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Abstract - In order to achieve the greenhouse gas reduction goal by 2050 to create a safe and sustainable so-
ciety in response to the climate crisis, a release rate analysis equation for risk management in using ammonia
as a ship fuel is derived, and the ammonia bunkering process is analyzed. We looked at the phenomenon de-
pending on the location of release point and the degree of error caused by the assumption of thermodynamic
variables. In gas phase release, if the specific heat ratio is assumed to be constant at room temperature and pres-
sure, the release rate is predicted to be lower by up to 6 %, and in liquid phase release if the density is assumed
to be constant at - 33.6 C and 1 atm, it is estimated to be up to 8 %. The difference between the vapor and lig-
uid release rates of ammonia was large, ranging from 70 up to 130 times. The mass fraction instantly vaporized
just after release of liquid ammonia stored at 20 °C was about 0.16, and the vaporized mass fraction increased
with the storage temperature.

Key words : ammonia bunkering, release rate, ammonia fuel ship, error of release rate, risk analysis,
greenhouse gas reduction
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Table 1. Discharge coefficient according to leak
type.
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Table 2. Physical and chemical data of ammonia.

Property Value

Molecular weight 17.03

Heat capacity ratio 1.3165(at 1 atm, 25 °C)

Vapor pressure 8.5 atm(at 20 °C)

Density(liquid) 0.6818(at 1 atm)
C,(liquid) 4.744 kJ/kg K
AH, at boiling 1372.0 kJ/kg
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Fig. 1. Vapor pressure curve depending on the
temperature of ammonia.
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Table 3. Vapor pressure, specific heat ratio, density, and specific heat of ammonia according to tempera-

ture.
Temperature Pressure . . Liquid Density Gas Density Specific heat, Cp
Heat capacity ratio
(©) (bar) pacity (kg/m) (kg/m’) (KI/kgT)
-33.60 1.00 1.36 681.96 0.88 443
-23.83 1.60 1.37 669.73 1.36 4.48
-13.66 2.50 1.38 656.73 2.07 454
-1.89 4.00 1.40 641.18 3.23 4.60
6.80 5.50 141 629.30 4.37 4.66
13.80 7.00 143 619.42 551 471
19.73 8.50 1.45 610.82 6.64 4.76
24.90 10.00 1.47 603.13 7.78 4.80
29.51 11.50 1.49 596.13 8.92 4.84
33.68 13.00 1.51 589.64 10.07 4.88
37.50 14.50 1.52 583.58 14.47 4.92
41.04 16.00 1.54 577.87 12.38 495
350 / 14000 |
200 . . . 12000 | ® Density at equlibrium
* Heat capacity ratio A Density at 1 bar, -33.6C
at equlibrium
250 5 10000 | #Error
o Heat capacity ratio b
o at room E f
g 200 temperature g e Z soor
z & 5 2 s
B = 7]
T 150 E g 6000 s s v
£ 1 5 2 000 } 5
-3 . 2
-
- P . i 2000 } N
L)
. .
Lot 0 . 0
0 0 40 20 0 20 40
-40 -20 0 20 40 60

Temperature(°C)

Fig. 2. Gas phase release rate depending on tem-
perature.
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Fig. 3. Liquid release rate depending on tem-
perature.
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Table 4. Saturated liquid and gas enthalpy of am-

monia.
Specific Enthalpy
Temperature

(T) saturated liquid saturated vapor

(kJ/kg) (kJ/kg)
230 447 1405.6
24 71.7 1414.3
-18 98.8 1422.7
-12 126.2 1430.5
-6 153.6 1437.6
0 181.2 1444.4
6 209.1 1450.6
12 2372 1456.1
18 265.5 1461.1
24 294.1 1465.2
30 323.1 1468.9
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