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Schematic of a sCO2-CSP plant with TES, from Mehos et al. (2017). Available: www.nrel.gov/docs/fy17osti/67464.pdf
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Power cycle design presented in Renewable Energy Journal (du Sart, et al., 2024)



System description

𝒅𝒇𝒂𝒏 = 𝟐𝟖 𝒇𝒕 = 𝟖. 𝟓𝟑𝟓 𝒎

𝑳𝑯𝑿 = 𝑾𝑯𝑿 = 𝟖. 𝟕𝟎𝟔 𝒎
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ACHE system design presented in sCO2 Europe Proceedings (du Sart, et al., 2025)



System description

𝑺𝑻

𝒅𝒇𝒊𝒏

𝑺𝑳

𝒅𝒐

𝑺𝒇𝒊𝒏 𝒕𝒇𝒊𝒏

𝒛𝟎

𝒛𝟏

𝒛𝟑

𝒛𝟒

𝒛𝟓

Tower supports

Up. obstacles

Fan

Tube bundle

Windwall

sCO2 in

sCO2 out

Air in

Air out

Down. obstacles

CF-8.8-1.0J A/B
Kays & London (2018)

Schedule 10 ASTM A106 Grade B piping
OD = 26.7 mm
wt = 2.11 mm
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𝒛𝟐 = 𝟐𝟎 𝒎

𝒛𝟔 ≈ 𝟐𝟓 𝒎

ACHE system design presented in sCO2 Europe Proceedings (du Sart, et al., 2025)



Flownex model

Supports Fan

Heat Exchanger
(Fin Side)

Heat Exchanger
(Tube Side)

Upstream obstructions

Downstream obstructions

Windwall

Boundary condition
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Flownex model
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Inputs

Cross section area
Loss factor

Outputs
Secondary loss factor

Boundary conditions

Inputs

Performance curves
Speed

Outputs

Variable speed pump

Boundary conditions



Flownex model
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Inputs

Fluids
Finned-tube geometry

Material
Tube roughness
Transverse rows

Number of circuits
Number of passes

Friction factor chart
Colburn j-factor chart
Fin surface efficiency

Outputs
Finned-Tube Heat 

Exchanger

Boundary conditions



Flownex model
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𝜕𝜌

𝜕𝑡
=

1

𝑉
∑𝑚̇𝑖𝑛 − ∑𝑚̇𝑜𝑢𝑡

𝜕𝑚̇

𝜕𝑡
=

𝐴

𝐿
𝑃0.𝑖𝑛 − 𝑃0.𝑜𝑢𝑡 −

𝜌2𝑣2𝐴2 𝜌𝑖𝑛 − 𝜌𝑜𝑢𝑡

2𝜌𝑖𝑛𝜌𝑜𝑢𝑡𝐴𝑖𝑛𝐴𝑜𝑢𝑡
+ 𝜌𝑔 𝑧𝑖𝑛 − 𝑧𝑜𝑢𝑡 + ∆𝑃0.𝑊 − ∆𝑃0.𝐿

𝜕ℎ0

𝜕𝑡
=

1

𝜌𝑉
∑𝑚̇𝑖𝑛 ℎ0.𝑖𝑛 − ℎ0 + 𝑔𝑧𝑖𝑛 − ∑𝑚̇𝑜𝑢𝑡 ℎ0.𝑜𝑢𝑡 − ℎ0 + 𝑔𝑧𝑜𝑢𝑡 + 𝑄̇ − 𝑊̇ + 𝑉

𝜕𝑃

𝜕𝑡



Verification

IntercoolerPrecoolerError in %

0.992-0.528𝑄̇

10-510-6∆𝑃𝑐

8.4723.256∆𝑃ℎ

0.581-0.150𝑇𝑐.𝑜𝑢𝑡 (°𝐶)

-0.3490.333𝑇ℎ.𝑜𝑢𝑡 °𝐶

-0.022-0.040𝑃ℎ.𝑜𝑢𝑡

-0.028-0.007𝑃𝑐.𝑜𝑢𝑡

Results, Python model relative to Flownex model
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Maintain CIT at 45C

Mitigate two-phase Flow

Reduce fan power
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𝑇𝑏𝑦𝑝𝑎𝑠𝑠 ≫ 45°C
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Mass flow rate

𝑇𝑐𝑒𝑙𝑙.𝑎𝑐𝑡𝑖𝑣𝑒 ≪ 45°C
𝑇𝑐𝑒𝑙𝑙.𝑜𝑓𝑓 ≫ 45°C

𝑇𝑏𝑦𝑝𝑎𝑠𝑠 ≫ 45°C

𝑇𝑜𝑢𝑡 = 45°𝐶



Control system
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Stress test results

Precooler Intercooler

Slide 31Paper #010 The 9th International Supercritical CO2 Energy Technologies Symposium | 02 – 05 March 2026 | Pittsburgh, PA



T-s diagrams

Precooler Intercooler
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Two-phase flow mitigation
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𝑻𝑯𝑷𝑪.𝒊𝒏
𝑷𝑰𝑪 at 

𝑻𝑰𝑪.𝒎𝒊𝒏

𝑻𝑰𝑪.𝒎𝒊𝒏𝑷𝟎.𝑰𝑪.𝒐𝒖𝒕𝑻𝟎.𝑰𝑪.𝒐𝒖𝒕Fans Off
Valve 

Pos.

CIT 

Target
𝑻𝒂𝒎𝒃𝒊𝒆𝒏𝒕

CkPaCkPaC-% OpenCCMode

41.298680.1998444.955145-2.9Control

40.498379.8996443.352545-2.9Tier 1

39.6977726.9990842.151045-2.9Tier 1

39.1972733.7985841.55545-2.9Tier 1/2

40.2958640.2967845.56545-2.9Tier 2



Additional results

Slide 34Paper #010 The 9th International Supercritical CO2 Energy Technologies Symposium | 02 – 05 March 2026 | Pittsburgh, PA



Additional results
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Additional results
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Summary and conclusions

• A dynamic model for multi-cell cooling systems that includes all the major components of forced draft ACHEs was 
developed.

• A bypass and fan on-off control system for such a cooling system was developed.

• The control system ensures a constant bulk outlet temperature (CIT) & prevents local two-phase flow within the funned-
tube bundles.

• The results of dynamic simulations performed demonstrates the efficacy of the system.

• A classic PI controller can effectively be used to control such a cooling system.
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