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ABSTRACT

A simulation of the APCI Solvent Refined Coal pilot plant tubular reactor-
dissolver is described. A water-nitrogen-silica system was used to simulate
the fluid behavior of the reactor at room temperature and pressure. An attempt
. was made to apply theoretical models which: a) describe the effect of dif-
ferent flow rates on the liquid mixing and b) quantify the solid particles
distribution in the vessel. Most of these effects are illustrated, compared,
and explained from transport phenomena principles. A summary of a literature
survey of three-phase systems is reported.

INDEXING PHRASES

Coal, coal conversion, solvent refined coal, dissolvers, reactors, tubular
reactors, mixing, turbulence, fluid flow, reactor dynamics, cold-flow models,
Plexiglas models, reactor simuiator, three-phase flow.
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INTRODUCTION

The Solvent Refined Coal (SRC) process, currently under development, fnvolves
the use of a liquefaction reactor where coal is dissolved in a hydrogen donor
solvent in the presence of hydrogen gas. This reactor, which operates at high
temperatures and pressures, consists of a vertical tube containing an upward
flowing three-phase mixture of coal, solvent, and hydrogen gas. The complex-
fties associated with a three phase flow system present a series of problems
to the efficient design of the SRC dissolver column. The occurrence of unequal
residence times of the phases involved, the existence of different mixing.
patterns of those phases, and the tendency of solids to accumulate at the
bottom of the column greatly complicate the reactor design equations. These
phenomena, in addition to the stil)l unpredictable kinetic properties of coal
and the absence of reliable physical properties data at the operating con-
ditions, make the optimum SRC dissolver design a very difficult task at the’
present stage of knowledge.

This study was aimed at enhancing the understanding of this complex system by
presenting the results of a literature survey on the flow of three phase tub-
ular reactors and by performing a series of studies on a simple system designed
to simulate the flow through the tubular reactor of the SRC pilot plant at the
Trexlertown facilities of APCI. It was intended to provide a basic knowledge
of the hydrodynamics of such systems to serve as a foundation for further
studies on larger scale reactors.



SUMMARY AND CONCLUSIONS

A literature evaluation led to the conclusion that bubble column slurry oper-
ations have been characterized at zero 1iquid flow rates. Almost no data
exist for three-phase flow through tubular columns. Preliminary observations
on the 2 inch ID column indicated the bubble diameter easily bridged the column
in liquid and slurry systems. Particles of 140 mesh could be easily handled

in the slurry system. However, 80 mesh particles rapidly accumulated in the
column causing severe burping and would presumably lead to ultimate plugging.

Extensive attention was given to simulating a coal dissolver operation. The
most obvious weaknesses in the water-silica-nitrogen system were surface tension
of the 1iquid and density of the nitrogen. Insufficient time was available to
examine closély a methanol-silica-Freon system,

In a 500-minute experiment the holdup of solids in the reactor was observed.
A gradient existed along the axis with the higher concentration and larger
particle sizes found at the bottom of the reactor. During the experiment the
increase in solids tended to level out.

Dispersion of salt solution through the reactor was studied at & variety of
Yiquid, slurry and gas velocities. .In the absence of gas the 1iquid tended

to have the maximum plugflow characteristic observed. Addition of extremely
small amounts of gas tended to promote extensive backmixing. Further addition
of gas has an effect, but to a Tesser extent.

Dispersion numbers were calculated for the data obtained in the experiments.
The shape of the C-curves for the specified dispersion numbers showed some
variance from the experimental curves. This variance may be explained by the
presence of semi-stagnant sections in the column.

Extensive data and discussion are presented. Unusual observations made during
the course of this study are also presented. The main conclusions are presented
here: '

° The dispersion model can be applied to this system {f stagnant or
semi-stagnant regions do not exist.

Liquid mixing to suspend solids is mainly caused by gas bubbles.
At constant gas flow mixing decreases as 1iquid flow {ncreases.

* pistribution of solids in the reactor is & function of gas velocity
through 1ts dependence on the axial dispersion coefficient.

° particle distribution profile within the reactor may be essential to
the heat transfer design since the solid particles catalyze the hydro-
genation reaction,



BACKGROUND

Although considerable effort has been put f{nto SRC plant design studies, not
until recently did some people start to realize the problem of solids accumu-
lating at the bottom of the SRC dissolver reactor. This problem which is

a challenging one at the pilot plant might be a very significant obstacle

to the success of continuous operation 1n & commercial plant.

It is of common belief that most of the coal dissolves throughout the preheater
before entering the reactor. However, approximately 10 percent of this coal
can be identified as mineral matter that does not dissolve and presumably has

a catalytic effect on the desired solvent regenerating reactfons. Under the
influence of gravity, these undissolved particles tend to accumulate in the
lower section of the dissolver causing tremendous complications that eventually
prevent conttnuous operation.

Since the design of liquefaction reactors must ensure that gas and liquid velo-
cities through the reactor are sufficient to maintain the unconverted coal and
2sh (or mineral matter) particles in suspensfon, several studies have been
recently carried out to attack this problem. One of the most conclusive ones

was conducted by Exxon Corporation (12). They suggest that, since some particles
are never going to reach the top of the column by using the flow rates required
for operation, a withdrawal system must be used to extract the particles larger
than 8 mesh (Figures 1 - 3).

Other publications put more emphasis on the dimensional analysis of gas-slurry
systems. Although they describe most of the factors affecting the flow patterns,
their reports are based on {nformation obtained from systems using significantly
higher flow rates than the simulation requirements. However, it is the author's
opinion that thefr conclusions are relevant to this study. The main conclusions
of these reports are:

1) Bubble column slurry operations are usually characterized by zero
net 11quid flow, and the particles are held suspended by momentum
transferred from the gas phase to the solid phase via the liquid
medium. (10)

2) The critical gas velocity for complete suspension of particles is
mainly affected by 1iquid flow near the gas distribution, and there-
fore to obtain a small critical gas velocity the shape of the bottom
of the column and the position of the gas distributor may become
important. (4)

3) The gas holdup and the concentration distribution of solfd particies
do not depend on the gas distributor nor on the shape of the bottom
of the column when solid particles are suspended completely. (4)



BACKGROUND (cont.)

