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Designing space propulsion systems as one of the important subsystems of the
spacecrafts and upper stage space launch systems needs to bypass different and
complicated steps. In this article the comprehensive process of designing liquid fuel low-
thrust space propulsion systems was illustrated. In the presented pattern, first of all
according to the requirements and mission constraints, the main characteristics of the
system were determined and then other characteristics were extracted. Finally, for the
evaluation of the presented pattern, a low-thrust space propulsion system was designed
based on a special mission and the results were compared with a real model. Comparison
between the designed space propulsion system and the real one showed an appropriate

accuracy of the presented pattern.
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5. System-specific impulse



A} / 2bad gygld g psle ol — ele dalilad
WY b /¥ 5l / Y il

s iyl it (055 3 5 ol g ] i
3y Cuypale 398 5 lacsaiojls ol cord )} (slosig, g9y
Gy i il @ Olgicoe lojtely cnl o pake Sl 298
oles) s9ile Pl (o o3l 35 (5 Mo ygile plomil sl 5l 3590
oM pasuie | am )8 o)lal ez g ool 98 g (Djge
oalail b 1y 5L0 390 0319 s (g7 oo Cuygele D58 ¢ lasuiie

Y] 559] cowdas (V) dolese |

av av
ISp=——Y = _ AV \
glnpy glnat 0)

Mo

Wl 09 Mo g pie 25 0059 M (392 Adlae )
syehl iste Sl S ehy dpe cwl e
0 1S WS g Cd g gl A cunl Kisly o)) BuGS s
Al Jle plyisa dpk e 58U Sl 8 IS g5
W oo lo g glaygige )3 ol BB ooy &po
Cawl 4l FO+ dgas 0 mbe ST g mle 59 0 Chgw b
5 Chgw (Uid LIS planw b byl 5l 455y
BB b5 Ly wSlas g edlaw] glite BuS as]
sy Siily 4ol 4 drgi b g dalgs oS Gilpe 4 (ol
QA5 s M Ol i o €95 51 3850 (pl 53 (wy 0 )90
w0k o OIS @ de g b ol (65U Oygo 4 Ygano L]
JB oy5ld o Jlas 5l ool Cassay 09 &y &S g0
ool g aniSil |8 Al o 4y a8 cunl p3Y iBlS sliiwd
L oe)gld paw s piollel ©jgo 3 Lad eal (6349
clacrioils uismen g okl Conddy ohg wps A dvg
D4 o O] Canlio 515 1S § CS g g ygole

R o g bl Slastin Ayl (003 Ay
ovbl sl ond pl el wlie ol Sily Bl oL
S el S Glagseils 5 Coppele (slaodl
(b)) 3Pl daw pizmen 5 (o2 o SRy b1 patie
ol 398en gyl e ol Kl 3315 ol 51 el iaamo
K a3 5y90 dilyglid (slacudgizns 5UGS uSxin logas Iyl )y
5 Lyehl gm bl (b sbog)ly » 8555 L
Aol gerd p el ool Wil 0 1) (b bk
V] 85,5 oo 5118 oaliial 3)90 (b laails S5 > Sk
sloyiahly Sl (b anl8 9,8 55w ot I (So
a8 win loyiehl (Hhb (Lol sl el .l (b Lol
o] Coygele slajls 500 Bl jlg ol (slalas )b S,
[YA] w3 o 13 150

Ol b sla Sy o ol 555

100%

L freedom '
0% 2ot >

Analysis
Detail

Prototype | Redesign

concept

Preliminary

Jsb > b lil 5 (Db Sl Jparme jos 42 Lyja =Y JSd
[YF] ol iyl

Ol i S (2lad Sully &b sleing,

b o 595500 955 okl Ko 35 b logas (Sl bz 8
e (Blas (58,5550 b g Cujgelo 2948 5 Blanl 4 4055 L
Sl &by w5 labl Cubl olal wuslus il y5ls
b oxe ply (hb lapiehly o de Sy

Fhb B oLl blog (2Ll slajl e J S
o Joe il 5 ol b wlg o zlhb 516 ol 5> ] cogeo
i3S 3l (S jB cpl WS bl (b g) 3 1) o3k s
ol sl Ll 0gd e wguime SV gams oo B slacond
oo 4. 25b 43 Y guaes jos &5 3 diyia ) ol U Wlg5 0
Ol GpSeie PO 4 g Y gae a2l W
V0] 12l j3e il oe 482 sloayjo

S g oo Bl (298 (ogrde (b B )3 g dlie ol >
o b 4 (g Cojpele slasiiofls & g b o ol
A5 3550 slaiig) (V) JSi > cdby plpineS olad Sl
Cawl 0dd oSS yiou 5 dix 1 Ledigy oyl wcal odd eold L
DAl G a oS

s gl Slasedio (055 5 )l Ly, glsl -

Syt cops g ol Clasuie s -

Jib g @lyel dbize (AL -

oS 1S g Cd g 3o Syl 5 JLES s -

Oibe 63155088 el 55 3)90 B e 9 2 e -

Ol Blolo laglell (g (e -

D9 o0 Dy w4 liig) opl cilie (o iz j sl )



o3ljing ol Lople g uadype (e ol (e (LS Ao lad (syglid g pole imgsy — ale doliliad /Y

