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Motivation and Introduction

Industrial Waste Heat

Χ ƛǎ ƘŜŀǘ ǘƘŀǘ ŀǊƛǎŜǎ ōƻǘƘ ŦǊƻƳ ŜǉǳƛǇƳŜƴǘ ƛƴŜŦŦƛŎƛŜƴŎƛŜǎ ŀƴŘ ŦǊƻƳ ǘƘŜǊƳƻŘȅƴŀƳƛŎ ƭƛƳƛǘŀǘƛƻƴǎ 

on equipment and processes. DOE (2008)

Brückner(2015)
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Industrial wasteheat potential in Europe

Ҧ Wasteheat utilization by sCO2
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MAN Diesel & Turbo
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Industrial gas turbine

Ὕ υρυᴈ

ά τωȢρὯὫȾί

ὗ ςψȢυὓὡ

Industrial Waste Heat

GASCADE GastransportGmbH 

Gas grid Europe

Gas compressor stations

Gas compressor stations:

Å Approximately each 100 km 

Å Compressor driven by gas turbine

Å Exhaust gas stream potential waste heat 

Å Utilization by sCO2 power cycle 
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Component Turbine Compressor Recuperator

Efficiency 90% 85% 90%

Industrial WasteHeat

Cycle modelling 

Both cases possible.  

Liquid cooler for not recuperated cycle: p = 7.5 MPa, T = 352 ÁC
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Numericalmodel

Analytical pre-calculation

Ҧ tǊŜŘƛŎǘƛƻƴ ƻŦ ǇǊŜǎǎǳǊŜ ŘǊƻǇΣ ƘŜŀǘ ǘǊŀƴǎŦŜǊ ǊŀǘŜ ŀƴŘ ŎƘŀƴƴŜƭ ƭŜƴƎǘƘ 

Analytical pre-calculation Heat transfer and pressure drop
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sCO2 
channel

Coolant 
channel

PCHE body

Numericalmodel

Model and Boundary Conditions

Conservation of mass

Conservation of momentum

Conservation of energy (static enthalpy)

CFD Simulation

Å solving steady-state RANS 

equations

Å eddy viscosity modeled by SST 

turbulence model

Configurations

Å Different mass flow rates

Å Different channel diameters

Å Different internal fin heights

Li (2011)
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Numericalmodel

Mesh independency and model validation

Kruizenga, A. et al., (2011).

Inflation layer y+ < 1

Validation by experiments of KruizengaA. et al. (2011):

Mesh independency for 1.5 to 9.6 million elements:
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40 mm 80 mm 120 mm

5-8

Results

Numerical results ςchannel diameter

Channel ςreduced diameter increases

Å Heat transfer surface and heat flow

Å Higher pressure drop

Å Small impact on global performance
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Results

Numerical results ςfin height

Internal fin design ςfin height increases

Å Heat transfer surface and heat flow

Å Higher pressure drop

Å Global performance optimum at  

h = 0.04 mm

h = 0.04 mm
h = 0.06 mm

h = 0.08 mm
h = 0.10 mm

h = 0.12 mm
Temperature
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Modular design for industrial gas turbine

Å mCO2= 20 kg/s

Å 860 plates, each 677 channels

Å gas turbine WHR: 2 modules

sCO2

coolant

Results

Design proposal

MAN Diesel & 
Turbo

sCO2

coolant

2.1.
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Xu (2014)

Summary

Å Essential industrial waste heat sources identified

Å Simple sCO2 power cycle model developed

Å Analytical and numerical pre-cooler model 

developed and evaluated

Å Numerical optimization of channel diameter and 

internal fin design

Å Pe-cooler design proposal for application case

Outlook

Å Extend model to further channel geometry

Å Assess structural integrity

Å Sophisticated flow arrangements (channel 

geometry)

Ngo (2007)

Summary andoutlook

Design proposal
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Thank you for your attention.

