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MECHANICAL MODEL STUDIES OF THE INTRODUCTION 
AND DISTRIBUTION OF GAS IN A BED OF OIL SHALE 

(INCLUDING COt~mNTARY TO TECHNICAL FILM NO. 66-4) 

I. 	 INTRODUCTION 

In the Gas-Combustion Retorting Process, a sweep gas (recycle) 
flows upward through the retort and acts as the heat transfer 
medium. This recycle gas cools the spent shale in the bottom 
zone and heats the raw shale in the top. A second gas (air) 
is injected into the retort at an intermediate level to burn 
recycle gas and the carbon on the retorted shale, thereby pro
viding the heat for the process. 

The region where the combustion air is injected into the 
recycle gas is a critical one as it determines how the heat is 
generated in the process. This in turn influences yields and 
operability since it governs such factors as uniformity of 
retorting and clinkering tendencies. 

Therefore, the initial research program for Stage I included 
exploratory studies which were designed to learn more about 
the process of distributing one gas stream into another in a 
bed of oil shale. A more specific objective was to provide 
guidance for the design of air distributor hardware for Retort 
Nos. 2 and 3. 

The work was carried out in a plywood and plexiglass model such 
that the gas flow patterns could be observed and photographed. 
The resulting motion pictures are essentially the raw data, there
fore the discussion section of this memorandum includes a de
tailed commentary of the film. 

The variables investigated in this study were as follows: 

1. 	 Distributor Spacing - distance between opposing air 
distributor elements. 

2. 	 Injection Velocity - velocity at which the air is 
"jetted" into the shale bed. 

3. 	 Angle of Injection - angle at which the air is 
"jetted" into the shale bed. 

4. 	 Injection Port Spacing - spacing of injection ports 
along each distributor element. 

S. 	 Shale size. 

6. 	 Recycle Rate - rate of gas which is sweeping up 
through the bed and passing the air distributor 
element. 
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I I • 	 SUl>'lHARY 

The following conclusions were drawn from this study: 

1. 	 The extent to which the combustion air will mix with 
the recycle stream and penetrate horizontally into 
a bed of shale depends primarily on the size of the 
shale. As the shale size increases, the depth of pene
tration increases. 

2. 	 The velocity and the angle at which the air is injected 
into the recycle stream have little or no effect on 
the depth of penetration. This conclusion holds 
over the velocity range of 30 to 200 feet per second 
and at injection angles of 300 above the horizontal 
through 300 below. 

3. 	 There appears to be almost as much spread laterally 
along a horizontal distributor element as there is 
in the direction of the jet even though there is no 
velocity component in this direction. This suggests 
that the jet is broken up very rapidly - probably 
when it hits the first particle of shale. 

4. 	 The rate of recycle gas passing the air distributor 
has a rather small effect on the penetration. This 
conclusion was found to hold over a wide range of 
recycle rates from 50% to 130% of the normal rate. 
Below 50% the horizontal penetration increased sub
stantially. 

Thus, the investigation revealed that shale size is the major 
variable which governs the horizontal penetration of combustion 
air into a bed of shale. The average penetrations for each 
shale size are summarized in Table 1. The sketch should be help
ful in defining the term penetration. The minimum clearances 
required for shale flow are included in the table to show that 
the penetration from two opposing distributors is substantially 
greater than the required clearance between them. (It should 
be noted that these are minimum clearances and not recommended 
dimensions). Thus, it is possible to obtain adequate air dis
tribution and shale flow for any given shale size. However, these 
data also indicate that a universal air distributor design 
capable of handling a wide range of shale sizes - is out of the 
question. 

In spite of the fact that this study was carried out cold, the 
results agree quite well with the subsequent analysis of the 
Retort No. 2 operation. The "sphere of influence~ of a single 
distributor element in a hot retort was found to be very similar 
to that predicted by this study. 

r 
I 



TABLE 1 

THE EFFEGT OF SHALE SIZE ON AIR PENETRATION 

Shale 
.Size, 
Inches 

Minimum Clearance 
Required For 
Shale Flo",7, 
Inches 

Average Air Penetra
tion From a Single 
Distributor Element, 
Inches 

Average Air Pene
tration From Two 
Opposing Distri
butor Elements, 
Inches 
---------~ 

