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ABSTRACT

The kinetic mechanisms of adsorptive drying were studied. The gas
temperature and concentration expiration curves were determined for
moist air and the two desiccants, activated alumina (Alcoa F-1) and
Linde molecular sieve 4-A under adiabatic fixed bed condifions. Three
different granule sizes, two different flow rates, one bed diameter, two
different bed lengths, and two different feed gas concentrations were
studied.

Models of kinetic mechanisms were devised and incorporated into a
computerized numerical analysis program along with previously determined
sorption therms, diffusivity relations, and heat transfer coefficient
correlations. The models included the bipore concept and surface/
internal release of heat of adsorption among others. The program was
repeatedly executed with parameter adjustments in between until
coincidence was obtained between theorectical and experimental results.

During the course of parameter adjustments, it was found that the
total diffusivity, D, the heat of adsorption, A, the mass transfer film
coefficient, kG, and the coefficient of heat transfer by radiation, hR’
had to be multiplied by 2.4, 1.27, 3.0, and 0.5 for Linde molecular
sieve 4-A, and 3.0, 1.4, 3.0, and 0.5 for activated alumina,
respectively. These multiplications are justified in the thesis.

In the computer program, the diffusion equations were expressed in
terms of partial pressure and temperature instead of concentration and

temperature which gave a remarkable advantage in the finite difference
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calculation of mass transfer at the interface. The finite difference

scheme of Crank and Nicolson was used due to the shortcomings of the
Douglas method discussed in the thesis. A variable increment size was
used in the granule to increase the speed of calculation. The explicit

nature speeded calculations because iterative loops were eliminated.
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CHAPTER 1

INTRODUCT ION

Stationary beds of granular desiccants have been and are being
used to dry gases in the chemical industry, the food processing industry,
the petroleum industry, in wind tunnel research, space research, the
drying of oxygen for use at high altitudes, air-conditioning in space
capsules, and in the preparation of isotope gases for separation by
gaseous diffusion among a host of other applications. This drying
operation is a transient diffusional operation of chemical engineering
belonging to a group generally referred to as the "percolation"
operations. The latter include fixed bed ion exchange, heat
recuperation, certain types of chromatography, ion exclusion, fixed bed
sorption in general.

During the course of evolution of the percolation operation the
advantages of a scientific understanding of the diffusional mechanisms
involved became apparent as is evidenced by the literature starting with
Anzelius (8) in 1926. A significant volume of research has been and is
being done in this area. However, due to the complex nature of these
processes, only approximate models have been proposed and solved.
Typical simplifying assumptions are linear sorption equilibrium
isotherms, isothermal operation, constant linear velocity, constant
intraparticle diffusivity, and others. For obvious reasons the
literature on the percolation operation is permeated with the ordinary

diffusivity, Do' The way in which Do depends on concentration and



temperature is generally disregarded in much of the literature. The

same is true for thermal diffusion and its contribution to the sorptive
kinetic mechanism. It is well known that an adsorption and thermal wave
pass up through a percolator and that in the region of these wave fronts
temperatures up to about 248°F have been measured with a feed gas
temperature of 70°F. Thus thermal diffusion can have a very pronounced
effect on the course of sorption and the sorption waves.

In past engineering designs of sorption equipment, it has been
assumed that thermal diffusion does not exist. So-called ''constant
mean values' of ordinary diffusivities have also been used as a basis
for design. These numbers are generally guesstimated to be oversized so
that the design is on the '"safe side," i.e., it is an overdesign. This,
of course, is not the most economical design. It i§ intended that this
research will shed light on this state of affairs in such a way as to
provide the computer programs that give the best coincidence between
experiment and theory. |

In recent years several computer programs have been devised for ‘
analyzing and/or designing fixed bed sorption operation (15,25,32,72,
104,105,115) and in Dr. Jury's case (72) the program is even equipped
to take into account the thermal as well as the ordinary diffusion
coefficient and the way in which these vary with sorbate concentration
and temperature. The state of this part of the art has until recently
been much further advanced than has been the case for the diffusion
coefficients in sorbent solids and other matters related to sorptive

kinetic mechanisms.



Past research in the department has covered the sorption therms,
diffusivities, and recuperative properties of desiccant beds (12,23,61,
69,70,74,75,79,80,86,87,94,96,101,114,132,133,157) .

These results now make it possible to computerize a precision data
analysis scheme for studying peréolation kinetic mechanisms. For this
purpose it is necessary to conduét in the laboratory a set of
percolation runs and then to follow up with a computerized analysis in
which a search is made for coincidence between the experimental and
theoretical results. This then is the purpose of this thesis. The
practical benefits should be obvious.

The five adsorbents—i.e., activated alumina, Linde molecular
sieve 4-A, Florite, Drierite, and silica gel—have been the subjects of
the past research program in the department. Here just two of these—

i.e., activated alumina and Linde molecular sieve 4-A—are of concern.




CHAPTER II
HISTORICAL REVIEW OF PERCOLATION STUDIES

Active interest in the development of understanding the percolation
operations began about 1926. Since that time, various investigators
have tried to analyze these procésses, first analytically and more
recently numerically. The following is a summary of these efforts.

The work of Anzelius (8) is generally regarded as the beginning of
modern day percolation research. In 1926 he treated the basic heat
recuperation mathematically and obtained an analytical solution for the
case of uniform initial gas and bed temperature with gas film
controlling. A year later, in 1927, Nusselt (125) developed the
analytical solution for the case of nonuniform initial bed temperature.

In 1929, Schumann (145) used more assumptions to simplify
Anzelius's solutions and reduced the results to a standard, dimension-
less chart. The assumptions involved are: (1) there are no thermal
temperature gradients in the solid, (2) the axial conduction in the
fluid and in the solid may be neglected, (3) the thermal parameters are
independent of temperature effects, (4) the rate of heat transfer
between gas and solid is proportional to the average temperature
difference, (5) all volume changes due to temperature may be neglected,
(6) the bed is adiabatic, (7) the temperature of the gas is uniform over
cross section of the bed, and (8) the initial gas and bed temperatures
are uniform. He found that actually evaluating his solution entailed a

rather large amount of computation which was in fact practically



impossible except for very small values of dimensionless time and bed
length. His model still received much attention because of its impact
in the prediction of breakthrough curves in fixed adsorbers and thermal
regenerators. It was first used by Furnas (45,46,47) in 1930 and 1932
in determining the coefficient of heat transfer befween a flowing gas
and a bed of granular particles.‘ He used graphical integration to
evaluate Schumann's solution and extended the range of dimensionless
time and bed length parameters. Lowan (106), Saunders and Ford (143),
and Mondt (119) also used this approach in obtaining the heat transfer
film coefficient by matching the experimental and theoretical curves by
eye. However, these curves do not allow easy interpolation of
intermediate values of the dimensionless bed length parameter.

In 1928, Ponndorf and Knipping (134) reported experimental results
involving gas drying in silica gel and charcoal beds as a parallel work
of the analytical solutions by Anzelius (8), Nusselt (125), Schumann
(145), and Furnas (45,46,47). Derr (41) reported his experimental
results in 1938 about drying of air by activated alumina. Similar
experimental results were reported by Ahlberg (3) in 1939, and by Amero,
Moore, and Capell (5) in 1947 on silica gel and Florite, respectively.
However, no discussion was presented of the dynamic relation between
heat recuperation and sorption in stationary beds.

Smith (147) in 1934 and Binnie and Poole (13) in 1937, studied the
cross flow heat exchanger problem and obtained a double power series
solution which can also be applied to the heat recuperation and

adsorption problems.



In 1939, Wicke (158,159) reported on analytical solution for the
drying of gases by porous solids. In 1943, Gamson, Thodos, and Hougen
(48) presented a review of heat, mass, and momentum transfer in the
flowing of gases through granular solids. Several years later, in 1946,
Grossman (54) solved the transient heat transfer problem by finite
difference methods where he included an arbitrary initial temperature
distribution and heat of reaction. A year later, Brinkley (19) extended
Anzelius's work to include the case where the solid generated heat. His
expressions are obtained for the temperatures of solid and fluid as
functions of position and time, and he assumed that the heat source
function is a linear function of the temperature of the solid with
coefficients independent of position and time. A year later in 1947,
Hougen and Marshall (60) studied isothermal adsorption in granular beds
where the mass transfer across the film is controlling which.is
analogous to the heat transfer problem handled by Anzelius (8) and
Schumann (145). A linear equilibrium relationship between fluid and
adsorbate concentration was assumed, and the adsorbate content of the
gas present in the bed at any instant was neglected in comparison to
total adsorbate passed through’ in a cycle. A number of graphical
methods and analytical studies have also appeared in that decade (37,59).

In 1952, Jury and Licht (83,84) developed a generalized analytical
solution, besides Wicke (158,159) and Eagleton and Bliss (43), which
included the above case and two additional cases of intragranular
diffusion controlling and activated diffusion controlling. They

concluded in this study that the idealized theories were applicable to



longer beds. That same year, Rosen (138) reported a theoretical
investigation of the transient mass transfer behavior of a fixed bed.
The system was a bed of spherical particles of uniform radius, through
which a fluid flows with a constant linear velocity and constant density.
Other assﬁmptions to linearize the system were constant film coefficient,
constant internal diffusion coefficient, and a linear adsorption
isotherm. The heat of adsorption was not considered. Thus, the
solution was obtained by utilizing Laplace transform for the effluent
fluid concentration as a function of time and bed length. A simplified
approximation to the exact solution was also presented in which the
effect of the film coefficient was not considered as a rate controlling
step. Two years later, Rosen (139) evaluated the integals in this
problem numerically in terms of dimensionless time, bed length, and
film resistance parameters. Also in 1952 Kasten, Lapidus, and Amundson
(89) presented a solution for the transient behavior of an isothermal
adsorption bed. However, the use of their derived equations for heat
and mass transfer was limited because of the restrictive assumption of
a linear adsorption isotherm. In 1956 Amundson (6) developed analytical
solutions for non-adiabatic heat transfer in fixed beds taking into
account heat generation. Axial mixing was also assumed but he did not
consider intraparticle diffusion. Instead he assumed the major
resistance to heat transfer was in the gas film at the particle surface.
In 1954, Hubard (62) presented equilibrium data for silica
gel-water vapor. Carmen and Haul (24) presented the constant-volume

method of measuring the diffusion coefficients of a gas or a liquid



solution into a solid. 1In 1956, Acrivos (1) developed the

one-dimensional model for isothermal fixed bed operation in which the
adsorption isotherm is either linear or Langmuir type. He solved both
heat and mass transfer with chemical reaction numerically. In 1960,
Acrivos (2) pointed out that in the models the mass transfer resistance
around and within the particles can be replaced by an axial diffusion
term, because the existance of the mass transfer resistance will result
in an axial dispersion.

In 1957, Sanlaville (142) published his pioneering work on
simultaneous heat and mass transfer during air drying in fixed beds of
activated alumina. The results indicated that heat transfer alone
controlled the overall speed of sorption. On this basis he formulated
equations and concluded that these solutions agreed well with
experimental data. However, his work was restricted to shallow beds.
At the same time, Jury (69) demonstrated mathematically that an
assumption regarding the rate equation for isothermal bed operation
which had been made by Eagleton and Bliss (43) was applicable only to
the longer times. Reilly (135) obtained solutions to the transient
heat transfer problem in the form of Fourier series, allowing for
variation in arbitrary initial solid temperature distribution and
arbitrary inlet gas temperature. In 1958 Kota and Aoki (98) reported
their study of adiabatic adsorption of Kaken gel desiccant, which is
produced by gelation on desiccant clay from Na-Silicate solutions.
Emphasis was placed on measuring effluent temperature of stationary beds

rather than developing the theory. Vermeulen (152), in 1958, and



Granville (52), in 1964, reviewed the methods for gas separation or
purification by adsorption.

As an extended application of the mass transfer zone, Treybal (151),
in 1955, and Nutter and Burnett (126,127), in 1963 and 1966, reported
their studies on the fixed bed drying of air using Molecular Sieves.
Between 1963 to 1965, Masamune aﬁd Smith (110,111,112) solved transient
mass transfer from a flowing fluid to a fixed bed of particles
mathematically for the conditions where either external diffusion,
intraparticle diffusion, or surface adsorption processes control the
rate. Gupta and Thodos (55), in 1962, and Bradshaw and Myer (17), in
1963, made separate investigations on simultaneous heat and mass
transfer in fixed and fluidized beds. Gupta and Thodos (55) correlated
available literature data to yield a relationship between the Colbum
j-factor modulus and a modified Reynolds number. Bradshaw and Myers
(17) showed that the log-mean driving force was satisfactory for
evaluating heat and mass transfer coefficients provided the ratio of
inlet to outlet driving force was not large. Also in 1962, Leavitt
(102) presented an analysis of non-isothermal adsorption for cases
where the mass transfer zone is stable. He assumed that no heat is
transferred through the bed wall. His treatment was broad enough to
cover cases where there is a significant change in the superficial gas
velocity as the adsorption proceeds in the transfer zone. Gould (51),
in 1961; Ross and Olivier (140), in 1964; and Deitz (40), in 1965,
reported the theoretical and experimental aspects of physical chemistry

of adsorption.
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In 1964, Bowen (21) has outlined an approach to the problem of
prediction for isothermal fixed bed adsorption with nonlinear isotherm.
He confined the mathematical analysis to the low concentration end of
the adsorption zone of activated alumina-water vapor system. Getty and
Armstrong (50) reported air drying over activated alumina at 1 atm.
under dynamic adiabatic conditions. His equations are easy to use, but
the procedure has not been widely applied because the dynamic data for
the specific system must be collected to develop the correlation.

In 1965, Major, Sollami, and Kammermeyer (108) investigated the
carbon dioxide removal from air by activated carbon and Linde Molecular
Sieve. Tien and Thodos (150) extended their earlier work on kinetics
for systems having nonlinear isotherm. They used the computer to
produce concentration-bed length-time relationships of isothermal fixed
bed adsorption. Amundson, Aris, and Swanson (7) applied the simple wave
theory to the problem of adiabatic adsorption and desorption in a fixed
bed. In 1966, Chao and Hoelscher (31) reported the simultaneous axial
dispersion and solid-fluid mass exchange in a packed bed adsorber. They
used the Peclet number to characterize axial dispersion and impulse
response technique to obtain the simultaneously values of the axial
Peclet number. Leung and Quon (105) developed a modelvwith a numerical
solution for the transient behavior of a packed bed of uniform spheres.
Although the existence of thermal gradients within the solid particles
was considered, the effect of the varying gas velocity was neglected.
Separate solutions for heat transfer and for mass transfer were obtained

but no attempt was made to solve the simultaneous case. Bobcock, Green,
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and Perry (10) reported theoretical studies of longitudinal dispersion
mechanisms during steady flow. The equations obtained were applicable
to both heat and mass transfer processes.

In 1967, Meyer and Weber (115) extended Rosen's model (138,139) and
obtained a numerical solution of the differential equations of adiabatic
fixed bed adsorption. Their model incorporated heat and mass transfer
resistances within and around the adsorbent particles of homogeneous
uniform spherical size. The adsorption isotherms are not restricted to
any special form, and the heat transfer between the bed and the wall is
included as well as heat losses from the wall to the surroundings.

There are several drawbacks in their model such as: many of the
adsorbent beds cannot be adequately approximated as spherical particles
of uniform size; the solid diffusion coefficieﬁts are unknown but the
solution of the model is sensitive to the intraparticle diffusivity and
requires a high accuracy of the diffusivity determination while only
the magnitude of the transfer coefficient can be evaluated by matching
the experimental data and the numerical solutions.

Carter's work (25), in 1966, and (26,27,28), in 1968, deals with
isothermal and adiabatic air drying in fixed beds of activated alumina.
He developed numerical solutions for the simultaneous heat and mass
fransfer case. Later in 1972, Carter (29) treated adsorption of CO2 on
Linde molecular sieve-4A. His program of numerical calculations gave
results that closely agreed with experiment both adiabatic and isothermal
cases. Handley and Heggs (56,57), in 1968 and 1969, investigated the

heat transfer mechanism in regular shaped packing and proposed a
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computer program which employed a numerical solution of the Schumann's
model (145). However, variation of the gas velocity down the bed was
not considered. Another limitation of this study was that the evaluated
correlation for heat transfer film coefficient applied only to spherical
packing. In 1968, Y. Kim (96) fitted an analytical expression to the
equilibrium sorption therm data 6f Mattern (113). An attempt to
analyze percolation runs was hampered by problems associated with the
debug of a digital computer analysis. Rimpel, Camp, Kostecki, and
Canjar (137) presented the kinetics of physical adsorption of propane
from helium 6n fixed bed of activated alumina at 30°C and at atmospheric
pressure. They found that the intemal diffusion appeared to be by a
pore diffusion rather than by a surface diffusion mechanism, and this
rate can be best described by Fick's equation for unsteady state
diffusion into a sphere.

In 1969, Lee and Weber (104) presented a mathematical model of
isothermal adsorption of a single component in a fixed bed. Their
model accounts for the diffusional resistance between the bulk gas and
the surface of the adsorbent particles, and for the diffusional
resistance within the particles. The adsorption reaction within the
pores is assumed to be very rapid compared to these two rate controlling
mechanisms. The model can be used for isotherms of any shape and for
gaseous feeds of any concentration. The partial differential equations
of the model were solved numerically. In 1970, Chi and Wasan (33)
developed an experimental technique for isothermal and adiabatic

dynamic adsorption desorption processes. The equations governing such



processes and the nonlinear equilibrium relations were simultaneously

solved on the digital computer. Horng (61) presented nonlinear sorption
equilibria for activated alumina and Linde molecular sieve-4A.
Marcussen (109) developed the theoretical calculations of the mass
transfer rates. His model included a nonlinear adsorption isotherm and
simultaneous resistance to mass ﬁransfer in the pore system of the
solid and in a film surrounding the particle. A comparison between the
numerical solutions to the model and experiments of activated alumina-
water vapor system allows a determination of both the effective
diffusion coefficient in the pore and the gas film resistance as a
function of gas velocity which are 3.6 x 10-6m2/sec and 0.85 x Re'o’s,
respectively.

In 1971 Jury (72) published his numerical analysis scheme for the
solution of systems of mixed partial differential equations associated
with simultaneous heat and mass transfer in packed beds of sorbent
granules. The model treats the general adiabatic percolator and allows
for variations in gas velocity and in physical properties with
temperature and concentration. In addition, his numerical analysis is
free of instability problems. At that time his method involved
implicit techniques and- proved satisfactory when used in a simulated
experimental run. Kondis and Dranoff (97) presented a numerical
analysis of nonisothermal sorption of Ethane by Linde molecular
sieve-4A in batch system. The diffusivity was assumed to be a function
of temperature and adsorbed gas concentration. Lee and Chi (103)
developed analytical solutions for Acrivos (1,2) and Vermeulen (152)

models for irreversible nonlinear isotherm.
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In 1972, Jefferson (68) developed simplified single parameter
models which under certain conditions were used to predict breakthrough
curves in packed adsorbent and thermal regenerator beds. Garg and
Ruthven (49) employed a numerical analysis of isothermal adsorption of
a single component from a dilute gas mixture on Linde molecular sieves.
They assumed constant linear velécity, a Langmuir isotherm, and solid
phase diffusion controlling. The ordinary diffusivity was expressed as
a function of temperature and concentration. In 1973, E. K. Kim (94)
reported the ordinary diffusion coefficient of Florite, activated
alumina, Linde molecular sieve-4A, Drierite, and silica gel. 1In 1974,
Berbano (12) treated the heat recuperation problem numerically. His
analysis was noteworthy because of its stability, efficiency, and the
explicit techniques used. He considered both intragranular heat
conduction and variable gas velocity along the bed. Also in 1974,
Weber and Chakravorti (155) reviewed several models for mass transfer
in isothermal fixed beds and presented a numerical solution for the
general case of a pore model with gés film resistance.

Pollock (132), in 1976, continued E. K. Kim's studies of diffusion
of adsorbing gases in porous sorbent solids by various combinations of
free diffusion, Knudsen diffusion, surface diffusion, interstitial
diffusion, and grain boundary diffusion. Both ordinary and thermal
diffusion were investigated using the thermodynamics of irreversible
processes to derive the general flux equations so-called total
permeability and total diffusivity. His research also produced a new

approach to numerical integration which views the definite integral in
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terms of steady state flux instead of the conventional area
interpretation. He also developed a method for calculating the maximum
temperature which can occur in a fixed bed sorption column without
first producing the solution to the percolation problem. Isosteric
heats of adsorption were also investigated, and a logarithmic
dependence of the differential heat of adsorption on loading was found.
Also in 1976, Braener (18) used the fundamental thermodynamic and
statistical thermodynamics equations to derive adsorption equations for
fixed bed adsorption on heterogeneous surface adsorbents under the basis
of Langmuir models. His method involves the calculation of distribution
functions of adsorption energy, which were estimated from the integral
equation for the adsorption isotherm. For calculation of the adsorption
isotherm and the surface pressure, he used a Taylor series in the kernel
of the integral equation for different pressure ranges and for any
distribution function of the adsorption energy. Schestopalov, Kisarov,
and Fisher (146) presented an algorithm for the calculation of
adsorption-desorption processes in a fixed bed of a sorbent. It
involves calculation of inner diffusion as a function of granule
saturation, mass transfer as a function of adsorption space saturation
and the working layer length. Dropping the functional dependence of the
internal diffusion coefficient on radius causes a decrease of the
accuracy of the dynamic characteristic calculations, but the authors
considered the results still acceptable for practical purposes.
Crittenden (38) presented the mathematical model of fixed bed adsorption

for single and multicomponent adsorbates. Thomas (149) presented the



mechanism of gas fixation on a zeolite. Henrion (58), Rhodin and
Adams (136),'and Gregg and Sing (53) reviewed the adsorption of gases
and solids. Astakhov, Romankov, and Lukin (9), and Ostrovskii (128)
presented fixed bed adsorption isotherms of various conditions and
adsorbents.

In 1977, Carter and Husain (30) developed a new simplified model

that considers the rate of adsorption by the granules to be proportional

to the concentration difference (ws- W) so that:

pb(dW/dt) = a-a-pg-De(ws -w)/b

in which Py and pg are, respectively, the bed and granule densities
(kg/ms),'W and W, are, respectively, the average and surface adsorbate
concentration on the adsorbent (kg/kg), t is time (hr), a is external
area of granules per unit volume of bed (mz/ms), De is the effective
adsorbed phase solid diffusion coefficient (mz/sec), and b is the mean
radius of the adsorbent granules (m). o« is a constant to compensate
for the loss in driving force using the above equation, which is found
to be 5.0. This rate equation is based on one derived by Jury (70) as
a "long time' approximation to internal diffusion. The calculation
method was non-iterative and used an implicit Crank-Nicholson finite
difference substitution in the partial differential equations. The
KDF9 digital computer time can be reduced approximately 13 times when
compared to the numerical solution of the equations for the solid
diffusion model and approximately 26 times when compared to the

numerical solution of the equations for the pore diffusion model. Their
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simplified methods have considerable potential in practice of making
rapid and accurate assessments of the performance of deep beds of
adsorbents having a nonlinear isotherm and operating under isothermal
conditions. The theoretical results using this simplified rate model
showed excellent agreement with the experimental values on the
adsorption of carbon dioxide from a flow of dry helium gas on fixed bed
of 4A molecular sieve granules. Also in 1977, Von Rosenberg, Chambers,
and Swan (154) published a numerical solution of surface controlled
fixed bed adsorption. A simple numerical method was developed which

can be described by equations of the form

- Bl{u(ac/ax)+(3c/8t)} = Bz(Bw/at) = f(c,w)

where ¢ is the concentration of sorbate in the fluid, w is the
concentration of sorbate on the solid, x is the length in the direction
of flow, t is the time, u is the fluid velocity, B1 is the capacity of

the fluid for sorbate, B, is the capacity of the solid for sorbate, and

2
f(c,w) is a function which describes the rate of adsorption. Break-
through curves calculated by this method agree with experimental curves
for the adsorption of carbon dioxide from a stream of nitrogen by
molecular sieve. The computation time can be decreased by a
modification which allows the time increment to be increased for a
fixed length increment.

A number of researches on kinetics of adsorption were done in

1977 under various conditions, assumptions and models of adsorbents.

Katawa and Ulin (90), and Zolotarev, Kataeva, and Ulin (160) presented
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a numerical calculation and analysis of expiration curves for a fixed
bed of biporous adsorbents in the case of a linear adsorption isotherm.
The method described is based on a numerical inverse Laplace trans-
formation within the changing interval 0.01-0.99 and the error in
determining the expiration curves is less than 2%. The computer
program is written in ALGOL langﬁage.. The authors considered their
program stable enough for calculating the expiration curves for various
biporous adsorbent shapes at various diffusion relaxation time ratios.
Miura and Hashimoto (118) presented analytical solutions for the
breakthrough curves of fixed bed adsorbers under constant pattern and
linear driving force approximations. Dubinin (42) presented a review
of thermodynamics and osmotic theories of adsorption and of equilibrium
and kinetics of gas and vapor adsorption on microporous adsorbents.

S. G. Kim (95) reported a numerical solution of the equations describing
adsorption in fixed bed columns. Both liquid film controlling and
intraparticle diffusion controlling were assumed and the concentration
distributions in the bed were estimated by numerical analysis under
constant pattern conditions. The results were compared with the
published experimental data and it was shown that for highly porous
adsorbents, e.g., activated carbon, the method with the assumption of
intraparticle diffusion controlling mechanism was a good approximation
for concentration distributions. Nazarok and Kravetskii (122) and
Nazarok, Ostrovskii, Kravetskii, and kKhinkis (123) presented the
kinetics of adsorption of readily adsorbable substances in batch

systems with a Langmuir's isotherm. The numerical calculations of the


https://0.01-0.99

adsorption kinetics for spherical adsorbent granules were carried out
under conditions of constant concentration of adsorbate. The
calculations involve internal and gas film diffusion. Nam and Rhee
(121) published an asymptotic solution and effective dispersion
coefficient for a fixed bed adsorption system. Saveleva, Zamashkin,
Savelev, and Dvoretskii (144) reported the possibility of separating
vapor-air mixtures on‘carbon molecular sieves which were prepared from
poorly-sintering and lean coal.

An analytical model of temperature breakthrough curves in heating

19

or cooling a fixed bed column without and with adsorption or desorption

was derived by Gerald, Radeke, and Gelbin (2) in 1977. Nagarev,
Enikew, Shumyatskii, Torocheshnikov, and Ermakov (120) reported the
thermal effects during drying of air on silica gel. Novak (124)
presented a method for the study of interphase mass transfer at very
low Reynolds number in packed beds. Ciembroniewicz and Schulz (36)
. presented diffusion coefficients of gases in porous solids. Their
formula was derived for kinetics obtained at various intervals of
adsorbate concentrations. Aleksashenko (4) derived an equation
describing the internal diffusion coefficient in porous sorbents from
nonlinear adsorption isotherm for particles of large dimensions. A
nunmber of articles concerning diffusion in adsorbents (11,16,20,34,35,
129,141,161,162,163) were published in that year.

In 1978 Keda, Fujino and Katoh (91) presented a numerical method,
based on the cell model, to obtain breakthrough and temperature curves

for nonisothermal, fixed bed adsorption colum with nonlinear



equilibrium. The effects of the variables on heat and mass transfer

were studied for solid phase mass transfer coefficient, overall heat
transfer coefficient at column wall, length of bed or number of cells,
and equilibrium isotherms. The bed performance based on the cell model
approach gives essentially the same result as that based on the
diffusion model approach when thé cell has the same height as 1 particle
diameter and the value of Reynolds number and Schmidt number is large
enough. Also in 1978, McGreavy and Nussey (116) presented a theory of
simultaneous heat and mass transfer in transient adsorption on solid
particles in a fixed bed. The intraparticle transport arises from
surface diffusion and the nonlinear adsorption isotherm, although other
physical and operational parameters display parametric sensitivity
effects with regard to predicted breakthrough curves. Volskchuk,
Gorlov, Dubinin, Erasho, Zolotarev, and Ulin (153) presented the
kinetics of adsorption in biporous adsorbents in case of a sharply
convex adsorption isotherm. Maachi and Vergnaud (107) reported the
adsorption of water vapor on molecular sieves type 4A and 3A. Lason,
and Nodzenski (100) reported the adsorption of C02+Xe mixtures on
alumina of various porosity as functions of total and relative pressures.

Jaroniec (64,65,66,67) worked on adsorption in multi-component
gases.

The elegant kinetic mechanisms under consideration in this thesis
and the need for high speed numerical cohputation suggest the utility
of a table in which we can summarize the distinguishing features of past

(and present even though premature at this point) numerical research.
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These details were either omitted or discussed qualitatively in the
above historical review because they are now summarized in Table I. It
is quite obvious from the table that there is a very broad range of
computational times involved when one considers the influence of
increment size, implicit calculations involving repeated iteration and
simple versus elegant kinetic mechanisms. Some researchers also had
stability problems and these are not noted in the table. Some of the
claims in the table are too broad as will become more and more obvious

during the course of this thesis.
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"CHAPTER III

THEORY AND NUMERICAL PROCEDURES

The simultaneous heat and mass transport of percolation operations
will be defined in terms of a system of mixed partial differential
equations which are nonlinear. The sorption therm expressions, heat
transfer film coefficient relations, and diffusion relationships
including the new bipore model and surface/internal release of heat of
adsorption will be assembled along with appropriate bed equations into
a method for accounting for experimental results of fixed bed percolator
runs. Second order interpolation followed by integration over an
increment of the time or space variable will be used as a method for
arriving at finite difference equations equivalent of the original
partial differential equations of bed increments. Thomas algorithm will
be used as a method to determine the partial pressure or temperature
inside the granules.

In all the previous work it was assumed that all the heat of
adsorption is liberated at the very surface of the granule. In the case
of free and/or Knudsen diffusion into a granule some or all of the
adsorption heat might be liberated inside of the granule at the point of
adsorption. It is more beneficial to use a model that takes this effect
into account. The fraction of heat of adsorption released internally,
EF, and the fraction of heat of adsorption released at granule surface,

1-EF, will be included in the equations involved.
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From attempts to fit activated alumina data it became necessary to
adopt a bipore model. This model involves blind micropores which are
shown in Figure 1. Figure 2 shows the segmental granule shown in
Figure 1. For simplicity, the continuous phase fraction in the granule
is 0, and the dispersed phase fraction is 1-0. The average concentra-
tion in the microsphere of the dispersed phase is Cd’ the total
diffusivity is Dd’ and the radius of the microsphere is Rd' Since we do
not have any information on Dd and Rd’ we will assume a proportionally

fraction EFl which is defined as follows:

2 n/n2
Dd/Rd = EF1+D/R (1)

For simplicity, it has been assumed in writing the transport

equations that:

1. The gas phase velocity profile in the bed is wniform across its
cross-section.

2. The specific heat of the gas phase, CPG’ is constant. If it is
not, it would be included in the appropriate derivatives of the
equations in which it appears. Later this interpretation is
limited to one At and CpG then is allowed to vary from one At
to the next.

A sketch of a packed bed section is shown in Figure 3.
The overall gas phase mass balance over a differential bed length,

Az is

BpG/at + anG/az = - oavJ*/s 2)
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The Granule with Bipore Model.

Figure 1.
As As As As As
. e~
KAL =8 7 6 NS-NA 3 2 1
K=1 2 3 NA-NR+1 6 N = NS-NA+NA+NR

.
| N

Ar Ar Ar Ar

Figure 2. The Granule Segments.
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The solute gas mass balance is

BCG/at + ach/az = - oaVJ*/e | (3)

The gas phase thermal balance is
BpGrG/at + vaGrG/az = (hav/eCPG)(T*—TG)—(4hw/eCdeI)(TG-TW)
- oaVTGJ*/e (4)

The h in Eq. (4) was taken from Berbano's thesis (12) as a

correlation which is

h = vzl(ié/np)(NRe)VZZ(NPr)V23 (5)

where V21 = 0.64152
V22 = 0.67160
V23 = 0.34685

and hw was taken from the literature (14) which is
_ = 0.83
h, = CW (kg/dp) (Np,) (6)

The convectional mass transfer rate equation is (based on the basics of

diffusion) taken to be
*
* = - -
The gas phase equation of state is (assuming ideal gas law behavior)

P. = p.RT ‘ (8)
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For the drying of air the Lewis relation is applicable, i.e.

h = kCpupq (9)
In addition to the foregoing equations above, the initial and
boundary conditions are specified such as

CG(o,t) = constant ' (10)
v(o,t) = constant (11)
TG(O,t) = constant (12)
CG(z,o) = constant (13
TG(z,o) = constant (14)

In addition to heat storage in the tube that contains the bed,
see Figure 3, the radiation heat loss from the bed via the tube wall to
the vacuum insulation was considered. A heat balance on an elemental

section of the tube consequently yields
at /3t = {4h d /0. C(d2-d%)} (T -1 )
w W' I'""TPT 0 1 G 'w

22 ,
- {4hpd /o Cpr(d -d]) } (T, ~T,) (15)

the initial condition is

T,(2,0) = 1; (16)
and the equation for hR was taken from the texts (14,99) which is
hy = 1.712 x 1070 CR(t2+12) (Tu+1,) (17)
R ) W AW A
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where

CR = 1/{1/e1+(R2/RSI)(1/e2-1)+(R2/RSI)(1/e2)+(R2/RSO)(1/e3-1)

+(R2/Rso)(1/63)+(R2/RAI)(1/€4—1)} (18)

In developing the finite difference equivalents of the percolation
equations, Jury's method of second order interpolation followed by
integration (72) was used.

The gas phase thermal palance, Eq. (4), can be written for a finite
bed length Az, illustrated in Figure 4, in which the gas phase in each

stage is assumed uniformily mixed. In this case we obtain

BpG(I+l,t)rG(I+1,t)/8t = (l/Az){v(I,t)pG(I,t)TG(I,t)-v(I+1,t)
pG(I+1,t)TG(I+1,t)}+(hav/eCpG)
{T*(I+1,t)-TG(I+1,t)}-(4hw/€C
{TG(
J*(I+1,t) (19)

PGdI)
I+1,t)-rw(I+1,t)}—(qav/e)TG(I+1,t)

where I refers to the bed increment prior to the current bed increment

I+1 being computed.

If ideal gas behavior with constant pressure operation is assumed,

P/R = pg(I+1, )T (I#1,t) = constant (20)

then

3pg (1+1,8)T(1+41,t)/3t = 0 (21)
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and, for purposes of scaling set
G(I+1,t) = v(I+1,t)p,(I+1,t) (22)
Then, Eq. (19) reduces to

G(I+1,tz)TG(I+l,t2)—G(I,tz)TG(I,tz) = (haVAz/ECpG){T*(I+1,t2)
-TG(I+1,t2)}-(4thz/€CdeI){TG(I+1,t2)-Tw(I+1,tz)}

—(oavAz/e){TG(I+1,t2)J*(I+1,tz)} (23)

where Y refers to the time prior to the current time t, being

computed.

The overall gas phase mass balance, Eq. (2) is
3pg(1+1,t)/3t = (l/Az){v(I,t)pG(I,t)-v(I+1,t)pG(I+1,t)}
-(0a, /€)J*(1+1,1) (24)
This can be integrated by second order interpolation and then
integration, and multiplied by TG(I+1,t2), i.e.
pG(I+1,t2)TG(I+1,tz)-pG(I+1,tl)TG(I+1,t2)
= B(At/Az){G(I,tl)-G(I+1,tl)-(oavAz/s)J*(I+1,t1)}TG(I+l,t2)

+(1-5)(At/Az){G(I,tz)-G(1+1,t2)-(oavAi/e)J*(1+1,t2)}rG(1+1,t2)
(25)

Eq. (23) and (25) may be manipulated into the form



P/ﬁlpG(I+1,tl)TG(I+1,t

5)

= B(At/Az){G(I,tl)-G(Ifl,tl)-(oavAz/E)J*(I+l,tl)}TG(I+1,t2)
+(1-B)(At/Az)[G(I,tz)TG(I+1,tz)-G(I,tz)TG(I,tz)—(havAz/eCpG)
{T*(I+l,t2)-T

I+1,t2)}+(4thz/eC ){TG(I+1,t2)-Tw(I+1,t2)}] (26)

G( PGdI

The heat balance for the elemental section of tube wall, Eq. (15)
is
2 2
9T, (I1+1,t)/3t = {4hyd /0 Corld -d7) Hr (I+1,8) -7 (I+1,t)}
2 2
~{4hpd /o Cop(di-d) Hr (I+1,8)-1,} (z7)
Again second order interpolation followed by integration can be used,
and Eq. (27) is then
Tw(1+1,t2) = [Tw(1+l,t1)

B{YT(I+1, 1)) - (Y+YR) T, (T+1,£ )+ (1-B) YT (141, t)) #y, T, 1/

{1+(1-B)(Y+YR)} (28)
where
Y = 4dItht/{pTCPT(d§-d§)} (29)
2 2
Yg = 4dohRAt/{pTCPT(do-dI)} (30)

From the stability analysis (72), it was shown that computations are

unconditionally stable if B £ 1/2. So for convenience, we can set

B=0 (31)
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and define the normalized temperatures

TG(I+1,t,) = {TG(I+1,t2)-TI}/TI (32)
TW(I+1,t,) = {Tw(1+1,t2)-TI}/TI (33)
TA = (T,-T[)/14 _ | (34)
UT(t,,1) = {t(t,,1)-1;}/1; (35)

Finally, Eq. (28) is reduced to
TW(I+1,t)) = {TW(1+1,t1)+y~TG(1+1,t2)+yR-TA}/(1+Y+YR) (36)

The Tw(I+1,t2) in Eq. (26) is eliminated by means of Eq. (28). The
resulting equation produces a result solvable for TG(I+1,t2) via the

simplifying relations (29)-(36) as follows
TG(I+1,t2) = QB+QA-UT(t2,1) (37)

where

QA 1/[(ECPG/haVAt){pG(I+1,t1)+(At/Az)G(I,t2)}+1

+ah (1+yp)/{ha d (1+y+yp)}] (38)

QB QA[(ECPG/haVAt){P/ﬁIi-pG(I+1,t1)+(At/Az)G(I,t2)TG(I,t2)}

+4hw{TW(I+l,tl)+YR°TA}/{hanI(l+Y+YR)}] (39)

Having TG(I+1,t2) in hand, we can calculate pG(I+1,t2) from the gas

law, i.e.

pG(I+1,t2) = P/§316(1+1,t2) (40)



https://At/Az)G(I,t2)TG(I.t2
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The G(I+1,t2) can be calculated from Eq. (23) and so on, thus
G(I+1,t,) = [G(I,tz){TG(I,tz)+1}+(haVAz/€CPG){UT(t2,1)-
TG(I+1,t2)}-(oavAz/e){TG(I+1,t2)+1}J*(I+1,t2)]

J{TG(I+1,t,)+1} (41)

5)

The solute gas mass balance, Eq. (3), can be rearranged to '

8CG(I+1,t)/8t = (l/Az){v(I,t)CG(I,t)-v(I+1,t)CG(I+1,t)}

-(oav/e)J*(I+1,t) (42)
If we define a mole fraction, Y, such that
Y = Co/pg = P/P; (43)
then, Eq. (42) can be rewritten as

pG(I+1,tZ)Y(I+1,t2)-pG(I+1,tl)Y(I+1,t1)
= B(At/Az){G(I,tl)Y(I,tl)-G(I+1,tl)Y(I+1,tl)-(oavAz/e)
J*(I+l,t1)}+(1-B)(At/Az){G(I,tz)Y(I,tz)-G(I+1,t2)Y(I+1,t2)

-(oaVAz/e)J*(I+1,t2)} (44)
For 8 = 0, Eq. (44) can be solved for Y(I+1,t2) as follow

Y(I+1,t2) = {(Az/At)pG(I+1,tl)Y(I+1,tl)+G(I,t2)Y(I,t2)-(OavAz/e)

J*(1+1,t,) 1/ {(82/Bt) pg (1+1,t,)+G(1+1,t,) } (45)
The mass transfer rate equation, Eq. (7), is

J*(1+1,t,) = kG{pG(I+1,tz)Y(I+l,t2)-C;(I+1.tz)}/{l-Y(I*l:tz)} (46)
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This can be solved for C;(I+1,t2) thus
C;(I+1,t2) = pg(I41, )Y (141, £,)-{1-¥ (I+1,£ ) ¥ (14,8 /kg (47)
The granule-gas interface thermal balance is
(1-EF)AoJ* = h(T*-TG)+k(3T/3r)r - R (48)
The granule-gas interface equilibrium relation in general is
C* = C*(P*,1*) (49)

The granule equation for continuity of heat around the granule, as shown

in Figure 1 (page 25), is

chprc/at = BJT/8r+(Z/r)JT+AEF{o(3CC/8t)+(1-0)(BCd/at)} (50)
where

JT = k(BTC/ar) (51)

and Tq = T, because thermal diffusivity, o = k/pCP is large. Then JT

can be eliminated between Eq. (50) and (51), thus

ot /ot = a{azrc/8r2+(2/r)(aTc/ar)}

+(AEF/pCp){O(BCC/Bt)+(1-O)(8Cd/8t)} (52)

The continuous phase mass balance for an increment of granule shown in

Figures 1 and 2 is

3Cc/3t = {8J0/8r+(2/r)Jc}-{(1-0)/0}(BCd/Bt) (53)
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where if we include thermal as well as Fickian diffusion

J, = D{3C/dr+8(dt/91) } ' (54)

and
(55)
§ = -(BC/BT)Jc = 0

Since the sorption therm is

C = C(P,T1) (56)
and

dC = (3C/9P)_dP+(3C/dT) pdt (57)
then

J, = D(BC/BP)T[8P/3r+(3T/3r){6+(8C/31)p}/(3C/8P)T] (58)

Pollock (132) showed from his experiments that

{8+(3c/31) )}/ (3C/3P)_ = 0 | (59)

So

JC = D(BC/BP)T(BP/Br) (60)

and the term D(8C/8P)T is the so-called permeability, PE. The dispersed

phase equation for continuity of mass is taken to be

2
3C,/8t = (15 D4/R) (C-Cy) (61)

This was taken from literature (70) and it is assumed to apply here

because we do not have any information of the dispersed phase.
In addition to the above equations, we must also specify the

initial and boundary conditions such as, for example
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{ar(r,t)/ar}r=o =0 (62)
{BC(r,t)/ar}r=° =0 (63)
T(r,0) = constant (64)
C(r,0) = constant . (65)
(I e = J* (66)
If we use the Euler chain rule
BCd/at = (BC/BP)T(BPd/at)+(3C/3T)p(ard/3t) (67)
and .
dC = (ac/aP)TdP+(8C/BT)pdT (68)
or
AC = (3C/3P)TAP+(3C/3T]pAT (69)
or
C-Cd = (3C/3P)T(P-Pd)+(3C/3T)P(T-Td) (70)

If « is large then T, = T, and the rate equation for dispersed phase,

d
Eq. (61), may be written

3C,/dt = (3C/3P)_(BP/3t)+(3C/3r) ,(dT/3t)
2 .
= (15 D/RY) (3C/ 3P, _(P-P ) (71)
or
8P /3t = (15 Dd/Ri)(P-Pd)-{(BC/QT)P/(BC/BP)T}(ar/at) (72)

If we define

TE = «(3C/31)p . (73)



DP = PF-PI

and adopt the normalized notations

UT = (r/R){(T-Ti)/TI}
upP = (r/R){(P-PI)/DP}
UPD = (r/R){(Pd-PI)/DP}

Eq. (72) can be written
SUPD/3t = (15 Dd/Ri)(UP-UPD)-{(TE-D-TI)/(PE'Q-DP)}(BUT/Bt)
and the finite difference form used here is

UPD(t.,,K) -UPD(t ,K) = (IS-Dd°At/Ri){UP(t2,K)—UPD(tz,K)}

38

(74)

(75)

(76)

(77)

(78)

-{(TE(K)-D(K)~TI)/(PE(t2,K)-a-DP)}{UT(tz,K)'

UT(t,,K)}
For convenience we can define
PHID = 15'Dd'At/Ri = 15'EF1'D(K)°At/R2
DELUT (K) = UT(t,,K)-UT(t,K)
W06 = TE(K)*D(K)/(PE(t,,K)0)
Eq. (79) can be solved for UPD(tz,K), thus

UPD(tz,K) = {UPD(tl,K)+PHID°UP(t2,K)-WO6°T «DELUT(K) /DP}/

I

(1+PHID)

(79)

(80)

(81)

(82)

(83)
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To accommodate rapid changes at the surface of granule without
drastic increases in N, where N is the total number of segments, we
divide r into NS AS and then we subdivide NA of NS AS into NR Ar as
shown in Figure 2 (page 25). At the interface let us define our model in
such a way that the results will apply either side of the interface as
shown in Figure 5. |

Then for the granule thermal balance or mass balance, the
BZU(t,r)/Br2 term can be finite differenced using the central difference

procedure in such a way that the Ar is positive thus

92U(t,r)/3r% = 3(dU/Ar)/3r = A(AU/AT)/br
= A[{U(t,r+(Ax)2/2)-U(t,r-(Ax)z/Z)}/
{r+(8x),/2-(x-(8%) ,/2) }]/{x+(8x) ,/2

- (r- (8x) / 2)} (84)
- A{U(t,r+(Ax)2/2)-U(t,r-(Ax)2/2)}/(Ax)zz (85)

= [U(t:r"' (Ax)z)-U(t,r)-{U(ti,r) 'U(t,r' (Ax)z)}]/

(4, (86)

Using linear interpolation as shown in Figure 6

u(t,-(8x),) = U(t,r)-{(Ax)z/(Ax)l}{U(t,r)-U(t,r-(Ax)l)} (87)
and then
22U(t,7)/3r% = [U(t,+(8),)-2:U(t,r)+U(t, 1)~ {(Ax) ,/ (4) | }

(U, 1)-U(t, 7 (4x) 3]/ (A% ,° B



Figure 5.

