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5. System-specific impulse
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6. Chemical Equilibrium with Applications


www.SID.ir

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

SLyS Ghgy @

Syl (S bdastie (yhy) wdd S5 (b be) (w
slatg) 5l s xSore b gy cnl 3 cunl 5385 Jl e )3 g il
doxdio p ol o 39 (2hb o 4 iU S (b
B (sl oloj & 2295 b 1] 390 )6 (slge g 0 (2955
Ygomo ¢ oghto )b dasie sladals (> ol oolaiwl gy cpl Sb;
38 LSS (qwgy gy 98 e (2L (o) (il 4 Mg e
o3l J3U g (Pl 3 (25 9 b slagsds) jl (oS 5
IF] 05l (ool s slp) o aastiie g, dile (Jg 03,8
Dgxce e 4 Jib (b slagsdyy (gl S (S gl )
Wiy (9355 S Jlhno L il 989 0 Lawgs VABA Jlo )3 (S, o
Gy o o & (550 9y B9y Sla Shg dlex j1[Y0] 45 )
ol 2228 o)l (egrde (b B ) JoB B 3 (izmen g 3k
gyl W 35 lad 1S5 sl gy (52 uS S & alio
51 ool il &l claiigy pd 0sd ol SIS 4 dsgi b g g0
Jib 18ty pise (b lp baasuie b gl oty j (S
Db dnog

IRen J3b (b 5 gyl dione Slasedio ol 1 ey
y Gl Sl je83l Ao clo Shy Gl 151y -
b cole (Sopu8 s @ Cwowd pl 3 08 Jasule
Pyl gy yuie Sl S5 jleS Pldeio

oz 1l (S 93k Jelge 4 )5S gy Sl
il 350 )5990 (9 «(3l ] daies slod &y Bl o 3)lge )
oIS wST g C g £95 5 )50 (63,5as Laee 590 S g9
&5 OlrineS alad byl 3 Sl 42 L oS o)l
SNBSS Jgere slaghy,) 5l sl (g)lid Lied g55 5l IS
Sl )ygige S sl ool By S )5 odliial i e
Iogse B SE (sl Uiy ol 3 cal (ka9 ¢ 2l
20 Lad b 4y ol dbol @yl 5l oy mdads G,k
9 G camslio 3L 0 l5 (S (sl gy (ol Lol 090
Dgdi o ol (olid (6,3 Jro oS 5 slasby, )

2GS dnS | g Cl g (43w dlasl g LS yanni
23 5Lid 8l b eaiSansST g Ci g )b HLiS s <l
S yrane y> )Lt Il (glaigas .55 (135 ) Hege (5L yrane
ol 03y LS (Q) JSKb 50 ol pdis S mle Ci g Sl S
B s ) o3l s 4 o S, g5 ol ST
S8 duslors 1> ¢ipl il A8 (ool 0dliil Guaygnys5 I (5 i

Dy ges 485 Jla3)y Cuggryer Hlid il ¢lre

Ol b sla Sy o ol 555

5 3k el et 45 3 fsita | ot
Pgdi e 3yl daie (g 9 e plalidl el LT 3l o
NS il g alaie o Ll el LF Lilj3l @
Dsdise )l slacdl (il ol ab 4 g
ies > Ska ol elacdl il el I il o
P9 ge J3U S sLis alS g gl
€9 oolol p Polee Job Ll s @)} Sk Cgr)ly
o> Q]y’& & d)u OleMb| (e g PV R WY 9 CSgmw
Dbisn jg) 4 Olabe plxl (o (w9 00 Ol 4yl
Soslawl b1y sl aladse woes o Jolee Job adgl ois 5l o
2y9] Candes lg5 oo (V+) Udlao
Ve =L X A (O+)
sloodly 1 oslazwl 5l inl dlaascs Jad e slaely 5l (S
Colue 4 3lpsl daise colue o (V) dolee el ()bl
1¥] 8550 cypa55 olS IS Jlab s 3, oS 5lS
Ac

& =80D"° +1.25 W)

Gyl 561 Jsb olgise (slyin! BBl colue (1959] Comday I an
23y9] Cawddy (VY) dolee SaS' L 1,
(W)
LIV L cwl gl 5lpn] Aaie