1/4 to 2 4 8 
3/4 

3/4 to 4 5 1/4 10 1/2 
1 1/2 

1/4 to B 9 1/4 lB 1/2 
3 

1 1/2 to 10 12 1/2 25 
3 

Air 
Distributor 

of Shale Bed 

t t t ) 

i 

Recycle Gas 

TCLyons 
2/7/67 
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III. DISCUSSION 

A. Description of Model 

The basic model used throughout this study is shown 
schematically in Figure 1. It was essentially a plywood 
box - 36 inches wide by 64 inches high by 18 inches deep 
with a plexiglass observation face. The static bed of 
shale was supported by a screen. The portion of air which 
simulated the recycle gas was charged to the plenum area 
below the screen and allowed to sweep up through the shale 
bed. The simulated combustion air was injected into the 
model at a level two feet above the screen. One of the 
three distributor configurations studied is illustrated 
in the figure. 

In order to trace the flow pattern of the combQstion air, 
white smoke was injected into this stream. It was not 
possible to observe the smoke pattern in the bed around 
the distributor element, therefore, it was necessary to 
observe the flow as it left the bed. The objective of 
the study was to obtain uniform air distribution at a plane
12 inches above the injection point; thus, the model was 
filled to this point and the surface of the bed was leveled. 
The flow pattern leaving the bed was observed and recorded 
on film. 

B. Basis of Simulation 

The model (100 - 130 F) was operated in such a manner as 
to simulate the gas velocitx in a hot retort (950 F) in 
the open area just above the air distributors. The avail
able blower limited the simulation to about 77 SCFM of total 
gas per square foot in a hot retort. This is roughly 
equivalent to the total gas-rate that would accompany a 
shale mass rate of 500 lbs/(Hr) (Ft2). This total gas was 
further broken down into 71% recycle gas and 29% combustion 
air. (Note: This split is different than current think
ing and is discussed later). 

The recycle gas simulation was fixed throughout the study 
since it was based on the total cross sectional area of 
the model. However, as the spacing between the air distri
butors was changed, the area served by the distributors 
was also changed. Therefore, it was necessary to vary the 
combustion air rate as the distributor spacing varied and 
the simulation of retort velocity is confined to the 
region between the centerline of the distributor pipes. 
A sample calculation is presented in Appendix A. 

It should be recognized that this study was planned and 
carried out during the period January - March, 1965, which 



, FIGURE 1 

SCHEMATIC DIAGRAM OF AIR-GAS DISTRIBUTOR MODEL 
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was prior to the rehabilitation of Retort No.2. 
Consequently, the ratio of recycle gas to combustion 
air used in the simulation is lower than current thinking 
except in the case of the small shale. The total gas rate 
and split used in the simulation are compared with those 
of recent demonstration runs (Retort No.2) in Table 2. 
It will be noted that the total gas used in the simulation 
is comparable. Furthermore, the differences in the gas split 
would not have changed any conclusions drawn from this 
study because of the small effect that recycle gas rate 
had on penetration. 

C. 	 Results of the Exeloratory ~~~_~~~~~.~i~~.the Two-Pipe
and One-Pipe Conf1guration 

The first series of runs was designed to explore the 
variables and the air distributor hardware was as shown 
in Figure 1. The distributor elements were two 2-inch 
pipes; one was fixed and the other was adjustable in order 
to study spacing. (At the time this study was made in 
March, 1965, horizontal pipe distributors were being con
sidered for use in Retort No.2). The air was metered to 
each distributor. There were four holes in each distributor 
pipe spaced about 4 1/2 inches on centers. The injection 
velocity was varied by changing the size of the injection 
ports. The injection angle was varied by simply turning 
the pipes up or down. 

It should be noted that in this portion of the study, the 
observed penetration from each distributor is actually 
an average of the flow pattern from the four injection 
ports. It should also be recognized that the velocity 
in each port may not be equal because of the position of 
the shale particles relative to each hole. However, the 
packing was random and therefore, it varied from run to 
run. 

This 	work identified shale size as the only significant 
variable. The insignificance of the other variables 
(injection velocity, angle of injection, recycle rate) 
is illustrated quite vividly in the film and therefore 
does not warrant further discussion in this memorandum. 