Interface between Ar and As inside
the Granule.

r+(Ax)2 S, e

40



|
u(t,r) |

LUt 1 (450,/2)

U(t,r-(8x),)

N

U(t,r-(8x),)

|
|
[
|
|
|
|
|
l
i
[
|
|
|
|

(8xY572
(Ax)

(Bx),

Figure 6. Linear Interpolation of U(t,r-(Ax)z)
and U(t,r—(Ax)z/Z).



42
- {U(t,K-1)- (1+DX) *U(t, K) +DX-U(t , K+1) }/ (DELX2)®  (89)

where

DX = (Ax)Z/(Ax)1 (20)
DELX2 = (Ax), ‘ (91)

The equation in the form
BU(tZ,K)/at = K{BZU(tZ,K)/arz} - (92)

where K is a constant, can be written into a general finite difference

form for the diffusion equation. Thus

G{K'At/(Ax)22}{DX°U(t2,K+1)-(1+DX)'U(tz,K)

U(t,,K)-U(t,;,K)
+U(t2,K-1)}+(1—6){K-At/(Ax)zz}{DX-U(tl,K+l)
- (1+DX) *U(t |, K) *U(t, K-1)} (93)
where
8 = 0; Schmidt method; stable if Kebt/(Ax),” < 1/2
8 = 1; Von Newmann method; stable for all K°At/(Ax)22

® = 1/2; Crank Nicolson method; stable for all K-At/(Ax)z2

8 = 1/2—1/{12-(K-At/(Ax)22)}; Douglas method; stable for all
K°At/(Ax)22
Eq. (52) may be Qritten
ot /3t = a{azrc/8r2+(2/r)(BTC/Br)}+{A-EF/(p°CP)}
[0{(8C/8P)T(BPc/at)+(3C/3T)p(81c/8t)}

+(1-0)(15'EF1/R2)PE(t2,K)(Pc-Pd)] (94)
or
|
|
\
|
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{1-X+EF+0+TE(K)/k}(3UT/3t)
= o (8%UT/3r%) +{o*A"EF+DP/ (p+Cyet ) HPE(t,,K) /D(K)}

[3UP/8t+D(K) (15+EF1/R*) { (1-0) /o HUP(t,,K) -UPD(t,,K) }]  (95)
If we define

Bl = 1-A+EF*0*TE(K)/k (96)

B2

{o-A'EF°DP/(p-Cp'TI)}{PE(tZ,K)/D(K)} . (97)
The finite difference form of Eq. (95) becomes

B1+{UT(t,,K)-UT(t ,K)}

= B{a-At/ (DELX2)*HDX-UT (t,, K1) - (14DX) “UT (£, K) +U(t,,K-1)}

+(1-6) {0+t / (DELX2)? HDX-UT (t ,K#1) - (1+DX) -UT (£, K) +U (e, K-1)}

+BZ[UP(tZ,K)-UP(tl,K)+PHID{(1-0)/0}{UP(t2,K)-UPD(tz,K)}] (98)
If we define

BETA = 2+ (DELX2)?/(aAt) (99)
Eq. (98) can be rearranged to read

-(Z'S'DX/BETA)'UT(tz,K+1)+{B1+2-9'(1+DX)/BETA}-UT(t2,K)

- (2+6/BETA) *UT(t,,,K-1) = DE (100)

where
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DE = {2'(1-6)-DX/BETA}'UT(tl,K+1)-{2'(1-6)-(1+DX)/BETA-BI}
'UT(tl,K)+{2°(1-9)/BETA}'UT(tl,K-1)+BZ-[UP(tZ,K)-UP(tl,K)
+PHID-{(1-0)/0}{UP(t2,K)—UPD(tz,K)}] (101)

The Thomas algorithm may be developed from Eq. (100) by first

defining

UT(t,,K-1) = BE(K-1)-UT(t,,K)+GE(K-1) (102)
2 2

thus

-(Z'G'DX/BETA)°UT(t2,K+1)+{Bl+2'9°(1+DX)/BETA42'6?BE(K—1)/

BETA}'UT(tZ,K) = DE+2+6+GE(K-1)/BETA (103)
Then

BE(K) = 2+8+DX/{B1+BETA+2+0¢«(1+DX)-2+6°BE(K-1)} (104)

GE(K) = {DE*BETA+20+GE(K-1)}/{Bl1+BETA+2+8+(1+DX)

-2+0+BE(K-1)} (105)

These formulas can be applied anywhere in the granule by setting (Ax)2

and (Ax)l. If

A

{K- (NA*NR+1)} < 0; (Ax)2 (Ax)1 = Ar

0; (Ax)2 Ar and (Ax)l = As

v

0; (Ax)2 = (Ax)1 = As



The granule-gas interface thermal balance, Eq. (48), is

(k/h'Ar){UT(tz,1)-(YT/RN)-UT(tZ,Z)}

= TG(1+1,t2)-UT(t2,1)+{(1-EF)-A-c/(h-rIJ}J*(I+1,t2)

I1f we define

YY = (YT-1)/YT = RN/YT

A2 = k/h

then

TG(I+1,t2) = {(A2/Ar)+1}'UT(tZ,1)—{A2/(Ar'YY)}°UT(t2,2)

-{(1-EF)*A+0/ (h-T ) }J* (I+1,t,)
By using Eq. (37), TG(I+1,t2) can be eliminated thus

UT(tz,l) = [{AZ/(YY'Ar)}'UT(t2,2)+QB+{(1-EF)'A°o/(h°TI)}

J*(I+1,t2)]/(1+A2/Ar-QA)

By comparing this with Eq. (102), we see that

BE(1) = {A2/(YY+Ar)}/ (1+A2/Ar-QA)

GE(1) = [QB+{(1-EF)'A-G/(h-TI)}J*(I+1,t2)]/(1+A2/Ar-QA)
or

BE(1) = 1/{(RN/YT) (DB1-P8+1+DB2)}

GE(1) = [DBI-(AP+BB6)+DB3'TW(I+1,t1)-hw/h+{Ar-(1-EF)-A-o/

‘ (k-TI)}°J*(I+1,t2)]/(DBl~P8+1+DB2)

45

(106)

(107)

(108)

(109)

(110)

(111)

(112)

(113)

(114)
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where
DBl = P7+Ar/(A2+P9) (115)
DB2 = (y+1)+hy*P10+Ar/ (A2+P9+h) (116)
DB3 = PlO-Ar/(A2°P9) ’ (117)
P7 = €+Cpy/ (hea +At) (118)
P8 = p,(I+1,t,)+G(I,t,)/(8z/At) (119)
P10 = 4/{a ~d  (L+y+yp)) (120)
P9 = P7:P8+1+P10- (y+1) *hy/h (121)
AP = P/(§3TI)-pG(I+1,t1) (122)
BB6 = G(I,t,)TG(I,t,)/(Az/At) | (123)
also

1/P9 (124)

(P7/P9)(AP+BB6)+(P10/P9)'TW(I+1,t1)'hw/h (125)

BCC/Bt = 8D(8C/3P)T(BPC/Br)/8r+(Z/r)D(BC/BP)T(QPC/Br)

-{(1-0)/0}(15-Dd/Rd2)(SC/aP)T(P-Pd) (126)
If we define

|

|

| QA
QB
The continuous phase equation for continuity of mass, Eq. (53), is
PC = (PC-PI)/DP (127)




and use

P

T
c

L= (P4-P[)/DP
(Tc'TI)/TI

the Euler chain rule for the SCC/Bt, Eq. (126) becomes

(ac/aP)T(a$;/at)+(aC/ar)p(rI/Dp)(a?;/at)

= {aD(aC/ap)T(aﬁg/ar)/ar+(2/r)-D-(aC/aP)T(aﬁé/ar)}
| —{(1-0)/0}(15-Dd/R§)(aC/aP)T(ﬁ;-ﬁa)
- (1/r2){aD(aC/ap)Trz(35;/ar)/ar}

, 5 L
-{(l-c)/c}(15°Dd/Rd)(BC/BP)T(PC-Pd)

From the definition of UP, Eq. (76), we have

Then

5@ = (R/r)*UP

9P /or = R{- (1/1%) *UP+(1/7) (3UP/31) }

(l/rz){BD(BC/BP)TrZ(Bﬁé/ar)/ar}

(l/rz){BPE(t,r)rz(aﬁe/ar)/ar}
(R/T2) [PE(t,T) {-UP(t, 1) +TdUP(t,r)/3r}/3r]

(R/r) [(1/7r){-3PE(t,T)UP(t,T)/dr+PE(t,r)dUP(t,1)/0T}

+dPE(t,){3UP(t,r)/3r /3r]

(R/1) [{-APE(t,T)UP(t,1)+PE(t,r)AUP(t,T)}/TAr

+APE(t,r)AU§(t,r)/(Ar)2]

47

(128)

(129)

(130)

(131)

(132)

(133)

(134)

(135)

(136)

37
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In implementing the central difference procedure we choose
r+(Ax)2/2 and r-(Ax)z/Z because (Ax)2 < (Ax)l, and so the quantities
PE(t,r-(Ax)z/Z), UP(t,r-(Ax)Z/Z), PE(t,r-(Ax)z), and UP(t,r-(Ax)z) can be

linearly interpolated in the (Ax)1 interval, as shown in Figure 6, page 41l.
{UP(t,r)-UP(t,r-(Ax)z/Z)}/{(Ax)z/Z} = {UP(t,T)
-UP(t,r~(AX)1)}/(AX)1 ' (138)

and

{UP(t,r)-UP(t,r-(Ax)z)}/(Ax)2 = {UP(t,r)—UP(t,r—(Ax)l)}/(Ax)1

(139)
We can also linearly interpolate PE and write a similar pair of
.formulas. Thus
UP(t,1-(8x),/2) = UP(t,r)-{(Ax)Z/Z(Ax)l}{UP(t,r)-
UP(t,r-(Ax)l)} (140)
= [1-{(Ax)2/2(Ax)1}]-UP(t,r)+{(Ax)2/2(Ax)l}
-UP(t,r-(Ax)l) (141)
UP(t,r-(8x),) = [1-{(Ax)2/(Ax)1}]°UP(t,r)+{(Ax)2/(Ax)1}
°UP(t,r-(Ax)1) (142)
PE(t, - (8x),/2) = [1-{(Ax)2/2(Ax)1}]’PE(t,r)+{(Ax)2/2(Ax)1}
“PE(t,T-(4x);) (143)

PE(t,r-(8x),) = [1-{(Ax),/(8x),}]-PE(t, 1) +{(Bx),/ (8x),}

*PE(t,1-(Ax),) (144)
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Then Eq. (137) can be written
(1/x%){aD(3c/oP)_1* (3F /31) /1)
= (R/1) H[ -{PE(t,r+(Ax)2)+PE(t,r)}{UP(t{r+(Ax)2)+Ué(t,r)}/
{ar(ax),}+ H:[1-{(Ax)z/Z(Ax)l}]PE(t,r)+{(Ax)z/Z(Ax)l}
PE(t,r-(Ax)liH ﬂ:[1-{(Ax)2/2(Ax)1}]UP(t,r)+{(Ax)z/Z(Ax)l}
UP(t,r-(Ax)l)] /{r(ax) ,} + {PE(t,)/T(8x),) ﬂ}1/z)
{UP(t,r+(Ax),)+UP(t, )} - [[1-{(Ax)2/2(Ax)1}]UP(t,r)
+{(8x) /2 (Ax)l}UP(t,r—(Ax)l)]:H + {PE(t,r+(8x),)+PE(t, 1)}
{UP(t, 7+ (8x),) -UP (t, 1) }/{2 (&), °} - H:[l-{(Ax)Z/Z(Ax)l}]
PE(t,1)+{(8x) ,/2(Ax),} PE(t,T- (X)) ]][[Up(t,r)-[[l-

{(8%),/ (8x)  }IUP(t, 1) -{ (8X) ,/ () | JUP (¢, - (8%) 1)] ]]/ (Ax)zzm

(145)
If we define
SDX = 1-(Ax),/ (bx), (146)
SDXZ = 1-(Ax),/2(Ax), (147)
DELX1 = (Ax), (148)

DX2 = (L\J()Z/Z(Ax)1 ' (149)
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Eq. (145) can be written

(1/x%){3D(aC/ 2P) _x* (3F /ar)/ 31}
= (R/r)[}{PE(t,K—1)+PE(t,K)}{UP(t,K-l)+UP(t,K)}/{4r(Ax)2}
+{SDX2+PE(t,K)+DX2 +PE (t , K+1) } {SDX2+UP (t , K) +DX2 *UP (t , K+1) }/
{r(Ax)2}+{PE(t,K)/Zr(Ax)z}{UP(t,x-l)-snx-up(t,K)-on |

UP(t,K+1)}+{PE(t,K—1)+PE(t,K)}{UP(t,K-l)-UP(t,K)}/{Z(Ax)zz}

-{SDXZ°PE(t,K)+DX2'PE(t,K+1)}°DX-{UP(t,K)-UP(t,K+1)}/(Ax)zz]

(150)
or
={R/r(Ax)22}{AAP(t)-UP(t,K+1)-BBP(t)-UP(t,K)+CCP(t)~UP(t,K-1)}
(151)
where
AAP(t) = (DX2+DELX2/r+DX){SDX2+PE(t,K)+DX2+PE(t,K+1)}
-PE(t,K) *DX*DELX2/2r (152)
BBP(t) = (DELX2/4r+1/2){PE(t,K-1)+PE(t,K)}+(DX-DELX2+SDX2/T)
{SDX2 *PE(t,K) +DX2*PE(t,K+1) }+(SDX+DELX2/2r)PE(t,K)  (153)
CCP(t) = (1/2-DELX2/4r){PE(t,K-1)+PE(t,K)}+(DELX2/2r)PE(t,K) (154)

If we assume

PE(t,K+1) = PE(t,K) = PE(t,K-1) (155)

the coefficients reduce to

AAP(t) = DX-.PE(t,K) ' (156)
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BBP(t) = (1+DX)*PE(t,K) (157)
CCP(t) = PE(t,K) (158)

and if we replace PE with o this is applicable to Eq. (95) as well.

The finite difference equivalent of Eq. (131) is
(aC/aP)T{up(tz,K)-up(tl,K)}+(aC/ar)P(TI/DP){Ur(tz,K)QUT(tl,K)}
- {G'At/(Ax)zz}{AAP(tz)-UP(tZ,K+1)-BBP(t2)-UP(tz,K)
+CCP(t2)°UP(t2,K-1)}+{(l-e)At/(Ax)zz}{AAP(tl)'

UP(tl,K+1)-BBP(t1)-UP(tl,K)+CCP(t1)-UP(tl,K-l)}-{(l-c)/c}

(15+EF1+D(K) *At/R%) (3C/ 3P)_{UP(t,,K)-UPD(t,,K)} (159)

If we define
DEN = (Ax),%+PE(t,,K)/{6-D(K) -At} (160)
DIN = (Ax),”+PE(t,,K)/{(1-6) *D(K) *At} (161)
PHID1 = PHID/ (1+PHID) 162
W02 = (1-0)/0 (163)

Then Eq. (159) may be written as

{UP(tz,K)-UP(tl,K)}+W06-TI-DELUT(K)/DP
= (1/DEN){AAP(t,) *UP(t,,K+1)~BBP(t,) *UP(t,,K) +CCP(t,) "

UP(tZ,K—l)}+(1/DIN){AAP(t1)'UP(tl,K+1)-BBP(t1)°UP(t1,K)



+—————j
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+CCP(t1)~UP(t1,K-l)}-WOZ-PHIDl{UP(tZ,K)-UPD(tIK)
+WO6~TI-DELUT(K)/DP} (164)

or
-AAP(tZ)°UP(t2,K+l)/DﬁN+{1+BBP(t2)/DEN+W02-PHIDl}'UP(tZ,K)
-CCP(tz)'UP(tZ,K-l)/DEN = DE (165)
where

DE = AAP(;Q-UP(tl,K+1)-{BBP(tl)-DIN}-UP(tl,K)+CCP(t1)-UP(tl,K-l)

- {06 +T  *DELUT (K) /DP} (1+HO2 + PHIDL) +HO2+ PHID1 -UPD(t  ,K)  (166)
Using the Thomas equation
UP(t,,K-1) = BE(K-1)*UP(t,,K) +GE(K-1) (167)
We can eliminate UP(tZ,K-l) from Eq. (165), thus

DIVP-UP(tz,K) = AAP(tz)-UP(tz,K+1)+DE'DEN+CCP(t2)-GE(K-l) (168)
where

DIVP = DEN+BBP(t2)+DEN-W02-PHIDI (169)
and then by comparison with Eq. (102), we see that

BE (K)

AAP(tz)/DIVP (170)

GE(K) = {DEDEN+CCP(t,)*GE(K-1)}/DIVP (171)

For Crank-Nicolson's method 6 = 1/2. The above equations can be

used anywhere inside the granule by setting (Ax)2 and (Ax)l.
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If

{K- (NA*NR+1)}

A
o
-

; (Ax)2 = (Ax)1 = Ar

= 0; (Ax)2 Ar and (Ax)l = As

>0; (Ax)2 = (Ax)1 = As
Eq. (24) can be written (B = O, as described by Eq. (31)).

(Az/At)pG(I+1,t2)+G(I+1,t2) = (Az/At)pG(I+1,t1)+G(I,t2)

-(GavAz/e)J*(I+l,t2) (172)
and Eq. (45) can be written
. Y(I+1,t2){(Az/At)pG(I+1,t2)+G(I+1,tz)}
= (Az/At)pG(I+1,tl)Y(I+1,t1)+G(I,t2)Y(I,t2)
-(oavAz/s)J*(I+1,t2) (173)
Eq. (173) can be replaced by Eq. (172), thus
Y(I+1,t2){(Az/At)pG(I+1,t1)+G(I,t2)-(oavAz/e)J*(I+l,t2)}
= (Az/At)p(I+1,t,)Y(I+1,t,)+G(1,t,)Y(I,t,)
—(cavAz/e)J*(I+1,t2) (174)
If we define
Q3 = (Az/At)pG(I+1,t1)+G(I,t2) (175)
M = (Az/At)pG(I+1,tl)Y(I+1,t1)+G(I,t2)Y(I,t2) (176)
and A3 = oavAz/e (177)




Then

Y(I+1,t,) = {Q4-A3-J*(I+l,t2)}/{Q3-A3-J*(I+1,t2)}
-and

1-Y(I+1,t2)=(Q3-Q4)/{Q3-A3-J*(I+l,tz)}
Eq. (43) can be written
*
CG(I+1,t2) = pG(I+l,t2){DP-UP(t2,1)+PI}/PT
If we replace Eq. (46) by Eq. (180), we have

J*(I+l,t2){l-Y(I+1,t2)}/{k (I+l,t2)}-Y(I+1,t2)

e
= -(DP/Py) *UP(t,,1)-P /P,

or

{Qs+J*(1+1,t,)-Q4}/{A3-J*(1+1,t,)-Q3}
= (DP/PT)-UP(t2,1)+PI/PT
where

Q5 = (Q3-Q4)/{kgp (I+1,t,)}+A3
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(178)

(179)

(180)

(181)

(182)

(183)

If we divide the left-hand side term of Eq. (182) mathematically, we

will have

{Qs-J*(1+1,t,)-Q4}/{A3-J*(I+1,t,)-Q3}

= QS/A3+{(QS'QS/AS-Q4)/A3}/{J*(I+l,t2)-Q3/A3} (184)

and we can approximate 1/{J*(I+1,t2)-Q3/A3} by



1/{J*(I+1,t2)-Q3/A3} -A3/Q3-(AS/QB)ZJ*(I+1,t2)

-(A3/Q3)3{J*(1+1,t2)}2- ......

-A3/Q3{1+CF(A3/Q3)J*(1+1,t2)}

where

CF

[—1+1/{1-(A3/Q3)J*(I+1,t2)}]/{(AS/QS)J*(I+l,t2)}

1/{1- (A3/Q3)J*(1+1,t,)}
Then Eq. (182) becomes
Q4/Q3- (CF/Q3) (Q5-Q4+A3/Q3)J* (I+1,t,)

= (DP/PT)°UP(t2,1)+PI/PT

or

J*(I+1,t,) = {Q4-(Q3/PT)(DP-UP(tz,1)+PI)}/{CF(QS-Q4-A3/Q3)}
Also, Eq. (60) can be written

J*(I+1,t

2) = PE(tz,l)(DP/Ar){UP(tZ,l)-YT°UP(t2,2)/RN}

If we replace Eq. (188) by Eq. (190), we will have
Q6{UP(t2,1)-(YT/RN)UP(t2;2)}+(DP/PT)UP(t2,1) = Q4/Q3-PI/PT

where
Q6 = (CF/Q3) (Q5-Q4°A3/Q3) (DP/Ar)PE(t,,1)

or
UP(t,,1) = {QG/(Q6+DP/PT)}(YN/RN)UP(tZ,Z)

+{(Q4/Q3) - (P /P,) }/1Q6+DP/P, )
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(185)

(186)

(187)

(188)

(189)

(190)

(191)

(192)

(193)
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So that
BE(1) = (Q6°YT)/{RN(Q6+DP/PT)} (194)
GE(1) = (Q4/Q3-PI/PT)/(Q6+DP/PT) (195)

| In the program J*(I+1,t2) in Eq. (189) is called CQ and in Eq. (190)

is called YJST.
order to speed the program up for large values of time. He defined the
larger value of time limitation by the dimensionless relation
2
D«t/R” > 0.101 : (196)

Dr. Jury developed the following long-time calculation equations in
The details of this relation can be read from literature (70).
The continuous phase thermal accumulation rate is
at /ot = (1s-a/R2)(r*-rc)+{3oo-EF-x/(p-cp-R)}J* (197)
|
|
|

which can be finite differenced to

TC(I+l,t2) = [TC(I+l,tl)+15-a-At~T*(I+1,tz)/R2+{3-o-EF~A-At/

(p-Cp'R)}J*(I+1,t2)]/(1+15'0c'At/R2) (198)
The gas film heat transfer equation is
o(1-EF)AJ* = h(T*—TG)+(5°a'p‘Cp/R)(T*—Tc) (199)

We can eliminate T of Eq. (199) by using Eq. (198) thus
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0(1-EF)AJ*(I+1,t,) = ~het I+1,t2)+{h+(5-a-p°Cp/R)/

G(
(1+15-a°At/R2)}T*(I+1,tz)-{(5°a-p°Cp/R)/(1+15-a-At/R2)}

TC(I+1,t1)-{(ls-a-At/Rz)/(1+15-a-At/R2)}'G-EF-A-J*(I+1,t2)

(200)
If we define
A4 = 15-At/R? (201)
A7 = 5°a-p'Cp/R (202)
A8 = (1-EF)A (203)
A9 = Ad-q X (204)
W02 = (1-0)/0 (205)
W03 = 3<At/R (206)
W04 = 1+A9 (207)
WO7 = o(A8+A9+A+EF/W04) ‘ (208)
WO = h/W07 (209)
Wl = (h+A7/WO04)/WO7 (210)
W2 = {A7°TC(I+1,t1)/W04}/W07 (211)
Eq. (200) can be written
J*(I+1,t,) = WLeT*(I+1,t,)-WO-T (I+1,t,)-W2 (212)

The granule continuous phase mass balance is

2 *
acc/at = (15-D/R )(aC/BP)T(Pc-PC)-{(1-0)/0}(BCd/at) (213)
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The dispersed phase material balance Eq. (71) can be used to eliminate
BCd/at from Eq. (213) and the result can be written in pressure/

temperature form thus
(3C/3P)T(ch/at)+(3C/8T)P(3Tc/3t)

2 ' N . 2
= (15°D/R )(8C/3P)T(P -Pc)—{(l—o)/c}(ls Dd/Rd)

(3C/3P) (P _-Py) (214)
Eq. (197) can be used to eliminate BTC/Bt thus
9P /3t = -(BC/BT)P/(BC/BP)T[(ls-a/Rz)(T*-TC)+{3-0-EF-A/(p-Cp-R)}
2 2
J*]+(15-D/R )(P*-Pc)-{(1-0)/0}(15-Dd/Rd)(Pc-Pd) (215)
The finite difference form of this equation is

P (I+1,t,) = Pc(I+1,t1)-WO6[A9{T*(I+1,t2)~TC(I+1,t2)}

-{o-EF-A-wos/(p-cp)}J*(1+1,t2)]+A4-D(1){P*(1+1,t2)

-PC(I+1,t2)}-W02~W01{Pc(1+1,t2)—Pd(I+1,t2)} (216)
where
2
WOl = 15-Dd-At/Rd ‘ (217)
| W06 = (BC/BT)p/(Bc/aP)T = TE<D/ (PE-0) (218)

| Eq. (71) may be written

(3C/3P) _ (3P4/3t) +(3C/3T) (31 4/3t) = (IS-Dd/Ri)(BC/BP)T(PC-Pd)
(219)



59

and we can use Eq. (197) to eliminate ardlat which is equal to arc/at

thus

9P, /3t = - (3C/1) o/ (3C/3P) _[(15+0/R%) (1*-T ) +{3+0+EF+}/

2
(p Cp R)}J*]+(15-D /RY) (P-P ) (220)
The finite difference equivalent of this is

P,(I+1,t,) = [[Pd(1+1,t1)+W01-PC(I+1,t2)-WO6[A9{T*(I+1,t2)-

TC(I+1,t2)}+{0-EF'A-W03/(p'Cp)}J*(I+1,t2){ﬂ/(l+W01)

(221)
This can be used to eliminate Pd(I+1,t2) in Eq. (216) thus
{1+A4-D(1)-WWO}PC(I+1,t2)
= P_(I+1,t,)+WWO+P,(I+1,t,)+A4-D(1) *P*(I+1,t,)
-{o-EF-A-wos-wos-(1+ww0)/(p-cp)}J*(I+1,t2)
-w06-A9(1+WWO){T*(I+1,t2)-TC(I+1,t2)} (222)
where
WWO = WO2°WO1/ (1+WO1) (223)

Eq. (198) can be used to eliminate TC(I+1,t2) from Eq. (222) thus

{1+A4-D(1)+WW0}PC(I+1,t2)

P.(I+1,t,)+WHO+P (I+1,t )+A4+D(1) +P*(I+1,t,)-{0+EF+A+HO3
wos-(1+wwoy%p-cp-wo4)}J*(1+1,t2)-{w06-A9-(1+ww0)/wo4}

T*(I+1,t2)+{WO6'A9'(1+WW0)/W04}TC(I+l,t1) (224)
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If we define

WOS = 1+A4+D(1)+WWO ’ (225)
WW1 = WO6+A9+ (1+WWO)/ (WO4 +WOS) (226)
WNZ = [P_(I+1,t )+WNO P (I+1,t ) +{H06+A9 + (1+KWO)/WO4}

| T_(1+1,t,)]/W05 C@2n
WH3 = o+EF+X-HO3+HO06+ (1+WHO) / (p*Cp,*HO4+HOS) (228)
WWA = A4+D(1)/WOS (229)

then

P_(I+1,t,) = WN4+P¥(I+1,t,)-HWL-T*(I+1,t,) +HW2-WN3+J* (I+1,t,)

(230)
The granule continuous phase mass balance may be written
acc/at = (3/R)J*-{(1-0)/0}(3Cd/8t) (231)
When compared with Eq. (213), we have
J*(I+1,t2) = (S-D/R)(BC/BP)T{P*(I+1,t2)-PC(I+1,t2)} (232)

We can eliminate PC(I+1,t2) by using Eq. (230) thus

[R/{S-D(l)}-(BC/GP)TWWS]J*(I+1,t2)

= (3C/3P) _(1-WW4)P* (I+1,t,)+(3C/3P) WL +T*(I+1,1,)

- (3C/3P) WW2 (233)



If we define

W5

W3

W4

W6

Then

J*(L+1,t,) = W3+P*(I+1,t,)+W4-T*(I+1,t,)-H6

Eq.

n

R/{5°D(1)}-(3C/dP) W3
(3C/3P)_(1-WW4) /WS
(3C/3P) WW1/WS

(BC/SP)TWWZ/WS

(37) can be written

T*(I+1,t,) = {TG(I+l,t2)—TI(1+QB-QA)}/QA

which can be used to eliminate T*(I+l,t2) from Eq. (238) thus
J*(I+1,t2) = ws-P*(I+1,t2)+w4{TG(I+1,t2)-TI(1+QB-QA)}/QA-W6

Also, T*(I+l,t2) in Eq. (151) can be eliminated by Eq. (239) thus

J*(I+1,t,) = (W1/QA-WO)T (I+1,t,)-W9

where

W9 = W2+WLeT *(1+QB-QA)/QA

If we set

W7

Q3 = (Az/bt)pq(I+1,t,)+6(1,t,)
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(234)

(235)

(236)

(237)

(238)

(239)

(240)

(241)

(242)

(243)
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W8 =4 = (Az/At)pG(I+1,tl)Y(I+1,t1)+G(I,t2)Y(I,t2) (244)
Then Eq. (178) can be written

Y(I+1l,t,) = {W8-A3-J*(I+1,t2)}/{W7-A3-J*(I+1,t2)} (245)

2)
We can use ideal gas law, PT = pGRtG, to eliminate pG(I+1,t2) from
Eq. (46) thus
P*(I+1,t,) = PT[Y(I+1,t2)-{R/(kGPT)}TG(I+1,t2){1-Y(I+1,t2)}

J*(I+1,t,)] (246)
which can be used to eliminate P*(I+1,t2) from Eq. (240) thus

J*(I+1,t

;) = ws-PT[Y(1+1,t2)-{§y(kaT)}TG(1+1,t2){1-Y(1+1,t2)}

J*(T+1,t,) 1+ (W4/QA) 1 (1+1,,)-WE-WA+T * |

(1+QB-QA)/QA (247)

From this we can eliminate TG(I+1,t2) by using Eq. (241) thus

- (ReW3/k ) {1-Y (I+1,£,) J* (141, ) J[{I* (141, t)

+W9}/ (W1/QA-WO0) ] (248)

|
J*(I+1,t2) = WS'PT'Y(I+1,t2)-W6—W4'TI'(1+QB-QA)/QA+[W4/QA
Also we can eliminate Y(I+1,t2) by using Eq. (245), thus

J*(I+1,t,) = W3+P_e [{WB-A3-J*(I+1,t,)}/{NT-A3-J*(I+1,t,)}]

2)

—W6—W4'TI°(1+QB-QA)/QA+(W4/QA)[{J*(I+1,t2)


https://R-W3/kg){l-Y(I+l,t2)}J*(I+l,t2)][{J*(I+l.t2

+W9}/ (W1/QA-WO) ] +(§1ws/kG)J*(1+1,t2)

[{J*(1+1,t.)+W9}/ (W1/QA-WO) ] [(-W7+W8)/

2)

{W7-A3°J*(I+1,t2)}]

If we define

W10 = W4 -W9/{(W1/QA-WO)QA}-W6-W4+T *(1+QB-QA)/QA

Wil = (ReW3/k;) (W8-W7)/ (W1/QA-WO)

W12 = W14/ (W1-QA+WO)

W13 = {W7+(PT°W3+W10)-A3-W9-W11-W7-W12}/[2'{W11
+(1-W12) -A3}]

W14 = (W3-PT-ws+w1o-W7)/[{w11+(1-w12)-A3}(w13)2]

Then

J*(1+1,t,) = W13{1-(1-w14) /%)

This completes the theory and its extensions along with the
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(249)

(250)

(251)

- (252)

(253)

(254)

(255)

pertinent finite differencing operations leading to the writing of a

Fortran algorithm for the simultaneous solution of the equations

involved.

The additional limiting conditions not already discussed are rather

obvious. It is necessary for example to describe the initial state of

the bed and gas contained therein, i.e., the initial concentrations and

temperatures must be specified. The concentration, temperature, and
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flow rate of the inlet gas must be specified. The UP and UT variables
must be set equal to zero at the center of the granule. At the
gas-granule interface the temperatures and partial pressures must be
equal and the heat and mass flow rates in the two phases at the
interface must match up.

The diffusion routines remain to be developed and this is done in

the following chapter.



CHAPTER IV
DIFFUSION ROUTINES

From the theory presented in the previous chapter it should be
obvious that D(K), PE(tz,K), and TE(K) must be calculated and these in
turn require the calculation of (QC/BP)T and (BC/BT)P from the sorption
therm. For this purpose we have assembled in Tables II and III all the
earlier pertinent research results obtained here at The University of
Tennessee, Knoxville. These results are taken from various theses and -
other references (77,78,79,80,85,86,87,88). We will be concerned here
only with the results for activated alumina and Linde molecular . |

sieve-4A.

Activated Alumina Diffusion Parameters

In the case of activated alumina
X = (P/PS)T/AE (256)

and it is necessary to have an analytical expression for Ps. The one

given in the steam table (92) for 32°F and above is

PS = {220.88/(1.01325 x 14.696 x 144)}exp(EPA) (257)
where

EPA = 10°%(374.136-TC) SUM/ (TC+273.15) (258)
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SUM = -741.9242-29.721(TD)-11.55286(TD)2-0.8685635(TD)3
+0.1094098(TD)4+0.439993(TD)5+0.2520658(TD)6

+0.05218684 (TD)

TD = 0.65-0.01(TC)

TC

t/1.8-273.161111111111

If we define

Then

and

Let

then

and

1

ZA = 1-(+1) X nx™

1

ZB = 1+(B-1)X-BX""

W = {A+B*X/(1-X)}(ZA/ZB)

5W/3%= [A+B/{ (1-X)ZB}] [ZA/ (1-X) +n (n+1) X" (X-1)

-{X+ZA(B-1-B(n+1)X")}/ZB]

DC1 = 3C/3X = (p/18.01534) (3W/3X)

9P/3C = AE+<P/(DClet*X)

91nP/31nC = C+AE+P/(P+DCleT*X)
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(259)
(260)

(261)

(262)

(263)

(264)

(265)

(266)

(267)

(268)
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From Table III, we can write
PE = cc-rl/z-e'EE/T-6103/p+{AA-11/2-(1-§¥C)}/

(BB-T+1-aAB-P/PT) (269)

D = PE*AE+P/(DC1-T*X) 4 (270)

All the parameters in Table III have to be changed from metric units to

English units such as

|
| AA = 1.952347015D-9 1bmoles-f'c/hr~1b-°R1/2
BB = 2.176666667D-2 1/°R
3 2 0onl/2
CC = 489.5788676 (ft adsorbent) “/1bmolechr+ft- R
EE = 10764.36 °R
B = 0.6785017209 ftadsorbent/lbmole
o = 0.2114 dimensionless
AE = 1335.56922 °R
From the definition of TE, Eq. (73), we can write
TE = ovDCL-(BX/Sr)P (271
We can take logarithm of Eq. (256) thus
InX = (1/AE) (InP - lnPs) (272)

and the derivative form of Eq. (272) is

(1/X)(3X/BT)P = {(lnP/Ps)/AE}-(T/AE)(dlnPs/dT) (273)


https://10764.36

We can take logarithm of Eq. (257), thus

lnPS = 1n{220.88/(1.01325 x 14.696 x 144)}+0.01(374.136

-TC)SUM/ (TC+273.15)
and the derivative form of Eq. (274) is

dlnP_/dt = {-0.01/(Tc+273.15)2 x 1.8}(374.136+273.15)SUM
+{0.01/(TC+273.15)} (374.136-TC) (dSUM/dT)
Also

dSUM/dT = (-0.01/1.8){-29.721-2(11.55286) (TD)-3(0.8685635)
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(274)

(275)

(TD)2+4(0.1094098 (TD)>+5(0.439993) (TD)*+6(0.2520685)

(TD)3+7(0.05218684) (TD) }

If we define

DLPSAT = -dlnPs/dT
aﬁd

DSUM = dSUM/dTt
Then

TE = -a'DCl°X{1n(PS/P)+T'DLPSAT}/AE

Linde Molecular Sieve-4A Diffusion Parameters

From Table II (page 66) we have

X = prohB/T 172

(276)

(277)

(278)

(279)

(280)
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W = A*BeX/(1+B*X)+CeD*X/ (14D*X)
Then

3W/3X = AB/ (1+B+X)2+C-D/ (1+D+X)>

Let

DC1 = 3C/dX = (p/18.01534)(éW/aX)
then

dP/3C = P/ (DCl-X)
and

31nP/31nC = C/(DC1°X)

From Table III (page 67), we can write

-EE/T, (1.§-c)c/P+AA/T1/2

PE = CCre
and

D = PE*P/(DC1*X)

73

(281)

(282)

(283)

(284)

(285)

(286)

(287)

All the parameters in Table III have to be changed from metric units to

English units such as

B = 3.069699154D-9 £e2.orY 2/ 1p

D = 1.491244527D-11 £t2.°R

AA = 1.988713121D-6 Jbmoless ft+°R

CC = 36.84667369 ftadsorbent/hreft
EE = 12589.2 °R

1/2
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1.042796517  £t°/lbmole

™|
I

"

AE = 13516.2 °R

We can take logarithm of Eq. (280), thus

InX = 1nP+AE/T-(1/2)1nT | (288)
and the derivative form of Eq. (288) is

(1/X) (3%/3). = -AE/T2-1/ (2+1) @89
Then, TE from Eq. (271} can be written

TE = -0.*DC1 X+ (0.5+AE/T)/T (290)

In all of the previous calculations the temperature, T, and the
partial pressure, P, are calculated from the reduced temperature, UT,

and the reduced partial pressure, UP, thus

T = {DUM-UT(t,,K)+1}1, (291)
and

P = DUM*UP(t,,K)*DP+P; (292)
where

DUM = NS/(N-K+1) when K 2 NR*NA+l (293)
or

DUM = NS/{NS-NA+(NR*NA-K+1)/NR}  when K < NR+NA+l (294)




CHAPTER V
PROGRAM DEVELOPMENT

In any development, extending over a decade or more, the course
of events tends to become blurred with time and notebooks become so
voluminous that it is a major chore to retrace footsteps of these
events. Thus it was felt that an account should be included in this
thesis in such a way that it is concise and understandable. Another
requirement of such an account is that it take on the form of charts and
not require reading of a lot of textual material in order to comprehend
the overall picture of the development.