—_— L*
ACC = Tc (\Y’)

YY) bog dalgs ply J56 (6399 b Jobo (36 (Jgone JS5

Ly, = 0.5dt\/(2 + p\/A:cc)z -(3+(p- 1)\/A:CC)Z (\f)
Jib 3955 &b Claasdo plow «g39)9 &b Job s b
sl Jpa> BB ki g ()l Ll 511 S

e 181y J3U el Sty J3U Jdgn (b csim B
bl > Gren 4 gd e Jolis 1) Sl (g I lodes
Onrodle cul 5o (Sl 0jg Rl > 36 cal edgy A
€9 ol sl (bgyse JiU dayKiily p3 odliil )90 JiU g9
ot S50 5 Crmen sl (b il g Jobo clyls J3U
» e oy 09SE sl bbb a5 390 Ygane
g Llje sl ol 51 plas” oS ons ) 1815 J3b Jidg e Ao
o)Ll y2j 3)lge @ plgiise Wosbey cl Cnpmte Sl s (nlee
10,8

Fhobe o

baasio by, ©


www.SID.ir

o3ljing ol Lople g uadype (e ol (e (LS Ao

Sl 3 3590 3 a9 02 Cpmnd
O3B Lg)!..’\f)l...&é

Ll el ()l )Lazd sl Sl 3590 55 w2 5 2 (e Sl
eyl s ez b 0,8 i 1y 5l 0y5e (glon Sl LS
CS P (o S (1392 polae g 0AiS STy Co g (5l
Slop Saall )Lad Glyice (V1) 9 (VA) ©Yolae Aoy &) el
L] 5,8 dwlre |y saiiSaunS] g Ci g B 3 5L5 350
Pox uttage = Pox Tank + Npox8Hox (VA)
Pey ullage = PruTank + NPrug8Hru (hq)

g Chgw (i (295 5l Jlw gli)l H (g8 daily 5
Canddy ()il dlal 4 dng b g Cunlon Sl b oaiS s
g 5 3 L8 85 9 n p2 b (A 3 Ygame bl on
O3 jlid ily &S5 ol gl ol G Ll ol sniS ST
OiBe (63939 13 )Y ) e Sy jl ool oS ST g S g
b 3 e ol sl Wlydi S gl oS 28T g e
SN 5B g9 el fhed i jLid Cod slom (il
Foe )15 )Lid e S5 g9 Sl 5 63k 5 sl el )y ]
b STy pas 5 (JsS0se 32 4 e Lol i 31 S
sdilobs (sl 3)S o)Ll 5loee 13 39390 8IS WS g S gu
@ Ol JUl gl (S loj Yoone aSi] 4 g5 b iyt
Sogo dsl) bod )> Sagg il s S ol o) 5 32 g <8900
)5 022 2j

y-1

Pe

T=T() " (v)
(gl B2y a9 Sl ) Lo Ty 598 ddlae 5
ey 3 olod )L PriogpslS ded cuns 55 adgl sl T;
ool JBly s j5 Al JLES Py g SISl
Casl plyr Vgano (53558 (el 3L 390 55 las oo
S o BLE & 0S| 5 Chgw o w b
polre ()i ()l5)LE8 SUU pom gz Lol L jlre ()35 )Lt
GHS L8 (5l 3,90 S pr oyl Casday (gl
2 089y 0l sl g oolinul Wl s g (o (g, I )il
i s s ol plol oo ol o 3l (L () JS3
¥F] 5l aw)le
0jbe )5Lis 55 gg sl
el oo gl 6 )155Li3 5l Ayl @ wuiS o0 2 Y
P (Ered 9 oS buST g Ch g (e poe il LY
oz (V) Doleo §l oolitsl b g5 oo (6,138 ,Ltb 5o 4
23y9] Camdd |y 510 (6138 ,Li3 5L5 390 55

