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Zap Energy Then and Now
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Z pinch Stabilization via Sheared Flow

SFS Mechanism borne in out in WARPXM multi fluid simulation™:

pinch ion inventory / initial inventory pinch thermal energy / initial energy

Z pinch:
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PIC Kinetic Results
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Fusion Performance in FUZE SFS Pinch Plasmas
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SFS Z Pinch Confirmed by Advanced Diagnostics
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D-T fusion Q (P#/Pj,)

Performance Scaling to a SFS Z pinch fusion core
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Record Triple Product by Concept vs Year

Increases in plasma current mark the key steps along
the development path for the SFS Z-pinch fusion core.

Adiabatic scaling shows potential path to breakeven.
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Fig. 2 Triple products that set a record for a given concept vs. year achieved. Early progress was dominated by tokamaks, while
progress in ICF and “alternate concepts” occurred more recently. The horizontal lines labeled Q%SF represent the minimum
required triple product to achieve the indicated values of QMSF . The horizontal line labeled QICE represent the required triple
product to achieved the indicated value of Q}Sg assuming a fuel temperature of 5 keV. The projected triple-product ranges

for SPARC and ITER are bounded above by the projected peak triple product of h

igh-performance operation and below by

the stated mission of each experiment (i.e., QMSF = 2 for SPARC and QMCF = 10 for ITER).

fuel fuel

S. Wurzel, 2021, Journal of Fusion Energy
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Zap Energy Continuing High-profile Publications & Presentations

- Publications:
 FS&T (2019), Forbes et al.
 PoP (2019) Tummel et al.
« PRL (2019) Zhang et al.
« NIMA (2019), Mitrani et al.
* JoAP (2020), Shumlak (Invited “Perspective”)
 RSI (2020), Forbes et al.
« PoP (2020), Claveau et al.
+ PoP (2020), Stepanov et al.
*  PoP (2021), Meier & Shumlak
« PoP (2021), Mitrani et al.
- Invited Talks:
Tummel, APS DPP 2018
« Stepanov, APS DPP 2019
« Shumlak, USZnet 2020
* Mitrani, APS DPP 2020
- Plenary Talk:
« Shumlak, IEEE PPPS 2019
« Shumlak, JPP 2021
- |AEA 2021 Poster

- APS 2021
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Progress Toward a Compact Fusion Reactor Using the

Sheared-Flow-Stabilized Z-Pinch
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Spatio-temporal ion temperature and velocity
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2. Plasma Acceleration

Flowing Liquid LiPb Outer Wall:
* Outer Electrode

* Heat Transfer Fluid

* Tritium-Breeding Blanket

» Biological Shield

3. Z-Pinch Plasma
Formation & Compression

4. Fusion Products
Captured In Liquid
LiPb Blanket

ZAP ENERGY
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Zap Energy Reactor Anatomy

To Repetitive Pulsed
Power Driver Inner Electrode

(Including Feeding

Fusion Fuel Mechanism)

Feedstock
\\~:l N
Solid Wall Vacuum Pumping
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Active Molten

Wall Injection

Weir Wall (Azimuthal Flow)
\ I
Sheared Flow M
Stabilized
Z-Pinch in .
Reactor Flowing L
Chamber Vacuum
/ Pumping
Passive Molt
Molten Wall Wall Inject
Outer Electrode | ——— -
From Steam D
Generator / Fuel
Recycling System

4_: Recirculation

To Steam Flow Channels

Generator / Fuel
Recycling System Individual SFS Z-Pinch Reactor Core
(One of Several)

~200 MWth per core

10 Hz pulsed operation

« Multiple fusion cores / plant

e Common tritium-handling
facility

« Firm, flexible power

Liquid LiPb outer wall

 Return electrode
 Heat-transfer fluid
* Tritium breeding

Radiological shield

Tritium Breeding

natural 6-Li enrichment

D-T in about 1 month
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|

« TBR ~ 1.1 w/eutectic LiPb &

« Bootstrap from D-D to 50-50




Summary

Zap Energy rapidly growing; 3 labs, >40+ team

« R&D team scaling to breakeven

« Systems Engineering team developing plant relevant technologies

Demonstrated SFS Z-pinch fusion operation:

 lifetimes 10,000x MHD growth time

« D-D neutron production Y,, « I*! & consistent w/thermonuclear production

e nkT 17~ 1018 keV sm=

® Te~T,%'|-2keV

Compact reactor concept
 Modular 3 m, 200-MWth cores
« LiPb walls

« TBR ~1.1; D-D to 50-50 D-T bootstrap in ~ 1 month

iy 4
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