It should also be pointed out here that numerous graduate students,
laboratory assistants from both the electronics shop and the machine
shop, and part-time or full-time employees were involved and most of
them have their own records of account, usually in the form of
notebooks, and this also contributes to the difficulty of retracing at
some later date exactly the course of events that transpired at any

particular time in the development.

The overall objectives in this development were to increase the
computational speed to its maximum and to put into the program all the
kinetic details envisioned to satisfy the requirement of satisfactory
fit of the experimental data.

Dr. Jury started the program development on March 16, 1967. This
and subsequent phases of this development are shown in the form of a

flow chart in Figure 7,
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1965-1971

Mattern (113), Edwards (44), and

Horng(61) determined the sorp-

tion therms for Drierite, silica
gel, Florite, activated alumina,

and Linde molecular sieve-4A.

March 16, 1967

Dr. Jury started the program
development using crude
techniques. The first program
was written by this date.

!

August 12, 1967

Dr. Jury revised the program
to use Thomas algorithms in

concentration and temperature
loops which gave a tremendous

Figure 7.

\

improvement.

June 4, 1968

Dr. Jury had investigated (and
submitted to be published) the
solution to the instability
problem (72). Results of the
program were also presented.

!

March 1965-December 1968

Y. W. Kim used Dr. Jury's deck
with his diffusion subroutine
which contained errors and gave
him trouble. He used Mattern's
sorption therm for Drierite
(113) in his diffusion
subroutine.

September 1968-February 2, 1969

Van Brunt found errors in Y. W.
Kim's diffusion subroutine, but
debug was incomplete and
trouble continued.

)

' '

Flow Chart of Program Development.
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June-July 1969

Pollock (130) developed an
operable version of Y. W. Kim's
diffusion subroutine.

June 1969-November 1973

E. K. Kim (94) initiated the
diffusion cell research.

June 1969-March 1974

Berbano (12) successfully
applied explicit temperature
loop to his recuperator
research.

August 1973-December 1976

Pollock completed the diffusion
cell research and the develop-
ment of explicit expressions
for diffusion coefficients in
activated alumina, Florite,
silica gel, Drierite, and

Linde molecular sieve-4A.

=y

May 16-June 23, 1977

The author wrote a program
using the Thomas algorithm to
solve the Douglas finite
difference form of the granule
mass diffusion equations.

July 7, 1977

The author combined all the
foregoing into a much improved
percolation program. The
speed of calculation was also
increased.

Figure 7 (continued)
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September 2, 1977

The concentration loop was

‘| converted to an approximate form

of pressure loop. Emphasis was
shifted to experimental work in

{January 1978,

!

May 29, 1978

The author started to apply the’

program to the experimental
results and found bugs traced
to dimensional inhomogeneities.

78

‘ L

[ |

August 28, 1978

The author's deck used Douglas
finite difference and amplifi-
cation factor, AMPF, with
looping back. Several material
balance checks and periodic
write were added.

September 10, 1978

Dr. Jury converted his deck
totally to high speed. No
looping back with amplifica-
tion factor, but still used
Douglas finite difference.

I

December 11, 1978

The author copied Dr. Jury's
deck because of its high speed
and began to fit data. Nega-
tive partial pressure, PP,
forced the author to increase
the division, K, of UP(1,K) up
to 224. Too long CPU time for
activated alumina was required.

January 21, 1979

Dr. Jury converted his deck to
subdivision of outer shells and
used Crank-Nicolson finite
difference. He ran series of
tests to determine the best NA,

NR and NS.
!

February 21, 1979

Dr. Jury added the internal
heat generation to Thomas
algorithm.

]

Figure 7 (continued)
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l

February 24, 1979

The author copied Dr. Jury deck
because of its faster speed and
added bipore concept because
activated alumina fitting
suggested the need for it.
LMS-4A fitting was OK, but
activated alumina fitting gave
the oscillatory results and
bombed because of the error in
not differentiating saturation
pressure, P_, in the calcula-
tion of TE.” Dr. Jury correc-
ted this error. The fitting
was continued to determine the

"best EF, EF1, and SIG.

April 3, 1979

Dr. Jury converted his long time
solution to include bipore
concept and internal heat
generation,

April 29, 1979

While adding bipore concept to
Thomas algorithm, Dr. Jury
developed a generalized treat-
ment of granule diffusion
equations which does not involve
approximations. He added this
to Thomas algorithm.

J

May 2, 1979

The comparison between the
results of Dr. Jury's deck and
the author's deck showed that
Dr. Jury's shifted a few
minutes to the left of the
concentration curve which is
closer to the experimental
curve.

Dr. Jury continues the research
to determine the best time to
cut in the long time approxi-
mation.

June 11, 1979

All the computer results for
LMS-4A and activated alumina
were completed.

Figure 7 (continued)
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In that which follows we will present a series of flow charts to
illustrate the advances made during the course of program development in
this present work. The starting program is shown in Figure 8. This was
the end product of the original work by Jury, addition of the Drierite
diffusion routine by Y. W. Kim, debug of Kim's routine by Van Brunt and
the XFUN refinement of SUBROUTINE DOG by Pollock. Although the
subroutines and DTSTDR and YJST estimating routines served a useful
purpose in past development work they tended to decrease computational
speed. Thus the objectives of the present work were to eliminate the
temperature loop (T loop), the concentration loop (C loop), and
subroutines if at all possible. By so doing the computational speed
should be substantially increased.

Jury and Berbano (74) had already shown how to eliminate the T
loop in the case of heat recuperation where YJST was absent and so we
carried this the step further to include YJST and thereby eliminated the
T loop.

From prior work and the concurrent work of Pollock it gradually
became obvious that the subroutines and XFUN could be condensed into a
routine which we added directly to the MAIN program. It remained now to
do something about the elimination of the C loop.

A major step in the development was made on September 2, 1977, when
we learned how to replace the concentration, Cl, with the partial
pressure, P, and temperature, t. The remarkable advantage of the
diffusion equation expressed in terms of partial pressure is that at the

interface the chemical potentials, u, of the two phases are equal and if




START
1-28 INPUT DATA

[37-220 PARAMETER CALCULATIONS & SETTING INDICESJes{cALL CAT]

230 D0 2000 II = 1,1
z DO LOQP
[240-330 SETTING INDICES & STARTING CONDITIONEJ
340 DO 1790 J = 2,M
t DO LOOP

[}41-345 SETTING INITIAL CONDlTIONS]

[350-510 TRANSPORT ZONE CONTROL |

['530-560 FIRST ESTIMATION OF YJST AND OTSTOR|

o{562-569 RUN-A-WAY CONTROL]

i

[570—740 BOUNDARY CONDITIONS AND SOLUTION OF BED EQUATION%J

!

743-821 THOMAS ALGORITHM SOLUTION OF EQUATIOM FOR
DIFFUSION UF HEAT IN GRANULES & CALCULATION OF TERR

T LUOP

C Loop

~m——————1823-878 NEW ESTIMATION OF DTSTOR |

822
.LE.

TERR BERR ?

. 4
[879-955 soLuTron oF BED EQUATIONS]

965-1129 THOMAS ALGORITHM SOLUTION OF EQUATION FOR
DIFFUSION OF MASS IN GRANULES & CALCULATION OF CQ
FOR COMPARISON WITH YJST & CALCULATION OF CERR

— —————{1157-1214 NEW ESTIMATION OF YJST]

1156
CERR .LE. ALERR ?

. 4
[1219-1550 outpuT RESULTS]

[1590-1760 TRANSPORT ZONE CONTROL]

1790 CO4TINUE

Figure 8.

2000 CONTINUE

3000 sTOP

TALL B

TALL _DON FUNE6£0N

CALL DOGJes{TURCTION
XFUN

Flow Chart of the Earlier Computer Program.
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the gas is ideal then
P = u°+RT 1n P/Po

and for the same temperature the vapor pressure and partial pressure are
equal. This permits getting from the gas phase into the solid phase

calculation to compute BE(1) and GE(1) in the Thomas relation
UP(tz,l) = BE(l)*UP(t2,2)+GE(1)

and then to start the Thomas algorithm for the UP solution. Because we
know UP(tZ,K) we can calculate P and then X directly without going
through a function, XFUN. The concentration, Cl, and 3C1/3X can also be
calculated directly without using a subroutine BOBCAT (BOB + CAT). A
new diffusion routine was designed in terms of diffusivity, D(K), and
permeability, PE, and was inserted directly in the MAIN program as
statements 1160 and 1200. Constant D(K) and PE which were varied
between 1.D-7 to 1.D-2 were used sometimes to bypass this diffusion
routine during testing of the program.

Emphasis was shifted to experimental work on January 11, 1978. On
May 29, the program was applied to fit Dr. Jury's experimental results
on Drierite (83) and the computer curve was too far left of the
experimental curve. A lot of changes were made until the errors
were found in August 8. Two types of errors were causing the trouble.
The definition of UP that was used to derive the diffusion equations
was wrong, and there were several dimensional inhomogeneities.

On August 15, the diffusion parameter calculations were moved to

between the time incrementing DO loop and the run-a-way control. This
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also speeded the program up because the size of inner DO loop was
reduced. On August 24, the SUMJST, SUMCQ, and SUMGAS statements were
added in order to check the material balance. On August 27, the
run-a-way control was moved down to after bed parameter calculations.
This also speeded the program up. The amplification factor, AMPF, was
added on August 28 to reduce the number of iteration at the start for
each AZ. The flow diagram is shown in Figure 9. Further minor
adjustment had been made until September 12 when the experiment was
Tun.

Between November 20 to December 12, new diffusion routines were
written for Drierite, activated alumina, and Linde molecular sieve-4A
based on Pollock's diffusivities and permeabilities expressions. Test
runs had been made to compare with the experimental results and the
computer results were found to be on the right side of experimental
results.

On December 11, 1978, Dr. Jury's high speed deck with long time
"calculation was duplicated and the new diffusion parameter solutions
were put in for each granule. The flow chart of this program is shown
in Figure 10. It resembles the previous one except that the most inner
loop is now eliminated. A new technique was used deriving the BE(1)
and GE(1) as shown in Chapter III for the solution of granule mass
transfer equations. The latter solution operation was then moved to
precede the solution of granule heat transfer equation, thus eliminating
the inner loop. The CPU time was reduced by a factor of 3 to 4 times

when compared with the one with the inner loop.



[1-47 1npuT DATA]

[50-200 PARAMETER CALCULATIONS|

[201-218 SETTING INDICES & FEED GAS DATA

'

230 DO 3000 II = 1,L

z DO LOOP

!

[540-330 SETTING STARTING & INITIAL CONDITIONSJ

}

o 340 00 2000 J = 2,JV

t 00 LOOP

!

[459-500 DIFFUSION PARAMETER CALCULATIONS]

[570-701 BED PARAMETER CALCULATIONS]

'
=1 725-729 RUN-A-WAY CONTROL]
b

730-740 SOLUTION OF GRANULE HEAT
TRANSFER EQUATIONS

L]
[870-920 soLuTiON 0F BED EQUATIONS]

970-1080 SOLUTION OF GRAWULE
MASS TRANSFER EQUATIOHNS

1229-1314
CERR .LE. ALERR?
/‘

YES
[1317-1540 ouTPUT RESULTS ]

C LuupP

NO

|1550-1770 TRANSPORT ZONE CONTROL |

1780-1790
CRATIO .GT. ALERR?
DIFT .GT. 0.012

YES

[7850—1980 TRANSPORT ZONE CONTROLl

2000 CONTINUE

3000 CONTINUE

Figure 9.

Flow Chart of the Intermediate Computer Program.
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[r-150 (NFUT DATA AND PARAMETER CALCULATIONS]

!

[TSI-ZlS SETTING INDICES & DEFINITION OF BOUNDARY CONDITIONS]

!

225 0O 3000 IT = 1,L

z DO LOOP

)

[231-335 pEFINITION OF INITIAL CONDITIONS]

'

340 DO 2000 J = 2,JV
t DO LOOP

!

[374-390 LONG TIME CALCULATIONS COHTROL]

{

[400-510 DIFFUSION PARAMETERS CALCULATIONS]

[511-665 BED PARAMETER CALCULATIONS|

666
JIF .EQ. 0 ?
NO

667-723
LONG TIME SOLUTION
OF GRANULE AND BED
EQUATIONS

‘YES

724-1090 SOLUTION OF
GRANULE MASS TRANSFER

EQUATIONS

1124-1190 SOLUTION OF
GRANULE HEAT TRANSFER

EQUATIONS

1200-1260 SOLUTIGON OF
BED EQUATIONS

hr270-1540 outPyT RESULTS]

[1550-1775 TRANSPORT ZONE cONTROL)

1780-1790
CRATIO .GT. ALERR?
IFT .GT. 0.01?

[1850-1983 TRANSPOKT ZOME CONTROL|

2000 CONTINUE

|

3000 CONTINUE

4000 STOP

Figure 10. Flow Chart of the Present Computer Program.
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To get rid of a negative partial pressure problem, the granule had
to be divided into 224 divisions for LMS-4A and 448 for activated
alumina which increased the CPU time. This problem was solved on
January 19, 1979, by varying the granule division with the occurrence
of negative partial pressure. This was satisfactory for LMS-4A but
still gave too long a CPU time fér activated alumina.

A new high speed deck by Dr. Jury was duplicated on February 2.
The advantages of this new deck were the subdivision of some of the
outer shells but not the inner ones and this reduced the total division
of granule to 30 with the same accuracy as the previous 224 subdivisions.
This deck made use of the Crank-Nicolson finite difference method, and
the addition of internal heat generation. The bipore concept, which
was discussed in Chapter III, was added because activated alumina
fitting suggested the need for it. LMS-4A fitting was satisfactory
without the bipore concept. Activated alumina fitting still had
oscillation problems which were found to be due to the error in not
differentiating the saturation pressure, PS, in the calculation of
(3X/3T)P for TE(K).

Another new Jury deck with the bipore concept and internal heat
genération in both normal case and long time calculation was duplicated
on May 1, 1979. This program also had a generalized treatment of
granule diffusion equations which did not involve approximations in the
Thomas algorithm. This new program was compared to the one before and
the concentration curve of this new program shifted to the left which

was closer to the experimental result. This new program without the
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use of bipore concept and heat generation was used to fit the LMS-4A
éxperimental results, and with the use of bipore concept and without the
use of internal heat generation was used to fit the activated alumina
experimental results. The multiplication factors had been determined to
fit the first run of each granule, and then these factors were used for
the other runs. All the runs were completed in June 11, 1979, and the.

result of each run will be shown in Chapter VII.



CHAPTER VI
EXPERIMENTAL EQUIPMENT AND PROCEDURE

Associated with this research is a good deal of sophisticated,
though necessary, equipment. In fact, a high degree of precision has
been designed into and is maintained in all individual pieces of
equipment. This leads to high accuracy results using the integrated
system. Many graduate students have made substantial contributions to
the development of these systems (12,23,94,96,113,132).

During the course of this research new models have been developed.
Likewise, the equipment has been continually refined and perfected. It
is intended here to describe the equipment and operational procedures
with emphasis upon the new developments which have occurred.

The air supplies are the backbone of the entire percolation
research experimental program. Consequently, a good deal of work has
gone into their design, and as a result, the supplies are very reliable
and are essentially ''standard" air suppiies. The compressed air is
supplied by a new large capacity Joy 'oiless' compressor rated at 250
psig but operating at 180 psig. Our line is reduced to 150 psig. This
air is passed through a Honeywell and two Pall air filters before
passing through a dampening tank. The pressure is regulated to 125 psig
with a Cash pressure regulator before supplying to all three humidity
control systems.

The low air supply is produced by a Wilkerson air dryer operated

at 106 psig. This dryer is an adiabatic '"heatless' adsorption dryer
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which uses a pair of molecular sieve adsorption colums. While one
colum is adsorbing, the other is being regenerated by a side stream
from the 20 psig dried outlet air. It operates on a timed ''pressure-
swing" cycle, switching every 30 seconds. The result is dry air, the
frost point of which is less than -105°F.

The intermediate air supply.produces air which is saturated at
100 psig and 32°F in a mechanically refrigerated ice bath designed by
Dr. Jury (71). The theoretical frost point of this air is approximately
-9.6°F.

The high air supply is a humidification tower designed by Mattern
(113) and improved by Pollock (132). It produces air saturated at 114°F
and 40 psig and is reduced to 100°F and 40 psig in this research.

The laminar flowrators which were used to measure the SCFH were
designed by Y. W. Kim (96). These instruments were calibrated as
discussed in the Appendix C. One flowrator is used for each supply air
stream, and any desired humidity air can be mixed by using two
flowrators and the appropriate air supplies.

The percolator bed was designed by Berbano (12) and improved by
the author and is shown in Figure 11. The adsorbent sample is placed

in the inner tube called the bed holder, which is a 1-1/4 in. I.D. x

+1-1/2 in. 0.D. x 12-13/32 in. long polystyrene tube. This tube is

enclosed by a 3 in. I.D. x 3-3/8 in. 0.D. aluminum cylindrical casing.
The space between the bed holder and the aluminum casing is adequately
sealed by o-rings. During experimental runs the annular region is
evacuated to less than 2 x 10-7 Torr pressure by means of a mechanical-

0il diffusion pump combine to minimize gas space conduction losses.
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The radiatipn losses are reduced by polishing the inside wall of the
aluminum casing and selecting a clear polystyrene, in addition to
providing the two nickel radiation shields.

The bed head assembly consists of a Cona* thermocouple and an
eccentric bed adapter. The thermocouple is mounted on the bed cap for
the measurement of effluént gas femperature.

The adsorbent sample is held in the polystyrene bed holder by two
supported Tyler 32 mesh screens. The screens are soldered onto a
bne-half inch long piece of brass pipe that is machined to simply slip
down inside the bed. Two copper-constantant thermocouple wires are
soldered onto two 1/32 in. thick x 1/8 in. wide copper rings and placed
onto the other side of the screens to measure the temperatures at those
two points. The steel spring is placed between the copper ring and the
bottom bed adjuster to make sure that the bed is a fixed bed at any flow
rate. Both bed adjusters are made of polystyrene and the bottom one is
interchangeable for 2 and 4 inches adsorbent samples. As a means of
minimizing the heat loss by conduction, two guard heaters with
thermocouples are placed at the upper and lower ends of the bed. These
two guard heaters are adjusted by hand via the variacs to keep the
temperatures of the copper ring and the guard heater thermocouples
closed together. Both ballast resistors of the guard heaters are set to
500 ohms to make sure that the guard heaters can quickly respond to the
temperature changes.

The miniature air heater and a thermocouple make up the bottom cap

of the aluminum casing. The inlet air is preheated by the miniature
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heater to the set point temperature, and the gas inlet temperature to
the bed is monitored using the high-velocity thermocouple which is
mounted on the cap.

The aluminum casing is designed so that bed holders of different
diameters could be used. However, a bed diameter of 1-1/4 in. I.D. was
used throughout the experimental-work of this thesis.

The use of a mechanical pump alone for the vacuum insulation of the
annular space between the inner and outer cylinders of the percolator
bed is not adequate based on pegging the thermocouple vacuum gage, since
this degree of vacuum required for vacuum insulation. For this purpose
an oil diffusion pump backed up by a mechanical pump is used. Details
of the mechanical-oil diffusion pump is presented in Appendix B.

The automatic vacuum controller is designed for the automation and
safe operation of the oil diffusion pump. Details of this controller
are also presented in Appendix B.

The apparent solid density, external and internal void fractions,
average particle radius, the surface area per unit volume, the vapor
pressure of moisture in the bed at initial condition, and the
regeneration time were all measured in laboratory 316 for each adsorbent
sample. Details of sample preparations are discussed in Appendix A.

All the percolation runs were done in laboratory 311. Each
sample was packed into the bed holder for a desired bed length. After
assembling the bed and connecting to the board, the vacuum system was
started. The low humidity air was fed through the bed and the bed was

leak tested. Then the temperature of the dry air was increased to 190°F
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to regenerate the granules. During the regeneration, the miniature
heater was controlled by the Thermotrol to maintain the temperature.
After a period of time determined by the experiment which is discussed
in Appendix A, the Thermotrol was cut off and the dry air was maintained
at 78°F by the thermostated water passed through the miniature heater
only.

When the bed temperature was equal to the»room temperature, which
was controlled at 78°F, the experiment was begun. The moist air was fed
in at the desired concentration and flow rate. The effluent gas
temperature was recorded by a Honeywell recorder before passing
through the frost dew point hygrometer which was designed by Jury
(76,81,82). The frost point temperature was recorded by an Esterline
Angus recorder. The feed gas, upper and lower copper rings, and upper
and lower guard heaters thermocouples were connected to a Bristol
temperature indicator. Each temperature was checked and adjusted
frequently in order to maintain the high precision of each run.

During each run the total pressure was recorded by reading the
barometer in room 317 every 1/2 hour, so the best average total pressure
could be made. The run was completed when the frost point of the
effluent gas was equal to the frost point of the feed gas. This can be
checked by connecting the high or intermediate air supply directly to
the hygrometer, but for the mixed air supply we had to compare the
effluent frost point with the calculated one and also had to wait long
enough to make sure that the frost point was not going to change

further.
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After each run was completed, the regeneration was started again
without removing the granules if the same size of granules and bed
length were to be used in the next run.

All the equipment had to be calibrated according to Pollock's
procedures (132), and the adjustment and minor repair work had to be
done before almost all the runs.. The most serious problem that
terminated many of the runs was the lack of building distilled water
supply during the middle of the run which caused the high air supply
system to automatically shut down.

The previous plan was to study the percolation kinetics by flowing
humid air through fixed beds under various conditions és follows:

(1) two different gas flow rates, (2) two different feed gas concen-
trations, (3) two different particle sizes, (4) two different bed
lengths, and (5) two different bed diameters. There was a time problem
in finding polystyrene tubes to construct another bed holder, so the
bed diameter was fixed. Three different particle sizes were used.

The experimental runs were designed to study various conditions.
The plan of runs is shown in Table IV. All the experimental runs were
based on the constant feed gas temperature equal to initial bed and
room temperature which was 78°F. The experimental results are shown in

Chapter VII in comparison with the calculated results.



Table IV.

Design of Experimental Run.
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Run No. 1 2 3 4 5 6
Gas flow rate (SCFH) 10 5 10 10 10 10
Feed gas concentration
(Air supply) HIGH HIGH MIXED HIGH HIGH HIGH
Particle size (mesh) 12/14 12/14 12/14 8/10 16/20 12/14
Bed length (inch) 2 2 2 2 2 4




CHAPTER VII

COMPARISON OF EXPERIMENTAL AND CALCULATED RESULTS

During a run the temperature and frost point of the effluent air
from a bed were constantly monitored and recorded on strip chart
recorders. The recorded frost pdint temperatures from the Esterline
Angus recorder were changed to partial pressures, P, by using data given
in the International Critical Tables (156). Then the RATIOC were

calculated from the following definition:

RATIOC = [P/P-(P/Pp) 1J/[P/PL) e q-(P/Pp)

initia initial]

where PT is the average total pressure throughout the run. This RATIOC
and the effluent temperature from the Honeywell recorder were plotted
versus time to produce the bed expiration curves determined experi-
mentally. These are designated as IMSX or ACTX runs. The conditions of
each experimental run are shown in Table V for LMS-4A and Table VI for
activated alumina. The original data and the conversion to RATIOC are
shown in Appendix D.

The next steps involved putting into the computer program the run
conditions for the shortest bed and fastest run. The program was run
and the results were compared with experiment until coincidence. These
computer runs are designated as LMSC or ACTC runs.

Before embarking on the attempts at the best fit of data we must

define what we mean by ''the best fit of data.' If all parameters in

the computer program were precisely known then these would simply be
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inserted into the program to produce 'the fit.'" This, however, is not
quite the case. Experimental measurements are themselves subject to
errors even for the input conditions. Emissivities for the radiation
shields around the bed coﬁtainer are actually best estimated and so the
radiation coefficient HR may have to be adjusted to produce 'the best
fit." Likewise the latent heat df sorption, YLAMDA, taken from the
literature is the.best guess and so it too may have to be adjusted.
Other parameters may also be involved and a complete discussion of these
details is reserved for the following chapter.

In order that we as well as our reader may develop a feeling for
the effects of parameter adjustments, we have made some of these for
LMS-4A and the results are shown in Figures 12-15. Those for activated
alumina are shown in Figures 16-17.

Armed with the foregoing information we can now proceed to adjust
parameters until the best fits are obtained for LMS-4A run 1 and
activated alumina run 1. These values of parameters are then fixed in
computer runs 2-6 for LMS-4A and 2-6 for activated alumina. The best
fit results for LMS-4A are shown in Figures 18-23 and those for activated
alumina in Figures 24-29.

The input conditions for each LMS-4A computer run are given in
Table VII. Those for each activated alumina computer run are given in
Table VIII. The parameters that were adjusted and their final values
to produce the best fits are given in Table IX. The tables of computer
results for both LMS-4A and activated alumina are shown in Appendix E.
These are the data that were used in plotting the computed portions of

the figures.
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Table IX. Parameters and Adjusted Parameter Values That
Produced Best Fits of Experimental Data.

Final Adjusted Value

Parameter LMS-4A Activated Alumina
Fraction granule SIG = 1.0 SIG = 0.74
continuous
phase, SIG
Time constant EF = 1.0 EF1 = 0.012
proportionality

factor, EF1

Fraction of heat EF = 0.0 EF = 0.0
of sorption
generated
internally, EF

Latent heat of 1.27*YLAMDA 1.4*YLAMDA
sorption, YLAMDA

Gas film mass 3.0*CAYG 3.0*CAYG
transfer coeff.,
CAYG

Diffusivity of 2.4*D(K) 3.0*D(K)
continuous

phase, D(K)

Radiation 0.5*HR 0.5*HR
coeff., HR

Shape factor, S1=1.0 SI =1.0
SI (Correct Value = {(Correct Value =

0.9236) 0.9045)




CHAPTER VIII

DISCUSSION OF RESULTS AND CONCLUSIONS

In the previous chapter we have shown that our computer programs
and consequently the mathematical descriptions of our kinetic mechanism
models contained in them do an extremely good job of accounting for the
expiration curves determined experimentally. It is reasonable to
assume therefore that Linde molecular sieve 4A does not contain blind
pores whereas activated alumina does. Also diffusion in LMS-4A takes
place via Knudsen and interstitial means whereas in activated alumina
diffusion takes place by free, Knudsen and surface means. Gas phase
film resistance to heat and mass transfer does play a part. The
sorption therms determined earlier in this project are completely

compatible with our present findings.

If we were to analyze our work in detail we would invite attention
to the temperature curves which show a very good fit at the start, but
tend to drop down to the left faster than the experimental results. Many
runs were made in which we adjusted each parameter to try to reduce the
rapid drop but none of them tended to correct this problem. Run LMSX-IN
was run without guard heaters in order to check that this problem didn't
come from the guard heaters. From Figure 18 (page 106) it is obvious
that this result drops between the guarded experiment and the
calculated. The internal heat release factor EF was added to our

program specifically to correct the rapid drop but it also distorted

the rest of the temperature curve.




122

Figures 12 to 13 (pages 100 and 101) show the necessity of each of the
multiplication factors. LMSC-8 with 2.4'D(K) moves the RATIOC curve to
almost the same slope as the experimental curve and also extends the
time before the temperature curve starts dropping down. LMSC-9 with
2.4 D(K) and 1.27 YLAMDA moves the RATIOC curve closer to the
experimental curve and also moves the top of the bell-shaped temperature
curve up closer to the experimental curve. LMSC-10 with 2.4 D(K),

1.27 YLAMDA, and 0.5 HR moves the temperature curve up to fit with the
experimental curve. The only problem remaining is the starting point of
RATIOC curve is not perfectly fitted with the experimental curve. This
is corrected in LMSC-1 by adding 3 CAYG to LMSC-10 which makes not only
the best fit of RATIOC for LMSX-1 but also the best fit for other

LMS-4A runs, and it also moves the temperature curve to the best fit
along the increasing part too.

Figure 14 (page 102) shows the effect of internal heat release in
case of experimental run No. 1. The temperature curve is not high
enough to perfectly fit with the experimental curve at the maximum
temperature region, but the effect is not too much.

It was found after all runs were completed that the correct values
of the shape factor, ¥ or SI, used by Berbano (12) had been overlooked.
Figure 15 (page 103) is intended to show the effect of SI by using our
LMSC-1 program with the correct value SI = .9236 instead of 1.0. Both
RATIOC and the decreasing part of the temperature curves move to the
right of the experimental curves. This suggests that the flow rate of

each run need not to be increased by the average of 8.6% as shown in
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Table VII (page 118). If the shape factor has a linear effect on the
results the effect can be estimated by (1-y)/¢ = (1-.9236)/.9236 = 8.27%
which is not much different from 8.6% increase of flowrate used in the
fits. Some error can also come from the error in reading the flowrator
pressure gauge because 8.6% error from 10 SCFH is only about 0.86 SCFH
or less than 0.3 psig. The pressure gauge can be read to 1 psig and
estimated to 0.2 psig.

All the calculated RATIOC curves for activated alumina reach 1.0
after the experimental curves but these differences are slight. For
activated alumina the effects of SIG are shown in Figure 16 (page 104).
The higher the SIG is, the sooner the RATIOC reaches 1.0, but the
starting point starts slower. The effect of the lower SIG also makes
the temperature curve drop a lot sooner than the experimental one. The
effects of EFl are shown in Figure 17 (page 105). The higher the EFl
is, the sooner the RATIOC reaches 1.0, and the slope of the RATIOC
curve is less at the start, but more at the end when compared to the
one with lower EFl.

For activated alumina the same problem with the shape factor was
found here as discussed above. The flow rates in these cases were
increased by the average of 6.94% as shown in Table VIII (page 119).

If the shape factor produced a linear effect then we would estimate the
effect to be (1-.9045)/.9045 = 10.56%. These two percentages are
different because in the bipore model the effect of shape factor may
not be a linear effect.

The multiplication factors require some explanation. The

diffusivity equations for D(K) were taken from Pollock's dissertation
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(132). These equations had to be multiplied by 2.4 for LMS-4A and 3.0
for activated alumina. In Pollock's diffusion cell only steady state
experiments were run to determine the D(K) function. In these one
cannot detect blind pores because their contents are in a state of
equilibrium and do not play apart in the diffusion. If SIG were known
at the time of these experiments.the computed value of D(K) would have

been

D(K) = [D(K) )po;10ck/SIC

It should also be noted that in the diffusion cell used by Pollock gases
flowed over the two exposed faces of discs of the sorbent. Turbulence
promoting screens were placed in the gas channels to minimize gas film
resistance to the point where it could be neglected in calculating the
results from the diffusion cell. Thus if gas film resistance is
included in D(XK) then of course D(K) would be higher without this
effect. Apparently this is the case.

The heat of adsorption values, YLAMDA, were taken from Horng's
thesis (61). These values had to be multiplied by 1.27 for LMS-4A and
1.4 for activated alumina. Horng's values were for the isosteric heats
of adsorption determined from his sorption therms fit of experimental
data. Actually there are five different sorption heats (39), i.e., the
"integral," Qint’ the '"differential," Qdiff = innt/dC’ the "isothermal,"

+RT and the "isosteric," Q. The

Qisoth - Qdiff isosteric Qisoth'

"isosteric heat of adsorption' is determined from the equation of the

sorption isostere as was done by Horng. The '"Calorimetric heat of
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adsorptions' will have a value between Qdiff and Qisoth depending on
conditions of the experiment. The Qdiff for macroporous adsorbents such
as activated alumina is very high at low concentrations and drops
rapidly toward the latent heat of condensation as the saturated sorbent
condition is approached. The integral heat of adsorption is the
integral average of this range of values. For zeolitic solids such as
Drierite and LMS-4A the Qdiff = Qint because there is little change of
Qdiff with concentration. Thus if Horng's value needs correction this
should be the least for LMS-4A and of course it is. The actual
difference of course remains a subject for further investigation.

The coefficient of heat transfer by radiation from the tube wall,
HR, was taken from Berbano's dissertation (12). This coefficient had to
be multiplied by 0.5 for both LMS-4A and activated alumina. This suggests
that the repolishing of the inside wall of the aluminum casing and both
sides of the two Nickel radiation shields reduced the radiation heat
loss. There may also be some effect due to better control of guard heat.

The gas phase heat transfer film coefficient, CAYG, was calculated
using the Lewis relation. This coefficient had to be multiplied by 3.0
for both LMS-4A and activated alumina. This value can vary widely due
to the method of calculation as indicated in Treybal (151). It may not
have to be multiplied by any multiplication factor if the correct
relation was found and used. This too remains a subject for further
investigation.

The computational speed was drastically improved through the

high-speed explicit programming and the use of new functions to evaluate
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equilibrium and diffusivities. All the computer programs were run by
IBM 360/65. The execution time (not total CPU time) of the first
program that was run with constant diffusivities D(K) = PE = 1.D-5 was
0.2275 sec. per each increment of J loop with the index parameter for
radial increment, K, equal to 10 and the execution time of the last
program that used the same constént diffusivities was 0.0347 sec. per
each J increment with K = 16. The first program was run with WATFIV and
the last one with FORTRAN G. The execution time of the program with
variable K from 14 to 224 was 0.1154 sec. and 0.2133 sec. per J
increment with FORTRAN G and the latest one was 0.0782 sec. and 0.1437
sec. per J increment with FORTRAN H and K = 30 for LMS-4A and activated
alumina, respectively.

The long time approximation which was developed by Jury was
used at the end of LMS-4A run No. 3 and also at the end of all
activated alumina runs except run No. 4 and 8. If the factor that
controlled the switching time to long time approximation, KL, was set
lower the execution time would be faster. The optimum KL has not been
determined yet and this again remains a subject for further
investigation.

The accuracy of the results also depend upon the time increment,
At, which was 3 sec. for LMS-4A and 12 sec. for activated alumina. If
we reduce this time increment, the results will be more accurate but the
execution time will be longer.

The results of these fittings could be slightly better if the turn

around time of the computer was improved. The 6-8 weeks tum around
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time for the 300 min. CPU job made it difficult to adjust parameters
for better results. Frequent system crashes and constant changes did not
improve matters any. The university computer center isrnot really set up
to handle large scientific problems. It is ideal for beginning students
with 10 sec. to 1 min. runs. We are, however, deeply grateful to the
staff and management of the computing center for their continuous
cooperation in improving this situation wherever humanly possible to do
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'APPENDIX A
PREPARATION OF SAMPLES

Both activated alumina (Alcoa F-1) and Linde molecular sieve-4A
were prepared from new materials, and from the same containers that were
used before in the previous research. LMS-4A samples were ground
because they were pellets. Each of the desiccants was classified using
Tyler sieve screens to select the desired sizes 8/10, 12/14 and 16/20
mesh. The roto-tap at the Geology department was used to shake the
screens. The classification time was 3 hours.

After each desiccant was prepared, the apparent solid density,
external void fra;tion, internal void fraction, particle count, average
particle radius, the surface area per unit bed volume, and the initial
vapor pressure of moisture in the regenerated bed were all measured in
laboratory 316. Prior to the determination of these physical properties,
all the samples were dried in the oven for 15 hours at 300°F.

Three methods were applied to determine the volume of the granules:
tﬁe mercury displacement method which was used by Berbano (12), the wet
cloth method which was used by E. K. Kim (94), and the Di-n-butyl
Phthalate displacement method which was suggested by Dr. Jury. The
details of each method follow.

The mercury displacement method (148) was used in the measurement
of the apparent solid density and the void fraction'of the bed. The
procedure is as follows: 30cc. of granules was carefully measured in the

100 cc. measuring cylinder which has almost the same diameter as the

142




143

polystyrene bed holder. This amount of granules was weighed with the
Sarterius balance, and then was put into the oven and weighed periodically
until the weight did not change. The sample was introduced and pressed
into a 50 cc. special designed syringe containing 25 cc. of mercury. The
volume of mercury displaced was measured. The weight of the sample of
particles divided by the volume of mercury displaced was the apparent

solid density, ps, that is
Py = weight of sample, Ws/volume of displacement mercury, VH
The void fraction, €, was calculated from the relation
€ =1 - volume of displaeed mercury, VH/volume of bed, VB

where here the volume of displaced mercury, VH’ is the same as the volume
of the weighed sample. This procedure for the estimation of Py and €
was repeated three times for each size of sample and the average values
calculated are shown in Table X. To make sure that no air pockets were
trapped between the sample particles before reading the mercury
displacement, the syringe shaft was pushed and pulled to move the sample
particles up and down in the mercury column at least eight times. In
addition one must be careful in working with the mercury as pointed out
by Kendall (93) on account of its relatively high vapor pressure of
1 micron at room temperature. Good air flow is required.

The wet cloth method is described in Innes (63). Distilled water

was used. The basic principles of this method to determine the internal
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porosity, ei, the apparent solid density, ps,band the external void

fraction, €, of the samples are summarized as follows:

@D
n

internal void volume, Vvi/volume of displaced water, VH

O
i

dry weight of sample, Ws/volume of displaced water, VH
€ = l-volume of displaced water, VH/volume of bed, VB

After measureing the volume of bed, VB’ and the dry weight, Ws, as
discussed before the internal void volume, Vi’ and the volume of
displaced water were determined by the followiﬁg procedure:

1. The granules were saturated with distilled water by boiling in
distilled water for 4 hours and were allowed to cool down to room
temperature over night. This duration of time is necessary for the
complete saturation of the granules.

2. The excess water was drained by decantation and the granules
were transfered into a paper towel and the excess water remaining at
the granule interfaces was removed.

3. The wetted weight of the granules, Ww, was measured. Thus the

internal void volume, vvi’ could be computed from the relation

Voi = (W, - ws)/pHZO

where Py 0 is the density of water at room temperature.
' 2
4. The volume of the sample or the volume of displaced water,

VH’ was measured by placing the granules in a graduated cylinder
containing a known volume of distilled water. The difference between the

volume of water before and after placing was the desired volume, VH' To
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make sure that no air pockets were trapped between the sample particles
before reading the water displacement, a stirrer was used to stir the
gfanules.

After all these values were determined, the internal porosity, Gi,
the apparent solid density, ps, and the external void fraction, €, of the
samples were calculated from the‘relations shown above. This procedure
was repeated three times for each size of sample and the average values
calculated are shown in Table X.

The Di-n-butyl Phthalate method is exactly the same as the wet cloth
method described above except distilled water is replaced by Di-n-butyl
Phthalate. The results calculated are shown in Table X.

G. M. Lawson, a part-time employee, assisted us in measuring the
physical properties of LMS-4A. He used the wet cloth and the Di-n-butyl
Phthalate displacement methods. We used the results of the wet cloth
method in our calculations because they showed the best agreement among
repeated measurements. The data of the mercury displacement method were
used in the calculations of activated alumina because of the same reason.
The average density of LMS-4A or activated alumina should be the same no
matter what the granule size, the average density of the size 12/14 mesh
which was used 4 out of 6 runs was assumed to represent the average
density in all the calculations of each granule. It is noticeable that
the average solid density, Pgs and the external void fraction, €,
determined by the wet cloth is the highest one because the paper towel
removed too much water from the granules, not only the excess water
remaining at the granule interfaces. For the Di-n-butyl Phthalate

displacement method, it is slower and harder to remove the excess
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Di-n-butyl Phthalate so the calculated values are lower and not well
agreed among repeated measurements. The mercury displacement method is
suggested to be the best method.
The average particle radius for each size of the sample was
determined by counting the sample particles of known volume. The

average radius was calculated from the following relations:

n 4HR3/3 =1 -€

Vg =
R = [3(1 -e)/(4 )]/
where VG = volume of particles/volume of bed
n = number of particles/volume of bed
R = average radius of particle
€ = external void fraction of bed

The results are shown in Table X.

With both the external void fraction and the average particle
radius already measured, one could then calculate the interstitial
surface area per unit bed volume, 2 for each size of sample particles

from the relation

a_ = 3(1 -€)/(Ry)

v

where the shape factor y was assumed equal to 1 for all the calculated

results as discussed in Chapter VIII. Later it was realized that the

values are available in Berbano's dissertation (12).
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The values for specific heat were taken from the literature, and

the thermal conductivity of granules, E;, for LMS-4A and activated

alumina were obtained from the thermal conductivity approximation method
of Moline and Hougen (117) which was calculated by Berbano. These
values are shown in Table X.

The initial vapor pressure éf moisture in the regenerated bed was
measured using the isothermal bed designed by Edward (44). The desiccant
sample is placed in a sample holder which is an aluminum capsule that has
a fixed Tyler 32 mesh screen on the bottom end and a removable one on
the top end. This sample holder was designed to slide into and 6ut of
the bed support tube with a clearance of 0.015 in. The bed support tube
is surrounded by the bed wall heater which acts as a constant temperature
shield between the sample and the room, thus maintaining the sample at
the desired temperature. The bed wall temperature is monitored by a
thermocouple that is connected to a Speedomax W recorder, and this
temperature can be adjusted by hand via a variac. Outside of the bed
wall heater is the insulation which is used to prevent the heat loss.

