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Aerodynamic Platform

. Need for High-Altitude Geostationary
Airships / Stratospheric Platforms
(Stratollites) to Partly Replace Satellites

. Conventional Propeller Propulsion Systems
Limited to 30 km with Decreasing
Aerodynamic Efficiency at High Altitudes

Balloon Altitude
Record - 55 km

Endurance at Altitude (hours / ; :
ance ( ) / chkheed Martin..
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. Conventional Propeller Propulsion Systems
Limited to 30 km with Decreasing
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. Novel Air Plasma Jet Propulsion as
Alternative for Propellers at Very High
Altitudes (>20km up to 50 km Stratopause)

. World’s First EHD Plasma Propulsion
Demonstrated for Airships in 2005

. Spin-Off from MHD Fusion Research and
Power Electronics to Develop High-Thrust
Combined EHD/MHD Propulsion Systems
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Regenerative payload candidates for
stratospheric service:

* Broadband connectivity
» 3G/4G base-station service
« DAB/DVB-T Broadcasting ’

Other potential
non-telecommunication
services such as
remote sensing,
navigation, and
telemetry as
add-on services
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW

(a) Corona Discharge Plasma Actuator: (b) Dielectric Barrier Discharge (DBD)
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW

(c) Sliding Corona Discharge Plasma Actuator:
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW

(c) Sliding Corona Discharge Plasma Actuator:
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could be measured from ferroelectric
barriers in a period of time up to 50 ns.
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW

Megaimpulse Ltd. from St. Petersburg
developed highly efficient nanopulse high-
voltage generators based on stacks of Drift
Step Recovery Diodes (DSRD) which are very
fast semiconductor opening switches for high-
% voltage pulses with 10 kV/ns rise rate.

& Pulse amplitude up to 35 -50 kV

| Pulse front duration less than 4 ns
Pulse width (FWHM) 10 ns
Repetition rate up to 3 kHz

10 kV 600 A
DSRD
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW

ulsion based POn-board"s
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

. State-of-the-Art EHD-Plasma Jet Propulsion based on Corona Discharge Actuators
with 1 —5 N/sgm Thrust to Area and 5 — 10 N/kW Thrust to Power Ratio

. Future EHD-Plasma Jet Propulsion based on Ferroelectric Dielectric Barrier
Discharge with Secondary Field Electron Emission, 10 — 50 N/ sgm and 10 — 20 N/kW
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission
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Electrohydrodynamic (EHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Corona Discharge and Ferroelectric Field Electron Emission

Altitude: 20 km, Temperature: -56°C, Net buayancy Lift: 2 0=12,00 m
With fotal p ure = static pressure at ground: 15 m/s (54

Area for salar cells - 338,6 m* Flache fir Rectenna = With total pressure = 3 x static pressure at ground: 2

Minimum salar power: 4 { Minimum Mw pawer: 150 109 kg structural weight linclusive solar cells and slectronics)

ximum solar power: © ximum MW pow i 100 kg propulsien weight linclusive thrusters and generators)

mit biz zu 200 N Schub wird eine Geschwindigkeit van 17 m/s (60 km/h] erreicht.

-

EHD-Propulsian system: 1unit with 8.0 m diameter {50 m*), 2 thrust-vectored units with 5.0 m diameter (20 m®)

Total propulsion cross section area: 94 m®. Using 2 cascade of thrusters, effective area: 180 m® --» today 1 M/m? a

(B1.4 kmshy
5 (940 km/hy

Tetal prapulsisn cro ection area:

Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com
Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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* Magnetohydrodynamic (MHD) Pulsed Propulsion
based on Magneto-Plasma Flux Compression
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Future MHD-Plasma Jet Propulsion based on Miniature Magneto-Plasma Flux
Compressors with 50 kN/ sgm and 10 — 20 N/kW

Bar anodes
]

Cone cathode

Discharge circuit
electrodes
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Future MHD-Plasma Jet Propulsion based on Miniature Magneto-Plasma Flux
Compressors with 50 kN/ sgm and 10 — 20 N/kW

1- cone cathode

2-bar cylindrical anode
3-cathode divertor

4-Teflon body of MPC
5-copper conductors
6-Initiating Ring electrode
7-Initiating circuit

8-lsolator for eliminating of par
discharges

9

7\
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Future MHD-Plasma Jet Propulsion based on Miniature Magneto-Plasma Flux
Compressors with 50 kN/ sgm and 10 — 20 N/kW

IF, 640 nm CCD. 500 ns

The scheme of Schlieren = i "
system, auxiliary discharge o - [ Mixing Area |
circuit and synchronization _L e
circuits for checking of B i "

.. 16 msec Gase Jet
mixing processes between (

Y 3 L1750
31‘5{(\[ P2 o Laser 25 mW, 640 nm

the supersonic flow in toma 1
impulse wind tunnel and '
hypersonic plasma jet,

created by Magneto-Plasma

Compressor. — ;

Ml

8lit 20 mlkm

Start Block

Start Block.
=l

)

o}

(¥}

CCD Driver

CAMAC

Flash ADC
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Future MHD-Plasma Jet Propulsion based on Miniature Magneto-Plasma Flux
Compressors with 50 kN/ sgm and 10 — 20 N/kW

Micre MPC

Compression area

303 nm, 1500 V, 35 Torr, Air

Auxiliary discharge
electrode
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com
Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

s
1
0
10 20 30 40 50 60 70
t (us)
Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com

Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
External Excitation (Preionization)