4) The range of gas velocity over which 2 bubble column slurry reactor
may be operated decreases with increasing solids concentration.
The lower 1imiting gas velocity increases because of an increasing
tendency towards sedimentation, and the. upper limiting gas velocity
decreases because of an increasing tendency towards bubble coalescence
and the corresponding increase in bubble size. (7) ' :

5) The larger solid particles show a somewhat smaller gas holdup. This
is considered to be caused by the larger rising velocity of coalescad
bubbles in the presence of solid particles. In the region of high gas
velocity, where large coalesced bubbles rise frequently, the effect of -
the concentration of solid particies on gas holdup becomes gradually
smaller as gas velocity increases. The gas holdup was found to decrease
by increasing the amount of solids in the reactor. (6)

6) The maximum quantity of soiids that can be held in suspension in a
liquid medium agitated by bubbles in a defined system is termed crit-
jcal solids holdup. There ar2 two regions of critical solids holdup
with gas velocity. In the first regien of lower gas velocity the hold-
up is a function of gas distribution and data indicate that an arrangement
with about six orifices per square inch provides a reasonably uniform
closed gas distribution. In the second region of higher gas velocity,
the critical solids holdup is independent of gas distribution. (11)

7) The critical solids holdup decreases with increasing particle size of
the solids and the surface tension of the liquid. (11)

8) The critical solids holdup is a function of the solid surface properties
and for solids of different degrees of wettability in a liquid, the solids
holdup is much greater with a less-wettable solid under identical oper=
ating conditions. (11)

9) The dispersion coefficient of suspended solid particles is the same as
that of the liquid within the column without solid particles. (4)

10) The longitudfnal dispecsion coefficients of the liquid and of ihe slurry
fncrease with an increase in the superficial gas velocity and are propor-
tional to the 1 to 1.5th power of the column diameter. {6)

The last two observations are related with mass and heat transfer in slurry
bubble columns:

11) The overall volumetric absorption coefficient kgAg was observed to increase
with gas velocity toward an upper 1imiting value of about 1.3 x 10-6 mole/
min for the absorption of oxygen from air in aqueous sodium sulfite solu=
tions contajning cupric fons as catalyst, and sand particles {particle
size 0.015 to 0.030 cm). At low gas velocities, the absorption was ob-
s:rved to decrease with increasing particle size, increasing amount of



12)

BACKGROUND (cont.)

$01ids 1n the column, and increasing density difference between solid
and liquid, whereas at higher velocities it was nearly independent of
these variables. The interfacial area Ag is reported to be nearly
constant at a value of 10 sq em/cu cm for gas velocities corresponding
to a constant volumetric absorption coefficient. The gas velocity above
which kgAg is nearly constant is related by analytical and graphical
correlations to the amount of solids 4n the c¢olumn and to the critical
gas velocity corresponding to complete suspension of the solids. (5)

Exper1ﬁents with bubble columns containing suspended solid particles of
varying diameters have demonstrated an increase of heat transfer coef-
ficient with increasing particle size. (10)



EXPERIMENTAL APPARATUS AND PROCEDURE

A schematic diagram of the experimental apparatus is shown in Figure 4, A
Plexiglas column of 152.4 cm in length, having an inner diameter of 5.08 cm
was used. The slurry and gas were introduced simultaneously into the column
through a 0.48 cm diameter orifice located on the column wall 3.8 ¢m from the
bottom. A gas distributor was not in use. It was observed that when the

same 1ihe was used to feed both slurry and gas it was possible to diminish the
bubble size in the column by increasing the slurry flow rate. This phenomenum
was explained by the fact that after a critical fluid flow rate through the
inlet tube the gas flow is cut by slugs of liquid.

The measurements and observations were obtained from the contfnuous operation
for slurry flow. The gases used were nitrogen and Freon 12. A slurry of 4
weight percent of silica particles in the tap water was fed into the column,
Three size ranges of silica particles with a density of 2.41 g/cu.cm were
used - about 240 mesh, about 140 mesh, and from 80-120 mesh.

The slurry was allowed to flow upwards concurrently with the gas and to exit
the column through a 0.48 cm diameter orifice Jocated on the column wall 3.8 ¢cm
from the top. A conductivity prove was positioned at the slurry exit. Another
orifice was provided at the top of the column so that the gas would not inter-
fere with the conductivity readings. The liquid mixing was measured by the
method of delta response using a NaCl solution as the tracer. Seven milli-
Titers of 2.4 molar NaCl solution were introduced into the feed at an injection
rate of 2.3 cu.cm/sec. The effect of the injection rate was shown to be neg-
1igible in the range of 0.6 to 4.0 cu.cm/sec.

After a steady concentration distribution of solid particles was established,
samples of slurry were withdrawn through sampling taps into measuring cylinders.
The weight of each sample was measured and then solid particles were separated
from the 1iquid, dried and weighed. It was ascertained by Imafuku (4) that

the solid content of the sampling liquid withdrawn is the same as that of the
1iquid within the column. The samplings were collected at intervals of 10
minutes from top to bottom since it is probably a good way to rapidly restore
equilibrium,

The gas holdup was calculated from the neight of the column and the liquid level
containing solid particles by keeping the slurry stationary and stopping the
gas flow at increasing flow rates. The deviation of the results obtained by
this simple method from the actual gas holdup should be negligible at the low
1iquid flow rates used.

The experimental syétem was then modified to feed bath slurry and gas from the
bottom of the column as well as to separate the entrance of the phases. Com-
parative results are reported in following sections.



SIMULATION

Since the experimental system was originally designed to simulate the operating
conditions of the SRC pilot plant at Trexlertown Laboratories, the same oper-
ating parameters were chosen,

Dimensional analysis was used to obtain similar flow patterns similar to the
actual SRC reactor. It was decided to maintain both the Reynolds and Froude
numbers constant. This criterium was based on previous experience with flow
systems in addition to the difficulty related to the calculation of other
dimensionless groups such as the ones containing liquid surface tension or
solid-1liquid wettability parameters.

The parameter values for the SRC pilot plant were estimated as shown in
Appendix 1 and summarized in Table 1. There is extensive data available on
the components used in the cold flow model. These properties are also sum-
marized in Table 1. The dimensionless groups were then calculated in the
following manner:

From the pilot plant:
ReM = Py Yy d = 34.60

2 -4
° FrH = PV 3.31 x 10

316.95

ReG * Py Vg d

2

Frg = By vsz 2.78 x 10°

Pe 9 4

These groups were used to calculate the experimental system flow rates in the
following way:

Yy = Re, My = 4.01 cm/min

d (vy) = 4,03 em/min

P
M AVG

vy T FrM pe gd. = 4.06 on/min
PL



SIMULATION (cont.)