The inlet and outlet air temperatures were monitored by two thermocouple
assemblies. The outlet air thermocouple assembly is attached to the bed
cap, and both cap and thermocouple assembly were removed as a unit when
the sample holder was taken out of the bed for weighing. The miniature
air heater is used to control the inlet air temperature. This temperature
is monitored by a thermocouple that is connected to an Esterline Angus

recorder, and this temperature can be adjusted by hand via a variac.
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To calculate the initial vapor pressure, the water content of the
granules at initial condition has to be determined first. This was done
by passing 20 SCFH of low air at 190°F through the granules in the
sample holder and periodically weighing until the weight was constant,
this weight, after subtracting the weight of the sample holder, was
assumed to be the dry weight of granules. Then the temperature was
reduced to 78°F, and the granules in the sample holder were periodically
weighed again until the weight was constant. The difference between
these two weights divided by the dry weight of granules was the water
content of the granules, W. Then it was changed to partial pressure-
temperature coordinate, X, and then partial pressure, P or BEDPI, by
the sorption therms shown in Table II, p. 66. The calculated values of
W, X, and BEDPI are shown in Table X.

The average regeneration time was the combination of time that
used to dry the granules with dry air at 190°F and 78°F, which are
about 36 hours for LMS 4-A and 72 hours for activated alumina. But in
practice, these drying times were longer and the frost point temperature
was checked to make sure that it was below -105°F before each

experimental run was started.




APPENDIX B

MECHANICAL-OIL DIFFUSION PUMP

AND VACUUM CONTROLLER

The o0il diffusion pump is used to evacuafe space around the bed
container-enclosure for the purpose of attaining an adiabatic condition
in the percolator bed. The pump is a Consolidated Vacuum Company Type
VMF-10 pump which has an ultimate pressure of 1x10_6 Torr and a limiting
forepressure of 0.1 Torr. The rating of the diffusion pump heater is
135 W., 115 V. The mechanical pump, which serves as back-up pump, is a
Duo-seal No. 1400B type with a motor rating of 1/3 HP and 1725 RPM. For
the oil diffusion pump fluid 55 milliliters of Octoil (Di-octyl Phthalate)
was used.

The automatic vacuum controller is designed for the automation and
safe operation of the oil diffusion pump. The purposes of this vacuum
controller were:

1. Normal open-START button.

2. Normal shut down-STOP button.

3. Automatic shut down if the pot of the diffusion pump is too hot.

4. Automatic shut down if the cooling water flowrate is too
small and the effluent water temperature rises above a specified value
which will cause the low temperature thermostat to open.

This vacuum controller was designed by Dr. Jury and first constructed
by E. K. Kim, but it did not operate properly until it was debugged and

rebuilt by the author. Some bad components and wrong wiring caused the
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trouble. It is intended here to describe the details of this controller
which is shown in Figure 30. The principal features of the vacuum control
systems are:

1. A Hastings-Raydist thermocouple vacuum guage, Model DV-23.

2. AYHastings-Raydist Controller, Model CVH-3, which has a control
pressure range 0-5 Torr. A

3. Four relays mohnted on an aluminum chassis.

4. A Veeco vacuum valve, No. SV-62, which will open when the
mechanical pump is started.

5. Two Fenwal bimetallic thermal switches; one is at the effluent
end of the cooling water and the other one is at the bottom of the oil
diffusion pump heater.

6. A solenoid valve, Automatic Switch Company, No. 8262 C22.

7. A solenoid relief valve, Automatic Switch Company, No. Air
JS-346B, which is used to prevent any backflow of the oil from the oil
diffusion pump when the whole system is shut off.

The vacuum controller panel is mounted in a standard 19-inch relay
rack. Operation of the vacuum system is initiated by pressing the
"start' button on the panel and this will automatically start the
mechanical pump. When the set point pressure of 0.35 Torr is reached,
the oil diffusion pump heater automatically turns on, and minimum
system pressure (pegging) is attained after about 20 minutes from start-
up. With the installation of a Hoke bellows valve near the vacuum hook-

up for the percolator bed, one can isolate the bed and do work on it,

e.g. chahge the bed granules, without necessarily shutting off the
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vacuum system, After the "stop'" button is pushed to shut off the system,

the oil diffusion pump and the vacuum valve are shut off first. The
mechanical pump continues working until the diffusion pump heater
temperature drops down to about 85°F before the system automatically

shuts off, which causes the solenoid relief valve to open and the solenoid
cooling water valve to close,.

The controller has four relays in it as follows:

Relay No. 1 responds to the START button and turns on power.

. It also responds to reset loop in general.

Relay No. 2 responds to the Hastings-Raydist vacuum guage when
vacuum is below the set point.

Relay No. 3 responds to the high temperature thermostat when the
0il diffusion pot temperature is above the set point
which is a little above the ambient temperature. This
insures that the mechanical pump, cooling water and
relief valve caﬁnot deactivate until the pot is cooled
back down. The high temperature thermostat must be
normally open.

Relay No. 4 responds to relay No. 1 to insure that START button
remains inactive during operation,

The reset loop consists of the following:

1. START button.

2. STOP button.

3. Low temperature thermostat.

4. Coil RL1 and switches RL4B, RL1B, RL3B, and RL2B.
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Anytime this loop is opened RL1 is deactivated and the shutdown sequence
is initiated. This sequence is immediate if the pot is cold. Otherwise
the shut down (deactivation of mechanical pump, solenoid cooling water
valve, and solenoid relief valve) is delayed until the pot has cooied
down and RL3 is deactivated.

RL2B and RL3B are in parallél because in normal operation RL2B is
closed and RL3B is opened. Thus if the vacuum is lost (system is opened)
the RL2B opens and initiates the shut down cycle.

The low temperature thermostat will also initiate shut down if it
opens because effluent cooling water becomes too hot. This will happen
if the cooling water is not turned full on or if calcium in the cooling
system restricts the flow of water too much.

It should be noted that if system leaks at the start then RL2Z will
not be activated and system will xun but Hastings-Raydist guage will
indicate the trouble and the oil diffusion pump heater light will not
come on.

Basically the purpose of the controller is to preVent damage to the
0il in the diffusion pump. It also prevents inter-mixing of oils in the
diffusion pump and mechanical pump.

When all the system was completed, tests showed that the vacuum
system was so good that the Hastings-Raydist guage went 1 centimeter
below 0 millitorr. The electronic shop checked this guage twice and the
answer was at 0 millitorr of the guage was not 0 millitor but 1 x 10-6

Torr, so for an operating pressure of 2 x 10-7 Torr the guage went down

below zero.
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One should not use acetone as a leak detector fluid because it will
be drawn into the oil diffusion pot and contaminate the oil. If this

happens all the pump system must be taken apart and cleaned.



APPENDIX C

CALIBRATION CHARTS OF WET TEST

METER AND LAMINAR FLOWRATORS

The precision laminar flowrators were calibrated with the use
of a wet test meter. The wet teSt meter, 24ft3/hr, Precision Scientific -
Company, No. 63115, was first calibrated according to the weighed water
method whereby the volume of air drawn through the meter for a given
number of revolutions is calculated from the corresponding weight of
displaced water. This procedure is discussed in Pollock's dissertation
(132) as well as the method to calibrate the laminar flowrators. The
calibration curve for wet test is shown in Figure 31. Three laminar
flowrators were thus calibrated as shown in Figure 32 to 34 for low,
intermediate, and high air supplies at room temperature, 78°F,
respectively. These calibration curves are presented in terms of air
flow rate in SCFH as a function of the guage pressure, psig, at the

exit of the air channel in the flowrators.
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APPENDIX D

TABLES OF ORIGINAL EXPERIMENTAL DATA

AND CONVERSION TO RATIOC

The primary purpose of this appendix is to present the original
experimental data in terms of frost point temperature and the temperature
of the effluent at each time interval of 7.5 min. The second purpose is
to show the partial pressure and RATIOC which are calculated from the
frost point temperature as discussed in Chapter VII. The sample of
conversion for the first set of data, time=0 min., of LMS-4A run No. 1
is as follows:

The frost point temperature

reading from Esterline Angus

recorder = -106.3 F

or = -76.83 °c
The vapor pressure reading
from the International
Critical Table (156) = 0,0006787 mm.Hg
The average total pressure
reading from the barometer = 748,057 mm.Hg
The initial partial pressure
of moisture in bed calculated
in Appendix A = 0.0013259793 mm.Hg

(0.0006787/748.057)-(0.0013259793/748.057)
(11.3568/748.057)-(0.0013259793/748.057)

-0.0000570015

RATIOC

163
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Tables XI - XVII and XVIII - XXIII show the experimental results of
IMS-4A and activated alumina from run 1 - 6 for each desiccant
respectively.

The operating temperature range of the hygrometer is primarily from
-100°F to 78°F so any temperature out of this range is unacceptable.
All our starting frost point températures are less than -100°F which we
converted to partial pressure and then RATIOC, the slightly negative
RATIOC would appear until the frost point temperature is in the

acceptable range.



Experimental Results of LMS-4A Run No. 1 (LMSX-1).
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Table XI.
Partial

T%me Frogt Pt. Pressure GasoTemp.

Min, F mm. Hg RATIOC F
.0000D 0 -.1063D 3 .6787D-3 -.5700D-4 .7880D 2
.7500D 1 -.1063D 3 .6787D-3 -.5700D-4 .1206D 3
.1500D 2 -.1063D 3 .6787D-3 -.5700D-4 .1401D 3
.2250D 2 -.1063D 3 .6787D-3 -.5700D-4 .1475D 3
.3000D 2 -.1063D 3 .6787D-3 -.5700D-4 .1507D 3
.3750D 2 -.1063D 3 .6787D-3 -.5700D-4 .1524D 3
.4500D 2 ~-.1063D 3 .6787D-3 -.5700D-4 .1538D 3
.5250D 2 -.1063D 3 .6787D-3 -;57OOD—4 .1551D 3
.6000D 2 -.6060D 2 .2474D-1 .2062D-2 .1560D 3
.6750D 2 -.1770D 2 .3656D 0 .3208D-1 .1550D 3
.7500D 2 .1920D 2 .2513D 1 .2212D 0 .1447D 3
.8250D 2 .4470D 2 .7544D 1 .6643D 0 .1192D 3
.9000D 2 .5450D 2 .1087D 2 .9571D 0 .9550D 2
.9750D 2 .5570D 2 .1136D 2 .1000D 1 .8860D 2
.1050D 3 .5570D 2 .1136D 2 .1000D 1 .8600D 2
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Table XII. Experimental Results-of LMS-4A Run No. 1N (LMSX-1N).

Partial

Time Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D 0 -.1043D 3 .8064D-3 -.4493D-4 .7880D 2
.7500D 1 -.1043D 3 .8064D-3 ~-.4493D-4 .1212D 3
.1500D 2 -.1043D 3 .8064D-3 -.4493D-4 .1410D 3
.2250D 2 -.1043D 3 .8064D-3 -.4493D-4 .1476D 3
.3000D 2 -.1043D 3 .8064D-3 -.4493D-4 .1501D 3
.3750D 2 -.1043D 3 .8064D-3 -.4493D-4 .1516D 3
.4500D 2 -.1043D 3 .8064D-3 -.4493D-4 .1528D 3
.5250D 2 -.1043D 3 .8064D-3 -.4493D-4 .1539D 3
.6000D 2 -.5900D 2 .2762D-1 .2273D-2 .1545D 3
..6750D 2 -,1550D 2 .4144D 0 .3572D-1 .1508D 3
.7500D 2 .1900D 2 .2489D 1 .2151D 0 .1373D 3
.8250D 2 .4410D 2 .7370D 1 .6372D 0 .1135D 3
.9000D 2 .5390D 2 .1064D 2 .9197D 0 .9360D 2
.9750D 2 .5590D 2 .1144D 2 .9889D 0 .8590D 2
.1050D 3 .5620D 2 .1157D 2 .1000D 1 .8380D 2




Table XIII.

Experimental Results of LMS-4A Run No. 2 (LMSX-2),
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D O -.1090D 3 .5303D-3 -.6984D-4 .7780D 2
.7500D 1 -.1090D 3 .5303D-3 -.6984D-4 .9100D 2
.1500D 2 \-.10900 3 .5303D-3 -.6984D-4 .1200D 3
.2250D 2 -.1090D 3 .5303D-3 -.6984D-4 .1316D 3
.3000D 2 -.1090D 3 .5303D-3 -.6984D-4 .1380D 3
.3750D 2 -.1090D 3 .5303D-3 -.6984D-4 .1420D 3
.4500D 2 -.1090D 3 .5303D-3 -.6984D-4 .1440D 3
.5250D 2’ -.1090D 3 .5303D-3 -.6984D-4 .1455D 3
.6000D 2 -.1090D 3 .5303D-3 -.6984D-4 .1465D 3
.6750D 2 -.1090D 3 .5303D-3 ~.6984D-4 .1475D 3
.7500D 2 -.1090D 3 .5303D-3 -.6984D-4 .1483D 3
.8250D 2 -.1090D 3 .5303D-3 -.6984D-4 .1492D 3
.9000D 2 -,1090D 3 .5303D-3 -.6984D-4 .1504D 3
.9750D 2 -.1090D 3 .5303D-3 -.6984D-4 .1515D 3
.1050D 3 -.1090D 3 .5303D-3 -.6984D-4 .1525D 3
.1125D 3 -.1090D 3 .5303D-3 -.6984D-4 .1539D 3
.1200D 3 -.1090D 3 .5303D-3 -.6984D-4 .1549D 3
.1275D 3 -.7000D 2 .1266D-1 .9950D-3 .1555D 3
.1350D 3 -.3720D 2 .1153D 0 .1000D-2 .1560D 3
.1425D 3 -.9700D 1 .5705D 0 .4996D-1 .1540D 3
.1500D 3 .1720D 2 .2281D 1 .2001D O .1460D 3
.1575D 3 .3800D 2 .5819D 1 .5107D 0 .1260D 3
.1650D 3 .5170D 2 .9805D 1 .8605D 0 .1050D 3
.1725D 3 .5500D 2 .1007D 2 .9716D 0 .9250D 2
.1800D 3 .5570D 2 .1136D 2 .9968D 0 .8780D 2
.1875D 3 .5580D 2 .1139D 2 .1000D 1 .8550D 2
.1950D 3 .5580D 2 .1139D 2 .1000D 1 .8450D 2
.2025D 3 .5580D 2 .1139D 2 .1000D 1 .8400D 2
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Table XIV. Experimental Results of LMS-4A Run No. 3 (LMSX-3).
Partial

Time Frost Pt. Pressure Gas Temp.

Min. Op mm. Hg RATIOC °f
.0000D O -.1045D 3 .7921D-3 -.9066D-3 .7940D 2
.7500D 1 ~-.1045D 3 .7921D-3 -.9066D-3 .8030D 2
.1500D 2 -.1045D 3 ,7921D-3 -.9066D-3 .8090D 2
.2250D 2 -.1045D 3 .7921D-3 -.9066D-3 .8120D 2
.3000D 2 -.1045D 3 .7921D-3 -.9066D-3 .8130D 2
.3750D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.4500D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.5250D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.6000D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.6750D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.7500D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.8250D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.9000D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.9750D 2 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.1050D 3 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.1125D 3 -.1045D 3 .7921D-3 -.9066D-3 .8140D 2
.1200D 3 -.1045D 3 .7921D-3 -.9066D-3 ‘.8140D 2
.1275D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1350D 3 -.1045D 3 .79210-3 -.9066D-3 .8150D 2
.1425D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1500D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1575D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1650D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1725D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1800D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1875D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.1950D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2025D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2



Table XIV (continued)
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Partial

T?me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.2100D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2175D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2250D 3 -.1045D 3 ©.7921D-3 -.9066D-3 .8150D 2
.2325D 3 -.1045D 3 .7921D-3 -,9066D-3 .8150D 2
.2400D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2475D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2550D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2625D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2700D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2775D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2850D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.2925D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3000D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3075D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3150D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3225D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3300D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3375D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3450D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3525D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3600D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3675D 3 -.1045D 3 .7921D-3 -.9066D-3 .8150D 2
.3750D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.3825D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.3900D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.3975D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4050D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4125D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4200D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2



Table XIV (continued)
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.4275D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4350D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4425D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4500D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4575D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4650D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4725D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4800D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4875D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.4950D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5025D 3 ~.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5100D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5175D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5250D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5325D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.540u0D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5475D 3 -.1045D 3 .7921ﬁ-3 -.9066D-3 .8160D 2
.5550D 3 -.1045D 3 .7921D-3 -.9066D-~3 .8160D 2
.5625D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5700D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5775D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5850D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.5925D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.6000D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.6075D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.6150D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.6225D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2
.6300D 3 -.1045D 3 .7921D-3 -.9066D-3 .8160D 2



Table XIV (continued)
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Partial
Pressure GasoTemp.
mm. Hg RATIOC F

.7921D-3 -.9066D-3 .8160D 2
.7921D-3 -.9066D-3 .8160D 2
.7921D-3 -.9066D-3 .8160D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2
.7921D-3 -.9066D-3 .8170D 2



Table XIV (continued)
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Partial

Time Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.8475D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.8550D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.8625D 3 -.1045D 3 ‘.7921D-3 -.9066D-3 .8170D 2
.8700D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.8775D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.8850D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.8925D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.9000D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.9075D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.9150D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.9225D 3 -.1045D 3 .7921D-3 -.9066D-3 .8170D 2
.9300D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9375D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9450D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9525D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9600D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9675D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9750D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9825D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9900D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.9975D 3 -.1045D 3 .7921D-3 -.9066D-3 .8180D 2
.1005D 4 -.9620D 2 .1617D-2 .4946D-3 .8180D 2
.1013D 4 -.9420D 2 .1910D-2 .9923D-3 .8180D 2
.1020D 4 -.8830D 2 .3100D-2 .3012D-2 .8180D 2
.1027D 4 -.8620D 2 .3668D-2 .3978D-2 .8180D 2
.1035D 4 -.8430D 2 .4268D-2 .4996D-2 .8180D 2
.1043D 4 -.8260D 2 .4871D-2 .6020D-2 .8180D 2
.1050D 4 -.8110D 2 .5476D-2 .7047D-2 ‘ .8180D 2



Table XIV (continued)
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Partial

Time Frost Pt. Pressure Gas Temp.

Min. °p mm. Hg RATIOC °F
.1057D 4 =,7750D 2 .7209D-2 .9989D-2 .8180D 2
.1065D 4 -.7460D 2 .8993D-2 .1302D-1 .8170D 2
.1073D 4 -.7300D 2 ..10150-1 .14990-1 .8170D 2
.1080D 4 -.7020D 2 .1247D-1 .1893D-1 .8170D 2
.1087D 4 -.6840D 2 .1422D-1 .2189D-1 .8170D 2
.1095D 4 -.6570D 2 .1721D-1 .2698D-1 .8170D 2
.1102D 4 -.6350D 2 .2015D-1 .3197D-1 .8170D 2
.1110D 4 -.6120D 2 .2368D-1 .3796D-1 .8170D 2
.1118D 4 -.5920D 2 .2724D-1 .4400D-1 .8170D 2
.1125D 4 -.5740D 2 .3082D-1 .5009D-1 .8160D 2
.1132D 4 -.5580D 2 .3437D-1 .5611D-1 .8160D 2
.1140D 4 -.5260D 2 .4260D-1 .7009D-1 .8160D 2
.1148D 4 -.5070D 2 .4846D-1 .8004D-1 .8150D 2
.1155D 4 -.4890D 2 .5451D-1 .9031D-1 .8150D 2
.1162D 4 -.4710D 2 .6135D-1 .1019D 0 .8140D 2
.1170D 4 -.4460D 2 .7210D-1 .1202D 0 .8130D 2
.1178D 4 -.4280D 2 .8094D-1 .1352D 0 .8130D 2
.1185D 4 -.4120D 2 .8963D-1 .1500D 0 .8120D 2
.1192D 4 -.3880D 2 .1043D 0 .1749D 0 .8120D 2
.1200D 4 -.3710D 2 .1159D 0 .1946D O .8120D 2
.1207D 4 -.3480D 2 .1335D 0 .2245D 0 .8110D 2
.1215D 4 -.3310D 2 .1480D 0 .2492D 0 .8100D 2
.1222D 4 -.3150D 2 .1632D 0 .2749D 0 .8090D 2
.1230D 4 -.3010D 2 .1777D 0 .2995D 0 .8080D 2
.1237D 4 -.2850D 2 .1955D 0 .3298D 0O .8070D 2
.1245D 4 -.2700D 2 .2135D 0 .3604D 0O .8060D 2
.1253D 4 -.2550D 2 .2333D 0 .3940D 0 .8050D 2
.1260D 4 -.2420D 2 .2518D 0 .4254D 0 .8040D 2



Table XIV (continued)

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.1268D 4 -.2230D 2 .2811D 0 .4751D 0 .8030D 2
.1275D 4 -.2160D 2 .2926D 0 .4946D 0 .8010D 2
.1283D 4 -.2040D 2 ,3137D 0 .5305D 0 .8000D 2
.1290D 4 -.1930D 2 .3340D 0 .5649D 0 .7990D 2
.1298D 4 -.1810D 2 .3578D 0 .6053D 0 .7980D 2
.1305D 4 -.1700D 2 .3802D 0 .6434D 0 .7970D 2
.1313D 4 -.1590D 2 .4046D 0 .6848D 0 .7960D 2
.1320D 4 -.1500D 2 .4256D 0 .7205D 0 .7950D 2
.1328D 4 -.1430D 2 .4430D 0 .7500D 0 .7930D 2
.1335D 4 -.1370D 2 .4575D 0 .7747D 0 .7920D 2
.1342D 4 -.1300D 2 .4760D 0 .8061D 0 .7910D 2
.1350D 4 -.1250D 2 .4892D 0 .8285D 0 .7900D 2
.1358D 4 -.1190D 2 .5055D 0 .8562D 0 .7890D 2
.1365D 4 -.1140D 2 .5195D 0 .8799D 0 .7880D 2
.1372D 4 -.1090D 2 .5345D 0 .9054D 0 .7880D 2
.1380D 4 -.1040D 2 .5490D 0 .9300D 0 .7870D 2
.1388D 4 -.9700D 1 .5705D 0 .9665D 0 .7870D 2
.1395D 4 -.9500D 1 .5764D 0 .9766D 0 .7860D 2
.1402D 4 -.9300D 1 .5836D 0 .9888D 0 .7860D 2
.1410D 4 -.9200D 1 .5866D 0 .9939D 0 .7850D 2
.1418D 4 -.9100D 1 .5902D 0 .1000D 1 .7850D 2
.1425D 4 -.9100D 1 .5902D 0 .1000D 1 .7850D 2
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Table XV. Experimental Results of LMS-4A Run No. 4 (LMSX-4).
Partial

Time Frogt Pt. Pressure GasoTemp.

Min, F mm. Hg RATIOC F
.0000D O -.1035D 3 .8636D-3 .8975D-4 .7950D 2
.7500D 1 -.1035D 3 .8636D-3 .8975D-4 .1185D 3
.1500D 2 -.1035D 3 .8636D-3 .8975D-4 .1410D 3
.2250D 2 -.1035D 3 .8636D-3 .8975D-4 .1475D 3
.3000D 2 -.1035D 3 .8636D-3 .8975D-4 .1495D 3
.3750D 2 -.1035D 3 .8636D-3 .8975D-4 .1515D 3
.4500D 2 -.1035D 3 .8636D-3 .8975D-4 .1530D 3
.5250D 2 -.3440D 2 .1368D 0 .1190D-1 .1540D 3
.6000D 2 -.1590D 2 .7323D 0 .6479D-1 .1532D 3
.6750D 2 .1050D 2 .1640D 1 .1453D 0 .1467D 3
.7500D 2 .3000D 2 .4179D 1 .3705D 0 .1330D 3
.8250D 2 .4350D 2 .7204D 1 .6389D 0 .1150D 3
.9000D 2 .5110D 2 .9591D 1 .8506D 0 .9850D 2
.9750D 2 .5470D 2 .1095D 2 .9710D 0 .8700D 2
.1050D 3 .5520D 2 .1115D 2 .9889D 0 .8320D 2
.1125D 3 .5550D 2 .1128D 2 .1000D 1 .8250D 2
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Table XVI, Experimental Results.of LMS-4A Run No. 5 (LMSX-5),

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D O -.1040D 3 .8272D-3 -.8082D-5 .7900D 2
.7500D 1 -.1040D 3 .8272D-3 -.8082D-5 .1250D 3
.1500D 2 -.1040D 3 .8272D-3 -.8082D 5 .1445D 3
.2250D 2 -.1040D 3 .8272D-3 -.8082D 5 .1535D 3
.3000D 2 -.1040D 3 .8272D-3 -.8082D 5 .1542D 3
.3750D 2 -.1040D 3 .8272D-3 -.8082D-5 .1557D 3
.4500D 2 -.1040D 3 .8272D-3 -.8082D-5 .1570D 3
.5250D 2 -.1040D 3 .8272D-3 -.8082D-5 .1585D 3
.6000D 2 -.1040D 3 .8272D-3 -.8082D-5 .1593D 3
.6750D 2 -.5500D 2 .3635D-1 .2998D-2 .1605D 3
.7500D 2 .7700D 1 .1424D 1 .1204D O .1530D 3
.8250D 2 .5390D 2 .1064D 2 .9000D O .1030D 3
.9000D 2 .5680D 2 .1182D 2 .1000D 1 .9200D 2
.9750D 2 .5680D 2 .1182D 2 .1000D 1 .8500D 2
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Table XVII. Experimental Results of LMS-4A Run No. 6 (LMSX-6),
Partial

Time Frogt Pt. Pressure GasoTemp.

Min. F mm. hg RATIOC F
.0000D 0 -.1034D 3 .8714D-3 -.4003D-4 .7920D 2
.7500D 1 -.1034D 3 .8714D-3 -.4003D-4 .8500D 2
.1500D 2 -.1034D 3 .8714D-3 -.4003D-4 .1150D 3
.2250D 2 -.1034D 3 .8714D-3 -.4003D-4 .1310D 3
.3000D 2 -.1034D 3 .8714D-3 -.4003D-4 .1365D 3
.3750D 2 -.1034D 3 .8714D-3 -.4003D-4 .1400D 3
.4500D 2 -.1034D 3 .8714D-3 -.4003D-4 .1422D 3
.5250D 2 -.1034D 3 .8714D-3 -.4003D-4 .1435D 3
.6000D 2 -.1034D 3 .8714D-3 -.4003D-4 .1446D 3
.6750D 2 -.1034D 3 .8714D-3 -.4003D-4 .1459D 3
.7500D 2 -.1034D 3 .8714D-3 -.4003D-4 .1468D 3
.8250D 2 -.1034D 3 .8714D-3 -.4003D-4 .1480D 3
.9000D 2 -.1034D 3 .8714D-3 -.4003D-4 .1490D 3
.9750D 2 -.1034D 3 .8714D-3 -.4003D-4 .1501D 3
.1050D 3 -.1034D 3 .8714D-3 -.4003D-4 .1512D 3
.1125D 3 -.1034D 3 .8714D-3 -.4003D-4 .1525D 3
.1200D 3 -.1034D 3 .8714D 3 -.4003D-4 .1532D 3
.1275D 3 -.1034D 3 .8714D-3 -.4003D-4 .1545D 3
.1350D 3 -.1034D 3 .8714D-3 -.4003D-4 .1552D 3
.1425D 3 -.3060D 2 .1723D 0 .1506D-1 .1550D 3
.1500D 3 .8400D 1 .1476D 1 .1298D 0 .1495D 3
.1575D 3 .4180D 2 .6747D 1 .5940D 0 .1270D 3
.1650D 3 .5370D 2 .1056D 2 .9298D 0 .1010D 3
.1725D 3 .5560D 2 .1131D 2 .9961D 0 .8950D 2
.1800D 3 .5570D 2 .1136D 2 .1000D 1 .8500D 2




Table XVIII.

Experimental Results of Activated Alumina Run
No. 1 (ACTX-1),

178

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min, F mm. hg RATIOC F
.0000D 0 -.1055D 3 .7271D-3 -.3497D-4 .8000D 2
.7500D 1 -.1055D 3 .7271D-3 -.3497D-4 .9800D 2
.1500D 2 -.1055D 3 .7271D-3 -.3497D-4 .1220D 3
.2250D 2 -.5090D 2 .4777D-1 .4262D-6 .1335D 3
.3000D 2 -.7600D 1 .6400D 0 .5836D-1 .1350D 3
.3750D 2 .1410D 2 .1961D 1 .1790D 0 .1295D 3
.4500D 2 .2640D 2 .3536D 1 .3229D 0 .1205D 3
.5250D 2 .3430D 2 .5027D 1 .4591D 0 .1130D 3
.6000D 2 .3860D 2 .5960D 1 .5444D 0 .1075D 3
.6750D 2 .4120D 2 .6594D 1 .6022D 0 .1035D 3
.7500D 2 .4320D 2 .7121D 1 .6504D 0 .1005D 3
.8250D 2 .4460D 2 .7513D 1 .6862D 0 .9820D 2
.9000D 2 .4560D 2 .7807D 1 .7130D 0 .9650D 2
.9750D 2 .4630D 2 .8012D 1 .7318D 0 .9500D 2
.1050D 3 .4700D 2 .8228D 1 .7515D 0 .9350D 2
.1125D 3 .4740D 2 .8357D 1 .7633D 0 .9230D 2
.1200D 3 .4800D 2 .8545D 1 .7805D 0 .9130D 2
.1275D 3 .4830D 2 .8644D 1 .7895D 0 .9040D 2
.1350D 3 .4870D 2 .8774D 1 .8014D 0 .8970D 2
.1425D 3 .4900D 2 .8869D 1 .8101D O .8900D 2
.1500D 3 .4930D 2 .8971D 1 .8194D 0 .8850D 2
.1575D 3 .4960D 2 .9074D 1 .8288D 0 .8800D 2
.1650D 3 .4980D 2 .9141D 1 .8349D 0 .8750D 2
.1725D 3 .5010D 2 .9246D 1 .8445D 0 .8700D 2
.1800D 3 .5030D 2 .9314D 1 .8508D 0 .8660D 2
.1875D 3 .5060D 2 .9414D 1 .8598D 0 .8610D 2
.1950D 3 .5080D 2 .9483D 1 .8662D 0 .8580D 2
.2025D 3 .5100D 2 .9559D 1 .8731D 0 2

.8550D




Table XVIII (continued)
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Partial
T@me Frogt Pt. Pressure GasoTemp.
Min. F mm. Hg RATIOC F

~,2100D 3 .5120D 2 .9630D 1 8796D 0 .8510D 2
.2175D 3 .5130D 2 .9662D 1 8825D 0 .8470D 2
.2250D 3 .5150D 2 -.9734D 1 8890D 0 .8430D 2
.2325D 3 .5170D 2 .9805D 1 8966D 0 .8400D 2
.2400D 3 .5190D 2 .9884D 1 9028D 0 .8380D 2
.2475D 3 .5200D 2 .9917D 1 9058D 0 .8350D 2
.2550D 3 .5220D 2 .9989D 1 9124D 0 .8330D 2
.2625D 3 .5230D 2 .1003D 2 9160D 0 .8300D 2
.2700D 3 .5250D 2 .1010D 2 9227D 0 .8280D 2
.2775D 3 .5260D 2 .1014D 2 9258D 0 .8250D 2
.2850D 3 .5270D 2 .1018D 2 9295D 0 .8230D 2
.2925D 3 .5290D 2 .1025D 2 9363D 0 .8200D 2
.3000D 3 .5300D 2 .1029D 2 9400D 0 .8180D 2
.3070D 3 .5320D 2 .1037D 2 9469D 0 .8160D 2
.3150D 3 .5330D 2 .1040D 2 9500D 0 .8140D 2
.3225D 3 .5340D 2 .1044D 2 9538D 0 .8120D 2
.3300D 3 .5350D 2 .1048D 2 9569D 0 .8100D 2
.3375D 3 .5360D 2 .1052D 2 9607D O .8080D 2
.3450D 3 .5370D 2 .1053D 2 9613D 0 .8060D 2
.3525D 3 .5380D 2 .1060D 2 9677D 0 .8040D 2
.3600D 3 .5390D 2 .1064D 2 9716D 0 .8020D 2
.3675D 3 .5400D 2 .1067D 2 9748D 0 .8000D 2
.3750D 3 .5410D 2 .1071D 2 9786D 0 .7990D 2
.3825D 3 .5420D 2 .1075D 2 9818D 0 .7980D 2
.3900D 3 .5420D 2 .1075D 2 9818D 0 .7970D 2
.3975D 3 .5430D 2 .1079D 2 9857D 0 .7960D 2
.4050D 3 .5430D 2 .1079D 2 9857D 0 .7950D 2
.4125D 3 .5440D 2 .1083D 2 9890D 0 .7940D 2
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Table XVIII (continued)

Partial

T@me Frogt Pt. Pressure GasoTemp.

Min. F mm., Hg RATIOC F
.4200D 3 .5440D 2 .1083D 2 .9890D 0 .7930D 2
.4275D 3 .5450D 2 .1087D 2 .9929D 0 .7920D 2
.4350D 3 .5450D 2 ‘.1087D 2 .9929D 0O .7910D 2
.4425D 3 .5450D 2 .1087D 2 .9929D 0 .7890D 2
.4500D 3 .5460D 2 .1091D 2 .9967D 0 .7880D 2
.4575D 3 .5460D 2 .1091D 2 .9967D 0 .7880D 2
.4650D 3 .5460D 2 .1091D 2 .9967D 0 .7870D 2
.4725D 3 .5460D 2 .1091D 2 .9967D 0 .7870D 2
.4800D 3 .5470D 2 .1095D 2 .1000D 1 .7870D 2
.4875D 3 .5470D 2 .1095D 2 .1000D 1 .7870D 2
.4950D 3 .5470D 2 .1095D 2 .1000D 1 .7870D 2
.5025D 3 .5470D 2 .1095D 2 .1000D 1 .7870D 2
.5100D 3 .5470D 2 . 1095D 2 .1000D 1 .7860D 2
.5175D 3 .5470D 2 .1095D 2 .1000D 1 .7860D 2
.5250D 3 .5470D 2 .1095D 2 .1000D 1 .7860D 2
.5325D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5400D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5475D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5550D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5625D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5700D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5775D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5850D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.5925D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6000D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6075D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6150D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6225D 3 .5470D 2 2 .1000D 1 .7850D 2

.1095D
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Table XVIII (continued)

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.6300D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6375D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6450D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6525D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6600D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6675D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6750D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6825D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6900D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
.6975D 3 .5470D 2 .1095D 2 .1000D 1 .7850D 2
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Table XIX. Experimental Results of Activated Alumina Run
No. 2 (ACTX-2).
Partial

T?me Frogt Pt. Pressure GasoTemp.

Min, F mm, Hg RATIOC F
.0000D 0 -.1069D 3 .6430D-3 -.4248D-4 .7900D 2
.7500D 1 -.1069D 3 ".6430D-3 -.4248D-4 .8800D 2
.1500D 2 -.1069D 3 .6430D-3 -.4248D-4 .1044D 3
.2250D 2 -.1069D 3 .6430D-3 -.4248D-4 .1168D 3
.3000D 2 -.1069D 3 .6430D-3 -.4248D-4 .1240D 3
.3750D 2 -.1069D 3 .6430D-3 -.4248D-4 .1288D 3
.4500D 2 -.1069D 3 .6430D-3 -.4248D 4 .1312D 3
.5250D 2 -.1069D 3 .6430D-3 -.4248D-4 .1334D 3
.GOOQD 2 -.1069D 3 .6430D-3 -.4248D-4 .1334D 3
.6750D 2 -.5500D 1 .7169D 0 .6513D-1 .1320D 3
.7500D 2 .1190D 2 .1758D 1 .1598D 0 .1280D 3
.8250D 2 .2310D 2 .3029D 1 .2755D 0 .1230D 3
.9000D 2 .3080D 2 .4334D 1 .3942D 0 .1160D 3
.9750D 2 .3420D 2 .5005D 1 .3443D 0 .1136D 3
.1050D 3 .3600D 2 .5378D 1 .4892D 0 .1090D 3
.1125D 3 .3820D 2 .5864D 1 .5335D 0 .1063D 3
.1200D 3 .3970D 2 .6221D 1 .5660D 0 .1040D 3
.1275D 3 .4100D 2 .6543D 1 .5952D 0 .1028D 3
.1350D 3 .4210D 2 .6827D 1 .6211D 0 .1012D 3
.1425D 3 .4270D 2 .6984D 1 .6354D 0 .1000D 3
.1500D 3 .4330D 2 .7150D 1 .6505D 0 .9900D 2
.1575D 3 .4400D 2 .7345D 1 .6682D 0 .9790D 2
.1650D 3 .4450D 2 .7482D 1 .6807D 0 .9720D 2
.1725D 3 .4500D 2 .7627D 1 .6939D 0 .9640D 2
.1800D 3 .4540D 2 .7743D 1 .7044D 0 .9560D 2
.1875D 3 .4590D 2 .7893D 1 .7181D 0 .9500D 2
.1950D 3 .4630D 2 .8012D 1 .7289D 0 .9420D 2




Table XIX (continued)
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Partial

T?me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.2025D 3 .4670D 2 .8139D 1 .7404D 0 .9360D 2
.2100D 3 .4700D 2 .8228D 1 .7485D 0 .9300D 2
.2175D 3 .4740D 2 .8357D 1 .7603D 0 .9240D 2
.2250D 3 .4760D 2 .8420D 1 .7660D 0 .9190D 2
.2325D 3 .4790D 2 .8511D 1 .7743D 0 .9140D 2
.2400D 3 .4820D 2 .8609D 1 .7832D 0 .9100D 2
.2475D 3 .4840D 2 .8674D 1 .7891D 0 .9060D 2
.2550D 3 .4870D 2 .8774D 1 .7983D 0 .9010D 2
.2625D 3 .4890D 2 .8839D 1 .8042D 0 .8960D 2
.2700D 3 .4910D 2 .8905D 1 .8102D 0 .8920D 2
.2775D 3 .4930D 2 .8971D 1 .8162D 0 .8880D 2
.2850D 3 .4940D 2 .9007D 1 .8194D 0 .8850D 2
.2925D 3 .4970D 2 .9104D 1 .8283D 0 .8820D 2
.3000D 3 .4990D 2 .9172D 1 .8344D 0 .8790D 2
.3075D 3 .5010D 2 .9213D0 1 .8382D 0 .8760D 2
.3150D 3 .5020D 2 .9277D 1 .8440D 0 .8720D 2
.3225D 3 .5040D 2 .9345D 1 .8502D 0 .8680D 2
.3300D 3 .5050D 2 .9383D 1 .8536D 0 .8660D 2
.3375D 3 .5070D 2 .9452D 1 .8599D 0 .8620D 2
.3450D 3 .5090D 2 .9521D 1 .8662D 0 .8600D 2
.3525D 3 .5100D 2 .9559D 1 .8697D 0 .8560D 2.
.3600D 3 .5110D 2 - .9591D 1 .8726D 0 .8540D 2
.3675D 3 .5130D 2 .9662D 1 .8790D 0 .8520D 2
.3750D 3 .5140D 2 .9701D 1 .8826D 0 .8480D 2
.3825D 3 .5150D 2 .9734D 1 .8855D 0 .8460D 2
.3900D 3 .5160D 2 .9773D 1 .8891D 0 .8440D 2
.3975D 3 .5180D 2 .9844D 1 .8956D 0 .8420D 2
.4050D 3 2 .9884D 1 .8992D 0 .8400D 2

.5190D



Table XIX (continued)

184

Partial

T@me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.4125D 3 .5200D 2 .9917D 1 .9022D 0 .8380D 2
.4200D 3 .5210D 2 .9956D 1 .9058D 0 .8360D 2
.4275D 3 .5220D 2 .9989D 1 .9088D 0 .8340D 2
.4350D 3 .5230D 2 .1003D 2 .9124D 0 .8320D 2
.4425D 3 .5240D 2 .1006D 2 .9154D 0 .8300D 2
.4500D 3 .5250D 2 .1010D 2 .9191D 0 .8280D 2
.4575D 3 .5260D 2 .1014D 2 .9221D 0 .8260D 2
.4650D 3 .5280D 2 .1022D 2 .9295D 0 .8240D 2
.4725D 3 .5290D 2 .1025D 2 .9326D 0 .8220D 2
.4800D 3 .5300D 2 .1029D 2 .9363D 0 .8200D 2
.4875D 3 .5300D 2 .1029D 2 .9363D 0 .8180D 2
.4950D 3 .5310D 2 .1033D 2 .9394D 0 .8170D 2
.5025D 3 .5320D 2 .1037D 2 .9431D0 .8160D 2
.5100D 3 .5330D 2 .1040D 2 .9463D 0 .8150D 2
.5175D 3 .5330D 2 .1040D 2 .9463D 0 .8140D 2
.5250D 3 .5340D 2 .1044D 2 .9500D 0 .8130D 2
.5325D 3 .5350D 2 .1048D 2 .9532D 0 .8120D 2
.5400D 3 .5350D 2 .1048D 2 .9532D 0 .8110D 2
.5475D 3 .5360D 2 .1052D 2 .9569D 0 .8100D 2
.5550D 3 .5370D 2 .1056D 2 .9607D O .8090D 2
.5625D 3 .5380D 2 .1060D 2 .9639D 0 .8080D 2
.5700D 3 .5380D 2 .1060D 2 .9639D 0 .8070D 2
.5775D 3 .5390D 2 .1063D 2 .9671D 0 .8060D 2-
.5850D 3 .5400D 2 .1067D 2 .9709D 0 .8050D 2
.5925D 3 .5400D 2 .1067D 2 .9709D.0 .8040D 2
.6000D 3 .5410D 2 .1071D 2 .9748D 0 .8030D 2
.6075D 3 .5410D 2 .1071D 2 .9748D 0 .8020D 2
.6150D 3 .5410D 2 .1071D 2 .9748D 0 .8010D 2
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Table XIX (continued)

Partial
Time Frogt Pt. Pressure GasoTemp.
Min. F mm. Hg RATIOC F
.6225D 3 .5420D 2 .1075D 2 .9780D 0 .8000D 2
.6300D 3 :5420D 2 .1075D 2 .9780D 0 .8000D
.6375D 3 .5430D 2 ‘.1079D 2 .9818D 0 .7990D
.6450D 3 .5430D 2 .1079D 2 .9818D 0 .7990D
.6525D 3 .5440D 2 .1083D 2 .9851D 0 .7980D
.6600D 3 .5440D 2 .1083D 2 .9851D 0 .7980D
.6675D 3 ..5440D 2 .1083D 2 .9851D 0 .7970D
.6750D 3 .5440D 2 .1083D 2 .9851D 0 .7970D
.6825D 3 .5450D 2 .1087D 2 .9890D 0 .7960D
.6900D 3 .5450D 2 .1087D 2 .9890D 0 .7960D
.6975D 3 .5450D 2 .1087D 2 .9890D 0 .7950D
.7050D 3 .5460D 2 .1091D 2 .9928D 0 .7950D
.7125D 3 .5460D 2 .1091D 2 .9928D 0 .7940D
.7200D 3 .5460D 2 .1091D 2 .9928D 0 .7940D
.7275D 3 .5460D 2 .1091D 2 .9928D 0 .7930D
.7350D 3 .5460D 2 .1091D 2 .9928D 0 .7930D
.7425D 3 .5460D 2 .1091D 2 .9928D 0 .7920D
.7500D 3 .5470D 2 .1095D 2 .9961D 0 .7920D
.7575D 3 .5470D 2 .1095D 2 .9961D 0 .7920D
.7650D 3 .5470D 2 .1095D 2 .9961D 0 .7920D
.7725D 3 .5470D 2 .1095D 2 .9961D 0 .7910D
.7800D 3 .5470D 2 .1095D 2 .9961D 0 .7910D
.7875D 3 .5470D 2 .1095D 2 .9961D 0 .7910D
.7950D 3 .5470D 2 .1095D 2 .9961D 0 .7910D
.8025D 3 .5470D 2 .1095D 2 .9961D 0 .7910D
.8100D 3 .5470D 2 .1095D 2 .9961D 0 .7900D
.8175D 3 .5470D 2 .1095D 2 .9961D 0 .7900D
.8250D 3 .5470D 2 .1095D 2 .9961D 0 .7900D
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Table XIX (continued)

186

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.8325D 3 .5480D 2 .1099D 2 .1000D 1 .7900D 2
.8400D 3 .5480D 2 .1099D 2 .1000D 1 .7900D 2
.8475D 3 .5480D 2 .1099D 2 .1000D 1 .7900D 2
.8550D 3 .5480D 2 .1099D 2 .1000D 1 .7900D 2
.8625D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.8700D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.8775D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.8850D 3 .5480D 2 .1900D 2 .1000D 1 .7890D 2
.8925D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9000D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9075D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9150D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9225D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9300D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9375D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9450D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9525D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9600D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9675D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9750D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9825D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9900D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.9975D 3 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1005D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1013D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1020D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1027D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2



Table XIX (continued)

187

Partial

Time Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.1035D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1043D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1050D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1057D 4 .5480D 2 .1099D 2. .1000D 1 .7890D 2
.1065D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
.1073D 4 .5480D 2 .1099D 2 .1000D 1 .7890D 2
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Table XX. Experimental Results of Activated Alumina Run
No. 3 (ACTX-3).

