cog

Electrothermal Monopropellant Thrusters

+ With hydrazine, can achieve T,~1200-1400K
+ To achieve higher I, need even higher T,
* How?

— nuclear thermal

* nuclear heat source (direct or indirect)
« studied
— electric heating
* any electrical source (solar, nuclear, fuel cell, ...)
 deployed!!
» known as electrothermal thrusters
* 1, ~ 300-800(1500) s
» thrust-to-weight <10-3
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Electrical Heating

+ Current passing through

. Current Resistance
conductor heats it by (A=Cs) / (Ohms)
amount proportional to Q — J?R

its resistance
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S. Mazouffre, Plasma Sources
Sci and Technol 25 (2016)

Types of Electrothermal Thrusters

expanding
hot gas

* Resistojets )
— current passing through solid pacom
resistive heating element, heat —
transfer to propellant I

wzzle

nozzle

+ Arcjets
— current flows through flowing
propellant gas as arc discharge o
across electrodes | s

Cavity Injector  plasma  Plate

* Microwave Heated Thrusters

— microwave transmitter produces ==

and energizes plasma In
propellant flow

ot Trsess From Yildiz ez al., “Geometry Optimization of & 2.45 GHz i Yuave Electric Fieid Y108
coprig o 2006 2017 by sy . seamen o esepljcrowave. Electrothermal Thruster Resonant Cavity” (2015) streamiines

Resistojets

* More common electrothermal thruster in space (to date)
later Northrup Grumman

» Early deployment on Intelsat V (by TRW Space & Commun.)
~ 14,7295 s, 1=0.45 N (0.1 Iby), 1,,=80 kN s, t/w=0.13, £=200, P,~0.4kW

* More recent Aerojet MR-501 series
~ 14,=294-303's, t=0.2-0.4 N, 1,,=327 kN s, Tw~0.03, £=200, Pg,.~0.5kW

EHT Intelsat V. O e MR 5018

NOZZLE

DECOMPOSITION CHAMBER

7 Low m«s

YEWATTS  VORTEX HEAT EXCHANGER

3

from C. Brown, Spacecraft Propulsion (1996) % ~from Sutton
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Tech E‘.’ r%\ F«ﬁnﬁ
Hydrazine Resistoje
MR-501B-ELECTROTHERMAL HYDRAZINE T RUSTER (EHT)

P/N 32540301 -
| IcD 32539

Performance

B Propellant.........iiiiiiiiien " ..Hydrazne m Mission Spechc Imputse a2 244Vdc ... 306G - 294 sec {lul-sectm)
- . 5405 m TYotalimpubse 326,928 N-sec (73,500 Iof-sec)
- . 0.365~ O!QN(DC& omnw w Denonsttated Total OfF-Pulses”........ e 500,000
- .. 24.1-69bar (350-100psia) W Minimum Of.Pulse Eit at Max Feod Fmsuo

® FlowRate.., oaz#s—oms;ucwccmr-ooomw»c] ................................................. 0.0022 N-sec (0.0005 bb-sec)
® Vaho . Cuwal Seat m Slsao, Stale Fing

u Vahe Pow« ae ... .25 Watts max at 28 Ve 8 21°C . eereeees 1.7 1S — Slngio firing
| Vaho Hextar FOWE......... B.00 Walts max at 23 Ve & 21°C A..3!)9 hrs —Cumulstive
W Cat Bed Heater Pwr........ 4,00 Wats max at 28 Vdo £ 21°C .

® Aupmeniason Hester Power 490467 Wals Off-Pulse = Short duration shutdown during
08 Aeririoiitation Phoeher VORRGRL. o o 24.4Vde otherwise steady operation, for attitude control
= Mass. . 0,808 kg {1.86 Ibm) *Drsigned peimaly Kor siacly Stal comatin

s has demansirated af oudse canabdny
R Dide 40203

T1437 73980 (L AL » 2.0 BOX 97000 = REOMONE: IWA 3807 9709 ‘AERO’ET

RSS000 FAX (225) M2 57
(€26) 3 AX (£25) M2 STEF Arproved for cublc release sndeport
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Resistojets Propellants

* Hydrazine most common propellant
— 300 s specific impulse is ~30% * Solarsai @l Au)

(See Sec. 113.1)

increase over purely chemical o i"“)'f»:":-i',”"""%
(decomposition) versions \

+ Could use H, and achieve ~840 s
— not easily stored for long times

— requires high electrical power
and thus low thrust to weight
(electrical power systems have
high specific mass=mass

