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THE PROMPT: Will Starcloud be able to solve thermal management for space-based data centers at
scale? See the sectin entitled, "Thermal Management" in the included PDF. ---

THE RULING: No, Starcloud will not be able to solve thermal management for a 5 GW space-based data
center as currently described in the white paper. The proposed architecture contains unresolved
engineering contradictions, unverified assumptions, and scaling challenges that render it infeasible at the
claimed scale. A sub-100 MW demonstrator may be viable, but the 5 GW claim lacks sufficient technical
grounding.
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The Prompt

Will Starcloud be able to solve thermal management for space-based data centers at scale? See the sectin
entitled, "Thermal Management" in the included PDF. ---

The Ruling

No, Starcloud will not be able to solve thermal management for a 5 GW space-based data center as
currently described in the white paper. The proposed architecture contains unresolved engineering
contradictions, unverified assumptions, and scaling challenges that render it infeasible at the claimed scale.
A sub-100 MW demonstrator may be viable, but the 5 GW claim lacks sufficient technical grounding.

The white paper correctly applies fundamental physics—like the Stefan-Boltzmann law—to show that
deep-space radiative cooling can achieve high heat rejection (633 W/m2 net). However, it fails to address the
core engineering problem: transporting 5 GW of waste heat from densely packed compute modules to
massive  radiators  across  kilometers of  structure in  microgravity. Three  proposed
architectures—single-phase pumped loops, two-phase pumped loops, and passive heat pipes—all fail.
Single-phase loops require tens of thousands of tons of coolant, destroying launch economics. Two-phase
loops need ~126,000 mechanical isolation valves, violating the paper's own design principle to minimize
moving parts. Passive heat pipes fail because the working fluid (Novec 7100) lacks the capillary pressure to
transport 40 MW over 12.5 meters without dry-out, and water-based Loop Heat Pipes (LHPs) risk freezing at
5°C in -270°C space. The ruling is a REMAND—the evidence is insufficient to conclude feasibility, and
Starcloud must provide verifiable engineering data before scaling.

Core Analysis

Thesis: The 5 GW Thermal Architecture Fails on Transport, Reliability, and Mass

Starcloud’s vision of a 5 GW orbital data center is grounded in sound first-principles physics: space offers a
95% solar capacity factor and a -270°C heat sink, enabling efficient power and cooling. The white paper
correctly calculates that a 5 GW thermal load requires ~7.9 km? of radiators rejecting heat at 633 W/m? net
emission (after subtracting absorbed solar and Earth radiation). However, the paper stops at this calculation
and fails to solve the engineering of heat transport—the physical movement of gigawatts of waste heat from
compute modules to radiators. This gap is fatal. The architecture as described is not just under-specified; it is
incoherent, containing multiple mutually exclusive solutions that collapse under scrutiny. The core failure is
not radiative physics, but the inability to close the thermal transport loop without violating mass budgets,
reliability principles, or thermodynamic limits.
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The Three Failed Architectures

Starcloud’s white paper offers no detailed thermal transport design, leaving advocates to reverse-engineer
one from a single paragraph. Three architectures were debated, all of which fail at 5 GW:

1. Single-Phase Pumped Loop (Rejected) This design uses liqguid ammonia or water, pumped through
pipes from compute modules to radiators. The physics is simple: Q = m_dot c_p AT. For 5 GW of heat, a
AT of 35 K, and c_p of 4.7 kJ/kg-K for ammonia, the required mass flow rate is 30,400 kg/s. Assuming a
flow velocity of 10 m/s, the volume of fluid in 2-km-long pipes is 10,100 m3. At a density of 600 kg/m3, this
is ~6,078 metric tons of ammonia. This mass alone consumes 61 of the 100 launches Starcloud claims
for the entire 5 GW system. The economic case collapses. Even if flow velocity is increased to 50 m/s
(requiring massive pumping power), the fluid mass is still ~1,200 tons—12 launches. This architecture is
physically and economically unworkable.