—

0 3lad 3 98 Tyt pusF wiCanal 7

oM el bl 1397ge 3,515 laj.ojle cu yus
CEA Ji;5e,ils Gy gale 5343 9 Lygaiales
A
deiun Sl o Syt ilke LB 00 59 Consay
AT dnST g Cas g
Imlﬁw.réa-mim-lel JUisil (g5 e Slas] oyaniis
+ S S g Cogun

oty g Yoles slajan |

LS Copnni o Bolaani o 53591
J}“ﬁ:’_‘éﬁ'@-‘, BuliS ST § CaS gt £ @3 Cyunnd|
+ ISP sogume s angi by
=) & ey Lud
L 5l o] aliins £ gi o sl

Caygale lagaiajls as az g

9 (gatuiw Slaskdie dudgl fyeaks

Slad g pxa uass

Tl o 2 ook ol 31,585 i 5L
@15 dbixe goois + il (555LAS (ol 5L
pf Ut aliine slid 4yl s> Y
ol 5 03540 9 23b olSsls 45 4243 asuua;léf;hﬁswzﬁvﬁﬂl
. R il 42 4797 L Cadgao 4 00T 0 uST Copus dalgl i
JiU 51,513 Cean 2 1yb Tl Gl adiies jLAS 5 soiiSusST § G gus £93
I‘Jju adia s Lt a -,_._..-.I o555 5 a5 g 2 5 52 32053 ] Veress = Veropeltane Tank + Vpress 1ank |
VPrB: P{
Mpress = RT;

I..'ljlisﬂfﬂ‘hm" o U‘h‘l

I J;u,g,a.m:...;.mf,ﬁsl

Y

[ 36 5 51,31 atiione 359 21,55l

[N E SN P

IL‘...u.‘s,ms;s,_,a,,._J&-.al eliol 58 2alsly diags S y5 b Qilka o)l
Sgrge slacslar o 5l o>k

| st dan |

I.jl,:blc.hnz-" 3 il e il FEA ]_.lg.‘,l

OrtaeS @le €3 g Sitily (Sl sleing, -V SIS



VY [ bty pde phagh mole dellad

WAY 5l /¥ 5)ked [V Al
JS 0 wglate Chaw w4 oS ST Cund K eyl
> by SO gl ol dled S 1) gyt el
@l 0o Jro oml JBo b cdgw SO L dgaxe
CB g 4y 0diiS S| oS 5 G 51 oolatw] Awy 4 ol 0
JLid & g b 0y o8 1) abwg 53101 YU HplasT L
(i (b 398 imen g ool Cowdds Gyl dadse
Olgie 4 1) cavlio Co g dy 008 sunST G g5 oo 498
(F) 5 () sl S 5 0,8 Gbwl slb dds &Jsl jois
sy JUl slod g M5 B9 400 (sllage a5
Cd g ilise GlacuS 5 sl Cdgw a4 oS annST Cos
Cowl 05 601> olis IRHLEWRY 9

OS2l sl Sl (b sl oS

daise JLis jgige dlul 9 > )3 J3e slayial)ly jI (S
590 lod 5 g9 4 a2y b glysl daise jlid el gl
On kol Jele ygige ()39 dtun bk S 90 ]
b a5l oy Alaieo (L sl sl (3] aioea L2
58 90 il o] ) yige & gl ye 55 4 (o] ol
gl 83 5l (3l dladoeo Lt gl oo any 15010 (S
ol (Siily il 4 a9 Lo
Comd Oler 09551 (3l dadoes JLES e S any
Ly S QB 35 G |) S w4 piS S|
S g gg dlex I 3L ooyl 4 CB g &y alS A
a3 3 (St e g 3] s LS 0l ST

)
=
P 4500 /_.,,--—-'“" LOX-LH2 \
£.4300 v | |
2 V \
54100 /
Q
» 3900 :
3 / LOX-Kerosene LOX-Propane
£ 3700 f : Q |
£ 3500 PO = S W S
3 LOX-Methanel \\““\\
§ 3300 LA TN =
z gAsg f}( / T N\ >< 90°¢-H20:2-Ema-?‘_:t. — _90%'".20_2:“""’_’_“

5 2000 7
o /
@ 2700 / £ /

N 204-MMH Ideal Specific Vacuum
— - Impulse

P. = 100 bar. AJA, = 45, CET93

S 2500
870 1 2 3 4

5 6 T 8 9

Propellant Mixture Ratio O/F [-]

