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Abstract

In this study, multiphase temperature distributions and volume fractions through a wet exhaust system were investigated as 3D by
using a comprehensive numerical model in a yacht diesel engine. For this purpose, the Volume of Fluid multiphase model was
selected as the numerical model. Fuel exhausts are generally located underwater to ensure a modern yacht appearance and minimize
exhaust noise. A scoop is positioned above the catamaran yacht exhaust to control water pressure, exhaust gases, and cooling water
flow distribution. Besides, two types of fluids have been used, one of which is the hot exhaust gas the other is the cooling water used
in the nozzle. The design has been created using Ansys SpaceClaim, and the cooling water is sprayed from the 60° tip of the nozzle.
Moreover, the mesh used in the simulation has 1,405,113 elements, 523,125 nodes, and the average mesh skewness is 0.46, the
average orthogonal quality of the mesh is 0.64. The Realizable k-¢ turbulence model has been used in the simulations. According to
the results, the flow fully develops after 1.5 seconds, and the water nozzle sprays the water along the tube cools the exhaust gases.
Also, the stagnation points occurring at the elbow fitting of the tube are striking when the velocity contours and velocity vectors are
examined.

Keywords: Wet exhaust system, Marine diesel engine, CFD, Thermal performance, Two-phase flow.

Bir Katamaran Motoryat Dizel Motorunda Bir Islak Egzoz
Sisteminin Iki Fazh Sayisal Modellenmesi

Oz

Bu ¢alismada, bir yat dizel motorunda kapsamli sayisal model kullanilarak 1slak egzoz sisteminden ¢ok fazli sicaklik dagilimlar1 ve
hacim fraksiyonlar1 3 boyutlu olarak incelenmistir. Bu amagla sayisal model olarak Volume of Fluid ¢ok fazli modeli se¢ilmistir.
Yakit egzozlari, modern bir yat goriiniimii saglamak ve egzoz giiriiltiisiinii en aza indirmek igin genellikle su altinda bulunmaktadir.
Su basincini, egzoz gazlarini ve sogutma suyu akis dagitimini yonetmek igin katamaran yat egzozunun iizerine bir muhafaza
yerlestirilmistir. Bununla birlikte, nozulda kullanilan sicak egzoz gazi ve sogutma suyu olmak lizere iki tip akiskan kullanilmistir.
Tasarim Ansys SpaceClaim kullanilarak olusturulmustur ve sogutma suyu nozulun 60° ucundan piiskiirtiilecek sekilde ele alinmistir.
Dahasi simiilasyonda kullanilan yapisal ag 1.405.113 elemana ve 523.125 diigiime sahiptir ve ortalama yapisal agin ¢arpikligi 0,46,
meshin ortalama ortogonal kalitesi 0,64'tlir. Simiilasyonlarda Realizable k-¢ tiirbiilans modeli kullanilmistir. Sonuglar incelendiginde,
1,5 saniye sonra akis tam olarak gelismekte ve su nozulu, suyu boru boyunca piiskiirtmekte ve egzoz gazlarin1 sogutmaktadir. Ayrica
hiz konturlar1 ve hiz vektorleri incelendiginde borunun dirsek baglant1 noktasinda meydana gelen durma noktalar1 dikkat ¢ekicidir.

Anahtar Kelimeler: Islak egzoz sistemi, Deniz dizel motoru, CFD, Termal performans, iki fazl akis.
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1. Introduction

In recent days, air pollution caused by diesel-powered
automobiles and ships has been one of the most critical damages
of global warming (Aydin & ilkilig, 2017; X. C. Wang et al.,
2019). The ships’ diesel engine emissions have significantly
contributed to environmental issues such as acidification,
eutrophication, and potential health dangers (Magnusson et al.,
2016; Ryu et al., 2020). In order to avoid these harmful effects,
global organizations like International Maritime Organisation
(IMO) enacted some regulations related to reducing ozone-
depleting substances and greenhouse gas (GHGs) emissions
(Blasco et al., 2014). Moreover, several countries are working on
energy-saving and emission-reduction technologies for ships.
One of them is the selective catalytic reduction (SCR) system,
which has a remarkable denitrification effect. (M. Wang et al.,
2019). NOx produced during the combustion process is
decreased downstream of the engine using SCR technology,
which is a post-treatment technique (Hao et al., 2022; Lee et al.,
2021). The exhaust gas temperature at the SCR system's inlet is
a crucial parameter in SCR operating (Foteinos et al., 2020).

