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ABSTRACT

LABORATORY EXPERIMENTS WERE SET UP TO DETERMINE THE EFFECTS OF
INLET VELOCITY, GAS MIXTURE, AND INITIAL 802 CONCENTRATION ON THE
ABSORPTION EFFECTIVENESS OF A CYLINDRICAL BED OF BARIUM HYDROX)OE.
A BREADBOARD OF aN INTEL BOB5 MICROCOMPUTER WAS BUILT TO ALLOW A
LABORATORY DEMONSTRATION OF A MICROPROCESSOR BASED DECOMFPRESS!ION COMPUTER.

ADVANCES IN EITHER OR BOTH OF THESE AREAS WOULD PERMITY DIVERS
TO WORK MORE EFFECTIVELY AND SAFELY.

BOTH PROJECTS WERE RUN DOWN TO A SIMULATED DEPTH oF 200 FEET 1IN
A SMALL PRESSURE CHAMBER. DATA FROM THE CO2 ABSORPTION EXPERIMENT CONSISTS
OF THE RAW EXPERIMENTAL DATA AS WELL AS PLOTS OF CO2 CONCENTRAT ION VERSUS

TIME ,



INTRODUCTION

TWO OF THE MAJOR RESTRICTIONS ON A DIVER'S POTTOM TIME ARE THE
SIZE AND WEIGHT OF THE REQUIRED 002 ABSORBERS AND THE TIME SPENT DECOM-
PRESSING UPON RETURN TO THE SURFACE. EXISTING ABSORBERS TEND TO BE LARGE
AND HEAVY. A QUANTITATIVE UNDERSTANDING OF THE CO2 ABSORBTION PROCESS WOULD
PERMIT THE DESIGN OF MORE EFFICIENT ASSORBERS. THE PRCPOSED PROGRAM STUDIED
THE EXPERIMENTAL EFFECTS OF INLET VELOGIGTY, GAS MIXTURE, AND CO2
CONCENTRATION AT A SIMULATED DEPTH oF 200 recT.

CURRENT OECOMPRESSION PRACTICE USES A STAGED ASCENT RATHER THAN A -
CONTINUOUS ASCENT. THE LATTER APPROACH I8 BASEQ ON THE ACTUAL TISSUE
FARTIAL PRESSURE OF THE ABSORBED DILUENT GAS AND FREQUENTLY RESULTS IN A
SHORTER DECOMPRESSION TIME. A REAL TIME MICROPROCESSOR CAN BE PROGRAMMED
TO CALCULATE THE ACTUAL TISSUE PARTIAL PRESSURES BASED ON A TISSUE MODEL
AND DISPLAY THE MINIMUM SAFE ASCENT DEPTH TO THE DIVER. FoR THIS PROJECT

THE ASSEMBLY LANGUAGE COMPUTER PROGARM, AND THE MICROPROCESSOR HARDWARE

WILL BE DESIGNED AND BUILT.
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CaroonN Dy0XIDE ABSORPTION EXPERIMENTS

THE EXPERIMENTS WERE DESIGNED TO SIMULATE CONDITIONS AT AN OCEAN
DEPTH OF 200 FEET. THE OXYGEN PARTIAL FRESSURE WAS VARIED BETWEEN THE
LIMITS OF ANOXIA AND OXYGEN TOXICITY FOR A DEPTH oF 200 FEET. THE CARBON
DIOXIDE FARTIAL PRESSURE WAS VARIED ODVER A RANGE THAT WOULD BE TVPICAL FOR
A DIVER'S EXHALATION., THE FLOW RATES WERE VARIED OVER A RANGE OF REST TO
STRENUOUS EXERTION. THE FOLLOWING PARAMETERS WERE FIXED: PRESSURE, JNLET
TEMPERATURE, MOISTURE CONTENT OF INLET GAS (ESSENTIALLY BONE DRY FOR ALL
MIXTURES), ABSORPTION CHEMICAL (BARIUM HYDROXIDE), QUANTITY OF ABSORBENT,
MESH S1ZE OF ABSORBENT, BED SIZE, AND EBED GEOMETRY.

A TyPiICAL EXPERIMENT CONSISTED OF A FLOW OF REGULATED, PREMIXED GAS
INTO THE CYLINDRICAL PRESSURE VESSEL THAT HOUSED THE BARIUM HYDROXIDE. AFTER
LEAVING THE REACTION CHAMBER THE GAS WOULD FLOW THROUGH A ROTAMETER WHICH
CONTROLLED THE FLOW RATE. A SMALL QUANTITY OF THIS GAS WOULD PASS THROUGH
A TWO STAGE DEHUMIDIFICATION COLUMN ARG A MAGNESIUM PERCHLORATE DESS|CANT
BED BEFORE IT WAS SAMPLED BY AN INFRA RED CARBON DIOXIDE ANALYZER. THE REST
OF THE GAS WAS DUMPED TO THE ATMOSPHERE. DATA TAKEN CONSISTED OF: UPSTREAM
PRESSURE, PRESSURE DROP THROUGH THE BED, INLET DRY 8UL8 TEMPERATURE (TI)’ INLET
WET BULE TEMPERATURE (Tz), OUTLET DRY BULB TEMPERATURE-(TB), ROTAMETER
" BETTING, CARBON DIOXIDE ANALYZER READING, ANO THE WEIGHT OF THE ABSORBENT
BEFORE AND AFTER THE EXPERIMENT.

