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Available solar 

energy: 

▪ More than 90% of 

renewable energy 

resources

▪ Energy for 10,000 

Earths

Source: Perez et al. (2009): A fundamental look at energy reserves for the planet. The IEA SHC Programme Solar Update, Volume 50, 2009.

The sun: energy for the future



The sun: energy for tomorrow

Source: REN21 (2020): Global Stature Report 2020 (figures from 2018). 

Energy resources used worldwide
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Institute of Solar Research

Concentrating 

solar technologies
Agri Photovoltaics

Quality assurance and 

operational optimisation 

for solar power plants and 

photovoltaic systems

Solar energy 

meteorology

Heat transition:

Energetic building 

assessment

Cheilytko Andrii, DLR, Institut für Solarforschung 03.06.2023 | 

Karlsruhe 



In a nutshell: How does a solar thermal power plant work?
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In brief: from high temperatures to electric current
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The advantages of CSP technologies in a renewable 
energy system

▪ CO2-free

▪ Sustainable energy storage

▪ 24/7 Energy

▪ Adjustable

▪ Hybrid power plants with PV possible

▪ Can be used in district heating networks

▪ Can provide process heat for industrial plants

▪ Without rare resources 
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Milestones of the Institute of Solar Research 

02/2011

DLR founds 

Institute of

Solar 

Research

06/2011

Takeover of the

Jülich Solar 

Tower

03/2017 07/2020

Spin-off of the 

Institute of

Future Fuels

Inauguration 

of Synlight in 

Jülich

06/2020

Inauguration of 

the Jülich 

Multifocus 

Solar Tower 
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* As of 01/2022, without student assistants

Almería (Spain)

40

28
31 32

Köln Stuttgart Jülich Almería

Solar research at our four locations
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Organisational chart
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Institute of Solar Research

Departments for the development and optimisation of solar thermal power plants

Technology development: efficient and economic use of solar energy for the production of

electricity, heat and fuels

Solar high temperature 

technologies

Solar power plant 

technology
Qualification Chairs in Aachen 
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Department Solar High Temperature Technologies 

"Fluid Systems"

Dr.-Ing. Jana Stengler 

"System Modelling“

Dr.-Ing. Tobias Hirsch

"Particle systems"

Dr.-Ing. Luka Lackovic

▪ 30 employees at the locations and plants in Stuttgart, Cologne and Évora (Portugal)

Head of Department: Dr.-Ing. Reiner Buck

• Heat transfer in liquids and 

gases

• Operation of liquid salt plants

• Solar process heat

• Heat transfer in particles

• Development of particle 

receivers and heat exchangers

• CFD/FEM/DEM modelling

• System modelling and design

• Techno-economic evaluation

• Operating behaviour and control of 

parabolic trough systems
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Department Solar Power Plant Technology

"Simulation and Open Volumetric 

Recievers"

Peter Schwarzbözl

"Jülich Solar Tower Power Plant"

Felix Göhring

▪ Employees at the Jülich site

Head of Department: Dr.-Ing. Kai Wieghardt 

• Trial operation of the plants:

• Jülich experimental solar thermal 

power plant

• Multifocus Tower Jülich

• Controls for CSP and heliostat 

arrays

• Automation, dyn. simulation

• Flux density measurements
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Department Qualification

"Solar Energy 
Meteorology“

Dr. Stefan Wilbert

"System qualification"

Dr.-Ing. Marc Röger

"Materials, Layers, 

Components" 

Dr.-Ing. Florian Sutter

▪ 40 employees at the sites in Cologne, Jülich, Oldenburg and Almería (Spain)

Head of Department: Dr.-Ing. Peter Heller

"Buildings and Quarters" 
Dr. Jacob Estevam 

Schmiedt

• Opt. qualification of 

solar fields

• Thermal 

characterisation of 

receiver systems

• Determination of 

meteorological 

parameters

• Analysis of the impact 

on CSP

• Test methods and 

tests of components

• Durability of materials 

and components

• Energy analysis of 

buildings

• Basis for rehabilitation 

planning
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PLATAFORMA SOLAR DE ALMERÍA
OWNER AND OPERATOR: CIEMAT 
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QUARZ® LABORATORY
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PROCESS HEAT TEST FACILITY
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EVORA MOLTEN SALT PLATFORM
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JÜLICH EXPERIMENTAL SOLAR 
THERMAL POWER PLANT
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Spin-offs of the Institute of Solar Research 

2007

Optimising solar field 

performance and 

maximising system 

lifetime

Heliostat design 

and control. Today 

Synhelion 

Germany

Particle receiver 

technology.

Today part of 

Heliogen

3D capture and 

energy-efficient 

analysis of buildings

2016 2017 2019 2020

Fully automatic 

condition monitoring of 

CSP and PV plants
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Institute of Future Fuels

▪ Development of alternative fuels

Technology development for the efficient and economic production 

of energy sources for a global, renewable energy economy

Solar chemical processes
Material and 

component design
Demonstration Evaluation
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Part 2 of Public lection „The theory of heat and mass transfer processes in porous of 

solar receiver” 

THE THEORY OF HEAT AND 
MASS TRANSFER PROCESSES 
IN POROUS MEDIA
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The theory of heat and mass transfer processes in porous media

▪ Improve the quality and accuracy of existing calculations of heat and mass transfer processes in 

receivers.