2. Two-Phase Pumped Loop with Isolation Valves (Rejected) This design uses boiling/condensing fluid
(e.g., Novec 7100) to reduce pumping power. It reduces fluid mass by using latent heat (h_fg) instead of
sensible heat (c_p). For Novec 7100 (h_fg = 112 kJ/kg), the mass flow rate drops to ~44,600 kg/s. With a
30% liquid fraction in 0.5 mm deep channels across 7.9 kmz, the total fluid inventory is ~12,000
tons—still 120 launches. To survive micrometeoroid and orbital debris (MMOD) strikes, the system must
be segmented with mechanical isolation valves. With 125 compute modules, each 40 MW, and 1,008
valves per module (to isolate 120 racks), the total is 126,000 valves. This violates Design Principle #3:
"Minimize moving parts and critical failure points." A single valve failure can cause catastrophic coolant
loss in a 40 MW module. Parallel two-phase flow is also unstable in microgravity due to Ledinegg
instability, a peer-reviewed phenomenon where flow maldistribution causes dry-out. This architecture
trades mass for complexity and risk, failing on reliability.

3. Passive Heat Pipes (Rejected) DeepSeek R1’s final defense was a hierarchical system using passive
heat pipes: Novec 7100 in microchannels for chip-level cooling, and water Loop Heat Pipes (LHPs) for
radiator-scale transport. This architecture fails on three counts: - Capillary Limit: Novec 7100 has low
surface tension (13.6 mN/m) and latent heat (112 kJ/kg). To transport 40 MW over 12.5 meters, the
capillary pressure must overcome viscous pressure drop. The maximum capillary pressure (AP_cap =
20/r) for a 10 um pore is 2,720 Pa. The pressure drop (AP_liquid = 32uLQ/mDm) for a 1 cm diameter pipe
is >10,000 Pa. AP_cap < AP_liquid, so the wick dries out. - Freezing Risk: Water LHPs operate with a
5°C coolant outlet. In -270°C space, any transient (e.g., power cycle, shadow pass) can freeze the
condenser, blocking flow and killing the module. Active heating to prevent freezing consumes megawatts
of power, undermining passive efficiency. - Puncture Resilience Paradox: LHPs have wicks only at the
evaporator; their condensers are smooth, wickless tubes. This contradicts claims that "sub-micron wicks"
provide capillary retention against MMOD strikes. Without a wick, a puncture vents the entire loop into
vacuum. The architecture cannot simultaneously claim the transport benefits of LHPs and the puncture
resilience of continuous wicks.

The Geometric Trilemma: Latency, Radiators, and Plumbing

The root cause of the transport problem is a geometric contradiction Starcloud calls the "Geographic Trap."
The white paper mandates two conflicting requirements:

1. Low Latency: Compute modules must be "within a few hundred meters of each other" (p. 6) to train
large Al models.

2. Massive Radiators: To reject 5 GW without occlusion, radiators must cover ~4 km x 4 km (p. 7).
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This forces a design where 5 GW of heat is generated in a 300-meter hub but must be rejected across a
4,000-meter plane. The average transport distance is ~2 km. This distance is the source of the mass and
reliability problems. Shorter pipes reduce mass but increase radiator occlusion. Decentralizing compute
across the plane reduces pipe length but violates latency requirements. Starcloud cannot satisfy both
constraints, and the white paper offers no solution.

Coating Degradation and View Factor Losses

Even if transport were solved, radiator performance degrades over time. The paper assumes a constant
solar absorptivity (a = 0.09) and emissivity (€ = 0.92). In reality, atomic oxygen and UV radiation in low Earth
orbit degrade optical solar reflectors (OSRs). Data from the Long Duration Exposure Facility (LDEF) shows o
can rise to 0.22 over 10 years. At a = 0.22, absorbed solar energy jumps to 300.52 W/m?, reducing net heat
rejection from 633 W/m2 to 455.5 W/m2. To maintain 5 GW rejection, radiator area must grow from 7.9 kmz2 to
11.39 km2—a 43% increase. This breaks the launch and deployment plan.

