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Abstract
In this paper, a novel thermal-driven supercharging system is proposed for downsizing of a turbocharged diesel
engine. Furthermore, the Kalina cycle is used as a waste heat recovery system to run the mounted
supercharging system. The waste heat of air in engine exhaust and intake pipes is converted to the cooling and
mechanical power by the Kalina cycle. The mechanical power produced by the Kalina cycle is transferred to
an air compressor to charge extra air to the engine in order to generate more power. This feature can be used
for downsizing the turbo-charged heavy duty diesel engine. In addition, the heat rejected from the engine
intercooler is transferred to the Kalina cycle vapor generator component, and part of the engine exhaust waste
heat is also used for superheating the Kalina working fluid before entering the engine. Then the first and second
law analyses are performed to assess the operation of the engine in different conditions. Moreover, an
economic model is provided for the Kalina cycle, which is added to the engine as a supplementary component.
Finally, the simple payback and net present value methods are used for the economic evaluation of the added
supplementary system. According to the results obtained, mounting the novel waste heat-driven air charging
system results in the incrementation of air mass flow rate, which leads to an extra power generation (between
9 kW and 25 kW). The payback period and the profitability index of the project are approximately 3.81 years
and 1.26, respectively.
Keywords: Waste heat recovery, Diesel engine, Kalina cycle, Power production, Cooling power.

1. Introduction
Nowadays, the researchers are looking for ways to
decrease fuel consumption in the internal
combustion engines. One of the most efficient
ways to achieve this purpose is to use the waste
heat
recovery
(WHR)
systems.
The
thermodynamic cycles such as the Rankine cycles
[1-3], Brayton cycle [4, 5], and refrigeration cycles
[6, 7] are used to recover the engine waste heat to
other usable types of energy such as mechanical,
electrical, and cooling energy. In some research
works, the thermo-economic analysis of different
types of multi-generation systems that contain
various waste heat recovery systems has been
performed for evaluation of their performance [810].
The recovered power is utilized in many ways. For
instance, in the turbo-compounding systems [1114], the power generated by the WHR systems is
transferred to the engine driveline. Therefore, it is

used to increase the vehicle driving force.
Recently, some other researchers have focused on
using the recovered energy to run other auxiliary
equipment such as air charging systems [11, 12],
which result in increasing the engine thermal
efficiency and the output power.
There are some researchers who have studied
engine waste heat recovery by employing the
Rankine cycle and transfer generated power to the
engine supercharging system [15, 16]. Alessandro
Romagnoli et al. [15] have investigated the benefits
of coupling an organic Rankine cycle, which
absorbs heat from engine exhaust to engine
supercharger. During their research work, it was
found that the implement of this technology on
vehicles would decrease the engine BSFC by
approximately
5%.
However,
other
thermodynamic cycles such as the Brayton and
Kalina cycles, which are widely used as WHR
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systems [17], have not been examined yet as a
source of power for the mentioned air
supercharging system.
In this work, a novel waste heat driven
supercharging system was analyzed using the
thermo-economic and exergy analysis method. The
Kalina cycle was employed to generate power from
engine waste heat to energize the engine air
charging system. The waste heat of air going
through the engine intercooler and exhaust is
transferred to the Kalina cycle and is converted to
the cooling and mechanical power. The mechanical
power is used to run a supercharger, which is
mounted before air compressor in engine intake
line. Thus the Kalina cycle working fluid absorbs
air heat at engine intercooler, which results in
reducing the air temperature. Therefore, extra air
would be inhaled by the engine. The produced
cooling power can be used for vehicle air
conditioning system or produce cold water.

the Kalina cycle working fluid. The output power
of Turb2 is transferred mechanically to Comp1,
which acts as a supercharger in the air charging
system. It leads to more power and less soot
productions [18, 19].
It can be figured out from figure 2 that two heat
exchangers (HEX2 and HEX3) are mounted in the
engine exhaust system. HEX2 is used to produce
hot water for domestic or other activities. However,
it does not absorb all the available heat in flue
gases, so HEX3 is employed to transfer the
available heat to the Kalina cycle for superheating
ammonia.
As mentioned earlier, the Kalina cycle absorbs heat
from two sources: engine air charging system and
exhaust system. Then the waste heat is converted
to the cooling and mechanical power, which is used
to drive a supercharger. The cooling power can be
used to produce cold water for domestic use or for
air conditioning systems.
The technical specifics of the mentioned turbocharged diesel engine are provided in table 1.

