
INSTITUT NATIONAL POLYTECHNIQUE

DE LORRAINE

Ecole doctorale EMMA

Institut Jean-Lamour

UNIVERSITE DE LIEGE

Ecole doctorale en aérospatiale et
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La connaissance s’acquiert par l’expérience, tout le reste n’est que de l’information.

Information is not knowledge. The only source of knowledge is experience.

[Albert Einstein]
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Abstract

Fuel price increase as well as future fuel consumption regulations lead truck manufacturers to fur-

ther enhance the current powertrain. In such a context, two waste heat recovery technologies appear

as promising: the Rankine system as well as the thermoelectric generator. Both technologies are well

studied within the past 30 years literature.

After a reminding of truck boundary conditions, this thesis work defines a 0-D modeling done under

the engineering equation solver for both systems (approaches enabling to define the working fluid for

the Rankine system). Then, for both systems a commercial tool is used to further investigate the two

technologies.

For the thermoelectric generator this commercial tool, developed under Matlab, models a thermo-

electric generator architecture (designed for mass production) developed in the frame of a research

program. Parametric studies are done on the integration of a thermoelecric generator upstream the

existing engine exhaust gas recirculation cooler. Main studies are done with Mg2Si and MnSi as

thermoelectric materials but other materials are also considered.

A Rankine system design is presented and modeled under a well known commercial 1-D solver used

within the automotive industry. Preliminary validations of the model based on supplier modeling data

are presented as well as the modeling validation of the turbine component tested. Transient aspects

are evaluated to better understand the behavior of the system and its bottlenecks. The amount of re-

frigerant in the circuit and the control schematic are also addressed. From these study, it appears that

the thermoelectric generator technology is not yet mature for an integration into a long haul truck due

too the low performance of thermoelectric materials. The Rankine system technology should handle

a complete truck prototype testing to estimate its potential.

Keywords: Waste heat recovery, Rankine system, thermoelectric generator, truck,

modeling.
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Résumé

L’augmentation du prix du pétrole ainsi qu’une possible future réglementation des émissions de

CO2 encourage les fabriquants de véhicules industriels à trouver de nouvelles solutions pour améliorer

encore la performance de la chaine cinématique. Dans ce cadre, deux solutions de récupérations

d’énergie prometteuses sont très souvent rapportées dans la littérature: le système de récupération

d’énergie par cycle de Rankine et le générateur thermoélectrique.

Après un rappel des conditions limites du fonctionnement d’un camion long routier, cette thèse

démontre tout d’abort des modèles 0-D réalisés sous le solveur de calcul Engineering Equation Solver

destinés à la meilleur compréhension de ces deux technologies (notamment le choix du fluide de travail

pour le système Rankine). Puis, pour ces deux systèmes, des logiciels commerciaux sont utilisés.

Pour le générateur thermoélectrique, ce logiciel commercial développé sous Matlab dans le cadre d’un

consortium de recherche, permet de modéliser une architecture inédite d’échangeur thermoélectrique

(destinée à l’industrialisation). Des études paramétriques sont effectuées sur cette échangeur placé en

amont de l’échangeur de recirculation des gaz d’échappement du moteur diesel. Ces études se basent

principalement sur l’utilisation de deux matériaux prometteurs: le Mg2Si et le MnSi mais d’autres

matériaux thermoélectriques sont aussi considérés.

Une conception du système Rankine est présentée et modélisée avec un solveur commercial 1-D très

utilisé dans l’industrie automobile. Des validations partielles sont réalisées sur les composants se

basant sur les données transmises par les fournisseurs mais également sur des résultats de test de

composants (turbine). Ce modèle a ensuite permis d’étudier les transitoires du système pour mieux

comprendre son fonctionnement. La charge en réfrigérant ainsi que le contrôle possible du système

sont également abordés.

A partir de ces études, il semble que le générateur thermoélectrique ne soit pas encore mature pour

son utilisation dans un camion long routier. En effet, les matériaux thermoélectriques devront encore

être améliorés. Le système Rankine doit quand à lui être testé sur un camion prototype pour pouvoir

véritablement estimer son potentiel final.