L35 (558 5 pole imgy — ol Aolilad RY:
WAY 5L /Y 5l / V als

("=

Propellant Tank Thrust Chamber

Wges lad il (o5lid D355 piawmw > Hlib il -0 JSWS

Ay oSSl gedgn il s lis (0) JSb 4 aa g5 b
S o ) Jluw s cdl dolsl o él).bl daases Hlid b ol
V] el pl i
Poxrank = B + APDynamiCOX + APfeed +
Aij
Pryrank = B + APDynamicFu + APfeed +
AP,nj
5 Lol I rizeen g oaiiSa ST 5 Co g £ (0 polas b
oS ST g g 5l 390 e (lebl o ps (855 L)
Sl 5l oS ST g cd g yibke JS po ] oo Cuday
15l a8, le oS ous JSSis isu
Vpy oolaiwl 550 508 3uuST 5 Cohguw v @
VUll |9_€Zs gi.quLs p?(} [ ]
Veo b po> @
VTrap ol dxsll f’b 4> e
IF] L sl plys oS 3] 9 CAgw il IS poe ool
Vrank = Vpu + Vyn + Vo + VTrap (\V)

A zmen g 02381 g CS g ()l w (e b

wigpel )5 Sl ) (jjle g95 Glgie wtin 98 (58S
OB lad ladilobs 4o oolawl 390 yjlre S o 5 glaie
Sl ly e cnptda 95 i sl Sl g 59,8
lailsiol o3l 5l el ol LS oo walp jasule gaw
503 6 5L lojl Cunglio 55l (ppiomen A SiSiw
A8l 3L oS ST g S g (jjle @ & )0 Jlie
)5 odliil (59,8 3o 3l s ool 3528 Jid> 4 &5 s5o0 &
oo b Coles j0 0,8 o Hl,8 edlatwl 090 (slalgiul ke
Cawddy (jl5e dlal 0aiS T g Chgw e x> g 55 (0D

...\JIL;Q

(Va)

(%)


www.SID.ir

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

Cuolbus B )8 bl Cuwlsus ts (YY) o (YF) &Yolee )
Slge jlome s Fpp g dilgiw] glads 7 0)S glaid Ty cailgian! 6)las
ol 03lw] 5 g0

S o Ol 0sS) il Cubs (5] cusdar L
290 Cawddy (YA) ddlee I ookl b 1y oaiiS oS’ g o g
mg = AgtsPmat (YA)

4 )5 olital 35 g)lel bl 5l g )3l p o oS 4l
L8 IS5 i b Ry 350 oy (V) doles Jlio lgie
Mrank = (1.3012 + 0.0099P) (Vpapy ) *8647P%**** (vq)

5 (Y8) ¥olao I g5 o 3 3l yin] dlaions Cuolseds s (gl
Gyl Aot uin 13 b Jg0,8 ) 3l ool cuglas 15,8 adlazl (YY)
gl WL o gl (S5 i 5l Vgone &8
ol iz 5 bl 0331 pasiie b JJU 5 Gyl daiors )9
Doleo Jlto cyie 4 Conl Jpuas BB oo b (o lol Ly,
Y] S o Gl 1y S0 36 5 glyn] daizee g (¥+)

m. = Tpty, <2rCLC - (M)) (v+)

tan 0.

9 hlos Lulg 5l e si9e slagladl b (g (ess
35 oalil (g el Laly, 1 pgs) &5y

s 41,1 oSl U5y

9 D)l olpiaeS 2lad Saly (b ol oS (JS is 5
Sy o ol 3 i Byme 4o yeb 4 )] ilisee (slaciend
Sl OlrineS gle cogw Sy Sl @l oS 2L
g b B Cojgele S plos]

S By Bl ogpin o ol gllas taliao ity y23
ol 5 3050 (600 ygile pbl el oS (gye Uil Sl
sl 01 0303 L5 (V) Jgdo 53 Cupgele oyl 30:8 o bl

15 3,50 g Bk (1 35 5 LI =Y Jgan

by o Fee S 3)90 Cas sy
A 05l o
ol 1 oolizal b 5y SIS s 55
Py okS AD | oS piess S5 P2
asl v Slbes oo
o B Ol S99
Fo )5S ok
5o VO 3l xS Sob Jsb

Ol b sla Sy o ol 555

Vpress = VPropellant Tank + VPress Tank (Y\)
Doles 1 oxlital by 30 (65138, clyy jlo 5,90 5 o ¥
Al oo Camday (YY)

