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I
INTRODUCTION

As the man-In-space program progresses and longer misslons are planned,
it becomes more imperative that a eclosed cycle system be developed
which will substantlially reduce the need for carrylng stored supplies.
The photosynthetic gas exchange (PGE) process 1s one of the better
means of achlevlng such a closed ecclogy.

Before a PGE system can bhe utillized to support man in space, there is
much 1n the way of engineerling and blological testling that must still
be done. This report describes the deslgn and prellminary testing of
an englneering model PGE system capable of supporting one man. The
urilt was deslgned for variocus purposes, such as:

1l. To test automatie contrcl of a steady-state PGE system under
various modes of operation.

2. To provide algae grown under steady-state condltions for
nutritional purposes.

3. To test utllization of treated human waste.
With sultable additions to the equlpment, to evaluate

physlcological varlables under closed environmental conditions.

The work described hereln was sponsored 1n part by the Life Support
Systems Laboratory, Wright-Patterson Air Force Base, under Contract
AF33(616).7840.
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II
SYSTEM REQUIREMENTS AND DESIGN BASIS

System Requlrements

The requlrements of the system are as follows:

1.

2

5.

The PGE shall be capable of processing the carbon dlox-
ide output of one man.

The system shall Incorporate means for the controlled
introductlion of all necessary flulds and for the con-
tinuous wlthdrawal of excess algal materlal so as to
maintaln the deslred concentratlion of algae 1n suspension.
Appropriate fluld clreculation devicee shall also be
included.

Bqulipment for the separatlon of algal cells from the
wlthdrawn suspenslon shall be provided.

The system shall be adaptable to operate by means of
stored carbon dioxide or in conJunction with 1ilve
subjJects. (The unit as designed 18 operated with
stored CO, and can easlly be adapted to operate with
1live subjécts.)

Indlcating and recording equipment shall be provided
for measuring the Inlet and ocutlet gas composition,
suspension denslty and temperature, and other varlables
necegsary to ilnsure adequate control.

The system shall be deslgned to operate on 110-115-volt,
60~cycle power.

Desglgn Baslg

The englneering model PGE system developed under thils study was
based on the following design parameters:

1.

2.

Algae specles Thermcephllic Chlorella
(Sorokin-Myers 71105 strain)

Algae concentration, 0.2% vol/vol
minimum (density)

Denslty control Contlinuous dilution at 0.1
vol/hr or (alternate)
optlcal photometer

Light Bource "Power Groove" fluorescent
lamps
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10.
11.

Over-all energy
conversion efficiency

Lighting area (minimum)
Culture velocity at lamps
(minimum)

Gas-1llquld contact method

Carbon dloxlde measurement
Oxygen measurement

Suspeneglon denslity
meagurement

22

2.0%

6 sq ft/eu £t of culture
volume

0.5 ft/sec

Counter-current spargling
tower, 1liquld veloclity 0.2
ft/sec

Infrared analyzer
Paramagnetlc analyzer

Optical photometer



III
DESCRIPTION OF EQUIPMENT

General Arrangement

The photosynthetic gas exchange system conslsts of three major
components, the llght contact chamber, the gas contact tower,
and the instrument and control console. An overall view of the
gystem l1s shown in Filgure 1.

The circulation of algae suspension 1ig deplcted ln Flgure 2.
Algae culture 1s circulated within the 1B-pass light contacting
chamber where a nearly constant temperature proflle 18 maintalned.
From the light contacting chamber the culture suspension flows
into the top of the gassing tower where it mixes with incoming
nutrient. The suspension pasges over a gas disengaglng baffle
and falls to the lliquld level, which 1is approximately 12 inches
below the top of the gas contact tower. The suspension flows
from top to bottom while CO2 enrlched alr 1s admitted through

the sparger situated 1ln the"base of the tower. The gas bubbles
up through the suspenslon where absorption occurs, then enters
the head space where 1t 18 exhausted to the atmosphere or, alter-
nately, directed to the gas analyzing apparatus. Af the game
time the suspension flows from the bottom of the gassing tower
into the suction slde of the algae clreculatling pump, and the
entire cycle 18 repeated. The discharge line of the pump con-
tains a drain valve which 1s actuated by elther of two signals:
culture density or culture level in the gasslng tower. TUpon
opening of the draln valve, culture 18 dlscharged to a centrifuge
that extracts the algal materlal from the suspensaion.

