z
Exothermic reaction Induction

Fig. 4 A schematic of the ZND model. Temperature and pressure distributions along the propagation direction (z
direction) of a detonation wave.

ko> CTHERRC ZND 7 /UI%, T b 3r—3 a3 VIHOFE 2T 5 ETESRICITR & 2Rk
DEND TS, LNLaeRD, Zhb0EHIE, 73— 3 VIEORRIMEE 2B > T
WRW, ZOEWRT, CIEEGSCZND 7 /UL, 7 hFx—v a VOEWEG EMEINS. — 5T,
ZRITEDRIZEBWTZIND T VDT b 31— a UG IIRZETH Y, Bl 2IE, EREE IS
BELLMDD &, EDOT 4 — RNy 7 B3hnbd. Tebh, il5OE R CREH ) CJiEE
FO LR, HREBFHOKISIL Y RHETT L LR, mEEZTITINESES.
Fo, WHLRETHD. EBRIC, EBRVICBRI SN TWDT b xr— 3 U, B2 Eme 7
ENERSTAEEZATHRTIERL, T b3 — a VORI L CEARRT 5 H R
RIET D 2B OERE B L X D) 20FERSBEMEREEE BT 522 ERMb TV D.
ZORERIE, T b= a VIREEICKR L CRICME A E X D720, BERMICEEICBIET ST
Fpr—a EIZBWTY, 7 h3r— 3 VBB EOJENSAMITFEICEBH L TS, ZDT Eh
B, 7 bR —va VIIAREMICEIN GEEFER) THY, 7 hx— a ORGSR HOE RS,
BRAGIEe 1%, EHEGRIC L > UT TR TE RN I ERHMHNTND.

7 M= a YOBRFEICOWTE, REZSICTHEME SN TE LT, FRHIBE OB 1)
B EMEFE PR RO OEEOERTRITEI L TR, 207D, Fhxr— a0
BRI 2 B S 1 D BIGERI 7R R T A—2 L LT TRUE] &0 ) BEXEEICRIH STV D,
ZIT, HEEREBATT hr—a VIR B ST LRI, BNEEICH A B L7 (D)
xiE LT &, 7 b=y a VEBHDEN A OEENT L0, B EIZ A OER O Ry 72
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kR (B VERER) NRLERSND. ZDO X DI L THELND B AEEROREHEN BI/VIE & MR,
FIEOT b R— a VIEOWIAE AT 5 ZE ORI O R 72 BRI ST 5.

ZIVETOMNT, 7 bxr—v a COEIBRERR, HHFORE - BEARA SR LTI,
BEMEIZESWTRLS TFHITE S 2 2R oTEY, RDEZREDT hxr—va oV Ok
FAlZETT b xr—v a COBIFHEO EE TRNZIE, BVIROT — 2B ARAIRES>THilE
TRV, 2O, FFEOBRE - BLFIRAX D, FFEOWRE (RE, £, BekRE) (1
*F LT, BB OFLERIC L > TEVENASHAEINTE Y, California TR RFEIZE>TT—
HR—ZANNSITND.

ZOTF hx—varEAALEBWREET hr—a U EES BREL - BRLAITIREG
LDIRBEDNRE 2 72 BB B W TR S TWA DT BHAAD Z L ThH DN, WERAMOEBEERIT
X, BT 77 7 b—a CEMHEIN D, RN CHET T A TR REDORES R S T & 7.
— 5T, FHEOBHERIZIBWT, BBEOEEEZT b —a VICEEHA D Z2I2L-T, (1) B
FEOM L, (2) FERIEIE, Q) BRBEas-TED/NRULR DAY v NEESZTEDL Z & NHIFRF
SNTWVD. T hx—varzrPUad, BREENTOT b r—a o ORAER L UHER O 7
MmH, EE LT 2SO EILS. 121X PDE (pulse detonation engine, /N/V AT hFx—3 3
TV Y) THY, £ 91250 RDE ThD. (Wolanski, 2013; Kailasanath, 2000; Lu & Braun, 2014;
Rankin, et al., 2017)

PDE TiE, BROBBEGAN THRIZT b x—va VAFAESE, EORFHMIIT bxr—v
g U EEESE S, BIROREEL 72D Z L OHENEEDO N FIZIX T RBMLE L 72508, —
7T, MAOBENLITAERED. Fe, EROFIEREENRP GO0, £, BIsE
Tz ary bar— L LTV, 20X BRBLENG, FHEMEEC AT AL LT, REHIEOH
BN DLORENTND EEZ BN TND.
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Fig. 5 A schematic of the RDE flow field.

