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ABSTRACT 

A d ig i ta l  computer simul:ation of the water vapor 
e lec t ro lys is  reactor,  an oxygen regenerator to be 
used in extended-mission manned spacecraft, was 
developed as a design tool and as a means for pre- 
d ic t ing response to unusual operating condit ions. 
F in i te  increment analysis was applied to the mass, 
heat, and momentum transfer  processes of the un i t ,  
y ie ld ing systems of non-l inear algebraic equations 
def ining the reactor. Pseudo-linear Seidel and non 
l inear  Rudd i te ra t ion  schemes provided solut ions 
to the descr ipt ive equations. Compared with exper- 
imental data, the model predicted measurable quan- 
t i t i e s  wi th in one percent and, add i t iona l l y ,  y i e l -  
ded information never before measured. 

I. INTRODUCTION 

The water vapor electrolysis (WVE) reactor is a 
spacecraft waste reclamation system for extended- 
mission manned spacecraft, Skylab or the f l i gh t  to 
Mars for example. The WVE reactor's raw material 
is water, i ts  product oxygen. Water is a metabolic 
waste produced in excess. Part of the excess is 
exhaled and perspired water vapor, containing more 
than enough oxygen to satisfy a person's nominal 
two-pound daily requirement. Electrolysis can free 
that oxygen, and that is basically the function of 
the WVE process, providing oxygen for breathing as 
well as necessary spacecraft dehumidification. 

The WVE process was developed experimentally by 
empirical means. I t  was considered that a theore- 
t i c a l l y  sound approach would provide more useful 
information concerning the WVE reactor,  hence a 
bet ter  design. The goal of  the work, then, was a 
rigorous design tool ,  a mathematical analog of an 
operating WVE reactor capable of generating any 
information quickly and accurately,  from any given 
set of independent design variables. 
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I I .  WVE REACTOR ANALYSIS 

A uni t  of a-WVE reactor is shown in Figure I .  The 
un i t ' s  e lec t ro lys is  cel l  has two thin rectangles of 
e lec t ro ly te  [A] separated by a microporous PVC mem- 
brane [B]. The e lec t ro l y te  is concentrated su l fu r i c  
acid, immobilized for  operation under acceleration 
and free fa l l  by gelqing with s i l i ca .  The membrane 
allows ionic transport ,  but prevents passage of 

product gases. Wa- 
Figure 1 

WVE Reactor Unit 
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ter  vapor, from 
the a i r  f lowing in 
the feed/product 
channel [C], is 
absorbed by the 
su l fu r i c  acid thru 
the screen elec- 
trode [D]. Oxygen 
is evolved at that 
electrode and is 
swept away, along 
with the heat of 
anodic reaction, 
in the a i r  stream. 
Hydrogen, the by- 
product of the wa- 
ter  e lec t ro lys is  
react ion, evolves 
at the cathode [El 
and exi ts  the uni t  
in a separate out- 
l e t  stream [F]. 

Analysis of the 
processes of the 
e lec t ro lys is  cel l  
y ielded a system 

of 12 equations in 17 unknowns, a l l  non- l inear,  4 
non-analyt ical .  The independent variables were cel l  
voltage, electrode type and spacing, and masses of 
s i l i ca  and H~SO A in the aqueous e lec t ro ly te  ge l l .  
The primary ~ep~ndent var iable,  oxygen production 
rate (cel l  current) fur ther  depended upon heat and 
mass t ransfer  between the cel l  and the a i r  stream. 

Since a i r  los t  humidity and gained heat as i t  t ra-  
veled across the anode through the channel, dr iv ing 
forces for  heat and mass t ransfer  were variable 
along the length of the ce l l ,  causing a l l  the de- 
pendent variables of the e lec t ro lys is  cel l  equa- 
tions to be variable with posi t ion.  Over a small 
increment of the cel l  length, however, propert ies 
could be approximated as constant, al lowing the 
system of equations to be solved. 
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For the air channel, there is nq analytical solu- 
tion for the problem at hand, entrance region lam- 
inar flow of a compressible Newtonian fluid through 
a duct with variable heat and mass transfer at one 
wall. Finiteincrement analysis transformed the 
problem to the solution of a system of algebraic 
equations. The basis was an element (I,J) posi- 
tioned (1) small increments from the channel inlet 
and (J) small increments from the cell anode. Equa- 
tions were written describing the conservation of 
mass, momentum, and energy entering and leaving the 
element. Four non-linear conservation equations and 
the gas law described each element. Boundary condi- 
tions necessary for determinacy were the heat and 
mass transfer at each point (1) along the interface 
between the air channel and the cell anode. Inde- 
pendent variables were the inlet air 's temperature, 
pressure, humidity, and velocity profile, and the 
air channel dimensions. 

