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Local Optimization of the Discharge Chamber Shape with long insulator for a
hydrogen MPD Thruster
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Abstract (HEEE)

An MPD thruster can be a main thruster for a deep space exploration mission because of its high thrust density and specific impulse.
Because the thrust efficiency of an MPD thruster is not so high however , it is not in the practical stage. One of the methods of
improving thrust efficiency is optimization for the shape of its discharge chamber. We optimized discharge chamber shape with the
following 4 conditions; using a short cathode, inserting an insulator to the anode, having long straight section, and applying high
discharge current. As a result, we found that most of the current could be kept inside the nozzle, the ion slip parameter did not so
increase, and the energy loss was suppressed. Therefore, the shape with a long straight part a long insulator is considered to be an
excellent design guideline for MPD thrusters.
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Fig. 1 MPD thruster diagram.
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Fig. 2 Discharge chamber shape.

Table 1 Design variables.

25=rin=50
25=rou=175

Inlet anode radius rin , mm

Outlet anode radius rout, mm

Table 2 Constant parameters and constraints.

Cathode length Lc, mm 25 (fixed value)
Cathode radius rc, mm 20(fixed value)
Discharge chambr(re]rn(])verall length La, 200 (fixed value)
Anode insulator Lin,mm 80
Diverging angle 6, deg 0=0=35
Straight section length Lst, mm 140
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Fig. 3 Variation in thrust efficiency with discharge volt-
age.
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Fig. 4 Each of Discharge Energy with discharge voltage.
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Table .3 Nozzle parameters of cases 1 and 2
Case 1 Case 2

Inlet anode radius rin , mm 39.9 49.6
Outlet anode radius rout, mm 100.5 88.5
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Fig. 4 Nozzle shape of Casel.
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Fig. 5 Nozzle shape of Case2.
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Table 4 Performances of cases 1 and 2.

Casel | Case?2
Total thrust Frota, N 21.9 23.7
Aerodynamic thrust Faero, N 6.60 2.75
Electromagnetic thrust Fmag, N 15.3 21.0
Specific impulse Isp, 5582 6055
Discharge voltage V, V 116.1 135.5
Thrust efficiency #, % 36.8 37.1
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Fig. 6 Magnetic field with discharge of Casel.
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Fig. 7 Magnetic field with discharge of Case2.

Fig. 8 Flow velocity with discharge of Casel.
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Fig. 9 Flow velocity with discharge of Case2.
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Fig. 10 lon slip parameters with discharge of Casel.
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Fig. 11 lon slip parameters with discharge of Case2.

Figs. 6,7 £ 0, #Mfxikx AnizZ LicLk>TAML— |
BTORGNRL oo TEY, A L— MBTITEMRK
FRIEZITY, S CIEBVEREICEZ D &V ) EE
SHREITZD END ZEWNbnnd. EiEi#E Case 1 T
EHEVEDHI LTV, Case 2 1T RE<EDHL,
BLZAOWREDOBERMN AT AXIMIH T LE-TNS.
T, EEELRD L TERIEIAE WIS E TE
WMAWETLEI ZEEERL VD, —RICTRE QA
I CIIHEERRE #7225 2 &75>6?'€’§\$f§f75§%< AN
7o, WA TR T & MEEENEH 8D, Zh
L Table 4 \IZ b ZDOBAITREINTWS. 2L, AL

~L%E5%E<Té’&? MR T A hL— b
WZH DR L 7o TN D. @t W, i< L LR
TIPS RN DA ETEATAV B 728, B O B

%éﬁA e, BRSO BFIR D B LA S
TWbEEZBND.

Figs.8, 92 R5 &, EHLOIIRE LFTENF L e
TAICERPALTND Z ENETHENS. LML Case2
Id Casel IZHbD & HLIGAITEER I BN & & AT b B3
NTWBHZERIDPNZD. Z27C, (7)) (fbEhiz
A—L2OER) EHDE, AR —EITERICHE &/
DOHFETHLDLINDIWREBNIOETHD., DI b
Case 2 IIWEBENNEL 20, TORREMEEBLEORKE L
oTnAHEEZLND.

%12, Figs. 1011124 A R Y v TRT A X —45di%
R AF VAR T RGAE—RNA KL — FEETEIL 72
STWDHOD, ZOFEWE Z AITITEFR 3 AT L
HE DRI TORWV AR ZEA LR WEE I8N TR
HAHIICRAET D24 4R v TRTG XA Z—DRE W
L DB TR Y, T /) A/ TEILTE T,
TXIVFRIR T RZORN -T2 ), ZNEERETE
o En, BREFICHFS LIZEEZLND Y. i
JE 2  Princeton Ko Benchmark 2 5 A % 972 &, HEESR |2
TEDLRETEL DZIATERAT L, 72D Gl -
Rt 2 B9~ & L ) R EHEE L 1T R 2D, TEBHIRY
1AL T HHKFHES Lo TNDH LN R D.

7. fERR

FEWEAZIA L, A hL— MNEBEE < BE Lzt
TCRE(LZIT, ITOHMREZSRD Z LN TE .
A FL— MRS AR L, MREEHATLZ L
IZED, BROKPLEHERENOA b L— MBI E E
OHTEINTET.
CBROKRLEZHEBRENICE ED LN VWD Z 2L, H
MRS 5 < 72 D HCEEL Y EICIT H £ D B
N TWARNWZ EE2RLTEY, MBIkl 5
FAX O R BRI E TN D.
AT RN O THROETH, A A AV T RT AL
—NRELRDESEMHL TR, =R AR R
R EE TN
CHER L LT, MR E AN A N L— MR W
TARAF B R LR S HEHEHTH D, MPD 2T 2
OFFHESH E L UIERR LD THDH EEZOLND.

BE R
1) FEARM—, Wl ERHEEn 7~ A, HEK
F R, 2003.
2) RNBEIE : BEOFEHBERMEICHIT HKFE MPD 27
A B OIREER R, BARFE LR, 2015.
3)HPNEIR « KFEEHEER & 3 5 A s MPD =
T AL OMEERRKEL, BARFEEPFIRREE

This document is provided by JAXA.



2016.

4) HHIERHL - AGRRIAR A BLE U 7o R E IR O &k, H
AR AR e A, 2013

5) FfEkE, fil : iR 2 Ao KSE MPD 2 7 A X D
BE ) ANVGIREHEIL~D R, 5 63 [T HA Y HE
ERRE AR, 8T, 2019,

6) VEREMAD : KFE MPD R T A X NERIZI T 5 BRI
DEF VT EBEY I 2 b— 3y, RAEWFIEREREKR
R L, 2013,

7) JriERe, fih : BASMERE LD 7= D Particle Swam Op-
timization, Differential Evolution, FE¥E &7 /LT Y X
LORFVEREICB T 2 M, W RFAALE. B T%
##,52,pp.125-135, 2005.

8) A. Olsson,fifl : On Latin hypercube sampling for structural
reliability analysis, Structural Safety, Volume 25, Issue 1,pp.
47-68, 2003.

9) Choueiri Edgar, Ziemer John : Quasi-Steady Magnetoplas-
madynamic Thruster Performance Database ,Journal of Propul-
sion and Power - J PROPUL POWER, 17,pp. 967-976, 2001.

This document is provided by JAXA.





