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There are numerous methods for utilizing waste heat energy from marine diesel
engines; however, selecting these methods depends on the load and capacity of these
engines, as well as the available area. As a result, the purpose of this paper is to utilize
waste heat energy from scavenge air to operate the multi-effect evaporator forward
feed (MEE-FF) and assess its performance based on the distillate water’s mass flow rate
at various engine loads. A comparison is also made between the multistage flash
desalination once-through (MSF-OT) and multistage-desalination brine recirculation
(MSF-BR) to determine which is best in extracting engine exhaust waste energy within
the available area. Detailed mathematical models were built for three different plants
using MATLAB software. On these plants, the effect of various variables like steam
temperature, intake water flow rate, and the temperature on the plant performance
have been studied. The main result showed that the performance ratio, surface area
and distilled mass amount in the MSF-BR are increased by 55%, 50.19%, and 55% for
the same input data respectively, while the feed water mass and brine mass are
decreased by 50.87% and 34.36%, respectively in comparison to MSF-OT.

1. Introduction

As a main source of living, water is indispensable for everyone, however, providing clean drinking
water is becoming a global problem as fresh clean water is not distributed equally worldwide. The
world’s main concern now is about delivering clean and safe drinking water to everyone to cope with
the increased water scarcity. The problem of water shortage could also be seen clearly on-board ships
as the average use of drinking water on those ships is more than 260000 gallons per day [1-3].
Therefore, enough clean drinking water should be provided for all the passengers with less expenses
and without using much energy. This could be achieved by exploiting seawater and extracting from
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it freshwater. This process is known as desalination of seawater which is used by most of the world’s
population especially the Middle East countries [4,5].

The desalination of seawater requires huge amounts of energy to produce enough clean drinking
water for those who suffer from water shortage [6-8]. Recent studies are investigating the ability of
exploiting various types of energy sources to desalinate seawater [9]. To solve this energy problem,
heat lost from diesel engines could be used to generate thermal energy and power to desalinate
seawater [6,10,11].

The diesel engine produces huge amounts of waste energy [12,13] since it only produces 49.3%
shaft power to operate any vehicle, and the rest is waste heat energy which is estimated to be 50.7%.
This waste heat energy includes different forms of wastes which could be used in generating energy
and power such as about 0.6% radiation, about 4.3% lubricating oil, about 6.3% jacket water, about
14.1% scavenge air water cooling, and about 25.4% of exhaust gas [12,13]. The thermal energy of the
exhaust gas and the scavenge air cooling can be exploited in seawater desalination because the diesel
engine provides forms of heating methods to desalinate seawater [8].

Thermal desalination includes different types: Multistage-Flash Desalination (MSF), Multi Effect
Evaporation (MEE), and Single Effect [2,14,15]. This paper discusses two thermal desalination which
are multistage flash and multi effect evaporation. The first system has two configurations which are
once-through (MSF-OT) [16] and brine recirculation (MSF-BR) [17]. The latter one is classified into
three categories: forward feed, parallel feed, and backward feed.

The multistage flash process, whether it is once-through or brine recirculation, has multiple
advantages. It has a high capacity out which is provided at relatively higher thermal efficiency and
reliability, and this results in lower production costs and higher performance in desalinating seawater
[18]. It requires simple system equipment to be installed.

The MSF-OT is distinguished by operating at low salinity with values of 42000 ppm for the feed
and of 46106.6 ppm for the flashing brine steams which results in reducing the fouling and the boiling
problems occurring in the condenser and the heater [14]. The specific heat transfer area is reduced
from (45.1 m?/(kg/s)) to (12.7 m?2/(kg/s)) due to the MSF-OT performance ratio since the heat in the
brine heater system is distributed over a larger amount of distillate water [14]. This shows how the
specific heat transfer decreases when the performance ratio increases and vice versa [14].

The MSF-BR is characterized by having a proper design which allows for variable loads that range
between 70 to 110% of the rated capacity [19]. It has simple manufacturing and installation
properties [14].

The MEE-FF has many advantages such as having a stable layout, performing at a wide range as
well as being a simple process. It also has a low energy consumption, and it can operate at a low
temperature. It is also known for its high efficiency of production as it has efficient the distribution
of water and tube wetting. Moreover, it uses all types of vapours with pressure higher than 0.5 bars,
and it separates vapours and non-condensable gases [20].