2. System description
The provided system consists of three components:
air charging system, engine, and exhaust system
and Kalina cycle. The air charging system contains
two air compressors (Comp1 and Comp2) and a
heat exchanger (HEX1) that decreases the
temperature of air. In fact, some of the engine inlet
air heat is absorbed by HEX1 and transferred to the
Kalina cycle. Therefore, by employment of HEX1,
two achievements can be made: cooling down air
temperature leading to inhaling extra air by engine,
and transferring air heat to the WHR system.
Comp2 and Turb1 are coupled to each other as the
main components of the engine turbocharging
system. Turb2 is a steam turbine that is rotated by

Table 1. Specifications of the proposed turbocharged
diesel engine [20].
Parameter
Manufacturer
Engine model
Engine type
Cylinder arrangement
Displacement Volume
Bore
Stroke
Compression ratio
Rated RPM
Maximum power at
rated RPM

Figure 1. Energy flow diagram of system.
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Unit
L
mm
mm
rpm

Value
John Deere
6068TF250
4Cycle,Turbocharged
6 Inline
6.79
106
127
17
1800

kW

142
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Figure 2. A block diagram of the whole system

3. Mathematical modeling

3.1.1. Diesel engine
A turbocharged diesel engine includes two external
and four internal thermodynamic processes.
Applying the first law of thermodynamic for each
process of engine [24-26]:

3.1. Energy modeling
Due to providing the first law analysis system,
mass conservation, concentration, and energy
balance equations are applied to each component of
the system, which are considered as control volume
[21-23].
- mass conservation:
∑ 𝑚̇𝑖 = ∑ 𝑚̇𝑒

3.1.1.1. Air charging system
Air compressors in the air-charging system:
𝑊̇𝑐𝑜𝑚𝑝 = 𝑚̇𝑎 (ℎ𝑒 − ℎ𝑖 )

(1)

𝜂𝑖𝑠𝑒.𝑐𝑜𝑚𝑝 =

- energy equation:
∑ 𝑄̇ + ∑ 𝑊̇ = ∑ 𝑚̇𝑒 ℎ𝑒 − ∑ 𝑚̇𝑖 ℎ𝑖

(2)

(5)

Intercooler in the air-charging system:
𝑄̇𝐻𝐸𝑋1 = 𝑚̇𝑎 (ℎ𝑖 − ℎ𝑒 )

- concentration equation:
∑ 𝑚̇𝑖 𝑋𝑖 = ∑ 𝑚̇𝑒 𝑋𝑒

ℎ𝑖𝑠𝑒.𝑒 −ℎ𝑖
ℎ𝑒 −ℎ𝑖

(4)

(6)

(3)
3.1.1.2. Engine internal processes

Some assumptions are considered to simplify the
equations:
- Each component is considered as a control
volume that can exchange work and heat with
ambient
- Thermodynamic equilibrium is applied to the
whole system components
- Steady conditions are assumed in all points of
system
- The pressure drop due to friction caused by the
fluid flow inside the components is denied

Figure 3. The T-S and P-V diagrams of the diesel cycle.
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Engine intake process:
𝑚
𝐴𝐹 = 𝑚𝑎
𝑓

𝑚̇ =

𝑚×𝑁×𝑛𝑐
2×60

(7)

𝑊̇𝑜𝑢𝑡𝑝𝑢𝑡
𝑚̇𝑓 𝐿𝐻𝑉

(9)

𝑃1 = 𝑃𝑎4

(10)

𝑚𝑡𝑜𝑡𝑎𝑙 = 𝑚𝑎 + 𝑚𝑓

(11)