The exhaust gases pass through the SCR discharge into the
atmosphere air or seawater with the exhaust systems. These
systems containing different techniques like backpressure
control, noise attenuation, anti-vibration, exhaust cooling are
used to meet the required standards (Engineering Techniques -
MarQuip B.V. Exclusive Yacht Exhausts, n.d.). In general, a few
of these techniques are collocated, as in wet exhaust systems,
which reduce noise, heat, and scent. The wet exhaust injects
cooling water into the piping, and so the exhaust pushes the
water out of the piping (Dry and Wet Exhaust. - AB Marine
Service, n.d.; Exhaust System Basics | West Marine, n.d.). Other
advantages of underwater discharge are that it reduces the risk of
hot spot detection on naval ships and improves the aesthetics of
luxury ships by eliminating bulky and unattractive vertical
exhaust funnels that cross the deck. However, the exhaust gases
go through a flow resistance due to the pressure applied by the
water at the outlet of underwater exhaust systems (H. Sapra et
al., 2017).

There are rare studies on the backpressure of marine exhaust
systems, although these work items with some limitations are

more important for marines. Sapra et al.(H. D. Sapra et al., 2020)
have experimentally tested the marine diesel engine performance
to reveal single and multiple backpressure waves of different
amplitudes and wave durations. Fernoaga et al. (Fernoaga et al.,
2020) have analyzed experimental data from instrumentalized
diesel engine test-beds as training data for artificial neural
network analysis and regressors to examine the impact of
exhaust backpressure characteristics. Besides, Zhu et al. (Zhu et
al., 2020) have simulated the vaporizer/mixer of high-pressure
SCR in a marine diesel engine to investigate the parameters like
chemical reaction, pressure loss, flow velocity, and species
concentration uniformity as a numerical study from the
literature.

According to the previous studies in the literature, the
exhaust systems of marine diesel engines aim to reduce harmful
emissions and find pressure loss. In this study, the multiphase
temperature distributions and volume fractions through a wet
exhaust system were investigated as 3D by wusing a
comprehensive numerical model in a yacht diesel engine.

2. Material and Method

2.1. Catamaran Yacht Engine Underwater
Exhaust System

Fuel exhausts are generally located underwater to ensure a
modern yacht appearance and minimize exhaust noise. A scoop
is positioned above the catamaran yacht exhaust to control water
pressure, exhaust gases, and cooling water flow distribution.
Modeling and simulating tools are being used to analyze the
impact of various flow parameters on designs. Ansys Fluent has
been used in the study for simulating the exhaust gases and the
cooling water. The method of utilizing Computational Fluid
Dynamics (CFD) to forecast the performance is aimed in the
study. Therefore, it provides significant benefits in terms of
increased understanding, decreased uncertainty, and the
elimination of the need for lengthy physical testing (Case Study:
CFD Simulation of an Underwater Yacht Exhaust - Femto
Engineering - Femto Engineering, n.d.). A catamaran motor
yacht can be seen in Figure 1.

Figure 1. A catamaran motor yacht (Zeng, 2021).

The catamaran yacht has a MAN marine engine with a
4,880-kW engine output. Therefore, the engine exhaust system
has been designed according to the engine details. In the
literature and also in applications, various exhaust designs are
being used. A water-cooled wet exhaust system has been
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designed for the catamaran yacht. The design has been created
using Ansys SpaceClaim. The design is shown in Figure 2 and
the exhaust gas inlet, water inlet, and outlet. The cooling water is
sprayed  from the 60° tip of the nozzle.
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Figure 2. The exhaust design for the catamaran yacht.

2.1. Computational Fluid Mechanics (CFD)

Ansys Fluent has been used as the flow simulation program
in the study. Two types of fluids have been used: the hot exhaust
gas the other is the cooling water used in the nozzle. There are
several methods for two-phase flow simulations, such as Level
Set, Front Tracking Scheme, and Volume of Fluid methods (M &
Tomar, 2021; Prosperetti & Tryggvason, 2007; Tryggvason et
al., 2003). In order to model a two-phase flow, the Volume of
Fluid method designed to track the location and motion of free
surface between two or more immiscible has been used (Arat et
al., 2021; Guerrero et al., 2017). The volume of the two phases is
fully conserved utilizing the volume of fluid techniques with
geometric advection. The Realizable k-epsilon (k-€) turbulence
model has been used in the simulations. The realizable k-
turbulence model benefits from improving predictions for the
effuse rate of planar and round jets. Realizable k-¢ shows a more