_ VpressPf
Mpress = RT¢ (YY)

Y s go 0 a8 (6008 L yiloee wdn p g5 0 y95ST .0
(YY) d].)l:.pt_iosb]) .)94 03— w)f)b)b)n_.ob)zllp
D9l Cawddy

MpressRuTj

Vbress Tank = Pl—M (YYJ)
9 AL 5L Y dlsyo 4 (g IS L8 yilre M pos i b S
D9 e s (e (5SS (gl Sl 550 B poe>
D9 )8y
VPressi_,_l - VPressi <et (Yf)

TR R RN AU, { PRSI I N .
9 &Sy il ojlw g5 358 o Ll glojlu sla saiojls
5 (L (598 o g Sps a3l & g b Ygoms 0SS
9 ESgu ()il 0jl elgil (it Jl2gd o0 s 0y 5 (5, H5)L
[\”V] .))f b)Lu] 2 .))]90 4 u‘y‘_;c DAA.S.—\».MS‘

e

P ol =gy @

E oSS wgrded @

) gl aled JLtd b ol 3 (jloe calbied s (s
2l oo Canddy (YO) Asleo 5l odlatwl b oyl oyl ousS puens
P, = f,MEOP (vo)
0855 iy slp Glirebl oy fi 9 (35 51 Ll 550 6 )8
OB Cuwlbus duwbro jolaieds Gl piuaw slacuskipas
Ol 5,8 Gl 1y o] 8jle uis b u) saiS ST g o gw
5 00S huS | S g £55 Alax 5l (o0b; sl ol )b 4 ojle s
Oibre (sl )l (Kiw odlitwl 590 B3le iz b o] 6,5l
OYolee jloolitnl b iy a4 ojle cuolbus cslalginl 9 (59,8

{YA] 2980 s (YY) 5 (V7)

_Pors
ts= 2Fq) (Y;)
t, = Ebfe (YY)

Fall


www.SID.ir

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

Slasuin 0l 43|)| ‘59§J| gﬁlﬁ})‘ dl)_; 5,850 O?-‘ Lng(':}‘ 5
D9 oo dunlio wlie &lpin b (6, 5]) L oad (Slyb i),
sl o5 I [F+] (F) Jgd > dumlie o) gl

[¥+]oad @)l o8 b5, =¥ Jgu

DMT-600 ond b S, Slasuie
K%y 2 o 5o Casl
N,0, + UDMH [ N,0, + UDMH 015 8] 5 Ch g 58
asl vy asb Yy 039 4y
)5 sks FIV- )5 shSYIAY SuiS s
Abar \-bar Gyl b lis
510 AV blus! s
VIAD VIAD & 0155 S| o
g

S 5 AoaiS

Gl Bl apde (Sl sl ng (plaiigy lio ul
Ol bi)) e el a8 Sl pojlsale (VL lye g logliad
el Cagele S 4t b e pld Sy S Lai,
S 2Lyl s A8 dusllio (Bly Liges b @ls g 9 (S
Lpo 9 /N0 00 (S Sty (g o 9 oo 0amlie (F) Joax 4
03 ORI ol Y 31l iy e Bigaiiay e ZY o 852
ol g J3b sk a8l s 4 bluwl s (2l @ ol
Gl )8 olal o Las Gall s & lysl Al culs
g o Stily gy el ¥l el 3yl dlaiose jLid g blusl s
oKy (b 290 ohrg Ay ke (Rl s 292
b2k g cul adiatis bl ol; sl Saom Sy olas
» Jbe glyis @2l 8y (b Blal e 1) digg Cund S
ol yin] dladze Hlid 5 Colue Cad Ll L ol Sl S,
4 Ve g ohg &y g pSokS < IPY Bl 4 Sy S
@ alde Sl b awslie 3 (Bpae gm0y Jg 48l (Al
Qs g Saly Gig hall ol b (il e SlS YA o5l
boupliad JS' (59 & Canl 003 (Bpae g (g L el oy