Vo = ReG Al = 36.70 cm/min

p, d ' {v.) = 36.94 cm/min
M | 6 ave

Y6 f FrG Pe 9 d. = 37.19 on/min

PL

These flow velocities represent the follbwing volumetric flow rates in the
system under study:

vy * 4,03 em/min Qq *® 82 cu.on/min

Vo ° 36.94 cm/min , QG = 749 cu.cm/min
Although these rates proved to satisfy both Froude's and Reynold's numbers within
1.4 percent, such low slurry flow rates were unattainable in the experimental

system for reasonable periods of time. Therefore, the butk of the experimental
data were taken at slurry flow rates higher than 100 cu.cm/min.



THEORY
REACTOR MODELLING

To predict the performance of equipment we must know: (a) the rate at which
fluid {s modified as a function of the pertinent variables and (b) the way
fluid passes through the equipment.

There is extensive literature (9) dealing with studies on the possible different
flow patterns and the procedure to model them. Of particular interest are the
dispersion models which are useful mainly to represent flow in empty tubes.

This type of flow 1s much closer to the ideal case of plug flow than to the
opposite extreme of backmix flow. In empty tubes, the mixing is caused by
molecular diffusion, superposed on the velocity profile effect.

Reactor flow studies are typically carried out by introducing a pulse of tracer
with the feed and monitoring 1ts concentration as a function of time at the
exit of the vessel. When flow is turbulent the resulting concentration fluc-
tuations are rapid, numerous, and also small with respect to vessel size.

They might be considered to be random, which would lead to a diffusion-type
equation to model the mixing. This is best known as the dispersion model.

It was attempted to study the SRC cold flow simylator by using the mentioned
dispersion model. In order to be able to compare different sets of experiments
and to perform further calculations, the C-curve, as described in Figure 5 (8)
was used. The C-curve is a graphical representation of the residence time
distribution of any given set of fluid molecules in the reactor.

Frequently 1t is possible to characterize the shape of the residence time dis-
tribution curve by obtaining its mean (m4) and its variance {o"¢). The calcu-
lation of these parameters is presented in Figure 6 {B). The variance of a
curve can be associated to a dispersion number (D/uL) which {s characteristic
of a curve such as in Figure 7 (8). This association was possible by numer-
fcally solving the equations that describe a closed system such as the one

used in this study. These boundary equations and their solution for the mean
and variance are shown in Figure 8 (9). In this figure P stands for the inverse
of the dispersion number.

Due to the difficulty of numerically solving the equations of Figure 8 to rep-
resent a residence time distribution of a given dispersion number, it was decided
to use the curves of Figure 7 as the criteria to prove the validity of the
dispersion model for the system under study.

When one-parameter models are unable to account satisfactorily for deviations

of the dispersion model then more complicated models should be attempted. These

usually consider the real reactor to consist of different regions (plug, dispersed

glugi mixed, deadwater) interconnected in various ways {bypass, recycle, or cross-
Tow).



REACTOR MODELLING (cont.)

0f particular interest is a very flexible model which considers that there
{s a slow interchange or cross flow between the fluid in "deadwater regions"
and the active fluid passing through the vessel., This type of combined
model which was presented by Adler and Hovorka (2) is shown in Figure 9 and
is very advantageous in the study of flow patterns found in short tubular
vessels and tubular reactors at low flow rates.

10



THEORY

SOLIDS CONCENTRATION PROFILE

A model to predict the solids profile in & reactor as a function of physical
properties and operating conditions was developed by Cova (3). This mode)
has been applied with success by Cova (3) and Kato (6) to both laboratory
and plant scale reactors operating with superficial velocities in the range
of 18.3 to 137.2 em/min and superficial gas velocities in the range of 109.7
to 868.7 cm/min (STP).

The motion of particles susoended in a 1iquid medium may be analyzed through
consideration of the various components of flow. Thus, particles in a still
1iquid will exhibit a downward flow under the influence of gravity. If the
1iquid medium s flowing in a vertical direction, its velocity, v, will be
superimposed on the particle fall velocity, vg. In the case of upward liquid
flow, the resultant particle velocity then is v - vg. Thus, in the concurrent
tubular reactor {(gas and liquid both flowing upward) the concentration of the
particles in the reactor will be greater than, or at least equal to, the feed
concentration,

Introducing gas into the system there is a third motion to be considered, that
of mixing. It has been observed by the injection of a dye into the feed that
the flow of gas induces considerable mixing of the liquid. It is suspected that
this agitated l1iguid will bring about a similar flow of the solid particies.
This flow has been successfully represented by a diffusion mechanism.

The following derivation applies when it is assumed that particle mixing can
be described by diffusion superimposed on a bulk flow.

For a differential element of reactor volume the continuity equation for a given
species of particles may be written as:

ic— * v-»Gp) a 0

With the assumption that there are no radial gradients:

The mass flux, n,, may be represented by Fick's law modified to take into account
the effect of grgvitationa1 forces on the particle:

n
77



SOLIDS CONCENTRATION PROFILE (cont.)

. Cn +ny) - ¢
"o p 1 CVF D % )
PM

At the Jow solid concentrations‘siudied it can be assumed that n_ is small
relative to n,, so that P

n +n
b 1 = M
P o

Substituting into Equation 2:

%+(VM.VF}-%.D% = 0 (5)
X
At steady state: )
2
2C . Ly -v) 28 4 025 = 0 6
.l M - Y 7« %:‘r &

The general solution of Equation 6 is:

C = A+B (vy = ve)
exp VM VF B_ (7)

The boundary conditions that express the fact that the rate of feed intp the
reactor must eoual the flow from the inlet plane by bulk flow and diffusion are
sufficient:

At x = 0 (bottom and feed end)

¢
v Cp = vy - vg) c\, - D%; o (8)
At x = L (top and exit end)
2¢ |
M “’M"’F)CIL -0 L (9}

12
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SOLIDS CONCENTRATION PROFILE {cont.)

The steady state solution then is:

¢ = M

_MF 4+ GI. - "M cF ) exp -(vH-VF)C'—'-)E) (10)
Yy - Vg : Yu o Vr ' 1]

Cova in his report continued the derivation toward & transient state solution
where the solids concentration in the reactor may increase indefinitely. This
solution, although worth mentioning, is considerably more complex than Equation
10 and was not of practical interest in this study.

