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Explosion Consequence Analysis of Charge Air Manifolds of a Dual Fuel

Engine With Explosion Relief Valves Installed

CHANG-CHANG LI

Department of Mechanical System Engineering, The Graduate School,

Pukyong National University

Abstract

As a method to reduce environmental pollutants emitted from ships,
liquefied natural gas (LNG) is used as a fuel or a dual fuel engine is
used. Unlike conventional diesel engines, dual fuel engines have a
potential for explosion in the charge air manifold because methane-air
is pre-mixed in the charge air system. In this study, to prepare a
countermeasure for an explosion consequence by analyzing the charge
air manifold with explosion relief valves (ERVs) intalled. In a dual fuel
engine, there is a possibility that an explosion consequence may occur
due to a failure during the valve overlap process. Assuming that the
ignition sources were generated from the charge air valves, the
explosion consequence was numerically analyzed, and the propagation of
the flame and the rise in pressure were analyzed. Through this, it was
possible to confirm the positions where the pressure rise were high,
and the method of reducing the pressure inside the charge air manifold
to less than the safety pressure by installing the ERV at these positions
were analyzed. As a result of the numerical analysis, installing one ERV
was not suitable for stable operation below the safety pressure of the
charge air manifold. Finally, when an explosion consequence occurred in
the charge air manifold, it was necessary to install two ERVs in order
to reduce the pressure below the safety pressure and to ensure stable
operation of the dual fuel engine. It is expected that the installation
position and specifications of the ERV could be selected through the
analysis of the explosion consequence of the charge air manifold of the

dual fuel engine.
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the pre-exponential factor [—]
the pre-exponential factor [—]
Courant number [—]

Courant number [—]
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the activation energy [—]

the activation energy [—]

the = generation of turbulence Kkinetic

energy due to buoyancy [—]
represents the generation of turbulence kinetic

energy due to the mean velocity gradients
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initial temperature [K]
represents the contribution of the fluctuating
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overall dissipation rate [—]
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Fig. 1 805 kW dual fuel engine longitudinal section

Fig. 2 Maximum explosion pressure ratios for methane/air

mixtures ignited at 20 °C and at 100 kPa and 1000 kPa

Fig. 3 Explosion pressure as a function of the methane
concentration for different initial temperature of the

methane/air mixture

Fig. 4 805 kW dual fuel engine cross section

Fig. 5 Diagram for charge air and exhaust gas system
Fig. 6 2D modeling of the dual fuel engine charge air manifold
Fig. 7 Structure of ERV for LNG fuelled ship

Fig. 8 Meshing for charge air manifold

Fig. 9 Valve timing diagram of 4 stroke diesel engine
Fig. 10 Temperature and pressure contour results at No. 4

cylinder charge valve opened (103 CA®°)
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11 Temperature and Pressure contour results at

No. 6 cylinder charge valves opened (206 CA°)

12 Temperature and Pressure contour results at

No. 7 cylinder charge valves opened (245 CA®)

13 Temperature and Pressure contour results at

No. 7 cylinder charge valves opened (309 CA°)

14 Temperature and Pressure contour results at

No. 5 cylinder charge valves opened (347 CA°)

15 Temperature and Pressure contour results at

No. 5 cylinder charge valves opened (412 CA®)

16 Temperature and Pressure contour results at

No. 3 cylinder charge valves opened (450 CA®)

17 Temperature and Pressure contour results at

No. 3 cylinder charge valves opened (515 CA®)

18 Temperature and Pressure contour results at

No. 1 cylinder charge valves opened (553 CA®°)
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Fig. 19 Temperature and Pressure contour results at No. 3

and No. 1 cylinder charge valves opened (618 CA®)

Fig. 20 Temperature and Pressure contour results at No. 1

and No. 2 cylinder charge valves opened (656 CA®)

Fig. 21 Temperature and Pressure contour results at No. 1

and No. 2 cylinder charge valves opened (720 CA°)

Fig. 22 Pressure monitoring points

Fig. 23 Pressure plot at monitoring points

Fig. 24 Modeling with an explosion relief valve installed

- point 1 (A ERV was installed at bottom of the inlet)

Fig. 25 Pressure plot at monitoring points (A ERV was

installed at bottom of the inlet)

Fig. 26 Modeling with an explosion relief valve installed

- point 2 (A ERV was installed under the No.7 cylinder)

Fig. 27 Pressure plot at monitoring points (A ERV was

installed under the No.7 cylinder)
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Fig. 28 Modeling with explosion relief valves installed

