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ABSTRACT  

  

This paper aims at enhancing the power generated from waste heat recovery systems as a 

mean for decreasing fuel consumption. The use of the scavenge air as a heating fluid for 

waste heat recovery applications is introduced. A thermodynamic analysis was performed to 

study the effect of different operating pressures on the superheated steam yield, power output 

and dryness fraction. The improvement in efficiency and reduction in fuel and carbon dioxide 

emission were taken into consideration. 
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NOMENCLATURE 

 

Cp        specific heat capacity, kJ/kg 
o
C 

h        specific enthalpy, kJ/kg 

m         mass flow rate, kg/s 

Q         heat transfer rate, kW 

T         temperature, 
o
C 

Subscripts 

            fuel 

           exhaust gas 

        pinch point 
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           water-steam 

Acronyms 

HFO   heavy fuel oil 

ORC   organic Rankine cycle 

RPM   revolution per minute 

WHR   waste heat recovery 

WHRS   waste heat recovery system 

 

1. INTRODUCTION  

 

Turbocharging the scavenge air triggers an increase in the pressure and density of air 

allowing for more fuel to be burned by the diesel engine in each stroke. However, a loss of 

potential power is caused by the decrease in air density triggered by the raised temperature of 

air due to adiabatic compression. As the compression ratio of the turbocharger is enhanced, 

the effect of the temperature rise on air density becomes more evident. For two stroke diesel 

engines, a scavenge air cooler became a standard to increase the air density and recover the 

power gained by turbocharging. The most common type of air coolers is a finned tube heat 

exchanger utilizing sea water to cool the scavenge air passing over them. They are designed 

with much care for the pressure drop on the air side to eliminate the need to increase the 

turbo-blower speed [1, 2]. 

A significant improvement was reached by previous studies that there is a little margin 

for reducing the emissions by improving engine efficiency as current engines can reach a 

thermal efficiency of nearly 50%. Accordingly, the ideal technique available for reducing 

emissions is utilizing the nearly 50% of the waste heat provided by the fuel for additional 

power generation. This will result in the reduction of fuel consumption and carbon dioxide 

emission [3, 7]. 

Due to the adiabatic compression of the scavenge air, its temperature increases. Hence, 

the scavenge air must be cooled to decrease its temperature as described earlier. The 

reduction of the scavenge air temperature causes a significant amount of the fuel energy to be 

wasted of nearly 14.1% [4].  

The system proposed is set to assess the utilization of the heat supplied by the charge air as a 

standalone source of waste heat and compare its potential to the exhaust gas in operating a 

simple Rankine cycle and providing additional power. 

 



International Journal of Advanced Scientific and Technical Research  Issue 7 volume 1, January –February 2017 

Available online on   http://www.rspublication.com/ijst/index.html                                              ISSN 2249-9954 
 

©2017 RS Publication, rspublicationhouse@gmail.com Page 81 
 

2. CASE STUDY 

 

2.1. Diesel engine parameters 

The diesel engine used is a two stroke marine diesel engine with a maximum power 

output of 14.1 MW. The temperature and mass flow rate of the scavenge air at different 

operating loads, as displayed in Table 1.   

 

Table 1. 

Temperature and mass flow rate of the scavenge air at different operating loads 

Load (%) 25 50 75 90 100 

Scavenge air  

Mass flow rate (kg/s) 6.883 14.793 23.546 28.207 31.969 

Temperature (
o
C) 52 134 190 213 230 

 

2.2. System description 

The proposed system is a simple Rankine cycle operating by the scavenge air as a 

heating fluid for producing superheated steam for power generation. The model consists of a 

water tube boiler consisting of an economizer for feed water heating, evaporator for the 

boiling process and a superheater for producing superheated steam [5]. The schematic 

diagram of the system is presented in Fig. 1.  

 

Fig. 1. Schematic diagram for the proposed system. 
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2.3. Thermodynamic analysis 

The equations used in this study for designing the WHR system are energy balance 

equations based on the first thermodynamic law [6]. The equations are presented in Table (2). 

Table 2. 

Energy balance equations for the proposed system 

Overall energy 

balance 
                                             (1) 

Evaporator                                                (2) 

Superheater                                                  (3) 

Pinch point                                            (4) 

 The performance of the introduced cycle is analyzed using a program developed on 

MATLAB. The program will calculate the performance parameters of the model with varying 

operating pressure. The parameters measured are the mass flow rate, output power, 

temperature distribution and dryness fraction. The solution procedure is presented in Fig. 2. 

 

Fig. 2. Solution procedure for the proposed system. 
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3. RESULTS AND DISCUSSION 

 

The program displayed the effect of increasing operating pressure on the output power, 

where there was a constant decrease in output power with increasing pressure. As shown in 

Fig. 3 (a), the decrease in output power is related to the low pinch point between the scavenge 

air and steam due to the low temperature of the scavenge air. As a result, the superheated 

steam yield decreases, as shown in Fig. 3 (b), with increasing pressure and saturation 

temperature causing a decrease in the power output at higher pressures. The maximum power 

was reached at the lowest operating pressure of 2 bar due to the low temperature of the 

scavenge air. 

 

(a) 

 

(b) 

Fig. 3. a) Effect of operating pressure on output power and b) steam mass flow rate. 

The increase in the operating pressure lead to an increase in the scavenge air temperature at 

the exit of the boiler Tair,4 due to the decrease in mass flow rate and heat rejected from the 

scavenge air. As displayed in Fig. 4, the minimum temperature of the scavenge air at the exit 

of the steam generator occurred at the lowest operating pressure. 

 

Fig. 4. Effect of operating pressure on temperature distribution of air. 
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The effect of the operating pressure on the dryness fraction was studied to determine the 

applicability of the system at the specified pressure. It was shown that, there is a decrease in 

the dryness fraction of the exhaust steam at increasing pressure, due to the decrease in the 

degree of superheat at higher pressures. The results are displayed in Fig. 5.  

 

Fig. 5. Effect of operating pressure on dryness fraction. 

The optimum operating pressure was selected, where the output power and dryness fraction 

where taken into account. The selected operating pressure is 2 bar, where the highest power 

was developed at the lowest operating pressure due to the low temperature of the scavenge 

air. The temperature distribution and operation characteristics are presented in Table 3. The 

impact of the waste heat recovery system is presented in Table 4 in terms of the output power 

of fuel and emission reduction. 

Table 3. 

Operation characteristics at the optimum pressure  

Tair,1 Tair,2 Tair,3 Tair,4 ms,t Pressure 

Dryness 

fraction 

Total 

power 

213
o
C 208 

o
C 135.6

 o
C 124.5

 o
C 

0.9327
 

kg/s 
2 bar 0.89 

466.68 

kW 

 

Table 4. 

Impact of the WHRS 

Power  

(kW) 

Power  

(%) 

Improvement 

in efficiency 

Fuel saving 

( x10
3
 Kg/year) 

Fuel saving 

(%) 

emission 

reduction 

( x10
3
 Kg/year) 

466.68 3.7 2 % 593 3.7 1848 
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4. CONCLUSION 

 

 The superheated steam yield decreases with increasing pressure in order to maintain a 

constant pinch point. 

 The power output of the waste heat recovery system decreases with increasing operating 

pressure due to the decreasing steam yield caused by the low temperature of the scavenge air. 

 The pinch point temperature has a significant effect on the power output of the waste heat 

recovery system. 

 The scavenge air offers lower improvement in efficiency and less applicability as a heating 

fluid than the exhaust gas.  
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