Passive Hydrogen Relieving System for Absorber RAW Cooling System’s Expansion Tank
1. What needs to be accomplished?
     Hydrogen is developed in the expansion tank of the Absorber RAW cooling system at a rate of 18 Gallons per year @ STP. This is free hydrogen developed in the Absorber RAW System, which collects in the air blanket above the fluid in the Expansion Tank. The explosive level is 4% of the air mix; therefore, this should be kept at 2% or below in the mix.

2. How do we plan to accomplish this?
     A system needs to be designed to vent this gas in order to maintain a level of H2 below 2%. Both active and passive systems were considered. At this time, a passive system is chosen for development. This system will consist of two orifices in series with a pressure transducer in between, see Figure.6.1. These two orifice plates will be inside a tube of ½” stainless steel tube. One end of the tube will be connected to the top of the expansion tank, and the other end will be exposed to the atmosphere or connected to the gas evacuation system.

According to Kamran Vaziri’s e-mail,

I checked my calculations. The hadron absorber RAW produces 18 gallons of hydrogen (at STP)  in a year. As long as the concentration of the volume is below the explosion fraction of 4% (say 2%), we should be okay.

Releasing the gas in a volume of ~150 cf of air should be sufficient. The area where the hadron absorber skid is located is more than large enough, and I think there should be enough mixing and moving away for the hydrogen to not accumulate to dangerous concentrations. One way to assure this is to hook up to a vent line and release it to an area which has good air flow.

How often to vent the top of the expansion tank?

(18 gallons) /(  Volume of air in the tank above the water *2%) = number of times to  vent in a year

If the number is too large (your call), continuous venting should work.

Cheers,

Kamran

Using 10 Gallons of air blanket, 18/ (10 X 0.02) = 90 times per year at 10 gallons per exchange. This indicates needing to exchange 900 Gallons of air blanket per year. 
3. How do we size the orifices?
     First, one needs to find out if the system will result in a choked flow or non-choked flow scenario. This can be estimated with the help of the below formula:

	
	
[image: image1.wmf])

1

(

tan

2

)

1

(

-

ú

û

ù

ê

ë

é

+

=

k

k

Atmosphere

k

Expansion

k

P

P


	(3.1)


Where;
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=
Pressure on the expansion tank, Psia 
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=
Atmospheric pressure, Psia

k

=
Specific heat ratio, for air at 600F it is 1.41, and 1.4 for hydrogen gas

The pressure regulator upstream of the vessel makes sure that the pressure on the tank does not exceed 15 Psig, however, in the last 6 months; average pressure on the expansion tank was 9.6 Psig. And the atmospheric pressure is 14.7 Psia. Thus, when 15 Psig is used in Eq.3.1 the value comes out to be 2.02, and when 9.6 Psig is used, the left hand side of the equation becomes 1.65. The right hand side of the above equation becomes 1.89. Since 2.02 is greater than 1.89, a choked flow condition arises when the pressure on the expansion tank is 15 Psig or greater. And since 1.65 is less than 1.89, a non-choked flow condition arises when the pressure on the expansion tank remains unchanged at 9.6 Psig.
It is best to determine the minimum size of the orifice required to evacuate at least 900 Gallons of air per year at STP in two conditions: choked flow and non-choked flow conditions.  And then choose the size that is larger than the largest value obtained.
4. Choked Flow Condition:
     Since we know the flow rate of gas that needs to be evacuated in a year, we convert that into mass flow rate per second. Converting 900 Gallons per year @ STP to mass flow rate, we get 1.5E-07 Kg/s of air. The following equation, Equation 4.1, has to be used for choked flow conditions.
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Where;
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=
mass flow rate, Kg/s, 1.5.0E-07 Kg/s

[image: image6.wmf]C


=
discharge coefficient, assumed to be 0.72
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=
Absolute source or upstream pressure, Pa, 29.7 Psia= 204774.29 Pa 
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=
discharge hole cross-sectional area, m2
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=
Specific heat ratio, for air at 600F it is 1.41, and 1.4 for hydrogen gas
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=
Molecular weight of air, Kg/kmol, 28.97 Kg/kmol
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=
Compressibility of air at 600F and 15 Psig, 0.99
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=
Universal gas constant, 8314.5 Pa.m3/(kmol.K)
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=
Absolute upstream gas temperature, K, 288.5 K
Equation 4.1 was used to solve for A, in m2. That value is 3.94E-10 m2. Calculating the minimum diameter from the obtained area, we get 22.41 μm.

5. Non-choked flow condition:
     In case of the non-choked flow condition, Equation 5.1 is used to calculate the minimum size of the orifice to relieve 900 Gallons of air per year at STP. 
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Where;
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=
Mass flow rate, Kg/s, 1.5E-07 Kg/s
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=
Discharge coefficient, assumed to be 0.72
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=
Absolute source or upstream pressure, Pa, 9.6 Psig= 167542.60 Pa
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=
Absolute ambient or downstream pressure, Pa, 101352.93 Pa
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=
Discharge hole cross-sectional area, m2


[image: image20.wmf]k


=
Specific heat ratio, for air at 600F it is 1.41, and 1.4 for hydrogen gas
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=
Molecular weight of air, Kg/kmol, 28.97 Kg/kmol


[image: image22.wmf]Z


=
Compressibility of air at 600F and 9.6 Psig, 0.99
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=
Universal gas constant, 8314.5 Pa.m3/(kmol.K)
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=
Absolute upstream gas temperature, K, 288.5 K

The area of the orifice from the above equation is 4.88E-10 m2. And the minimum diameter of the orifice in case of non-choked flow condition is 23.92 μm. 
6. Conclusion:
     The greater of the two orifice areas is 25.87 μm. Thus, an orifice area greater than 25.87 μm will be able to relieve more than 900 gallons of air per year at STP from the top of the Absorber RAW cooling system’s expansion tank. The arrangement of the passive relieving system is presented in Fig. 6.1 below:   
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Figure 6.1.  Sketch of the passive hydrogen relieving system
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