4 H H
______________________________ a External axiladischarge (CW global discharge, 3 KV, 1 mA)
3 Q Q T |
+ H ' T '
Zz e e e oo e
= , , f
=, i T :/‘ i
m . -~ T :
@ H /T’ H H
o
I et Yy S T r
= ! : ! ! !
E ; i ? i ; ;
1 - - - - -
H 1 ,E W] H H H
Tt et A ETarRE R e o e Auxiliary discharge
i} T T T T : .
0 20 0 G0 a0 100

p [Torr]
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
External Excitation (Preionization)

o

4 ] : :
3 : : T
¥ : h T q
= Rt e e~ Sl Pt et &
£ : /-.ff
= 3 i — |
m : - + :
@ ] /T’ | i
uw
= 1 i e P + v
= . :
E i ;
1 : :
18k/]
0 5 : = : :
I 20 <40 G0 an 100 Before the action After the action

p [Torr]
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
Internal Excitation (Preionization)

4 Internal auxiliary discharge (10 ps, 8kV, 60 kHz, Imax=10 mA) - 3

L%

Impulse Bit (k)

Coaxial auxiliary electrode

1] i ] 1] il a0 100

p [Torr]
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgqm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
Internal Excitation (Preionization)

4

L%

Impulse Bit (k)

1] i ] 1] il a0 100

p [Torr]
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
Internal Excitation (Preionization)

M. Tajmar (Vacuum Wind Tunnel,ﬁ TU Dresden, 2012)
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
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. State-of-the-Art MHD-Plasma Jet Propulsion based on Miniature MPC Thruster with
35 kN/sgm Thrust to Area and 2 N/kW Thrust to Power Ratio

. Pulsing with 1 kHz gives 1 — 3 N Thrust per 12 mm Diameter MPC Unit with
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Magnetohydrodynamic (MHD) Pulsed Propulsion for High Altitude Solar Flyer
based on Magneto-Plasma Flux Compression (MPC)

The parameters of generators necessary for the MHD plasma jet propulsion system are:
. Peak current up to 20kA

. Pulse voltage up to 1 - 5 kV
. Pulse duration 50 — 100 ps

. Repetition rate up to 1 kHz

Such a generator will be made based on of
Reversely Switch on Dynistor (RSD). RSD

is a four layer thyristor like power semiconductor
device. The switching capabilities of RSD are in
few times higher than these of the best modern
pulse power thyristors. For example 76mm wafer
diameter RSD has more than 2kV blocking voltage
and can commutate up to 300kA peak current with
up to 50 kA/us current rise rate. RSD has been
designed for microsecond range power _
pulse application. Megaimpulse Ltd.




e Outline r t m %

SYSTEMS s Technologies Managemen

 Combined Distributed EHD-MHD Fan Propulsion




=W combined Plasma Propulsion  F'tM %e

SYSTEMS Resources Technologies Management

Combined Distributed EHD/MHD Fan Propulsion for Higher Efficiency

. EHD Drive with 1 — 10 N/sgm as Low-Speed Fan of the
High-Speed MHD Core Propulsion with 10 — 50 kN/sgm

. EHD Drive’s Electrostatic Oscillations or Pulses are used
for MHD Preionization to Increase Core Propulsion Efficiency

. MHD Core with Diameter between 10 — 40 mm,
EHD Fan with Diameter 80 - 120 mm

. Distributed Plasma Jet Propulsion with 100 Thruster Units
on Trailing Edge of Aerodynamic / Aerostatic Platforms
-> Total Thrust of 500 N and More Upscaling
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Combined Distributed EHD/MHD Fan Propulsion for Higher Efficiency

Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com
Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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Combined Distributed EHD/MHD Fan Propulsion for Higher Efficiency

Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com
Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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Combined Distributed EHD/MHD Fan Propulsion for Higher Efficiency
18 m wingspan Stingray
Wing area: 126 sqm
ilnq
Wing area:
lar cell area:
ar power: T
Novel Air-Breathing Plasma Jet Propulsion for berkant.goeksel@electrofluidsystems.com

Solar Powered High-Altitude Flight Platforms http://www.electrofluidsystems.com
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Combined Distributed EHD/MHD Fan Propulsion for Higher Efficiency

e

18 m wingspan Stingray - 'I ]Jfﬁ
Wing area: 126 sqm ' A i l’ r’//
— I"ll . . d HHEY
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. Based on the state-of-the-art, different plasma jet propulsion types using
ferroelectric field electron emission and magneto-plasma flux compression will
be developed for high-altitude solar aircraft

. Before, however, plasma jets can be successfully employed on future solar
flyers, the thrust-to-power and thrust-to-area rations have to be optimized using
numerical tools, vacuum test chambers simulating high-altitude flight
conditions and new lightweight solid-state high-voltage power supplies.

. MPC technology can be also used as aerodynamic flow control devices
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Single MMPC plasma injector Scheme of MMPCarray

. Based on the state-of-the-art, different plasma jet propulsion types using
ferroelectric field electron emission and magneto-plasma flux compression will
be developed for high-altitude solar aircraft

. Before, however, plasma jets can be successfully employed on future solar
flyers, the thrust-to-power and thrust-to-area rations have to be optimized using
numerical tools, vacuum test chambers simulating high-altitude flight
conditions and new lightweight solid-state high-voltage power supplies.

. MPC technology can be also used as aerodynamic flow control devices




s . O
=W Thank You for Your Attention rtm e

SYSTEMS Resources Technologies Management

"~ . AnyigUestions?

\l

CHRISTIAN. ZABCR @