@ Loigy onl Gla Sy @ (lFe dols @i 4 255 L
2,8 )Ll pj g0

>hb e JRIEL e

Shb & jials e

Yhcd e

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

03] Cwday |y 35 350 8329 &y bl ¢ Sy £9,5 4l

Ol pdey Blales &gl alasl g ()59 )13 3)90 Al plin 4 d2 5L e 9

ool 1o gzl gylel Ll (V) g 53 39500 035 (05

)| i Slasuie ddol ez (glp aline oo ,Suly 52l

o 51) 05 035 (05 &lg) Sl sl 155 bl .l o3

b dasie sladils plodl b (gam slopls )3 (008 9 Jsb <139
L9 o0 TuPual

Sl jad g Job g cwedS (sl odel Cawday bl Lasly, =Y Jga

Mgng = 0.0061T + 0.5324 Xl s
Lgng = 0.0008T + 0.1672 Kasly Jsbo
Dgng = 0.0005T + 0.0193 (Sl ylad

el Sty Bl i (1) Sy 3 005 1) (5 Ly,

OFS] i A5l lasedio g oaiS 0] g Co g 98 G Sl S
iy |y e Slasdio plo 0ad &) o5 & a9 L (g5 00
il o> slofsges i & () 5 (V) dF) sl 5 g
5 5yl Alaises Lis Canes gy W Bl iy oy g didio Cas puo
0 s Lol Sl caliseo (gloojly )> g 4y S ST s
H S dsee I 6lSly deb Jdey Sk il ol
Jgn () U5 > Jlo Jsie & 25 odisad ard 55 cslo s,
oy i ol Cumday gy iy 3l esltwl b oS ( J3b (ol Sl Al
)l s ) odlizal L oas s b Sl ol claseie .ol 00
ok (b Sily (V1) S5l 01 03,0l () S o 0

3o s |y oS oyl eliso

5 30 5350 Gl 500 b Sl il st =Y g

NI lpdey
46 Yy o9 4y
N,0, + UDMH AS 1S | g Chgw g5
- Gl s L2
VIAD g &y oS S|
CAREIV o1 1S pya
PSS Y IVY Sy pr>
by V0P dastie Cs pu
\lias &l pig oy
Ya/-vy Jib colune cuus
FPRADYS Gyl daise Jgb
o +/-Y0 D
oIV 6 15 &b I
JLAYNYD oAS 3S| (e > b
L AY/VYS g (e > Lid
el SIS,LEs gl 53 )90 S g9
pSskS - 103¥ S5)Lis gl 5l 5y90 55 o2
o555 YINAY i, S s



www.SID.ir

\ ﬂ / 2bad gygld g psle ol — ele dalilad
VAT Sl ¥ a ]V sl Ol o8 (sln S, oo el (5550
S b vs) S @
22,5 ey ) 2 d)le GlFe Bu5 ol Aol sl
Oty gable (oo (A B 3 diie gilu e @
il slaailolo lneb] clblB (cilo s
Vi &lyin b ple o gw laygige 4 oSl (ol drwg @

asade (silwaite ¢y (pg bty dawys @

//\\

N

3250
=
30002
<
2750 ©
JUid g g 4 00 ST o oy Al oy Sl —A S 2500§
gl 2250 5
o
< 2000.5
3
17508
0.1 8

0.05' %,
£t 0 ] S g 4y 018 JpnS | s s gy lyin] dlaizn (glod Sl pois —F JSWG
Syl dadoe 5L38
-0.05¢
o . . |
0 002 004 006 008 01 012 014 016
x(m)

Sl Ubey 4 k5 3550 Kl J36TelSly anl bdgy ()b - JSUS

) g Ay 085S doanS | Cannd s gy duaduidio s s Sl pss =Y JSKW
o 1) S olal o ol St ales S — Yo JSWS e R
) dais L3


www.SID.ir

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

Journal of Space Science and Technology (JSST), Vol. 3, No.
3 and 4, Fall-Winter 2010-2011, p. 20 (In Persian).

[17]Smith, P., McLellan, R. and Gibbon, D. "Small Sat
Propulsion," Small Satellites for Earth Observation:
Selected Proceedings of the 5" International Symposium
of the International Academy of Astronautics, Berlin,
April 2005, p. 319.