The MSF desalination unit is very efficient as it provides quantities of distillate water. This unit
uses exhaust gas as waste heat energy which is extracted from the diesel engine to operate it [21].
The study also highlights that in summer the distillate water production is more than winter due to
the variation of the feed water temperature as in summer the temperature is high and affects the
production of the distillate water [22]. The studies showed that MSF unit produces sufficient
quantities of distillate water with less expenses because it utilizes the thermal energy produced from
the diesel engine to operate it [10].

This paper focuses mainly on the idea of using exhaust gas, extracted from diesel engine as a form
of Waste Heat Recovery (WHR) [19,22]. Due to the mass flow rate and high temperature the exhaust
gas, it is used as a heating fluid source which can be used in operating multi-stage flash distillation
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(MSF) system as this system requires high temperature to operate to produce distillate water. The
scavenge air can be used as a heating fluid source to operate multiple-effect distillation (MEE) system
in producing distillate water [12]. Compared to the exhaust gas, the scavenge air has lower mass flow
rate and temperature; accordingly, it is suitable to be used as a heating fluid source for MEE units
which do not need high temperature and mass flow rate [14] to operate multiple-effect distillation
(MEE) system in producing distillate water.

In addition, this paper also draws a comparison between the MSF-OT and MSF-BR which gives
the consumer an opportunity to choose which unit will be the best in desalinating water according
to the desired requirements and needs. The comparison also presents the space required for the
desalinating units and the amount of the produced desalinated water.

2. Process Description

This study is using the diesel engine 6RT-flex58T-E made by HYUNDAI-WARSTILA [23]. This marine
diesel engine is a two-stroke one with constant pressure turbocharging and has a maximum power
output of 13.94 MW. Its operating parameters are acquired from the official shop test that was
performed experimentally by the manufacturer as a procedure for quality control upon installation
aboard the ship. The continuous service rating of the engine as shown in Table 1 is used in designing
the systems of this study.

Table 1
Temperature and mass flow rate distribution of exhaust gas and
charge air at different operating load

Load (%) 25 50 75 90 100
Exhaust Gas m (kg/s) 7.0627 15.137 24.052 28.818 32.666
T(°C) 290 262 249 251 261
Charge Air m (kg/s) 6.883  14.793 23.546 28.207 31.969
T(°C) 52 134 190 213 230
After Air Cooler T (°C) 23 29 33 36 37

The scavenge air and the exhaust gas, which are extracted from diesel engine as waste heat
energy, will be used to operate the MEE-FF and the MSF respectively to desalinate seawater. The
temperature of scavenge air at small loads such as 25, 50 and 75 is not high compared to the
temperature of the exhaust gas; as a result, having low temperature makes the scavenge air suitable
for MEE-FF, and having high temperature makes the exhaust gas suitable for MSF-OT and MSF-BR.

A heat exchanger is used to reduce the temperature of the scavenge air produced from the
compressor of the turbo charger depending on the requirements of the diesel engine according to
every load. It is also used to change the temperature of the water used to cool the scavenge air to
100 °C which changes it to vapor. The vapor of 100 °C temperature and the mass flow rate which
differs according to the diesel engine’s load are used as thermal sources to operate the MEE-FF unit
of six stages. The amount of distillate water produced from the MEE-FF unit differs according to the
given load of the diesel engine. It is calculated by using modelling excel sheet and MATLAB program
to estimate the amount of My, M, M4 dimension of stages and the performance of the MEE-FF unit
according to the diesel engine load.

The exhaust gas is used to operate the MSF-OT or the MSF-BR to desalinate the seawater and
then they are compared together to decide on the best one in modelling. The exhaust gas has specific
mass flow rate and temperature which differ according to the diesel engine load. The exhaust gas is
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used as thermal source to operate both MSF-OT and MSF-BR to produce distillate water as presented

in Figure 1 and Figure 2.
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Accordingly, the waste heat energy produced from the diesel engine can be used to desalinate
seawater and solve the global problem of water shortage
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3. Modelling Approach

The marine diesel engine has different sources of waste heat energy, two of which are the
scavenge air and the exhaust gas. These two sources could be used to operate some plants for
desalinating seawater to solve the global problem of water shortage as shown in Figure 3.