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D O -.1042D 3 .8129D-3 -.5300D-3 .7920D 2
.7500D 1 -.1042D 3 -.8129D-3 -.5300D-3 .7980D 2
.1500D 2 -.1042D 3 .8129D-3 -.5300D-3 .8010D 2
.2250D 2 -.1042D 3 .8129D-3 -.5300D 3 .8030D 2
.3000D 2 -.1042D 3 .8129D-3 -.5300D-3 .8040D 2
.3750D 2 -.1042D 3 .8129D-3 -.5300D-3 .8050D 2
.4500D 2 ~-.1042D 3 .8129D-3 -.5300D-3 .8050D 2
.5250D 2 -.1042D 3 .8129D-3 -.5300D-3 .8060D 2
.6000D 2 -.1042D 3 .8129D-3 -.5300D-3 .8060D 2
.6750D 2 -.1042D 3 .8129D-3 -.5300D-3 .8060D 2
.7500D 2 -.1042D 3 .8129D-3 -.5300D-3 .8060D 2
.8250D 2 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.9000D 2 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.9750D 2 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.IOSOD 3 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.1125D 3 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.1200D 3 -.1042D 3 .8129D-3 -.5300D-3 .8070D 2
.1275D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1350D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1425D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1500D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1575D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1650D 3 -.1042D 3 .8129D-3 . -.5300D-3 .8080D 2
.1725D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1800D 3 -.1042D 3 .8129D-3 -.5300D-3 .8080D 2
.1875D 3 -.9580D 2 .1670D-2 .9995D-3 .8080D 2
.1950D 3 -.9220D 2 .2250D-2 .2034D-2 .8080D 2
.2025D 3 -.8540D 2 .3911D-2 .4999D-2 .8080D 2



189

Table XX (continued)

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.2100D 3 -.7380D 2 .9547D-2 .1506D-1 .8080D 2
.2175D 3 -.6700D 2 -.1570D-1 .2604D-1 .8080D 2
.2250D 3 -.6120D 2 .2368D-1 .4028D-1 .8070D 2
.2325D 3 -.5450D 2 .3754D-1 .6500D-1 .8070D 2
.2400D 3 -.5060D 2 .4876D-1 .8503D-1 .8060D 2
.2475D 3 -.4540D 2 .6840D-1 .1201D O .8050D 2
.2550D 3 -.4000D 2 .9660D-1 .1704D 0 .8040D 2
.2625D 3 -.3560D 2 .1271D 0 .2249D 0 .8030D 2
.2700D 3 -.3200D 2 .1584D 0 .2806D 0 .8010D 2
.2775D 3 -.2910D 2 .1886D 0 .3345D 0 .7990D 2
.2850D 3 -.2480D 2 .2431D 0 .4318D 0 .7970D 2
.2925D 3 -.2180D 2 .2893D 0 .5143D 0 .7960D 2
.3000D 3 -.1920D 2 .3358D 0 .5972D 0 .7940D 2
.3075D 3 -.1760D 2 .3680D 0 .6547D 0 .7920D 2
.3150D 3 -.1600D 2 .4018D 0 .7150D 0 .7900D 2
.3225D 3 -.1480D 2 .4300D 0 .7653D 0 .7890D 2
.3300D 3 -.1370D 2 .4575D 0 .8144D 0 .7880D 2
.3375D 3 -.1300D 2 .4760D 0 .8474D 0 .7870D 2
.3450D 3 -.1270D 2 .4845D 0 .8626D 0 .7860D 2
.3525D 3 -.1240D 2 .4915D 0 .8751D 0 .7860D 2
.3600D 3 -.1210D 2 .5000D 0 .8903D 0 .7850D 2
.3675D 3 -.1190D 2 .5055D 0 .9001D 0 .7850D 2
.3750D 3 -.1170D 2 .5110D 0 .9099D 0 .7840D 2
.3825D 3 -.1160D 2 .5140D 0 .9152D 0 .7840D 2
.3900D 3 -.1140D 2 .5200D O .9251D 0 .7840D 2
.3975D 3 -.1130D 2 .5224D 0 .9302D 0 .7830D 2
.4050D 3 -.1120D 2 .5260D 0 .9367D 0 .7830D 2
.4125D 3 -.1120D 2 .5260D 0 .9367D 0 .7830D 2



Table XX (continued)

190

Partial

T?me Frogt Pt. Pressure GasoTemp.

Min, F mm., Hg RATIOC F
.4200D 3 -.1110D 2 .5290D 0 .9420D 0 .7830D 2
.4275D 3 -.1100D 2 .5315D 0 .9465D 0 .7820D 2
.4350D 3 -.1100D 2 -.5315D 0 .9465D 0 .7820D 2
.4425D 3 -.1090D 2 .5345D 0 .9518D 0 .7820D 2
.4500D 3 -.1090D 2 .5345D 0 .9518D 0 .7820D 2
.4575D 3 -.1090D 2 .5345D 0 .9518D 0 .7820D 2
.4650D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.4725D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.4800D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.4875D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.4950D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.5025D 3 -.1080D 2 .5370D 0 - .9563D 0 .7820D 2
.5100D 3 -.1080D 2 .5370D 0 .9563D 0 .7820D 2
.5175D 3 -.1070D 2 .5400D 0 .9616D 0 .7820D 2
.5250D 3 -.1070D 2 .5400D0 0 .9616D 0 .7820D 2
.5325D 3 -.1070D 2 .5400D 0 .9616D 0 .7820D 2
.5400D 3 -.1070D 2 .5400D 0 .9616D 0 .7820D 2
.5475D 3 -.1070D 2 .5400D 0 .9616D 0 .7820D 2
.5550D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.5625D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.5700D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.5775D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.5850D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.5925D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.6000D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.6075D 3 -.1060D 2 .5428D 0 .9666D 0 .7820D 2
.6150D 3 -,1050D 2 .5464D 0 .9731D 0 .7820D 2
.6225D 3 -.1050D 2 .5460D O .9731D 0 .7820D 2



Table XX (continued)

191

Partial

T?me Frost Pt. Pressure GasoTemp.

Min. F mn. Hg RATIOC F
.6300D 3 -.1050D 2 .5464D 0 .9731D 0 .7820D 2
.6375D 3 -.1050D 2 .5464D 0 .9731D 0 .7820D 2
.6450D 3 -.1050D 2 .5464D 0 .9731D 0 .7820D 2
.6525D 3 -.1050D 2 .5464D 0 .9731D 0 .7820D 2
.6600D 3 -.1050D 2 .5464D 0 .9731D 0 .7820D 2
.6675D 3 -.1050D 2 .5464D 0 .9731D 0 .7810D 2
.6750D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.6825D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.6900D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.6975D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.7050D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.7125D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.7200D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.7275D 3 -.1040D 2 .5490D 0 .9777D 0 .7810D 2
.7350D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7425D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7500D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7575D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7650D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7725D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7800D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7875D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.7950D 3 -.1030D 2 .5520D 0 .9830D 0 .7810D 2
.8025D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8100D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8175D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8250D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8325D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2




Table XX (continued)

192

Partial

T@me Frogt Pt. Pressure GasoTemp.

Min. F mm.Hg RATIOC F
.8400D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8475D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8550D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8625D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8700D 3 ~-.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8775D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8850D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.8925D 3 -.1020D 2 .5556D 0 .9895D 0 .7810D 2
.9000D 3 -.1010D 2 .5585D 0 .9946D 0O .7810D 2
.9075D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9150D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9225D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9300D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9375D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9450D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9525D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9600D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9675D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9750D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9825D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9900D 3 -.1010D 2 .5585D 0 .9946D 0 .7810D 2
.9975D 3 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1005D 4 -.1000D 2 .5615D O .1000D 1 .7810D 2
.1013D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1020D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1027D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1035D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2




Table XX ( continued)

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.1043D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1050D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1057D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1065D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1073D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1080D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1087D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1095D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1102D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1110D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1118D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1125D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1132D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1140D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1148D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
.1155D 4 -.1000D 2 .5615D 0 .1000D 1 .7810D 2
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Table XXI. Experimental Results of Activated Alumina Run
No. 4 (ACTX-4).

Partial

Time Frogt Pt. Pressure GasoTemp.

Min. F mn. Hg RATIOC F
.0000D 0 -.1054D 3 .7337D-3 -.5847D-4 .7920D 2
.7500D 1 -.1054D 3 ~.7337D-3 -.5847D-4 .1020D 3
.1500D 2 -.1054D 3 .7337D-3 -.5847D-4 .1252D 3
.2250D 2 -.1020D 3 .5556D 0 .5007D-1 .1330D 3
.3000D 2 .7100D 1 .1382D 1 .1247D 0 .1308D 3
.3750D 2 .2120D 2 .2765D 1 .2497D 0 .1266D 3
.4500D 2 .3070D 2 .4316D 1 .3898D 0 .1170D 3
.5250D 2 .3670D 2 .5529D 1 .4994D 0 .1100D 3
.6000D 2 .4030D 2 .6368D 1 .5751D 0 .1052D 3
.6750D 2 .4300D 2 .7067D 1 .6383D 0 .1024D 3
.7500D 2 .4470D 2 .7544D 1 .6814D 0 .1000D 3
.8250D 2 .4580D 2 .7866D 1 .7105D 0 .9800D 2
.9000D 2 .4670D 2 .8139D 1 .7351D 0 .9600D 2
.9750D 2 .4740D 2 .8357D 1 .7549D 0 .9460D 2
.1050D 3 .4810D 2 .8574D 1 .7745D 0 .9320D 2
.1125D 3 .4860D 2 .8739D 1 .7893D 0 .9200D 2
.1200D 3 .4900D 2 .8869D 1 .8011D O .9100D 2
.1275D 3 .4950D 2 .9037D 1 .8163D 0 .9000D 2
.1350D 3 .4980D 2 .9141D 1 .8257D 0 .8920D 2
.1425D 3 .5010D 2 .9246D 1 .8352D 0 .8840D 2
.1500D 3 .5030D 2 .9314D 1 .8413D 0 .8780D 2
.1575D 3 .5040D 2 .9345D 1 .8441D 0 .8740D 2
.1650D 3 .5070D 2 .9452D 1 .8537D 0 .8680D 2
.1725D 3 .5090D 2 .9521D 1 .8600D 0 .8640D 2
.1800D 3 .5110D 2 .9591D 1 .8664D 0 .8600D 2
.1875D 3 .5120D 2 .9630D 1 .8698D 0 .8570D 2
.1950D 3 .5140D 2 .9701D 1 .8763D 0 .8540D 2
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Table XXI (continued)
Partial
T%me Frogt Pt. Pressure GasoTemp.
Min. F mm, Hg RATIOC F

.2025D 3 .5150D 2 .9734D 1 .8792D 0 .8500D 2
.2100D 3 .5170D 2 .9805D 1 .8857D 0 .8480D 2
.2175D 3 .5180D 2 .9844D 1 .8892D 0 .8440D 2
.2250D 3 .5190D 2 .9884D 1 .8928D 0 .8410D 2
.2325D 3 .5200D 2 .9917D 1 .8957D 0 .8380D 2
.2400D 3 .5210D 2 .9956D 1 .8993D 0 .8360D 2
.2475D 3 .5220D 2 .9989D 1 .9023D 0 - .8330D 2
.2550D 3 .5230D 2 .1003D 2 .9059D 0 .8320D 2
.2625D 3 .+5240D 2 .1006D 2 .9089D 0 .8300D 2
.2700D 3 .5250D 2 .1010D 2 .9125D 0 .8280D 2
.2775D 3 .5260D 2 .1014D 2 .9155D 0 .8270D 2
.2850D 3 .5270D 2 .1018D 2 .9192D 0 .8260D 2
.2925D 3 .5280D 2 .1022D 2 .9229D 0 .8240D 2
.3000D 3 .5290D 2 .1025D 2 .9259D 0 .8230D 2
.307sD 3 .5300D 2 .1029D 2 .9296D 0 .8220D 2
.3150D 3 .5310D 2 .1033D 2 .9327D 0 .8210D 2
.3225D 3 .5320D 2 .1037D 2 .9364D 0 .8200D 2
.3300D 3 .5320D 2 .1037D 2 .9364D 0 .8190D 2
.3375D 3 .5330D 2 .1040D 2 .9395D 0 .8180D 2
.3450D 3 .5340D 2 .1044D 2 .9432D 0 .8170D 2
.3525D 3 .5350D 2 .1048D 2 .9463D 0 .8160D 2
.3600D 3 .5360D 2 .1052D 2 .9501D 0 .8150D 2
.3675D 3 .5360D 2 .1052D 2 .9501D 0 .8140D 2
.3750D 3 .5370D 2 .1056D 2 .9539D 0 .8130D 2
.3850D 3 .5380D 2 .1060D 2 .9570D 0 .8120D 2
.3900D 3 .5380D 2 .1060D 2 .9570D 0 .8110D 2
.3975D 3 .5390D 2 .1064D 2 .9608D 0 .8100D 2
.4050D 3 .5390D 2 .1064D 2 .9608D 0 .8090D 2




Table XXI (continued)
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Partial

T@me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.4125D 3 .5400D 2 .1067D 2 .9640D 0 .8080D 2
.4200D 3 .5410D 2 .1071D 2 .9678D 0 .8080D 2
.4275D 3 .5410D 2 .1071D 2 .9678D 0 .8080D 2
.4350D 3 .5420D 2 .1075D 2 .9710D 0 .8070D 2
.4425D 3 .5420D 2 .1075D 2 .9710D 0 .8070D 2
.4500D 3 .5430D 2 .1079D 2 .9748D 0 .8070D 2
.4575D 3 .5430D 2 .1079D 2 .9748D 0 .8060D 2
.4650D 3 .5430D 2 .1079D 2 .9748D 0 .8050D 2
.4725D 3 .5440D 2 .1083D 2 .9780D 0 .8040D 2
.4800D 3 .5440D 2 .1083D 2 .9780D 0 .8040D 2
.4875D 3 .5450D 2 .1087D 2 .9819D 0 .8030D 2
.4950D 3 .5450D 2 .1087D 2 .9819D 0 .8020D 2
.5025D 3 .5450D 2 .1087D 2 .9819D 0 .8010D 2
.5100D 3 .5460D 2 .1091D 2 .9857D 0 .8010D 2
.5175D 3 .5460D 2 .1091D 2 .9857D 0 .8000D 2
.5250D 3 .5460D 2 .1091D 2 .9857D 0 .8000D 2
.5324D 3 .5460D 2 .1091D 2 .9857D 0 .7990D 2
.5400D 3 .5470D 2 .1095D 2 .9889D 0 .7990D 2
.5475D 3 .5470D 2 .1095D 2 .9889D 0 .7980D 2
.5550D 3 .5470D 2 .1095D 2 .9889D 0 .7980D 2
.5625D 3 .5470D 2 .1095D 2 .9889D 0 .7970D 2
.5700D 3 .5480D 2 .1099D 2 .9928D 0 .7970D 2
.5775D 3 .5480D 2 .1099D 2 .9928D 0 .7970D 2
.5850D 3 .5480D 2 .1099D 2 .9928D 0 .7960D 2
.5925D 3 .5480D 2 .1099D 2 .9928D 0 .7960D 2
.6000D 3 .5490D 2 .1103D 2 .9961D 0 .7960D 2
.6075D 3 .5490D 2 .1103D 2 .9961D 0 .7960D 2
.6150D 3 .5490D 2 .1103D 2 .9961D 0 .7960D 2




Table XXI (continued)
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.6225D 3 ©.5490D 2 .1103D 2 .9961D 0 .7950D 2
.6300D 3 .5490D 2 .1103D 2 .9961D 0 .7950D 2
.6375D 3 .5490D 2 .1103D 2 .9961D 0 .7950D 2
.6450D 3 .5490D 2 .1103D 2 .9961D 0 .7950D 2
.6525D 3 .5490D 2 .1103D 2 .9961D 0 .7940D 2
.6600D 3 .5500D 2 .1107D 2 .1000D 1 .7940D 2
.6675D 3 .5500D 2 .1107D 2 .1000D 1 .7940D 2
.6750D 3 .5500D 2 .1107D 2 .1000D 1 .7940D 2
.6825D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.6900D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.6975D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7050D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7125D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7200D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7275D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7350D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7425D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7500D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7575D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7650D 3 .5500D 2 .1107D 2 .1000D 1 .7930D 2
.7725D 3 .5500D 2 .1107D 2 .1000D 1 .7920D 2
.7800D 3 .5500D 2 .1107D 2 .1000D 1 .7920D 2
.7875D 3 .5500D 2 .1107D 2 .1000D 1 .7920D 2
.7950D 3 .5500D 2 .1107D 2 .1000D 1 .7920D 2




Table XXII. Experimental Results of Activated Alumina Run

No. 5 (ACTX-5).
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Partial

T?me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D 0 -.1060D 3 .6963D-3 -.2228D-4 .7950D 2
.7500D 1 -.1060D 3 .6963D-3 -.2228D-4 .1096D 3
.1500D 2 -.1060D 3 .6963D-3 -.2228D-4 .1272D 3
.2250D 2 -.1060D 3 .6963D-3 -.2228D-4 .1344D 3
.3000D 2 -.1060D 3 .6963D-3 -.2228D-4 .1380D 3
.3750D 2 -.1330D 2 .4682D 0 .4191D-1 .1352D 3
.4500D 2 .2520D 2 .3342D 1 .2996D 0 .1276D 3
.5250D 2 .3610D 2 .5400D 1 .4843D 0 .1160D 3
.6000D 2 .4050D 2 .6417D 1. .5754D 0 .1100D 3
.6750D 2 .4240D 2 .6907D 1 .6194D 0 .1058D 3
.7500D 2 .4390D 2 .7314D 1 .6559D 0 .1028D 3
.8250D 2 .4480D 2 .7570D 1 .6789D 0 .1004D 3
.9000D 2 .4600D 2 .7925D 1 .7107D 0 .9840D 2
.9750D 2 .4670D 2 .8139D 1 .7298D 0 .9640D 2
.1050D 3 .4730D 2 .8323D 1 .7464D 0 .9520D 2
.1125D 3 .4800D 2 .8545D 1 .7663D 0 .9390D 2
.1200D 3 .4860D 2 .8739D 1 .7837D 0 .9280D 2
.1275D 3 .4900D 2 .8867D 1 .7954D 0 .9160D 2
.1350D 3 .4950D 2 .9037D 1 .8104D 0 .9060D 2
.1425D 3 .4990D 2 .9172D 1 .8225D 0 .8960D 2
.1550D 3 .5030D 2 .9314D 1 .8353D 0 .8880D 2
.1575D 3 .5060D 2 .9414D 1 .8442D 0 .8800D 2
.1650D 3 .5090D 2 .9521D 1 .8531D 0 .8730D 2
.1725D 3 .5120D 2 .9630D 1 .8636D 0 .8680D 2
.1880D 3 .5140D 2 .9701D 1 .8700D 0 .8620D 2
.1875D 3 .5170D 2 .9805D 1 .8793D 0 .8560D 2
.1950D 3 .5190D 2 .9884D 1 .8864D 0 .8520D 2
.2025D 3 .5220D 2 .9989D 1 .8958D 0 .8480D 2




Table XXII (continued)
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Partial

T%me Frost Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.2100D 3 .5240D 2 .1006D 2 .9024D 0 .8440D 2
.2175D 3 .5260D 2 .1014D 2 .9090D 0 .8400D 2
.2250D 3 .5280D 2 .1022D 2 .9162D 0 .8360D 2
.2325D 3 .5290D 2 .1025D 2 .9193D 0 .8320D 2
.2400D 3 .5310D 2 .1033D 2 .9260D O .8300D 2
.2475D 3 .5320D 2 .1037D 2 .9297D 0 .8270D 2
.2550D 3 .5340D 2 .1044D 2 .9364D 0 .8240D 2
.2625D 3 .5350D 2 .1048D 2 .9395D 0 .8210D 2
.2700D 3 .5370D 2 .1056D 2 .9470D 0 .8190D 2
.2775D 3 .5380D 2 .1060D 2 .9502D 0 .8170D 2
.2850D 3 .5390D 2 .1064D 2 .9539D 0 .8150D 2
.2925D 3 .5400D 2 .1067D 2 .9571D 0 .8130D 2
.3000D 3 .5410D 2 .1071D 2 .9608D 0 .8110D 2
.3075D 3 .5420D 2 .1075D 2 .9640D 0 .8090D 2
.3150D 3 .5430D 2 .1079D 2 .9678D 0 .8070D 2
.3225D 3 .5440D 2 .1083D 2 .9710D O .8060D 2
.3300D 3 .5450D 2 .1087D 2 .9748D 0 .8050D 2
.3375D 3 .5460D 2 .1091D 2 .9786D 0 .8040D 2
.3450D 3 .5470D 2 .1095D 2 .9818D 0 .8030D 2
.3525D 3 .5480D 2 .1099D 2 .9857D 0 .8020D 2
.3600D 3 .5490D 2 .1103D 2 .9889D 0 .8010D 2
.3675D 3 .5500D 2 .1107D 2 .9928D 0 .8000D 2
.3750D 3 .5500D 2 .1107D 2 .9928D 0 .7990D 2
.3825D 3 .5510D 2 .1111D 2 .9961D 0 .7980D 2
.3900D 3 .5510D 2 .1111D 2 .9961D 0 .7970D 2
.3975D 3 .5520D 2 .1115D 2 .1000D 1 .7960D 2
.4050D 3 .5520D 2 .1115D 2 .1000D 1 .7960D 2
.4125D 3 .5520D 2 .1115D 2 .1000D 1 .7960D 2



Table XXII (continued)
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.4200D 3 .5520D 2 .1115D 2 .1000D 1 .7950D 2
.4275D 3 .5520D 2 .1115D 2 .1000D 1 .7950D 2
.4350D 3 .5520D 2 ..1115D 2 .1000D 1 .7950D 2
.4425D 3 .5520D 2 .1115D 2 .1000D 1 .7940D 2
.4500D 3 .5520D 2 .1115D 2 .1000D 1 .7940D 2
.4575D 3 .5520D 2 .1115D 2 .1000D 1 .7940D 2
.4650D 3 .5520D 2 .1115D 2 .1000D 1 .7940D 2
.4725D 3 .5520D 2 .1115D 2 .1000D 1 .7930D 2
.4800D 3 .5520D 2 .1115D 2 .1000D 1 .7930D 2
.4875D 3 .5520D 2 .1115D 2 .1000D 1 .7930D 2
.4950D 3 .5520D 2 .1115D 2 .1000D 1 .7920D 2
.5025D 3 .5520D 2 .1115D 2 .1000D 1 .7920D 2
.5100D 3 .5520D 2 .1115D 2 .1000D 1 .7920D 2




Table XXIII.

Experimental Results of Activated Alumina Run

No. 6 (ACTX-6).
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.0000D 0 -.1063D 3 .6787D-3 -.5700D-4 .7880D 2
.7500D 1 -.1063D- 3 ".6787D-3 -.5700D-4 .8000D 2
.1500D 2 -.1063D 3 .6787D-3 -.5700D-4 .1068D 3
.2250D 2 -.1063D 3 .6787D-3 -.5700D-4 .1184D 3
.3000D 2 -.1063D 3 .6787D-3 -.5700D-4 .1248D 3
.3750D 2 -.1063D 3 .6787D-3 -.5700D-4 .1296D 3
.4500D 2 -.1063D 3 .6787D-3 -.5700D-4 .1320D 3
.5250D 2 -.1063D 3 .6787D-3 -.5700D-4 .1342D 3
.6000D 2 -.1063D 3 .6787D-3 -.5700D-4 .1357D 3
.6750D 2 -.3070D 2 .1714D 0 .1499D-1 .1352D 3
.7500D 2 .2300D 1 .1080D 1 .9499D-1 .1324D 3
.8250D 2 .1910D 1 .2500D 1 .2200D 0 .1272D 3
.9000D 2 .2890D 2 .3972D 1 .3496D 0 .1212D 3
.9750D 2 .3470D 2 .5107D 1 .4495D 0 .1150D 3
.1050D 3 .3640D 2 .5463D 1 .4809D 0 .1100D 3
.1125D 3 .3840D 2 .5914D 1 .5206D 0 .1068D 3
.1200D 3 .3960D 2 .6196D 1 .5454D 0 .1052D 3
.1275D 3 .4070D 2 .6467D 1 .5692D 0 .1032D 3
.1350D 3 .4180D 2 .6746D 1 .5939D 0 .1016D 3
.1425D 3 .4270D 2 .7042D 1 .6199D 0 .1004D 3
.1500D 3 .4360D 2 .7229D 1 .6364D 0 .9960D 2
.1575D 3 .4430D 2 .7426D 1 .6537D 0 .9880D 2
.1650D 3 .4530D 2 .7717D 1 .6793D 0 .9760D 2
.1725D 3 .4560D 2 .7807D 1 .6872D 0 .9670D 2
.1800D 3 .4590D 2 .7893D 1 .6948D 0 .9600D 2
.1875D 3 .4650D 2 .8078D 1 .7111D 0 .9520D 2
.1950D 3 .4680D 2 .8166D 1 .7189D 0O .9450D 2
.2025D 3 .4720D 2 .8289D 1 .7297D 0 .9400D 2



Table XXIII (continued)

202

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm. Hg RATIOC F
.2100D 3 .4700D 2 .8448D 1 .7437D 0 .9320D 2
.2175D 3 .4790D 2 .8511D 1 .7493D 0 .9270D 2
.2250D 3 .4830D 2 .8644D 1 .7610D O .9220D 2
.2325D 3 .4860D 2 .8739D 1 .7693D 0 .9170D 2
.2400D 3 .4890D 2 .8839D 1 .7781D 0 .9120D 2
.2475D 3 .4930D 2 .8971D 1 .7897D 0 .9080D 2
.2550D 3 .4950D 2 .9037D 1 .7956D 0 .9040D 2
.2625D 3 .4980D 2 .9141D 1 .8047D 0 .9000D 2
.2700D 3 .5000D 2 .9209D 1 .8107D 0 .8960D 2
.2750D 3 .5020D 2 .9277D 1 .8167D O .8920D 2
.2850D 3 .5050D 2 .9338D 1 .8221D O .8880D 2
.2925D 3 .5070D 2 .9452D 1 .8321D 0 .8840D 2
.3000D 3 .5090D 2 .9521D 1 .8382Db 0 .8800D 2
.3075D 3 .5110D 2 .9591D 1 .8444D 0 .8770D 2
.3150D 3 .5120D 2 .9630D 1 .8478D 0 .8740D 2
.3225D 2 .5140D 2 .9701D 1 .8540D 0 .8710D 2
.3300D 3 .5150D 2 .9734D 1 .8569D 0 .8680D 2
.3375D 3 .5170D 2 .9805D 1 .8632D 0 .8650D 2
.3450D 3 .5180D 2 .9844D 1 .8666D 0 .8620D 2
.3525D 3 .5190D 2 .9884D 1 .8701D 0 .8590D 2
.3600D 3 .5200D 2 .9917D 1 .8730D 0 .8560D 2
.3675D 3 .5210D 2 .9956D 1 .8765D 0 .8530D 2
.3750D 3 .5220D 2 .9989D 1 .8794D 0O .8510D 2
.3825D 3 .5250D 2 .1010D 2 .8894D 0 .8490D 2
.3900D 3 .5260D 2 .1014D 2 .8923D 0 .8470D 2
.3975D 3 .5270D 2 .1018D 2 .8958D 0 .8450D 2
.4050D 3 .5280D 2 .1022D 2 .8994D 0 .8440D 2
.4125D 3 .5300D 2 .1029D 2 .9060D O .8400D 2
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‘Table XXIII (continued)

Partial

T%me Frogt Pt. Pressure GasoTemp.

Min. F mm, Hg RATIOC F
.4200D 3 .5310D 2 .1033D 2 .9090D 0 .8380D 2
.4275D 3 .5320D 2 .1037D 2 .9126D 0 .8360D 2
.4350D 3 .5340D 2 .1044D 2 .9193D 0 .8340D 2
.4425D 3 .5350D 2 .1048D 2 .9223D 0 .8320D 2
.4500D 3 .5350D 2 .1048D 2 .9223D 0 .8300D 2
.4575D 3 .5360D 2 .1052D 2 .9260D 0 .8290D 2
.4650D 3 .5370D 2 .1056D 2 .9297D 0 .8270D 2
.4725D 3 .5380D 2 .1060D 2 .9327D 0 .8250D 2
.4800D 3 .5390D 2 .1064D 2 .9364D 0 .8240D 2
.4875D 3 .5390D 2 .1064D 2 .9364D 0 .8220D 2
.4950D 3 .5400D 2 .1067D 2 .9395D 0 .8210D 2
.5025D 3 .5410D 2 .1071D 2 .9432D 0 .8190D 2
.5100D 3 .5420D 2 .1075D 2 .9463D 0 .8180D 2
.5175D 3 .5420D 2 .1075D 2 .9463D 0 .8150D 2
.5250D 3 .5430D 2 .1079D 2 .9500D 0 .8140D 2
.5325D 3 .5440D 2 .1083D 2 .9532D 0 .8130D 2
.5400D 3 .5440D 2 .1083D 2 .9532D 0 .8120D 2
.5475D 3 .5450D 2 .1087D 2 .9569D 0 .8110D 2
.5550D 3 .5460D 2 .1091D 2 .9607D 0 .8100D 2
.5625D 3 .5470D 2 .1095D 2 .9638D 0 .8090D 2
.5700D 3 .5470D 2 .1095D 2 .9638D 0 .8080D 2
.5775D 3 .5480D 2 .1099D 2 .9676D 0 .8070D 2
.5850D 3 .5490D 2 .1103D 2 .9708D 0 .8060D 2
.5925D 3 .5500D 2 .1107D 2 .9746D 0 .8050D 2
.6000D 3 .5500D 2 .1107D 2 .9746D 0 . 8040D 2
.6075D 3 .5510D 2 .1111D 2 .9778D 0O .8040D 2
.6150D 3 .5510D 2 .1111D 2 .9778D 0 .8030D 2
.6225D 3 .5520D 2 .1115D 2 .9817D 0 .8020D 2
.6300D 3 .5520D 2 .1115D 2 .9817D 0 .8010D 2
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Table XXIII (continued)

Partial

T%me Frogt Pt. Pressure ‘GasoTemp.

Min, F mm. Hg RATIOC F
.6375D 3 .5530D 2 .1119D 2 .9849D 0 .8000D 2
.6450D 3 .5530D 2 .1119D 2 .9849D 0 .7990D 2
.6525D 3 .5540D 2 - .1123D 2 .9887D 0 .7980D 2
.6600D 3 .5540D 2 .1123D 2 .9887D 0 .7970D 2
.6675D 3 .5550D 2 .1123D 2 .9887D 0 .7970D 2
.6750D 3 .5550D 2 .1128D 2 .9926D 0 .7960D 2
.6825D 3 .5550D 2 .1128D 2 .9926D 0 .7960D 2
.6900D 3 .5550D 2 .1128D 2 .9926D 0 .7950D 2
.6975D 3 .5550D 2 .1128D 2 .9926D 0 .7950D 2
.7050D 3 .5550D 2 .1128D 2 .9926D 0 .7940D 2
.7125D 3 .5560D 2 .1131D 2 .9959D 0 .7930D 2
.7200D 3 .5560D 2 .1131D 2 .9959D 0 .7920D 2
.7275D 3 .5560D 2 .1131D 2 .9959D 0 .7920D 2
.7350D 3 .5560D 2 .1131D 2 .9959D 0 .7910D 2
.7425D 3 .5560D 2 .1131D 2 .9959D 0 .7900D 2
.7500D 3 .5560D 2 .1131D 2 .9959D 0 .7900D 2
.7575D 3 .5560D 2 .1131D 2 .9959D 0 .7890D 2
.7650D 3 .5560D 2 .1131D 2 .9959D 0 .7890D 2
.7725D 3 .5560D 2 .1131D 2 .9959D 0 .7880D 2
.7800D 3 .5570D 2 .1136D 2 .1000D 1 .7880D 2
.7875D 3 .5570D 2 .1136D 2 .1000D 1 .7870D 2
.7950D 3 .5570D 2 .1136D 2 .1000D 1 .7870D 2
.8025D 3 .5570D 2 .1136D 2 .1000D 1 .7870D 2
.8100D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2
.8175D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2
.8250D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2
.8325D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2
.8400D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2




Table XXIII (continued)
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Partial

T%me Frogt Pt. Pressure GasoTemp.

Min, F mm. Hg RATIOC F
.8475D 3 .5570D 2 .1136D 2 .1000D 1 .7860D 2
.8550D 3 .5570D 2 .1136D 2 .1000D 1 .7850D 2
.8625D 3 .5570D 2 .1136D 2 .1000D 1 .7850D 2
.8700D 3 .5570D 2 .1136D 2 .1000D 1 .7850D 2
.8775D 3 .5570D 2 .1136D 2 .1000D 1 .7850D 2
.8850D 3 .5570D 2 .1136D 2 .1000D 1 .7850D 2
.8925D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9000D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9075D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9150D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9225D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9300D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9375D 3 .5570D 2 .1137D 2 .1000D 1 .7840D 2
.9450D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9525D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9600D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2
.9675D 3 .5570D 2 .1136D 2 .1000D 1 .7840D 2




APPENDIX E
TABLES OF COMPUTER RESULTS

The tables of the computer results of LMS-4A and activated alumina
are shown in Table XXIV - XXXV for LMSC-1 - LMSC-13 and XXXVI - XLV for
ACTC-1 - ACTC-10 respectively. The details of each run are already
discussed in Chapter VIII,

All RATIOC are positive in the computer results because they are
calculated from the initial and feed gas conditions not depending upon

the hygrometer.
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Table XXIV. Computer Results of LMS-4A Run No. 1 (LMSC-1).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .7448D-3 .1238D 3 .1500D 2 .1792D-2 .1437D 3
.2250D 2 .2235D-2 .1491D 3 .3000D 2 .2430D-2 .1512D 3
.3750D 2 .2572D-2 .1525D 3 .4500D 2 .2771D-2 .1537D 3
.5250D 2 .3488D-2 .1549D 3 .6000D 2 .8258D-2 .1558D 3
.6750D 2 .4280D-1 .1544D 3 .7500D 2 .2309D 0 .1412D 3
.8250D 2 .6778D 0 .1065D 3 .9000D 2 .9645D 0 .8190D 2
.9750D 2 .9975D 0 .7833D 2 .1050D 3 .9998D 0 .7802D 2
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Table XXV. Computer Results of LMS-4A Run No. 2 (LMSC-2).

T%me GasOTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .1026D-3 .9209D 2 .1500D 2 .6506D-3 .1208D 3
.2250D 2 .1181D-2 .1336D 3 .3000D 2 .1523D-2 .1396D 3
.3750D 2 .1713D-2 .1423D 3 +4500D 2 .1833D-2 .1440D 3
.5250D 2 .1929D-2 .1452D 3 .6000D 2 .2020D-2 .1462D 3
.6750D 2 .2113D-2 .1473D 3 .7500D 2 .2210D-2 .1483D 3
.8250D 2 .2307D-2 .1494D 3 .9000D 2 .2412D-2 .1504D 3
.9750D 2 .2542D-2 .1514D 3 .1050D 3 .2737D-2 .1525D 3
.1125D 3 .3154D-2 .1536D 3 .1200D 3 .4371D-2 .1548D 3
.1275D 3 .8453D-2 .1557D 3 .1350D 3 .2248D-1 .1556D 3
.1425D 3 .6942D-1 .1531D 3 .1500D 3 .2062D 0 .1436D 3
.1575D 3 .5033D 0 .1211D 3 .1650D 3 .8596D 0 .9229D 2
.1725D 3 .9689D 0 .8156D 2 .1800D 3 .9927D 0 .7890D 2
.1875D 3 .9982D 0 .7823D 2 .1950D 3 .9996D 0 .7806D 2
.2025D 3 .9999D 0 .7801D 2
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Table XXVI. Computer Results of LMS-4A Run No. 3 (LMSC-3).