RDE Ti¥, X5 (Rd5@Y, @k, PRBESSZ2 “EM S ok L, WE L MER o [ ERIRE
WIS L O EAI 2 B ICHE S5 2 & T, T b= a YR FNA S IR AT,
PREEERN CHEFRF S NS, T hxr—a it kv, & - BIEOBRRENERESND A, Zhz
J AL VIR L, @PER T D 2t Tuly MEERAEEE 72D, Z D XL 9 72 RDE I3, #FIZ,
[T hFp—arnly P U EEN, ZAREEOMENRTH L. UKRTIE, FE
5 DORFZE S )V —70 RDE WFZED—fHlE LT, WROTEDRIZ OV TERMICHTT L 755
(Kawasaki, et al., 2019) (ZDOWTHEITT 5.

X 6 (a)lZ RDE OBRBEENEZ = 0 ¥ il b @iEE D A 712X g3 5 2 & TF
B AL BRI 7 B RO OB IS Ao, 7 L— ARIREIZ 625 us TH D, HITIHWT, BT
BENREOLND FRCRLS AX D) AT b x— a3 VBRI LR T & 503, #lxiFal
MHel ETHEE L TADLE, WEFEE =0 BEXO® 9mm O —R|ZBWT, T hxr—r a3
PRBEREIBI TN E i L TR 67, AME L oA L TS, —HF T, =23 BLO 31 mm D
F—AITBWTC, T hR—v g URREEREIIN R R K OME O EEE L TV DL =15 mm D
=B WTIE, T hR—v g VRREEEIR E R ORIZIZb TN A SRS, b T
R = 3 PRBEREIR DIRBERREE & DR FFEOEND D, =23 BEXO 31 mm Dr—2%
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supercritical, i =0 3 XY 9 mm D — A % subcritical, ri = 15 mm D~ — A % critical &35 L7z,
¥ 6 (b)iZ, m— K&z i@#ﬂbtwm@%ﬁk%LﬁmEkﬁ%ﬁMLtw%ﬁmﬁﬁ
JEAZ T#é@fi%r# B FZiE, T, NASACEA =— K (McBride & Gordon, 1996) |
LR LB 2 OSBRI T, £, HEEREHE O 90%E L UN80% D T A /%Emﬂi
BIZTOR L. Kb bond X912, =23 mm, 31 mm /4 — A (supercritical) i, HaHHE
1D 80%LL EDOPERENFHH S TWA. 5T, r1=0,9 mm /4 — A (subcritical) TiJ, supercritical
D —A L U THEROIK TR RO D S O DOBEGRIHET) D 80%55 D ELHE T & MiFF L T 5.
*77, ri=15mm O 47— A (critical) (2T, BERGEHHETID 80%LL EOME RIS N-EE &,
80%99 DBl SN~ EDRIET . 23U, suberitical D7 — AT, & hx— 3 /WU(}TE
DARFERLIOTNAZLICERTHIHDEEILND.

IED X 512, RDEWNE L, 7 Fr—3 3 VIROLELRHIZHEL THWDH 00, HEENMERES
T LS BHE B E 5 202 E 3D, /NGO RDE ICRBWTIE, NfEIE, RSBV
LWEREIZE L ENTERY, BRGOHSAThH 72, TNEIY R 2 AREME R S 7.
Z®D X 972 RDE 1L, H.[I RDE °HNf M L RDE & FE(THL, BUE CIHERICHFENED DT
D, ¥, FHTOEFEIEHEEZ TD (Kawasaki, ef al., 2024) .
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(a) Typical axial photograph of self-luminescence in the combustion (b) Dependence of specific impulse, Iy, on
chamber taken with high-speed camera. Black and white are combustion chamber pressure, p.. Symbols are
reversed. For i = 0 and 23 mm, the images are reflected measured data. Error bars are shown only for
horizontally. the case where r = 23 mm as a typical

example. Solid line is ideal correct expansion
curve computed by the NASA CEA code
(McBride & Gordon, 1996).