The concentration of carbon dloxide and oxygen 18 measured in
both incoming and exitlng air streama. The gas 18 kept at a
pressure s8lightly above amblent by a back presmsure valve in the
system, ellminating the need of uslng a sampling pump. The ana-
lyzers are connected in such a fashlon that one of each analyzer
18 used for detectlon measurement in both Incomlng and exhausting
gas streams.

Exhausat gas from the gas contacting tower paspeg through a vapor
condenser minimlzing water loss in the system.

The light contacting chamber and gasslng tower are sltuated adja-~
cent fo one another on the test floor, each belng mounted on a
gpecial foundatlon (see Figures 3 and 4). Fach foundation 1is so
deslgned as to achieve the followlng two purpcses:

1. The exact helght differential between the levels in each

component - this minimlizes the amount of pump work
necessary to effect proper flow.

23



\

) 4

?}35‘1:5:%‘? ",',

L Ak § AU

g 1 i
Ll L
AL,

| e
i fkf:

===

) o e - y
oo e o
RO ot

3 - . 4 sl Ny
FIGURE | GENERAL VIEW OF PHOTOSYNTHETIC GAS EXCHANGE SYSTEM
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2. Fase of malintenance - this 18 especlally true 1n the
case of the llght contacting chamber foundation, which
Incorporates a plvoted trunion. Thils enables the entire
unlt to be swung Into a horizontal attitude, which fa-
cllltates servicing operatlons or dlsassembly.

The nutrlent 1inlet mentloned previously 1s supplied wilith the
proper concentratlon of nutrient salts dissolved in water. Con-
centrated nutrlent ls stored 1n a 15-gallon polyethylene drum and
discharged into a water line by a meterling pump. Proper dilution
is affected by a throttling valve located 1in the water line,

The concentrated nutrient solution 1s prepared by diluting the
following chemlcals with water to 36 liters of solutilon:

Chemical Quantity Grade Suggested Vendor
MgS0y * THLO 3600 grams USP Dow Chemical
KH2P04 720 grams Purified Flsher Scilentific

Cat. No. p-284
NaCl 1440 grams USP International Salt
Urea 1152 grams Cryvatals Allied Chemical -

Nitrogen Divislon
NaFe Seqguesatrene 11.5 grams - Gelgy Chemical
Antifoam B 10.5 grama - Dow Corning

Collection of Algae

A liguid level controller automatically discharges algae suspen-
Blon to the sump tank when the level In the gassling column rises
above a preset operating level. The algae suspensilon feeds con-
tinuously from the sump tank to a centrifuge where separation of
algae and liquid takes place. After 1-1/2 hours of operation,
the centrifuge 1s shut down and the algae paste removed. After
cleaning, the centrifuge is put back "on stream.”

Gas Compesltions

Carbon dioxide (required for growth of the algae) 18 fed to the
gassing column as a gas mixture of CO, and air. The C0. concen-
tration of thils mixture can be varied“from 0.5 to 4.0 pér cent
by volume, as regquilred.

The deslred composltion 1s obtained by mixing CO, and air 1in the
1=-inch plpe line feeding the gassing column. Bgth gas supplles
are maintalned at the same pressures (about 100 psig) and the
concentrations of 002 and ¢, In thls mixture are recorded con-
tinuocusly by a Lira 1nfrargd analyzer and a Beckman paramagnetilc
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oXygen analyzer, regpectively. The flow rates of each gas are
controlled by flow controllers in each supply line.