THREE SETS OF FIVE EXPERIMENTS EACH WERE FLANNED: . ONE SET WAS FOR
EACH OF THE THREE VARIABLES. THE MIDRANGE EXPERIMENT FOR EACH SET USED THE
BAME GAS MIXTURE AND OPERATING CONDITIONS AND WAS PERFORMED ONLY ONGE.
THE ACTUAL EXPERIMENTS OQIFFERED SOMEWHAT FROM THE ORIGINAL PLAN. EXPERIMENT

# 1 was wNoT CONDUCTED BECAUSE THE ROTAMETER COULD NOT BE USED AT A FLOW



RATE OF .25 r73/ MIN. ExPERIMENTS £ 8, AND 13 WERE NOT CONDUCTED. THESE
TWO WERE PLANNED TO BE IDENTICAL TO EXPERIMENT # 3 S0 THAT ONE EXPERIMENT
WOULD GIVE THE MIDRANGE DATA FOR ALL THREE SETS OF EXPERIMENTS. BECAUSE OF
A PLOW THRODUGH PROBLEM THE FLOW RATE WAS REDUCED FOR BOTH THE OXYGEN AND
CARBON DIOXIDE PARTIAL PRESSURE VARIATION SETS.

TNCREASING THE FLOWRATE DECREASEDC THE TIME REQUIRED FOR THE CARBON
DIOXIDE TO ATTAIN A STEADY STATE VALUE EQUAL TO THAT OF THE INCOMING
GAS. THIS CONDITION IS CALLED BREAK THROUGHM. A SMALL VOLUME ABSORBENT BED
WAS USED TO MINIMIZE THME REQUIRED AMOUNT OF VERY EXPENSIVE PREMIXED GAS.
THIS SMALL BED VOLUME CAUSED SOME BLOW THROUGH PROBLEMS DUE TO THE VERY
SHORT RESIDENCE TIMES IN EXPERIMENTS # U, AND 5. AT HIGH FLOW RATES AND
THEREFORE LOW RESIDENCE TIMES, THE GAS !S EXPOSED TO THE ABSORBENT
CHEMICAL FOR LESS TIME THAN I8 REQUIRED FOR THE CHEMICAL REACTION TO
COMPLETELY OCCUR.

VARYING THE PARTIAL PRESSURE OF OXYGEN HAD NO APPRECIABLE EFFECT . .
ON THE BREAKTHROUGH TIME. VARYING THE PARTIAL PRESSURE OF CARBON D{OX{DE
DID NOT HAVE ANV EFFECT ON THE BREAKTHROUGH T.IME ALTHoucé AN INCREASED
INPUT CF CARBON DI1OXIDE PRODUCED A CORRESPONDINGLY H|GHER STEADY STATE
OUTPUT LEVEL OF CARBON O|OXIDE.

TRANSIENT CARBON DIOXIDE READINGS BDURING THE FIRST MINUTE OF ALL
EXPERIMENTS WERE OUE TO GAS FROM THE PREVIOUS EXPERIMENT RETAINED IN
SOME OF THE LINES, AND AlR INTRODUCED INTO THE REACGTION CHAMBER WHEN

IT WAS FILLED WITH FRESH BARIUM HYDROXIDE. DATA FROM THE FIRST MINUTE FOR

ALL EXPERIMENTS SHOULD BE DI SREGARDED.



MicrorroceESSoR JECOMPRESSION COMPUTER

UECOMPRESSION OF A DIVER REFERS TO THE RELATIVELY SLOW, AND CONTROLLED
PROCESS OF REDUCING THE DIVER'S AMBIENT PRESSURE AT A RATE THAT WILL PROHIBIT
THE FORMATION DF BUBBLES IN ANY OF MIS BODY TISSUES.