Fig. 6 Influence of the inner cylinder size, »;, for the combustion field and performance of an RDE. (C,H4—O,
Equivalence ratio = 1.15+0.21, mass flow rate = 140+10 g/s). (Kawasaki, et al., 2019)

4. BRBHAOLHDTS5XT - REEBVESHIES
Wik 513, ZOREEEIIS CE@AN B SND. 20L&, ZOANT buiE, BEO

& 2lE, Planck OVERINZIHEW,
-1
2hc? he
Iy, = PE {eXp[ﬂkBT]_l} (1)

LB, 2T, I (ZEROS R, UXIKE, TIXEE, X Planck %%, ksl Boltmann
ER, R ET D, FEOWIRIZBETIIRVD T, TOEN AT UL, %250
B, xR E LT,
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-1

2hc? he
I=¢cl, =c——| ¢ -1 2
bb PE { Xp[ﬂkBTJ } 2

LS. Tk, EEOME EMEOREERETMAEEAG L TBY, EHENETHZ LT
BEZRETHZENAEEE 25, 2O X5 72D REFHIEMBER S MEEN D . §7
FHEFEFHZ, SomELZBRET 22 LICEVIRENMEOND 20, B 2 IXEECHTEIEPUA D
L ICAEEAERN LT 55O RENITE U, —RICEE COBGHUNREE 725, £72,
AR CEHMIROIBEL 2L LIV, @IRIROFHNATRE, YeFtlZen T/ 4 X2y, &
Wo Tl E LW E AT 5. — T, BHEOBENEIILT LHES TiEe<, FICHEIR
TRWEBICHIERSE 2 5D 5 72 O ITEMER TR DA ME L A 5.

W DRBEFN OWE 2L, M RO NI DA L VIREDORENAIEETH DH. Lo
L7l D, FgtsiT, IRECEE, Rk, Frkslick oL, —iciF—E & i3 s,
WoT, T LHEEIMTRWGELZ V. HEERRAOLAICY, EEOWEE O LhshEE
ZRIFFCEHIT 2 2 LI L 0 ESHEE RN ATRRIC /R DA 0N 5 D . R 2 W E O
ZRWAEAITIE, LT UIE 2 AIESHEEE L FEn 5.

WE, BEHHEEFHEICHWS 2 WEZLBE ML, ThETNOHNRZa B 0a &5 L,
FENENDOWEITI T D0/ EHEEE LB L LI,

2hc’ hc B 2hc’ hc B
I, =¢ e [exp[ﬂlkBTJ—l} , 1,=¢, pE [GXP[@kBT]_I} (3)

ERELOT, HWEREZIRD L,

82]’162 exp he -1 ) ex| e 1 -1
T gAY \kT 7
= S=4l2 )
1 €2hcz ool €1y &\ A exp[hc'l]_l

2 P kT kT 2y

LD 2WRBTIERE L TR Y B F— & R 5561213, #Iig,
he 1
sexp| — - — |1
Lo\ 4

exp| €L
T 4

L%, KoT, FHINCE Y 2 ROMELIELANIL, HEXZRETE LI LIIRD.
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Fig. 7 Molecular spectra by HITRAN. (Intensities for H, is low in this range of wave length.)
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ZDOEORIBEFZEMAWD &, MPD 2T ZZ X RDE HICALDHESRT b r—3 a3 v OEH
BB D B OF I FIRE & 720 503, Bl S 2 5HAIKI G N 7T X< 0k RICHT D B D
BT, WEORENEEL D, Thbb, WEIREF CHEHT 2 2 BRI, BIEENEEND
DEFEI N T T Av R0k R @il L T HEIOE TR~ BASND 2 Lnh, BET D 2 Kk
WZBWT, 77 RXARKRPEFINCHDELS D LOICERZETH. ZiuL, BEmnb O
HEH DD HLEE LT 2 WREIZOWNWT, 7T ARKRIZEVRIRENTZY, HHNE, TT X~
RKRKNPODFRNDEE LTV THE, FERELRNZLTLEY Z 82X 5.