Malor Component Descriptlon

Light Contacting Chamber -~ The light contacting chamber is a
rectangular structure 21-1/2 inches by 22-1/4 inches 1n section
and 90 inches high containing a liquild volume of 131 gallons. The
body 1s fabricated from 1/8-inch sheet type 316 stailnless steel
and 1 inch by 1 inch by 1/8 inch angle ~ 316 on the interior,

30% on the exterlor - while both heads are 3/8-~1nch plate-type

316 and flanges are 1/2-inch type 316 plate, The interior of the
chamber is baffled to provide elghteen vertical passes; each
channel brings the culture into direct contact wlth two 96-inch
"Power Groove" fluorescent lamps {see Flgures 5 and 6). To remove
heat generated by the lamps, passes 4, 10 and 16 are fitted with
1/4~1nch trombone cooling tubes with a total surface area of 3.38
sq ft. An external Jacketed plpe provides an addltional 2,05

sq ft of cooling surface,

The chamber 1s fitted with a central drain at the bottom and in-
take and discharge manifolids at the top.

Gas Contactling Tower - The gas contactlng tower conslsts of three
main subassemblies - the column, sump and gas sparger, and head.
The 1liguid hold-up volume of the column, not correcting for
bubble volume, is 27.6 gallons.

The column 1s 78 inches long, 10 inches internal diameter (1/8-
inch wall thickness) and flanged on both ends. The top flange
accepts the head assembly plate, which 1s fabricated from 1 inch
thick acryllic plastic. Gusseted to this and passing through

the center line is the 1-1/2 inch IPS algae supply line, which
extends about 11 1lnches helow the top of the c¢olumn. Located

at the end of this supply llne 1s a gas dilsgsengagling baffle that
serves to separate the oxygen-rich alr from the culture.

The bottom column flange is plloted to fit the sump and gparger
assembly. The sump is 18 incheg in dlameter and 9 inches high
fabricated from 1/4~1inch plate type 316 and provided with an
outlet at the bottom. The sparger 1s located concentrlic wlth

and inside the sump (see Figure 7). The sparger is composed of
an acryllc plastlc retalner wlth a bullt-in pressure equallzing
chamber and a 10~3/4% inch dlameter porous stalnless steel (316)
sparger plate of 165-micron pore size. The 1/8-inch thick plate
18 c¢ross braced for stiffness and has an O-ring seal at 1ts outer
edge to prevent large bubble formatlion from leakage around the
plate. The sparger 1s located 62 inches below the free surface
of the liquld 1in the tower. The entlre unit 18 assembled leak-
tight by two O-rlng seals, one in the column top flange, the
gecond In the sump flange. The gas contacting column 1s fitted
wlth a level gage glass and opposed slighting ports for observance
of sparglng action.
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FIGURE 5 LIGHT CONTACTING CHAMBER LAMP AND BAFFLE ARRANEMENT
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FIGURE 6 LIGHT CONTAC*:TING CHAMBER TOP COVER WITH CéOL'ING

COILS AND LAMP SEALING GROMMETS IN PLACE (INSIDE
SURFACE)

7 \
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Outlet Gas Dehumlidifyilng Condenser - Thils unit 18 installed in

the gas dlscharge llne of the gas contacting tower. The condenser
consists of a 4-inch IPS pilpe 28 inches long with tapered ends,
1-1/2 inch IPS at inlet and 1 inch IPS at outlet. The pipe 18
coneentrically Jacketed by a 5-inch IPS pipe that 1s fitted

with a l/E-inch IPS Inlet and cutlet. Cooling water is circulated
through the outer jacket and gas flows wlthin the 4-inch TIPS

pipe, which gives a cooling surface area of 2.66 sq ft. The entire
condenser is mounted on a 22-1/2 degree angle from the horizontal
to affect proper condensate dralnage. All material 1s 316 staln-
less steel.

Nutrient Feed Tank - The 15-gallon feed tank 18 equipped with an
agltator for preparatlon of concentrated nutrient. The mixer
conslsts of a 316 stainless steel shaft and 3-inch dlameter
impeller rotated at 1500 rpm by 1/3 hp motor. The tank volume
provides a 48 hour span between refllls.

