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CoBra - A High-Temperature, Load-Flexible Brayton-Cycle Heat Pump Demonstrator
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Why we need an air cycle heat pump
DLR

CoBra: Areverse Brayton-
Joule cycle heat pump. T T——

W Transport Electricity
. Residential - Electricity for heat
B other Heat 89 %

Fossil fuels

Why Brayton?
= Natural refrigerant (air) o oo

Consumption:

Low-temp heat
(below 150 °C)
Boiling, pasteurising, sterilising,
: cleaning, drying, washing, bleaching,
steaming, pickling, cooking.

Medium-temp heat
(150 to 400 °C)
Distilling, nitrate melting,
dyeing, compression.

445 EJ

= High temperatures

High-temp heat
(above 400 °C)
Material transformation
processes.

» Large temperature glides

o,
Data refers to the year 2023; EJ = Exajoule 1%
Renewables

| | . Pro
= Flexible in design and e e . =

IRENA (Deger Saygin) 2017 -— NetZ
operatlon Source: Solar Payback, Solrico (2025)

www.solar-payback.com
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http://www.solar-payback.com/

CoBra: Reaching 260 °C with air
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2019-2022 2022-2024 2024-
Design Commissioning Closed-cycle operation
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E DLR
» Heat delivery: 60 kW

= Heating up air from ambient
to 260 °C

= Ambient heat source

» Compressor discharge: up
to 280 °C

» Turbine discharge: down to
-40 °C

= Turndown ratio: ~40 %
(min-to-max)



The reverse Brayton-Joule Cycle

Turbine

Axial turbine
Connected to generator
Discharge temperature:
down to -40 °C
Isentropic efficiency:
~80 %
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Refrigerant: Dry air
» Buffer tanks for air resupply
* Dehumidification system

Air 3-way
release valve

Heat exchangers
* Three shell-and-tube HX
* Low pressure losses

» Large heat capacity
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Turbo compressors

* Two radial compressors in
series

» Derived from turbocharger

* Pressure ratios: up to 3.5
each

* Discharge temperatures: up
to 280 °C

« Isentropic efficiency: ~75 %



Dynamic model: a virtual testbed

* Dynamic simulation using
Dymola/Modelica
= Main thermodynamic phenomena
= System dynamics

= Calibrated using experimental data:
Errors < 1.5 % (NRMSE)

Model Is used as a virtual testbed.

(control design, component sizing,
etc.)
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Part-load operation

CoBra has two main control
parameters:

1. Compressor speed

= Affects pressure ratio, temperatures and
mass flow rate

= Subject to compressor map

2. Fluid inventory

= Affects amount of working fluid,
pressure levels and mass flow rate
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Part-load operation

When to use which?

Compressor speed:

= For temperature control

Fluid inventory:
» Measured by compressor inlet pressure

* Flow rate scales linearly with pressure,
temperatures remain constant

= Suitable for load changes with constant
temperatures
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Control #
DLR

The challenges:

» Mitigate thermal stresses by differential thermal expansion in HX
= Avoid vibrations (natural frequencies)

= Avoid compressor surge

CoBra thermal load control:

= Compressor speed: Used for supply temperature control (two PI controllers)
* Fluid inventory: Used for COP maximization
» Recuperation: Always activated
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Operating point with 200 °C

Steady-state measurement from 25.02.2025 DLR
20 °C
T 0.32 kg/s 200 °C
Xrelease valve ) (37 % Lorenz COP)
yy e «—229 °C
60 °C 3.04 bar
21 °C 3.04 barHeat exchanger i B
2.92 bar ' (heatsink) |
I I
Turbine 21 °C Turbo | |
2.94 bar compressors | !
| I
35 °C | |
1 bar ! !
13 °C v - -
R 1 bar
' A 48 °C
| Ir 1 bar
Heat Recuperator injection (345 kq/s

«—— exchanger

-23°C  (heat source) 20 °C
0.373 kg/s
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Experimental results ‘#7
DLR

Measurement on 25.02.2025

= Cold start to 200 °C achieved in ~1.5 ; w s s B
. . = 40000 S = —2.03
hours (thermal Inertla) E 20000-; Fr tart up —— Compressor speed (15*BGD001-RPM) '1-5§

= Control system maintains stable

0 2004 L"
temp. of 200 °C X \1
_ o éloo Supply temp. maintained at 200 °C
= Multiple speed and fluid inventory ¢ ] — Comprscor et tamparture eT00s)

e HX outlet temperature (BTB020)

combinations can achieve the same _ row e oo

— Mas ﬂow rate {BFBDOB]

thermal load Er e e 1

Fluid inventory changed

— Ongoing research: Optimal control. MZ

1 —— Compressor inlet pressure (BPB019 + BPB022)
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Public availability of experimental data ‘#7
DLR

* Measurements from June 2024 to
February 2025 are publicly available

. g Published September 29, 2025 | Version 1.0.0 [ & open |
IN an open-access repository
» Measurement data (1 HZ) CoBra. High Temperature Heat Pump Demonstrator -
_ Experimental Dataset 2024-2025
. Experlment prOtOCOIS German Aerospace Center JB
» P&ID diagrams o
» Future test data will be published 1 ostacurstor: Oeir, sovmes! ©
Project leaders: Yiicel, Fatma Cansu' (&); Stathopoulos, Panagiotis' &
year after the test
Tran, Phong' @ ; Uddin, Nur? ); Setzepfand, Nico'& ; Tannert, Mario' %, ;

https://doi.org/10.82481/cobra.2025
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Summary ‘#7
DLR

CoBra: Ademonstrator and research platform for heat pumps.

» Feasibility of closed-loop Brayton cycle for heat pumps confirmed

* Thermal performance: Achieved stable temperatures of 200 °C at 58 kW,
recorded maximum of 260 °C

» Rapid power reduction in <60 seconds via fluid inventory control

OO0

Get the CoBra measurement data:
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