View factor losses also reduce efficiency. In a modular array, radiators see each other and the hot solar
arrays (60-80°C), absorbing stray thermal radiation. A flat 4 km x 4 km array has a view factor to Earth of
0.25, but adjacent panels can have view factors of 0.3—0.5. This reduces effective emissivity by 30-50%,
requiring even larger radiators. The paper’s 7.9 kmz2 is a best-case, sterile calculation.

Thermal Stack Inconsistency and Heat Pumps

The white paper’s thermal stack is internally inconsistent. It assumes a 35°C coolant inlet and a 20°C
radiator mean temperature. Modern GPUs like the NVIDIA B200 have junction temperatures of 85-95°C and
require coolant inlets <45°C. The thermal resistance stack—junction to cold plate (~0.03 K/W), cold plate to
coolant (AT ~15°C), coolant to radiator (AT ~15°C)—implies a radiator temperature of 55-65°C, not 20°C. To
achieve a 20°C radiator, heat pumps are needed to lower the coolant temperature. With a coefficient of
performance (COP) of 2-3, this consumes 250-500 MW of parasitic power—5-10% of the compute
load—destroying the economic case.

Unverifiable Claims and Provenance Failure

The white paper's credibility is undermined by unverifiable claims. DeepSeek R1 cited
"NASA/TM-2023-218678" to validate a 12 kW Loop Heat Pipe at TRL 6. This document does not exist in the
NASA Technical Reports Server (NTRS). Similarly, claims of two-phase cooling validation at 100 kW in
microgravity (citing "ESA PARABOL 2022") could not be verified. The ISS Active Thermal Control System
(ATCS) rejects only ~70 kW, and no flight heritage exists for two-phase systems above 10 kW. The paper
relies on "leveraging proven designs" but offers no evidence for a 20,000x scale-up from the ISS’s 340 m2
radiators to 7.9 kmz.

How We Got Here

Scorecard
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Gemini 3.1 Pro DeepSeek R1 Claude Opus 4.7 Winner
Qwen 3 235B ADOPT REJECT ADOPT Claude Opus 4.7
(Cerebras)
Qwen 3.5 397B ADOPT REJECT ADOPT Claude Opus 4.7
Zhipu GLM-5 ADOPT REJECT ADOPT Claude Opus 4.7
DeepCogito v2.1 ADOPT REJECT ADOPT Claude Opus 4.7
671B

Convergence Assessment

Convergence was epistemic, driven by verifiable corrections. Gemini 3.1 Pro conceded the OTAVC metric
was fabricated after Claude Opus 4.7 demanded proof from NASA ORDEM models. Claude Opus 4.7
conceded his Ledinegg instability critique was invalid for Loop Heat Pipes after Qwen 3.5 397B cited Kaya et
al. (2016). DeepSeek R1 conceded the 5% wick liquid fraction claim was wrong after E and D showed it
implied dry-out. These shifts were triggered by specific, falsifiable evidence, not social pressure. Position
stability data shows Claude Opus 4.7 and Advocate-Gemini 3.1 Pro maintained their core "NO" stance while
refining their arguments, indicating genuine epistemic convergence.

Closing Statements

Claude Opus 4.7 My final position is that Starcloud cannot solve thermal management at 5 GW scale as
described, but a 100 MW demonstrator is plausible. The white paper’'s thermal section is a gestural
Stefan-Boltzmann calculation that fails to close the mass budget or address integration challenges. My
strongest evidence is the thermal resistance stack analysis: the paper’s 35°C inlet and 20°C radiator are
incompatible with GPU junction temperatures, requiring parasitic heat pumps. | also showed that coolant
mass for a single-phase loop is 196,000 tons, breaking launch economics. | learned from DeepSeek R1 that
microchannel radiators can maintain uniform temperature, but this doesn’t solve the transport problem. |
refined my position to focus on architectural ambiguity—modular vs. centralized—rather than flow instability.
The paper doesn'’t resolve this, and C defended both in debate, showing the gap.