Algae Separatlon Centrilfuge - As algae suspenslon is harvested
from the gas contacting tower 1t is fed Into a continuous-type
laboratory centrifuge rated at 24 gallons per hour of algae
suspension. The centrifuge 1s powered by a 1/3 horsepower, 115-
volt, a-e motor. All parts in contact with the algae suspension
or cells are of 316 stainless steel.

Suapension (lrculatlon Pump -~ The pump used to circulate the
culture through the system ls a centrifugal-type capable of
dellvering 60 gallons per minute at 8.6 psig. Pump power 1s
from a 3/ horsepower, drip-proof, 1725-rpm, 1l15~volt, 6Q-cycle,
single~phase,a~-c¢ motor. The pump 1s constructed of 316 stain-
less steel.

Nutrlent Feed Pump =~ Metering of the concentrated scolutlon of
nutrient salts Into the metered water supply 18 achleved by an
adJustable stroke piston pump capable of dellvering 0.1 to 0.3
gallons per hour of solution. The feed pump 18 rated fto deliver
against a 20-ft head of water. The head 1s of PVC constructicn
wlth glass ball checks, 316 s8/s plunger, and Hasteloy "C" push
rod. The pump 1s driven through a gear reductlon unit by a
l/3—horsepower, 115-volt motor of drip-prccf construction.

Instrumentation and Control

General - Inatrumentation and control are based upon the system
concept whereby measurements and orders from and to the process
mounted instruments connect to a central conscle. Both mechanical
and electrical instruments are used. A front vliew of the 1n-
strument console 18 shown in Figure 8.
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1. Suspension Density Indicator 10. Motor Switches (Stop-Start;
2. % COy Indicator 11. CO; Contral Valve

3. Duplex Pressure Gage (Liquid System| 12, COp Flow Meter

4, Multipoint Recorder* 13. Alr Flow Control Vatve

5. Air Flow Indicator 14. Sample Stream Fiow Meter
6. % Op Indicator 15, Water Flow Control Valve

7. Duplex Pressure Gage (Gas Systemi 16. Test Gas Valve {Zero-Gas!
8. Graphic Panel 17. Test Gas Valve {Span-Gaos!
9. Clrcuit Toggle Switches

*COz ond O3 concentrations, suspension density and system temperatures

FIGURE 8 INSTRUMENT CONSOLE
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Flectrical Power - Overall power is supplled through a manual
contactor and thence 1n three directions:

Constant service bus (@B)
Control power relay (ga)
Lamp power relay (@A, B and C)

The constant service bus (Phase B) 15 used to supply constant
power to the gas analyzer sampling system, the emergency air
Supply system, the multi-point recorder, and the two gas analyzers.
As soon as power 1s supplled to the board, these devices are
allowed to warm up or to operate independently of other controls.
The Control Power relay (Phase A) is of the locking type and is
operated from the front of the console. It supplies power to

the following control cilrcults:

Agltator

Circulating pump

Centrifuge

Light chamber temperature control system
Gasslng chamber level control system
Density contrecl system

Four pesgltlion mode control switch

The Lamp Power relay (Phases A, B and C) 1s also controlled from
the front of the panel board and allows voltage to be applled to
the 36 fluorescent lamps in the light contacting®chamber. This
relay can be locked 1n only when there 1s both suffilclent water
pressure for coollng purposes and the temperature 1n the 13th
pass 1s below 102°F. Locking relays can be de-energized by their
respective stop buttons.

Contrel Circuilts - Energlzing of the Control Power relay allows
the agltator, clrculating pump, and the centrifuge to be started
by means of thelr own locklng relays and pusgh buttons., The
agltator and circulating pump are provlided wlth indlcating lamps
mounted 1n the graphic panel.

The llght chamber temperature control system 18 automatlec, whereln
an adjustable, bl-metallilic finger probe turnsg the water coolling
solenoid valve on and off accordlng to 1lts setting., 4 check of
this temperature control can be cobfained from any one of flve

dial temperature indlcators set into the walls of the light cham-
ber. A bi-metallic finger probe in the 13th pass set for 102°F
serves as a high temperature lamp cutoeff.
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The gassing chamber level control system works automatlcally,
but how it 1s used depends on the Mode Control Selector swiltch.
The Bame 18 true of the density measuring systenm.