Purpose

▪ AP 1 Basics

▪ AP 2 Modeling 

▪ AP 3 Related technical tasks

▪ AP 4 Support to projects

▪ AP 5 Analysis of potential 

Tasks

▪ DAAD

▪ Synlight 

▪ FH Aachen

▪ RWTH Aachen

Partner

𝜌𝑠 𝑐𝑝 𝑠

𝜕𝑇𝑠
𝜕𝜏

=
𝜕

𝜕𝑥
λ𝑠
𝜕𝑇

𝜕𝑥
− 𝛼𝐴𝑣 𝑇𝑠 − 𝑇𝑓 + 𝑞𝑠𝑜𝑢𝑟𝑐𝑒

𝜌𝑓 𝑐𝑝 𝑓

𝜕𝑇𝑓

𝜕𝜏
+ 𝑢𝑇𝑓 =

𝜕

𝜕𝑥
𝜆𝑓

𝜕𝑇

𝜕𝑥
+ 𝛼𝐴𝑣 𝑇𝑠 − 𝑇𝑓 + 𝑞𝑠𝑜𝑢𝑟𝑐𝑒
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Influence of structural characteristics of porous materials 

on the intensity of heat and mass transfer processes
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Study of the influence of pore shape on the thermal conductivity coefficient of porous 
structures and thermal protection structures without taking into account convection inside 

the pores

Thermal conductivity coefficients of porous materials 

and products with different pore shapes
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Time plan
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Methodology for finding the equation of effective thermal 
conductivity
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Building a model of heat conduction through a porous structure

Qualitative analysis of the model and verification of the model's correctness

Conceptual statement of the problem

Choosing an analytical method for solving a 
problem

Finding the roots of 
the problem

Checking the adequacy 
of the model solution at 

the boundary values

General verification of the 
adequacy of the found 

model solution

Choosing a 
numerical research 
method and building 
a numerical model 

Comparison 
of results

Conclusions

Choosing an analytical method for 
solving a problem

Determination of complex indicators 
of porous structure

Finding the generalized equation of 
the effective thermal conductivity of 

porous media

Determining the 
unimodality of 

the model

Approval of the selected model 

Analysis of theories 
of heat transfer and 

implementing 
solutions of the heat 
conduction model in 

porous media



The dislocation vector 
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The volume of a unit cell can be calculated from the constant lengths and angles of the lattice. If the sides

of the cell are represented as vectors, the volume is equal to the scalar triple product of these vectors

𝑉𝑐𝑒𝑙𝑙 = asb 1 + 2𝑐𝑜𝑠𝛼𝑐𝑜𝑠𝛽𝑐𝑜𝑠𝛾 − 𝑐𝑜𝑠2𝛼 − 𝑐𝑜𝑠2𝛽 − 𝑐𝑜𝑠2𝛾

Locations with vectors on them 𝑘𝑦=1.182 (left), 𝑘𝑦 =1 (right)

ത𝑘𝑦 𝑦
= 𝑛𝑦 𝑟𝑦 /𝐿𝑦

ത𝑘𝑦 𝑥
= 𝑛𝑥 𝑟𝑥 /𝐿𝑥



New equation
Equation DLR of the effective coefficient of thermal conductivity

λ𝑒𝑓𝑓,𝑠 =

λfλs
λs∅ + λf 1 − ∅

λs
λf
∅ + 2Ψ+

λf
λs

1 − ∅ + 1

λs
λf
∅ + 1 − ∅ + Ψ ∅ +

λf
λs

1 − ∅ + Ψ

Ψ - indicator of porous structure;

For different models of heat transfer, the solution of this model has different roots Ψ.  

For open channel structure

Ψ =
1

𝑘𝑦
∅ − 1

λs − λf
λsλf

λf ∅ − 1 − λs(∅)

For porous mesh or catalyst, the following solution is recommended (this equation considers the uncertainty of 𝑘𝑦)

Ψ = ∅ − 1

1 −
λf
λs

+ 1 −
λf
λs

2

+ 4

2
+ ∅

1 −
λs
λf
+ 1 −

λs
λf

2

+ 4

2

For fluid in the LTNE model

Ψ𝑓 = 𝑘𝑦

1 −
λf
λs

+ 1 −
λf
λs

2

+ 4

2

1−∅

× 𝑘𝑦

1 −
λs
λf
+ 1 −

λs
λf

2

+ 4

2

∅

For porous open absorbers in the LTNE model

Ψ𝑠 =
1

𝑘𝑧
∅ − 1

λs − λf
λsλf

λf ∅ − 1 − λs(∅)
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Comparison of different models of calculation of the 
effective coefficient of thermal conductivity
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Volumetric solid-fluid convective heat transfer coefficient
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The heat flux can be determined by the temperature gradient in the body or by 

the power of the electric heater. The wall temperature can be measured. The 

temperature of the liquid at a distance from the wall is a conditional value

Liquid temperature - average mass temperature in the channel

p

p

C wTdS
T

C wdS




=




q

T
 = =

 ( )
F

ж cm

F

qdF

T T dF−




The average heat transfer coefficient on any surface F:

How to determine the heat transfer coefficient?
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Example of experimental data processing: at forced convection usually

Nu Re Prn mC=

1lnNu ln Re ln Prn m C= + +

Nu

Re

α β

Nu

Pr

Re = constPr = const

tgn = tgm =
Nu

Re Prn m
C =
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Dependence of the Nusselt criterion on the Reynolds number for 
the StepRec inside section depending on the Pr criterion
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Probleme

Based on the research, additional avenues have been opened for scientific

and technical experimentation, the solution of which requires additional time or

human resources:

- Geometric optimization of the shape of various absorber structures;

- Modeling of the vortex in front of different receiver structures;

- Optimization of the geometric dimensions of OVR.
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Nu vs. Pe dependences for the StepRec type absorber with the 
capillary effect and effect from the thickness of the thermal layer 
and with considering the heat exchange of internal layers
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Conclusion of research

▪ 1. New analytical calculation formula for the effective thermal conductivity 

coefficient for porous media with open pores has been proposed, which can 

be applied to the absorbers of open receivers of the solar tower. The 

proposed formula includes dislocation vector that allows to calculate different 

porous structures with the same porosity value.

▪ 2. The proposed criterion dependence for the calculation of the Nusselt 

number includes the calculation of the lengths of the hydrodynamic and 

aerodynamic layers. The constants for the proposed dependencies for 

modern types of solar receiver absorbers are obtained. Validation of the 

results on a numerical model showed high reliability of the obtained results.
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Part 3 of Public lection „The theory of heat and mass transfer processes in porous of 

solar receiver” 

PRACTICAL SOLUTIONS  
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Principle Tower Power Plant Basics

Tower power plant = sun + heliostat field + Receiver

+ (Speicher)

+ konventionelles Wärmekraftwerk

Quelle: DLR (2008)
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Einteilung von Receivern
Reale Beispiele

Quelle: Afloresm
Quelle: energy.gov

Quelle: Solar Two Quelle: Beyond Zero 

Emissions

Quelle: Sandia Nationals 

Lab

Quelle: DLR
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Energieverluste an Receivern
Verlustmechanismen

▪ Absorbed energy
ሶ𝑄abs = 𝛼𝐴rec 𝐸

▪ Radiation losses                               ሶ𝑄ε = 𝜀𝐴rec𝜎𝑇rec
4

▪ Convection losses

▪ Natural convection: correlation for plane plate

▪ Forced convection: correlations for (rough) cylinders with crossflow

▪ Calculation of available power

ሶ𝑄 = 𝛼𝐴rec 𝐸 − 𝜀𝐴rec𝜎𝑇rec
4 − ሶ𝑄conv
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Energieverluste an Receivern

Salt Flow

ሶ𝑄DNI

ሶ𝑄surface_loss

ሶ𝑄reflected
8,2 𝑀𝑊

ሶ𝑄spillage

ሶ𝑄collector

ሶ𝑄extinction

ሶ𝑄incident
127,4 𝑀𝑊

ሶ𝑄into_panels
129,2 𝑀𝑊

ሶ𝑄salt
120 𝑀𝑊 ሶ𝑄radiation

6,6 𝑀𝑊

ሶ𝑄convection
2,6 𝑀𝑊

ሶ𝑄conduction
< 0,1 𝑀𝑊

ሶ𝑄collector = ሶ𝑄DNI − ሶ𝑄surface_loss

ሶ𝑄incident = ሶ𝑄collector − ሶ𝑄extinction − ሶ𝑄spillage

ሶ𝑄into_panels = ሶ𝑄incident − ሶ𝑄reflected

ሶ𝑄salt = ሶ𝑄into_panels − ሶ𝑄radiation − ሶ𝑄convection − ሶ𝑄conduction

DNI = direct normal irradiance
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OPEN VOLUMETRIC RECEIVER
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Energy losses at receiversLoss mechanisms Cavity -
convection

ሶ𝑄𝑐𝑜𝑛𝑣 can be calculated with the help of models/correlations

Quelle: DLR (2015)

Cheilytko Andrii, DLR, Institut für Solarforschung 03.06.2023 | 

Karlsruhe 



Results

▪ Simulationen HMT

▪ Simulationen Vortex

▪ Neues Design 

▪ Outstanding : Mathematical model of heat and mass transfer in a porous absorber.
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Improving a VoCoRec  solar reciever

Geometric model and appearance 
VoCoRec 
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Outlook

▪ AP 5 Potential analysis

▪ the actual DLR equation for the calculation of the effective thermal 

conductivity coefficient 

▪ the actual DLR equation for the calculation of the Nusselt criterion

▪ Publication of the results (2 articles were published and 2 international 

conferences were attended, 11 discussion panels and an open lecture for 

students of FH Aachen. Another 5 articles have been submitted for 

publication and are under review)

▪ Application of open scientific ideas and approaches to existing projects

Thank you for the tremendous support of the entire DAAD and DLR team!
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