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S." INTRODUCTION

-In response to NAVSEA tasking, the BAUER P-5 high pressure breathing-air
purification system, Figure 1, was tested-by:NEDU. The test determined if the
purification system would provide. suitablebresthing air and a service life
sitisfyng U.-S. Navy. requirements tor usei.with, divers air supply _.compressora.
Charge-rte. were talen. 'aeula' .a cubic - feet ofrt processed . weach.. " oa"
day.

II. EQUIPMENT DESCRIPTION

A. PURIFICATION SYSTEM

* The purification system consists of :three cylinders. The upstream
cylinder contains a molecular sieve and is a coalescing type separator that
removes oil and water vapors suspended in the compressed air. The molecular
sieve is made to adsorb oil and water vapors. The second cylinder uses
cartridge No. 058825 and is a dryer only. The third cylinder contains a No.
058827 cartridge with hopcalite and activated charcoal and is a dryer and
purifier. The hopcalite converts carbon monoxide (CO) to carbon dioxide (C02).
The activated charcoal removes oders, taste, and flurocarbons.

A pressure maintaining/non-return valve is provided down stream from the
purification system to ensure that a 2000 pounds per square inch gauge (psig)
pressure build up occurs in the cylinders during compressor start up. This
provides for optimum filtering, moisture separation and prevents compressed air
return from the charged air storage flasks to the compressor during unit shut
down.

A manual condensate drain valve is located on the bottom of the separator
cylinder, a relief valve is mounted on top. A system bleed off valve is
located between the last cylinder and the pressure maintaining valve.

The P-5 purification system is rated to process 90,000 cubic feet of free
air at 70°F. Maximum air flow is 40 cubic feet per minute (cfm) of free air at
5000 psig. The manufacturer provides a correction factor to assist in
determining the service life of the cartridge when operated at other than 70°F.
Figure 2 is a line graph for determining the correction factors for a given
temperature.

B. COMPRESSOR

The compressor used for this test was a Bauer K-20 four-cylinder,
four-stage, reciprocating, air-cooled unit. The compressor is rated to deliver
20 cfm of free air compressed to 5000 psig.

- .. .. . .. ',= .• .. . ..
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II. TEST PROCEDURE

The Bauer Purification System's instruction-pamphlet3 was used to conduct
an initial inspection of the equipment to ensure receipt of all parts and
material. Inspection consisted of verifing that all instruments and controls
were clearly and permanently marked, gauges were easily viewed, and controls
easily operated.

The compressor configured with the P-5 Purification system was operated
at no load prior to starting the actual test. No load conditions were with the
vents open and the back pressure valve set at 2000 psig. An air sample was
taken after one hour of operating time.

The 'purification unit andancillary equipment were set'up in accordance
with the test plan 2. A line diagram of the test configuration is depicced in
Figure 3. The unit was placed in an exterior work area open to ambient
temperature but protected by an awning from direct weather. A Digitech HT
series, model 5820 temperature monitor and two Yellow Springs Instruments, 6700
series thermistor probes were attached to measure compressor discharge and
ambient temperatures. Ambient temperatures were recorded on an hourly basis
and averaged daily. The daily average temperatures were averaged for the
overall test period. The overall test period average was used in determining
the manufacturer's correction factor in order to calculate corrected life
expectancy of the purification cartridge. A Cole Parmer humidity indicator,
model 3310-20, was mounted near the compressor unit and the humidity recorded
hourly. An MSA Toxgard carbon monoxide (CO) monitor with a flow range from 350
cc to 900 cc per minute, was used to analyze compressor discharge air samples
before and after the purification system. One hundred percent nitrogen (N2)
and 101 parts per million (ppm) CO in air were used to calibrate the monitor on
a daily basis. The gases were fed through a Victor Equipment Co. 4000 psig
manual regulator to a Fischer/Porter flow meter and into the monitor sensor.
Carbon monoxide was introduced directly into the compressor intake through a
Victor Equipment Co. 4000 psig manual regulator and Fischer/Porter flow meter.
The introduction of CO was adjusted to maintain 50 ppm at the entrance of the
filtration system. The compressor and purification system were operated daily
to charge four 2250 cubic inch floodable volume cylinders. The four cylinders
were interconnected to simulate one large air flask. When 2000 psig flask
pressure was reached the vent was adjusted to allow the compressor to maintain
the 2000 psig while continuously running. An arrangment of tubing provided a
method to supply a gas sample from before or after the filter to the CO
monitor. Shifting from the clean side to the contaminated side of the
purification system was done approximately every 30 minutes to allow the
monitor time to settle out between readings. Hourly CO readings are in
Appendix A.

After one and a half hours of operation on the first test day the unit
was secured with 2000 psig in the flasks. All vents, flowmeters, and blowdown
valves were closed. The unit remained secured until 0630 the following day.
The pressure drop was less that 200 psig, and was considered insignificant when
temperature differentials were considered.

The NEDU test plan 2 contains the pass/fail criteria used during the
evaluation. Appendix A is the test log and contains the recorded data.