[18]Benfield, M. P. and Turner, M. W. "Spacecraft Propulsion
System Impacts When Incorporating Advanced Chemical
Propulsion System Technologies," Presented at the NASA
Science Technology Conference, University of Maryland,
2007.

[19] Bauer, J., "Mechanical, Power, and Thermal Subsystem
Design for a Cube Sat Mission," Worcester Polytechnic
Institute, 2012.

[20]Matteo, F., "ESA Simulation Libraries, Based on Ecosim
Pro, for Modelling Spacecraft and Launch Vehicle
Propulsion Systems," Conference of European Space
Propulsion System Simulation, Madrid, 2010.

[21]Kunz, O., Renk, T. and Kauffmann, J. "FLPP: Cryogenic
Upper Stage Technologies Programmatic  and
Technological Overview," Presented at the 59"
International Astronautical Congress, Glasgow, 2008.

[22]Erichsen, P. "Performance Evaluation of Spacecraft
Propulsion Systems in Relation to Mission Impulse
Requirements,"  European  Spacecraft  Propulsion
Conference, 1997, p. 189.

[23]Mosher, L. E. and Wiley, S. "Design, Development and
Flight of the NEAR Propulsion System," Johns Hopkins
APL Technical Digest, Vol. 19, No. 2, 1998, pp. 175- 184.

[24]Young, D. A. An Innovative Methodology for Allocating
Reliability and Cost in a Lunar Exploration Architecture,
Georgia Institute of Technology, 2007.

[25]Roskam, J., Airplane Design: Part 8-Airplane Cost
Estimation: Design, Development, Manufacturing and
Operating, Darcorporation, 1985.

[26]Medvedev, A. A., Space Transportation System Design:
Moscow, Mashinostroenie; 2009 (In Rusian).

[27]Mirshams, M., Karimi, H. and Naseh, H. "Multi-Stage
Liquid Propellant Launch Vehicle Conceptual Design,
Based on Combinatorial Optimization of Major Design
Parameters," Journal of Space Science and Technology
(JSST), Vol. 1, No. 1, Fall 2008, pp. 21-36 (In Persian).

[28]Mirshams, M., Karimi, H. and Naseh, H. "Multi-Stage
Liquid Propellant Launch Vehicle Conceptual Design
(LVCD) Software, Based on Multi-Parameter
Optimization Idea," Journal of Space Science and
Technology (JSST), Vol. 1, No. 2, Winter 2009, pp.17-26
(In Persian).

[29]0.J. Haidn, Advanced Rocket Engines, Advances on
Propulsion Technology for High-Speed Aircraft, NATO
Science and Technology Organization, Belgium, 2007.

[30]Mirshams, M., Naseh, H., Taei, and Fazeley, H. R.,
"Liquid Propellant Engine Conceptual Design by Using a
Fuzzy-Multi-Objective  Genetic Algorithm (MOGA)
Optimization Method," Proceedings of the Institution of
Mechanical Engineers, Part G: Journal of Aerospace
Engineering, February 7, 2014.

[31]Yang, V., Liquid Rocket Thrust Chambers - Aspects of
Modeling, Analysis, and Design - Progress in

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

&>l

[1]Wertz, J. R. and Larson, W. J., Space Mission Analysis and
Design, 3" Edition Torrance, California Dordrecht;
Boston: Microcosm; Kluwer, 1999.

[2]Humble, R., Henry, G. N. and Larson, W. J., Space
Propulsion Analysis and Design, Department of Defense
and United States, National Aeronautics and Space
Administration (NASA), 1% Edition, New York: McGraw-
Hill, 1995.

[3]Sutton, G. P. and Biblarz, O., Rocket Propulsion Elements,
8 Edition Hoboken, N. J.: Wiley, 2010.

[4]Huzel, D. K., Huang, D. H. and Arbit, H. Modern
Engineering for Design of Liquid-Propellant Rocket
Engines, Washington,” DC: = American Institute of
Aecronautics and Astronautics, 1992.

[5]Goebel, D. M. and Katz, 1., Fundamentals of Electric
Propulsion: ion and Hall Thrusters, Hoboken, N.J.: John
Wiley & Sons, 2008.