Mots clés: récupération d’énergie, cycle de Rankine, générateur thermoélectrique,

véhicule industriel, camion, modélisation.
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General introduction

On current diesel engines, a high amount of energy is lost as heat to the ambient. With current oil

price increasing trends, new solutions are being developed to further improve fuel efficiency of current

truck powertrain solutions. Waste heat recovery systems (WHRS) are possible solutions that need to

be studied and analyzed for the long haul truck application. They can convert the high amount of

heat wasted in exhaust gases into usable energy (mechanical energy or electrical energy) that will not

be supplied by the main diesel engine, thus saving fuel.

This thesis work focuses on two waste heat recovery systems: the Rankine heat engine and the

thermoelectric generator that are considered as two promising ways to further recover heat and make

a step in truck powertrain fuel consumption improvement.

This industrial PhD is done within the guidance of Renault truck SAS (the french Volvo group

joint company), the applied thermodynamic laboratory of the university of Liège and the Jean-Lamour

Institute of the Mines of Nancy School.

This document does not intend to be comprehensive as it is a huge task to study two waste heat

recovery systems.

The main objective of this thesis work is first to understand how such waste heat recovery systems

could be implemented under current truck constraints, what would be their predicted performance

if implemented, and understand how physical limitations affect the performance of those systems by

means of first modeling studies and first experimental tests done within the research programs.

As a result, this thesis work has been divided into five main chapters as illustrated in the schematic

shown in figure 1.

The first chapter will briefly remind the context of the study and why waste heat recovery appears

as a promising path to further enhance fuel economy. It will remind principles of the Rankine heat

engines and thermoelectric generators as well as address the main literature found on these fields.

The second chapter will review truck constraints to better understand what are boundary limitations

of the truck but also give considerations to waste heat recovery architectures that are possible and

the one chosen for the study.

Chapter 3 will then focus on the modeling. From simple modeling to complex ones, it defines how

calculation results from chapter 4 and 5 were obtained and what were the main assumptions. It is

guessed that this work will be completed in the future as lots of assumptions have not been validated

due to time constraints.

Chapter 4 studies a particular thermoelectric generator that was built under the french Renoter

research program. It is analyzed by means of a software developed under the program and conclusions

are drawn on limitations of the thermoelectric generator technology.

Finally, chapter 5 discusses the Rankine heat system from pure thermodynamic studies results to a

more complex GT-power model with component partial validations done under the french TIGRE

research program. The Rankine heat engine design done within the company will be also addressed

with its unknowns.

The general conclusion gives the status of waste heat recovery system as well as possible next steps

and further studies that could be done in the future.

1



Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

To understand the context, 
why doing waste heat recovery and 

what has been done so far on these subjects.

To understand limitations inherent
to the truck. 

They are then helpful 
for chapter 4 and chapter 5 studies

To define how to model those two systems
and what are the main assumptions done. 

To make a first statement from modeling
defined in chapter 3, size a possible 

generator and make a final assessment 
of the potential on two steady state engine

operating points. 

To define the adequate working fluid to
be used.

To understand how the cycle would behaves
as it shows low transients. 

To design and show the development of 
a possible Rankine heat engine.

Figure 1: Schematic representation of how this thesis work is organized.
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[77] Liu et al. Effect of working fluids on organic rankine cycle for waste heat recovery. Energy,

29:1207–1217, 2004.

[78] V. Maizza and A. Maizza. Working fluids in non-steady flows for waste energy recovery systems.

Applied Thermal Engineering, 16:579–590, 1996.

[79] A.C. Mcmahan. Design and Optimization of Organic Rankine Cycle Solar-Thermal Powerplants.

PhD thesis, University of Wisconsin-Madison, 2006.

[80] G.P. Meisner. Develop thermoelectric technology for automotive waste heat recovery. In 2010

vehicle technologies program annual merit review., 2010.

[81] C. Nelson. Waste heat recovery. In DEER Conference, 2008.

[82] C. Nelson. Exhaust energy recovery. In Mid-year review DEER conference., 2010.

[83] B. Obama. Presidential memorandum regarding fuel efficiency standards. Memorandum, May

2010.

[84] Office of Transportation and Air Quality. Epa and nhtsa propose first-ever program to reduce

greenhouse gas emissions and improve fuel efficiency of medium and heavy-duty vehicles: regu-

latory annoucement, October 2010.

[85] J. G. Owens. Low gwp alternatives to hfcs and pfcs. 3M Specialty Materials, 2010.

[86] J.N. Paquien. Engineering report : Note de synthèse sur les ressources et prix du tellure - version
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