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Gas Flow Analysis of an Explosion Accident Occurring

in the Charge Air Manifold of a Dual Fuel Engine
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Abstract : Dual fuel engines use liquefied natural gas (LNG) as fuel, and there are risks that are not found
in conventional diesel engines. A system for preventing explosion accidents is being applied to deal with the
risk factors; thus, in this study the gas flow of explosion accident occurring in the charge air manifold was
analyzed. When the explosion accident occurred in the charge air manifold, the characteristics of pressure
rise and flame propagation were analyzed. As a countermeasure, the installation position and quantity of the
explosion relief valve were analyzed. In the case of installing one explosion relief valve, it was impossible
to deal with the explosion accident because the pressure exceeded the safety pressure. However, in the case
of installing two explosion relief valves, the pressure did not exceed the safety pressure. It was considered
suitable to install two explosion relief valves at the charge air inlet and the closed end position to prevent

demages from explosion accidents in the charge air manifold of the dual fuel engine.
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Table 1 CFD setup condition

rlor
OH

Items

Setup condition

Viscous model

Standard k-¢

Time

Transient

Species transport

Laminar finite rate

Material Methane-air
Initial temperature 333 [K]
Initial pressure 3.5 [bar]
Reaction scheme 2S CH4 BFER

Inlet boundary
condition

Pressure inlet

Outlet boundary
condition

Pressure far-field (UDF)
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Fig. 6 Pressure and temperature contour results during explosion accident
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Table 2 Charge air valve conditions in Fig. 6

Order Valve condition Opened valve
(a) No.6 closing No.5 & 7
(b) No.3 opening No.5 & 7
(c) No.7 closing No.5 & 3
(d) No.l opening No.5 & 3

10

charge air mlet position
94 |===~=closed end position

64 Safety pressure ‘e
(Maximum allowable working pressure)

pressure (bar)
i
|
|
|
|
|
|
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|
|
|
|
|
|
|

T T T T T T 1
0 001 002 003 004 005 006 007
time (s)

Fig. 7 Pressure results in case of the explosion

accident in the charge air manifold

8 JHALHFZEUX 263 M52, 2022 10

ex BE AsflA F7] Wnel Hadow
A AT FAe 7] UBE AAZ Az
fom, g5 TRl A&HoE 715
£ 4% af5e FuAnst 248 2o 4
gt

i

@

o0

rlo

I

e 1

i ol

o3
T

x

N

o

)

ol o

L

2

ROV
2

E ek Aoz, 99
|

H

N
[o]
o 1
ol
o

T
i
It

I

(on
&8
=
)
)
(o}
i
o
o

X go M
[0 K r—'\-—“
t 2
o i
8 oy 2
o %
2oy

_yll

[e]

4
N H 7L deja

o
r_\|]_‘

charge air inlet position

- = = -closed end position

A ERV installed at charge air inlet position

Safety pressure

Lh

ERYV opening pressure

o

L8]

pressure (bar)

(]

L L | L | L |
A ERV installed at closed end position

Safety pressure

W&
4
L

pressure (bar)

[ o)

0 001 002 003 004 005 006 0.07
time (s)

Fig. 8 Pressure results with one explosion relief

valve is installed in each position
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Fig. 9 Pressure results with a total of two explosion

relief valves installed in each position
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