Sebastian Unger

Helmholtz-Zentrum Dresden-Rossendorf
Experimentelle Thermofluiddynamik

s.unger@hzdr.de
+49 351 260 3225

Funded by the 

Bundesministerium für 

Wirtschaft und Energie 

03EE5001D.
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Component Turbine Compressor Recuperator

Efficiency 90% 85% 90%

Motivation Waste Heat
Power Cycle 

Model
Analytical 

Model
Numerical 

Model
Design 
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Method ςAnalytical Model

Background

Ҧ rapid assessment of different configurations

Ҧ based on empirical heat transfer correlations

Ҧ iterative process

Investigated parameter range

Ҧ dCO2= 0.5 ς3.0 mm

Ҧ dH2O= 0.5 ς3.0 mm

Ҧ GCO2= 100 ς900 kg/(m² s)

Results

Ҧ required PCHE body length

Ҧ volumetric heat flux

Ҧ sCO2 and coolant pressure drop

Waste Heat 
Sources

Power Cycle 
Model

Pre-Cooler 
Selection

Analytical 
Model

Numerical 
Model

Design 
Proposal
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Heat Exchangers

Appendix

Tu, S.-T. & Zhou, G.-Y. Compact Heat Exchangers in Clean Energy Systems. in Handbook of Clean Energy 
Systems (John Wiley & Sons, Ltd., 2015). doi:10.1002/9781118991978.hces119

Heatric. https://www.heatric.com/app/uploads/2018/03/3D-Model-picture-no-background-1000x760.png.

Krishnakumar, K. & Venkatarathnam, G. Transient testing of perforated plate matrix heat exchangers. 
Cryogenics (Guildf). 43, (2003).

Tu (2015)

Heatric

Krishnakumar (2003)
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sCO2 Power Cycle

Cycle Layouts

Appendix

Basic cycle: Recuperated cycle:

Recompression cycle:
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Supercritical Carbon Dioxide (sCO2)

Heat Transfer Correlations

Appendix

Rate of heat flow: 

Reynolds number: 

Prandtl number: 

Nusselt number: 

Gnielinski (1975): 

Jackson (2002): 

Relationship forced convection
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Industrial Waste Heat

Situation

Appendix

EU-27: Germany: 
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Industrial Waste Heat

Waste Heat Sources

Appendix
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Power Cycle Model

Results

Appendix

Temperatures of thermodynamic states Specific net work and specific heats

Net power and heater heat duty Efficiency and power gradient
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Analytical Model

Calculation Scheme

Appendix
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Analytical Model

Results ςGas Turbine WHR

Appendix
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Numerical Model

Geometry

Appendix

Single-channel model

Pre-cooler model
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Numerical Model

Mesh

Ҧ 1.5 ς9.6 million elements

Ҧ inflation layer y+ < 1

Appendix
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Numerical Model

Turbulence Model

Appendix

Turbulent kinetic energy

Turbulent frequency

Blending function for wall distance

Kinematic eddy-viscosity

Blending function to restrict eddy-viscosity limiter

Reynolds stresses Turbulent kinetic energy
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Numerical Model

Mesh Independence Study

Appendix
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Numerical Model

Turbulence Models

Appendix
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Numerical Model

Experimental Validation

Appendix

Kruizenga, A. et al. Heat Transfer of Supercritical Carbon Dioxide in Printed Circuit Heat Exchanger 

Geometries.J. Therm. Sci. Eng. Appl. 3, (2011).
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Numerical Model

Correlation Comparison

Appendix
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Numerical Model

Results

Appendix

Volumetric heat flux

sCO2 pressure drop

Overall heat transfer coefficient

Coolant pressure drop
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Numerical Model

Results

Appendix

Global performance sCO2 channel Global performance coolant channel
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Numerical Model

Comparison Analytical and Numerical Model

Appendix

Configuration:
GT-5-8-700
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sCO2 bulk temperature

Numerical Model

Visualization

Appendix

Configuration:
GT-5-8-700

sCO2 velocity axial
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Numerical Model

Visualization

Appendix

Configuration:
GT-5-8-700

sCO2 velocity radial
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Numerical Model

Visualization

Appendix

Configuration:
GT-5-8-700

PCHE body temperature
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Numerical Model

Visualization

Appendix

Configuration:
GT-5-8-700

PCHE body heat flux