WEOBREIZE L TIL, FAREART FLZ DT, K NIST (National Institute of Standards
and Technology) @ Atomic Spectra Database, 777N A2 K /LZ DWW TIE, HITRAN OF| A
FRTHD. —flE LT, K 7I1TKHE - BEEKRICE ENDEFREIC X DIERIMEIRIC IS T 5%
WA NVBREE AT 2Rk d. L& LT 1500~1700 nm OFEIKIE, WILART MV A+4312550
L THDZ ENDND. L, TR LEARY MAMESMIFEERTOLOTHY, K
BEAERR AT ADIBEEIRTIE, KV OBEHENMEINDG ZLERD I LICEELET L. £
7o, HRBRBOMBEDORICEB W TEBRIZGEHIZIT) 2 b EETH 5.

EHBEEZULHR I NV —T L, U EOFREICE S 77 XA~vAX o sk 2 iR jERH 4, MPD 27
A2 OhEER O FRAIR N L, BGREHEICE T 2R MR LT TS (Oshio, er al.,
2021).

5. BbVIC

AR TIL, FHTOEBO HEMEEED D RT s v Va2 AT 5k oM 4251 e <
H5HMPD 27 AZBLORDE IZOWTHEM L. ZALDBREICEWTIE, NEOWHEESD
RIS U 7o MR R 72 B Gt I B L 70 5. RRICEGRGHE, EEHH O 1 T, Z O
WCET 277 X~ « KEGBWAOEH 2 AIREFHHIIZ OV THEM L

E

ARG TR LTEAF9EIE, B TR B B #B%, FHMEUeHEEME A —2 &
P2, FEH fE— L, AHERT SR ORER Hdw, fakm i dEEEz, FEART KRE ik GEAD
ZIXLHETHhH A2 E0FEMIE L L CEESnr=. £7-, JSPS B 15110821, 17H06741, ¥
LY 19K15209 OBk A% 7= D THsD. Z IR L THELERT.

XXk

F R x— 3 VRS, T hr—Y g COBGRIKSFE 1 SR, BETXE (2011).

Fickett, W., Davis, W. C., Detonation Theory and Experiment, University California Press (1979).

Funaki, I., Kubota, K, Kawasaki, A., Okuno, Y., Miyazaki, K., Takenaka, S., Horisawa, H., Analysis of
Self-field MPD Thrusters for Designing a Megawatt-class In-space Propulsion System, 50th
AIAA/ASME/SAE/ASEE Joint Propulsion Conference, AIAA 2014-3418, Cleveland, Ohio, USA,
(2014).

Jahn, R. G., Physics of Electric Propulsion, McGraw- Hill Inc. (1968).

Kailasanath, K., Review of Propulsion Applications of Detonation Waves, AIAA Journal, Vol. 28 (2000),
pp- 1698-1708.

Kawasaki, A., Kubota, K., Funaki, 1., Okuno, Y., A Coupled MHD and Thermal Model Including
Electrostatic Sheath for Magnetoplasmadynamic Thruster Simulation, 69th Annual Gaseous Electronics
Conference, Bochum, Germany, (2016).

Kawasaki, A., T. Inakawa, T., Kasahara, J., Goto, K., Matsuoka, K., Matsuo, A., Funaki, I., Critical
Condition of Inner Cylinder Radius for Sustaining Rotating Detonation Waves in Rotating Detonation
Engine Thruster, Proceedings of the Combustion Institute, Vol. 37 (2019), pp. 3461-3469.