remarkable performance to capture the mean flow of
complicated structures in nearly every comparison. It also
performs other flow types better, such as boundary layers under
high-pressure gradients, recirculation rotation, and separation
(Bardina et al., 1997; K-Epsilon Models, 2011; Nesbitt et al.,
1992). Ansys placed control mechanisms such as orthogonal
quality and skewness ratios for understanding the quality of the
mesh. It is recommended the average skewness values be
between the range of 0.25-0.50 is an excellent quality mesh. For
the orthogonal quality, that range reaches out to 0.20-0.69 and is
considered good quality (Ansys Inc., 2011; GORGULU et al.,
2021). In this case, the average mesh skewness is 0.46, the
average orthogonal quality of the mesh is 0.64. The mesh used in
the simulation has 1,405,113 elements and 523,125 nodes. The
mesh structure of the catamaran yacht exhaust and the close-up
view of the nozzle are given in Figure 3.

Figure 3. The mesh structure of the catamaran yacht exhaust and close-up view of the nozzle.

The transient and time-dependent solution has been used
throughout the simulation. The simulation has a total of 2.5-
second duration. Two fluid inlets have been defined in the
simulation. One of the inlets is a hot exhaust gas inlet, and the
other is the cold-water inlet. Gas enters the tube with a velocity
of 40 m/s and a temperature value of 585 K, while the nozzle
sprays the water with a four m/s velocity at 305 K.

e-ISSN: 2148-2683

3. Results and Discussion

The multiphase temperature distributions and volume
fractions through a wet exhaust system were investigated as 3D
using a comprehensive numerical model in a yacht diesel engine.
Temperature contours have been taken with a time interval of 0.5
seconds, and they are demonstrated in Figure 4.
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t=15s

Figure 4. The temperature contours of the catamaran yacht exhaust.

According to Figure 4, it can be stated that as the flow fully
develops, the water nozzle sprays the water along the tube cools
the exhaust gases. At the lowest level of the tubes, there is a
water stagnation at the 90 degrees elbow fitting due to the
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friction. Another contour has been taken at the exhaust outlet to
understand the temperature change that occurred just before it
was released into the atmosphere. It can be seen in Figure 5.

0225

Figure 5. The temperature contours at the exhaust outlet.

It is clear that the walls are primarily cooled in Figure 5. As
proceeded to the center, the temperature is increased. A
heterogeneous contour draws attention. This indicates that the
design needs to be further optimized in terms of temperature

e-ISSN: 2148-2683

distribution. The temperature values are changed between
314.4K and 551.8K. Other than the temperature distributions,
velocity and pressure contours have been created. The velocity
contours and vectors for different locations are given in Figure 6.
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Figure 6. The velocity contours and vector view of the catamaran yacht exhaust.

In Figure 6., the first picture shows the velocity contours,
and the others are the velocity vector views at elbow fittings.
When the velocity contours and velocity vectors are examined,
the stagnation points occurring at the elbow fitting of the tube
are striking (Ozkara et al., 2019). The flow occurring in the
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elbows in the exhaust design can be seen in the figure, allowing
designers to design according to the flow events here. Also, there
might be tips to eliminate these issues in future work. The
numerical pressure contours are given in Figure 7.
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Figure 7. The pressure contours of the catamaran yacht exhaust.

4. Conclusions and Recommendations

In this study, the multiphase temperature distributions and
volume fractions through a wet exhaust system were
investigated as 3D using a comprehensive numerical model in a
yacht diesel engine. For this purpose, the Volume of Fluid
multiphase model was selected as the numerical model. Also, the
Realizable k-g¢ turbulence model has been wused in the
simulations performed as transient and time-dependent with a
total of 2.5-second duration.

According to the results, the flow fully develops after 1.5
seconds, and the water nozzle sprays the water along the tube
cools the exhaust gases. Also, the stagnation points occurring at
the elbow fitting of the tube are striking when the velocity
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contours and velocity vectors are examined. Moreover, the
pressure increase is observed where exhaust gas and cooling
water meet with shocks at some points. On the other hand, the
flow occurring in the elbows in the exhaust design allows the
designers to design according to the flow events, and also, there
might be tips to eliminate these issues in future work.
Furthermore, the numerical analysis of the underwater wet
exhaust system will continue as a parametric study with different
designs in detail.
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