Weight of Air
As you breathe the gas out of your cylinders they get lighter.  We are all taught back in Scuba one - O - one that you must be correctly weighted at the end of the dive when low on gas and needed to decompress. But we are never taught how much our buoyancy changes from full to near empty cylinders
The weight of air can be easily calculated
	Temp
	Weight

	C
	kg/m3
	kg/l

	0
	1.293
	0.001293

	10
	1.247
	0.001247

	20
	1.205
	0.001205

	30
	1.165
	0.001165


Air in a cylinder = Pressure (P) * water capacity (Wc)
So the weight (at 10C) = ( 0.001247 * P * Wc )
i.e. in a set of twin 12's pumped to 232 bar and then breathed down to 50bar we would loose the following weight
0.001247 * (232-50) * 24 = 5.44 kg


Weights of Gases

By Andy Voss 



On the subject of weights of gas in your tank, I was thinking about this, and jotted down a not-so-quick system for calculating the weight of gas in your tank depending on its volume and the mixture of gas you're using. I did the math in metric (much easier to keep track of units) and in the following steps.

1) Convert volume of tank from cu. ft. to liters:
 
Multiply the total volume of gas in cubic feet by 28.32 to convert to liters. For a set of double 104s you're looking at 208 x 28.32 = 5890.56 liters of gas.
 
2) Calculate fractions of each gas in liters.
 
For simplicity's sake, lets pretend that air is 21% O2 and 79% N2. This is really potentially a couple of percent off (argon, CO2, water vapor, xenon(?), etc. are all present in atmospheric air). So then:
 

0.21 x 5890.56 = 1237.02 liters of O2 and

0.79 x 5890.56 = 4653.54 liters of N2

3) Convert to moles of gas for each gas in the mix.
 
Remember high school chemistry? :-) One mole of a gas is equal to 22.4 liters. This is from Avogadro's Law. So then:
 

1237.02 liters of O2 / 22.4 liters per mole = 53.88 mols of O2

4653.54 liters of N2 / 22.4 liters per mole = 207.75 mols of N2

4) Calculate weight of molecule for each gas.
 
Here's where there's a wrinkle! Remember that oxygen and nitrogen occur in nature as diatomic molecules (hence the "2" after N or O). This is in contrast to helium (He) and argon (Ar) which are monatomic. So from the periodic table you take the atomic mass of the element (doubled for diatomic species like oxygen and nitrogen). I get:
 

Helium molecule = 4.0026 grams per mole

Oxygen molecule = 31.9988 grams per mole

Nitrogen molecule = 28.0134 grams per mole

Argon molecule = 39.948 grams per mole

To keep the numbers simple you could use:
 

He = 4 g/mol

O2 = 32 g/mol

N2 = 28 g/mol

Ar = 40 g/mol

5) Calculate weight of each gas in the mix.
 
So here you just multiply the number of mols of each gas by its molecular weight per mole:
 

53.88 mols of O2 x 32 g/mol = 1724.16 g or 1.72 kg (rounded off)

207.75 mols of N2 x 28 g/mol = 5817.0 g or 5.82 kg (rounded off)

6) Convert to pounds and add total mass of gases.
 
One kilogram is equal to 2.2 pounds, so then:
 

1.72 kg of O2 x 2.2 lbs./kg = 3.784 lbs O2

5.82 kg of N2 x 2.2 lbs./kg = 12.804 lbs N2

Adding them we get 16.59 lbs of air in our double 104s when filled to their rated pressure.  
 
Just for kicks, I worked up a table of weights (in pounds) per cu.ft. for a bunch of gases. This assumes that gases contain no CO2, water vapor, argon, etc. (i.e. nothing but listed gases). 