(ERVs were installed under the No.7 cylinder and inlet)

Fig. 29 Pressure plot at monitoring points (ERVs were

installed under the No.7 cylinder and inlet)
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Table 1 Implementation schedule of SOx, NOx and CO,
limits according to IMO MEPC 72/17 Annex 11

Table 2 CFD setup conditions

Table 3 Valve timing of 7-cylinder charge air valves
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Table 1 Implementation schedule of SOx ,NOx and COZ2 limits

according to IMO MEPC 72/17 Annex 11

Emission Regulation Implementation
MEPC245 guidelines on
Phase 1 (2015-2019)for - 10%
the mothod of
) Phase 2 (2020-2024)for - 20%
CcO2 calculation of the
) Phase 3 (2025-2029)for - 30%
attained EEDI for new
) Phase 4 (2030- ? )for -40%
ships 2014
Tier III (less than
MARPOL 73/78 Annex
NOx . 2.0-3.4g/kWh after 2016)
VI, NOx technical note
2.6g/kWh for 1.300-2000rpm
Less than 0.5% m/m after 2020
MARPOL 73/78 Annex .
L (outside of ECA)
SOx VI, EU directive
Less than 0.1% m/m after 2015
1999/32/EC .
(inside of ECA)
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Fig. 2 Maximum explosion pressure ratios for methane/air

mixtures ignited at 20 °C and at 100 kPa and 1000 kPa
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Approximation curve, T=293 K
Expermental points, T=373 K

----- Approximation curve, T=373 K
9 o Expermental points, T=473 K

—— - - - Approximation curve, T=473 K
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Fig. 3 Explosion pressure as a function of the methane concentration

for different initial temperature of the methane/air mixture
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Air/lGas System

Charge Air Manifold o

Combustion System

N Eng. Control System
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L.O System

Fig. 4 805 kW dual fuel engine cross section
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Fig. 6 2D modeling of the dual fuel engine charge air manifold
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Table 2 CFD setup conditions

Items CFD analysis modeling
Viscous model Standard k-e
Time Transient
Species transport Laminar finite rate
Material Methane-air
Initial temperature 333 K
Initial pressure 3.5 bar
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TDC - Top Dead Center
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FIS - Fuel Injection Starts FIC
FIC - Fuel Injection Closes
IVO - Inlet Valve Opens

IVC - Inlet Valve Closes
EVO - Exhaust Valve Opens
EVC - Exhaust Valve Closes
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Fig. 9 Valve timing diagram of 4 stroke diesel engine
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Table 2 Valve timing of 7-cylinder charge air valves

charge valve charge valve charge valve
(Number of cylinders) open (CA°) close (CA°®)

4 1 245

6 103 347

7 206 450

5 309 553

3 412 656

1 515 759

2 618 362
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Temperature
Contour 1
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F 1.764e+03
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4.523e+02
3.330e+02

K]

Pressure
Contour 1

3.470
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F3.345

Fig. 10 Temperature and Pressure contour results at No. 4

cylinder charge valve opened (103 CA°)
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Fig. 11 Temperature and Pressure contour results at No. 4 and

No. 6 cylinder charge valves opened (206 CA°®)
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Fig. 12 Temperature and Pressure contour results at No. 6 and

No. 7 cylinder charge valves opened (245 CA°®)
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Fig. 13 Temperature and Pressure contour results at No. 6 and

No. 7 cylinder charge valves opened (309 CA°)
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Fig. 14 Temperature and Pressure contour results at No. 7 and

No. 5 cylinder charge valves opened (347 CA°®)
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Fig. 15 Temperature and Pressure contour results at No. 7 and

No. 5 cylinder charge valves opened (412 CA®°)
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Fig. 16 Temperature and Pressure contour results at No. 5 and

No. 3 cylinder charge valves opened (450 CA®)
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Fig. 17 Temperature and Pressure contour results at No. 5 and

No. 3 cylinder charge valves opened (515 CA®)
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Fig. 18 Temperature and Pressure contour results at No. 3 and

No. 1 cylinder charge valves opened (553 CA®)
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Fig. 19 Temperature and Pressure contour results at No. 3 and

No. 1 cylinder charge valves opened (618 CA°)
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Fig. 20 Temperature and Pressure contour results at No. 1 and

No. 2 cylinder charge valves opened (656 CA®)
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Fig. 21 Temperature and Pressure contour results at No. 1 and

No. 2 cylinder charge valves opened (720 CA®)
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Fig. 27 Pressure plot at monitoring points
(A ERV was installed under the No.7 cylinder)
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