THE FOLLOWING EQUATION IS USED TO PREDICT THE PARTIAL PRESSURE OF THE

DI1SSOLVED DILUENT GAS, NITROGEN, IN SEVEN TYPES OF BODY TIS8SUES,

Pn+1 =Py K(P1-- PN)

PN+1, PNz PARTIAL PRESSURE OF DILUENT GAY DISSOLVED IN TISSUE, IN S.W.
P1= AMBIENT PARTIAL FRESSURE OF DILUENT GAS, INCHES SEA WATER
Ki RATE CONSTANT FOR A TISSUE = LN 2/¥2, 1/min

T2: TISSUE HALF TIME, MIN

THIS EQUATION WAS USED IN THIS SYSTEM AND IS ACCURATE FOR DESCENTS, AND
TIME AT DEPTH. IT 1S ONLY AN APPROXIMATION FOR ASCENTS. SEVERAL ADDITIONAL
RELATIONSHIPS ARE PRESENTED IN JENNINGS (B) WHICH MORE ACCURATELY DEAL WITH
THE T1SSUE PARTIAL PRESSURE PROFILE DURING ASCENTS.

A FLOW CHART FOR THE ASSEMBLY LANGUAGE COMPUTER PROGRAM 18 IN THE
APPENDIX OF THIS REPORT. THE PROGRAM OPERATES IN THE FOLLOWING MANNER.

Y. STORE MAXIMUM ALLOWABLE PARTIAL PRESSURE FOR EACH TISSUE AT THE

SEVEN DECQOMPRESSION STOFSs M vaLues
2., BTORE THE SEVEN TISSUE CONSTANTS

+ SET INITIAL CONOITIONS, PN =12 e

READ P1 FROM A FPRESSURE TRANSDUCER AND ANALOG TO DIGITAL CONVERTER

CALCULATE AND STORE SEVEN VALUES FOR PN+1

+ COMPARE THESE SEVEN VALUES WITH THE M VALUES FOR EACH TISSUE

N N W W

+ BELECT THE MINIMUM SAFE ASCENT DEPTH FOR EACH TISSUE AND STORE



8. DETERMINE THE MAXIMUM OF THESE SEVEN VALUES AND DISPLAY THIS DEPTH
9. BET PN = PN+1
10. REPEAT EVERY TWO SECONDS, GO BACK TO STEP FOUR
THE COMPUTER PROGRAM CONSISTS OF THE FOLLOWING SUBROUTINES WHIGCH
ARE LISTED IN THE ORDER OF EXECUTION. E16HT 81T anaLoc 10 oi1GITaL(A/D) conversion
ROUTINE. SIXTEEN 81T A/D CORREGTION ROUTINE FOR AUTO-ZERO AND AUTO=FULL=-SGALE
ERRORS, ARITHMETIC CONTROL ROUTINE THAT CALLS THE SPECIFIC ARITHMETIC
SUBROUTINES TO SOLVE THE PARTIAL PRESSURE EQUATION, MULTIPLE PRECISION
COMPARE SUBROUTINE WHICH COMPARES THE TWENTY FOUR BIT CALCULATED PARTIAL
PRESSURES WITH THE TWENTY FOUR BIT STORED M VALUES. SUBROUTINE TG SOLVE FOR
THE MAXIMUM VALUE OF THE SEVEN STORED ASCENT DEPTHS. A MULTIPLE PRECISION
ADDITION AND SUBTRACTION SUBROUTINE. A TWENTY FOUR BIT MULTIPLY ROUTINE
WHIGH GIVES A FORTY EIGHT 81T RESULT AND A FORTY EIGHT BIT OIVIDE ROUT INE
WHICH GIVES UP TO A FORTY EIGHT BIT QUOTIENT. A TIME DELAY ROUTINE TO
SET THE SAMPLE RATE AT 0.5 HZ. AND FInaLLY THE ROM AnD RAM paTa. ALL Sus-
ROUTINES WORK INDEFPENDENTLY AND IN CONJUNCTION WITH EACH OTHER. WiTH THE
EXCEPTION OF THE ARITHMETIC CONTROL ROUTINE WHICH WAS NOT COMPLETED DUE TO
A LACK OF TiIME. '
THE PROTOTYPE WAS BUILY ON aN INTEL SDK=85 DEVELOPMENT SYSTEM WHICH
uTitizes THe B0BS MICROPROCESSOR AND 118 MEMORY CHIPS3 8155 RAM, ano
" 8755 EPROM. ExPansion RAM ‘WAS ADDED TO ALLOW EASIER PROGRAM DEVELOPMENT.
THE PRESSURE TRANSDUCER 1S NATIONAL SemiconDucTor LX-1620a. THE A/D converTER
18 A FAalRCcHILD uA9708 EleHT 81T CONVERTER, THE A/D CONVERTER |8 CONTROLLED
BY THE MIGROPROCESSOR. [HE DISPLAY CONSISTS OF TWO,SEVEN SEGMENT DI SPLAY
LIGHT EMITTING DI0DES (LED) AND THEIR ASSOCIATED osconzn/nnuvens. ALL oF

THE HARDWARE FUNCTIQONS PROPERLY.
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