Regardless of the settings or comblnatlons of devlices used on the
control panel circult, the Control Power relay Stop button will
de-energlize these circuilts when pressed.

Gas Analyses - The incoming and outgoing gas streams are auto-
matically sampled by means of a comblnation of solenold valves
and a programmer switch. Essentlally, the lncoming gas gtream

is analyzed for 60 seconds, the outgolng gas line for 100

seconds, and nelther line for 20 seconds. The status of thils
sampling is shown by the three slgnal lights on the graphlc panel.
The center signal light denotes the 20-second perilod when both
polenolds are off.

During the 20-second period, the gas analyzers can be atandardized
by opening the respective valves on the zeroc or span gas lines.

The Analyzer Sampllng switch should be off during this standardizing
procedure.

Fmergency Alr Supply - To prevent the sparging plate 1in the gas
contacting tower from becoming clogged due to a fallure in the
gas supply, an emergency gas supply clrcult 1s provided. A low
pressure of supply alr de-energizes a solenold valve which allows
an emergency alr supply to pass into the gassing chamber.
S4multaneously, an audible alarm on the back of the conscle
signifies this emergency operation. As soon as the supply alr
presspure comes back to normal, thls system automatically resets
1tself. The alarm can be changed to a red panel lamp Indication
by operating the Acknowledge swltch on the console.

Gasslng Chamber Level System -~ The liquid level in the gassing
chamber 18 controlled by a combinatlion of electrodes and a relay
clrcult.,. As the level comes up from the bottom of the gas con-
tacting tower, 1t contacts level probe L3. As the level con-
tinues to rise, it reaches L2, causing a relay to lock in through
L3. If the level were to fall, this relay would remaln locked

in wuntll the level fell below L3. If the level were to rilse,
another relay would lock 1n., If the level then fell, both relays
would remain locked 1n until the level fell below L3.

As stated above, the actlon of these relays 1s utilized by proper
selection of the Mode Control swifch.

Mode Control - Four poslitlons of the Mode Control Selector
switch are furnished:
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1. Manual feed to Ll ~ In this position, the metering pump
and watering solenold valve can be manually operated by
thelr respective toggle swltches. However, they cease
operating when the level in the gas contacting tower ex-
ceeds L1 of the level probe. They are operable again
below L3. The metering pump is slave to the watering
swlteh. Pure nutrient cannot be added except by turning
the water supply off.

2. Automatlc algae denslty to L1 -~ In this position, the
algae denslty controller will energlze the drain valve,
the nutrient feed pump, and the watering solencld when
the algae density exceeds a pre-set value (see sectlon
on algae density controller). Agaln, exceeding the level
L1 wlll de-activate the entry of nutrlent and water,
doewn to I3, TIn this posltion, the drain loading valve
muat be set so that the entry rate exceeds draln rate.

3+ Manual draln -~ In this positlion the drain valve opens.

4, Automatic level-constant feed - In this position, manual
control of the water and nutrlent feeds willl finally
cause the draln valve to open above L2 and close below
I3. In thils posltilon, the draln loading valve must be
set g0 that the draln rate exceeds the entry rate.

Alpae Denslty Controller - The algae denalty control system con-
318ts of a density element, a related denslty measurlng circult
and a denslty indicating controller.

The denslty element has a revolving shutter whilch cleans the
windows of an coptical path through an algae sample stream by de-
presslng the motor switch. A mlero-swltch allows the controller
to "look" at the algae density; otherwilse, 1t "looks" at a re-
ference ailr path which returns the controller polnter to zero,
The motor swltch should be let up when the mlcro-swifch 1s
activated by the rotor cam to ensure that the controller looks
at the algae stream path.