T@me GasoTemp. T@me GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .2311D-3 .8012D 2 .1500D 2 .3622D-3 .8115D 2
.2250D 2 .3913D-3 .8137D 2 .3000D 2 .3964D-3 .8141D 2
.3750D 2 .3973D-3 .8142D 2 .4500D 2 .3976D-3 .8142D 2
.5250D 2 .3979D-3 .8142D 2 .6000D 2 .3981D-3 .8142D 2
.6750D 2 .3983D-3 .8143D 2 .7500D 2 .3986D-3 .8143D 2
.8250D 2 .3988D-3 .8143D 2 .9000D 2 .3991D-3 .8143D 2
.9750D 2 .3994D-3 .8143D 2 .1050D 3 .3997D-3 .8144D 2
.1125D 3 .4000D-3 .8144D 2 .1200D 3 .4003D-3 .8144D 2
.1275D 3 .4006D-3 .8144D 2 .1350D 3 .4009D-3 .8144D 2
.1425D 3 .4013D-3 .8145D 2 .1500D 3 .4016D-3 .8145D 2
.1575D 3 .4020D-3 .8145D 2 .1650D 3 .4024D-3 .8146D 2
.1725D 3 .4029D-3 .8146D 2 .1800D 3 .4330D-3 .8146D 2
.1875D 3 .4039D-3 .8147D 2 .1950D 3 .4046D-3 .8147D 2
.2025D 3 .4051D-3 .8148D 2 .2100D 3 .4054D-3 .8148D 2
.2175D 3 .4056D-3 .8148D 2 .2250D 3 .4058D-3 .8148D 2
.2325D 3 .4061D-3 .8148D 2 .2400D 3 .4064D-3 .8149D 2
.2475D 3 .4068D-3 .8149D 2 .2550D 3 .4073D-3 .8149D 2
.2625D 3 .4079D-3 .8150D 2 .2700D 3 .4086D-3 .8150D 2
.2775D 3 .4090D-3 - .8150D 2 .2850D 3 .4092D-3 .8151D 2
.2925D 3 .4094D-3 .8151D 2 .3000D 3 .4097D-3 .8151D 2
.3075D 3 .4100D-3. .8151D 2 .3150D 3 .4103D-3 .8151D 2
.3225D 3 .4108D-3 .8152D 2 .3300D 3 .4112D-3 .8152D 2
.3375D 3 .4118D-3 .8152D 2 .3450D 3 .4125D-3 .8153D 2
.3525D 3 .4129D-3 .8153D 2 .3600D 3 .4131D-3 .8153D 2
.3675D 3 .4133D-3 .8154D 2 .3750D 3 .4136D-3 .8154D 2
.3825D 3 .4139D-3 .8154D 2 .3900D 3 .4143D-3 .8154D 2
.3975D 3 .4147D-3 .8155D 2 .4050D 3 .4152D-3 .8155D 2
.4125D 3 .4158D-3 .8155D 2 .4200D 3 .4165D-3 .8156D 2
.4275D 3 .4169D-3 .8156D 2 .4350D 3 .4171D-3 .8156D 2
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Table XXVI (continued)

T@me : GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.4425D 3 .4173D-3 .8156D 2 .4500D 3 .4176D-3 .8157D 2
.4575D 3 .4179D-3 .8157D 2 .4650D 3 .4183D-3 .8157D 2
.4725D 3 .4188D-3 .8157D 2 .4800D 3 .4193D-3 .8158D 2
.4875D 3 .4200D-3 .8158D 2 .4950D 3 .4207D-3 .8159D 2
.5025D 3 .4211D-3 .8159D 2 .5100D 3 .4213D-3 .8159D 2
.5175D 3 .4216D-3 .8159D 2 .5250D 3 .4219D-3 .8160D 2
.5325D 3 .4223D-3 .8160D 2 .5400D 3 .4228D-3 .8160D 2
.5475D 3 .4234D-3 .8160D 2 .5550D 3 .4240D-3 .8161D 2
.5625D 3 .4249D-3 .8161D 2 .5700D 3 .4256D-3 .8162D 2
.5775D 3 .4261D-3 .8162D 2 .5850D 3 .4265D-3 .8162D 2
.5925D 3 .4270D-3 .8162D 2 .6000D 3 .4276D-3 .8163D 2
.6075D 3 .4283D-3 .8163D 2 .6150D 3 .4291D-3 .8163D 2
.6225D 3 .4300D-3 .8163D 2 .6300D 3 .4311D-3 .8164D 2
.6375D 3 .4324D-3 .8164D 2 .6450D 3 .4337D-3 .8165D 2
.6525D 3 .4348D-3 .8165D 2 .6600D 3 .4360D-3 .8165D 2
.6675D 3 .4373D-3 .8165D 2 .6750D 3 .4389D-3 .8165D 2
.6825D 3 .4408D-3 .8166D 2 .6900D 3 .4429D-3 .8166D 2
.6975D 3 .4454D-3 .8166D 2 .7050D 3 .4484D-3 .8167D 2
.7125D 3 .4518D-3 .8167D 2 .7200D 3 .4555D-3 .8168D 2
.7275D 3 .4594D-3 .8168D 2 .7350D 3 .4638D-3 .8168D 2
.7425D 3 .4690D-3 .8168D 2 .7500D 3 .4750D 3 .8168D 2
.7575D 3 .4819D-3 .8169D 2 .7650D 3 .4900D-3 .8169D 2
.7725D 3 .4994D-3 .8169D 2 .7800D 3 .5102D-3 .8170D 2
.7875D 3 .5229D-3 .8170D 2 .7950D 3 .5371D-3 .8171D 2
.8025D 3 .5533D-3 .8171D 2 .8100D 3 .5721D-3 .8171D 2
.8175D 3 .5938D-3 .8171D 2 .8250D 3 .6191D-3 .8171D 2
.8325D 3 .6483D-3 .8172D 2 .8400D 3 .6822D-3 .8172D 2
.8475D 3 .7214D-3 .8172D 2 .8550D 3 .7668D-3 .8173D 2
.8625D 3 .8195D-3 .8173D 2 .8700D 3 .8801D-3 .8174D 2




Table XXVI (continued)
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T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.8775D 3 .9502D-3 .8174D 2 .8850D 3 .1032D-2 .8174D 2
.8925D 3 .1126D-2 .8174D 2 .9000D 3 .1235D-2 .8174D 2
.9075D 3 .1361D-2 .8174D 2 .9150D 3 .1507D-2 .8175D 2
.9225D 3 .1676D-2 .8175D 2 .9300D 3 .1872D-2 .8176D 2
.9375D 3 .2098D-2 .8176D 2 .9450D 3 .2361D-2 .8176D 2
.9525D 3 .2666D-2 .8176D 2 .9600D 3 .3020D-2 .8176D 2
.9675D 3 .3429D-2 .8176D 2 .9750D 3 .3902D-2 .8176D 2
.9825D 3 .4447D-2 .8176D 2 .9900D 3 .5076D-2 .8176D 2
.9975D 3 .5801D-2 .8177D 2 .1005D 4 .6641D-2 .8177D 2
.1013D 4 .7616D-2 .8177D 2 .1020D 4 .8749D-2 .8177D 2
.1027D 4 .1006D-1 .8176D 2 .1035D 4 .1158D-1 .8176D 2
.1043D 4 .1332D-1 .8175D 2 .1050D 4 .1532D-1 .8175D 2
.1057D 4 .1761D-1 .8174D 2 .1065D 4 .2023D-1 .8174D 2
.1073D 4 .2325D-1 .8173D 2 .1080D 4 .2672D-1 .8172D 2
.1087D 4 .3074D-1 .8171D 2 .1095D 4 .3538D-1 .8169D 2
.1102D 4 .4070D-1 .8167D 2 .1110D 4 .4674D-1 .8165D 2
.1118D 4 .5356D-1 .8163D 2 .1125D 4 .6123D-1 -+ .8160D 2
.1132D 4 .6983D-1 .8157D 2 .1140D 4 .7950D-1 .8154D 2
.1148D 4 .9036D-1 .8150D 2 .1155D 4 .1027D 0 .8146D 2
.1162D 4 .1166D 0 .8141D 2 .1170D 4 .1323D 0 .8135D 2
.1178D 4 .1494D O .8128D 2 .1185D 4 .1680D 0 .8121D 2
.1192D 4 .1878D 0 .8113D 2 .1200D 4 .2091D 0 .8105D 2
.1207D 4 .2317D 0 .8097D 2 .1215D 4 .2561D 0 .8088D 2
.1222D 4 .2824D 0 .8078D 2 .1230D 4 .3111D O .8067D 2
.1237D 4 .3425D 0 .8055D 2 .1245D 4 .3753D 0 .8042D 2
.1253D 4 .4084D 0 .8030D 2 .1260D 4 .4414D 0 .8017D 2
.1268D 4 .4742D 0 .8004D 2 .1275D 4 .5072D 0 .7991D 2
.1283D 4 .5404D 0 .7979D 2 .1290D 4 .5745D 0 .7965D 2
.1298D 4 .6096D 0 .7952D 2 .1305D 4 .6475D 0 .7938D 2




Table XXVI (continued)
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T?me GasoTemp. Time GasoTemp.

Min. RATIOC F Min, RATIOC F
.1313D 4 .6868D 0 .7922D 2 .1320D 4 .7230D 0 .7908D 2
.1328D 4 .7550D 0 .7896D 2 .1335D 4 .7835D 0 .7884D 2
.1342D 4 .8095D 0 .7874D 2 .1350D 4 .8340D 0 .7865D 2
.1358D 4 .8581D 0 .7855D 2 .1365D 4 .8820D O .7846D 2
.1372D 4 .9069D 0 .7837D 2 .1380D 4 .9359D 0 .7826D 2
.1388D 4 .9623D 0 .7815D 2 .1395D 4 .9791D 0 .7808D 2
.1402D 4 .9888D 0 .7805D 2 .1410D 4 .9940D 0 .7802D 2
.1418D 4 .9969D 0 .7801D 2 .1425D 4 .9984D 0 .7801D 2




Table XXVII.

Computer Results of LMS-4A Run

No. 4 (LMSC-4).
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.1125D

Time Time GasoTemp.

Min. Min. RATIOC F
.7500D 1 3 .1500D 2 .2632D-3 .1440D 3
.2250D 2 3 .3000D 2 .3613D-2 .1502D 3
.3750D 2 3 .4500D 2 .8016D-2 .1530D 3
.5250D 2 3 .6000D 2 .5861D-1 .1517D 3
.6750D 2 3 .7500D 2 .3741D 0 .1295D 3
.8250D 2 3 .9000D 2 .8450D 0 .9181D 2
.9750D 2 3 .1050D 3 .9952D 0 .7851D 2

3 2




Table XXVIII.

Computer Results of LMS-4A Run No. 5 (LMSC-5).
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T%me GasoTemp. T@me GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .6061D-3 .1284D 3 .1500D 2 .1350D-2 .1471D 3
.2250D 2 .1675D-2 .1525D 3 .3000D 2 .1821D-2 .1546D 3
.3750D 2 .1922D-2 .1559D 3 .4500D 2 .2029D-2 .1572D 3
.5250D 2 .2138D-2 .1585D 3 .6000D 2 .2421D-2 .1597D 3
.6750D 2 .8518D-2 .1606D 3 .7500D 2 .1672D 0 .1492D 3
.8250D 2 .9242D 0 .8689D 2 .9000D 2 .9977D 0 .7855D 2
.9750D 2 .9998D 0 .7806D 2
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Table XXIX. Computer Results of LMS-4A Run No. 6 (LMSC-6).

Time GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .5113D-4 .8604D 2 .1500D 2 .5794D-3 .1183D 3
.2250D 2 .1196D-2 .1338D 3 .3000D 2 .1506D-2 .1392D 3
.3750D 2 .1642D-2 .1412D 3 .4500D 2 .1729D-2 .1424D 3
.5250D 2 .1808D-2 .1435D 3 .6000D 2 .1890D-2 .1445D 3
.6750D 2 .1976D-2 .1455D 3 .7500D 2 .2068D-2 .1466D 3
.8250D 2 .2165D-2 .1477D 3 .9000D 2 .2267D-2 .1488D 3
.9750D 2 .2378D-2 .1499D 3 .1050D 3 .2498D-2 .1510D 3
.1125D 3 .2626D-2 .1522D 3 .1200D 3 .2789D-2 .1533D 3
.1275D 3 .3225D-2 .1545D 3 .1350D 3 .5924D-2 .1556D 3
.1425D 3 .2682D-1 .1553D 3 .1500D 3 .1594D 0 .1463D 3
.1575D 3 .5713D 0 .1149D 3 .1650D 3 .9350D 0 .8471D 2
.1725D 3 .996iD 0 .7851D 2 .1800D 3 .9997D 0 .7804D 2
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Table XXX. Computer Results of LMS-4A Run No. 7 (LMSC-7).

T?me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .4743D-3 .1140D 3 .1500D 2 .8683D-3 .1262D 3
.2250D 2 .9818D-3 .1288D 3 ,3000D 2 .1115D-2 .1306D 3
.3750D 2 .1449D-2 .1324D 3 .4500D 2 .2806D-2 .1340D 3
.5250D 2 .9316D-2 .1351D 3 .6000D 2 .3927D-1 .1349D 3
.6750D 2 .1432D 0 .1301D 3 .7500D 2 .3495D 0 .1186D 3
.8250D 2 .5950D 0 .1039D 3 .9000D 2 .8036D 0 .9103D 2
.9750D 2 .9466D 0 .8178D 2 .1050D 3 .9971D 0 .7827D 2
.1125D 3 .9999D 0 .7801D 2
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Table XXXI. Computer Results of LMS-4A Run No. 8 (LMSC-8).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .4422D-3 .1129D 3 .1500D 2 .8291D-3 .1255D 3
.2250D 2 .9807D-3 .1291D 3 .3000D 2 .1068D-2 .1309D 3
.3750D 2 .1162D-2 .1324D 3 .4500D 2 .1376D-2 .1339D 3
.5250D 2 .2340D-2 .1354D 3 .6000D 2 .8099D-2 .1365D 3
.6750D 2 .4311D-1 .1362D 3 .7500D 2 .2110D 0 .1276D 3
.8250D 2 .6113D 0 .1037D 3 .9000D 2 .9467D 0 .8229D 2
.9750D 2 .9982D 0 .7820D 2 .1050D 3 .9999D 0 .7801D 2
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Table XXXII. Computer Results of LMS-4A Run No. 9 (LMSC-9).

T%me GasoTemp. Time ‘ GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .7168D-3 .1225D 3 .1500D 2 .1449D-2 .1383D 3
.2250D 2 .1748D-2 .1426D 3 .3000D 2 .1940D-2 .1449D 3
.3750D 2 .2162D-2 .1468D 3 .4500D 2 .2669D-2 .1488D 3
.5250D 2 .4658D-2 .1507D 3 .6000D 2 .1429D-1 ~.1519D 3
.6750D 2 .6103D~-1 .1505D 3 .7500D 2 .2467D 0 .1383D 3
.8250D 2 .6550D 0 .1073D 3 .9000D 2 .9560D 0 .8245D 2
.9750D 2 .9973D 0 .7833D 2 .1050D 3 .9998D 0 .7802D 2
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Table XXXIII. Computer Results of LMS-4A Run No. 10 (LMSC-10).

Time GasoTemp. Time GasoTemp.

Min, RATIOC F Min. RATIOC F
.7500D 1 .7698D-3 .1241D 3 .1500D 2 .1799D-2 .1436D 3
.2250D 2 .2244D-2 .1491D 3 .3000D 2 .2456D-2 .1512D 3
.3750D 2 .2664D-2 .1525D 3 .4500D 2 .3186D-2 .1537D 3
.5250D 2 .5334D-2 .1548D 3 .6000D 2 .1551D-1 .1553D 3
.6750D 2 .6324D-1 .1528D 3 .7500D 2 .2492D 0 .1397D 3
.8250D 2 .6583D 0 .1079D 3 .9000D 2 .9562D 0 .8268D 3
.9750D 2 .9969D 0 .7840D 2 .1050D 3 3

.9998D 0 .7803D




Table XXXIV. Computer Results of LMS-4A Run

No. 11 (LMSC-11).
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T%me GasoTemp. T%me GasoTemp.

Min, RATIOC F Min, RATIOC F
.7500D 1 .7305D-3 .1234D 3 .1500D 2 .1746D-2 .1431D 3
.2250D 2 .2187D-2 .1486D 3 .3000D 2 .2382D-2 .1507D 3
.3750D 2 .2518D-2 .1520D 3 .4500D 2 .2710D-2 .1532D 3
.5250D 2 .3408D-2 .1545D 3 .6000D 2 .8058D-2 .1553D 3
.6750D 2 .4209D-1 .1539D 3 .7500D 2 .2297D 0 .1408D 3
.8250D 2 .6780D 0 .1062D 3 .9000D 2 .9646D 0 .8187D 2
.9750D 2 .9976D 0 .7833D 2 .1050D 3 .9998D 0 .7802D 2
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Table XXXV. Computer Results of LMS-4A Run No. 12 (LMSC-12).

T%me GasoTemp. T%me GasoTemp.

Min. RATIOC F Min. RATIOC F
.7500D 1 .6800D-3 .1219D 3 .1500D 2 .1738D-2 .1429D 3
.2250D 2 .2186D-2 .1486D 3 .3000D 2 .2367D-2 - .1506D 3
.3750D 2 .2495D-2 .1518D 3 .4500D 2 .2633D-2 .1530D 3
.5250D 2 .2883D-2 .1540D 3 .6000D 2 .4024D-2 .1552D 3
.6750D 2 .1142D-1 .1556D 3 .7500D 2 .6033D-1 .1532D 3
.8250D 2 .2855D 0 .1368D 3 .9000D 2 .7344D 0 .1017D 3
.9750D 2 .9735D 0 .8094D 2 .1050D 3 .9979D 0 .7827D 2

3 .9999D 0 .7802D 2

.1125D
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Table XXXVI. Computer Results of Activated Alumina Run No. 1 (ACTC-1).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.6000D 1 .2685D-3 .1063D 3 .1500D 2 .1133D-2 .1299D 3
.2100D 2 .3783D-2 .1347D 3 .3000D 2 .4884D-2 .1351D 3
.3600D 2 .1486D 0 .1298D 3 .4500D 2 .3634D 0 .1165D 3
.5100D 2 .4670D 0 .1096D 3 .6000D 2 .5600D 0 .1034D 3
.6600D 2 .6015D 0 .1008D 3 .7500D 2 .6479D 0 .9788D 2
.8100D 2 .6723D 0 .9641D 2 .9000D 2 .7024D 0 .9463D 2
.9600D 2 .7194D 0 -.9364D 2 .1050D 3 .7415D 0 .9237D 2
.1110D 3 .7544D 0 .9164D 2 .1200D 3 .7718D 0 .9066D 2
.1260D 3 .7824D 0 .9007D 2 .1350D 3 .7968D 0 .8927D 2
.1410D 3 .8057D 0 .8878D 2 .1500D 3 .8181D 0 .8809D 2
.1560D 3 .8258D 0 .8767D 2 .1650D 3 .8367D 0 .8707D 2
.1710D 3 .8436D 0 .8669D 2 .1800D 3 .8533D 0 .8615D 2
.1860D 3 .8595D 0 .8582D 2 .1950D 3 .8683D 0 .8533D 2
.2010D 3 .8739D 0 .8503D 2 .2100D 3 .8819D O .8459D 2
.2160D 3 .8870D 0 .8431D 2 .2250D 3 .8943D 0 .8390D 2
.2310D 3 .8989D 0 .8365D 2 .2400D 3 .9055D 0 .8328D 2
.2460D 3 .9098D 0 .8305D 2 .2550D 3 .9158D 0 .8271D 2
.2610D 3 .9197D 0 .8250D 2 .2700D 3 .9252D 0 .8220D 2
.2760D 3 .9287D 0 .8200D 2 .2850D 3 .9337D 0 .8172D 2
.2910D 3 .9368D 0 .8155D 2 .3000D 3 .9414D 0 .8130D 2
.3060D 3 .9442D 0 .8114D 2 .3150D 3 .9483D 0 .8091D 2
.3210D 3 .9509D 0 .8076D 2 .3300D 3 .9546D 0 .8056D 2
.3360D 3 .9569D 0 .8043D 2 .3450D 3 .9602D 0 .8025D 2
.3510D 3 .9625D 0 .8013D 2 .3600D 3 .9652D 0 .7996D 2
.3660D 3 .9671D 0 .7986D 2 .3750D 3 .9697D 0 .7971D 2
.3810D 3 .9713D 0 .7962D 2 .3900D 3 .9736D 0 .7949D 2
.3960D 3 .9751D 0 .7941D 2 .4050D 3 .9772D 0 .7929D 2
.4110D 3 .9785D 0 .7922D 2 .4200D 3 .9803D 0 .7912D 2
.4260D 3 .9814b 0 .7906D 2 .4350D 3 .9830D 0 .7897D 2
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Table XXXVI (continued)

T%me GasoTemp. T?me GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9840D 0 .7891D 2 .4500D 3 .9854D 0 .7883D 2
.4560D 3 9862D 0 .7878D 2 .4650D 3 .9874D. 0 .7871D 2
.4710D 3 9882D 0 .7867D 2 .4800D 3 .9893D 0 .7861D 2
.4860D 3 9899D 0 .7857D 2 .4950D 3 .9909D 0 .7852D 2
.5010D 3 9914D 0 .7849D 2 .5100D 3 .9922D 0 .7844D 2
.5160D 3 9927D 0 .7841D 2 .5250D 3 .9934D 0 .7838D 2
.5310D 3 9939D 0 .7835D 2 .5400D 3 ©.9945D 0 .7832D 2
.5460D 3 9949D 0 .7829D 2 .5550D 3 .9954D 0 .7826D 2
.5610D 3 .9957D 0 .7825D 2 .5700D 3 .9962D 0 .7822D 2
.5760D 3 9965D 0 .7820D 2 .5850D 3 .9969D 0 .7818D 2
.5910D 3 9971D 0 .7817D 2 .6000D 3 .9974D 0 .7815D 2
.6060D 3 9977D 0 .7814D 2 .6150D 3 .9980D 0 .7812D 2
.6210D 3 9982D 0 .7811D 2 .6300D 3 .9984D 0 .7809D 2
.6360D 3 9986D 0 .7808D 2 .6450D 3 .9988D 0 .7807D 2
.6510D 3 9989D 0 .7806D 2 .6600D 3 .9991D 0 .7805D 2
.6660D 3 9993D 0 .7804D 2 .6750D 3 .9995D 0 .7803D 2
.6810D 3 9995D 0 .7803D 2 .6900D 3 .9997D 0 .7802D 2
.6960D 3 9998D 0 .7801D 2
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Computer Results of Activated Alumina Run No 2 (ACTC-2).

NN N NN NN N N N NN DN N NN N NN N Wl Wl e

T@me GasoTemp. T%me GasoTemp.
Min. RATIOC F Min, RATIOC F
.6000D 1 .1294D-4 .8090D 2 .1500D 2 .4603D-3 .1139D
.2100D 2 .7140D-3 .1219D 3 .3000D 2 .9875D-3 .1282D
.3600D 2 " .1156D-2 .1304D. 3 .4500D 2 .2026D-2 .1324D
.5100D 2 .4854D-2 .1332D 3 .6000D 2 .2485D-~1 .1332D
.6600D 2 .6473D-1 .1314D 3 .7500D 2 .1829D 0 .1249D
.8100D 2 .2822D 0 .1189D 3 .9000D 2 .3956D 0 .1118D
.9600D 2 .4453D 0 .1086D 3 .1050D 3 .4990D 0 .1053D
.1110D 3 .5266D 0 .1036D 3 .1200D 3 .5604D 0 .1016D
.1260D 3 .5795D 0 .1005D 3 .1350D 3 .6044D 0 .9910D
.1410D 3 .6193D 0 .9828D 2 .1500D 3 .6394D 0 .9718D
.1560D 3 .6516D 0 .9652D 2 .1650D 3 .6686D 0 .9561D
.1710D 3 .6792D 0 .9505D 2 .1800D 3 .6940D 0 .9426D
.1860D 3 .7033D 0 .9377D 2 .1950D 3 .7165D 0 .9308D
.2010D 3 .7249D 0 .9264D 2 .2100D 3 .7368D 0 .9201D
.2160D 3 .7445D 0 .9162D 2 .2250D 3 .7554D 0 .9105D
.2310D 3 .7623D 0 .9068D 2 .2400D 3 .7724D 0 .9016D
.2460D 3 .7788D 0 .8982D 2 .2550D 3 .7881D 0 .8934D
.2610D 3 .7941D 0 .8903D 2 .2700D 3 .8027D 0 .8858D
.2760D 3 .8083D 0 .8829D 2 .2850D 3 .8164D 0 .8787D
.2910D 3 .8216D 0 .8759D 2 .3000D 3 .8291D 0 .8720D
.3060D 3 .8339D 0 .8695D 2 .3150D 3 .8410D 0 .8658D
.3210D 3 .8455D 0 .8634D 2 .3300D 3 .8522D 0 .8599D
.3360D 3 .8564D 0 .8576D 2 .3450D 3 .8626D 0 .8544D
.3510D 3 .8666D 0 .8523D 2 .3600D 3 .8724D 0 .8492D
.3660D 3 .8762D 0 .8472D 2 .3750D 3 .8817D 0 .8443D
.3810D 3 .8852D 0 .8424D 2 .3900D 3 .8903D 0 .8397D
.3960D 3 .8937D 0 .8379D 2 .4050D 3 .8985D 0 .8354D
.4110D 3 .9016D 0 .8337D 2 .4200D 3 .9061D 0 .8313D
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Table XXXVII (continued)

Time GasoTemp. Time GasoTemp.

Min, RATIOC F Min. RATIOC F
.4260D 3 .9090D 0 8297D 2 .4350D 3 .9133D 0 .8275D 2
.4410D 3 .9160D 0 8260D 2 .4500D 3 .9200D 0 .8239D 2
.4560D 3 .9226D 0 .8225D 2 .4650D 3 .9263D 0 .8205D 2
.4710D 3 .9287D 0 .8192D 2 .4800D 3 .9322D 0 .8173D 2
.4860D 3 .9344D 0 8161D 2 .4950D 3 .9377D 0 .8143D 2
.5010D 3 .9398D 0 8132D 2 .5100D 3 .9429D 0O .8115D 2
.5160D 3 .9448D 0 8105D 2 .5250D 3 .9477D 0 .8089D 2
.5310D 3 .9495D 0 8079D 2 .5400D 3 .9521D 0 .8065D 2
.5460D 3 .9538D 0 8055D 2 .5550D 3 .9563D 0 .8042D 2
.5610D 3 .9579D 0 8033D 2 .5700D 3 .9602D 0 .8021D 2
.5760D 3 .9616D 0 8013D 2 .5850D 3 .9638D 0 .8001D 2
.5910D 3 .9651D 0 .7994D 2 .6000D 3 .9671D 0 .7983D 2
.6060D 3 .9683D 0 7976D 2 .6150D 3 .9701D 0 .7966D 2
.6210D 3 .9713D 0 .7960D 2 .6300D 3 .9730D 0 .7951D 2
.6360D 3 .9740D 0 7945D 2 .6450D 3 .9756D 0 .7936D 2
.6510D 3 .9765D 0 7931D 2 .6600D 3 .9779D 0 .7923D 2
.6660D 3 .9789D 0 7918D 2 .6750D 3 .9801D 0 .7911D 2
.6810D 3 .9810D 0 7907D 2 .6900D 3 .9821D 0 .7900D 2
.6960D 3 .9829D 0 7896D 2 .7050D 3 .9840D 0 .7890D 2
.7110D 3 .9847D 0 .7886D 2 .7200D 3 .9857D 0 .7881D 2
.7260D 3 .9863D 0 7877D 2 .7350D 3 .9872D 0 .7872D 2
.7410D 3 .9877D 0 7869D 2 .7500D 3 .9886D 0 .7864D 2
.7560D 3 .9891D 0 7862D 2 .7650D 3 .9898D 0 .7857D 2
.7710D 3 .9903D 0 7855D 2 .7800D 3 .9909D 0 .7851D 2
.7860D 3 .9914D 0 7849D 2 .7950D 3 .9920D 0 .7845D 2
.8010D 3 .9924D 0 .7843D 2 .8100D 3 .9929D 0 .7840D 2
.8160D 3 .9932D 0 7838D 2 .8250D 3 .9937D 0 .7835D 2
.8310D 3 .9940D 0 7834D 2 .84OOD 3 .9945D 0 .7831D 2
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T%me GasoTemp. Time GasoTemp.

| Min, RATIOC F Min. RATIOC F
‘ .8460D 3 .9948D 0 .7830D 2 .8550D 3 .9952D 0 .7827D 2
.8610D 3 .9954D 0 .7826D 2 .8700D 3 .9958D 0 .7824D 2
.8760D 3 .9960D 0 .7823D 2 .8850D 3 .9963D 0 .7821D 2
.8910D 3 .9965D 0 .7820D 2 .9000D 3 .9968D 0 .7818D 2
.9060D 3 .9970D 0 .7817D 2 .9150D 3 .9973D 0 .7816D 2
.9210D 3 .9974D 0 .7815D 2 .9300D 3 .9976D 0 .7814D 2
.9360D 3 .9978D 0 .7813D 2 .9450D 3 .9980D 0 .7811D 2
.9510D 3 .9981D 0 .7811D 2 .9600D 3 .9983D 0 .7810D 2
.9660D 3 .9984D 0 .7809D 2 .9750D 3 .9986D 0 .7808D 2
.9810D 3 .9987D 0 .7808D 2 .9900D 3 .9989D 0 .7807D 2
.9960D 3 .9989D 0 .7806D 2 .1005D 4 .9991D 0 .7805D 2
.1011D 4 .9992D 0 .7805D 2 .1020D 4 .9993D 0 .7804D 2
4 .9994D 0 .7804D 2 .1035D 4 .9995D 0 .7803D 2
.1041D 4 .9995D 0 .7803D 2 .1050D 4 .9997D 0 .7803D 2
.1056D 4 .9997D 0 .7802D 2 .1065D 4 .9998D 0 .7801D 2

.1071D 4 .9998D 0 .7801D 2

.1026D
|
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Computer Results of Activated Alumina Run No. 3 (ACTC-3).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.6000D 1 .1303D-3 .7929D 2 .1500D 2 .2532D-3 .8032D 2
.2100D 2 .2739D-3 .8050D 2 .3000D 2 .2841D-3 .8058D 2
.3600D 2 .2864D-3 .8060D 2 .4500D 2 .2882D-3 .8062D 2
.5100D 2 .2893D-3 .8063D 2 .6000D 2 .2910D-3 .8064D 2
.6600D 2 .2921D-3 .8065D 2 .7500D 2 .2940D-3 .8066D 2
.8100D 2 .2953D-3 .8067D 2 .9000D 2 .2978D-3 .8068D 2
.9600D 2 . 3000D-3 .8069D 2 .1050D 3 .3048D-3 .8070D 2
.1110D 3 .3098D-3 .8071D 2 .1200D 3 .3223D-3 .8072D 2
.1260D 3 .3365D-3 .8073D 2 .1350D 3 .3739D-3 .8074D 2
.1410D 3 .4170D-3 .8075D 2 .1500D 3 .5317D-3 .8076D 2
.1560D 3 .6645D-3 .8077D 2 .1650D 3 .1017D-2 .8078D 2
.1710D 3 .1421D-2 .8079D 2 .1800D 3 .2481D-2 .8080D 2
.1860D 3 .3678D-2 .8080D 2 .1950D 3 .6721D-2 .8080D 2
.2010D 3 .1002D-1 .8080D 2 .2100D 3 .1793D-1 .8079D 2
.2160D 3 .2595D-1 .8077D 2 .2250D 3 .4370D-1 .8073D 2
.2310D 3 .6037D-1 .8069D 2 .2400D 3 .9430D-1 .8060D 2
.2460D 3 .1236D 0 .8052D 2 .2550D 3 .1783D 0 .8036D 2
.2610D 3 .2216D 0 .8025D 2 .2700D 3 .2959D 0 .8004D 2
.2760D 3 .3503D 0 .7989D 2 .2850D 3 .4368D 0 .7964D 2
.2910D 3 .4958D 0 .7947D 2 .3000D 3 .5831D 0 .7921D 2
.3060D 3 .6387D 0 .7905D 2 .3150D 3 .7152D 0 .7883D 2
.3210D 3 .7600D 0 .7870D 2 .3300D 3 .8149D 0 .7853D 2
.3360D 3 .8430D 0 .7845D 2 .3450D 3 .8742D 0 .7836D 2
.3510D 3 .8891D 0 .7831D 2 .3600D 3 .9052D 0 .7827D 2
.3660D 3 .9128D 0 .7824D 2 .3750D 3 .9209D 0 .7822D 2
.3810D 3 .9249D 0 .7821D 2 .3900D 3 .9293D 0 .7820D 2
.3960D 3 .9315D 0 .7819D 2 .4050D 3 .9341D 0 .7818D 2
.4110D 3 .9356D 0 .7818D 2 .4200D 3 .9374D 0 .7817D 2
.4260D 3 .9385D 0 .7817D 2 .4350D 3 .9400D 0 .7816D 2
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Table XXXVIII (continued)

T%me GasoTemp. T?me GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9409D 0 .7816D 2 .4500D 3 .9422D 0 .7816D 2
.4560D 3 .9430D 0 .7816D 2 .4650D 3 .9442D 0 .7815D 2
~.4710D 3 .9449D 0 .7815D 2 .4800D 3 .9460D 0 .7815D 2
.4860D 3 .9468D 0 .7815D 2 .4950D 3 .9478D 0 .7814D 2
.5010D 3 .9485D 0 .7814D 2 .5100D 3 .9495D 0 .7814D 2
.5160D 3 .9502D 0 .7814D 2 .5250D 3 .9512D 0 .7813D 2
.5310D 3 .9519D 0 .7813D 2 .5400D 3 .9528D 0 .7813D 2
.5460D 3 .9534D 0 .7813D 2 .5550D 3 .9544D 0 .7813D 2
.5610D 3 .9550D 0 .7812D 2 .5700D 3 .9559D 0 .7812D 2
.5760D 3 .9565D 0 .7812D 2 .5850D 3 .9573D 0 .7812D 2
.5910D 3 .9579D 0 .7812D 2 .6000D 3 .9587D 0 .7811D 2
.6060D 3 .9593D 0 .7811D 2 .6150D 3 .9601D 0 .7811D 2
.6210D 3 .9606D 0 .7811D 2 .6300D 3 .9614D 0 .7811D 2
.6360D 3 .9619D 0 .7810D 2 .6450D 3 .9627D 0 .7810D 2
.6510D 3 .9632D 0 .7810D 2 .6600D 3 .9639D 0 .7810D 2
.6660D 3 .9644D 0 .7810D 2 .6750D 3 .9651D 0 .7810D 2
.6810D 3 .9656D 0 .7809D 2 .6900D 3 .9663D 0 .7809D 2
.6960D 3 .9667D 0 .7809D 2 .7050D 3 .9674D 0 .7809D 2
.7110D 3 .9678D 0 .7809D 2 .7200D 3 .9685D 0 .7809D 2
.7260D 3 .9689D 0 .7809D 2 .7350D 3 .9695D 0 .7808D 2
.7410D 3 .9699D 0 .7808D 2 .7500D 3 .9705D 0 .7808D 2
.7560D 3 .9709D 0 .7808D 2 .7650D 3 .9715D 0 .7808D 2
.7710D 3 .9719D 0 . .7808D 2 .7800D 3 .9725D 0 .7808D 2
.7860D 3 .9729D 0 .7807D 2 .7950D 3 .9734D 0 .7807D 2
.8010D 3 .9738D 0 .7807D 2 .8100D 3 .9744D 0 .7807D 2
.8160D 3 .9748D 0 .7807D 2 .8250D 3 .9754D 0 .7807D 2
.8310D 3 .9758D 0 .7807D 2 .8400D 3 .9764D 0 .7807D 2
.8460D 3 .9768D 0 .7806D 2 .8550D 3 .9775D 0 .7806D 2
.8610D 3 .9779D 0 .7806D 2 .8700D 3 .9786D 0 .7806D 2
.8760D 3 .9790D 0 .7806D 2 .8850D 3 .9797D 0 .7806D 2
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Table XXXVIII (continued)

T?me GasoTemp. Time GasoTemp.

Min, RATIOC F Min. RATIOC F
.8910D 3 .9801D 0 .7806D 2 .9000D 3 .9808D 0 .7805D 2
.9060D 3 .9813D 0 .7805D 2 .9150D 3 .9819D 0 .7805D 2
.9210D 3 .9824D 0 .7805D 2 .9300D 3 .9831D 0 .7805D 2
.9360D 3 .9835D 0 .7805D 2 .9450D 3 .9842D 0 .7804D 2
.9510D 3 .9847D 0 .7804D 2 .9600D 3 .9854D 0 .7804D 2
.9660D 3 .9858D 0 .7804D 2 .9750D 3 .9865D 0 .7804D 2
.9810D 3 .9870D 0 .7804D 2 .9900D 3 .9876D 0 .7804D 2
.9960D 3 .9881D 0 .7803D 2 .1005SD 4 .9888D 0 .7803D 2
.1011D 4 .9892D 0 .7803D 2 .1020D 4 .9899D 0 .7803D 2
.1026D 4 .9903D 0 .7803D 2 .1035D 4 .9909D 0 .7803D 2
.1041D 4 .9914D 0 .7802D 2 .1050D 4 .9920D 0 .7802D 2
.1056D 4 .9924D 0 .7802D 2 .1065D 4 .9931D 0 .7802D 2
.1071D 4 .9935D 0 .7802D 2 .1080D 4 .9941D 0 .7802D 2
.1086D 4 .9946D 0 .7802D 2 .1095D 4 .9951D 0 .7801D 2
.1101D 4 .9956D 0 .7801D 2 .1110D 4 .9962D 0 .7801D 2
.1116D 4 .9965D 0 .7801D 2 .1125D 4 .9972D 0 .7801D 2
.1131D 4 .9976D 0 .7801D 2 .1140D 4 .9979D 0 .7801D 2
.1146D 4 .9989D 0 .7800D 2 .1155D 4 .9989D 0 .7800D 2
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Table XXXIX. Computer Results of Activated Alumina Run No. 4 (ACTC-4).

Time GasoTemp, Time GasoTemp.

Min RATIOC F Min. RATIOC F
.6000D 1 .3137D-3 .1047D 3 1500D 2 .8355Dp-2 .1312D 3
.2100D 2 .4123D-1 .1339D 3 3000D 2 .1535D 0 .1294p 3
.3600D 2 .2554D 0 .1235D .3 .4500D 2 .4097D 0 -»1138D 3
.5100D 2 .4923D 0 .1083D 3 6000D 2 .5789D 0 .1027D 3
.6600D 2 .6206b 0 .1000D 3 7500D 2 .6685D 0 .9700D 2
.8100D 2 .6938D 0 .9545D 2 9000D 2 .7249D O .9356D 2
.9600D 2 .7422D 0 .9253D 2 1050D 3 .7642D 0 .9122D 2
.1110D 3 .7769D O .9048D 2 1200D 3 .7935D 0 .8952D 2
.1260D 3 .8032D 0 .8895D 2 1350D 3 .8162D 0 .8821D 2
.1410D 3 .8239D 0 .8776D 2 1500D 3 .8344D O .8717D 2
.1560D 3 .8408D 0 .8681D 2 1650D 3 .8495D 0 .8632D 2
.1710D 3 .8549D 0 .8602D 2 1800D 3 .8624D 0 .8560D 2
.1860D 3 .8670D 0 .8534D 2 1950D 3 .8735D 0 .8498D 2
.2010D 3 .8776D 0 .8476D 2 2100D 3 .8834D 0 .8444D 2
.2160D 3 .8871D 0 .8424D 2 .2250D 3 .8923D 0 .8395D 2
.2310D 3 .8957D 0 .8377D 2 2400D 3 .9005D 0 .8350D 2
.2460D 3 .9036D 0 .8333D 2 2550D 3 .9080D 0 .8309D 2
.2610D 3 .9108D 0 .8294D 2 2700D 3 .9149D 0 .8271D 2
.2760D 3 .9176D 0 .8257D 2 2850D 3 .9214D 0 .8236D 2
.2910D 3 .9239D 0 .8222D 2 3000D 3 .9274D 0 .8203D 2
.3060D 3 .9297D 0 .8190D 2 3150D 3 .9331D 0 .8172D 2
.3210D 3 .9352D 0 .8160D 2 3300D 3 .9383D 0 .8143D 2
.3360D 3 .9403D 0 .8132D 2 3450D 3 .9432D 0 .8116D 2
.3510D 3 .9451D 0 .8105D 2 3600D 3 .9478D 0 .8091D 2
.3660D 3 .9495D 0 .8081D 2 3750D 3 .9520D 0 .8067D 2
.3810D 3 .9537D 0 .8058D 2 .3900D 3 .9560D 0 .8045D 2
.3960D 3 .9575D 0 .8037D 2 4050D 3 .9597D 0 .8025D 2
.4110D 3 .9611D 0 .8017D 2 4200D 3 .9631D 0 .8006D 2
.4260D 3 .9644D 0 .7999D 2 .4350D 3 .9662D 0 .7989D 2
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T@me GasoTemp. Time GasoTemp.
Min. RATIOC F Min. RATIOC F
.4410D 3 .9674D 0 .7982D 2 .4500D 3 .9692D 0 .7972D 2
.4560D 3 .9703D 0 .7966D 2 .4650D 3 .971SD 0 .7957D 2
.4710D 3 .9729D 0 .7952D 2 .4800D 3 .9743D 0 .7944D 2
.4860D 3 .9753D 0 .7938D 2 .4950D 3 .9766D 0 .7931D 2
.5010D 3 .9775D 0 .7926D 2 .5100D 3 .9787D 0 .7919D 2
.5160D 3 .9795D 0 .7915D 2 .5250D 3 .9806D 0 .7908D 2
.5310D 3 .9814D 0 .7904D 2 .5400D 3 .9823D 0 .7899D 2
.5460D 3 .9831D 0 .7895D 2 .5550D 3 .9840D 0 .7890D 2
.5610D 3 .9846D 0 .7886D 2 .5700D 3 .9855D 0 .7881D 2
.5760D 3 .9861D 0 .7878D 2 .5850D 3 .9869D 0 .7874D 2
.5910D 3 .9874D 0 .7871D 2 .6000D 3 .9881D 0 .7867D 2
.6060D 3 .9886D 0 .7864D 2 .6150D 3 .9892D 0 .7861D 2
.6210D 3 .9896D 0 .7858D 2 .6300D 3 .9902D 0 .7855D 2
.6360D 3 .9906D 0 .7853D 2 .6450D 3 .9912D 0 .7850D 2
.6510D 3 .9915D 0 .7848D 2 .6600D 3 .9920D 0 .7845D 2
.6660D 3 .9924D 0 .7843D 2 .6750D 3 .9928D 0 .7841D 2
.6810D 3 .9931D 0 .7839D 2 .6900D 3 .9935D 0 .7837D 2
.6960D 3 .9938D 0 .7835D 2 .7050D 3 .9942D 0 .7833D 2
.7110D 3 .9944D 0 .7832D 2 .7200D 3 .9948D 0 .7830D 2
.7260D 3 .9950D 0 .7828D 2 .7350D 3 .9953D 0 .7827D 2
.7410D 3 .9955D 0 .7825D 2 .7500D 3 .9958D 0 .7824D 2
.7560D 3 .9960D 0 .7823D 2 .7650D 3 .9963D 0 .7821D 2
.7710D 3 .9965D 0 .7820D 2 .7800D 3 .9967D 0 .7819D 2
.7860D 3 .9968D 0 .7818D 2 .7950D 3 .9971D 0 .7817D 2
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Table XL. Computer Results of Activated Alumina Run No. 5 (ACTC-5).

