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Thrusters are essential components of space systems—including satellites,
spacecraft, and lunar modules—due to their ability to generate controlled thrust for
precise attitude and trajectory adjustments. Among the factors influencing thruster
efficiency, the propellant plays a critical role in determining key performance
metrics. Ammonium dinitramide (ADN), a high-density oxidizer with a positive
oxygen balance, low toxicity, non-carcinogenic characteristics, and chlorine-free
composition, has emerged as a promising alternative to traditional oxidizers. This
study simulates the influence of feed parameters on the performance of a single-
propellant thruster utilizing an ADN-based liquid formulation. Two-dimensional,
steady-state modeling was performed to evaluate the effects of input parameters on
combustion and thrust generation. The propellant mixture consisted of 63% ADN,
11% methanol (CHsOH), and 26% water (H20), delivered at a mass flow rate of
2/3 g/s. The preheat temperature was set at 473 K, and the catalyst bed porosity
was 0.5. The governing equations for continuity, momentum, energy, and species
transport, along with a detailed reaction mechanism involving 40 reactions and 18
chemical species in a porous medium, were solved using a pressure-based
numerical approach. The effects of preheat temperature, catalyst bed porosity, and
methanol mass fraction were investigated in relation to NO2 and O» mass fractions,
maximum pressure and temperature, specific impulse, and thrust force. Results
indicated that porosity values of 0.4, 0.5, 0.6, and 0.7 yielded thrust forces of 13.5,
19.5, 18.5, and 16.5N, respectively, with 0.5 producing the highest output.
Increasing porosity initially raised the maximum pressure and temperature,
enhancing both thrust and specific impulse, before declining beyond an optimal
threshold. A direct correlation was observed between preheat temperature and
performance enhancement; raising the temperature from 423 to 573 K increased
thrust from 13.5 to 22.5 N. Variation of the methanol mass fraction from 0.07 to
0.2 resulted in an initial rise, followed by a drop in thrust, with a peak value of 19.5
N occurring at a mass fraction of 0.11. Higher methanol content increased the
exhaust gas mass and, consequently, the propellant consumption rate. Therefore,
optimizing the methanol fraction is essential for maximizing thrust efficiency.
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Fig. 1. Schematic diagram of the operation of a single-propellant thruster
based on ADN [17].

K-Epsilon Jue ;I Sadl gjlwie lp Liogi ol »
(Y) B (V) ¥oleo )3 35 o b Las o <5¥olae ¢ o odlisl Realizable
Gl 005 031 uL'“"
0 9 PR S
a(pk)+5)(.(pku')_axﬂwak]@x,} o
Gk+Gh7p87Ym+Sk

3. Hou

Ladlgn qwtizs )3 5yl /¥
¥ 5)les A 5yg3 VFF Lo

Bl g Lo gla el gl adllae 4 o) Se 9 Vg

Al Sy 3 @yl g 4o lasidie p (o)l Culies 5 b ¢ Job)
5 e (Siludnd (yhg) oS & el 200 pgsigel 4l p Wy S
bow o e g Oilp JWI g5 (siloples] sladsa (pop
Syl JBI Byl VL (lod )5 @yl BT (58,5 )l s g Joibee
I Sapp Gl b ob ol ol adlas gols [VF] wixblyy nidants

Tl yianl 5 5 ySlos ¢ cianndUlS i 0)lgs0 Caolss g 4lad ¢ Jgbo (gl yial by
Lbgo YRR g 9 Rl

A coge 4 48 35 ool o 5 S5 Laags (5500 adllne
s 4PS p Jlie o puS b g bl s ol Clasuite
2 gy lamo b 6l il lsisds ol iicsd poigel il (3l
s S STy dad o i oS .[\70] Sl by &l SO sla Kl
Syl yil 5 (Ui g Lod diniy p a2g B b UlS

Wiy @yl g 4 pp 4 ladlas o Ko o T Si
Oy 4y SrgS iy ST Ky S5 )3 (ADN) el 3 posigal oo
bl yuals gl misly oy ol gl [z] uby o0 g g2
Byl g 428 daxie 5 )30 o sty (b csilodnd ) Sl oo
Sy o2de gilwand & gladlas o )Sen 4 ‘ﬂyz’ Dgs ADN &l iy
ol 9 Bl 98y Bl daitne wdin (o gl 30 )y
lo]p adlla cpimen 5 ADN (FincSy alhby 4l » Sl g
ool 483l (i ls [IV] sl jSadly cnl o @il 9 429
dlaioeo b (ialj3 b s g a8l bl > Kl G, (698 9 0
e ials (gl

sile 639y (slopiio lysl Ly il aios Lol Chan
2 B oy S (500 5 Sy (o S 5 g £ 5 g glod
$958) Sily (93,8os (gl siel )y 5 (St g (Seolindgey Cluogad
alydn SO ol Sl auolio &y addllas oyl sl (059 (o] 5 i,
A5 5l i aby (sla Sl b (ADN) duel 60 posigel 4l 2 lo
s 3313 o (giwodlel o g 5, Shas ¢ Jaacin ) (53¢ uow
O olon & oSy 2 S HE (i g 3Sles p e (slmjialy
Canl J0y53 3 oY ol e 5lyinl g o0 glaoals

Siels pasisel b cnien iy asSule Jio 4 Gy o
(ol Lislel daan i (ials b Wl e oS cunl W )Kiily > (ADN)
uﬁmlf ¢L5la..:>uw) JSLM J> 0] C,Jyg(w cd)'L.vbbLo] OLO)' wmlf
Gl g e LS S e g9y il 2l g o s
A S8 D ey > a5 W8 350 & Dol e o

1.Yu
2.Jing



Lablsn (cwdie 5 (5)5s
&/ ¥ 5lads & By ¥ Lo

Table 1. Boundary conditions governing the problem [12].