	Gas
	lbs/CF
	40 CF
	65 CF
	72 CF
	80 CF
	95 CF
	100 CF
	104 CF
	120 CF

	10/70 trimix
	0.0323
	1.29
	2.10
	2.32
	2.58
	3.07
	3.23
	3.36
	3.87

	15/55 trimix
	0.0428
	1.71
	2.79
	3.09
	3.43
	4.07
	4.28
	4.46
	5.14

	18/45 trimix
	0.0499
	1.99
	3.24
	3.59
	3.99
	4.74
	4.99
	5.19
	5.98

	21/35 trimix
	0.0569
	2.27
	3.70
	4.09
	4.55
	5.40
	5.69
	5.91
	6.82

	35/25 trimix
	0.0651
	2.60
	4.23
	4.69
	5.21
	6.18
	6.51
	6.77
	7.81

	Air
	0.0802
	3.21
	5.22
	5.78
	6.42
	7.62
	8.02
	8.35
	9.63

	32% nitrox
	0.0815
	3.26
	5.30
	5.87
	6.52
	7.74
	8.15
	8.47
	9.78

	50% nitrox
	0.0835
	3.34
	5.42
	6.01
	6.68
	7.93
	8.35
	8.68
	10.02

	100% O2
	0.0890
	3.56
	5.79
	6.41
	7.12
	8.46
	8.90
	9.26
	10.68


I also knocked out a table of the shift in buoyancy per gas per tank. This assumes that you fill the tank to its rated pressure and drain it to 500 psi during the dive.

	Gas
	Tank size
	Shift from full to 500 psi (lbs)

