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Highlights: This paper presents a conceptual dual loop waste heat recovery system to reduce 

the disturbance of the high-transient heat sources from an internal combustion engine and 

investigates a dynamic model of the waste heat recovery system at supercritical condition. 
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EXTENDED ABSTRACT 

Introduction 

Waste Heat Recovery (WHR) from an Internal Combustion (IC) engine using supercritical 

Organic Rankine Cycle (ORC) has been an interesting research area in recent years due to the 

higher thermal efficiency of the cycle and lower fuel energy losses to the environment [1]. 

Since the heat source from IC engines are highly transient in mass flow rate and temperature, 

the well-known Finite Volume (FV) model of the evaporator in steady state condition [2] 

cannot be used to predict the thermal inertia of the cycle when it is subjected to transient heat 

sources in the WHR system. In this paper, a dynamic FV model of the evaporator has been 

developed and integrated with other components in the ORC-WHR system. The system 

performance of the transient heat source is also investigated in this research. 

 

Methodology  

The conceptual waste heat recovery system shown in Fig. 1 includes two loops: the secondary 

fluid loop or heat collection unit and an energy conversion unit or the ORC. In this schematic 

diagram, the heat from an internal combustion engine’s exhaust and coolant is initially 

transferred to the carrier fluid, i.e. thermal oil or water. The hot carrier fluid from the 

secondary fluid loop is then passed through the evaporator of the ORC. The liquid organic 

fluid is pumped to the evaporator where it is heated and vaporized by the hot carrier fluid and 

expanded in the expander. Since the evaporator is the main contributor to the thermal inertia 

of the WHR system, the dynamic model of the evaporator is developed using the finite 

volume method and the mass and energy conservation equations of the evaporator model are 

solved numerically in this research.  
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Fig. 1. Conceptual dual loop waste heat 

recovery system. 

 

 

Fig.2. Outlet temperatures of dynamic 

evaporator model. 

 

Fig.3. ORC-WHR efficiency for the simulation 

of random heat source in dynamic scenario.  

 

Results  

A random heat source in terms of mass flow rate (from 0.05 kg/s to 0.20 kg/s) and 

temperature (from 412 K to 523 K) is used for the investigation of the waste heat recovery 

system at supercritical condition in this paper. The working fluid of the ORC used in this 

simulation is R134a, which is readily available, widely used in commercial purposes and has 

a high auto-ignition temperature. A random profile of the refrigerant mass flow rate (from 

0.02 kg/s to 0.12 kg/s) is used in this simulation. The simulation outcomes are shown in Figs. 

2-3. Since the simulation was carried out with the random inputs and without a control 

measure, the outputs of the evaporator model and the efficiency of the ORC and WHR system 

varied according to the combination of the model inputs. The benefit of the supercritical 

conditions is that a higher thermal efficiency can be obtained at the expense of a lower heat 

recovery. However, an optimization of these two efficiencies can derive the most beneficial 

operating condition of the WHR system. 

 

Conclusions 

The developed model is able to depict the performance of the ORC-WHR system dealing with 

the variable heat sources at a supercritical pressure. The concept of dual loop WHR system 

and the dynamic model of the supercritical ORC investigated in this research have potential to 

reduce the highly transient heat input to the ORC-WHR used in automobile applications.  
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