Diesel Engine

‘Waste Heat Energy

Waste Heat Energy

Heat Exchang

Thermal
Energy

’ MSF-OT ‘ ‘ MSF-BR I
Brine Distillate Brine Distillate
Water ‘Water Water Water

MEE-FF

Brine Distillate
Water ‘Water

Tank

Fig. 3. Flowchart of the Model

Regarding the scavenge air, a heat exchanger is used to reduce its temperature by using saltwater
as it transfers into a steam of 100 °C. The scavenge air goes back with a temperature owing to the
marine diesel engine. Steam is used as a thermal source for operating the MEE-FF which produces
distillate water and brine water. The former is stored in the tank as shown in Figure 3, while the latter
is neglected.

The exhaust gas is also used as a thermal source to operate two configurations: MSF-OT and MSF-
BR. They also produce distillate water, which is stored in the tank as shown in Figure 3 and brine
water, which is neglected.

4. Mathematical Model
4.1 Procedures

The following mathematical model for MSF-OT, MSF-BR, and MEE-FF is adopted from El-Dessouky
and Ettouney [14] Darwish et al., [20] and Al-Mutaz and Wazeer [24] to present the salt balance,
stage material, the profile of stages, condenser temperature, stage dimensions, performance
parameters as well as material balance. The equations are also adopted from El-Dessouky et al., [26]
and Al-Mutaz and Wazeer [27].
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4.2 Mathematical Model for Heat Exchanger (Cooler)

The scavenge air enters the heat exchanger with a high temperature Ti, which is cooled through
exploiting the saltwater as it gets in with its normal sea temperature Tinsw). Then, the scavenge air
flows out of the heat exchanger with a different temperature Tou: and mass flow rate owing to the
requirements of the marine diesel engine at every load. The saltwater also gets out with a higher
temperature as it reaches 100 °C which is measured through using sensors and its mass flow rate
differs according to the load of the marine diesel engine. Afterward, the output continues flowing to
form the heating source for the MEE-FF desalination plant [25].

Scavenge Air
(inlet)

S.W (outlet)
Intake water

P

S.W (inlet)
- —ef———

Scavenge Air
(outlet)

Fig. 4. The Cooler of the Main Engine

Q = Mgy 'CpSA (Tin — Toy) = Mgy 'CpSW (Tsw oy — Tswyy) (1)

From the previous equation, the Mgy, is conducted at Tsy, ., Which is equal to 100 °C. The sea-
water pumps must be driven electrically. The pumps’ capacity is indicated by the type of coolers used
and the dissipated heat. The mathematical model for MEE-FF is adopted from El-Dessouky et al., [26]
and Al-Mutaz and Wazeer [27] and is used to produce distillate water at different loads of the marine
diesel engine.

4.3 Solution Procedure of the Mathematical Model for MSF-OT

The mathematical model for MSF-OT is adopted from El-Dessouky et al., [26] and Al-Mutaz and
Wazeer [27] and is used to produce distillate water depending on different loads of the marine diesel
engine.
4.3.1 Heat balance

From the following equation, the My is detected according to different loads of the marine diesel

engine due to the change of Tgas and Myaes. Note that T4, cannot be less than 150 °C to avoid the
formation of sulfuric acids.

Mgas- Cp,gas- (To - Tgas,z) = Mf- Cp,saltwater(To - tl) (2)

Mg = Mp(1—=(1—=y)") (3)
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4.3.2 Material balance

My = My + M, (4)
The salt balance equation is:

My . X = My . Xp (5)

4.4 Solution Procedure Mathematical Model for MSF-BR

While developing the simplified model, the same assumptions, considered in the simplified model
of the MSF-QOT, are also considered for the MSF-BR [27].

4.4.1 Heat balance

M, C (To—-TF)
Mgas_ r -CDsaltwater o~ 1'F (6)

Cp,gas (Tgas_ Tgas,z)
Mg =M,.(1-(1Q-y)") (7)

The given overall material balance equation:

My = M, + Mg (8)
_ Mg .Xp
M= =%, (9)

5. Model Validation

This paper presents a new approach utilizing the waste heat energy of marine diesel engine to
operate different desalination techniques: MEE-FF, MSF-OT, and MSF-BR. In this study, the scavenge
air was used as a thermal source to operate the MEE-FF plant of six stages and the exhaust gas was
also used as a thermal source to operate the MSF-OT and the MSF-BR plants. After searching in the
previous literature, no experimental nor theoretical results could be found for the proposed system
configuration. Consequently, the components of the main model are validated alone to assure the
authentication of the created excel sheet and the MATLAB model.

First, MEE-FF model is validated by using the inputs of the case study mentioned by El-Dessouky
and Ettouney [14] which are presented in Table 2.