Specific Impulse (s)

system/power) ol ls?lms»ﬁogw e "
*  Ammonia (NH;) has also been used S en | fotm|
* |ISS (space station) includes LS .o BE CERER. EN

multipropellant low-thrust resistojets

that utilize waste fluids from Humble, Henry and Larson (1995)
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Resistojet I, Limitations

« Maximum specific impulse typically limited by maximum
electrical heater temperature
— materials limits of heating element
* High temperature materials available
— rhenium, platinum, refractory metals
and alloys their (tungsten, tantalum,
molybdenum), cermets (ceramic and
sintered metal mixtures)
- e.g., tungsten (W) T,,,,~3000K,
gives gy, = 300s
+ Also need to minimize heat losses from
heating chamber
— insulation

Aug
propellant radiation

-Il shields

— internal radiation shields o)
— flow patterns, entrant flow cooling ceooooe
* Maximum pressures typically —ececcee,
< 200-300 psia W heater coil =] Cyl\
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Arcjets

Diffuse Arc Re-attachment
at Anode

Pr.ope_llant. TS /—
In\ﬁ(r:tlon with Ano \ \\\
. \ \\\\ Electtrgtgermz?lllyt
eated Propellan

T &

* An electrical arc (stream of energetic electrons) heats
propellant that is then expanded through a nozzle

From GT HPEP Lab
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Arcjets for In-Space Applications

+ Application Range

— station keeping of moderate-sized spacecraft (few kW,
hydrazine)

» 1st application Dec 1994: LM Astro Series 7000, Telstar 401 satellite
— piloted Mars mission (100 kW, hydrogen)
+ Advantages
— high Ig,: 600s (N,H,), 800s (NH3, TRW/AFRL) to 2000 s (H,)
« vs. hydrazine decomp. thrusters (~240 s) and resistojets (~300 s)
— improves propellant efficiency = larger satellite payloads
— similarity between hydrazine arcjets and space-qualified
thrusters already integrated into spacecraft for station keeping
+ Drawbacks
— excessive heating = limited life and/or advanced materials
— higher frozen flow losses in nozzle (high T,) = low thrust
efficiencies (~35% of input power converted to useful thrust)
— possible plume contamination
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Hydrazine ArCJet (AerOJet MR 510)

Arcjet Thrusters
31480-305

Cable Assembly
P/N 31168-104

—l
—— sy
L= ey
ign Characteristics nstrated Performance  Beginning Of Life
.haracteristics
m Propellant Hydrazine ~® Thrust 258-222 mN (58-50 mibf)
m Feed Pressure 17.9-12.7 bar (260-185 psia) @ Specific Impulse. > 570-600 sec (BOL)
m Thrust/Steady State 258-222 mN (58-50 mibf) @ Total Impuise 1,450,000 N-sec (326,000 Ibf-sec)
® Mass | Firing Time
Arciet Thruster Total (1 hr on, 1/2 hr off) >1730 Cycles
: § 25" cabl 1.58 kg (3.49 Ibm) Longest Single Bum During Qualification. —1
. I + 3175 mm (125") cable. 58 kg ( m Stars > 1950
® Envelopes
m  Telemetry Signals Available —
Arcjet 237 x 125 x 91 mm (9.3x 4.9 x 3.6in.) 5. Gas. Géneiiior Tomparalics |Sp =600 S, T= 0.25 N,
| Valve Wright Components Dual Seat  Valve Temperature Itot_1500 kN S
m Valve Power 8.2 Watts @ 28 Vdc & 21°C

vs. MR-501  t/w<0.02, P,,.~2 kW

lp=2%, Pgjec=4x%
1441 WLLOWS RO N P O BOK 7008 o REDMOND WA 080734708 P

Pl T (T.=4) AEROJET

Rev. Date: 2-8-00
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1999 Test Firing of a Primex (now Aerojet)
MR-510 Hydrazine Arcjet

* Thrust 222-258 mN

* Input 4340 W (into Power Supply [PCU] for 2
Power  arcjets); 2000 W input to each arcjet
from PCU)

* Isp > 570-600 s

A shipset of Aerojet MR-510 Hydrazine

Arcjets and a Power Conditioning Unit

* 16 Lockheed Martin A2100™
spacecraft (satellites) with MR-510
systems have been launched

» Each spacecraft has 4 thrusters and
1 PCU; 2 at a time used for N-S
station keeping orbit maneuvers

Electrothermal Thrusters11
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