13
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DISCUSSION OF RESULTS

TRACER STUDIES

Tracer studies were conducted using a slurry containing 4 percent by weight

of silica in water. Pure nitrogen was pubbled through the slurry at various
flow rates. A computer program was developed to calculate Peclet numbers using
the dispersion model. The program was also used tc convert the data into nor-
malized C-curves and to plot such residence time distribution curves.

As an indfcation of the validity of the observed residence time distribution,
an attempt was made to obtain reproducible results. A typical sample of the
degree of reproducibility is shown in Figure 10.

The dispersion numbers were calculated under a variety of conditions and are

~ reported with their residence time distribution curves. Before discussing any
trends, it should be examined how the experimental data compares with the dis-

persion model. For this purpose the curves presented in Figure 7 were plotted

versus the experimental C-curves at constant dispersion numbers. These com-

parisons are shown in Figures 11 and 12.

The experimental C-curves satisfy all the characteristics defined by Adler (1)

to indicate the existence of a stagnant or semi-stagnant section, This section
is present when using either liguid or slurry and for both side and bottom feeds.
1t was observed by injecting a dye that this area is not completely stagnant

and that it probably occurs because of the low flow rate operating regime. This
semi-stagnant section seemed to be slowly interchanging fluid with the active
area suggesting the applicability of the Adler-Hovorka model mentioned in a pre-
vious chapter. Unfortunately, the solution of this four parameter model is
tedious and was considered irrelevant at the present stage of study.

Nevertheless, the author wants to emphasize the significance of the residence
time distribution data which proved to be reproducible. These curves can easily
be compared by using Figures 17 to 2) where the gas flow rates were kept constant
and Figures 22 to. 24 where the fluid flow rates were kept constant.

Before attempting to analyze the effect of the gas and liquid flow, it is impor-
tant io study the effect of the solids in the mixing. Figures 13 to 16 show

the influence of the splid particles in the residence time distribution curves.
According to these curves the studied concentration of solids in the reactor does
not indicate a definite trend of change in the mixing. These curves only suggest
that at higher gas rates the mixing decreases its functionality on the solids
concentration.

14
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TRACER STUDIES (cont.)

The following set of C-curves indicates the effect of the 1iquid rates on the
mixing. Figures 17 to 20 show something unexpected although not conclusive.
At gas flow rates under 5 cm/min it was observed that by increasing the liquid
volumetric rate the mixing consistently increased, while at higher gas rates
the higher the 1iquid rate, the lesser was the mixing. This seems to be that
at the low gas flow domain the Yiquid turbulent eddies increases the overall -
mixing while at the high gas flow domain the limear turbulent velocity profile
reduces the backmixing caused by the gas.

At constant slurry flow rates, the observations reported by Kato {6) at higher
flow rates were confirmed at the studied conditions; the degree of mixing
increases at a lesser rate as the gas flow is increased. This is shown in
Figures 22 to 24.

15
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DISCUSSION OF RESULTS
SOLIDS CONCENTRATION PROFILES

Experiments designed to study the concentration profiles were conducted to
enhance the understanding of the so0lid particles in the reactor.

Figure 25 shows how steady state was approached but never reached by oper-
ating for 520 minutes. The particle size distribution was obtained at each

of the sampling heights. These distributions are presented in Figure 26 and
show significant segregation of the different particie sizes aleng the column,
This indicates the accumulation of the heavy particles that were unable to
reach the top. On the other hand, normalized concentration ratios proved to
remain almost constant as a function of time. This fact suggests the possi-
bility of misleading high concentrations obtained at the feed under the present
method of sampling.

In Figure 27 1t was observed again the insignificant effect of the gas on the
mixing when operating above the range where the gas is essential for the mixing.
This can also be explained from Figure 23 and Equation 10. Figure 23 shows an
almost constant D after a gas flow rate above 405 cu. cm/min. Tharefore,
Equation 10 Toses its gas flow rate functionality above the mentioned flow rate.

To test the validity of Equation 10, an experimenta) solid concentration profile
was compared with the theoretical results. (See Figure 28). It was assumed
that: a) the silica concentration at the exit of the vesse) equals the concen-
tration at the feed, and that b) the fall velocity (vp} could be calculated from
the mean particle size obtained from Figure 26 by using Stokes law,

d g P
V., T e (11)
F EPm

L

The solids concentration profile in a vessel operating without gas was not in-
vestigated. The gas presence lead to model this profile by a diffusion mechanism.
Therefore, in a 1iquid-solid system the solids concentration should remain
constant throughout the length of the reactor.

16
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DISCUSSION OF RESULTS

MISCELLANEOUS OBSERVATIONS

An attempt was made to examine the effect of larger particle sizes in the
reactor's behavior. The introduction of a slurry containing particle sizes
from 80-120 mesh was very problematic. After forcing these solids into the
reactor, ebullated bed type of behavior was observed. Occasionally a solid
. slug formed and was carried up the column by a gas slug. These solid slugs
eventually collapsed before reaching the top of the column. An overall
tendency for bubbles to coa1esce more readily was observed under this con-
dition.

Freon 12 was used as an alternative gas which more c1ose1y similates the gas-
liquid density rates in the reactor, Since not much difference was observed
in the bubble behavior nor in the residence time distribution curves, it was
decided to keep using nitrogen, which is more conveniently handied.

Alternative manners of getting the feed into the reactor were studied. At

low gas flow rates the mixing turned out to be better when the feed was in-
troduced through the bottom of the vessel. At high gas flow rates the nosition
of the inlet did not make a difference.

Figure 29 presents the gas-holdup data obtained from displacement measurements
on the experimental column. This holdup data was used by the computer to
calculate the dispersion numbers.

17
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CONCLUS [ONS

The understanding of the phenomena occurring in the SRC reactor is essential
to the efficient design of the coal liquefaction process. The following
conclusions were drawn from this study:

1)

2)

3)

4)

5)

6)

It is reasonably safe to apply the dispersion model to obtain the
residence time distribution of a fluid in a gas-siurry reactor
provided that such reactor does not have any stagnant or semi -
stagnant regions.

The liquid mixing essential to suspend the solids is mainly caused
by the gas bubbles. This mixing proved to be a diminishing function
of the gas rate.

At the required operating flow rates, the mixing decreases when the
liquid flow is increased.

A method of calculating solids concentration profiles was presented
and compared with the actual data. The solids distribution through
the reactor is a function of the gas only through its dependence on
the axial dispersion coefficient. Therefore, according to Conclusion
2 there will be a point when adding enormous amounts of gas would not
help to suspend any significant amount of settled particles. So if
settling can not be solved by increasing the gas flow up to that
"l1imit" two altarnatives are possible: to vary the physical desigr
of the column or to implement a solids withdrawal system.