Table 2

Validation results of MEE-FF
Effect 1 2 3 4 5 6
D (kg/s) 0.1708 0.1693 0.1677 0.1662 0.1646 0.1614
B (kg/s) 2.3292 2.16 1.9922 1.826 1.6614 1.5

X (ppm) 45078.9 48611.5 52704.4 57501.2 63198.6 70000
T(°C) 92.67 84.96 76.84 68.29 59.29 40
A(m2) 221446 22.1445 22.1445 22.1446 22.1446 22.1446
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The results of the MEE-FF model made by the excel sheet and the MATLAB program are identical
to the results of the case study made by EL-Dessouky and Ettouney [14] as shown in Table 3.

Table 3

Validation results of MSF-OT
Parameter Results of Nassor’s Model Model Results Error
Mgas, kg/s 29.5 28.37 3.8%
Md, kg/s 162.5 169.28 1%
Mb, kg/s 2337.5 2330.714 0.2%
ppm 44920 45050.5 0.2%
D1, kg/s 10.98 10.93 0.44%
PR 5.49 5.96 7.9%

Second, MSF-OT model is validated by using the inputs of the case study mentioned by West [11]

which are presented in

Table 4.

Table 4

The parameter inputs of MSF-OT and MSF-BR

Units MSF-OT MSF-BR
Parameter Input Input
Top brine temperature (TBT) °C 106 106
Brine blowdown temperature °C 40 40
Feed seawater temperature °C 25 25
Seawater salinity, ppm 42000 42000
Number of stages 24 24
Brine load kg/ms 180 180
Vapor velocity m/s 6 6
Weir coefficient Cd 0.5 0.5
Number of diesel engine 1 1
Brine blowdown salinity, ppm - 70000
Number of units recycling brine - 3

The results of the MSF-OT model made by the excel sheet and the MATLAB program are
compared to the results of the case study made by West [11] as shown in Table 5.

Table 5

Validation results of MSF-OT
Parameter Results of Nassor’s Model Model Results error
Megas, kg/s 29.5 28.37 3.8%
Mg, kg/s 162.5 169.28 1%
My, kg/s 2337.5 2330.714 0.2%
ppm 44920 45050.5 0.2%
Ds, kg/s 10.98 10.93 0.44%
PR 5.49 5.96 7.9%

Finally, MSF-BR model is validated by using the inputs of the case study mentioned by EL-
Dessouky and Ettouney [14] which are intake seawater temperature 25 °C, steam temperature 116
°C, top brine temperature 106 °C, brine temperature in the last stage 40 °C, heat capacity of liquid
streams 4.18 KJ/kg’C, salinity of intake seawater 42000 ppm, salinity of the brine blow-down 70000
ppm, vapor velocity in the last stage 6 m/s, brine mass flow rate per stage width 180 kg/s, and weir
friction coefficient 0.5. The results of the MSF-BR model made by the excel sheet and the MATLAB
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program are identical to the results of the case study made by EL-Dessouky and Ettouney [14] as
shown in the following Table 6.

Table 6

Validation results of MSF-BR
Flow Rates Heat Transfer Area Stage Dimensions Performance Parameters
Mg 378.8kg/s A, 4256.6 m? w 18.8 m PR 7.21
Mt 947 kg/s Ar 4156.9 m? L 2.56m sA 259.6 m?

M, 568.2kg/s A  2266.4 m? GH1 0.078m  sMcw 2.41kg/s
M, 3384 kg/s A.  94094.1 m? H1 0.278 m

M 52.52 kg/s

Moo  914.64 kg/s

6. Case Study

As mentioned before, the scavenge air is being cooled by the heat exchanger through using
cooling water which changes into steam at 100 °C. The mass flow rate of the steam differs according
to the different loads of the marine diesel engine as shown in Table 1.

Figure 5 highlights the amount of the mass flow rate of steam at different loads at temperature
of 100 °C, and it also clarifies that the amount of the mass flow rate of the steam increases due to
the increase of the load of the diesel engine as a result of the rise in the temperature of the scavenge
air which is affected by the load of the diesel engine.

The following input data in Table 4 in addition to the mass flow rate of the steam in Table 3 are
used to operate the MEE-FF. The results are also obtained from using the prementioned data of the
diesel engine in Table 1. It is noticed that due to the increase of the load of the diesel engine there is
an opportunity for using more amount feed seawater; accordingly, this allows for producing more
amounts of distillate water as shown Figure 6.

