MAGNETOHYDRODYNAMIC RE-ENTRY
SHIELDING

Kilometer-Scale Spacecraft Technical Feasibility Report

1. CONCEPT OVERVIEW Operating Principle

The system leverages a forward-mounted
superconducting toroidal array to generate a
magnetic "bubble". The Lorentz forces exerted on
the incoming atmospheric plasma counteract the
dynamic ram pressure, suspending the
superheated plasma sheath at a safe standoff
distance from the aerodynamic hull.

Traditional ablative or ceramic tile heat shields scale
linearly with the surface area of a spacecraft. For a
vessel measuring 1 kilometer in length, the mass
penalty of a physical heat shield becomes prohibitive,
severely limiting payload capacity. The proposed
solution is an active Magnetohydrodynamic (MHD)
Heat Shield.

During atmospheric re-entry, the immense friction and
compression of atmospheric gases at hypersonic
speeds (approx. 11 km/s) ionize the air, creating a
superheated plasma envelope. Because plasma is
electrically conductive, it responds to magnetic fields.
By projecting a sufficiently powerful magnetic field
ahead of the vessel, the bow shock and convective
heat transfer can be deflected away from the physical
hull.

ARTIFICIAL MAGNETIC FIELD TR — o
HEAT SHIELD (GENERATED) > Length: 1KM
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PRINCIPLES

Goal: Balance Dynamic Ram Pressure (P;) with
Magnetic Field Pressure (P;).

= B whereB = Field Strength,
™= 2llg " by Permeabiltyof free:space (= 4n x 107 T-m/A).

P4= p - ¥* (or dynamic pressure value used).

To avoid solid shield, Py, 2 Py Thus, B = /2Py
STEP-BY-STEP CALCULATION

For a design dynamic pressure of 10° Pa (1 MPa):

1. Py=1x%10%Pa

2. py=1.257 x 104 T-m/A

3. B?=2x(1.257 x 10%) x (1 x 109 = 2.514

4. B=1/2514 = 1.585 Teslas.
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Figure 1.0: Simulated re-entry envelope and plasma deflection around a 1km vessel.

2. FIELD STRENGTH CALCULATIONS

1 KM STARSHIP

To successfully deflect the incoming plasma, the magnetic pressure (P,,,) exerted by the artificial field must

equal or exceed the dynamic ram pressure (Pg) of the incoming atmosphere.

Step 1: Dynamic Pressure (Pg) Step 3: Calculating Required Teslas (B)
Assuming a peak re-entry velocity of v = 11,000 m/s Setting P,;, = Py :
and upper atmospheric density, the estimated peak 100 = B2 / (2 x 1.257 x 10°%)
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3. GENERATOR ARCHITECTURE

Generating a 1.6 Tesla field over a volume large enough to encapsulate a 1 km starship requires an industrial-
scale Superconducting Toroidal Coil Array. The system is mounted directly behind the forward nosecone to
maximize the standoff distance of the bow shock.

"l (from dynamic pressure calculation):
1.6 TESLAS

4+ TOTAL STORED MAGNETIC ENERGY:

~9.6 TerraJoules (TJ)

IE] ELECTRICAL ENERGY PROFILE
& CALCULATIONS
CONSUMED ELECTRICAL ENERGY
(SUSTAINED LOAD ANALYSIS)

2
1. STORED ENERGY (U) = %
0

SUPERCONDUCTING TOROIDAL COIL ARRAY =
T bl (16 TESLA PEAK GENERATION)
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PLASMA CONFINEMENT AND
FIELD SHAPING VESSEL
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L PEAK GENERATED FIELD:
~1.6 TESLAS (B)

4 | > \ * < 2. NOMINAL SEQUENCE DURATION
PROJECTED ¢« T n i (Peak Field): 180 Seconds

MA(E;E\%II.%IEELD 3. SUSTAINED ELECTRICAL POWER LOAD
(incl. Cryogenics & System Losses):

HIGH-CURRENT POWER 1.0 GigaWatt (GW)
CONVERSION MODULES | 4 7o7AL GONSUMED ENERGY (Sequence):
Power x Duration

TOTAL ELECTRICAL ENERGY
CONSUMED (180s Re-entry Sequence):

CONVERTER MODULE

CRYOGENIC SUPPORT
MANDREL (LIQUID HELIUM LOOP)

Figure 2.0: Cutaway schematic of the forward-mounted Superconducting Toroidal Coil Array.
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4. TECHNICAL SPECIFICATIONS

The power consumption during the critical re-entry window (approx. 180 seconds) is immense. The ship must
route power from its primary fusion drives into high-current conversion modules to maintain the
superconducting state and magnetic envelope under extreme thermal stress.

PARAMETER VALUE NOTES

Generator Topology Superconducting Toroid Ic_i)qol:ied dHeIium (Cryogenic)
Required Field Strength (B) 1.6 Teslas :\]/Iue"asured at 50m standoff from
Total Stored Magnetic Energy ~9.6 TeraJoules (TJ) l:r:)(?lrstial energy held within the
Nominal Re-entry Sequence 180 Seconds Peak dynamic load duration
Sustained Electrical Power Load 1.0 GigaWatt (GW) 'Crgiﬁggzalgi‘éee:"ywe”ic

Total Consumed Energy 180 GigaJoules (GJ) 1.0 GW x 180s = 180 GJ
Field Shaping System Asymmetric Coil Modulation Adjusts envelope for pitch/yaw

control

System Sub-Components
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