The range of penetrations observed with the different 
shale sizes in this exploratory series of runs is summar
ized in Table 3. 

The second series of runs was made to study the spacing 
of injection ports along a single distributor element. 
Thus, the distributor pipe was positioned as shown in 
Figure 2 and the observations made through the plexiglass 



TABLE 2 


COMPARISON OF GAS RATE ru~D RECYCLE/AIR RATIO IN 

MODEL SH1ULATION AND RETORT DEMONSTRATION RUNS 


Model 
Run Series Simulation B-8l7J-U B-969I-T B-952F-K B-953F-N 

Shale Size, All Sizes 3/4 to 1/4 to 1 1 to 2 1/2 1/4 to 
Inches Studied(l) 1 1/2 2 1/2 

Recycle Gas Plus 
77(2) 80 70 66 79Combustion Air, 

SCFr.1/FT 2 

Gas Split: 
Recycle Gas, % 71 78 71 76 76 
Combustion Air, % 29 22 29 24 24 

(1)1/4 to 3/4 inch, 3/4 to 1 1/2 inch, 1/4 to 3 inches, and 1/2 to 3 inches. 

(2)Based 	on retort conditions of 9500 F. Model rates were adjusted upward to 
'account for the model temperature of 100 to 1300 F. 

TCLyons 
2/7/67 



TABLE 3 

SDr1r-1ARY OF AIR PENETRATIO;JS OBSERVED NITH 

THErfWO=-'PIPEANO--oNE-=-f> I PE CONF' fGURATT6iJ 


Shale 

Size, 

In. 


Al.r 
Penetration (1) 

From a 
Sinqle 

Distributor, In. 

Al.r 
Penetration 


From Two 

Opposinq 


Distributors, In. 

" 

Maximum 
Port Spacing 

Distributor, In. 

1/4 3/4 3 1/2, - 5 1/2 7 i1 6 
VI. 

3/4 - 1 1/2 5 1/2 .- 7 1/2 11 15 9 

1 1/2 - 3 > 10 1/2, > 21 12 

(1) Penetration is measured as distance betwe~n injection port and edge of smoke 
layer at a plane 12 inches above air distributor pipe. See sketch in Table 1~ 

TCLyons 
2/7/67 



FIGURE 2 


SCHEHATIC DIAGRAH OF MODEL t'lITII SINGLE PIPE DISTRIBUTOR 
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face indicated the lateral flow of gas along the pipe. 
The results of this work are included in the last column 
of Table 3 and are also shown very graphically in the 
film. 

D. Results of the Studies With The Three-Pipe Configuration 

Following the scouting studies with the two and one-pipe 
configurations, a third series was made to investigate 
the performance of a full distributor flanked by a ha1f
distributor on either side. This configuration, shown 
schematically in Figure 3, increased the model area which 
was served by the air distributors and lessened any possi
bility that the simulated recycle gas could bypass the 
distributors. The center distributor contained eight 
injection ports (four on each side) and the side distributors 
contained four ports each. The air was metered to each of 
the three pipes independently and smoke was used to trace 
the flow patterns as in the earlier runs. Throughout this 
work, the injection velocity was held constant at 100 feet 
per second and the injection ports were angled 300 below 
the horizontal. 

The observations of the three-pipe model are summarized 
in Table 4. These data indicate that the average penetra
tion is at the lower end of the range that was determined 
in the two-pipe work. Observations were also made with the 
full-range, 1/4 to 3 inch shale which had not been included 
in the scouting studies. The penetration of the combustion 
air into this material is in line with the other shale sizes. 

The overall study was carried one step further in an attempt 
to determine if the depth of penetration is greater in a moving 
bed. In order to do this the depth of shale above the distribu
tor pipe was increased from the standard 12 inches to 21 inches. 
After the pattern was established for the static condition, the 
bed was lowered while movies were taken in slow motion. An 
analysis of the movies indicated that there was a momentary 
surge in the pattern as the bed loosened. However, as the 
entire bed began to move the pattern returned to its original 
shape rather quickly. As the shale level passed the standard 
height of 12 inches there was no significant difference from 
the pattern observed in the static bed. This was the case for 
both the 1/4 to 3/4 and 3/4 to 1 1/2 inch shale sizes (the
size of the shale drain on the model limited the drawdown 
studies to these smaller sizes). Thus, it is concluded that 
no additional credit in penetration should be taken for the 
fact that the bed is moving. 



