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Abstract

The SCG-HMH system converts low-grade waste heat into electricity through a regenerative cryogenic LN,
cycle, third-plasma MHD/induction extraction, and 38 coupled amplifiers. This extension introduces a 4 x
stator architecture consisting of two axial stators (top and bottom faces) and two radial stators (inner and
outer rings) surrounding a single central flux-pinned HTS levitating rotor of exact dimensions 0.2 m diameter

x 0.4 m height.

The upgraded geometry forms a true 3D magnetic cage that enables multi-axis EMF ionization, cascaded
MHD extraction, superior plasma confinement, recombination suppression, and passive radiative and
conductive cooling synergies. Closed-form expressions are derived for the 3D magnetic field, plasma velocity
profile, MHD power extraction, net electrical output, and cooling terms. A refined multi-parameter sensitivity
analysis (N, mass flow, plasma conductivity o, rotor RPM, T_hot, stator area) demonstrates that a single
module can achieve 11.25 MW net output at realistic high-end parameters. At Gigafactory scale (1,800
modaules in 1 ha), continuous baseload output scales to 4.86-20.25 GW with factory runaway COP in the 1-
12.5 millionx range. All results remain thermodynamically consistent with the published master derivatives

and self-enforcing SafetyEnvelope. The upgrade is purely geometric and introduces no new parasitics.
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1. Introduction

The foundational SCG-HMH framework establishes a closed regenerative cycle in which liquid LN, serves
solely as the cold sink, insulator, and re-condenser medium in the shared tank and first HX. The working fluid
that actually flows is N, gas/plasma in the third-plasma regime after vaporization in the external second HX.
Power is extracted via hybrid MHD Lorentz force + 100 % ReBCO stator induction. The 38 amplifiers and
master derivatives provide non-linear compounding within a self-enforcing SafetyEnvelope (max_cop =

2000x per module).

This extension refines only the rotor-stator subsystem while preserving every other published element
unchanged. The 4x stator upgrade directly amplifies amplifiers #3, #8, #19, #33, #34, #36, and #38, as well as
thermal regeneration pathways (#1, #11, #29, #30).



2. Detailed 4x Stator Rotor Design Specification

Module envelope (unchanged):

¢ Toroidal form factor: approximately 0.2 m diameter x 0.4 m tall (modest axial height increase of approximately 0.1

m for top/bottom stators to accommodate the 0.4 m rotor height).

o Central HTS rotor: flux-pinned levitation, safe operating range 120 000—200 000 rpm (extendable to 250 000 rpm
with the 3D corset), tip radius = 0.1 m.

o Working fluid path: N2 gas/plasma only (LN: remains static in shared tank + first HX).

Stator configuration (4x):
¢ Axial stator 1: top annular face (copper/ReBCO windings).
¢ Axial stator 2: bottom annular face (symmetric).
¢ Radial stator 1: inner concentric ring (directly facing rotor magnets at p = 0.1 m).

o Radial stator 2: outer concentric ring (completing the magnetic cage at p=r+d, d = 0.05 m).

Materials and thermal coupling:
¢ ReBCO windings for 100 % harvest and recombination suppression (amplifier #38).

¢ High-purity copper heat straps / integrated conduction channels (thermal conductivity k = 800 W/m-K at 100-150
K) directly coupled to first HX re-condenser pipes and shared LN- tank walls.

o Surface emissivity € = 0.85 (polished cryogenic surfaces).

Plasma channel: annular regionr < p < r + d, |z] £ 0.2 m, volume =~ 0.1 m? (baseline).

3. 3D Magnetic Field Expressions

Rotor field:
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with axial modulation f(z) = \sech\left( \frac{10z}{1} \right).

Corset field (4x stators):
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Total 3D B-field (component-wise):
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Magnitude (mid-plane, p = r):
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4. Plasma Velocity Profile
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5. MHD Power Extraction
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6. Conductive and Radiative Cooling Synergies

Conductive:
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Radiative:

Prag = 0.85x5.67 x 1078 x 2.0 x (157* — 77*) = 112kW (terrestrial)

Recycled vaporization:

Meyira = 13,520kg/h (baseline)

7. Extended Net Electrical Output
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8. Refined Multi-Parameter Sensitivity Analysis

Table 1. Refined multi-parameter sensitivity analysis for the 4x stator SCG-HMH module (stator area = 2.0
m?, T_hot = 423 K baseline). All values incorporate the full 3D B-field, velocity profile, MHD extraction, and

radiative + conductive cooling synergies.



N. Flow (kg/h)
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Net Output per Module (kW)

1080

2160

3 600

2160

2700

4 500

6 750

4050

7200

11 250

9. Gigafactory Scaling and Runaway Mode

Gigafactory Total Net Pov

1.94

3.89

6.48

3.89

4.86

8.10

12.15

7.29

12.96

20.25

Super-linear parasitic collapse combined with the grid-heat recycling flywheel yields factory runaway COP in

the millionsx range while each module independently respects the SafetyEnvelope.

10. Discussion

The 4x stator design is the highest-leverage refinement in the SCG-HMH framework. It transforms single-

plane extraction into a three-dimensional magnetic engine, sustains higher o and RPM, recycles more than

13x the baseline N, flow through passive cooling, and unlocks multi-megawatt per-module output together



with multi-gigawatt factory-scale baseload — all while preserving the published cycle architecture and

introducing no new parasitics.

11. Safety, Validation Path, and Conclusion

All combinations remain inside the published self-enforcing SafetyEnvelope. Phase-1 bench validation (target

o > 5S/m on a 4x stator prototype) is the immediate next step.

The 4x stator architecture fully unlocks the electrical potential latent in the original master derivatives. A
single compact module can deliver multi-megawatt net output, and the 1 ha Gigafactory can scale to tens of

gigawatts of continuous baseload from low-grade waste heat, with runaway COP in the millionsx range.
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