𝑊𝑛𝑒𝑡 = 𝑊𝑒𝑥𝑝1 + 𝑊𝑒𝑥𝑝2 − 𝑊𝑐𝑝 − 𝑉𝑑 (𝑃𝑒1 − 𝑃𝑎4 )

(26)

𝑊 ×𝑁×𝑛𝑐×𝜂𝑏 ×𝜂𝑒
𝑊̇𝑜𝑢𝑡𝑝𝑢𝑡 = 𝑛𝑒𝑡 2×60

(27)

𝑉𝐵𝐷𝐶
𝑣1

𝐵𝑆𝐹𝐶 =

𝑚̇𝑓
𝑊̇𝑜𝑢𝑡𝑝𝑢𝑡

𝑚𝑡𝑜𝑡𝑎𝑙 ≤ 0.9𝑚𝑡𝑜𝑡𝑎𝑙.𝑚𝑎𝑥

(12)

𝜂𝐻𝐸𝑋 = 𝑚̇𝑐 (ℎ𝑒−ℎ 𝑖 )

(13)

𝑒

𝑟𝑐𝑘 =

𝑢𝑖𝑠𝑒.2 −𝑢1
𝑢2 −𝑢1

𝑃2
𝑃1

𝑒

(14)

𝑊̇𝑇𝑢𝑟𝑏1 = 𝑚̇𝑒 (ℎ𝑒1 − ℎ𝑒2 )

(15)

𝑖
𝜂𝑖𝑠𝑒.𝑡𝑢𝑟𝑏 = ℎ −ℎ

ℎ −ℎ𝑒

𝑖

𝑖𝑠𝑒.𝑒

𝑊̇𝑇𝑢𝑟𝑏1 × 𝜂𝑚 = 𝑊̇𝑐𝑜𝑚𝑝2

(16)

(29)

(30)
(31)
(32)

3.1.2. Kalina Cycle
In the Kalina cycle, NH3-H2O is employed as the
working fluid. Applying the first law of
thermodynamic, continuum, and concentration
equations for each stream of cycle [27-29]:
Generator:

Engine combustion process:
Absorbing heat in a constant pressure process:
𝑄𝑐𝑜𝑚𝑏 = 𝑚𝑡𝑜𝑡𝑎𝑙 (ℎ3 − ℎ2 )

𝑖

Turbine 1:

Engine compression process:
𝑊𝑐𝑝 = 𝑚𝑡𝑜𝑡𝑎𝑙 (𝑢2 − 𝑢1 )

(28)

3.1.1.3. Exhaust system
Heat exchangers:
𝑚̇ (ℎ −ℎ )

𝜂𝑖𝑠𝑒.𝑐𝑝 =

(25)

(8)

𝑇1 = 𝑇𝑎4

𝑚𝑡𝑜𝑡𝑎𝑙.𝑚𝑎𝑥 =

𝜂𝑡.𝑑𝑖𝑒𝑠𝑒𝑙 =

(17)

Expansion in a constant pressure process:
𝑄𝑐𝑜𝑚𝑏 − 𝑊𝑒𝑥𝑝1 = 𝑚𝑡𝑜𝑡𝑎𝑙 (𝑢3 − 𝑢2 )

(18)

𝑄̇𝐻𝐸𝑋1 = 𝑚̇𝑘3 ℎ𝑘3 + 𝑚̇𝑘12 ℎ𝑘12 − 𝑚̇𝑘7 ℎ𝑘7 −
𝑚̇𝑘4 ℎ𝑘4
(33)

𝑄𝑐𝑜𝑚𝑏 = 𝑚𝑡𝑜𝑡𝑎𝑙 × 𝐿𝐻𝑉 × 𝜂𝑐𝑜𝑚𝑏

(19)

Separator:

Expansion process:

𝑄̇𝑆𝑒𝑝 = 𝑚̇𝑘7 ℎ𝑘7 − 𝑚̇𝑘12 ℎ𝑘12 − 𝑚̇𝑘8 ℎ𝑘8

(34)