FIGURE 3 


SCHEMATIC DIAGRA!'1 OF HODEL NITH THREE PIPE DISTRIBUTORS 
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TABLE 4 

SUHMARY OF THE AIR PENETRATIONS 

OBSERVED ''1ITH THE THRE~pfpt CONFIGURATION 


Average .\fl':
PenetraticL 

Air Penetration (1) From TI,.,O, 
Shale From Each Distributor Average Opposing 
Size PI P2 P3 P4 . Penetration Distributor5 
(in) (in) (in) '( in) (in) (in) (in) 

1/4-3/4 3 1/2 4 4 3/4 3 1/2 4 8 

3/4-, 1 1/2 4 3/4 5 3/4 6 4 1/2 5 1/4 10 1/2 

" 1 1/2-3 - 12 l/4 12 1'l1 - 12 1/2 25 

1/4-3 - 9 1/4 9 1/4 - 9 1/4 l-8 1/2 

(1)See sketch below. 

, , '" .... ~ • .. T 
~ 

Distributors.__ ...~ I 
~ 

'~ 
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IV 	 COI1r>iENTARY TO TECHNICAL FILX1 NO. 66-4, 1I~1ECHANICAL MODEL 
STUDIES OF THE INTRODUCTiON AND DISTRIBUTION OF GAS nJ A 
BED OF OIL SHP.LE Ie 

Approximate length of film - 525 feet. 
Approximate projection time - 20 minutes. 

To assist in the synchronization of the commentary and the film, 
the rough, working titles are reprinted here just as they appear 
in the film. 

A. 	 Picture of Model 

The film begins with an overall picture of the model. 
The red lines form six inch squares on the observation face 
to assist in judging distances. The yellow circles show 
the location of the distributor elements and the yellow 
arrows indicate the angle of air injection (either 300 

up, 300 down, or horizontal). 

B. 	 Exploratory Studies with Two-Pipe Configuration Show
ing Effect of Injection Velocity, Injection Angle, 
And Shale Size on Penetration 

The first sequence in the film presents key runs made 
during the scouting studies in which the variables were 
being explored. This work was all done with two distri 
butor pipes opposing each other. (The two-pipe configura
tion as shown in Figure 1). 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 40 Injection Velocity 55 FPS 
Distributor Spacing 24 inches center-center 
Orifice 1 1/4 inch Injection Angle 0 0 

Shale Size 1/4 to 3/4 inch 

The first run (Run No. 40) shows the flow pattern obtained 
with 1/4 to 3/4 inch shale at an injection velocity of 
55 feet per second and a horizontal injection angle. The 
distributor pipes were spaced 24 inches apart (on center
lines). The direct observation of this run indicated a 
gap of about 14 inches between the two patterns at the 
surface of the bed. In this case, the film gives an 
optimistic penetration as the gap appears to be more in 
the order of 10 to 11 inches. In all cases, the direct 
observation has been used and any such discrepancies will 
be pointed out in this commentary. 

1----···--
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TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 24 Injection velocity 205 FPS 
Distributor Spacing 24 inches center-center 
Orifice 5/8 inch Injection Angle 00 

Shale Size 1/4 to 3/4 inch 

In this run, the injection velocity was increased from 
55 to 205 feet per second. The pattern remained about 
the same indicating that it was not possible to drive 
the air out further into the bed by velocity alone. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 26 Injection Velocity 205 FPS 
Distributor Spacing 24 inches center-center 
Orifice 5/8 inch Injection Angle 300 down 
Shale Size 1/4 to 3/4 inch 

In Run No. 26, the distributor elements were turned down 
so that the injection angle was 300 below horizontal. The 
other variables remained the same. The penetration seems 
to have decreased slightly. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 27 Injection Velocity 205 FPS 
Distributor Spacing 24 inches center-center 
Orifice 5/8 inch Injection Angle 300 up 
Shale size 1/4 to 3/4 inch 

In Run No. 27, the distributors were turned up so that the 
injection angle was 300 above horizontal. This change 
could be considered academic because port plugging would 
be a problem with this configuration. In any event, there 
was no significant change in the flow pattern. 

