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where:

LL    =
loading limit expressed in percent, which means the maximum liquid volume relative to the tank volume to which the tank may be loaded.

FL    =
filling limit = 98% unless certain exceptions apply.

(R    =
relative density of cargo at the highest temperature which the cargo may reach upon termination of loading, during transport or at unloading, under the ambient design temperature conditions.

(L =
relative density of cargo at the loading temperature and pressure.

	LOADING LIMIT ASSESSMENT METHOD

Temperatures predicted in this way are then taken as the saturated temperatures at a vapour pressure which is equal to the relevant tank pressures.  To obtain the relative density of the cargo, standard tables are used.  Predictions of cargo density during loading complete the information required to apply the IMO Code formulae given here above.



	The Isothermal Method

This method provides a means of determining the highest sea and air temperatures to which a vessel and her cargo can expect to be exposed over the duration of a proposed cargo shipment episode.

This is achieved by reference to isothermal "contours" set out on Routeing Charts.  These cover both sea and air temperatures for the oceans of the world.  They are available for each month of the year.

As the Master plans his voyage, he notes the isothermal contours which he will traverse during the progress to his destination.  These contours should be set at 5(C intervals.  The Master identifies the highest contours which he will cross and takes these sea and air temperatures as being the highest temperatures he will encounter.  For details of seasonal daily peak temperatures at the discharge port, the Master will refer to the Pilot Books which contain this data for the ports of the world.  By combining this information with the known loading conditions, the highest temperature, in terms of the Code amendments, will be established.

Figs. 2 and 3 are a pictorial representation of the way the scheme works for the ocean passage.

Loading Limits for Vessels having Deck Tanks
Fig. 1 is an illustration of an LPGC having both a deck mounted cargo tank and tanks situated within hold spaces.  The deck mounted tank, Tank No.4, is only affected by heat transfer to or from the air by radiation.  Fig. 2 - "Air Temperature prediction" - shows how an estimate of the highest air temperature is made.


The Isothermal Method
Fig. 1: Air Temperature Prediction
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	Loading Port is A

Discharge ports are B, C, D, E and F

	Voyage
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Fig. 2: Sea Temperature Prediction
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	Loading Port is A

Discharge ports are B, C, D, E and F

	Voyage
	Highest Temperature
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Vessels having In-Hold Tanks
Tanks Nos.1 and 2 P&S shown in Fig.1 are in hold tanks and as such are influenced not only by air temperatures but also by sea temperatures.  Section 7.1.2 of the IGC Code gives maximum temperature but also by sea temperatures and qualifying conditions for air and sea temperatures, referred to in Section 15, for the calculation of the Loading Limit. (See page 7).

The Code does not provide a procedure to calculate the average temperature of the hold spaces in order that the cargo temperature might be implied.  A simple method for deriving these hold temperatures is set out below.

Boundary Condition
The vessel is anticipated as interacting with the environment in the following way -

1)
Thermodynamic equilibrium with the surroundings is a precondition, also temperature distribution within the hold space is taken as uniform.

2)
Heat transfer by solar radiation is ignored, hence the temperature selected must be sufficiently high to compensate for this effect.  Figs.2 and 3 provide a "built in" margin.

3)
Day/Night temperature variations are not taken into account.  For an ocean passage the seasonal maximum mean sea and air temperatures are used.  These are not required to be in the same geographical location thus providing an additional margin for safe working. 

	Basic Assumptions

The calculation method makes the following assumptions.

1 .
The part of the hold space above water line is assumed to have air temperature (Ta) as derived from Fig.2

2.
The part of the hold space below water line is assumed to have sea water temperature (Tw) as derived from Fig.3

3.
The water line is assumed to be equal to the draft where the smallest tank is loaded to 98% with the lightest cargo on the loading list.

4.
The air temperature mean is assumed to be greater than the sea water temperature mean.  Basic Assumption 3 above is arranged to provide maximum feasible surface area exposed to the air.  It is not a normal operational condition.  In this, further compensation is added to negate the effects of solar radiation.  If the sea temperature is equal to or greater than the air temperature then this shall be taken as the Hold Space Temperature (Ths).
5.
The hold spaces are simplified to a rectangular box floating in the water (compare Fig.4). The geometrical values needed for the calculation of the surfaces above water (Aa) and below water (Aw) may be calculated by using the real surfaces or in a simplified manner by using the vessels main dimensions (length, breadth, draught: compare Fig.4)

6
The temperature distribution in the hold spaces is neglected. Therefore only one hold space temperature (Ths) has to be calculated

7.
The heat transfer coefficients (k) from air to hold spaces and from sea water to hold spaces are assumed to be equal.

3.
Calculation


Heat transfer from air to hold spaces:


Qa = ka . Aa . (Ta - Ths)
(1)


Heat transfer from sea water to hold spaces:


Qw = kw . Aw . (Tw - Ths)
(2)


Energy balance:


Qa + Qw = 0
(3)


Heat transfer coefficients:


k = ka = kw
(4)




	Using eq.1, 2 and 4 in eq.3 gives:

                              k . Aa . (Ta - Ths) + k . Aw . (Tw - Ths) = 0                            (5)

Solving this eq. for Ths gives:

Ta . Aa + Tw . Aw
Ths =      _________________                                           (6)

                       Aa +Aw
This is the maximum temperature in the hold spaces which has to be assumed for the calculation of the cargo density.

For example a ship with a moulded breadth of BO = 20 m, a draft according to the definitions given above of h1 - 2m, a height of the hold spaces of h0 = 10 m and a length of the hold spaces of I0 = 100 m has a hold space surface above water of Aa = 3,920 m2 and below water of Aw = 2,480 m2.  Applying the temperatures given in Section 7.1.2 of the Code (Ta = 45(C, Tw = 32(C) one obtains:

45 . 3920 + 32 . 2480

                                   Ths =   _________________   = 39.9 = 40(C

                     3920 + 2480

In the event that lower or higher temperatures are accepted by Administrations, in accordance with paragraph 7.1.2 of the Code, these temperatures can be applied to the above expression.  For example, the maximum sea temperature anticipated during a planned laden voyage is 20(C with air temperature expected to rise to 25(C.  Upon the assumption that the relevant Administration agrees with this forecast, it will be these figures which are used to assess Ths in the following way:

25 . 3920 + 20 . 2480

     Ths =  __________________    = 23.06(C = 23(C

                       3920 + 2480
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	Fif. 4: Simplified geometry for maximum cargo temperature calculation 


	Key:

B0
=
Moulded breadth

I0
=
Length of hold spaces

h0
=
Height of hold spaces

h1
=
Draft with the smallest tank loaded to 98% with the lightest cargo

Ta
=
Air temperature from Fig.2

Tw
=
Sea temperature from Fig.3

Having thus obtained the hold space temperature it is assumed that this becomes the cargo temperature.  To determine the filling limit for the cargo in question the procedure is identical to that used for Deck Tanks.
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