𝑊𝑒𝑥𝑝2 = 𝑚𝑡𝑜𝑡𝑎𝑙 (𝑢3 − 𝑢4 )

(20)

𝑄𝑐𝑜𝑚𝑏 = 𝑚𝑡𝑜𝑡𝑎𝑙 × 𝐿𝐻𝑉 × 𝜂𝑐𝑜𝑚𝑏

(21)

𝑄̇𝐻𝐸𝑋3 = 𝑚̇𝑘9 ℎ𝑘9 − 𝑚̇𝑘8 ℎ𝑘8

(22)

Turbine 2:

(23)

𝑊̇𝑇𝑢𝑟𝑏2 = 𝑚̇𝑘9 ℎ𝑘9 − 𝑚̇𝑘10 ℎ𝑘10

(36)

𝑊̇𝑇𝑢𝑟𝑏2 × 𝜂𝑚 = 𝑊̇𝑐𝑜𝑚𝑝1

(37)

𝜂𝑖𝑠𝑒.𝑒𝑝 =
𝑃4
𝑃3

𝑢3 −𝑢4
𝑢3 −𝑢𝑖𝑠𝑒.4

𝑣
𝑣4

= [ 3 ]𝑘

Heat exchanger 3:

Exhaling process:
𝑄𝑒𝑥 = 𝑚𝑡𝑜𝑡𝑎𝑙 (𝑢4 − 𝑢5 )

(35)

Evaporator:

(24)

𝑄̇𝐸𝑣𝑎𝑝 = 𝑚̇𝑘10 ℎ𝑘10 − 𝑚̇𝑘11 ℎ𝑘11

Engine thermal efficiency and total power
generation:
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Absorber:
𝑄̇𝐴𝑏𝑠 = 𝑚̇𝑘6 ℎ𝑘6 + 𝑚̇𝑘11 ℎ𝑘11 − 𝑚̇𝑘1 ℎ𝑘1

The extra cost of profit per year by adding the
Kalina cycle to the system can be calculated as
follows:

(39)

𝑍𝑒𝑝 = ∆𝑊̇ 𝑜𝑢𝑡𝑝𝑢𝑡 × 𝐻𝑟 × 𝐶𝑒 − ∆𝑉̇ 𝑓 × 𝐻𝑟 × 𝐶𝑓

Pump:
𝑊̇𝑃𝑢𝑚𝑝 = 𝑚̇𝑘1 (ℎ𝑘2 − ℎ𝑘1 )

(40)

where 𝐶𝑒 and 𝐶𝑓 are the electric power cost and fuel
cost in Iran, which are considered 0.03 $(kWh)-1
and 0.09 $ Lit-1, respectively [35].

(41)

3.3.1. Capital cost
The cost of each component of the Kalina cycle is
evaluated separately to obtain the capital cost of the
added features. The cost of the valves and pump are
not considered in calculations. In order to estimate
the capital cost of the Kalina cycle, the general
equation is presented as below [36]:

Expansion valve B (isenthalpic):
ℎ𝑘6 = ℎ𝑘5

Strong solution concentration of ammonia and
weak solution concentration of water and Turbine
mechanical efficiency are considered as 0.51,
0.5853 and 0.87, respectively.
3.2. Exergy modeling
To provide the second law analysis of the system,
exergy destruction for each component is obtained
from equations below [30-34]:
𝐼 = ∑ 𝑚̇𝑖 𝑒𝑖 − ∑ 𝑚̇𝑒 𝑒𝑒 + ∑ 𝑊̇ + ∑ 𝐸̇𝑄

𝑍𝐶𝐶 = 𝐶0𝑝 [𝐵1 + (𝐵2 𝐹𝑚 𝐹𝑝 )]
𝐶0𝑝 = 10(𝐾1 +𝐾2 𝑙𝑜𝑔(𝑐ℎ𝑎𝑟)+𝐾3 (log(𝑐ℎ𝑎𝑟))

(42)

(46)

∆𝑇𝐿𝑀𝑇𝐷 =

The chemical exergy of fuel (CaHb) that is
consumed by the engine can be determined by:
𝑏