4
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IV

ENDURANCE TEST RESULTS

The total volume of air processed was verified by charging from 1000 to
2000 psig daily. The following parameters were recorded throughout the 56
hours of operation:

(1) Date (9) Amperage
(2) Time (11) Compressor oil level
(3) Total meter hours (12) Compressor oil pressure
(4) Total test hours (13) Discharge line pressure
(5) Ambient Humidity (13) Discharge line temperature
(6) Ambient Temperature (14) CO before filter
(7) Engine oil pressure (15) CO after filter
(8) Engine head temperature

The volume of air delivered and the time to achieve that volume was
logged daily, (Appendix A). The purification system processed a total of
76473.6 cubic feet of air. Using the correction factor provided by the
manufactuer, the total cubic feet of air processed equaled 146% of the expected
active life of the purifier cartridge. The data collected provided a complete
operational and maintenance log for this test and was the basis for computing
and evaluating all the test results.

Air samples were taken from the purification system discharge at test
hours 2, 15 and 56, for purity analysis at Naval Coastal Systems Center
Laboratory, Code 5130. The first two samples were within extablished limits4.
Shortly after the 56 hour sample, the indicated CO level had increased to
unaceptable limits4. Results are located in Appendix B.

Maintainence consisted of two new cartridges, a No 058825 and a No.
058827, being installed prior to commencing the test. All gauges and indicator
readings were checked and considered to be within normal limits. No other
maintainence was required.

At 56 hours of operation into the P-5 purification system evaluation the
CO monitor indicated 12 ppm from the clean side of the system. It was
determined that the filter was begining to break down and the evaluation was
secured at that time.

V CONCLUSIONS

1. The BAUER P-5 Purification System delivers acceptable breathing air
at a capacity which exceeds the manufacture's specifications.

2. The unit is stuLdy and readily maintained.

3. The BAUER P-5 Purification System removes CO from contaminated air
sources and delivers air of a quality that exceeds required purity standards4.

4. The BAUER P-5 Purification System is suitable for use by the U.S.
Navy Diving Community.

w6



V-1 RECOMMENDATIONS

The Vendor and NAVSEA should be cortacted prior to .purchase, to ensure
the unit meets the users needs.

If the user is concerned about CO contamination of an air supply, the
incorporation .of a. CO. analyzer in conjunction with a. purification system should
be considered, and is highly recommended by NEDU.

7
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APPENDIX B

Me 12. August 1991.

To: Dave Sullivan, NEDU
From: Glen Deason., Code. .5130.

Subject: Analysis of Air Sample from NEDU test #91-28. Bauer
P-5 panel purification system evaluation. Fifty six
hour sample.

1. In accordance with your request, the air sample delive'red to
the gas analysis lab.was analyzed and found to contain:

Component Results

Oxygen 21%
Nitrogen . 78.1%
Argon 0.9%
Carbon Dioxide 382 PPM
Carbon Monoxide 24.7 PPM
Total Hydrocarbons* 3.3 PPM
Total Halogens <0.5 PPM
Methane 1.6 PPM
Ethane <0.1 PPM
Acetone <0.1 PPM
Acetylene <0.1 PPM
Methyl Ethyl Ketone <0.1 PPM
Freon 113 <0.1 PPM
Benzene <0.1 PPM
Toluene <0.1 PPM

C4+ . . <0.4 PPM

*Expressed as methane equivalents

2. The above sample showed appreciable contamination; all
components were not within the acceptable range of the USN
Diver's Air Purity Standards.

Glen Deason
Chemist



Memorandum 2"5 July '1991

To: Dave Sullivan. NEDU
From: G. Deason. Code 5130.

Subject: Analysis of air sample from Bauer P-5 purification
system evaluation. Two hour sample.

1. -In accordance with your request, the air sample delivered to
the gas analysis lab was analyzed and found to contain:

Component Sample

Oxygen 21%
Nitrogen 78.1%
Argon.. 0.9%
Carbon Dioxide 103 PPM
Carbon Monoxide <0.5 PPM
Total Hydrocarbons* 1.6 PPM
Total Halogens** <0.5 PFM
Methane 1.6 PPM
Acetylene <0.1 PPM
Acetone <0.1 PPM
Freon 113 <0.1 PPM
Methyl Ethyl Ketone <0.1 PPM
Ethylene (0.1 PPM
Toluene <0.1 PPM
Benzene <0.1 PPM
Formaldehyde (0.1 PPM

C4+ (0.1 PPM

*Expressed as methane equivalents.
**Expressed as methyl chloride equivalents.

2. The above sample showed no appreciable contamination: all
components were within the acceptable range of the U.S. Navy
Diver's Air Purity Standards.

Glen Deason
Chemist

... . . ... . . B2.



Memorandum 30 July 1991

To! Dave Sullivan, NEDU
From. .0.Deason, Code 5130

Subject: Analysis of air sample from NEDU test #91-28. Bauer P-5
purification system evaluation. Fifteen hour sample.

1. In accordance with your request, the air sample delivered to
the gas analysis lab was analyzed and found to contain:

Component Sample

Oxygen 21%
Nitrogen 78.1%
Argon 0.9%
Carbon Dioxide 440 PPM
Carbon Monoxide <0.5 PPM
Total Hydrocarbons* 2.5 PPM
Total Halogens** <0.5 PPM
Methane 2.5 PPM
Acetylene <0.1 PPM
Acetone <0.1 PPM
Freon 113 (0.1 PPM
Methyl Ethyl Ketone <0.1 PPM
Ethylene <0.1 PPM
Toluene <0.1 PPM
Benzene <0.1 PPM
Formaldehyde <0.1 PPM

C4+ <0.1 PPM

*Expressed as methane equivalents.
**Expressed as methyl chloride equivalents.

2. The above sample showed no appreciable contamination; all
components were within the acceptable range of the U.S. Navy
Diver's Air Purity Standards.

Glen Deason
Chemist
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