Row Parameter Value | Unit
1 Inlet Flow Rate 23 als
2 Injection Pressure 1 MPa
3 Preheating Temperature 473 K
4 ADN Mass Fraction 0.63 —
5 Methanol Mass Fraction 0.11 —
6 Water Mass Fraction 0.26 —
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Table 3. Dimensions of the drawn thruster [15].
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2. Second Order Upwind

Table 2. Reaction mechanism [16].

Row Reaction Row Reaction

1 ADN=NH:+N,0+HNO; 21 2HCO=CH0+CO
2 ADN=NHz+NOz+N,0+OH 22 H+HCO=CH:O

3 NH;+HNO:=N,0+2H,0 23 H2+CO=CH0

4 N20+NO=NO2+N2 24 CH20+H=HCO+H.
5 N20+0.5H=N2+OH 25 CH20+0=HCO=0H
6 N20+0.50,=2NO 26 CH,0+OH=HCO+H,0
7 NO2+0.5H,=NO+OH 27 CH,OH+M=CH,0+H+M

8 N20=N>+0.50, 28 CH;OH+H=CH,0+H,
9 NO+0.502=NO; 29 CH,0H+0=CH;0+OH
10 0.502+H,=0.5H>+OH 30 CH,0H+OH=CH,0+H;0
11 Hz+OH=H,0+0.5H; 31 CH,OH+HCO=CHsOH+CO
12 0.50,+H,0=20H 32 CHOH+HCO=2CH;0
13 HatM=2H+M 33 2CH,0H=CH30H=CH,0
14 O+H=0H 34 H+CH20H=CHsOH
15 H+OH=H.0O 35 CH3OH+H=CH,OH+H;
16 HCO=H+CO 36 CH30H+0=CH,OH+OH
17 HCO+H=CO+H: 37 CH30H+OH=CH,0H+H,0
18 HCO+0=CO+OH 38 CH{OH+HCO=CH,OH+CH,0
19 HCO+OH=CO+H:0 39 CO+0=CO>
20 2HCO=H,+2CO 40 CO+OH=CO2+H

1. Computational Fluid Dynamics
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Table 4. Details of the Mesh Used in the Simulation.

Computational Element Number of _Mean
. - Difference
Grid Size Elements
(%)
Grid 1 0.0003 16,649 -
Grid 2 0.0002 37,778 13%
Grid 3 0.0001 146,866 3%
Grid 4 0.00001 3,844,253 1%
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Fig. 3. Variations of static pressure at the nozzle center
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Fig. 2. Meshed geometry of the single-propellant thruster based
on ADN.
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Table 5. Numerical simulation results and experimental results [15].

Max Max Thrust
Row | Parameter | Temperature | Pressure | Force
(W) (MPa) (N)
1 Simulation 1752 1.03 5.19
Reference
2 Article 1823 1.015 5
3 Error (%) 3.97 1.47 3.73
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Fig. 7. Maximum temperature plot of the thruster at different
catalyst bed porosities.
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temperatures.
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Fig. 12. Maximum temperature plot of the thruster at different
preheats temperatures.
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Fig. 13. Maximum pressure plot of the thruster at different
preheats temperatures.
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Fig. 17. Mass fraction plot of O along the thruster at varying
methanol mass fractions.
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Fig. 18. Maximum temperature plot of the thruster at varying
methanol mass fractions.
1.04

1550

1.035

1.03

o

=1

o
1

L 1 1 L 1 1 1
0 0.05 0.1 0.15 0.2 0.25 0.3

Mass Fraction Of CH,OH

dsitie Cilisee (olooys S 5> ,Stil Ui gy Jlages =) A JSU

Fig. 19. Maximum pressure plot of the thruster at varying
methanol mass fractions.
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Fig. 16. Mass fraction plot of NO: along the thruster with
varying methanol mass fractions.
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Fig. 20. Specific impulse plot of the thruster at varying methanol
mass fractions.
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Fig. 21. Thrust force plot at varying methanol mass fractions.
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Table 6. Optimal values of performance parameters for the
thruster based on the single-component liquid propellant ADN.

Performance| Thrust | Specific Max Max
arameters  orce | Impulse | Temperature | Pressure
Paramete N) | (sp) (s) (K) (MPa)
Catalyst Bed
Porosity (05) | 519 | 23002 1752 1.03
Preheating
Temperature 5.22 231.35 1822 1.038
(573 K)
Methanol
Mass
rewiEn 5.19 230.02 1752 1.03
(0.11)
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