Ms(KG/S)-at (100 °C) Mf(kg/s)
25 350
300

20
250

15 200
10 150
100

50

25%load 50%load 75%load 90%load 100%load

25%load 50%load 75%load 90%load 100%load

Fig. 2. The amount of the mass flow rate of steam Fig. 3. Feed Seawater
at different loads at temperature of 100 °c

The amount of the distillate water increases because of the increase in the load of the diesel

engine as shown in Figure 7. Moreover, the average heat transfer area increases due to the increase
in the load of the diesel engine as shown in Figure 8.
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Md(kg/s) Am (m2)
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25%load 50%load 75%load 90%load 100%load 25%load 50%load 75%load 90%load 100%load
Fig. 4. Distillate Water Fig. 5. Average Heat Transfer Area

It is noticed that the amount of the distillate flow rate for each unit n increases at every load as
shown in Figure 9. The results show that the amount of brine flow rate for each unit n increases at
every load as shown in Figure 10.

load-D load-B

350
300
250
200
150
100

50

o m n = = - = 0o m - - - - -

D1= D2= D3= D4= D5= D6= B1 (kg/s) = B2 (kg/s) = B3 (kg/s) = B4 (kg/s) = B5 (kg/s) = B6 (kg/s) =
w25kload mSO%load m75%load % 90%load w 100%l0ad m25%load W50%load M75%load = 90%load M 100%load

Fig. 6. Distillate Flowrate Fig. 7. Brine Flowrate

As mentioned before, the exhaust gas is used as a thermal source to operate one of the two
configurations MSF-OT or MSF-BR. A comparison is drawn to decide on which of those two
configurations is better. Note that they have the same number of units which is n=24. Moreover, a
program is made for each configuration on MATLAB program and a mathematical excel sheet model.
The same inputs are used for both programs to compare the results. Those inputs are previously
mentioned in Table 4.

The results of the case study are based on the models of the MATLAB program and the excel
sheet which use the mentioned input data of the previous marine diesel engine and the pre-
mentioned input data of the MSF-OT and MSF-BR. These results are used to compare these two
configurations and decide on the most efficient one.

The specific heat transfer area of the MSF-BR is higher than the specific heat transfer area of the
MSF-OT by 50.19% according to the different given loads of the marine diesel engine as shown in
Figure 11. This means that MSF-OT requires less space for construction compared to the MSF-BR. The
performance ratio of the MSF-BR is higher than the MSF-OT by 55% on different loads of the marine
diesel engine as shown in Figure 12.
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Fig. 8. The Specific Heat Transfer Area of MSF-OT

and MSF-BR

The brine mass flow rate of the MSF-OT is remarkably more than the MSF-BR which decreases by
34.36% on different loads of the marine diesel engine as shown in Figure 13. It is also noticed that
the feed seawater of the MSF-OT is more than the feed seawater of the MSF-BR which decreases by
50.87% on different loads of the marine diesel as shown in Figure 14. Moreover, The MSF-BR
produces higher distillate water than the MSF-OT by 55% although it has a lower mass flow rate of

feed seawater than the MSF-OT as shown in Figure 15.

Fig. 9. The Performance Ratio of MSF-OT and
MSF-BR
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Fig. 10. Brine Mass Flow Rate Of MSF-OT and MSF-BR

Fig. 11. Feed Seawater of MSF-OT and MSF-BR
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Fig. 12. Distillate Mass Flow Rate of MSF-OT and MSF-BR
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7. A Comparison Between the Suggested Desalination Models and the Reverse Osmosis
Desalination Units

In this study, a comparison is made between the suggested desalination models and the familiar
types of desalination which is reverse osmosis desalination system on board ships. The comparison
is made in terms of consumed power, consumed fuel, cost of fuel and CO; emissions.

7.1 Evaluating the Consumed Power

To calculate the power consumed from the diesel engine, the mass flow rate of the total
production of the distillate water produced from proposal (1) and proposal (2) should be calculated
first. A comparison is made for the power consumed from the diesel engine between the reverse
osmosis and the two proposed models. These calculations are shown in the following table:

Table 7

Power consumed for both proposals

Cases Proposals M, (kg/s) M, (m3/h)
Casel Mg sr—ory + Mg mgg-rry 5.71+101.06 =106.77  384.37
Case2 My ysr—pry + My upe—rr) 10.39+101.06=11145 401.22

The following equation which is adapted from Schmid [8] could be used to calculate the power
consumption:

Pconsumption =S.EC* M(Ii ® (10)

The specific energy consumption (S.E.C) is assumed to be equal 3 kwh/m?3 in this study, so the
results for both cases are shown as the following depending on Eq. (10):

Pconsumption (casel) = 3 *384.37 =1153.11 kwh
Pconsumption (case2) = 3 *401.22 = 1203.66 kwh

The previous results show how much power consumed from the diesel engine is saved because
the two proposals use waste heat energy, which is the scavenge air and the exhaust gas produced
from the diesel energy.