The particle distribution profile within the reactor may be essential
to the heat transfer design since the solid particle presumably cata-
lyze the hydrogenation reaction.

Other factors such as: a) the bubble size effect on the mixing;
b) the influence of the feed entrance arrangement; c) the vessel's
length-diameter ratio; and d) the physical properties of the com-
ponents are suspected to be significant in the hydrodynamic study
of the reactor and should be further investigated.
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NOMENCLATURE

A, B constants of integration

A5 surface area of bubble

Ac SRC commercial plant projected horizontal croﬁs-sectﬁona1 area
Ap SRC pilot plant horizontal cross-sectional area

C concentration

C-curve tracer response to an ideal pulse input

CF ‘ concentration of particles in feed stream

Co area under the concentration-time curve

CT . concentration of particles at the exit of the reactor
d diameter of the tube

D dispersion or axial dispersion coeff1cien£

dp diameter of particle

F volumetric feed rate

Fr ’ . pvzlpe g dp , Froude number; dimensionless

g acceleration of gravity

kg gas-to-liquid mass transfer coefficient

L length of reactor

" mass flux of liquid in longitudinal direct}on

'Fp mass flux of particles, a vectorial quantity

np ) mass flux of particles in Tongitudinal direction

P = ul/D, Peclet number, dimensionless

Re = pvd/u , Reynold's number, dimensionless

t time

t reactor holding time or mean residence time of fluid in a

flow reactor
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Subscripts

2w X - o O

NOMENCLATURE {cont.)

fluid velocity

1inear velocity

fall velocity of particie through still liquid
weight fraction of solids

height of the reactor measured from the bottom
density

effective density, difference betweén particie and liquid densities
mean density oflslurry

viscosity

mean of‘a tracer curve

* t/?, reduced time, dimensionless

variance of a tracer curve or distribution function

SRt commercial plant
gas

liquid

slurry

SRC pilot plant

20
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APPENDIX 1

ESTIMATION OF THE PARAMETER VALUES OF THE TREXLERTOWN SRC PILOT PLANT

Operating conditions:

Physical properties

Density:

Viscosity:

Physical properties

Density:

T = B50°F
P =137 atm

of the gas:

According to Wilsonville's pilot plant reports, the
density of the gas present at the outlet of the dissolver
is 0.065 g/cu.cm {as calculated by using the ideal gas
law assuming a constant compressibility factor froma =
reported value of 0.080 g/cu.cm. at 164 atm and 825°F).
On the other hand, the hydrogen feed density at the

above mentioned operating conditions is 0.0045 g/cu.cm.
Therefore the real value of the mean gas density in the
reactor should lay between those extremes.

The viscasity of hydrogen at such temperatures and pres-
sures is 0.012 g/cm, min. The viscosity of the gas
mixture is larger than the viscosity of hydrogen alone,
There was not a way of estimating what would be the upper
viscosity timit. :

of the slurry:

According to Wilsonville ( ), the densities of the

slurry at 825°F and of the solids from blow down were

0.90 and 2.40 g/cu.cm. respectively. The liquid density
can then be calculated assuming a value for the weight
fraction of solids in the slurry, W. Although there is
uncertainty involved in choosing a value for W, it was
estimated that 10 percent would be a reasonable inter-
mediate value between the intet and outlet weight fraction.

-1
o, (A 11_H_1>
Ps PL

A 0.86 g/cu.cm,

or
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Viscosity:

Particle Diameter:

Solids

Concentration:

Flow Rates:

APPENDIX 1 {cont.)

It is worth noting to avoid further confusion that a
significant fraction of the solids in the reactor is
not mineral matter. This undissolved coal is not rel-
evant to the accumulation problem since it eventually
dissolves.

A value for the viscosity of the slurry was obtained
from the "Preparation of Coal Conversion Systems
Technical Data fook" ( ) which used a 3:1 Recycle 011
to Kentucky No. 9/14 Coal Slurry., At the pertinent
conditions this value ranged between 0.69 and 0.87
g/em. min.

An average value for the diameter of the ash particles
would be in the proximity of 0.015 cm.

The concentration of the minera) matter in the reactor
has been reported as 10 percent of the coal fed. A
typical concentration of the coal in the solvent is 38
percent. Thus, there is an estimate of 4 weight percent
of ash in the feed.

The fiow rates to be assigned to the pilot piant system

were scaled-down from the commercial plant projected
rates by keeping & constant residence time.

Commercial Plant

Colum dimensions

Diameter (d) 11 ft

Height {L) 110 ft
Fluid feed

Total (FM) 15,790 ton/day

Coal 6,000 ton/day

Gas feed (FG) 17-24 Mscf/ton MF coal

For the fluid:

= @EIEE
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APPENDIX 1 {cont.)

~ Therefore,

Le [\ R /\ Pue

(15790 ton/day) (0.045) (0.00023) (1)
0.163 ton/day = 103 g/min

VHP = FMP s 5.6 em/min
Pup Ap
For the gas:
FGC = 17,000 - 25,000 scf/ton MF coal
= 690 - 1015 cf/ton MF coal at the operating conditions
Therefore,
FGp = (0.163 ton/day) (.38 ton coal/ton) (690 - Y015 cf/ton coal)
s 42.7 to 62.9 cf/day = B840 - 1240 cu.cm/min,
Vep = EQE = 41.4 to 61.2 cm/min
Ap

24
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APPENDIX 2
COMPUTER PROGRAM TO ANALYZE THE COLD-FLOW ‘MODEL OUTPUT

A computer program was developed to plot the normalized residence time
distributions and to calculate the characteristic properties of such curves.