T?me GasoTemp. Time GasoTemp.
Min. RATIOC F Min, RATIOC F

.6000D 1 .3068D-3 .1122D 3 .1500D 2 .8713D-3 .1309D 3
.2100D 2 .1067D-2 .1351D 3 3000D 2 .3017D-2 .1379D 3
.3600D 2 .3679D-1 .1370D 3 4500D 2 .3225D 0 .1194D 3
.5100D 2 .4493D 0 .1109D 3 6000D 2 .5366D 0 .10$1D 3
.6600D 2 5750D 0 .1026D 3 7500D 2 .6206D 0 .9985D 2
.8100D 2 6460D 0 .9835D 2 9000D 2 .6790D 0 .9642D 2
.9600D 2 6986D 0 .9530D 2 1050D 3 .7250D 0 .9378D 2
.1110D 3 7410D 0 .9287D 2 1200D 3 .7630D 0 .9161D 2
.1260D 3 7765D 0 .9084D 2 1350D 3 .7953D 0 .8977D 2
.1410D 3 8070D 0 .8911D 2 1500D 3 .8233D 0 .8818D 2
.1560D 3 8335D 0 .8760D 2 1650D 3 .8477D 0 .8679D 2
.1710D 3 8567D 0 .8628D 2 1800D 3 .8651D 0 .8578D 2
.1860D 3 8726D 0 .8539D 2 1950D 3 .8839D 0 .8479D 2
.2010D 3 8889D 0 .8442D 2 2100D 3 .8979D 0 .8403D 2
.2160D 3 9038D 0 .8371D 2 .2250D 3 .9119D 0 .8334D 2
.2310D 3 9163D O .8302D 2 2400D 3 .9223D 0 .8279D 2
| .2460D 3 9264D 0 .8248D 2 2550D 3 .9331D O .8221D 2
{ .2610D 3 9370D 0 .8199D 2 2700D 3 .9419D 0 .8171D 2
.2760D 3 9456D 0 .8143D 2 2850D 3 .9506D 0 .8119D 2
.2910D 3 9539D 0 .8102D 2 3000D 3 .9572D 0 .8080D 2
.3060D 3 9600D 0O .8051D 2 3150D 3 .9638D 0 .8035D 2
| .3210D 3 9663D 0 .8020D 2 3300D 3 .9697D 0 .7997D 2
: .3360D 3 9712D O .7977D 2 3450D 3 .9747D 0 .7959D 2
| .3510D 3 9758D 0 .7936D 2 3600D 3 .9784D 0 .7919D 2
.3660D 3 9806D 0 .7910D 2 .3750D 3 .9823D 0 .7900D 2
.3810D 3 9837D 0 .7887D 2 3900D 3 .9851D 0 .7871D 2
.3960D 3 9868D 0 .7864D 2 4050D 3 .9883D 0 .7852D 2
.4110D 3 9901D 0 .7839D 2 4200D 3 .9923D 0 .7833D 2
.4260D 3 .9938D 0 .7831D 2 4350D 3 .9953D 0 .7828D 2
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T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9960D 0 .7824D 2 .4500D 3 .9968D 0 .7819D 2
.4560D. 3 .9974D 0 .7816D 2 .4650D 3 .9980D 0 .7812D 2
.4710D 3 .9984D 0 .7810D 2 .4800D 3 .9988D 0 .7807D 2
.4860D 3 .9991D 0 .7805D 2 .4950D 3 .9994D 0 .7803D 2
.5010D 3 .9996D 0 .7802D 2 .5100D 3 .9998D 0 .7801D 2
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Table XLI. Computer Results of Activated Alumina Run No. 6 (ACTC-6).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min, RATIOC F
.6000D 1 .2549D-5 .7868D 2 .1500D 2 .3466D-3 .1095D 3
.2100D 2 .6592D-3 .1209D 3 .3000D 2 .9867D-3 .1288D 3
.3600D 2 .1108D-2 .1312D 3 .4500D 2 .1533D-2 .1342D 3
.5100D 2 .1533D-2 .1342D 3 .6000D 2 .6010D-2 .1352D 3
.6600D 2 .2433D-1 .1350D 3 .7500D 2 .1224D 0 .1298D 3
.8100D 2 .2341D 0 .1229D 3 .9000D 2 .3803D 0 .1133D 3
.9600D 2 .4379D 0 .1095D 3 .1050D 3 .4949D 0 .1058D 3
.1110D 3 .5228D 0 .1041D 3 .12000 3 .5566D 0 .1021D 3
.1260D 3 .5755D 0 .1010D 3 .1350D 3 .6003D 0 .9962D 2
.1410D 3 .6150D 0 - .9880D 2 .1500D 3 .6350D 0 .9770D 2
.1560D 3 .6473D 0 .9704D 2 .1650D 3 .6643D 0 .9612D 2
.1710D 3 .6749D 0 .9555D 2 .1800D 3 .6898D 0 .9475D 2
.1860D 3 .6992D 0 .9425D 2 .1950D 3 .7126D 0 .9355D 2
.2010D 3 .7210D O .9310D 2 .2100D 3 .7331D 0 .9246D 2
.2160D 3 .7408D 0 .9205D 2 .2250D 3 .7519D 0 .9147D 2
.2310D 3 .7590D 0 .9110D 2 .2400D 3 .7692D 0 .9056D 2
.2460D 3 .7757D 0 .9021D 2 .2550D 3 .7852D 0 .8972D 2
.2610D 3 .7913D 0 .8939D 2 .2700D 3 .8001D O .8893D 2
.2760D 3 .8058D 0 .8863D 2 .2850D 3 .8140D 0 .8819D 2
.2910D 3 .8194D 0 .8791D 2 .3000D 3 .8271D 0 .8750D 2
.3060D 3 .8321D O .8724D 2 .3150D 3 .8393D 0 .8685D 2
.3210D 3 .8440D 0 .8660D 2 .3300D 3 .8508D 0 .8624D 2
.3360D 3 .8551D 0 .8600D 2 .3450D 3 .8619D 0 .8568D 2
.3510D 3 .8655D 0 .8544D 2 .3600D.3 .8717D 0 .8512D 2
.3660D 3 .8756D 0 .8491D 2 .3750D 3 .8806D 0 .8461D 2
.3810D 3 .8851D 0 .8440D 2 .3900D 3 .8902D 0 .8421D 2
.3960D 3 .8936D 0 .8393D 2 .4050D 3 .8990D 0 .8365D 2
.4110D 3 .9019D 0 .8349D 2 .4200D 3 .9065D 0 .8323D 2
.4260D 3 .9093D 0 .8208D 2 .4350D 3 .9141D 0 .8283D 2
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T%me GasoTemp. ‘Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9169D 0 .8267D 2 .4500D 3 .9115D 0 .8243D 2
.4560D 3 .9238D 0 .8230D 2 .4650D 3 .9275D 0 .8208D 2
.4710D 3 .9294D 0 .8193D 2 .4800D 3 .9337D 0 .8174D 2
.4860D 3 .9360D 0 .8161D 2 .4950D 3 .9399D 0 .8143D 2
.5010D 3 .9416D 0 .8130D 2 .5100D 3 .9444D 0 .8112D 2
.5160D 3 .9470D 0 .8101D 2 .5250D 3 .9497D 0 .8085D 2
.5310D 3 .9519D 0 .8076D 2 .5400D 3 .9544D 0 .8059D 2
.5460D 3 .9560D 0 .8050D 2 .5550D 3 .9585D 0 .8035D 2
.5610D 3 .9603D 0 .8026D 2 .5700D 3 .9629D 0 .8013D 2
.5760D 3 .9642D 0 .8005D 2 .5850D 3 .9662D 0 .7993D 2
.5910D 3 .9677D 0 .7984D 2 .6000D 3 .9697D 0 .7973D 2
.6060D 3 .9711D 0 .7967D 2 .6150D 3 .9738D 0 .7956D 2
.6210D 3 .9739D 0 .7950D 2 .6300D 3 .9757D 0 .7940D 2
.6360D 3 .9767D 0 .7934D 2 .6450D 3 .9783D 0 .7925D 2
.6510D 3 .9792D 0 .7919D 2 .6600D 3 .9806D 0 .7912D 2
.6660D 3 .9815D 0 .7906D 2 .6750D 3 .9828D 0 .7899D 2
.6810D 3 .9836D 0 .7895D 2 .6900D 3 .9848D 0 .7888D 2
.6960D 3 .9855D 0 .7884D 2 .7050D 3 .9866D 0 .7878D 2
.7110D 3 .9872D 0 .7874D 2 .7200D 3 .9881D 0 .7869D 2
.7260D 3 .9888D 0 .7865D 2 .7350D 3 .9896D 0 .7860D 2
.7410D 3 .9901D 0 .7857D 2 .7500D 3 .9909D 0 .7853D 2
.7560D 3 .9914D 0 .7850D 2 .7650D 3 .9921D 0 .7846D 2
.7710D 3 .9925D 0 .7844D 2 .7800D 3 .9931D‘0 .7840D 2
.7870D 3 .9935D 0 .7838D 2 .7950D 3 .9941D 0 .7835D 2
.8010D 3 .9944D 0 .7833D 2 .8100D 3 .9949D 0 .7830D 2
.8160D 3 .9952D 0 .7828D 2 .8250D 3 .9957D 0 .7825D 2
.8310D 3 .9960D 0 .7824D 2 .8400D 3 .9964D 0 .7822D 2
.8460D 3 .9966D 0 .7820D 2 .8550D 3 .9970D 0 .7818D 2
.8610D 3 .9972D 0 .7817D 2 .8700D 3 .9975D 0 .7815D 2



236

Table XLI (continued)

T?me GasoTemp. T@me GasoTemp.

Min, RATIOC F Min. RATIOC F
.8760D 3 .9977D 0 .7814D 2 .8850D 3 .9980D 0 .7812D 2
.8910D 3 .9981D 0 .7811D 2 .9000D 3 .9984D O .7810D 2
.9060D 3 .9986D 0 .7809D 2 .9150D 3 .9988D 0 .7807D 2
.9210D 3 .9989D 0 .7806D 2 .9300D 3 .9991D 0 .7805D 2
.9360D 3 .9993D 0 .7804D 2 .9450D 3 .9995D 0 .7803D 2
.9510D 3 .9996D 0 .7803D 2 .9600D 3 .9997D 0 .7802D 2
.9660D 3 .9998D 0 .7801D 2
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Table XLII. Computer Results of Activated Alumina Run No. 7 (ACTC-7).
|
T%me GasoTemp. Time GasoTemp.
Min. RATIOC F Min. RATIOC F
.6000D 1 .2532D-3 .1056D 3 .1500D 2 .9551D-3 .1283D 3
.2100D 2 .1368D-2 .1330D 3 .3000D 2 .7407D-2 .1357D 3
.3600D 2 .3375D-1 .1352D 3 .4500D 2 .1676D 0 .1281D 3
i .5100D 2 .3080D 0 .1196D 3 .6000D 2 .4747D 0 .1090D 3
.6600D 2 .5423D 0 .1047D 3 .7500D 2 .6124D 0 .1003D 3
.8100D 2 .6474D 0 .9821D 2 .9000D 2 .6895D 0 .9570D 2
.9600D 2 .7128D 0 .9433D 2 .1050D 3 .7425D 0 .9260D 2
| .1110D 3 .7597D 0 .9160D 2 .1200D 3 .7825D 0 .9029D 2
‘ .1260D 3 .7961D 0 .8952D 2 .1350D 3 .8144D 0 .8848D 2
| .1410D 3 .8254D 0 .8785D 2 .1500D 3 .8405D 0 .8699D 2
‘ .1560D 3 .8498D 0 .8647D 2 .1650D 3 .8625D 0 .8575D 2
| .1710D 3 .8704D 0 .8531D 2 .1800D 3 .8813D 0 .8470D 2
: .1860D 3 .8880D 0 .8432D 2 .1950D 3 .8974D 0 .8379D 2
.2010D 3 .9033D 0 .8346D 2 .2100D 3 .9114D O .8300D 2
.2160D 3 .9165D 0 .8272D 2 .2250D 3 .9236D 0 .8232D 2
.2310D 3 .9280D 0 .8207D 2 .2400D 3 .9342D 0 .8172D 2
.2460D 3 .9380D 0 .8150D 2 .2550D 3 .9434D 0 .8120D 2
.2610D 3 .9468D 0 .8101D 2 .2700D 3 .9515D 0 .8075D 2
.2760D 3 .9545D 0 .8058D 2 .2850D 3 .9586D 0 .8035D 2
.2910D 3 .9611D 0 .8021D 2 .3000D 3 .9647D 0 .8001D 2
.3060D 3 .9669D 0 .7988D 2 .3150D 3 .9700D 0 .7970D 2
.3210D 3 .9719D 0 .7960D 2 .3300D 3 .9746D 0 .7944D 2
.3370D 3 .9763D 0 .7935D 2 .3450D 3 .9786D 0 .7922D 2
.3510D 3 .9800D 0 .7914D 2 .3600D 3 .9820D 0 .7903D 2
.3660D 3 .9832D 0 .7896D 2 .3750D 3 .9849D 0 .7886D 2
.3810D 3 .9859D 0 .7880D 2 .3900D 3 .9874D 0 .7872D 2
.3960D 3 .9883D 0 .7867D 2 .4050D 3 .9895D 0 .7860D 2
.4110D 3 .9903D 0 .7856D 2 .4200D 3 .9913D 0 .7850D 2
.4260D 3 .9920D 0 .7846D 2 .4350D 3 .9928D 0 .7841D 2




Table XLII (continued)

Time , GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9934D 0 .7838D 2 .4500D 3 .9941D 0 .7834D 2
.4560D 3 .9946D 0 .7831D 2 .4650D 3 ,99520 0 .7828D 2
.4710D 3 .9956D 0 .7825D 2 .4800D 3 .9961D 0 .7822D 2
.4860D 3 .9965D 0 .7820D 2 .4950D 3 .9969D 0 .7818D 2
.5010D 3 .9972D 0 .7816D 2 .5100D 3 .9976D 0 .7814D 2
.5160D 3 .9978D 0 .7813D 2 .5250D 3 .9982D 0 .7811D 2
.5310D 3 .9984D 0 .7810D 2 .5400D 3 .9986D 0 .7808D 2
.5460D 3 .9988D 0 .7807D 2 ~.5550D 3 .9991D 0 .7806D 2
.5610D 3 .9992D 0 .7805D 2 .5700D 3 .9994D 0 .7803D 2
.5760D 3 .9995D 0 .7803D 2 .5850D 3 .9997D 0 .7802D 2
.5910D 3 .9998D 0 .7801D 2
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Computer Results of Activated Alumina Run No. 8 (ACTC-8).

T?me GasoTemp. T%me GasoTemp.

Min, RATIOC F Min, RATIOC F
.6000D 1 .3203D-3 .1086D 3 .1500D 2 .1279D-1 .1336D 3
.2100D 2 .8874D-1 .1341D 3 .3000D 2 3151D 0 .1208D 3
.3600D 2 .4418D 0 .1118D 3 .4500D 2 5402D 0 .1045D 3
.5100D 2 .5787D 0 .1018D 3 .6000D 2 6190D 0 .9915D 2
.6600D 2 .6393D 0 .9789D 2 .7500D 2 6638D 0 .9644D 2
.8100D 2 .6777D 0 .9564D 2 .9000D 2 6962D 0 .9461D 2
.9600D 2 .7074D 0 .9400D 2 .1050D 3 7230D 0 .9315D 2
.1110D 3 .7328D 0 .9262D 2 .1200D 3 7467D 0 .9187D 2
.1260D 3 .7556D 0 .9139D 2 .1350D 3 7682D 0 .9071D 2
.1410D 3 .7763D 0 .9038D 2 .1500D 3 7880D 0 .8965D 2
.1560D 3 .7954D 0 .8925D 2 .1650D 3 8061D 0 .8867D 2
.1710D 3 .8130D 0 .8830D 2 .1800D 3 8229D 0 .8776D 2
.1860D 3 .8292D 0 .8742D 2 .1950D 3 8384D 0 .8692D 2
.2010D 3 .8442D 0 .8660D 2 .2100D 3 8527D 0 .8615D 2
.2160D 3 .8581D 0 .8585D 2 .2250D 3 8659D 0 .8543D 2
.2310D 3 .8709D 0 .8515D 2 .2400D 3 8781D 0 .8476D 2
.2460D 3 .8827D 0 .8451D 2 .2550D 3 8893D 0 .8414D 2
.2610D 3 .8936D 0 .8391D 2 .2700D 3 8997D 0 .8353D 2
.2760D 3 .9037D 0 .8336D 2 .2850D 3 9093D 0 .8305D 2
.2910D 3 .9129D 0 .8285D 2 .3000D 3 9181D 0 .8257D 2
.3060D 3 .9214D O .8238D 2 .3150D 3 9262D 0 .8212D 2
.3210D 3 .9292D 0 .8195D 2 .3300D 3 9336D 0 .8171D 2
.3360D 3 .9364D 0 .8156D 2 .3450D 3 9404D 0 .8133D 2
.3510D 3 .9429D 0 .8119D 2 .3600D 3 9466D 0 .8099D 2
.3660D 3 .9439D 0 .8086D 2 .3750D 3 9522D 0 .8068D 2
.3810D 3 .9554D 0 .8056D 2 .3900D 3 9574D 0 .8039D 2
.3960D 3 .9593D 0 .8028D 2 .4050D 3 9620D 0 .8013D 2
.4110D 3 .9638D 0 .8004D 2 .4200D 3 .9663D 0 .7990D 2
.4260D 3 .9678D 0 .7981D 2 .4350D 3 9701D 0 .7968D 2
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Table XLIII (continued)

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.4410D 3 .9715D 0 .7961D 2 .4500D 3 .9735D 0 .7949D 2
.4560D 3 .9748D 0 .7942D 2 .4650D 3 .9766D 0 .7932D 2
.4710D 3 .9777D O .7926D 2 .4800D 3 .9793D 0 .7917D 2
.4860D 3 .9804D 0 .7911D 2 .4950D 3 .9818D 0 .7903D 2
.5010D 3 .9827D 0 .7898D 2 .5100D 3 .9840D 0 .7890D 2
.5160D 3 .9849D 0 .7886D 2 .5250D 3 .9860D 0 .7879D 2
.5310D 3 .9867D 0 .7875D 2 .5400D 3 .9878D 0 .7869D 2
.5460D 3 .9884D 0 .7866D 2 .5550D 3 .9893D 0 .7860D 2
.5610D 3 .9899D 0 .7857D 2 .5700D 3 .9907D 0 .7853D 2
.5760D 3 .9912D 0 .7850D 2 .5850D 3 .9919D 0 .7846D 2
.5910D 3 .9924D 0 .7843D 2 .6000D 3 .9930D 0 .7840D 2
.6060D 3 .9934D 0 .7837D 2 .6150D 3 .9940D 0 .7834D 2
.6210D 3 .9943D 0 .7832D 2 .6300D 3 .9948D 0 .7829D 2
.6360D 3 .9952D 0 .7828D 2 .6450D 3 .9956D 0 .7825D 2
.6510D 3 .9959D 0 .7824D 2 .6600D 3 .9963D 0 .7821D 2
.6660D 3 .9965D 0 .7820D 2 .6750D 3 .9968D 0 .7818D 2
.6810D 3 .9971D 0 .7817D 2 .6900D 3 .9974D 0 .7815D 2
.6960D 3 .9976D 0 .7814D 2 .7050D 3 .9978D 0 .7813D 2
.7110D 3 .9980D 0 .7812D 2 .7200D 3 .9982D 0 .7810D 2
.7260D 3 .9984D 0 .7809D 2 .7350D 3 .9986D 0 .7808D 2
.7410D 3 .9987D 0 .7807D 2 .7500D 3 .9989D 0 .7806D 2
.7560D 3 .9990D 0 .7806D 2 .7650D 3 .9992D 0 .7805D 2
.7710D 3 .9993D 0 .7804D 2 .7800D 3 .9995D 0 .7803D 2
.7860D 3 .9995D 0 .7803D 2 .7950D 3 .9997D 0 .7802D 2
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Computer Results of Activated Alumina Run No. 9 (ACTC-9).

T%me GasoTemp. Time GasoTemp.

Min. RATIOC F Min. RATIOC F
.6000D 1 .2680D-3 .1063D 3 .1500D 2 .1084D-2 .1292D 3
.2100D 2 .3004D-2 .1336D 3 .3000D 2 .3216D-1 .1345D 3
.3600D 2 .9862D-1 .1313D 3 .4500D 2 .2616D 0 .1217D 3
.5110D 2 .3641D 0 .1154D 3 .6000D 2 .4693D 0 .1088D 3
.6600D 2 .5216D 0 .1056D 3 .7500D 2 .5848D 0 .1019D 3
.8100D 2 .6196D 0 .9981D 2 .9000D 2 .6639D 0 .9722D 2
.9600D 2 .6893D 0 .9575D 2 .1050D 3 .7226D 0 .9383D 2
.1110D 3 .7422D 0 .9271D 2 .1200D 3 .7685D 0 .9121D 2
.1260D 3 .7842D 0 .9031D 2 .1350D 3 .8057D 0 .8909D 2
.1410D 3 .8186D 0 .8835D 2 .1500D 3 .8365D 0 .8734D 2
.1560D 3 .8475D 0 .8672D 2 .1650D 3 .8626D 0 .8586D 2
.1710D 3 .8719D 0 .8533D 2 .1800D 3 .8849D 0 .8459D 2
.1860D 3 .8929D 0 .8414D 2 .1950D 3 .9040D 0 .8351D 2
.2010D 3 .9109D 0 .8311D 2 .2100D 3 .9205D 0 .8257D 2
.2160D 3 .9264D 0 .8223D 2 .2250D 3 .9347D 0 .8176D 2
.2310D 3 .9397D 0 .8147D 2 .2400D 3 .9468D 0 .8107D 2
.2460D 3 .9511Dv0 .8082D 2 .2550D 3 .9571D 0 .8048D 2
.2610D 3 .9608D 0 .8026D 2 .2700D 3 .9658D 0 .7998D 2
.2760D 3 .9689D 0 .7980D 2 .2850D 3 .9731D 0 .7956D 2
.2910D 3 .9756D 0 .7941D 2 .3000D 3 .9791D 0 .7921D 2
.3060D 3 .9812D 0O .7909D 2 .3150D 3 .9840D 0 .7893D 2
.3210D 3 .9857D 0 .7883D 2 .3300D 3 .9879D 0 .7870D 2
.3360D 3 .9892D 0 .7863D 2 .3450D 3 .9910D 0 .7852D 2
.3510D 3 .9921D 0 .7846D 2 .3600D 3 .9934D 0 .7838D 2
.3660D 3 .9942D 0 .7834D 2 .3750D 3 .9953D 0 .7827D 2
.3860D 3 .9959D 0 .7824D 2 .3900D 3 .9967D 0 .7819D 2
.3960D 3 .9972D 0 .7817D 2 .4050D 3 .9978D 0 .7813D 2
.4110D 3 .9981D 0 .7811D 2 .4200D 3 .9986D 0 .7808D 2
.4260D 3 .9988D 0 .7807D 2 .4350D 3 .9991D 0 .7805D 2
.4410D 3 .9993D 0 .7804D.2 .4500D 3 .9996D 0 .7803D 2
.4560D 3 .9997D 0 .7802D 2 .4650D 3 .9998D 0 .7801D 2
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Table XLV. Computer Results of Activated Alumina Run No. 10 (ACTC-10).
T%me GasoTemp. Time GasoTemp.
Min. RATIOC F Min. RATIOC F
.6000D 1 .2686D-3 .1063D 3 .1500D 2 .1143D-2 .1300D 3
.2100D 2 .3978D-2 .1350D 3 .3000D 2 .5372D-1 .1355D 3
.3600D 2 .1638D 0 .1297D 3 .4500D 2 .3948D 0 .1153D 3
.5100D 2 .5049D 0 .1081D 3 .6000D 2 .6063D 0 .1014D 3
.6600D 2 .6531D 0 .9845D 2 .7500D 2 .7067D 0 .9513D 2
.8100D 2 .7352D 0 .9340D 2 .9000D 2 .7707D 0 .9126D 2
.9600D 2 .7907D 0 .9007D 2 .1050D 3 .8166D 0 .8854D 2
.1110D 3 .8316D 0 .8766D 2 .1200D 3 .8513D 0 .8650D 2
.1260D 3 .8628D 0 .8583D 2 .1350D 3 .8782D 0 .8493D 2
.1410D 3 .8872D 0 .8440D 2 .1500D 3 .8992D 0 .8370D 2
! .1560D 3 .9062D 0 .8328D 2 .1650D 3 .9156D 0 .8274D 2
| .1710D 3 .9210D 0 .8242D 2 .1800D 3 .9282D 0 .8200D 2
‘ .1860D 3 .9323D 0 .8176D 2 .1950D 3 .9377D 0 .8144D 2
.2010D 3 .9408D 0 .8126D 2 .2100D 3 .9448D 0 .8103D 2
| .2160D 3 .9470D 0 .8090D 2 .2250D 3 .9499D 0 .8073D 2
.2310D 3 .9515D 0 .8064D 2 .2400D 3 .9536D 0 .8052D 2
.2460D 3 .9548D 0 .8045D 2 .2550D 3 .9562D 0 .8036D 2
| .2610D 3 .9571D 0 .8032D 2 .2700D 3 .9582D 0 .8025D 2
| .2760D 3 .9588D 0 .8022D 2 .2850D 3 .9596D 0 .8017D 2
.2910D 3 .9610D 0 .8015D 2 .3000D 3 .9607D 0 .8011D 2
.3060D 3 .9611D 0 .8009D 2 .3150D 3 .9617D 0 .8006D 2
.3210D 2 .9620D 0 .8004D 2 .3300D 3 .9625D 0 .8001D 2
.3360D 3 .9628D 0 .8000D 2 .3450D 3 .9633D 0 .7997D 2
.3510D 3 .9635D 0 .7996D 2 .3600D 3 .9640D 0 .7993D 2
.3660D 3 .9642D 0 .7992D 2 .3750D 3 .9647D 0 .7990D 2
.3860D 3 .9649D 0 .7988D 2 .3900D 3 .9653D 0 .7986D 2
.3960D 3 .9656D 0 .7985D 2 .4050D 3 .9660D 0 .7983D 2
.4110D 3 .9662D 0 .7981D 2 .4200D 3 .9666D 0 .7979D 2
.4260D 3 .9669D 0 .7978D 2 .4350D 3 .9672D 0 .7976D 2
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Table XLV (continued)

: T%me GasoTemp. Time GasOTemp.
Min. RATIOC F Min. RATIOC F
.4410D 3 .9675D 0 .7974D 2 .4500D 3 .9679D 0 .7973D 2
.4560D 3 .9681D 0 .7971D 2 .4650D 3 .9685D 0 .7969D 2

- .4710D 3 .9687D 0 .7968D 2 .4800D 3 .9691D 0 .7966D 2
.4860D 3 .9693D 0 .7965D 2 .4950D 3 .9697D 0 .7963D 2
.5010D 3 .9699D 0 .7962D 2 .5100D 3 .9702D 0 .7960D 2
.5160D 3 .9705D 0 .7959D 2 .5250D 3 .9708D 0 .7957D 2
.5310D 3 .9710D 0 .7956D 2 .5400D 3 .9714D O .7954D 2
.5460D 3 .9716D 0 .7953D 2 .5550D 3 .9719D 0 .7951D 2
.5610D 3 .9721D 0 .7950D 2 .5700D 3 .9724D 0 .7948D 2
.5760D 3 .9726D 0 .7947D 2 .5850D 3 .9730D 0 .7945D 2
.5910D 3 .9732D 0 .7944D 2 .6000D 3 .9735D 0 .7942D 2
.6060D 3 .9737D 0 .7941D 2 .6150D 3 .9740D 0 .7940D 2
.6210D 3 .9742D 0 .7939D 2 .6300D 3 .9745D 0 .7937D 2
.6360D 3 .9747D 0 .7936D 2 .6450D 3 .9750D 0 .7934D 2
.6510D 3 .9753D 0 .7933D 2 .6600D 3 .9755D 0 .7932D 2
.6660D 3 .9757D 0 .7931D 2 .6750D 3 .9759D 0 .7929D 2
.6810D 3 .9761D 0 .7928D 2 .6900D 3 .9764D 0 .7927D 2
.6960D 3 .9766D 0 .7926D 2 .7050D 3 .9769D 0 .7924D 2
.7110D 3 .9770D 0 .7923D 2 .7200D 3 .9773D 0 .7922D 2
f7260D 3 .9775D 0 .7921D 2 .7350D 3 .9777D 0 .7920D 2
.7410D 3 .9779D 0 .7919D 2 .7500D 3 .9782D 0 .7917D 2
.7560D 3 .9784D 0 .7916D 2 .7650D 3 .9786D 0 .7915D 2
.7710D 3 .9788D 0 .7914D 2 .7800D 3 .9790D O .7913D 2
.7860D 3 .9792D 0 .7912D 2 .7950D 3 .9794D 0 .7911D 2




APPENDIX F

COMPUTER PROGRAM FOR LMS-4A AND ACTIVATED ALUMINA

The complete Fortran IV program of activated alumina is presented
in Table XLVI. Most of the LMS-4A program is the same as activated
alumina except the input data and the diffusion parameter calculations.

so here we present only these two parts in Table XLVII.
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Table XLVI. The Complete Fortran IV Program of Activated Alumina.

//7ACT1 JOB (0384641490541 789BINSsT=1504L=999+R=512)+CsMSGLEVEL=(11)
//74RESOYRSE INSTR360
// EXEC FURTHCLGGOREG=512K+0PT=2+FURTREG=512K
//FORT ,SYSIN pn *#
IMPLICIT REAL#8(A=H0=1)
REAL®B DEXPIDABS+DERF «DSQRTyDLOGsDMAX19DLOG1O
INTEGERw4 IDINT
DIMENSIUN TG(2+4000) sRHOG(294000) sG(2+4000) 1Y (2+4000)
DIMENSIUN UT(2931)sUP(2+31)sUPD(2+3119PE(2931)DELUTI(2431)
DTMENSTUN RE(30) sGE(30)+0(30) 2 TE(30)sD1(30)
DIMENSTUN RATIOC(3) o TIME (3) «YTEMP (3) 9 ICHEK (3)
DIMENSIUN TW(2)sAAP(2)sBBP(2) sCCP(2)
C

c&»ﬁﬂ&ﬁu##n##a”#““&“@ééﬁbﬁﬂﬁs. He JURY CARD DECK“QQ#60ﬁ#ﬂ##&ﬁ“h&@ﬁ“ﬁﬂ“&#““#ﬁ66#6

C

c&##G§bqbﬁhﬁ#gﬁo&ﬁ#ﬂ“%“bﬂﬂ#iﬁ##hINPUT DATA STARTﬂQGQQD#QQG#66“#900“66.0“#0#6&060

C

c#“#*bﬂa#“ﬂ“#n#ﬁﬁbﬂGQQQGRANULE pARAMETERSG“Q##&G&G#G#Q“h#b6669&‘0“““&006666“#6#6

EF IS THE FRACTION OF ADSORPTION HEAT LIBERATED IN THE GRANULE. THE FRACTION
(1.00=EF) I> THE HEAT LIBERATED AT THE GRANULE SURFACE.

S16 IS THE FRACTION OF CONTINUOUS PHASE IN GRANULE.

EF1 IS A FRACTIUN IN THE RELATION EF1=(DD(K)/RD##2)/(D(K)/R##2) WHERE DD (K)
AND Rn ARE THE MICROSPHERE DIFFUSIVITY AND RADIUS,

OOOO0O0O0O0

SIG=.7“”0

EF1=0,01200

EFr=0,00vu

R=0.002341236900 Al2/14
CAY=0.0745D0 )

YLAMUA=)19093,9790500

YLAMDAZYLAMDA* 1,400

EPSLON=Y . 4307DO0 Al2/14
ROS=101,0756D0

S1=0.904500

Cm~ N E&EWN—

(o
CunbonppnbantansnastassdPERCOLATOR PARAMETERS#adtsaanosndnttntatsdonponsaananiton
C

10 D1=1.2500/12.00

11 DO=1.5Du/12.D0

12 ROT=1,40525D0%62.42700

13 CPT=0.32D0
C
CHusratiphdaittgaastaddaaeferpD GAS PARAMETERS##srnadsataptsttasatiatttidatonstnnbtoe
C

15 ScFH=10,0000 ACT1

16 TrEED=5437.6900

17 arFDT1=537.6900

18 UNTITP=14,696D0%144,000/760,000

19 BFNPI=0,001109917900*UNITP . Al2/14
20 BFDOPE=10,9482DVU*UNITP ACTI]
21 P=742.875D0®UNITP ' ACT1

C
C#ﬁﬁoabaﬂb##oabﬁﬁﬁﬁﬁﬂﬁ“bﬁﬂ RUN DESIGNQ#GQ“06OGQQQGﬁ6GC&DQGG&“ﬁédﬂﬂo“ﬂhﬂ#ﬂb#ﬁﬂ&&o
o

28 NR=1}

29 Na=1l

30 Ng=20

31 YMR=NR

32 YNA=NA

33 YNS=NS



https://DO=l.5Du/12.D0
https://01=1.2500/12.00
https://UT(2.31).UP(2.31).UPD(2.31).PE(2.31).DELUTI(2.31
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Table XLVI (continued)

34 N=NS-MNA+NA®NR

35 yYu=N

36 NN=N=1]

37 YT=YNS#YNR

38 Ry=YI=1,n0

39 NDFLTAS=R/YNS

40 neLTaR=pFLTAS/YNR

41 DRDS=DELTAR/DELTAS
c

ccouuauaounuauéoaqauuouaoaaanu&uunnounoao»anu#ouuaooooanugaaonoaoon«oououoo#ub#n
C JPRINT IS TuE TIME INTERVAL BETWEEN THE PRIN1S FOR EACH IPRINT INCREMENTS OF

C BED., PRIOR [0 A COMPUTER RUN THE USER SHOULD USE A CALCULATUR TO EXECUTE

C STATEMENTS LISTED UNDER Z= AND T= RUN DESIGN TO INSURE PROPER COMPUTER RUN

C DESIGHN.

CQQQH#Gu#@#“#&ﬂ“ﬂ“&@ﬁﬂﬁﬂ“ﬂ#ﬁﬂﬁ#QQ#QQG“Q9#““#56##0Q#QdQG&Q“GQQQQ#QQOGQOQG#“#QQ60.

C
caé5anognnaﬂcpoabuauﬁwoanoaz RUN DESIGN##o#a#sansdaosstitoaaddndtnaasaatnaastons
C

4S5 EL=2.00/12.00

46 DFLTAZ=4,D0%R

47 IpPRINT=}

48 Y1P=IPRINT

49 Ly=IDINT(EL/(DELTAZ*YIP)+,5D0)

S1 L=LW#IPKINT

52 Y=L

53 DFLTAZ=FL/YL
c
CHevaasandaetonapesnenasesn] RUN DESIGN###tbstasnepaasdosotatdvationasosibasoony
c

64 DFLTAT=12.D0/3600.00

65 TTIME=4000.D0%DELTAT

66 JPRINT=]

68 Y JP=JUPRINT

69 My=TDIN|(TTIME/(DELTAT®*YJP) +,500)

70 M=MWeJPRINT

71 YM=M

72 DFLTAT=TTIME/YM
éo&oucnguoonaqo&n»ucnuuMIScELLANeoUS CONSTANTS#sseadasessutandrsotnototoaasnsnns
c

73 ALERR=1.D-3

74 V21=0.6415200

76 V22=0.6716000

77 V23=04346R500

78 Cw=1.5651N0

80 CR=0.8130500

82 RRAR=1545.,33D0

C
cﬂ&““ﬂGQnOOO%uoo“#&ﬁ@ﬂﬂﬂ%“d“ﬁﬂbd#]NPUT DATA ENDG###G“OQb“ﬁ@##i&ﬁﬁﬂ#ﬁ#ﬂG“ﬁﬁ@#hdb“

c
CrotosapnbproasetPARAMETER CALCULATIONS FROM INPUT DATA STARTS#esstssnscatsssaten
c

83 Np=REUPF=-REDPL

84 Ky =0

8% RNCPS=RyYS*0,183D0

86 ALFA=CAY/ROCPS

8Y VFEEQ=SCFHYPRTFEED®4,.D0/(519.6900%14,696D0%144,D0%EPSLON®3,1415926

W5400401ev2)

90 RT=RBAReTFEED

91 Ru=RBAReRENT]

92 CFEEL=BLNPF/RI



https://DfLTaT=12.D0/3600.O0
https://EL=2.DO/12.DO
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Table XLVI (continued)

C

93
95
100
110
115

120
140
141
142
144
145
146
147
148
150

RFOCGI=HENPI/PRB

BFNDROG=r/RB .
B=DELTAL/NDELTAT
Aa=(DEL | AR®#2)/DFLTAT
AY=3,00#({1.D0-EPSLON)/(R#S])
AY=AYH#S]
AT=SIG*aY*DELTAZ®(3.141592654D0/4,000)#D1##2%0ELTAT
A1=(SIGeAY*DELTAZ) /EPSLON
A4=15DU*DELTAT/R# 42
AQ=ALPALFA

A7=5,004CAY/R

AB=(1.0n0-EF) *YLAMDA
Wn2=1{1.00=SIG)/SIG
W03=3.Dy*NELTAT/R
ROGIN=P/RT

ChuonnoutaetanasdPARAMETER CALCULATIONS FROM INPUT DATA ENptteoosbacaastonsoons

c

c

151
152
153
154
201
203
204
205
206
207
208
209
210
21s
216
217
218

SUMJST=y,.00
SYMCL=0,n0
SGFILM=y,D0
SUMGAS=y,D0
Cr=1.D0

1=0

JIF=0

J1F2=0

Ju=0

Uy=JuU

TIMEJU=y,0D0
I1TSUM=0

NO 218 J=2+M )
Ta(leJ)=(TFEED=BEDTI)/BEDTI
R1{0G (19 0) =ROGIN
G(1+J)=vFEED®KOGIN
Y(19J)=CFEED/ROGIN

c#QﬁﬁnQa##o#“uQGDééﬁaﬂﬂ“QQHOTHE V4 LOOP FOLLOWSD##QQG#G#DﬁOGQQQGQGOG#GGGGGGGQQGG“

C

C

C

225
231
232
233

250
290
291
292
293
300
301
305
308
310
315
319
320
321
322

DO 3000 II=lsL

I=1+1

1IF(l LfF, IPRINT) GO TO 250
1=1

Coedaganbtatdosadaatransdt INITIALS CONDITIONS STIRTHussvapssanoneacnisteatonottng

T'd(1)=our)0
Ta(2s1)1=0,000

RHOG (29 1) =BEDROG
G(2+1)=VvFEED*HEDROG
Y(2+1)=HEDCGI/BEDKOG
D0 310 rk=1sN

NDFLUTI (£+K)=0.00
UT(1+K)=0.,000
UP(1+K)=0,0D0
UpD(l1e+Kh)=0,0D0
Tel=BEDIT '
Pnl=£tDyrI]

Prl=BEDKFI

TnUM=0.n0

JMAX=0



https://r,K)=0.00
https://Sf;FlLM=o.D0
https://SuMJST=o.OO

Table XLVI (continued)

C
Chatsnapniabdgoaansantctaast INITIAL CONDITIONS ENDH##HtcsntadeaattntststodaRtasndtnsy
C

323 JWRITE=¢

324 JaY=2

325 Jo=0

330 Jy=M=JU

C :
Cuatsnupocovvaansse| ONG TIME CALCULATION CONTROL=STARTH#etessstahonooatabanantnan
¢ .