Therefore, the previous three sequences illustrate that 
the angle of injection has very little effect on penetration. 
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TITLE 


AIR DISTRIBUTOR STUDY 

Run No. 30 Injection Velocity 110 FPS 
Distributor Spacing 12 inches center-center 
Orifice 5/8 inch Injection Angle 00 

Shale Size 1/4 to 3/4 inchL.-_____________________ ----------------' 


In Run No. 30, the spacing between the distributors was 
reduced from 24 inches to 12 inches (on centerlines) and 
the injection velocity was reduced from 205 feet per 
second to 110 feet per second. The injection angle is 
horizontal and the shale is still the small 1/4 to 3/4 
inch material. The overall flow pattern reveals a small 
grey area at the bed surface indicating that the individual 
patterns were just shy of touching. This demonstrates 
the close spacing that is required to obtain uniform area 
coverage with this small shale. This pattern also reveals 
a 2 or 3 inch "back lash'· of gas on the reverse side of the 
distributor. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 35 Injection Velocity 55 FPS 
Distributor Spacing 24 inches center-center 
Orifice 1 1/4 inch Injection Angle 00 

Shale Size 3/4 to 1 1/2 inch
--------_._---------------' 

In Run No. 35, the shale size was increased to 3/4 to 
1 1/2 inch and the injection velocity was reduced to 55 
feet per second. The distributors were spaced 24 inches 
apart. This run, then, is a direct comparison with Run 
No. 40 except for shale size. The gap between the indi
vidual patterns was noted to be about 10 inches by direct 
observation as compared to 14 inches for the smaller shale. 
(Again, the camera angle appears to give an optimistic 
penetration) • 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 2 Injection Velocity 130 FPS 
Distributor Spacing 24 inches center-center 

00Orifice Injection Angle 
Shale Size 3/4 to 1 1/2 inch 
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The only change made in this run is that of increasing 
the injection velocity from 55 feet per second to 130 
feet per second. This had no significant effect on the 
flow pattern. 

TITLE 


AIR DISTRIBUTOR STUDY 

Run No. 9 Injection Velocity 200 FPS 
Distributor Spacing 24 inches center-center 
Orifice 5/8 inch Injection Angle 00 

Shale Size 3/4 to 1 1/2 inch 

In Run No.9, a further increase in injection velocity 
was made from 130 to 200 feet per second. Again, there 
was no improvement in penetration. 

Thus, the previous three sequences illustrate the insensi
tivity of penetration to injection velocity once again. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 37 Injection Velocity 25 FPS 
Distributor Spacing 12 inches center-center 
Orifice 1 1/4 inches Injection Angle 0 0 

Shale Size 3/4 to 1 1/2 inch 

In this final sequence with the 3/4 to 1 1/2 inch shale 
size, the distributors were moved in to a spacing of 12 
inches on centers and the injection velocity was reduced 
to the low rate of 25 feet per second. The resulting 
pattern shows that the gap is completely closed as the 
entire area leaving the bed between the distributors is 
a uniform white. Thus, even with this low injection veloc
ity, a 12 inch spacing is more than adequate with this shale 
size. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 39 Injection Velocity 55 FPS 
Distributor Spacing 24 inches center-center 
Orifice 1 1/4 inch Injection Angle 0 0 

Shale Size 1 1/2 to 3 inch 
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For Run No. 39, the shale size was increased to the large, 
1 1/2 to 3 inch material. The distributors were moved back 
to the wide 24 inch spacing and the injection velocity was 
set at 55 feet per second. The film reveals that the two 
flow patterns meet with only a slight grey area between 
them. This illustrates the greater penetration obtained 
with this shale as compared to the smaller sizes tested 
previously. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 18 Injection Velocity 110 FPS 

Distributor Spacing 24 inch center-center 

Orifice 7/8 inch Injection Angle 00 


Shale Size 1 1/2 to 3 inch 


The injection velocity was increased from 55 feet per 
second to 110 feet per second, all other conditions remained 
the same. Although the poor lighting on the riqht side 
of the model hinders the observation somewhat, it will be 
noted that the slight grey area remains between the patterns. 
Therefore, as shown with the other shale sizes, the pene
tration was not affected by injection velocity. 