Miscellaneous Detalls - All flow controllers are of the self-
actuated differential pressure type whereby each malntaln a con-
stant differential pressure across a manually operated needle
valve. For example, the gas analyzer flow control valve con-
alsts of the flow controller, lts related needle valve, and a
rotameter. To lncrease the flow through the serles connected
rotameter, the operator simply opens the needle valve.

System pressure is maintalned constant by means of the back
pressure control valve. This device continuously monltors 1ts
own supply pressure and regulates it according to the manually
set spring adjustment inslde 1ts body.

The gas flow measurement 1s accompllshed by a calibrated orifice

meter, uslng a sealed presaure gage as a differential presaure
meter,
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A1l temperatures are indicated by dial type thermometers or are
recorded by means of 1iron.-constantan thermocouples. DBecause the
recorder 1s also monitoring the gas analyses and algae density,
it 18 calibrated in millivolts. Ice bath reference Junctlons are
required for accurate temperature recording.

IV

TEST OPERATION

After completion of assembly, calibration of Instruments, static
testing and routine shakedown, the system was operated on a 24
hour/day, 5 day/week basis to study system capabllity, gas ex-
change, algal growth rates, etc. Emphasls was placed on estab-
11shing a culture of consistent density (0.1 to 0.2% vol/vol)
while operating at continuous dilution.

After the system was thoroughly cleaned the gassing rate was set
at 63 SCFH and the system was filled with nutrlent solution. The
lamps and clrculating pump were turned on and the system tem-
perature gradually increased to 98°F, at whlch time the system
was inoculated with 45 liters of 0.1% vol/vol algal suspenslon.
The gasslng rate was lncreased to 120 SCFH and the gystem was
operated as a batch process untll the algal density lncreased

to 0.2% vol/vol. Nutrient was then introduced to the gas con-
tacting column at the rate of 15.2 gallons per hour and the
gystem was swltched over to continuous diluticon operatlon.

During the test period, algal densitles, gas and 1liquid flow
rates and compesltlons, system temperatures and pressures, ete.
were continually recorded. The algal densities were indlcated
by packed cell volume or optlcal density measurements on the
harvested algal suspenslion. The automatic photocell device,
deslgned for continucus measurement of algal denslty, was found
to drift continually from 1ts zero point and had to be removed
for modifications. The Instrument was deslgned to scan alr
automatically (as a standard) and also scan the algal suspension.
In order to stablllze the reading, the lnstrument was modified
to monitor the algae only, and standardization was changed to a
manual operation, thus eliminating the repeated switching of the

Ingtrument between the two readings. This modificatlon reduced
the drift of the meter.

Typical operating conditions during contlnucus dilution operation
were as follows:

Inlet gas flow rate 120-130 SCFH

Suspension clreulation rate 60 gpm

Suspension temperature 100 = EOF

Inlet CO, concentration 1.0-2.0%

Flow tc gas analyzers 1.56-2.0 SCPFH

Nutrient flow rate (total) 15.2 gph (0.1 system
vol/hr)

Nutrient ratio, concentrate: total 1 part: 80 parts (vol/vol)
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The first thirty hours of testlng consisted of bhatch type operation
during which the algal density increased from 0.01% to 0.2% vol/vol.
A summary of typlcal data recorded during thls perlod 1s presented
in Takle I. The growth curve during this period 1s shown 1n Figure
8. As seen from this curve, the lag phase was nine hours. Fol-
lewing thils lag period, the algae entered the logarithmic growth
phase. Inltlally the algal concentration was recorded by with-
drawlng a sample of fthe suspenslon and measuring 1ts optical

density with an electrophotometer. However, when the algal den-
81ty had 1increased to the polnt where 1f was necessary to dilute

the sample, the packed cell volume of the sample was measured

rather than the optlecal density. At the lower algal densitles,

the packed cell volumes are difficult to measure accurately.
Theoretically the oxygen production rates {and the CO, consumption
rates) could be determined by (1) measuring the changé 1n composition
of the feed gas as 1t passed through the gas contacting column,

or {2) by measuring the algal growth rate and relating this rate

to an equlvalent gas exchange rate.