7.2 The Economical Aspect of the Proposals

The economical aspect for the two proposals is presented by the form of reduction in the fuel
consumption (heavy fuel oil, 1% of Sulphur) which is used to operate the diesel engine 6RT-flex58T-
E made by HYUNDAI-WARSTILA. The reduction in the power from the diesel engine leads to using
less fuel as the waste heat energy is used as a thermal source to operate the two proposed models.
The following equation, which is adapted from Schmid [8], is used to calculate the consumption of
the fuel used to operate the diesel engine:

Fue/consumption = Fuel g * Pconsumption (11)

The results of fuel consumption for both cases are shown as the following depending on Eq. (11):
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Case 1=171.5 * 1153 = 197.758 kg/h
Case 2 =171.5 * 1203.66 = 206.427 kg/h

A significant reduction in fuel cost is remarkably recognized due to the reduction in fuel
consumption. According to the French National Institute of Statistics and Economic Studies (INSEE),
the price of HFO in August 2023 was 545.96 $/Ton [29].

Fuélsaving = Fuel kg/h * Cost (U.S. dollars) (12)

Fuelsaving (case 1) = 197.758*545.96= 107967.959 S
Fuelsaving (case 2) = 206.427 * 545.96= 112700.885 S

The previous results show how much fuel is saved in operating the diesel engine because the two
proposals used in desalinating seawater depend on the waste heat energy which is the scavenge air
and the exhaust gas.

7.3 Reduction in CO; Emission

The CO, emission reduction reveals the environmental impact of the two proposals because
utilizing the waste heat energy of the scavenge air and the exhaust gas produced from the diesel
engine leads to using less fuel in operating the diesel engine and desalinating the seawater on the
board ship unlike the reverse osmosis which requires much fuel resulting in producing much CO.. The
specific CO2 emission for burning HFO is 3.114 kg-CO,/kg-fuel [8]. Therefore, when the CO, emission
decreases, the fuel saving decreases too and vice versa as shown in the following two proposals:

COZ reduction = Fuelconsumption * SpE'CIfIC COZ emISSIon fOI‘ HFO (13)

Case 1=3.114 * 197.758 = 615.818 kg/h
Case 2=3.114 * 206.4276 = 642.81 kg/h

From the previous equations, it is shown that Case 1 saved 615.818 kg/h, and Case 2 saved 642.81
kg/h. It is noticed that Case 2 saves more fuel consumption which leads to reducing CO, emissions.

8. Conclusions

In this paper, the freshwater generation from marine diesel engine has been studied. The
proposal of this study depends on exploiting exhaust gas and scavenge air in water desalination, and
they are both waste heat energy extracted from diesel engine.

Three methods have been used for desalination and they were compared together: Multiple
Effect Evaporation-Forward Feed (MEE-FF), Multi-Stage Flash-Once Through (MSF-OT), and Multi-
Stage Flash-Brine Recirculation (MSF-BR). Waste heat from the marine diesel engine is used for the
operation of those desalination plants.

A MATLAB program and A mathematical excel sheet model have been developed for each
desalination unit, and the programs were also validated and then they were used to calculate the
heat transfer. They also deal with various diesel engines as well as conditions of water for all seasons.
In this study, they work with the three mentioned configurations. Regarding the MEE-FF, it deals with
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six stages, while the MSF-OT and MSF-BR, it can deal with a stage number up to 32 stages according
to demand, cost, and available area.

The results show that in the MEE-FF, it is noticed that M, Mg, and Am are increased by the increase
of the diesel engine load. Regarding the comparison between MSF-OT and MSF-BR, the PR, sA, My of
MSF-BR are increased by 55%, 50.19%, 55% respectively for the same input data by increasing the
marine diesel engine load, while the My and M, of the MSF-BR decreased by 50.87% and 34.36%
respectively.

The results also show that there is a remarkable reduction in the consumed power, consumed
fuel, cost of fuel and CO; emissions because the two proposals use waste heat energy, which is the
scavenge air and the exhaust gas produced from diesel energy.
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