The input of the enclosed program consists in:
Card 1 - number of runs to be analyzed
Card 2 slurry volumetric flow rate {1iter/min)

gas volumetric flow rate (liter/min)

gas holdup (volume fraction of gas in the reactor)

vessel volume (11{ter)
number of selected time-concentration points

Card 3 to
Card n - time {min) - concentration (cm) points
NOTE: the program includes a factor to convert the
cm of chart paper into tracer concentrations
(g moles/liter).
Card n+]
to Lard n+11 - graphing specifications
Card n+12 _
to end - other sets of runs as described from Card 2 to Card n.
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PARAMETERS OF THE SYSTEMS UNDER STUDY

Liquid Properties:

Yiscosity gg L)

Density (#1L)

Gas Properties:

Viscosity (AG)

Density VG)

Solid Properties:

Particle Diameter (dp)}
Density {/s)

Concentration (W)
Slurry Properties:
Mean Density (/m)

Effective Density (/'e)

Flow Vg1oc1ties:
Slurry (wM)

Gas (27G)

Residence Time:

Siurry (t)

TABLE 1

Ash-Solvent-Hydrogen

System

Silica-Water-Nitrogen

0.74

0.86

cm min

-

0.012
0.048 —3—

0.015 cm
2.40

0.04

0.90

1.54

5.6

51-3

27.2

-

g

i

38 58

26
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System
0.60 c¢m min
-
1.00 cu ¢m
0.0l cm min
"
0.0011 e
0.010 em (140 mesh)
2.41 T
0.04
—_—
1.02 R
—9_
1.41 cu cm
cm
40
cm
37-0 m’
38.1 min



SULIDS WITHDRAWAL DESIGN CONFIGURATION
COLUMN INTERNMNALS
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LULU MUDEL DISTRIBUTOR ELEMENT
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- FIGURE 3

LARGE COAL PARTICLES SEGREGATE
SOLIDS WITHDRAWAL SYSTEM NEEDED

6"D Column

Batch Fluidization Pattern

[ETETEETNE T

GAS/LIQ .

FLOW

Dilute
Coal
Region

Intense
Backmixing
Region

Dense Bed
Region

(Large Particles)

24" 9 Column
Coal Larger
Column Height AP/L Than 8 fles
(Ft) Psi/ft {wt.%)
18 0.30 -
14 0.37 - £0.5
10 0.29 <0.5
3.5 0.42 2
1 - 55
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FIGURE 5

The C Curve

With no tracer initially present anywhere impose an idealized instantancous pulse
of tracer on the stream entering the vessel. Such an input is often calied a delta
function or impulse. The normalized response is then called the C curve.

To perform this normalization we divide the measured concentration by @, the

" |area under the concentration-time curve. Thus we have ¢n normalization

“Cére("Edrm1 wh ®cd
| L !-Lﬁ (] where Q_-J; t
Figure § shows the C curve and its properties. '

4

Tracer output or C gurve

. e A e~

af--
oY) SN

t
Typica! downstream signal, calied the € curve,
in response to an upstream &-{unction input signal.
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FIGURE €

The Meon and Yariance. It is frequently desirable to charaeterize a distribution
"by a few numerical values. For this purpose the most important measure is the
location of the distribution. This is called the mean value or the centroid of the
distribution. Thus for a € versus 7 curve the mean is given by '

Ce T . L':c: dt
. p=lmeg :
- o fes |
1f the distribution curve is only known at a number of discrete time values ¢, thea
) t,C, Ar,

- pels

 The next most important descriptive quantity is the spread of the distribution,
%his is commonly measured by the variance &%, defined as
feu-nca [Jecd

T Tca " [Tca

Ag&in. in discrete form

SIS -G AL SHAC AL _ gy
= 5za ~scan Tl

“The variance represents the square of the spread of the distribution and has units
of (time)?. It is particularly useful for matching experimental curves to one of a
family of theoretical curves.

i

m N
w7 -
€ curves In desed vessels for variows excents of back-
* o Wixing as predicted by the dispersion modsl.
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FIGURE 8

X, | B &8
" / 1]’
==

# tunciion

., The boundary-value pr-ob-lcm then had the form;
de' | At 1 8%,

ao+ax Pax'-o x50
1

ga‘.'...“ 5 ax‘, -dx-x}0) 0<z<3,

) | 8¢ ) M

%t Rt LSr

wi!-h boundory eonditionas,
&'(x, 0) = ¢'(x,0) = &(x,0) = O
&’ (==, #) = finite
&/ (0°,0) = c’(O+ 0)

WO, - 5 "" O, 8) = a(o* 8 - (ov, 0
¢(xm, 8) '-’-9-‘—(1 0) = of(x*, 0) — —»‘-’-“-( .4, 0)

ex=,0) = ol 0)

. ¢’ (4w, 0) = hnite .

_ _solution for the special ease where D, = D, = 0.

mel4 % [2 - (l - a)""ll - (1 - b)e"('l-h)]

- % + % (8 + 21 = a)(1 = b)e-"u

= (1 = a)e=P=[4x,P + 4(1 + 0) + (1 = a)e~") |
- (1 = Be-Pe-w4(, = 2P + 4(1 4 8) + (1 = Be-e-w)}

where a = P/P, and b = P/P,.
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FIGURE 9
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CONCENTRATION X 1000

GURE 10

REPRODUCIBILITY TEST
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FIGURE 13

GAS FLOW RATE = 0.00

CONCENTRATION X 1000
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CONCENTR, .. ’ION X 1000

0

F1GURE 14

GAS FLOW RATE = 0.00
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TIME X 1000
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CONCENTR. TION X 1000

FIGURE 15

GAS FLOW RATE = 82,
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CONCENTR. TION X 1000

FIGURE 16

GAS FLOW RATE = 886.
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CONCENTRATLON X 1000

FIGURE_17

CAS FLOW RATE = 0.00
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CONCENTRATION X 1000

FIGURE 1B
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CONCENTRATION X 1000

FIGURE 19

GAS FLOW RATE = 397.
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FIGURE 20

GAS FLOW RATE = 813
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CONCENTRATION X 1000

FIGURE 21

CAS FLOW RATE = 2255
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CONCENTRATION X 1000

FIGURE 22
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CONCENTRATION X 1000

1500

FIGURE 23
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CONCENTRATION X 1000

FIGURE 24

SLURRY-SDE-344 CC/MIN
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FIGURE 26
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FIGURE 27
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FIGURE 28
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FORTRAN 1V REY M.B1

n FJ“)”W‘;‘ﬂﬂﬁ;‘FW#;-M ’ .
“FJ""lﬂ‘ﬂﬁ_"-lﬂ'-QANM:HMOQNQU*NNF

[ 3]
F 2N

pRR
B

FEOVILIVE
oy e 5] V0 00

[C R 7
[\

[YY LY
J I

3c

45
46
47
48
49

T6OE  FORMAT (12D

158 CONTINUE

p9-82-7¢ 17:27 PRGE 1

DINELSION AC2, 108>, P(2, 1ER >, CCLEBRY, CR(2, 180E)
_ READ(S5.6BE) IRLR

DO 783 NRUN=1, IRUN
_ _READ(S,1BE» FLUIT,GAS, HOLOLP, YOLUME,N
1BE~  FORHAT (4F1E.5.12) ' -
DO 150 Isi.N
. __PEaD (T, 28E) A{1.13.A02,1)
20GC FOURMAT (2F1E.S5°
AcZ, 1)ERC2, 1717667 . 56998

) G ETS!