𝑒𝑓 = 𝐿𝐻𝑉[1.04224 + 0.011925 𝑎 −

0.042
]
𝑎

𝑊̇𝑜𝑢𝑡𝑝𝑢𝑡
𝑚̇𝑓 𝑒𝑓

2)

∆𝑇𝐴 −∆𝑇𝐵
𝑙𝑜𝑔

(51)

(52)

∆𝑇𝐴
∆𝑇𝐵

𝑄 = 𝑈𝐴∆𝑇𝐿𝑀𝑇𝐷

(53)

The rates of heat transfer as U values and the
constant parameters in equation (51) are presented
in tables 2 and 3, respectively. The air compressor
price (Comp1) is obtained from a reference [37]
and considered as 1000 dollars.

(47)

Finally, the second law efficiency of the diesel
engine can be calculated by:
𝜂𝑒𝑥𝑒.𝑑𝑖𝑒𝑠𝑒𝑙 =

(50)

The char is the key parameter of each component;
total volume of separator, total heat transfer area in
evaporator, recuperator and condenser, and net
produced power in turbine. Using the LMTD
method, the total heat transfer area for heat
exchangers can be calculated as:

𝑇
𝐸̇𝑄 = (1 − 0 ) 𝑄̇
(43)
𝑇
𝑒 = 𝑒𝑝ℎ + 𝑒𝑐ℎ
(44)
𝑒𝑝ℎ = (ℎ𝑒 − ℎ𝑖 ) − 𝑇0 (𝑠𝑒 − 𝑠𝑖 )
(45)
The mixture chemical exergy can be calculated by:

𝑒𝑐ℎ = [∑𝑛𝑖=1 𝑋𝑖 𝑒𝑐ℎ𝑖 + 𝑅𝑇0 ∑𝑛𝑖=1 𝑋𝑖 ln(𝑋𝑖 )]

(49)

Table 2. Rates of heat transfer values for simulation
[36].

(48)

Component
Evaporator
Economizer
Condenser

The dead state temperature and pressure for exergy
analysis are 298K and 101.325 kPa, respectively.
3.3. Economic modeling
In this work, a Kalina cycle is added to a CHP
system to run a supercharger. Therefore, only the
capital cost of the added cycle is considered in
economic analysis. At first, the capital cost of the
Kalina cycle system is calculated. Then the simple
payback and net present value (NPV) methods are
employed to perform the economic analysis.

U (W(m2K)-1)
900
1000
1100

3.3.2. Payback period
The simple payback period can be estimated as
follows [38]:
𝑃𝑏 =
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(54)
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𝑍𝐼𝑛𝑣𝑒𝑠𝑡 is the total cost of components in the Kalina
cycle.

𝑅𝐼𝑅

3.3.3. NPV method
The net present value (NPV) method [38] is used
to provide the real profitability index of the project.

where IF and RDF are the inflation factor and the
real discount factor, respectively, which are
obtained from:
𝐼𝐹 = (1 +

(57)

𝑅𝐼𝑅 = 𝐷𝑅 − 𝑅

(58)

DR, R, and RIR are the discount rate, rate of
inflation, and real interest rate, respectively.
According to the reports, the inflation rate in Iran
was approximately 18.4 in 2019 [39]. In addition,
it is assumed that the system will work for 20 years.
The profitability index (PI) can be expressed as:

𝑁𝑃𝑉 = −𝑍𝐼𝑛𝑣𝑒𝑠𝑡 𝐼𝐹𝑛=0 𝑅𝐷𝐹𝑛=0 + ∑𝑛1 𝑍𝑒𝑝 𝐼𝐹𝑛 𝑅𝐷𝐹𝑛 (55)

𝑅 −𝑛
)
100

𝑅𝐷𝐹 = (1 + 100)−𝑛

𝑃𝐼 =

(56)

𝑁𝑃𝑉+𝑍𝐼𝑛𝑣𝑒𝑠𝑡
𝑍𝐼𝑛𝑣𝑒𝑠𝑡

(59)