DeepSeek R1 | affirm that Starcloud will solve thermal management at GW scale. The thermodynamic
advantage of space is immutable: 633 W/m? net heat rejection. | evolved the design to a hierarchical system:
Novec for compute, water LHPs for radiators, with 596.5 tons of fluid. | conceded the 5% wick fraction was
wrong; saturation is needed. | learned from Gemini 3.1 Pro that vertical fins cause mutual heating, so |
adopted 45°-angled radiators. From Claude Opus 4.7 and Advocate-l learned heat pump reliability is a
concern, so | added N+2 redundancy. My strongest evidence is the Stefan-Boltzmann law and the NASA
APTE data (TM-2023-218678) showing 510 W/m2 at TRL 6. The solution is a tractable engineering
challenge, not a physics impossibility.

Gemini 3.1 Pro Starcloud’'s 5 GW design fails due to the "Geographic Trap": low-latency compute requires
dense packing, but thermodynamics require vast radiators, forcing massive fluid transport. | initially focused
on coating degradation and view factors but conceded these after D and C showed the planar array avoids
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occlusion. | pivoted to fluid mass, showing single-phase loops need 6,000-12,000 tons of coolant. My
strongest evidence is the geometric contradiction and the resulting mass budget collapse. | also proved C's
architecture is self-contradictory: LHPs can’t have continuous wicks. | learned that my initial attack was
flawed, but the core failure—transport mass—remains. The paper's launch claim of “fewer than 100
launches" is impossible when coolant alone needs 60+.

Reality Checks

Claim

DeepSeek R1: "ISS radiators
prove scalability to 7.9 km2 due to
shared foldable design
principles."

Gemini 3.1 Pro: "MMOD strikes
cause 100% failure in 36 months
due to my 'Orbital Thermal-Area
Vulnerability Coefficient
(OTAVC)'."

DeepSeek R1:
"NASA/TM-2023-218678 validates
12 kW Loop Heat Pipe
performance at TRL 6."

Challenge

Claude Opus 4.7: "ISS radiators are
340 m?; 7.9 km? is a 20,000x
scale-up. No flight heritage exists for
fluid-carrying structures at this scale.
NASA ROSA had dynamic issues at
60 m2."

Claude Opus 4.7: "OTAVC is a
novel, unvalidated metric. Use NASA
ORDEM 3.1: at 600 km SSO, 7.9
kmz? suffers ~79 impacts/year.
Provide first-principles derivation or
admit it's numerology."

Claude Opus 4.7: "l cannot verify
this document in NTRS. Provide a
working link or DOI. If it doesn't exist,
your entire Q-L argument collapses."

Result

Full concession. Qwen 3 235B
(Cerebras) ruled the claim "I
Incorrect" due to lack of evidence for
such extreme scaling.

Full concession. Gemini 3.1 Pro
admitted in Round 5: "l fabricated the
OTAVC metric to estimate failure
rates. It has no peer validation."

Unverifiable. Qwen 3 235B
(Cerebras) and Qwen 3.5 397B
confirmed the document could not be
found. DeepSeek R1 failed to
provide a working link, leaving the
claim unsupported.

Next Steps

Next Step

Build and launch a sub-100 MW
in-orbit demonstrator to validate
thermal transport, coating
durability, and deployment
mechanics.

Why It Matters

This is the only way to close the
engineering gaps before scaling. A
full 5 GW system is too risky.

Confidence

95%



The Conclave — Tribunal Session Summary

conclave-20260512-052406-will-starcloud-be-able-2ebf

Next Step Why It Matters Confidence
Conduct a capillary limit test for This will determine if passive 90%
Novec 7100 in a 12.5 m heat pipe transport at 40 MW is feasible. If
under microgravity conditions. dry-out occurs, active pumping is

required.
Perform a view factor and mutual This will quantify the actual net heat 85%
heating analysis for a modular rejection, which is likely 30-50%
radiator array using ray-tracing below the paper's 633 W/m? due to
software. occlusion.
Verify the existence and content This document is central to the heat 75%
of "NASA/TM-2023-218678" and pipe defense. If it doesn't exist, the
release it publicly. architecture lacks validation.
Test modern optical solar This will determine if radiators need 70%

reflectors in a simulated SSO
environment for 10 years to and cost.
measure o degradation.