[6]Czysz, P. A. and Bruno, C., Future Spacecraft Propulsion
Systems: Enabling Technologies for Space Exploration, 2™
Edition, Berlin ; New York Chichester, UK: Springer ;
Published in Association with Praxis Publishing, 2009.

[7]Turner, M. J. L. Rocket and Spacecraft Propulsion:
Principles, Practice and New Developments, 3" Edition,
Berlin; Chichester: Springer Published in Association with
Praxis Publishing, 2009.

[8]Cornelisse, J. W., Schoyer, H. F. R. and Wakker, K. F.
Rocket Propulsion and Space Flight Dynamics, London;
San Francisco: Pitman, 1979.

[91Brown, C. D. Spacecraft Propulsion, Washington, DC:
American Institute of Aeronautics and Astronautics, 1996.

[10]Larson,W., Kirkpatrick, Sellers, D. J., Thomas, L. and
Verma, D., LSC Applied Space Systems Engineering
(Space Technology Series), McGraw-Hill Education,
2009.

[11] Systems Engineering Handbook, United States. National
Aeronautics and Space Administration. (Rev. 1. ed.), 2007
Available, [on line]: http://purl. fdlp.gov/GPO/gpo 13042

[12]Steve, H., "Launch Vehicle and Spacecraft System
Design Using the Pistonless Pump," Space 2004
Conference and Exhibit, American Institute of
Aeronautics and Astronautics, 2004.

[13]Erichsen, P., "A Quick-Look Analysis Tool for the
Impulse Performance of Spacecraft Propulsion Systems,"
Presented at the 2" European Conference for Aerospace
Sciences (EUCASS), Brussels, Belgium, 2007.

[14]Juergen, M., "Thruster Options for Microspacecraft - A
Review and Evaluation of Existing Hardware and
Emerging Technologies," Presented at the 33 Joint
Propulsion Conference and Exhibit, Seattle, WA, 1997.

[15]Wiley, S., Dommer, K. and Mosher, L. "Design and
Development of the MESSENGER Propulsion System,"
American Institute of Aeronautics and Astronautics/Society
of Automotive Engineers/ American Society of Mechanical
Engineers Joint Propulsion Conference, Huntsville, 2003.

[16]Nosratollahi, M. and Adami-Dehkordi, A. H.
"Multidisciplinary Conceptual Design Optimization of
Monopropellant Propulsion System of Nanosatellite,"


www.SID.ir

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

Evaluation Liquid Propulsion Rocket Engines," National
Aeronautics and Space Administration, California, 1962.

[37]Mirshams, M., Naseh, H. and Fazeley, H. R. "Multi-
Objective Multidisciplinary Design of Space Launch
System Using Holistic Concurrent Design," Aerospace
Science and Technology, Vol. 33, Issue 1, 2014, pp. 40-54.

[38]Wagner, W. A., Liquid Rocket Metal Tanks and Tank
Components, National  Aeronautics and  Space
Administration (NASA), 1974, p. 156.

[39]Villeneuve, F. A4 Method for Concept and Technology
Exploration of Aerospace Architectures, Georgia Institute
of Technology, 2007.

[40]DMT-600, Available, [on line]: http:// www. astronautix.
com/engines/dmt600.htm.

Ol b sla Sy o ol 555

Astronautics and Aeronautics, Vol. 200 American
Institute of Aeronautics and Astronautics, 2004.

[32]M. Dobrovolsky, Liquid Rocket Engines, Publishing
Mechanical Engineering, Moscow, Mashinostroeni, 1968
(In Russian).

[33]Sutton, G. P., History of Liquid Propellant Rocket
Engines: American Institute of Aeronautics and
Astronautics, 2006.

[34]C.D. Kurpatenkov, The Calculation of Profile of the
Nozzle with a Break Forming, 1975 (In Russian).

[35]Rao, G. V. R. "Exhaust Nozzle Contour for Optimum
Thrust," Journal of Jet Propulsion, Vol. 28, No. 6, 1958,
pp. 377-382.

[36]Childs, W., Horowitz, T. R., Jenisch, W. M. and
Sugarman, B. "Design - for Pressurization System


www.SID.ir