I I I .  SOLUTION OF THE DESCRIPTIVE. EQUATIONS 

The solut ion of the equations describing the elec- 
t ro l ys i s  cel l  at ( I )  increments from the channel 
i n l e t  required an i t e ra t i ve  numerical algorithm. 
The pa r t i a l l y  non-analyt ic nature of the system of 
equations made the usual methods of solut ion of 

• non-l inear equation systems cumbersome at best. The 
'Design Variable Selection Algorithm' (4), deve- 
loped as a chemical process design aid, y ie lded a 
simple stepwise form and order of solut ion for  the 
system. Operations on the 'Rudd Array' for  the sys- 
tem showed that a minimum of two variables required 
being 'guessed' at the s ta r t  of each i t e ra t i on .  
Heat and mass t ransfer  at the anode were selected, 
being the inter face boundary condit ions. The algo- 
rithm gives no clue as to the values fo r  guesses 
at the s ta r t  of each i t e ra t i on  which would lead 
to convergence. A t r i a l  and er ror  procedure was em- 
ployed, and the simplest scheme giving non-osci l la-  
tory convergence was used. 

For N elements ( l , J )  in row ( I )  of  the a i r  channel, 
there were 5N equations to be solved, plus the two 
boundary condit ions. Assuming bulk f low dominance, 
the variables of row ( I )  could be solved for  using 
only information known from row ( I - I )  and the boun- 
dary condit ions. Since the i n l e t  a i r ' s  propert ies,  
row (I=0),  were known, the rows ( I )  could be dealt  
with sequent ia l ly .  The various popular algorithms 
for  the solut ion of systems of non-l inear equa- 
tions applied to the algebraic equations, but none 
worked wel l .  Another method was t r ied .  While each 
of the equations for  an element was non- l inear,  
each of the f i ve  was l inear  in a unique var iable.  
Treating the non-l inear terms as ' t rans i to ry  cons- 
tant '  coef f i c ien ts  of the l inear  terms allowed the 
methods of l inear  equation problem solving. Since 
the t rans i to ry  constants needed numerical values 
for  d ig i t a l  computer solut ion,  the algorithm was 
i t e r a t i v e ,  a modif icat ion of the Seidel method. As 
the algorithm converged, the values of the t rans i -  
tory constants approached the i r  true values. 

The simulation of the WVE reactor proceeded from 
the a i r  channel i n l e t  to the ex i t  in increments. 
Estimations of heat and mass t ransfer  at the anode 
at an increment allowed solut ion of the a i r  channel 

equations. The e lec t ro lys is  cel l  equations then 
were used to calculate bet ter  estimations of heat 
and mass t ransfer  at that point. The cycle was then 
repeated unt i l  the estimations converged. Then the 
next increment along the reactor length was acted 
upon in the same way, and so on unt i l  the end of 
the channe l .  

IV. RESULTS OF THE SIMULATION 

The simulation was a theore t i ca l l y  rigorous analog 
of a WVE reactor un i t ,  with a l l  degrees of freedom 
in tac t .  Assumptions made fo r  computational s impl i -  
c i t y ' e i t h e r  inval idated the model far  outside i ts  
region of normal operation, or were shown val id by 
independent ca lcu lat ion.  The FORTRAN IV routine 
executed in about I00 seconds using 23K of 360/67 
core. 

Of the depend~nt var iables,  only cel l  current and 
ex i t  a i r  propert ies had been measured experimen- 
t a l l y ,  and at only four d i f f e ren t  sets of condi- 
t ions (1,2,3,5) .  Using the same four independent 
variable vectors, simulation output deviated from 
measured Values by an average of one percent, er ror  
ranging from zero to two percent. 

Since any datum at any point in the wVE reactor was 
accessible via the simulat ion, more data was gener- 
ated than had ever been measured. Of design in te r -  
est were the var iat ions of current densi ty,  cel l  
temperature, and e lec t ro ly te  concentration wi th in  
the reactor,  previously only postulated. In addi- 
t ion to the extra data the simulation was far  supe- 
r i o r  to experiment in the time needed to measure 
the response to a change in the independent varia- 
ble vector, I00 seconds versus two to ten days ( I ) .  
In generating far  more accurate data far more 
quickly than by experiment, the simulation proved 
i t s  worth, and the goal of the work was met. 
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