This 	sequence completes the two-pipe portion of the film. 

C. 	 Studios of the La;teral Distribution With t:h~ Single
piEI3 Configuration Showing £he EftE'!ct of ShaJ:e S~.ze 

This portion of the study was made with a single-pipe 
distributor as shown in Figure 2. It will be noted that 
the ports are injecting the smoke-laden gas toward the 
observer and the degree of lateral dispersion is of primary 
interest. Throughout this study, the injection velocity 
held constant in the 90 to 100 feet per second range. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 8 Injection Velocity 100 FPS 
Orifice Spacing 12 inches center - center 
Orifice 1 5/16 inch Injection Angle 00 

Shale Size 1/4 to 3/4 inch 
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In the opening sequence, the ports are spaced 12 inches 
apart (on centers) and the model is operating with the 
small, 1/4 to 3/4 inch shale. There are 3 injection ports 
and their position is indicated by the small yellow circles. 
The flow patterns reveal a substantial gap in the coverage 
which indicates that the port spacing is too great with 
this shale size. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run Ho. 10 Injection Velocity 100 FPS 
Orifice Spacing 9 inch center-center 
Orifice 1 1/8 inch Injection Angle 00 

Shale Size 1/4 to 3/4 inch 

The port spacing was reduced from 12 to 9 inches and this 
added a fourth port to the system. The angle of light 
hampers the observation of the end ports but the overall 
pattern indicates that a 9 inch spacing is still too wide. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 13 Injection Velocity 100 FPS 
Orifice Spacing 6 inch center-center 
Orifice 7/8 inch Injection Angle 00 

Shale Size 1/4 to 3/4 inch 

The spacing was reduced further from 9 to 6 inches. Now 
there are 6 injection ports and the coverage appears adequate. 

TITLE 

AIR DISTRIBUTOR STUDY 

ORIFICE SPACING STUDY 


Run No. 4 

Single Distributor 

1 5/16 inch Orifices 12 inches on centers 
Velocity 90 FPS 

Shale Size 3/4 to 1 1/2 inch 
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In the next sequence, the shale size is increased to 3/4 
to 1 1/2 inch and the port spacing is increased to 12 
inches (3 ports on the distributor). The slight gaps in 
the flow patterns indicate that a further reduction in 
spacing is desirable. 

TITLE 

AIR DISTRIBUTOR STUDY 

ORIFICE SPACIiJG STUDY 


Run No. 5 

Single Distributor 


1 1/8 inch Orifices 9 inches on Center 

Velocity 90 FPS 


Shale Size 3/4 to 1 1/2 inch 


The spacing was reduced from 12 to 9 inches (4 ports). 
The resulting flow patterns overlap~ thus, a 9 inch spac
ing is adequate for 3/4 to 1 1/2 inch shale. 

TITLE 

AIR DISTRIBUTOR STUDY 
ORIFICE SPACING STUDY 

Run No. 1 
Single Distributor 

7/8 inch Orifices 6 inches on Centers 
Velocity 91 FPS 

Shale Size 3/4 to 1 1/2 inch 

A further reduction in spacing was made from 9 to 6 inches 
(6 ports). As expected from the previous sequence, the 
coverage was complete. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 7 Injection Velocity 100 FPS 
Orifice Spacing 12 inch center-center 
Orifice 1 5/16 inch Injection Angle 0 0 

Shale Size 1 1/2 to 3 inch 

Following the studies with 3/4 to 1 1/2 inch shale, the 
size was increased to 1 1/2 to 3 inch. The port spacing 

r 

I 
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was also increased to 12 inches (3 ports). The resulting 
pattern shows complete coverage; hence, the 12 inch spac
ing is adequate. 

This sequence concludes the studies with the single-pipe
configuration. 

D. 	 Studies To Investigate the Effect of Recycle (Sweep
Gas) Rate 

This entire series was made with 3/4 to 1 1/2 inch shale 
with the two distributor elements (basic 2-pipe system) 
spaced 24 inches apart and the injection velocity held 
constant at approximately 100 feet per second. The injec
tion ports were horizontal. The only variable was the 
amount of recycle gas injected into the bottom of the 
model and sweeping past the air distributors. 

