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Abstract- Waste heat recovery systems (WHRS), uses exhaust gas in the boiler, are very important in terms of increasing
energy efficiency and reducing green gas emissions. Due to this reason, WHRS get more importance. Although dual pressure
WHR boiler is more efficient than single pressure boiler, dual pressure boiler needs more heat transfer surface are. When the
stage of boiler increases, the size of boiler also increases so it makes dual pressure more expensive. Engine load, exhaust gas
temperature and fuel types, effect exhaust gas energy level, are the efficiency parameters for WHRS. In this study two-stroke
Diesel engine performance is analyzed in terms of thermal efficiency, engine load, specific fuel oil consumption (SFOC),
exergy efficiency and exegetic performance coefficient (EPC). It is shown that which boiler type is suitable due to the
working condition in term of technical size and economic parameters.
Keywords- Waste Heat Recovery System (WHRS); Single Pressure Boiler; Dual Pressure Boiler; Two-Stroke Diesel
Engine; Energetic Efficiency; Exegetic Performance Coefficient.

determining the optimum conditions when the
investment cost is considered with the operating cost.
Butcher and Reddy [4] investigated the effects of
various operating conditions on the performance of a
WHR power generation system based on second law
analysis. The results showed that first and second law
efficiencies of the WHR power generation system
depend on exhaust gas composition and with oxygen
content in the gas, specific heat and pinch point.
Reddy et al. [5]studied the influence of gas specific
heat, non-dimensional inlet gas temperature
difference ratio (τ), heat exchanger unit sizes, on the
entropy generation number of a WHRSG and the
results showed the influence of different nondimensional operating parameters on entropy
generation number, which in turn will be useful to
optimize the performance of the unit.
Guo et al. [6]have analyzed the effects of heat/exergy
loss to the environment on a waste heat power
generation system that based on the energy and
exergy efficiencies and entropy generation to impress
on how some operating parameters could affect the
performance The resutlst showed that the optimal
operation condition should be reached at the trade-off
between the heat/exergy input and the heat-work
conversion ability of the unit.
Franco and Giannini[7] roughed in a technique to
obtain the main operating parameters and detailed
design of the component concerning the geometric
variables of the heat transfer sections for
minimization of the pressure drop and overall
dimensions of HRSG.
Naemi et al [8] have presented a new objective
function including the exergy waste and the exergy
destruction, which is defined in such a way to find the
optimum pinch point, and non-dimensional operating
parameters. The first and second law and econo
analyses are investigated to achieve the optimum
operating parameters and economic conditions of a
dual pressure HRSG.
Ahmadi and Dincer[9] have analyzed a combined
cycle power plant (CCPP) with a supplementary

I. INTRODUCTİON
Recently, waste heat energy recovery methods are
gained more importance day by day, due to the
importance given to energy efficiency, A huge
amount (25%) of the total energy is discharged by
exhaust gas in a 2 stroke diesel engine which
produces 49.3% shaft power, as seen in Figure 1[1].

Figure. 1. Net power and heat loses in a ship [1]

Waste heat boilers are one of the most used waste
heat recovery methods that classified to intended use.
Single-stage (single pressure) waste heat boilers are
used for smaller systems and also dual-stage systems
are used for higher capacity systems behalf of
thermoeconomic advantageous. Efficiency of WHRS
with dual pressure boiler is 20% higher than with
single pressure boiler[2].
In and Lee [3] has investigated to optimum design
parameters of HRSGs to maximize the efficiency of
bottom cycle of the CCPP by minimizing the
irreversibilities. In order to validate the proposed
method, a single-stage HRSG system was chosen,
and the optimum evaporation temperature was gained
to maximum useful work at given conditions of water
and gas temperatures at the inlets of the HRSG
system. It is shown from the results that the optimum
evaporation temperature obtained and NTU effects on
the research parameters which is important for
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firing system that is based on the first and second law
of thermodynamic. The optimal design of operating
parameters of the plant is made by pointed out an
objective function and applying a generic algorithm
(GA) type optimization method. In order to optimally
find the design parameters, a thermo-economic
method is proposed. In addition to this, the effects of
variable power demand and fuel cost are studied for
three different power output.
II. WASTE HEAT RECOVERY SYSTEM
The most important component for waste heat
recovery is boiler. The heat which is rejected with the
exhaust gas use for heat transfer to water of WHRS.
After heating and boiling the fluid is send to turbine.

Figure 3.Dual Pressure Waste Heat Recovery Boiler

IV. THERMODYNAMIC SIMULATION
3.1 Energy Analysis
General energy equation is defined below for steady
state open system:
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Figure 1. Waste Heat Recovery System
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Subscript i shows inlet and subscript o shows outlet

III. DUAL PRESSURE WASTE HEAT
RECOVERY BOILER

3.2 Exergy Analysis
Exergy values of every state points in steady state
open system are calculated by equation 2:

The working principle of dual pressure waste heat
recovery boiler is different than single pressure.
Although there is one pinch point and one system
pressure (figure 1), dual pressure boiler has 2 pinch
point and two system pressure; Low Pressure, High
Pressure (figure 2). When number of pinch poit
increases, it means more heat transfer so more heat
recovery. WHRS with dual pressure has 20% higher
efficiency than with single pressure boiler [2].
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indicatesexergy destruction in the processes.
General exergy destruction of control volume in a
steady state is defined as equation 4:
(4)
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Exergy destruction rate of heat transfer process shows
in equation 5:
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For boiler, there is no heat transfer out. So the
equation will be:
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Figure 2. Single Pressure Waste Heat Recovery Boiler
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CONCLUSIONS

When get 15 oC pinch point for both pressure, the
system pressure is calculated 4.75 bar for low
pressure system and 13.68 bar for high pressure. If
just single pressure is used, the pressure will be 5 bar.
And it means than lower heat transfer ratio.
Exergy destruction shows in table 2. The most
Exergy destruction occurs in LP evaporator and HP
evaporator.

Dual pressure boiler have been analyzed with respect
to energy and Exergy analysis. The results show that
the highest Exergy destruction is obtained in LP and
PH evaporator. All analyses is done in terms of 15 oC
pinch point. In this study shows that the performance
of elements of boiler. The study needs also size
analysis.

Table 1. The Property of the states
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