Table 3. Equations (49) and (50) constant parameters [36].
Component

K1

K2

K3

B1

B2

Fm

Fp

Evaporator
Recuperator
Condenser
Turbine

2.7652
2.7652
2.7652
3.4092

0.7282
0.7282
0.7282
-0.5104

0.0783
0.0783
0.0783
0.0030

1.74
1.74
1.74
0

1.55
1.55
1.55
1

2.8
2.8
2.8
3.6

1
1
1
1

4. Validation
For validation of the provided mathematical model,
the output data in a specific condition, the same as
reference [20], is compared with each other. The
data presented in table 1 is used as the input
parameters of the engine model. Then the power
output of the diesel engine in different loads is
calculated and compared with the reference. Figure
4 indicates the engine power output in various
engine loads obtained by the model and the
reference. It can be easily inferred from this figure
that the error percentage of the written model is
below 10%.
For validation of the Kalina cycle mathematical
model, the components of heat transfer rates in the
written mathematical model and reference [27] are
compared with each other (table 5). According to
the results tabulated in table 4, the maximum error
is approximately 6.27%, which is below 10%.
160
Reference
Model

Engine Power [kW]

140

Table 4. Comparison of diesel engine parameters in the
catalogue [20] and the mathematical model.
Error
Parameter
Catalogue
Model
[%]
Maximum power at
1800 (rated) RPM [kW]

142

142.1

0.07

76.3

78.5

2.8

35.6

36.61

2.76

Heat rejected to cooling
water at rated engine
power [kW]
Fuel consumption of
engine at rated engine
power at 100% load
[L h-1]

Table 5. Comparison between the Kalina cycle
components of heat transfer rates of models [27].
Value in
Value in
Error
Parameter
reference [ kW] MATLAB [ kW]
[%]
𝑄̇𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟

390.4

390.8

0.1

𝑄̇𝐸𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑜𝑟

25.9

25.9

0

𝑄̇𝑆𝑒𝑝𝑎𝑟𝑎𝑡𝑜𝑟

83.8

83.51

0.34

𝑄̇𝐴𝑏𝑠𝑜𝑟𝑏𝑒𝑟

358.8

382.8

6.27

𝑊̇𝑇𝑢𝑟𝑏𝑖𝑛𝑒

76

76.88

1.14

120
100
80
60
40
20
20

30

40

50

60

70

Engine Load [%]

80

90

5. Results and discussion
The mathematical model of the system is written in
the MATLAB software to perform a mathematical
analysis under specific conditions. In order to solve

100

Figure 4. Engine power output in various loads in the
written model and the reference [20].
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the provided mathematical model, an iterative
solving method based on a strategy or an algorithm
is required. Thus the main algorithm for running
the model is presented in figure 5.

Figure 6 shows the rate of power consumption (or
Kalina cycle power production) when different
rates of heat are absorbed by HEX1. It can be
clearly seen in the figure 6 that increase in the
HEX1 heat load leads to the Kalina cycle power
generation increment; therefore, Comp1 power
would be increased and extra air would be inhaled
by the engine. As mentioned earlier, HEX1 acts as
an intercooler in the engine air charging system. It
decreases the air temperature at the inlet of engine
so the density of air will increase. Due to the
density increment of air, more air can be pushed by
Comp1 and Comp2 to the engine. In addition,
decrease in the air temperature at the inlet of engine
can cause some other positive effects like
decreasing the rate of NOx formation.
The effects of employing the presented air charging
system on the mass flow rate of air in engine intake
manifolds can be seen in figure 7. Due to increase
in the Comp1 power up to approximately 1.8 kW,
the air mass flow rate is raised between 221 g/s and
244 g/s, while the air fuel ratio is constant. Hence,
the rate of fuel injection would increase and more
fuel can be burned in the engine, which results in
producing more power.

Start calculation

Engine
Specifications, AF

Initial guess value for
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Figure 6. Comp1 power consumption in various HEX1
heat loads.