	10/70
	40 cf (3000 psi)
	1.08

	 
	65 cf (3500 psi)
	1.80

	 
	72 cf (2475 psi)
	1.85

	 
	80 cf (2640 psi)
	2.09

	 
	80 cf (3000 psi)
	2.15

	 
	80 cf (3500 psi)
	2.21

	 
	95 cf (2640 psi)
	2.49

	 
	100 cf (3500 psi)
	2.77

	 
	104 cf (2640 psi)
	2.72

	 
	120 cf (3500 psi)
	3.32

	15/55
	40 cf (3000 psi)
	1.43

	 
	65 cf (3500 psi)
	2.39

	 
	72 cf (2475 psi)
	2.46

	 
	80 cf (2640 psi)
	2.78

	 
	80 cf (3000 psi)
	2.86

	 
	80 cf (3500 psi)
	2.94

	 
	95 cf (2640 psi)
	3.30

	 
	100 cf (3500 psi)
	3.67

	 
	104 cf (2640 psi)
	3.61

	 
	120 cf (3500 psi)
	4.41

	18/45
	40 cf (3000 psi)
	1.66

	 
	65 cf (3500 psi)
	2.78

	 
	72 cf (2475 psi)
	2.86

	 
	80 cf (2640 psi)
	3.23

	 
	80 cf (3000 psi)
	3.32

	 
	80 cf (3500 psi)
	3.42

	 
	95 cf (2640 psi)
	3.84

	 
	100 cf (3500 psi)
	4.27

	 
	104 cf (2640 psi)
	4.20

	 
	120 cf (3500 psi)
	5.13

	21/35
	40 cf (3000 psi)
	1.90

	 
	65 cf (3500 psi)
	3.17

	 
	72 cf (2475 psi)
	3.27

	 
	80 cf (2640 psi)
	3.69

	 
	80 cf (3000 psi)
	3.79

	 
	80 cf (3500 psi)
	3.90

	 
	95 cf (2640 psi)
	4.38

	 
	100 cf (3500 psi)
	4.87

	 
	104 cf (2640 psi)
	4.79

	 
	120 cf (3500 psi)
	5.85

	35/25
	40 cf (3000 psi)
	2.17

	 
	65 cf (3500 psi)
	3.63

	 
	72 cf (2475 psi)
	3.74

	 
	80 cf (2640 psi)
	4.22

	 
	80 cf (3000 psi)
	4.34

	 
	80 cf (3500 psi)
	4.46

	 
	95 cf (2640 psi)
	5.01

	 
	100 cf (3500 psi)
	5.58

	 
	104 cf (2640 psi)
	5.49

	 
	120 cf (3500 psi)
	6.70

	Air
	40 cf (3000 psi)
	2.67

	 
	65 cf (3500 psi)
	4.47

	 
	72 cf (2475 psi)
	4.61

	 
	80 cf (2640 psi)
	5.20

	 
	80 cf (3000 psi)
	5.35

	 
	80 cf (3500 psi)
	5.50

	 
	95 cf (2640 psi)
	6.18

	 
	100 cf (3500 psi)
	6.88

	 
	104 cf (2640 psi)
	6.76

	 
	120 cf (3500 psi)
	8.25

	32%
	40 cf (3000 psi)
	2.72

	 
	65 cf (3500 psi)
	4.54

	 
	72 cf (2475 psi)
	4.68

	 
	80 cf (2640 psi)
	5.28

	 
	80 cf (3000 psi)
	5.43

	 
	80 cf (3500 psi)
	5.59

	 
	95 cf (2640 psi)
	6.27

	 
	100 cf (3500 psi)
	6.98

	 
	104 cf (2640 psi)
	6.87

	 
	120 cf (3500 psi)
	8.38

	50%
	40 cf (3000 psi)
	2.78

	 
	65 cf (3500 psi)
	4.65

	 
	72 cf (2475 psi)
	4.80

	 
	80 cf (2640 psi)
	5.41

	 
	80 cf (3000 psi)
	5.56

	 
	80 cf (3500 psi)
	5.72

	 
	95 cf (2640 psi)
	6.43

	 
	100 cf (3500 psi)
	7.15

	 
	104 cf (2640 psi)
	7.04

	 
	120 cf (3500 psi)
	8.58

	100%
	40 cf (3000 psi)
	2.97

	 
	65 cf (3500 psi)
	4.96

	 
	72 cf (2475 psi)
	5.11

	 
	80 cf (2640 psi)
	5.77

	 
	80 cf (3000 psi)
	5.93

	 
	80 cf (3500 psi)
	6.10

	 
	95 cf (2640 psi)
	6.85

	 
	100 cf (3500 psi)
	7.63

	 
	104 cf (2640 psi)
	7.50

	 
	120 cf (3500 psi)
	9.15


If anybody's interested, please double-check me on these calulations. I used a spreadsheet and was pretty careful with the formulas, but you never know. :-)

OMS P.O. Box 146 / Montgomery, NY 12549 / (914) 457-1617
(Salt or Fresh Water not specified for buoyancy data and includes valve, 4130x Chrome Moly, 3/4-14 Threads) 

	 
Volume
(cu ft)*
	 
Service Pressure
(psi)
	Liquid
Capacity
(liters)
	 
Height
(inches)
	 
Outside Diameter
(inches)
	Weight
w/valve
(lbs)
	Buoyancy
Full
(lbs)
	Buoyancy
Empty
(lbs)

	13
	2640
	2
	14.0
	3.9
	5.9
	-3.30
	-2.25

	46
	2640
	7
	23.0
	5.5
	17.6
	-4.00
	0.00

	66
	2640
	10
	21.0
	7.0
	25.0
	-5.15
	-1.67

	85
	2640
	13
	26.0
	7.0
	31.0
	-6.70
	0.00

	98
	2640
	15
	24.0
	8.0
	38.0
	-7.73
	0.00

	112
	2640
	17
	26.0
	8.0
	41.0
	-8.00
	-1.0

	125
	2640
	19
	29.0
	8.0
	45.0
	-9.50
	0.00

	131
	2640
	20
	30.7
	8.0
	47.0
	-10.31
	+0.75


Gas Capacity: Values are calculated for PSIG and delivered volume (Van der Waals). For example a one liter cylinder at 0 psig (ambient sea level) has a delivered volume of 0 liters at 70F. 1 cubic foot = =28.316846592 liters.
Example: stage botle 80 cf (2640 psi)

85 x 28.31 = 2406.35

2406.35 / (2640/14.7) = 13.39 liters