TITLE 

AIR DISTRIBUTOR STUDY 

Run No. 38 Injection Velocity 110 FPS 
Distributor Spacing 24 inch center-center 
Orifice 7/8 inch Injection Angle 0 0 

Shale Size 3/4 to 1 1/2 inch 

TITLE 


Run 38A 

Normal Recycle 


This is the base case with the normal recycle rate used 
in the earlier exploratory studies. By direct observation 
of the model, the grey-black gap between the patterns was 
in the order of 6 to 8 inches. 

TITLE 

Run 38 F 
30% + Standard Recycle 

The recycle rate was increased to 30% above the normal rate 
and there was no significant change in the flow pattern. 
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TITLE 


Run 38B 

75% Recycle 


The recycle rate was reduced to 75% of the base rate and 
the smoke-laden air was introduced through one distributor 
at a time. Again, there was no significant change in the 
degree of horizontal penetration. 

TITLE 

Run 38C 
50% Recycle 

When the recycle rate was reduced to 50% of the base there 
was a slight increase in penetration. The 
gap region was greyer than in the previous 
the pattern has not changed substantially. 

coler of the 
runs: however, 

TITLE 

Run 38D 
25% Recycle 

The first substantial change in the pattern occurred when 
the recycle was cut to 25% of the base rate. The gap was 
reduced to about 4 inches and it is light grey rather than 
black. 

TITLE 

Run 38E 

No Recycle 


When the recycle gas was cut out completely, the penetra
tion from each distributor was about 14 inches. Therefore, 
the coverage was complete at a distributor spacing of 24 
inches. 

It is of interest to note that this run simulates the 
situation that exists at the recycle gas distributor in 
a retort; that is, "jetting" a gas into a bed of shale 
without sweep gas passing the jet. Therefore, this illus
trates why the spacing of the recycle distributors can be 
much greater than the air distributors. 
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E. 	 Studies of the Three-PiEe Distributor Configuration
Showing the Effect of Shale Size on Penetration 

The following sequences were all made with the three-pipe 
configuration as shol'ln in Figure 3. The following condi
tions were held constant while shale size was varied: 

Injection Velocity - 100 feet per second. 
Injection Angle - 300 down from horizontal. 
Distributor Spacing - 16 inches on centers. 

TITLE 

AIR DISTRIBUTOR STUDY 
SIMULATION OF PROPOSED 

DESIGN RETORT NO. 2 

3 Distributors 16 inches on Center 
Injection Velocity 100 FPS 
Injection Angle 300 Down 

3/4 inch Orifices Shale 1 1/2 to 3 inch 

TITLE 


Run No. 1 

Smoke In Center Only 

1 1/2 to 3 inch Shale 


Since the penetration is so great with the 1 1/2 to 3 
inch shale, this sequence was run with smoke tracing in the 
center pipe only. (However, air was being charged to all 
three distributor pipes). The average penetration from the 
ports was observed to be 12 1/2 inches. 

TITLE 

Run No. 2 

Nide Size Range 


1/4 to 3 inch Shale 


With the wide range, 1/4 to 3 inch shale the average pene
tration was found to be 9 1/4 inches. As in the previous 
case, the smoke tracing was only used in the center pipe. 
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TITLE 


AIR DISTRIBUTOR STUDY 

SIl>1ULATION OF PROPOSED 


DESIGN' RETORT NO. 2 


3 Distributors 16 inches on Center 
Injection Velocity 100 FPS 
Injection Angle 300 Down 

3/4 inch Orifices Shale 3/4 to 1 1/2 inch 

TITLE 


Run No. 3 

Narrow Size 


Range 

3/4 to 1 1/2 inch Shale 


With the intermediate size range, 3/4 to 1 1/2 inch, the 
average penetration was found to be 5 1/4 inches. This 
resulted in gaps between patterns which averaged 3 inches. 

TITLE 

Run No. 4 
21 inch Bed - Draw 
Thru 6 inch Nozzle 

3/4 to 1 1/2 inch Shale 

Following the standard run, an additional run was made to 
determine if the penetration is different in a moving bed. 
It should be emphasized that the model was not designed for 
operating with a moving bed since it did not have a drawoff 
system. However, an exploratory run was made by filling 
the model to a level about 21 inches above the distributors 
and then drawing the shale out through the central discharge 
pipe. A complicating factor is that the shale movement is 
confined to the center region. 