332 IF(JIF2,EQ.0)IG0 TO 340

334 1F(JIFeFWels0R4JULLT,KLIGO TO 340

335 J1F=)
c
Chesvonpubantanuat| ONG TIME CALCULATION CONTROL=END&#tttttaaaatautttaosnsetasdnas

c
CoatvgaapttidgrattotiatetTHE TIME LOOP FOLLOWS#4#0300000000000080000800000000000
C

340 DO 2000 J=2sJV
C
Cueavpnausudiagnaats| ONG TIME CALCULATION CONTROL-STARTH#4#nsnvssbassastanetattane
c .

374 IF(JIF.+Q,0)GO TO 400

376 Yx=1.00

378 Kzl

380 T=TC1l

385 Pp=PCl

390 6n TO 430
C
CHudtvungutastaunadt ONG TIME CALCULATION CONTROL=~ENpH#eo#aaotactnsadsontobsosntase
C
CHUR B RN QORI DNR U B G R BE  ER PR BRI BRI BB TR R O I BB R R BB BRI RS U BRIV ORI D BO LB NBBORIVIORE R
C THE FOLLOWING ALGORITHM FOR COMPUTING THE DIFFUSION PARAMETERSD(K) o TE(K) AND
C PE(K) MUST y4fE SUPPLTED BY THE USER FOR HIS PARTICULAR ADSORBENT,
(AL TR L LT DR A T T R R Y Y Y Y T Y YT Y LY Y YL YRR ey

C
Cotsdaapnuaadyaa st NIFFUSTON PARAMETER CALCULATION STARTH##pu#tacuspaatatotsdases
C
C ACTIVATED ALUMINA
c

400 K=0

410 K=K+l

412 YK=K

419 T (K,GE.NR®*NA+1)IGO TO 420

418 DUM=YNS/ (YNS=YNA+ (YNR#*YNA=YK+]1,D0)/YNR)

419 6o TO 4a¢1

420 DUM=YNS/ (YN=YK+1,00)

421 Tz (OUM*UT (LeK) +1,.00)#B8EDTI

427 Pp=DUMRUP (1+K) #*DP+BEDPI

430 Te=T/1eunN0~273.16111111111100

450 Tk=TC+273.15D0

451 Tn=0.6%)0-0.,01%°TC

452 Tn2=1Dp%ep

453 Tpn3=io®*rIne

454 Tna=TD*ID3

455 TnS=TD*InG

456 Tne=1D"Ins

457 Tn7=1D"1D6

459 SiM==T741,924200=29,72100#TD-11,5528600*TDN2=0,8685635D0¢TN3e

HO.l0940VRDU“T0400.43499300“105‘0.2520658“l0600.0521868600“T07
460 EPA=] JD=2/TK®(374,136D0=10) *5UM


https://Y|<=1.D0
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Table XLVI (continued)

461 PSAT=220.,RBDO*DEXP(EPA}/1,0132500%14.696D0%144,D0
462 XpP=(PP/PSAT)®#®#(T7/1335,5692200=1,00)/PSAT
463 X=XPpP¥Pp
464 X1=X#%1p,023800
465 IF (DABS (X*X1) 4GT,1.0-30)GO TO 469
466 Xp=0,D0
467 X3=0,D0
458 6o TO 472
469 Xp=X¥X1
470 X3=X#X2
472 Za=1,00-12.0238D0%X2+11,0238D0%X3
473 20=1.0063,3676D0%X=4,3676ND0%X3
475 V1=ROS*_01073999603D0
476 Vo=V]1#XpP/(1.,00=X)
477 Vp=VP4Pp
478 Vi=V1/((1.,D0=X) a2}
480 C\PP=VP#ZA/.B
4B1 C1=Cl1PPuPP
483 S1=132.5479664D0%X]1#(X=]1,0D0)
487 53=3,3676D0-52.51514888Nn0%*X2
490 DNel=V2* (S1/LR=-ZA%S3/IB##2)+ZA/2B%V3
491 E1==10764.36D0/T
492 EP=1335.56922D0/T-1.D0
495 Y1=332.1801042002DSURT (T)H#DEXP (El) #ClPPeC1®#%2,D0
496 Yp=z=1,9523470150-9%DSQRT(T)I#(1.,00=-0.678501720900%C1)
497 Y322.176660667T0=2%1+1,D0-0.2114D04%PP/P
498 Y4=PSAT®#]1335,56922008X44€2/(T#DC1)
499 D(K)=(Y)1+Y2/Y3)¥Y4
D(K)I=D{n)*®3.000
502 Pr(2+K)zDIK)/Y4
503 NSUM==(]1,D0/180,D0)%#(=29,72100-23,10572D0*TD=2,605690500%#102+,4376
W39200%T1334+42,19996500%T104+1,5123948D0%TDS+,365307600%TD6)
504 DLPSAT=(1.0=27(1.,8D0%TK##2))*(=647,286D0%SUM+]1,800%TK#(374,136D0=T
WDC) #DSUM)
505 Tr(K)==aLFA®DCL#X* (DLOG(PSAT/PP)+T#OLPSAT)/1335.56922D0
S06 IF(JIF«rQ,1.0ReJNEL2)GO TO S10
S07 PR (1+K)=PE(2sK)
508 D1 (K)=U(K)
S10 IF(K LT NeANDJIF NEL1IGO TO 410
C
Coutauppudsntopieanetdn]FFUSION PARAMETER CALCULATION ENDSttoooansanaotadttaotdos
C
CoattdavpsbottgranantnrD PARAMETER CALCULATIONS=STARTHS #3448 8B 0080800008080 800%
(o
S11 A5=5.00#PE(2+1)/R
c
Chovsangovnttentaddl UNG TIME CALCULATION CONTROL=-START##csnnacnantcaaoateoadonsy
C
520 IF(JIF2,EQ.1)XG0 TO 570
522 KIL.=IDINT(,10100#R#2240MAX] (14D0/ALFA1.D0/0(]1))/DELTAT)
523 JrFe=1
525 GO TO 334

c
Canvdnagsovvtanont| ONG TIME CALCULATION CONTROL=-ENDH#t#sonaosotonttaattontansntny

ST0 Tal=T1G(2¢J=1)*BEDTI+BENTI]
571 Trl1S=T6]1%%1.500

572 CPG=(0402609D=2+(0.0354N=5=(0,08052D=9%TG1))®TG1)1%TGl+6.,71300
575 Vi529.U0n6A104D0=5%TG15/(IG1+198.,7200)
SB0 GrAY=9.224h260~6%TG15/(TG61+22%.,00)
590 RF=2.009G(2+J=11#R/V]S



https://GrAY=9.2246260-4*1015/(701+225.00
https://l.no-0.21
https://Yl=332.1801042DO*D50R1(T)*DEXP(E1)*C1PP*C1**2.DO
https://E?=1335.56922D0/T-1.DO
https://PSAT=22ij.80DO*OEXP(EPA)/1.0132500*14.69600*144.DO
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Table XLVI (continued)

595 PRN=CPG®VIS/GCAY

600 H=V21lPGCAYPRE®CV22¥PRN##V23/(2,D0%R)

605 HW=CWw®GCAY#¥RE¥®0,8300/D1

610 BN=CR®(4ENTI*#3)*¢1.712D-9

617 HR:BO“((Tﬂ(l)01.DO)*“Z‘I.DO)'(TW(])*Z.DO)
HR=HR#0,5D0

619 G]:«.LDU“DELTAT/(ROT“CPT“(DO““Z'DI““Z))

620 GA=G1¥DIH*HW -

621 GAR=G1%)H0O*HR

630 CAYG:(HORHAR“(TG(ZvJ-l)01.00)“BEDTI)/(P’CPG)
CAYG=CAYG¥*3.000

635 AP=CAY/H

636 A= (H#AY4DELTAZ)/ (EPSLON®CPG)

650 P7=EPSLUN®CPG/ (H*AYH#DELTAT)

651 Pg:RHOG(ZoJ'])‘G(le)/B

652 P)O:h.Du/(AY“DI“(I.DooﬁAOGAR))

653 PQzP7#PH+1,D0+P10% (GAR+1,00) #HW/H

654 APP9Y=A2ePY

655 NR1=P7T*HFLTAR/ZA2P9

656 Du2=(GAR+1.00) *HW*P10*DELTAR/ (A2P9®H)

657 Dr3=P10eDELTAR/AZPY

660 Qa=1.00/P9

662 AP=BEDRUG-RHOG(2:J~-1)

663 BRr6=G(1,J)%16(1+J)/8

664 QRz=(P7/1r9)# (AP+BB6} + (P10/P9)#TW (1) *HW/H

Chanvuspadautpsosensupe) PARAMETER CALCULATIONS=END#atosscasepasntssnbonnasanats

C
chenvprpovatsgananat| ONG TIME PERCOLATOR SQLUTIQN-STARTouoou&ooa#&ounﬁu#coo&acné
p . ;
665 1TCHEK=y
666 IF(JIF.FQRQ.01G0O TO 724
667 Wol=EF1l#aa¥D(1) =
668 WWO=W(Z2¢W01/(1.D0+w01)
669 W0S=1.Du+A4*D (1) +WWD
670 Wn6=TE(1)*D(1)/(PE(2s1)*ALFA)
671 Wul=w06#A9% (1.,00+WW0)/(WOLRWOS)
672 Ww2=(HC1+WWO¥PD1+w06%AG% (1,004wWW0) #TC1/W04)/WOS
673 WY3I=EF*YLAMDARWOI®W06H# (1,D0+WW0) #SIG/ (W04H*WO5*ROCPS)
674 Wya=aAa%,(1) /W05
675 WO7=SI10%(A8+A9"YLAMDAREF/W04)
677 Wo=H/v07
681 Wi={(1H+A7/W046) /W07
682 Wp=(AT7¥1C1/406) /W07
683 VWy=1,000/A5-Wn3
684 Wi=(]1.0yu~wwWa) /WS
68S Wa=Wil/u5
68O WRz=WW2/nS
687 W7=B¥RhuG{2sJ=1)+¢G(1+J)
688 WRzBYRHUG (29J=11%Y (29J=1)+G (1 J) Y (1sJ)
689 Wo=W2+W #3EDTI® (1.D0+0B=QA)/QA
690 Wi0=watwy/ (W1=wOeQA) ~Wo=-waeBREDTI® (1,D0+QB8=-QA) 7QA
691 Wyl=W3*HRAR® (wB=WT)/ (CAYG* (W]1/QA=W0))
692 WiZ2=vi4/ (W1=0UA®%W0)
693 Wi3IZ(W7e (PEW3+W]0) @A3~WIOWI1=WT2W12)/(2.00%(WLl1e¢(1,D0=W12)%A3))
694 W16=(w38P®wBewWl0BW7)/({Wlle(1,D0~-w12)%A3)#W]3002)
699 Y ST=wli#(1.00=DSURT(1.,00-Wla4))
700 WAS=FF*YLAMDAMWOI®SIGRYUST
701 Ta(2ed)=(YUSTWG)/ ((W1/QA=-WO0)¥BEDTI)=1,D0
702 RWOG(210) =P/ (RBAR®{TG(2+J)+1,00)%HEDTI)
703 Y(20J)=(aB=A3RYIST)/(WHT=A3%YIST)



https://T�^(1)*1.DO)**2*1.DO)*(TW(1>*2.DO
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Table XLVI (continued)

C

704
705
706
707
708
709
718
720
721
722
723

G(ZvJ)=H“(RHOG(2cJ-1)-RHOG(ZvJ))¢G(loJ)-A3“YJST
TST=BEDTI®((TG(2+J)=UH) /UA*]1,DO)
PeT=(YJoTenb=wa®TST) /W3
Te2=(TCL+A9PTST+W0B/ROCPS) /W04
Pe2=Wd4oPST=wwleTST+WW2-WW34Y ST
Pn2=(Ponwol“Pcz-w06“(A9”(TST-TCZ)0N08/ROCPS))/(l.DOOWOI)
CA=ASH (PST=PC2)

UP(2s1) = (PST=HEDPIT)/DP :

Up (292) skN® (PC2=REDPI)/ (YT#DP)
CaST=RHUG (2+J) #PST/P

Go TO 1270

Ceosbnapoasavvannennsl ONG TIME PERCOLATOR SULUTION=ENDEBtuasaanspinttoasssosanntng

C

CrowosnguennesSOLUTION OF GRANULE MASS TRANSFER EQUATION START# GGG BGRREGRBBHRD DY

c

724
755
760
765
870
871
B72
873
874
875
876
877
973
974
975
976
977
978
9380
981
98S
986
987
938
989
990
991
992
993
994

995

996
997
998
999

1010
1011
1012
1013

1014

Q3=B*RHUG(29J=1)+G(1sJ)
Qa:H“HHuG(ZvJ-l)“Y(20J°l)*G(le)“Y(le)
Q5= (W3=ua) Z (CAYGYRHUG (29J=1)) +A3

Qr=CF® (y5=0a%A3/Q3) *PE(24+1)*DP/ (DELTAR®Q3)
AF (1) =Qu* YT/ ((W6+DP/P) #RN)

GE (1) =(usa/Q3=-BEDPI/P)/ (Q6+DP/P)

NFLX2=Dr LTAR

Up(lsN¢]11=0,00

Up(29yN+1)=0.D0

PF(1eNe])=PE(]1sN)

Pr(2eN* ) =PE(2N)

No 1016 K=2sN

Kal.sN=Kel

YKAL=RAL

PHID=EF1%15,00%D(K)*DELTAT/R®#2
PHIDLI=PHID/ (1.D0+PHID}
W06=1E(K)*D(K)/(PE(ZvK)”ALFA)

IF (HR¥Ny+ 1=K} 9By 986+981
AR=(YNS=YNA) #YNR+ (YKAL=YNS+YNA)

60 TO 991

Dx=NRDS

Gn TU 990

Nx=1.D0

DFLX2=DFLTAS

AR=YKAL#NEL TAS/DELX2
npNza,Du“DELXZ""B“PE(ZVK)/(O(K)“DELTAt)
D1N=Z.Du“DELX2”“2“PE(vi)/(Ol(K)”DELTAT)
Nno 996 Ji=ls2
AAP(JQ)=(.SDO/AR01.DO)“DK“((l.UO-.SDO“DX)“PE(JQoK)‘.SDO“DX“PE(JuoK

@410 )=, SNOPHXHPE (JQ9K) /AR

BQP(JU):(.ZSDO/ARO.SDO)“(PE(JQ;K-I)OPE(JQpK))O(DX-(I.DO'.SDO“DX)/A

mR)“((l.nO-.SDO“DX)“PE(JQoK)O.SDO“DX”PE(JQoK*l))*(.SDO“(I.DO'OK)/AR
B ePE (JUyR)

CC”(JO):(.SDO‘.ZSDO/AR)“(PE(JOoK-l)OPE(JQoK))*.SDO“PE(JQ:K)/AR
DTVP=HHP (2) $DEN® (wC2#PHID1+1.,00)=CCP (2) *RE (K=1)

BF (K)=AaP (2)/0]1VP

DE=(CCP (1) 2UP (L eK=1)=(BAP (1) = DIN)#UP (1K) ¢AAP (1) #UP(1+K+1))/DIN=W

PORBEDTI#NELUTI(29K) #(1.D0«W029PHIN1) /DP+W02#PHID1#UPD (1K)

IF(DABS (GE (K=11),GT41,D-30)1G0 TO 1015

NFDEN=DF #DEN

WRITE (641013 1T+JeKsGE(K=1) yDEDENDIVP

FORMAT (5t 11 =e1392XK06H J =91502Xe4H K =41442X910H GE(K=1) =+D12.5

wepKetdH DENEN =9D12.592XeTH DIVP =,012,.5)

GF(K=1)=0.D0


https://Gf(K-1)=0.O0
https://I3*2X.4H
https://UP(2iN41)=0.O0
https://UP(1�N*l)=0.00
https://TsT=fclEOTI"<{TO(2�J)-OH)/UA*1.DO
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Table XLVI (continued)

1015 GF(K) = (HFNEN+GE (K=1)#CCP(2))/DIVP
1016 CONTINUF
1054 No 1076 KAL=1sN
1055 K=N=KaAL+]
1056 Wnb=TE(K)#*D(K)/(PE(24K)#ALFA)
1057 UP(2+K)=GE(K)+BE(K)#UP (24K+1)
1058 PYID=EF 1#15.000%D(K)#DELTAT/Re#2
1059 UPD(ZvK)-(UPD(l'K)*PHID”UP(Zok) N06“BEDTI*DELUTI(th)/DP)/(l DO+PH
B1n)
1063 Yk=K
1064 I1F(K.GE.NR¥NA+«1)GO TO 1067
1065 DUM=YNS/ (YNS=YNA+ (YNR#YNA=YK+]1,D00) /YNR)}
1066 GO 10 1lye68
1067 DUM=YNS/ (YN=YK+]1.,D0)
1068 Pp=DUM*UP (2+K) *DP+BEDP]
1069 TF(PP.GH,0.D0)IGU TU 1076
1070 WRITE (641071 IT9JeKePPIUP(24K)
1071 FORMAT(SH I1 =+1342X94H J =915e2X04H K =9]1492X95H PP =4D12,542X910
wH UP(2yx) =eD12,5)
1075 UP(2+K)=NABS (UP(2K))
1076 CoONTINUy
1080 Y ST=PE(2+1)%0P#(UP(2+1)=YT#UP(242)/RN)/DELTAR
1085 Cn=(Wa=(DP*UP (2+1)/P+BEDPI/P)®Q3)/ (CF#(Q5-Q4*A3/Q3))
1090 Cr=1,00/(1.D0-YJST#A3/Q3)
C
CoevossgneautaSOLUTION OF GRANULE MASS TRANSFER EQUATION END##statdactsbesasadod
C
CousanapedoaoseSOLUTION OF GRANULE HEAT TRANSFER EQUATION START#oesasstntsasucass
C
1124 BF(1)=1,00/((RN/YT)#(DB1#PB+]1,D0+D32))
1125 GE(1)=(nNB1* (AP+BR6) +DB3*TW (1) #*HW/H+DELTAR®AB#YJST#SIG/ (CAY#BEDTI))
@/ (1.00+)R1%*PB+DB2)
1128 UT(2¢N+1)=0,D0
1129 UT(1sHN+}1)=0,D0
1131 DFLX2=DFLTAR
1132 Do 1159 K=2sN
1133 PHID=EF1#15,000¢D(K)#DELTAT/R##2
1135 Ry1=1,0D0=-FF*YLAMDA®TE (K)®SIG/CAY
1136 BP=EF*YLAMDA®DPHPE (24K) ¥*STIG/ (ROCPS*BEDTI*D(K))
1143 IF(NR®*Ha+1-K)1150+114691152
1146 Dx=DRDLS
1147 60 TO 1152
1150 px=1.00
1151 OFLX2=DFLTAS
1152 8rTA=2.p02DEL X222/ (ALFA®DELTAT)
1154 DIVT=pl«RETA+ 1,D0+DX =RE(K=1)
1155 B (K)=DA/DIVT
1156 DF=(DX¥YT(1sK+1) ¢UT(1sK=1))/BETA=((1.D0+DX)/BETA~B1)#UT(1+K)+B2# (U
WP (29R)=uP (1 9K) +402¥PHID® (UP (29K)=UPD(2+K) ) )
1158 6F(K) = (gFTARDE+GE (K=1))/DIVT
1159 CONTINUE
1176 DO 1190 KAL=19N,
1179 K=N=KAL+1
1185 UT(2+K)=GE(K) +BE(K) #UT(24K+})
1190 CONTINUF
C
CovonsneoenaonedSOLUTION OF GRANULE HEAT TRANSFER EUUATION ENDe¢tscodwpsassencon

CHesncopvdastascansaasaaeSOLUTION OF BED EQUATIONS STARTesansodastanbaatanattibGs

c


https://UT(1*N*i)=0.D0
https://UT(2*N+i)=0.D0
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Table XLVI (continued)

1200 TG(2yJ)=QR+QAHUT(2+1)
1205 Tu=UT(2,1)=TG(2+J)
1206 T.32=1G(2yJ)+1.000
1210 RHOG(290) =HEDROG/TJI2
1215 G(290)=(G(1s ) #(TG(1eJ)+1,0D0) +ARTH= =“A3%TJ2%YJSTI/TJ2
1220 Y (?29J)=(B¥RHOG(2+¢J=1) Y (29U~ 1)06(19J)°Y(lnJ)-A3°YJST)/(B“RHOG(ZvJ)
meg(2eJ))
1225 CaST=KHUG(2+J=1)%#Y(2sJ)=(1,D0~ Y{(2¢J))R(YUST/CAYG)
1239 STERR=9,D0
1240 Do 1247 K=1sN
1241 DFLUTO=UT (29K} =UT (1K)
1242 UTERR=1,00-DELUTI(2+K)/DELUTO
1244 1¢ (DABS(UTERR) LE.DABS(STERR)IGO TO 1246
1245 STERKk=UJERR
1246 DFLUTI(24K)=DELUTO
1247 CoNTINUF
1250 1F (DABS(STERR) 4LT,1.0"2.0R.J4GT42)60 TO 1255
1251 WRlTE(6451252) 119J9KsSTERR
1252 FORMAT(9H 11 =913+42X94H J =91592X94H K =91492X98H STERR =sD12.5)
1253 60 TO 400 :
1255 PSTsUP(241)%DP+REDP]
1260 Pr2=YT#yuP (2+2) “DP/RN+BEDPI
c

CHonvungnbaoossensatsasntSOLUTION OF BED EQUATIONS ENDH#asnccsreusstsasrnasostuds
c

CQ#OQéﬂaOGQQQQGC&GGGQGQG#QQQGGGRANULE WRI TE START“9ﬂ96””ﬁﬁ&OGQGGQOQQGGGQGGGGQQGGQ

C

CeotonrpbdobRoauntsttasanareduGRANULE WRITE ENDeveseenantanoatasascnanadadantens

206065nqoauoooooouqv«ouao#nooaa»acoNTRoL STARTa#ntanapstacasaddsRadorEddatGOBEGOY
C

1270 Tw(2)=([W(1)+GA®TG(2¢J))/(1.D0+GA+*GAR)

1271 IF(JWRITF.LT.1801G0 YO 1290

1272 DeDP=FPE (2+N) /7D (N)

1273 DcDT1=TE(N)ZALFA

1274 DXDP=PFE (24N) /(D (N)#DC1)

1275 DxPT=TE(N)/ (ALFA®OC])

1276 T132=T=4x0.00

1277 Pp=PP/l44.D0

1278 WRITE(5,1279)TJ29PPoD(N) +PE(2sN) 4 TE (N)

1279 FORMATI2Xs6H ToF =9D12.5+2X99H PPyPST =9D124592Xs7H D(N) =4D12.59¢2
AX ¢ 10H PE{29N) =9D12.532Xe8H TE(N) =401245)

1280 WRITE(6,1281)0DCLeDCDP+DCDIIDXOPIDXDOT

1281 FORMAT (2Xs6H DC1 =9012¢592XK98H DC/NP =4D12.592X98H DC/DT =4012.5+2
AX ¢BH DA/DP =9012.592Xe8H DX/DT =4012,.5)

1282 CKFILM=CAYGHRHOG(Z2sJ) /Z{P#(1.,0D0=Y(2+J)))

1283 CkNORM=pPE(2+1)/DELTAR

1284 CKLONG=AS

1285 WRITE(6412R6) JsCKFILMyCKNORM s CKLONG ¢ X

1286 FORMAT(IHOsS9Xe4H J =115¢5X19H CKFILM =4D12.5+5X9+9H CKNORM =4D12.59
WSXe9H CKLONG =9D12.5915X94H =¢012.5)

1287 JUWRITE=y

1290 JWRITE=UwWRITE+1

1300 IF(TG(24J)LE.TDUMIGO TO 1320

1310 THUM=TG (200}

1318 J4aX=J

1320 1F(J oEu. 2)5JST=YJST

1321 Y, ST2=Y4S5T7

1322 SGFILM-JGFILM‘Q]ocAYGQ(RHOG(z,J 118Y(29J)=CGST)}/(1.,00=-Y{(2+J))

1323 SUMCU=SUMCU+CW?AT

1324 SUMJIST=5UMUST+AT#YJST2


https://D12.5.5X
https://iii5x.9H
https://D12.5.5X.9H
https://I5.5X.9H
https://FoRMaT(jH0.9X.4H
https://D12.5.2X.8H
https://D12.5.2X.8H
https://012.5.2X.OH
https://D12.5�2X.7H
https://Tj2=T-4hO.DO
https://I4.2X.8H
https://StERH=O.DO
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Table XLVI (continued)

1325 SUMGAS=SUMGAS«ATH# (EPSLON® ((G(1sJ)®Y (19 J)=G(2+J)2Y(2+J))/DELTAZ=
BIRHOG (24 J) *Y (291 J) =RHOG(29J=1) %Y (24J=1) ) /DELTAT)/(AY¥S]IG))
1331 IF(J JEu, 2) SUPL=UP (241}
1332 IF(J Eu. 2) SUP2=UP(2+2)
1333 Vy=Y(2+4)®P
1334 J1K=JUe+
1335 Ir(JIKenEKLoANDLJGTo4)GO TO 1338
1336 WRITE(6,1337)JsKLaYJIST24VVIPST4PC2sCF9SUMUST ySUMCQySUMGASsSGFILM
1337 FORMAT(12+18+9D12.5!
C

CQQQOQDQC’Qoﬁ#q60“00“#6#&04QﬁﬁﬂbﬂﬁbcoNTRQL ENDRasostsbgasatogaatotadlsodsonatansy

geaaooaoov»ougoovoopéioonooouonggo WRITE START#Gaaan0datettDentadaadaaasnsbnos
C
1338 Zr1=11
1339 Z=Z11%D+LTAZ
1340 JITSUM=I]1SUM+]
1342 IF(1 «LT. IPRINT)GO TO 1550
1344 1F(J Ny, 4)GO TO 1450
1350 WRITE(6,1360)4
1360 FORMAT (18HO BED HEIGHT =+D12,59102H FEET, PERCOLATION CALCUL
WATIONS TNCLUDING MASS AND HEAT TRANSFER WITH THERMAL DIFFUSION AND
W VARIABLE/Z37X9S7H GAS VELOCITY AND DENSITY DUE TO HEAT EFFECTS BY
@S _He JURY)
1363 WRITE(6,1366)BsAA
1366 FORMAT(1H0921Xs16H DELTAZ/DELTAT =+D15.8923X921H (DELTAR®#2)/DELTA
T =9D15,.8)
1367 WRITE (6+41368)
1368 FORMAT (1HO+31Xe69H RATIOC = (Y-BEDCGI/BEDROG)/ (CFEED/ROGIN=-BEDCG]I/
WRFDROG) RY DEFINITION)
1370 WRITE (641380)

1380 FORMAT{[HO+55X922H INPUT PARAMETERS WERE) )
1390 WRITE(641400) ALFABEDTIZCPGeIl oNyTTIME+ALERRICAYGeEL 9 IPRINT 4Py
WVFEEDsAY s CAYSEPSLONIL Ry YLAMDAYBFDCGIsCFEEDIH M TFEED» TIMEJU
1400 FORMAT (yH ALFA =1012.5+6X¢8H BEDTI =9D12.5+6X96H CPG =4D12.504KX9

D6 (I =914 7X94H N =e]13414Xe8H TTIME =9D]12.5/9H ALFRR =9012.595X
g 7H CAYG =930D126597X95H EL =9D1245S91Xs9H TPRINT =9]497XeaH P =4D12,
W5 ,S5Xe8H VFEED =4012.5/9H AY =4D12.546Xs6H CAY =9D12.593Xe9H EP
ASEON =91)12.5¢6X94H L =0J4e7Xv4H R =9012.594X9s9H YLAMDA =4D12.5/9H
WRFNCGI =9D124594X98H CFFED =9D12.5¢8X04H H =9D12.596X94H M =9]1493X
DypH TFEFD =9D12.594X99H TIMEJU =94N12.57)
1430 WRITE(641440)
1440 FORMAT(4(12H TIMESMING'GXs7TH RATIOCs4Xs11H GAS TEMPeFe12Xe3H IT))
1450 1F(J JLT. JAY) GO TO 1550
1460 JaY=J+IPRINT
1465 Jo=JO+1
1467 JT=J=1
1468 1 )=JT
1470 TIME(JO)=(UJ+TJ)#DELTAT#60,00
1480 RATIOC(,0)=(Y(2+,J)=BEDCGI/BEDROG) / (CFEED/ROGIN=BEDCGI/BEDROG)
1490 YTEMP (Ju)=(TG(2+J)+]1,0D0)#*BEDTI=459.69D0
1500 IcHEK (Ju)=]1TCHEK
1510 IF(JO o T. 3) GO TO 1550
1520 Jn=0
1530 WRITE(641540) (TIME(JON) yRATIOC (JON) s YTEMP { JON) + ICHEK ( JON) s JON=1+3)
1540 FORMAT(4(2H +0114492H D114 e2H sD11e492H +13))
Cc
CHHNUBOROOHOaREOORORNNENNBRBOBBRED WRITE ENDEeOAOR0cattontao0000000800000800000
(o : '

Couanvonpeuadtoanonoatasnt TRANSPORT ZONE CONTROL STARTA#0040080000080080800800000

C


https://D11.4.2h
https://i011,4.2H
https://TtME(JO)=(UJ*TJ)*DELTaT*60.DO
https://D12.5.3X.9H
https://��iiB.BX.BH
https://012.5.4X
https://�CAYG.EL
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Table XLVI (continued)

C

OOOOO0OOOOO0O

ﬁi@uoGuoéﬂﬂﬁuGQQGﬁﬂou“@%bﬂ#&u&nﬂﬂﬂ&oéuhooQQG&#&#QG6#0#@60#““0#“GGOQGGDQﬁGQDQGGQ
TRANSPORT ZUNE CONTROL OMITS COMPUTATIONS WHENEVER THE RED_INCREMENT UNDFR
CONSTINERATION 1S IN EQUILIBRIUM WITH THE FEED STREAM, STATEMENTS 1620 AND
1630 TEST TWE TRAILING EDGES AND STATEMENTS 1780 AND 1790 TEST THE LEADING
EDGES OF THF CONCENTRATION AND THERMAL WAVES FOR EQUILIBRIUM, STATEMENTS

1680 THROUGH 1720 COMVERT THE OUTPUT STREAM VALUES TO INPUT VALUFS FOR THE
FOLLOWING BrD INCREMENT. STATEMENTS 1850 THROUGH 1910 SHIFT THE STREAM
QUANTTTIES IN TIME. TiHE TRANSPORT ZONE EXTENDS FROM J=2 TO J=JJ,

EQUIVALENT CLOCKTIME EXTENDS FROM JU TO JUeJJ, TIME SAVED IS M=JJ FOR

EACH RED INCREMENT.

00“&0&&0#ﬂb#g#ﬁ#dﬂ“ﬂn“GGGQOGGOGQQQQDQhhQOQ#GO“GQ“#Q“OGGﬁﬁﬁﬁﬁﬁ#ﬂ“ﬂ#ﬂ#@ﬁ#.ﬁ#ﬁﬂ“##

1550 IF(J +Gr, JV) GO TO 1660

1590 DYFT=(T,L(29J) +1.0DUI#BEDTI=TFEED

1600 RATC=(Y(2oJ)-BEDCGI/BEDROG)/(CFEEO/ROGIN-BEDCGI/BEDROG)

1610 DIFC=1.0D0=RATC

1620 IF(DIFC .6T. ALERR) GO TO 1940

1630 IF (DABS(DIFT) «GT1. 0,01D0) GO TO 1940

1660 Jy=J

1665 Ir(l JLi. IPRINTIGO TO 1680

1668 CONCI=RHOG(2vJ)"(UP(ZOI)”(BEDPF'BEDPI)’BEDPI)/P

1670 WRITE(6,1671)

1671 FORMAT(1HO+55Xs23H OUTPUT PARAMETERS WERE)

1672 WRIIE(O.1673)JJ'JV0J-II9SJ$T‘YJST2vCGSIvCUNCI»SUMJST.SUMcQoSGFILMo
dSYMGAS I SUP Y« SUP2

1673 FORMAT{IH +2Xs5H JJ =e¢15¢2Xs5H JV =9¢1592Xs4H J =9 1542XsSH 1] =915
WTH SJUST =24D1245s2XsTH YJIST =9D12.592X97H CGST =eD12.592X¢8H CONCI
@=4D12,5/2X99H SUMJST =3sD12,5¢2X98H SUMCQ =+D12.,5¢2Xy9H SGFILM =4D1
®2.512X%99H SUMGAS =9D12.592X910H UP (2411} =9D12.572X910H UP(242) =4D
W12.5 )}

1675 TMAX= (THUM+1,000) *3ENTI=-459,6900

1677 WRITE(6,1678) KLy ITSUMy TMAX s JMAX -

1678 FORMAT (1 XySH KL =y18+2Xe8H ITSUM =911092Xe7H TMAX =9D12¢591X93H AT
VeV KeaH J =v1S/7/7/77/77777)

1680 DO 1720 JHB=2+J4J

1690 Y(19JB)=Y(29J8)

1700 Tp(lydB)=TG(24JR)

1710 R4OG(1901)=RHOG(24+JB)

1720 6(1yJ8)=6(2rJts)

1760 DIFT=TG(1+2) *LEDTI

1770 CRATIU=((Y(loa)-REDCGI/BEDROG)/(CFEED/ROGIN-BEDCGI/BEDROG))

1775 RATEKR=y.1DU*ALERR

1780 1F(CRATIO.GT.RATERK)IGO TO 3000

1790 1F (DABS(NIFT) .GT. 0.01D0) GO TO 3000

1850 DO 1890 Ja=2+JJ

1860 RHQG(IsJA'l):RHOG(l’JA)

1870 G{lsJA=1)=G(le+JA)

1880 Y(1eJA=1)=Y(1sJA)

1890 Tr(lyda=1)=TG(1sJA)

1900 RuOG(19uJ) =ROGIN

1903 G(lyJJ)=VFEED*ROGIN

1905 Y (l9JJ!=CFEED/ROGIN

1907 Tn(lyJJ)=(TFEED=BELTI)/BEDTI

1910 JUj=Ju=1 :

1911 Jy=Ju+l

1912 U =Ju

1913 TIHEJUSUJRDELTAT

1920 60 T0 1760

1940 1FCJIF Q1160 TO 1970

1941 NN 1960 K=1sN

1949 Pr (1K) =PE (24K)


https://Y(1*JB)=Y(2.J8
https://B2.5*2X.wH
https://D12.5*2X.9H
https://D12.5.2X.8H
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Table XLVI (continued)

1946 D1 (K)=D(K)

1950 UT(1+K)2JT(24K)

1955 UP(1+K)=UP(24K)

1960 UpD(1+K)=UPD(2sK)

1970 Tw(l)=Tw(2)

1980 IF(JIF«+rQ.0)GO TO 2000
1981 Tcl=T1ce

1982 Prl=PC2

1983 Pnl=PD2
C .
ChtoutpnbatipssnannonrnaattTRANSPORT ZONE COUNTROL END##esdssatsnpiossatatatabassy
c

2000 CONTINUg

3000 CONTINUF

4000 STOP

END




Table XLVII. The Input Data and Diffusion Parameter Calculations of
LMS-4A Program.

/7LMS) JOB (03B441+0541789BINSyT=60sL=9999R=512) ¢CeMSGLEVEL=(1+1)
//HRESOYRSE TS TR360
/7 EXFC FURTH(CLGYGOREG=512Ks0PT=2+FORTREG=512K
//FORT,SYSIN pp #
IMPLICI| REAL*B(A~H+10=2)
RrAL#8 nEXPsDABSDERFIDSQRTHYOLOGIDMAK]
INTEGERe4 ITDINT
DTMENSTIUN TG(293000) yRROG(293000) +6(293000) 9Y(2+3000)
DIMENSIUN UT(2931)sUP(2+31)sUPD(2931)sPE(293))eDELUTI(2931)
DIMENSIUN BE(3U) sGE(30) ¥D{(30)+TE(30)sD1(30)
DIMENSTIUN RATIOC(3) o TIME(3) 9 YTEMP (3) 9 ICHEK(3)
DIMENSIUN Tw(2) +sAAP(2) sBBP (2) +CCP (2}
C

CQQGdﬂ&ob“#ﬁ”oﬂ“dﬂ#ﬂﬁ“ﬁﬂbdﬂﬁs' He JURY CARD DECKQ&D““““0“6“6#&0#0‘6060666#&#066‘

gﬂﬂ“aubudGﬁbuquﬂﬁﬁﬂuﬁhﬂ&bbﬁﬁéﬂunINPUI DATA START#Gbadtausadtttabedasttatasaodosy
g#olﬂunabﬁuhuoﬁaﬁﬂ6#Q¢§GRANULE PARaMETERSDQQG#Qa#oao#ﬁo#uao»o6690“&&69#060#6'&##
¢ N

C EF 1S THE FrACTIONW OF ADSORPTION HEAT LIBEKATED IN THE GRANULE. THE FRACTION

C (1.n0-EF) Is THE HEAT LIRERATED AT THE GRANULE SURFACE,

C SIG 15 THE FRACTION OF CONTINUOQUS PHASE IN GRANULE, ,

C EF1 1S A FRACTION IN THE RELATION EF1=(DD(K)}/RD##2)/(D(K)/R#%2) WHERE DD(K)
C AND Rn ARE JME MICROSPHERE DIFFUSIVITY AND RADIUS,

C

SIG=].0”0

Frl=1.0in0

EFr=0,0Dv

R=0.002412080600 L12/714
CaY=0.0u6n0

Y1 AMDA=/855,4079400

YLAMOASYLAMDA®],27000

7 EPSLON=0,464D0 L12/14

8 ROS=177,u9890D0

9 51=0,9236D0

SN S WN -

o .
CﬂﬁﬁanﬂoabuﬂﬂouﬁﬁbbﬂGQQGPERCOLATOR PARAME[ERSQ&vi##ﬂ06QQG”GQQ#G#O“Q##QQQGQ#“GGGQ
c

10 D1=1.25n0/12.D0

11 DO=1,5Du/12.D0

12 ROT=1.052500%62,427D0

13 cpT=0.32n0
(o
cnGGGDQ&&&OD”Q&&QOQ&%GGQFEED GAS PARAHETERSQﬂﬁnQ6#0Gﬁ0b#ﬁ#QacﬁuﬁdQﬁﬂéﬁobiﬁboﬂabﬂ
c .

15 ScFH=11.2000 LMS]

16 TFEED=%47.69500

17 BEDTI=557,6900

18 UNITP=14.69600%144.000/760,000

19 BrDPI=0,001325979300%UNITP L12/14
20 ReDPF=11,350800%UNITP LMS]
2l P=748,05700%UNITP LMS]

C
c“#@QuouoOQOQQQGDﬁQQQQQQGR RUN DESIGNQ#GGQ#Q&GQQQ#QQGOQ&QQQQGGﬁOOQQQ&QQQQQG“DQGQ
o

28 Nn=z=1]

29 Na=1

30 Ns=20

31 YHR=MR

32 YHA=NA

33 Yns=NS


https://DO=1.5Du/12.D0
https://1.251)0/12.DO

Table XLVII (continued)

34 N=NS=HNA+NA®NR

35 Yh=N

36 NN=N-1

37 YT=YNS#YNR

38 Ry=YT=1.D0

39 DFLTAS=K/YNS

40 DFLTAR=pELTAS/ZYNR

41 DRDS=DELTAR/DELTAS
C

C##ho&én“ﬁﬂ“ﬂa#&nﬂ#bb#Gnu“QQQ#G&UO#&#&D“%o@ouﬂdué#éﬁ#ﬂhﬁa#ﬂdﬁ&ﬂ&ﬁ#ﬁﬂﬂﬁQﬁb&o“b#b&
C JPRINT IS TuE TIME INTERVAL BETWEEN THE PRINTS FOR EACH IPRINT INCREMENTS OF

C BED. PRIUR 10 A CUMPUTER RUN THE USER SHOULD USE A CALCULATUR TU EXECUTE

C STATFMENTS LISTED UNDER 2= AND T= RUN DESIGN TO INSURE PROPER COMPUTFR RUN

C DESIGM.
C#ﬁ#&#ﬂaodﬂﬂkaa#b@ﬁﬂ”Qﬂﬁﬂﬁﬁﬁﬁﬂﬂaiéﬁﬂ&G#“#b“iﬂﬁoﬁﬂ%ﬂ##ﬂ&#bu“a&4666“600096“““&0“6#

C
Cuua&uoaéuaﬂonuoouanuaeouuoz RUN DESIGNnau»##«aéabaa#ouunnanoauaa#&uuoa&ﬂuocab#o
Cc
45 £1.=2.,00/12.00
46 DFLTAZ=4.,DO*R
47 IPRINT=)
48 YIP=]PRINT
49 Lw=IDIN[{EL/(DELTAZ®#YIP)+,5D0)
51 L=LW*IPRINT
52 YL=L
S3 OFLTAZ=gL/YL
gou#n»nunhnnoououcvucuu¢u¢»1 RUN DESIGN#S#¢08aunnnnaaatatateatetssattssaspnaonos
C .
64 NDFLTAT=3,000/3600.D0
65 TTIME=3000.D0*DELTAT
66 JPRINT=)
68 YJP=JPRINT
69 My=IDINI(TTIME/ (DELTAT#YJP) +.5D0)
70 M=MW®JPRINT
71 YH=M
72 DFLYAT=TTIME/YM
gonauoaouau¢uu¢oouu¢0¢nm1SCELLANEOUS CONSTANTSHE# U SRR e atsa0tt00at000laRRtaBGanD
C
73 ALERR=1.D-3
76 Vp1=20.0415200
76 Vp2=0.67160D0
77 V23=0,3468500
78 CwW=2,701700 °
80 Cr=0,6150500
82 RrAR=1%545,3300
c

C“ﬂ“hn#oﬁdn%ng&dQﬁﬁﬂﬂub#ﬁ&l“#@ﬁ#INPUT DATA ENDG9&9“#”#00##’###9“”#“0#““&ﬁﬂﬂ#’#ﬂ
C



https://nELTAT=J.000/3600.DO
https://El,=2.DC/12.DO
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Table XLVII (continued)

c ‘ .
CoesunapennidaanaeedDIFFUSION PARAMETER CALCULATION STARTotaasoncaaonosasepsatans
C
C LMS=4,
C

400 K=0

410 K=K+l

412 YK=K

415 TF(K.GE NR#NA+1)GO TO 420

418 DUM=YNS/ (YNS=YNA+ (YNR#®YNA=YK+1,00)7YNR)

419 Gn 10 4,21

420 DUM=YNS/ (YN=YK+]1,D0)

421 T=(DUM¥UT(1+K)+1,00)*BEDT]

427 PP=DUN#UP (1K} #DP+HEDP]

466 XPP=DEXP (1351642D0/7)/7DSQRT(T)

467 X=PPuXPp

472 21=1.00¢3.069699154D=9%X

473 77=1.00e¢1,4912645270=11%X

475 Va=2.6905153960~11/21

476 VR=3.,9649883290-14/.2

490 C1=ROS#x® (VA+VE)

491 C1PP=ROS#XPP# (VA+VE)

495 DC1=ROS# (VA/Z]+VB/ZL2)

499 ND(K)=(306,84667369D0%DEXP (=12589.2D0/T)%(1,00=1,042796517D0%C1)*C1P

AP +1,9847131210=670SURT(T))/Z(DCLHXPP)
D(K)=D(R)#2.,4000

502 PF(2+K)=N(K)2DCYH*APP

505 TE(K)==aLFA®DC1®X*(.500+13516.,200/T)/7

S06 IF(JIF.EWQ.lOReJNEL2YGO TO S10

507 Pr(l+K)zPE(2eK)

508 N1 (K)=D(K}

510 IF(K LT .NJANDeJIF.NE.1)GO TO 410

C
Chbtspnopaduboanant et FFUSION PARAMETER CALCULATION ENDH4#ao0audd 00000080888




VITA

The author, Arnooparp Charmikorn, was born in Bangkok, Thailand on
April 2, 1954. He is the second child and the only son of Vice Admiral
Ophas Charmikorn, the Royal Thai Navy Associated Chief of Staff and the
Senator, and Mrs. Saiyood Charmikorn.

He attended Parinyathip primary school in 1957, Saint Dominic
secondary and junior high school in 1961, and Triam Udom Suksa senior
high school in 1969. He graduated from Chulalongkorn University in
Bangkok, Thailand with a B.S. degree in Chemical Engineering in March
1976.

The author entered The University of Tennessee, Knoxville, in
September 1976 and was awarded a research assistantship supported by
the National Science Foundation to participate in the graduate research
activities under Dr. Jury's direction in January 1977. He will go back
to Thailand after graduation in August 1979 with a M.S. degree in

Chemical Engineering.

260