. 206___ CONTINVE __

L=8
Jal+i

pO 3CD I=1.,M

P e ——

OISR

,‘(

DO 4E0 I=1.M

L=l+1
TTTTTTCL =R, D)
Tgﬁ(lal)

TDIFsACL, d0-RC 1, 1)
__IREPSIFIN(DIF*2 -1,

o TFCIREF LT 10 un 1O 4EE

00 SEd K=1,IREF

T=T+.5
L=L+1

06 COHTINUE
48E  CONTIHLE. _

o — . b ra—— — - ——— e e m o ———

TCiLyeTAPC1, L)4F e, 1

-

L=t+1
Lol =g, d)

CONCeRRER/T

CHLL ARERAS(C,L.AREAD
CaLl TIMES(C,L,TIRED

IHE

_ EFFRIL=VOLURE(] -HOLGUP )
RETIRE=EFFYCL/FLUID

THETR=TIME/RETINE

CALL YRED (C, TINE, CONC,L.VARIAN.HRUN)
CALL PECCVARIAL, FECLET)

— | ——

Crnil WRITE (TIFZ,CONC,PECLET, FLUID,GAS. HOLDUP, RETINE, THETA

788 CONTINVE
&0 CaLL PLOTCI,E LED)
END FILE 7
_____ _END FILE 4
3T0F
END
& T
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FORTRAH 1V REY #_ BB 89-83-7¢ 17:27 PAGE ¥

SUEROUTINE ﬁREﬁ“(C L. ARER)
—..DIMENSION_C(3BRR2

T ODD=E.
EVEN=8 .
K=L-3

b0 1B I=2.K.2
EVEN=EVEN+C(I)
..0DC=0DD+CIT L)

18 cou;mus
H=
_AREA=(H/3.B+(CC13+4 BCEVEN+CC)=12)+2. B2ODDC(L

“RETURN
"END

CN-EODANRALGIN = 3

Pt kGt i

FORTRAN 1Y REV M.EO 89-83-78 17:27 PAGE  §

SUSRCUTINE TIMES(C,L,TIME)
.. DIMENSION_CC1BER

TIN=8
T=G.
~Lo=D.

T 00 28 I=1,L
CC=CO0+L( )
- TIN=TINCTROCT 20

TaT+.5 .
i} CORTINUE - -
___TInE=TIN/CO

[ R : ) :
GIRD =+ EI D U0 VN & IR >
4

T RETURH
END :

——— e e

FORTRAM 1V REY ¥ . Ed B9-83-78 17:28 PAGE 11

. ¥RITE(4,113) FLUID, GRS, RCLOUF,RETIFE.THETA |
113 7 FORMAT(’R’, 'SLURRY FLGH RATE (LITERANIN) = ' ,FiB.
IRTE C(LITER/ZMIMi s ',F18.5,''/" G&S HOLDUP °

TIENSIGHLESSY = FIB.5.*')
WRITE 4,181} TIF::C(PC PECLET
1B _ _ FORMARTO' B/, ’CALCULATED RERE RES

1CER COKCENTRATICK (GHCOLES/LITER
- 2EHSTOILESES) = ' ,F1B.5,'’)
_RETURH -

*,F18.5.7 7"

SUERCUTINE VRITE (TIME, CONC,PECLET,FLUID, GAS,HOLDUR,RETINE, THEY
112" GAS FLI
2,F18.3.' /! _RCTUAL REQID:hLE TIME (MIN)_. = *,F10. 5%, 2 /0 JHETA

IDEN CE TINE <MIWy= ' F10.5,°'/.
) = PECLET NLHBER ¢

- : -
A s 151 A0 €3 f O O Gl PD e

EHu

56
122




FORTRAN 1V REY M.E3 89-83-78 17:27 PAGE 7

crt‘ﬁ‘rnhﬂﬁir.ﬁ' ' : ‘
J OV B IR = DD 0 NV & BE N -

18 SUtR=g.

26 L. .. RNEmb=CURE/SUME .

SUERGUTINE YART €C,TIKE,COKC.L, VARIAN, NRUK) .
. m_"_orgs&sxou_;&:BeszJ;Rszszua> - —
. La=g :
D0 2B1=1,L__

CRCL,1)=X/TINE
IF(CR(L.,]>.GE.2.5) GO TG SB
e X=X+ 5
LAa=LA+1
20 COMT INLE
SB___ . X=0._

po 2B J=1.LA
CRC1.4=X/TINE

e CRC2, 3 D=CCI200RE .-
=Kt 5

g "CONTINUE

e CALL. ORaL CCRLLR,HEUND

19 guite=d.
eB . ____sSunc=R_
21 DO 4B I=1{.LR

22 . - . SUNMR=SUNA+CRI(2,[)

2374 - SUMB=SUNB4CR{ L. ID$CR(2.1D

24 SUiC=3LHCH( (CRC1,1)4%2, J&CRL2, 1)
25 - 48  CCHTINUE

27 VOF 18z SUNC/SUNE D~ CRMERN® %2 . B)
28 MRITECd, 117 XIEAN, VARIAN :
29 11 _FCEHRICLL L 'MERY s 'L,F10 8, ' /2 SaRIaNCE = ', FI1B. 5. 2.

30 RETURH
31 END

- — e svm—

FORTRAN IV REV K.CO B‘B-B&?S 17:28 PRGE ¥

P

SUERGUTIME PEC(VARIAN,PECLET?
KeVARIANZS. . -
T IF(X.LT..ERE) GC TC 6B |
Fls({ 2. 8%)-( 2. eX#¥ 34 (2 sXeXKeEXP(~1 /X ))-VYARIAN
FDXED ~(4.#%X)4(4 *XSEXP( -1 /K )34(2 SEXPC(-1 . /4))
T T RNERER-CFR/FDXD
TIFCAES(X-XMEV).LT.1E-€) GO TO 7€
— Y=XHEW :
. 60 T %@ :
éB FRe2 aX-VAFRIAN-( 2. #X&X)
_FDE=2,.~(4.xX)
GG TO &6
7B PECLET=1./XKEY
_____RETURH ——
T END .

