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Thermochemical Performance Analysis of Hydrazine Arc Thruster
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ABSTRACT

The computational fluid dynamic analysis has been conducted for the thermo-chemical flow field in
an arcjet thruster with mono-propellant hydrazine (NHi;) as a working fluid. Coupled Reynolds
Averaged Navier-Stokes (RANS) equations and Maxwell equations were used to account for the Ohm
heating and Lorentz forces. Hydrazine chemistry and thermal radiation were also incorporated to the
fluid dynamic equations by assuming infinitely-fast reactions and optically thick media. In addition to
the thermo-physical understandings of the flow field inside the arcjet thruster, results shows that
performance indices are improved by amount of 20% in thrust and 200% in specific impulse with the
0.6kW are heating.
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Table 1 Computing Results in Chamber Condition

Z7zHoE AR

Components Present NASA (CEATI)
N, 3.3333-0.1 3.3333-01
N 5.8421-15 6.0190-15
H» 6.6666-01 6.6666-01
H 6.5789-06 6.6720-06
Temperature 1429.07K 1430.13K
Pressure 0.08MPa 0.08MPa

3.2 7kt 23} 5l A% 3l

Figure 2= %87]9) H7]% o) A5 e
sleZe drde) fuL B 5

Mg vt

Level 1 7 13 19 25 31 37 43 49 55 61
TIK]: 1429 4094 6759 9424 12088 14753 17418 20083 22748 25413 28078

Q): 0.08 0.15 0.23 0.31 0.38 0.46 2 0.69 0.77 0.85 0.92

Fig. 2 Arciet Flow Field

Figure 3, Fig. 4+ 5—’."\]"@5-’150“ nE FA4#
53} HeAPfE) ohope vhepd g,
bzt Qe REZE WALHES 4 JRe @
A wAw, G5 okt AR w2
THAAM 2= A5l wet Autyog ot
stk wopxl=a & £ Atk

Figure 5+ 38719 B3 FA MM &%

OpY
REE dehd Aoz Fe| 2 ¥R UF

e

Mach No. Distribution in the case of
onduction p (0.01)

Frozen Flow

With Arc Radi.  -------
Without Arc Radi.

With Arc Radi.  -------
Without Arc Radi.

Equilibriom Flow

Fig. 3 Mach No. Distribution in the case of Radi.
-Cond. Parameter (0.01)

Mach No. Dlsmbuuon in the case of
onduction p (0.0001)

Frozen Flow

With Arc Radi.  -------
Without Arc Radi.

With Arc Radi. -------
Without A rc Radi.

Equilibrium Flow

Fig. 4 Mach No. Distribution in the case of Radi.
-Cond. Parameter (0.0001)

35000
F Temperature | K| at center and wall
[ Inciuded arc and radiation
30000 |-
X —+ T, Frozen
S + G boa- Ty Equil.
25000 |- —o— T,,.. Frozen
8 ----@---- T, Equil.
—20000
X [
= [
15000
I
5
10000 -
3
A
9
so00 -




Wall Temperature and Aixal velocity at exit plane

exit

500 1000 1500 2000 2500 3000 L3500
!V‘l_!'"|/1_rTXIV1_|'I!Il‘[||l|rYlAl|

y [mm]
w

Equ. Arc Radi. Temp.
—8—— Equ. Arc Radi. Axial vel.

1 — —-— — Frozen Temp.
~ ~@— — Frozen Axial vel.

0 .,,_LL..,.1#“@#..1;._-.1.\,1.”,

0 1000 2000 3000 4000 5000 6000 7000
u [m/s]

Fig. 6 Wall Temperature and Axial Velocity at

Exit Plane
dge eRe 45 Hudc Fg 6 7
AN eEst % WP SERIE ehd Ao
2, 7oA & B Sxd o AAE B
W oopzol oa #7&Est 20 FrhAvkE A
& % F Utk ol FES FrE Fu
99 mgol FobAee Uthie 3ol

& Table 29} #o
FUEEE 20%57HA719 FHE &S 200%E
A =

et

Ml
X
T
X
o
fjo
1A
¥

Table 2 The computational Results of Thrust and

Impulse
Cases Thrust [mN] Impulse {sec]
Frozen w/o 226.96 250.01
Equ. Arc 274.27 445.09
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