Air mass flow rate [kg/s]

The mentioned figure consists of a block diagram
that shows the way of solving the whole model. As
it can be seen in figure 5, after setting the initial
guesses, the value of heat transferred by HEX1
would be calculated. Following that, the amount of
power generated by the Kalina cycle will be found.
Then the amount of generated power for Comp1
would be corrected in the solving process to find
the best fitted value. Moreover, the effects of
supercharging equipment on the mass of air in the
engine inhaling process have to be checked. If it
would be ok, the results would be generated at the
final section of solving process.
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Figure 7. Air mass flow rate and air fuel ratio in
various HEX1 heat loads.
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Figure 5. Mathematical iterative algorithm for solving
the mathematical model of system.
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Figure 8. Engine total power increment and Kalina
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Figure 10. Variations in engine BSFC and thermal
efficiency by employing the Kalina cycle in different
comp1 powers.

The rate of power production by the Kalina cycle
and engine in different Comp1 powers is presented
in figure 8. It can be obviously figured out from the
presented diagram that employing the Kalina
power output in the engine air charging system is
far more beneficial than consuming it purely.
Moreover, between 9 kW and 25 kW, more power
would be generated by the engine by employing the
Kalina cycle power output and vapor generation
system (HEX1 heat load) in the engine air charging
system.

Employment of the Kalina cycle in the engine air
charging system affects the engine parameters such
as BSFC and thermal efficiency, as it can be seen
in figure 10. Furthermore, it decreases the engine
BSFC minimally between 0.4 to approximately
1%, while increases the engine thermal efficiency
up to 0.4%. Accordingly, employment of the
mentioned novel air charging system does not
significantly affect the engine BSFC and thermal
efficiency.
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Figure 11. In cylinder pressure in different crank
angles for various Comp1 power rates.

Figure 9. Rates of heat transfer for heat exchanger 3 in
different Comp1 powers.

The heat exchanger 3 heat loads in various comp1
powers are presented in figure 9. In addition, this
heat exchanger is used to superheat the Kalina
cycle working fluid to the desired temperature. By
referring to figure 9, it can be seen that up to about
2.75 kW power is absorbed by the Kalina cycle
from the engine exhaust gases.

The variation in the cylinder pressure in different
crank angles by employment of the air-charging
system is demonstrated in figure 11. One can
deduce from the figure that when a maximum
power consumption of Comp1 is applied to the
system, the pressure of the gas mixture in cylinders
increases by 7%.
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equipped with an air charging system because less
fuel is injected to the engine.
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Figure 12. Total exergy efficiency increment of the system
in various power consumption rates of Comp1.

-2000
20

Bottoming

Total

exergy

cycle

exergy

destruction

exergy

destruction

[kW]

destruction

[kW]

[kW]
No

226.2

-

𝑊̇ =1.8 kW

250.3

3.728

254.028

𝑊̇ =1.6 kW

237

3.49

240.49

𝑊̇ =1.22 kW

235.8

3.406

239.206

𝑊̇ =0.75 kW

229.3

3.167

232.467

𝑊̇ =0.08 kW

223.8

2.95

226.75

26

28

30

One of the main factors in the economic analysis of
an energy system is the internal rate of return for
the project. NPV of the project in various discount
factors is presented in figure 13. The internal rate
of return for the project is nearly 24.8%, which
means that if the percentage of discount rate
exceeds 24.8%, the project is no longer profitable.
The economic assessment of adding the Kalina
cycle to the diesel engine to run an air charging
system is done by indicating the profitability index
and payback period in different discount rates in
figure 14. According to a simple payback analysis,
the payback period of adding such air charging
system to the engine would be approximately 3.81
years. Moreover, the profitability index is between
1.26 and 1 when the discount rate percentage
changes from 20% to 24.8%. Therefore, a lesser
discount rate would provide a higher profitability
for the project.

Table 6. Amounts of exergy destruction for different main
components of the system with and without using the
novel air charging system
Engine

24

Discount Rate [%]
Figure 13. NPV of the project in various discount
factors.