—

U o td N o
(1)
[~

o ————

NaGIN=EWVDIND
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FORTRAN IV REV F . Ed g9-82-78 17:28 PAGE 13

1 SUERGUTINE DRAY (CR.LA, NRUK)

2 e INTEGER TIL,TILY.CHA-FAI___ . —_—

3 DIMENSION CR(Z,38BDE)

4 DIKENSION XF(45, ¥FC4), TILCI3), TILXC13), TILYC 132, LEGCE. 11
. 2 o - DIMENSION CHACZ .FRT(4LEFCELYF(6),D(2). _—
?
£

DATR XF/78.,E.,.2.8..-.3,.6./ T
DRTA YF/.5,.5,.5.8.,.5,1.7
CLoDATA FMTZIC 02t tagr Nl —— . o

-+

9 1BED FORNAT (I&,83m20
IE 1821 FCRMRY (11AZ) -

1BR2_ FORNART. 142 . —
12 ‘JQE3  FOFMAT ("= ",11R2) ’

— - -

13 IFCNFUN.GT. 1) CGC TO 78
14 1 .. RERD(ULIBEGICHRIILATMLCDL L=, 32y . . .
15 TFCCHACY X .LT.BISTOF
16 RERD(S,1BCE CHRC( 2, (TILX(T X, I=21,13)

o7 L RERD(SLABEEICHACS ), (TILXC 121,130 - ————
18 DO 1B I={.¢

19 10 READ(S, 1081 3(LEGCT.J),d=1, 110
2B _ _ ___WOkD=. 1_

21 P1=3.1415¢%3 -

22 Coll RERDF (95.1,4,XP)

&3 _ . LalL REACF (5.3.4,YP) —
24 ResS SACKPCL)-KF(Z D))

2% Y527 S(YP(lo=YF(&))

26 . RINCH=YL WS - e e e
2V YINCh=]./Y$

28 x0=-1 TxNINCH

29 . ... .YO=s-2 #VIKCE e e e e e e ————e
I8 CaLl SCALE (XS,YE, XE, 100

31 HeCHFC L )=KF(2)MUF(T)

32 . LBl GRID_(E.B., R, Lhﬁ&l);ﬂ‘ — e
33 J=KP(27

34 Ks{P¢l >

35 .. .. LsXP4)_ — o
3¢ - DO 2E Isd.K,L

37 Y==2 . *YCRI*YINCH
38 F=E3 sHCRDeIHCE _

39 IFCY.GE. 188 )F =2, S6WORU*XINCH

40 IF(Y.GE. 1BBE>F=z »WCRD#XINCH

. .41 _ X2l=J=F_ _ i

42 caLl CH&R (%, Y,UCRD,U0RD,E.)

43 28 WRITEC?7,1BB2)1
. &4 _  __ N=-6_*UOFD=xYINCH

45 - X=CHA(2)
46 =2 7SR IHC K-k INCHrUORD
47 . CALL_CHER (X, Y. 2, 8WIRE, 2. #VORELR.) — S ————
4¢ [=CHRC2)/8 -
49 WRITEC7,FRTI(TILX(K 3 K811}
S8 . _ XeQ.. . e e e =
. 51 Y=-9 *LORD+YINCH ,
. 32 D0 48 I=1,6
$3 . ___IF CLEGCI 42 EG 2 Z20Q0 TQ 9B - U ———
54 CIFCIKE. 4560 TC 35 '
55 X1=2 .75+ X INCH
96 L YmeG eUORDAYINCK___ . ____ .. _ . .. .. -
s7 38 K=Kl
S8 CALL PLOT (-2, K+XFCI)*WORD*X IKCH, Y4YFC 1 )« WORDRYINCH )
89 . . CAtL Poxutg; 1) ___ R
68 T CabL PLOT (1, KeRFCII*UDRDARTNCK, Y4YFC I DM UORDAYINCH)
. 58
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FORTRAH IV REV N.BE - B9-B3-78 17128 PAGE

14.

61 KeX+HORE s XTNCH
62 CPLL_ﬂhﬁR"{hLX UCRD.VORD B
63 URITE(7,1BE3SCLEGC I ), 9=1,11)

84 4B Y=Y-2. tUGROtYthH . : -
p— 6.5 ..SH____COHI.IH i :

N=(YP(13=YF(2))/YF(D)

6? CaLL GRID ¢1.B.,B. YP(J) N)
68 S L4 AVD)
69 " K=YP(1)
¢ - L=YP(4)
D & U Do_3R _I=J,.K.L
72 X==5 sEORDwXINCH 7
73 . YEled- -(UGRL/2. 3eYINCH ' ]
e __CA L_Q.EF_F._J.J_MEAWD g.) ‘
7% 30 UnITE(r.liaz)I :
Te X=-7 . ¢UlEDeXINCE
72 Y=CRA(2)
7R Y=i ExViRCH=Y*YILCHAUORD .
‘v ' CaLL CHER (X, Y. 2.sWCRE, 2. «VOPL,FI/2.)
98 , 1=fHe(3)"'2
el BRIT El?.rvT)fT"Y{K;.k'l,l‘
§z2 - !+CHA(1)/2
o3 C ye(YP(1)-YR(D LY nnmwg,hn *
wd K Crwt 10
S =2z 7S5*XIKCE~ XiHﬁRD*VIHCh
£a ;w PYLE Cho L0 sUCREL 2 wEQRT, g ) -
£7 WRITECT,F "T)(T!L((:.K=1 ) )
88 78 IS T =HRFUL :
82 Jm__e;_u_a_..m
gﬁ "\LJ‘HI”?‘\E (1. II)*!EEE) . . '
i Dc2)=ullTCCR(2,1I»1BED.
L. 92 o ot BLEY (2. Frdr-uPOPNROD NS sueia
93 - CALL PLOT(Z2.D(13-XP(2).DC2Y-YF(2)) -
94 &7 CONT INUE
.. 8% CALL PLOT 1.0C1)=VE 23, Dt =YPr2y3
. 2 DO 64-11)=1.Lk&,10 ‘
97 D(1)= alNT(CR(1..1;-rIEBB )
ag _D(2)=n{NT(CE(R 11 vt EAD
99 CALL PLCT(-2,D(1:-XF{2),D(2)= YP(Z))
© o 1eg - chLL PCIRT (IPNT-1)
N §: § S CPLI_ELH.I.L_LLM:"z :tu) =YP(223)
182 64 CONT IHUE
183 RZTURH

—184__ END
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