[Y4] oS a5 g Ciliseo SlbeaS )5 i guo 4y 00 ST Connd s Mo 09 Ay jlges =Y JSUS

3750 F
3500 | — T
3250 | e —
3000 | Va4 e —
sl /[ /[ VA A
B —
§2500 i / // / / /;;% \\
Q. r / /
Eiizz E / / / / Ay —
I e H202 - Ethanol
2ol )
(_U 1750 F f = N204 - RP1
“sool ] —
B / = LOX - Ethanol
1250 ,/ /// T e
1000 /

0 05 1 15 2

2.5 35 4 45 5
Propellant Mixture Ratio O/F

55 6 65 7 75 8
@

U VY sl alaioe (Lid )3 cilisie slacaS 5 Cdgu 4 0aiiS aenS] Coms cone pr 3lpnl (clod Jloges —F JSS



o3ljing ol Lople g uadiyoe (e ol (e o LS Ao

Gyl syl gyl b yls )5 </ =+ /AN ojl 5 Yoams
[¥] LT oo Canndas (B) olee I o3l b duastiie cas yu
C* = N/ 8YRTc (a)

. 13
Y [(y+1)] Y

SS9 JB (blasl sla Shg baimoo)lis &l iy co b el )l

o] i1y g duastine Cus (D9 polae bl J5U b

239] oy (F) sleo 5l odlitol b 1y &l iy o o g5 o0 0309

ISP
= B #)

hie ghaw il i g il o pd (lyl dadone JLiS (i b
2] o Cawdds (V) Doleo )b 51 o5olS

F
At - CfXPC (v)
o el g (1) 5 (1) Sles clejon o b 4ol
¥ ] oo comsty S5 (295 5Lt

2y2 2 asy P =
_ )4 (r-1 _(Pe\ v
G= |oo (y+1)] [1 (p) ] +

e[| g

PN Gl N
At y+1 Pe yTl
=1 1‘(p—c) ]

J3b 5 @l dises 210

)LQ} 4 c.s'.o wH ‘5132»)9:90 9 ool dy90 él)o] dlﬁéu
P9 oo s pj Jgliie diwd

(Ilgnl) (o paidow 3zl 56T N
5l elgil 055 &S Jog e syl 5UI LY
955 gl bl ¥
I sl syl BU1 Y
B (S (0L sl il )b 4 5lyis] drdsee 48 Sl
Ui 3l i g8 Ol o 138,50 sl ol o ekee
&5 wrdahie 3l .cwl (jg 5 dlul (5SS Sl alaise
gl & Olgon (alid olptey o8 sl Kty o] sladdaizee
L3V 5,8 oLl (5955 5 (sllgnl
Joleo Jobo gy «slyin] dladoe sl cpuss sla by 5l (S
NS 1 g g £5 4 4255 L oo Jsb by ol 2 e
s .)l:u‘ )JL» B W) ob)‘ wb d)LOT SleMb ‘}M 9
SIS g bnyline b Jolaa Jsbo ol bl 3 o sy 3l

L35 (59l8 5 pole imgs — ol dolilad /¥
WAY 5L /Y 5)las / V als

L ulyun uyf‘ CSgw & DJ.MSMS] Conand ubwl )‘ o
3y50 0SS 5 Cigw pya (F) 5 (¥) () &¥oleo I el

Dol Cawdey 1y Lo

Txt
total ISPxg (Y)
°
f
Mox - 1+% X Mtotal (‘N)
1
Mg, = 140 X Miotal (\c)
f

395 b ool Cowddy BaSanS| g Chogw pyr Splie Oygo

Dgud oo gudual “"“59“’ &

Bl g o 5 9 (B i Sl (yues
Co g &y 04GS A ST G g 3l Aladoes Lid (yusd 5|
sjlE Bl clascie CEA * 3l 5l eslawl b ol o 98]
S ol (29 ey pre 29l sy |y 3l 5l ol
oo Cuns g oS 5 J5ge pr (U (3lyl (slod 51 a5l
Wy i8] g Olwlre (gjluwoslus (gl Cuomd (ol 3 0310
5l asle Glusd cpl il s plxl glosiiSoole clus

Gl (Ron B Sy @

Gl ol 55 @

Dy oo laicd e Sl 5 e

bl ol @

ol gy Ol @

Gy 3yl daises jpxe y dg0s glaile po lie y> @

ol 9SS
J3b 2 g 0 Sl lysl daisre j> oS Blusl Jolas @

ol 0duw y Ciguo s s 4 0895 13 b > 45T atlan 4D

oailie 50 (5] g BaBILE Aasuin oy sl
Syt ool Byl Lsismo 5 g3l sl i 5 ol
SVgamme slod oS Cunl p3Y dastie Gy 35 Canddy
Sl oplate clynl daasee oL glod Jdo a4 LAl polre 3l s
S Sl 5 g dlge 4 g ol e baoee lpnl ©Y e
Ly Lials el 5 cul 1SS b yiiSTly () &S Ko 0 o
Iy Mer yiely)b diastio Ce o duwlwe (gl Jd ppod &) 05 0
Mo pS (o 5l 0 dasude Sy Glyal plasil) plgie cod

6. Chemical Equilibrium with Applications
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