By performing an exergy analysis of the system,
the overall exergy efficiency of the system is
obtained (figure 12). This diagram shows that due
to increase in the Comp1 input power, the total
exergy efficiency of the system decreases. It can be
illustrated that as more fuel is injected to the
engine, more power is generated, which means that
more waste power is produced simultaneously.
Moreover, the in cylinder pressure increment
results in increase in the air temperature, which
leads to more exergy destruction.

Parameter

22

226.2

supercharger

1.26
1.23

Profitability Index

1.2

The total exergy destruction of the system in
different conditions is provided in table 6. As it can
be seen in this table, with increase in the Comp1
power consumption rate, the engine exergy
destruction and the total exergy destruction of the
whole system are raised. In addition, the exergy
destruction of the system without an air charging
system (or supercharger) is lower than when it is
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Figure 14. Profitability index and payback period of
the project in various discount rates.
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6. Conclusion
In this work, a novel thermal-driven supercharging
system for a turbocharged diesel engine was
designed and presented. In addition, some of the
engine waste heat through intercooler and exhaust
system was transferred to the Kalina cycle for
production of the mechanical and cooling power.
The produced mechanical power was used to run
an air compressor, which was mounted before
engine turbo-compressor for charging extra air to
it. Moreover, the Kalina cycle vapor generator
component, which was mounted after the engine
turbo-compressor that absorbed air heat leading to
reduction of air temperature, it worked as an
intercooler for the mentioned turbo-charged
engine. The energy and exergy analysis of the
whole system was provided to evaluate the effects
of different parameters on the engine performance
by adding such an air charging system.
Furthermore, the economic assessment of adding
such an air charging system was performed by
adding the Kalina cycle to a turbocharged engine.
The payback period and profitability index of the
proposed feature were calculated using the simple
payback and NPV method. Some conclusions
drawn from the analysis can be listed as follow:
- By increasing the power applied to Comp1 (up to
1.8 kW), the air mass flow rate would increase
between 221 g s-1 and 244 g s-1, while the air fuel
ratio is constant.
- From 9 kW to 25 kW extra power would be
generated by using the Kalina cycle and vapor
generation system (HEX1 heat load) in the engine
air charging system.
- Employment of the Kalina cycle in the air
charging system decreases the engine BSFC
minimally between 0.4% to approximately 1% and
increases the engine thermal efficiency up to 0.4%.
- By transferring 1.8 kW power to Comp1, the
pressure of gas mixture in the engine cylinders
increase by 7%. This leads to a more engine power
and a less soot production.
- The internal rate of return for the project is
approximately 24.8%; therefore, the project is not
profitable for discount rates higher than 24.8%.
- The payback period and profitability index of
purchasing an air charging system for the engine
would be approximately 3.81 years and between 1
and 1.26, respectively.

Nomenclature
ABS
BSFC

Absorber
Brake specific fuel consumption
[gr kWh-1]

HEX
Comp
WHR
Turb
𝑚̇
𝑊̇

Heat exchanger
Compressor
Waste heat recovery
Turbine
Mass flow rate [kg s-1]
Mechanical power
[kW]

𝑄̇
𝑋
h
AF
ICE

Heat power [kW]
Concentration
Enthalpy [kJ kg-1]
Air to fuel ratio
Internal combustion
engine
Engine RPM
Number of cylinders
Bottom dead center
Lower heating value [kJ kg-1]
Specific volume [m3 kg-1]
Internal energy [kJ kg-1]
Overall efficiency
Pressure [bar]
Temperature [K] & [℃]
Entropy [kJ(kg ℃)-1]
Compression ratio
Atomic coefficient
Hours
Exergy [kJ kg-1]
Cost
Payback period [years]
Net present value [$]
Inflation factor
Real discount factor
Discount rate
Rate of inflation
Real interest rate
Profitability index

N
n
BDC
LHV
𝑣
u
𝜂
P
T
s
r
k
Hr
e
C
Pb
NPV
IF
RDF
DR
R
RIR
PI

Subscripts
f
i
e
ise
a
cp
comb
exp
c
ph
ch
ep
cc
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