Lecture Four

Free Surface Effect

Free Surface Effect is not a concept that has to be analyzed, but a fact that affects the stability of a vessel and simply requires an adjustment due to its “effect” on the vessel. What I mean is this. Any liquid tank on a vessel is either full (pressed up) or not full (slack) regardless of being 25 % 50% 75% 90% or 97%. A liquid tank on a vessel is either pressed up or slack. If a tank is slack its effect is this. It raises KG thereby lowering GM. So the goal is to find how much effect it has on the vessel’s stability. We are again using a couple of formulas, calculating moments and solving for the correction to KG & GM. The formulas allow us to make the adjustments. Getting into the problems should clear up any ambiguity on the overview at this point.

Your ability to do question number I will allow you to answer 19 of the possible 91 questions asked by the Coast Guard on Free Surface Effect. So let's get into the questions and learn it on the fly.. Conceptually we are dealing with moments that we obtain from the vessels loading tables. Earlier we had to calculate the moments W X 0 in our tabulation model. We don’t even have to do that, the moments are given to us for each tank that is slack. The big picture is.. . finding the moments of each tank, adding all the moments, then totaling all the weights of the tanks, then adding those weights to the pre-load displacement. By dividing moments by displacement you have your correction. All the problems center around this basic concept.

Section 1

Nineteen Questions are all worded the same. Find GM providing the same information.

Q1 The SS AMERICAN MARINER is ready to sail with the loading below. Use the white pages of the Stability Data Reference Book to determine the available

GM.

Item
Tons
KG

Crew & Stores
50
43.7

Lube Oil
13
25.8

F.O. & Salt Water
3670
7.5

Fresh Water
140
21.0

Dry Cargo
5965
27.0

Reefer Cargo
265
29.2

Deck Cargo
115
55.0

Total Free Surface Moments = 20219 For all liquids on Board.

Data Given:

All the sail away cargo weights & cargo Kg’s

All the cargo Free Surface Moments 20219

GM?

You know from previous material that if you are to solve for the vessels GM

You need to know the vessels KG. Since it’s the American Mariner we use the

White Pages for all our data. Sheet 7A provides the information allowing us to

solve for the sail away KG of the vessel when coupled with our cargo presented.

Solution:

W
D
Moment

7675 (vessel)
31.5
241763

50
43.7
2185

13
25.8
335

3670
7.5
27525

140
21.0
2940

5965
27.0
161055

265
29.2
7738

115
55.0
6325

__________________________________________________________________

17,893 Δ 
449,866

449,866/17,893Δ tons   = 25.14 KG of vessel (uncorrected to this point for F.S. Effect)

Step 2 20219 (F.S. Moments) / 17,893Δ = 1.12 Free surface correction . “We said that free surface effect raises KG (lowers GM)” 25.14 + 1.12 = 26.26 New adjusted KG.

Step 3 Now turn to white sheet # 3” Notice, they even give you the KM on the sheet for the displacement.”

KM = 31.05 (for 18,000 Tons Δ)

KG = 26.26              
GM = 4.79 ANS.

By finding the total free surface moments and dividing by the displacement you find the free surface effect. The effect as stated is to elevate the vessel’s KG. Added to the old KG and then subtracted from KM will give you the vessel’s GM... .or easier still just subtract the correction from the GM if the problem gives you that information without having to find KM

Calculating The rise of KG due to free surface effect (moments)

Formula:
 _____r l (b)³________  
                       12 X  #  X Δ

Explanation of values:

r = ratio of specific gravity of liquid in the tank to liquid vessel floats in.

I = length of tank

b = width of tank

# = Specific volume ( 35 salt water; 35.88 fresh water) 

Δ = displacement
Ten questions are the same. they give you all the information to directly solve the problem. Just plug it into the formula. Each problem takes under a minute to solve.

Q 16. A cargo vessel of 9,000 tons displacement is carrying a slack deep tank of molasses, (S.G 1.4). The tank measures 20 feet long and 30 feet wide. What will be the reduction in metacentric height due to free surface, with the vessel floating in sea water. (S.G. 1.026)

1.4/1.026 X 20 X(30) ³    = 736830 = .195 ANS.

12 X 35 X 9000 Δ             3780000

The correction elevates KG thereby reducing GM [KM-KG =GM]

NOTE:
When several questions don’t give any Specific Gravity values assume 1.025/1.025 in your ratio. Assuming the ratio of salt water to salt water

Six questions are the same thing resolved for more than one tank

Q 25. A 7,000 ton displacement tank-ship carries two slack tanks of alcohol with an S.G. of 0.8. Each tank is 50 ft. long and 30 ft. wide. What is the reduction of GM due to free surface with the vessel floating in sea water S.G. is 1.026?

(2) X
.8/1.026 X 50 X(30) ³  =   1052595 = .3580 = 2 X .3580 = .716 ANS. 

            12 X 35 X 7000 Δ             2940000

Five questions ask you to find the free surface moment for a tank. They only want the moment not the correction so you do not divide by the displacement. Here’s how it's done.

Q32. On a vessel of 7,000 tons displacement, a tank of 35 ft. long, 30 ft. wide and 46 ft deep is half filled with liquid cargo (S.G. 0.923) while the vessel is floating in saltwater (S.G. 1.026). What is the free surface constant for this tank?

Formula: rl_(b)3
0.923/1.026 X 35 X(30) ³ = 850122 = 2024 ANS.


  12 X 35                                     12 X35
              420

Note: Free Surface Constant means Free Surface Moment. If I divided the moment by the displacement I would have the correction to KG & GM

Section 3
The Final questions relating to Free Surface Effect are Q 28-29-30-31-88-89-90-91. They require that you reference white sheet #4. Since you are loading bunkers, the tanks referenced are 97 % F.O. Check your loads (in your problem) against your capacities (in the sheets). Then under heading Free Surface Correction, If it’s 97% use the moments in column B. If less than capacity, use column A. Obtain your displacement from your drafts and add to your cargo weights. Add up all your free surface cargo moments and divide by your displacement the answer is the free surface correction. E.g. Question 89

Q The SS AMERICAN MARINER is ready to bunker with drafts FWD 12’-07”, AFT 16’-Ol”. After all bunkers are on board, soundings indicate the tonnage below. Use the white pages of the Stability Data Reference Book to determine the Free Surface Correction

DB I CL                                                 48.2                67.9 (Moments found)

DB 2P                                                   65.0              428                                                                                    

DB 2S                                                    65.0             428

DB 3 CL                                               227.6             944

DB 4 CL                                               224.1             943

DB 5 CL                                               196.2             825

DB 5P                                                  178.0             676

DB 5S                                                  180.0             676

DB 6 CL                                               220.0           3928

DB 7P                                                    90.0             768

DB 7S                                                    90.0             768

DT 6P                                                   201.2            634

DT 6S                                                   201.2            634

Vessel Δ 9,000

Total 10987 Tons Δ                                                     11,719 Moments

11,719/10,987 Δ = 1.07 ANS. Free Surface Correction
Note: The question as presented by The Coast Guard will give you the columns on Tanks and Cargo Weights (column I & 2). You need to check the capacities against the tonnage given in each tank. Then determine the moments as I entered in column 3 . We divide moments by tonnage to get the correction. The displacement was obtained by the drafts given in the problem, then referencing sheet #3 for the displacement.

Because the Fuel Oil Tanks are filled only to 97% capacity due to expansion, all tanks will have Free Surface Moments. Which column you use will depend on whether the tank is filled to 97% or less as indicated. ‘It’s easy to make a mistake” writing down the moments in your column three

This ends the Lecture on Free Surface Correction.
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