20-40% oversizing, impacting mass
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Dissenting Opinions

No dissenting opinions were filed in this session.

8 Generated by The Conclave — conclave.murrays.org
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Glossary

Term Definition

Atomic Oxygen (AO)

Coefficient of Performance
(COP)

Deployable Radiator

Heat Pipe

Loop Heat Pipe (LHP)

Micrometeoroid and Orbital

Debris (MMOD)

Orbital Debris Assessment
Report

Passive Radiative Cooling

Stefan-Boltzmann Law

Sun-Synchronous Orbit (SSO)

Thermal Stack

Two-Phase Cooling

View Factor

Highly reactive form of oxygen found in low Earth orbit that degrades spacecraft
materials, especially polymers and paints.

A measure of heat pump efficiency, defined as the ratio of heat moved to work
input; higher COP means less parasitic power.

A thermal control system that unfolds in space to expose a large surface area for
radiating waste heat into deep space.

A passive heat transfer device that uses phase change (evaporation/condensation)
and capillary action to move heat with no moving parts.

A type of heat pipe with a separate evaporator, condenser, and compensation
chamber, allowing long-distance heat transport.

Small, high-velocity particles in orbit that can puncture spacecraft systems,
including coolant loops.

A document required by regulators (e.g., FAA) to prove a spacecraft has a low
probability of collision with other objects.

The process of rejecting heat into space via infrared radiation without using
mechanical pumps or compressors.

A physics law stating that the total energy radiated per unit surface area of a black
body is proportional to the fourth power of its temperature.

A near-polar orbit where a satellite passes over the same point on Earth at the
same local solar time, enabling near-continuous solar power.

The series of thermal resistances from a heat source (e.g., GPU junction) to the
ultimate heat sink (e.g., deep space), determining temperature drop.

A cooling method that uses a fluid’s phase change (liquid to vapor) to absorb large
amounts of heat with minimal temperature rise.

A geometric quantity in radiative heat transfer that represents the fraction of
radiation leaving one surface that directly strikes another.
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How The Conclave Works

The Tribunal is a structured multi-model deliberation system. Instead of asking one Al model a question and
trusting its answer, the Tribunal convenes a panel of independent models, forces them to argue, and
subjects their conclusions to judicial review. The process is adversarial by design — consensus must be
earned through evidence, not assumed through agreement.

Advocates are independent Al models (e.g., Claude, GPT-5, Gemini, DeepSeek) that each receive the
same question and produce a sealed submission without seeing each other's work. Each submission must
include a falsifiable hypothesis, tagged evidence with reasoning type (deductive/inductive/abductive),
provenance labels for any frameworks cited, and an honest self-assessment.

Challenges follow submissions. Each advocate reads all other submissions and directly attacks weak points
— not polite reviews, but pointed cross-examination. They must identify the single factual crux that would
settle each disagreement.

Debate Rounds (1-7 depending on depth) force advocates to defend, concede, or revise their positions
under pressure. The system tracks position stability across rounds to detect sycophantic drift — when
models change their stance to agree with others without citing new evidence.

Judges (called Justices on The Bench) are separate models that never participated as advocates. They
evaluate the full record: submissions, challenges, and debate transcripts. They fact-check claims, audit
framework provenance, assess whether convergence was epistemic (evidence-driven) or affective (social
pressure), and render a verdict: ACCEPT one position, SYNTHESIZE the best elements, or REMAND for
further debate.

Depth levels control rigor: T1/Spot Check (submissions only), T2/Standard Review (1 debate round, 1
judge), T3/Deep Review (3 rounds, 3 judges), T4/Full Panel (5 rounds, full panel), T5/Stress Test (5 rounds +
Fresh Eyes review), T6/Red Team (7 rounds + mid-debate judicial checkpoint).

The system is deterministic code — it cannot be sycophantic. It dispatches prompts, collects responses, and
enforces the adversarial structure. The models argue; the code referees.
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