Kawasaki, A., Nakata, K., Sato, T., Sawada, S., Kudo, Y., Suzuki, Y., Itouyama, N., Matsuoka, K.,
Matsuyama, K., Kasahara, J., Nakata, D., Namera, M., Eguchi, H., Uchiumi, M., Matsuo, A., Funaki, 1.,
Nakamura, S., Higashino, K., Hirashima, H., A Bread Board Model Testing for In-Space Flight
Demonstration of a Liquid-Propellant Detonation Engine System, AIAA SCITECH 2024 Forum, AIAA
2024-0817, Orlando, Florida, USA, (2024).

_10_



JSME TED Newsletter, No.102, 2024

Kubota, K., Funaki, 1., Okuno, Y., Comparison of Simulated Plasma Flow Field in a Two-Dimensional
Magnetoplasmadynamic Thruster with Experimental Data, IEEE Transactions on Plasma Science, Vol.
37 (2009), pp. 2390-2398.

SEARAS—, JrllgEE, BERHEE R 7y B AR, HOSRF RS (2003).

Lee, J. H. S., The Detonation Phenomena, Cambridge University Press (2008).

Lee, LH.S., 7 br—3 3 BLG, AEJRURER, RTEEH, iR, AERm1 R, (LT3 A it
(2018).

Lu, F. K., Braun, E. M., Rotating Detonation Wave Propulsion: Experimental Challenges, Modeling, and
Engine Concepts, Journal of Propulsion and Power, Vol. 30 (2014), pp. 1125-1142.

McBride, B. J., Gordon, S., Computer Program for Calculation of Complex Chemical Equilibrium
Compositions and Applications II. User's Manual and Program Description, NASA RP-1311-P2 (1996).
Nakata, D., Toki, K., Shimizu, Y., Funaki. 1., Kuninaka, H., Arakawa, Y., Experimental Measurement of
Total Sheath Fall Voltage in an MPD Thruster, 44th AIAA/ ASME/SAE/ASEE Joint Propulsion

Conference and Exhibit, AIAA 2008-4635, Hartford, Connecticut, USA, (2008).

Oshio, Y., Tauchi, S., Kawasaki, A., Funaki, 1., Cathode temperature measurement of a hydrogen self-field
MPD thruster during 1 ms quasi-steady operation, Journal of Applied Physics, Vol. 130 (2021), 173306.
Rankin, B. A., Kaemming, T. A., Theuerkauf, S. W., Schauer, F. R., Overview of Performance, Application,
and Analysis of Rotating Detonation Engine Technology, Journal of Propulsion and Power, Vol. 33

(2017), pp. 131-143.

Sercel, J. C., Krauthamer, S., Multimegawatt Nuclear Electric Propulsion — First Order System Design and
Performance Evaluation, AIAA Space Systems Technology Conference, AIAA Paper 86-1202, San
Diego, California, USA (1986).

Sovey, J. S., Mantenieks, M. A., Performance and Lifetime Assessment of Magnetoplasmadynamic Arc
Thruster Technology, Journal of Propulsion and Power, Vol. 7 (1991), pp. 71-83.

Wegmann, T., Auweter-Kurtz, M., Habiger, H., Kurtz, H., Schrade. H., Experimental Investigation of
Steady State High Power MPD Thrusters, 28th Joint Propulsion Conference and Exhibit, AIAAI Paper
92-3464, Nashville, Tennessee, USA, (1992).

Winter, M. W., Auweter-Kurtz, M., Kurtz, H. L., Sleziona, P. C., Evaluation of Cathode Temperature
Distribution in a Cylindrical MPD Thruster, IEPC-95-109, 24th International Electric Propulsion
Conference, Moscow, Russia, (1995).

Winter, M., Boie, C., Auweter-Kurtz, M., Kurtz, L. H., Experimental and Numerical Investigation of
Steady State MPD Thrusters, 2nd European Spacecraft Propulsion Conference, ESA SP-398, Noordwijk,
the Netherlands, (1997).

Wolanski, P., Detonation propulsion, Proceedings of the Combustion Institute, Vol. 34 (2013), pp. 125-158.

_11_