The first methed 1s most effective 1n systems where the differences
in composition between inlet and ocutlet gases are significant as
in multi-pass adsorbers.

Since the present system operated as a single pass, open system,
the observed changes between 1nlet and cutlet gas were too

small to be consldered significant and the gas exchange rates
had to be calculated from the algal growth rate.

If the log phase of Figure 9 1s assumed to be linear (middle portlon
of the curve), the growth rate can be calculated from the slope of
the line. By this method the algal growth rate was found to be

23.8 grams dry algae per hour which 1s equivalent to an oxygen
production rate of 0.93 SCFH and a COp consumpticn rate of 0.77
SCFH. Doubllng times as low as 6.3 hours were obtained during

this batch operation.

Table IT summarizes typleal data for the period during which the
gystem was operatling as a continuous culture. The highest
growth rate recorded during this period was 28.0 grams dry algae
per hour {equivalent to 1.09 SCFH O, and 0.90 SCFH COp) and the
average growth rate over an eight hour period was 18.7 grams dry
algae per hour (equivalent to 0.73 SCFH Os and 0.61 SCFH COs5).
In addition, the algal density during this eight hour perloed

wag constant, withiln the limlts of error of the measurement,
indlcating culture stabllity at those operating conditlons. For
this interval the doubling time was calculated to be 10.2 hours
which is 1n good agreement with the doubling tlime calculated for
the preceding batch operatlon. The longer doubling time recorded
during the continuous operation i1s to be expected since the
average algal denslty during the contlnuous operation was higher
than the average denslty during the batch operation.

Due to the llimited time avallable for actual testing, information

such ag optlmum ¢perating levels of CO, f'eed, nutrlent dilution
rate, and suspenslon circulation rate could not be determined.
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TABLE I
TYPICAL BATCH OPERATION

Inlet Gas Algal Clrculation:
Time Alr Flow Pressure Density Rate
(Hours) (SCFH) (PSIG) pH (oD) (GPM)
0100 127 2.8 5.90 0.090 60
0300 127 2.7 5.85 0.115 60
0500 144 2.3 5.80 0.305 60
0700 143 2.3 5.95 O. 445 60
0900 119 1.4 5.80 0.620 60
1100 109 2.7 5.75 0.758 60
1300 115 2.8 5.75 0.850 60
1500 131 2.8 5.75 0.16% 60
1700 125 2,8 5.90 0.18* 60
1900 125 2.8 6.00 0.19* 60
*% vol/vol
TABLE II
TYPICAL CONTINUOUS OPERATION
Inlet Gas Algal Nutrient |[Circulation

Time Air Flow| Pressure Denslity Flow Rate
(Hours) | (ScFH) | (PSIG) pH |(% vol/vol)| (GPH) (GPM)
2400 115 2.8 585 0.13 15,2 60.0
0100 115 2.8 5.85 0.12 15.2 60.0
0200 115 2.8 5.85 0.12 15,2 0.0
0300 115 2,8 5.85 0.11 15.2 60.0
0400 115 2.8 5.85 0.11 15.2 60.0
0500 115 2.8 5.85 0.11 15.2 60.0
0600 115 2.8 5.858 0.13 15.2 60.0
0700 115 2.8 5.85 0.13 15.2 60.0
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Nevertheless, the performance test did demonstrate that this photo~
synthetlc system has the capability of meeting the requlrements

of one man. Under optimum conditlons it 18 antlecipated that fhils
gystem will exceed the requirements of one man.

SUMMARY

A photosynthetic gas exchange system 1lngstrumented to provide for
continuous recording of oxygen and carbon dloxlide analyses,
zlgae density and temperature was deslgned, fabricated, and
tested. The system consisted of three major components: 2
multi-pass light chamber, a counter-current gas contacting
ftower, and an insatrument console. In addiltion, a centrifuge was
provided for the harvesting of algae. Based on the growth rate
of algae, the unit utllized up to 0.90 SCFH of carbon dloxide
and produced up to 1.09 SCFH of oxygen.
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