The film begins with a static bed of 21 inches above the 
distributors and smoke tracing in the center pipe only.
The total coverage from the center pipe is about 15 1/2 inches. 
As the bed begins to move, the coverage increases to 23 inches 
momentarily but returns to normal very quickly. This expan
sion and contraction of the pattern is attributed to an 
accordion effect which loosens the shale bed during initial 
movement before normal flowing density is achieved. In 
any event, as the shale level passed the standard height of 
12 inches there was no significant difference from the 
pattern observed in the static bed. 

1-·
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TITLE 


AIR DISTRIBUTOR STUDY 

SIMULATION OF PROPOSED 


DESIGN RETORT NO. 2 


3 Distributors 16 inches on Center 
Injection Velocity 100 FPS 
Injection Angle 300 Down 

3/4 inch Orifices Shale 1/4 to 3/4 inch
�____-____________________ 

TITLE 


Run No. 5 

Narrow Range 


1/4 to 3/4 inch Shale 


When the shale size was reduced to 1/4 to 3/4 inches, the 
average penetration dropped to 4 inches (5 to 6 inch gaps)
in the standard run. 

TITLE 


Run No. 6 

21 inch Bed - Drawoff 


6 inch l-Jozzle 

1/4 to 3/4 inch Shale 


Using the same procedure as outlined previously, a run 
was made with a moving bed. In this case, the total cover
age from the center distributor was about 12 inches with the 
bed height at 21 inches and static. As noted previously, 
the coverage expands momentarily and returns to normal 
quickly when the shale is moved. 

Based on these moving bed studies, it is concluded that the 
penetration in a moving bed is not substantially different 
than that in a loosely packed static bed. 

1 



APPENDIX A 

BASIS OF SIHULATION 

Conditions above air distributor in a hot retort: 

950 F = 1,4100 R 
IV7 inches H20 gauge = 0.25 psig 

Conditions above air distributor in model: 

100 F = 5600 R 

5 inches H20 gauge = 0.18 psig 


Assume pressures are comparable,.',neglect correction. 


Total Gas (Combustion air + recycle) in retort = 77 SCFM/Ft2 

Corrected to conditions above air distributor in a hot retort 

77 SCFM X 1410 X 14.7 = 249 ACFM 
Ft2"- 520 12. 3 Ft~ 


To simulate this in the model, we need 


249 ACFM X 520 X 12.2 = 192 SCFM 

~ 560 14.7 Ft2 

Or 1925CFH X 4.5 Ft2 r·10del Area = 864 SCFM air to model to 
~ simulate combustion air + 

recycle 

Gas split assumed to be as follows: 

71% Recycle Gas 

29% Combustion Air 


Therefore, gas split to Model is: 


864 SCFM Air X .71 = 	 613 SCFM charged to bottom plenum 
to simulate recycle gas 

Or an area basis 613 SCFM = 136 SCFM 
4.5Ft2 	 F£T'"of 

Model 
Area 

864 SCFM Air X .29 = 251 	SCFM charged to air distributor 
elements to simulate combustion air 

Or on an area basis 

251 SCF~1 = 56 SCFH 
F~~'Iodel Area 



APPEND~X A _(continued, page 2) 

BASIS OF SnmLATION 

In all the model runs, the recycle rate will be based on total 
model area. 

Therefore, throughout the studies the recycle rate was 613 SCFM 
or 136 SCFM. 
~ 

However, the distance between the air distributors was varied, 
thus, the area served by the distributor varied. Consequently, 
the air rate must be adjusted to hold a constant air SCFM/Ft2 . 

As an example calculate the air required to simulate the combustion 
air in the two-pipe configuration when the pipes are spaced 12 
inches and 24 inches apart. 

Total Air 
Required to Air From 

Center- Model Area Air Distri- Each Dis-
center Served by tv..o butors @ tributor Air From 
Spacing, Distributors, 56 SCFl-V element; Recycle, 
Inches Ft2 Ft2 , SCFM SCFH SCFM 

12 12" X 18" = 1.5 84 42 613 

144 


24 24" X 18" = 3.0 168 84 613 
-144--

TCLyons 
2/7/67 
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