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A Study on Ventilation Performance of Ammonia Fuel Preparation
Room according to the Location of Supply and Exhaust Ports
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Abstract : With the International Maritime Organization's efforts to reduce greenhouse gases, ammonia is
gaining attention as an environmentally friendly marine fuel. However, toxicity, explosiveness, and
corrosiveness of ammonia necessitate forced ventilation in confined spaces such as fuel storage hold spaces,
tank connection spaces, and fuel preparation room. This study used FLACS 22.2 to analyze ventilation
performance by applying various scenarios for supply and exhaust ports in the fuel preparation room. The
analysis showed that the Case 1 (Inlet:Fwd-Bottom-Port, Outlet: Fwd-Bottom-Stbd) had the best ventilation
performance and that the Case 13 (Inlet:Aft-Top-Stbd, Outlet: Fwd-Top-Stbd) had the worst. Ventilation
performance improved when the supply port was placed at the bottom and the exhaust port at the top.
These results provide crucial guidance for designing safe ventilation systems for ammonia-fueled ships.
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g-urol FSHS(Fuel Storage Hold Spaces), TCS(Tank
Connection Spaces), FPR(Fuel Preparation Room)2]
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Table 1 Symptoms by ammonia concentration®

Concentration Symptoms
(ppm)
5 It has peculiar smell.

Causes eye irritation and respiratory
6-20

problems

Headache, nausea, loss of appetite,
40-200 . e

airway, nose, and throat irritation occur.
400 irritate the neck
700 Eyes may be damaged.

Coughing, making it difficult to breathe.
1,700 you may experience momentary shortness

of breath.
2,500-4,500 Even a small exposure can be fatal
5,000 Death due to respiratory arresst.
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Fig. 1 Arrangement of ventilation cases

Table 2 Condition of leakage scenario

Items Specification
Gas composition Ammonia = 1
Leak point (5, 5.5, 0.1)
Direction +Z

Leakage type JET

Mass flow rate 0.1 kg/s
Leak time 10 s
Pressure 80bar
Temperature 45C
Discharge coefficient 0.85
Psendo-source model Ewan-Moodie
Ventilaltion rate 30ACH
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Table 3 Input and boundary condition for FLACS

analysis

Boundary Condition

XLO Nozzle
XHI Nozzle
YLO Nozzle
YHI Nozzle
ZLO Nozzle
ZHI Nozzle
Grid

Total No. of Control Volume 1,086,288 ea
Max aspect ratio 25
Simulation Condition

Ambient pressure [Pa] 101325
CFLC 20
CFLV 2
DPTLOT 0.25
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Fig. 2 Configuration of grid generation for 3D

model
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V : The flammable volume
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BV : The laminar burning velocity (corrected for
flame wrinkling/Lewis number effects)

E : Volume expansion caused by burning at
constant pressure in air, and the summation is over

all control volumes(Gexcon AS, 2019)
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Fig. 3 Simulation results according to the fluid grid

element size of the Fuel Preparation Room
model (YZ plane)
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Fig. 5 Fluid grid element (0.2m) of the Fuel Preparation Room model
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Table 4 Maximum & average ammonia concentration

X : Times(s) .
Coe g tguiuelopnm) in the Fuel Preparation Room (FPR) for
Inlet : Fwd — Top - Port
Outlet : Fwd - Top - Stbd each case
Maximum Average ammonia
Case ammonia concentration after
concentration 100 seconds
(ppm) (ppm)
1 24,653 1,101
- — 2 24,654 1,281
X : Times(s)
Y : MoleFractionFuel(ppmv)
Case 11 3 24,980 1,485
Inlet : Aft — Top - Port
Outlet : Fwd - Top - Stbd 4 24,947 1,418
5 24,928 1,510
6 24,966 1,485
7 24,650 1,431
8 24,656 1,133
Y § MotekvactonFucl(ppmy) 9 24,654 1,204
Case 12 ™ Sthd
Inlet : Aft - Bottom -
Outlet : Fwd - Top - Stba 10 24,658 1,281
11 24,978 1,410
12 24,924 1,438
13 24,979 1,525
14 24,936 1,427

X : Times(s)

Y : MoleFractionFuel(ppmv)

Case 13

Inlet : Aft — Top - Stbd
Outlet : Fwd - Top - Stbd

X : Times(s)

Y : MoleFractionFuel(ppmv)

Case 14

Inlet : Fwd — Bottom - Port

Outlet : Fwd - Top - Stbd

0 20 40 60 80

100

Fig. 6 Changes in ammonia mole fraction fuel over

time for each case
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