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2,0 EXECUTIVE SUMMARY

2.1 INTRODUCTION

This report summarizes the results of a study program to evolve a pre-
liminary design for a 90-degree transfer chute for belt conveyors in underground coal
mines. This preliminary design is intended to provide a conceptual baseline for de-
tailed design, fabrication, and testing---both above ground and in a coal mine---of a
full size, 90-degree transfer chute between a 36-inch wide input belt conveyor and a

42-inch wide, receiving belt conveyor.

2.2 PROJECT SUMMARY

Consistent with the above objective of this program, this study has addressed
candidate chute configurations from the standpoint of flow characteristics that will
minimize coal spillage, dust generation, and belt wear. In order to achieve this, the

work performed in this study has included the following:

1) Technology surveys of transfer point design, bulk flow theory, and
underground coal mine operations, the last including visits to several
mines.

2) Math modeling and associated computer programming of dynamics
covering both free fall and impact, as well as frictional flow.

3) Evaluation of several candidate chute geometries, including mathema-
tical formulation of the most promising ones for analysis.

4) Construction and laboratory testing of one-sixth scale models of pre-
liminary chute concepts.

5) Preliminary design of the recommended chute configuration, including

installation interfaces.
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FSEC's work in evolution, analysis, and testing of chute surfaces was .
initiated by an extensive bibliography study into pertinent subject areas related to under-
ground belt conveyor transfer points and was further augmented by specific consultant
support in transfer point technology, bulk flow theory, and mine operations. In this
last-mentioned area, FSEC inspected transfer points in a total of eight underground

mines. This overall survey phase of the study program is covered in Section 4.0.

Math modelling effort during the program involved mathematical definition
and associated computer programming in two basic areas: 1) dynamic flow; and 2)

mathematical definition of specific chute geometry to support the flow study.

Two distinct dynamic phases were modelled, namely, those of free fall
and frictional flow. Provision was made in these models for introduction of three
principal groups of parameters: 1) conveyor interface characteristics; 2) material
characteristics; and 3) the chute itself. Definition of the dynamic phases of the modelling
is covered in section 5. 0 while the chute configuration model is developed in section 6.0,

following evolution and screening of candidate chute surface concepts.

The free fall portion of the dynamic model was uniformly successful in
providing locations and angles of impact of the initial trajectory. The frictional flow
portion of the model, however, involved a considerable period of shakedown and de-
bugging that was not entirely resolved in this program. The problems were ultimately
related to mathematical convergence problems in the incrementally defined velocities and
shapes of the several stream flow elements, into which the mass cross section was
divided to establish the effects of deformation. As a result of this, modifications of the
math model were dictated until the end of the program, and the results in the area of

frictional flow are limited to a few dynamic parameters.

In the math model of the torus, a broad flexibility is provided for para-
metric variation both of details of the surface configuration and of rotational and trans-

lational definition relative to the feed conveyor pulley.

10



The results of the flow analysis utilizing the above math models, covered
in Section 7.0, includes development of design definition data utilized in Section 3. 0.

derived from dynamic trajectories generated during the free fall and functional phases.

The basic toroidal surface configuration was selected from a number of
candidate surface geometries evaluated during preliminary analysis and testing. The
details of this conceptual development phase, other configurations evaluated, and the
tradeoffs involved are discussed in Section 6.0. The torus geometry was not the simplest
type of those considered, and extensive consideration was given to the question of pro-
ducibility, as ultimately reflected in Section 3.0. It was, however, evident from the
tradeoffs involved that the potential performance of the torus offered the best opportunity
for advancing the state of the art in transfer point design, particularly from the stand-

point of minimized turbulence, scatter, and --- thereby --- dust evolution.

Construction of one-sixth (1/6) size scale models for laboratory testing
involved about seven preliminary candidate designs, which were included in the con-
ceptual evolution and tradeoff analysis discussed above. These configurations, which
included basic conical and cylindrical geometries, as well as several iterations of the

torus shape, are described and shown in Section 8.0.

Laboratory testing of the scale models provided ultimate insight into several
critical phases of flow characteristics. The most important of these were 1) the behavior
of flow at impact, 2) the tendency toward convergence/divergence during the frictional
phase; and 3) the output direction of the flow trajectory relative to the receiving con-
veyor. In the first-mentioned area, several trial positions and attitudes for many chute
model configurations were dictated to achieve impact flow that did not 1) fork or divide, as
a result of variable angle of impact at different areas in the impact zone; and 2) interfere
with the subsequent frictional flow. Extensive photographic coverage was provided of this

work, which is summarized in Section 9. 0.
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2.3 CONCLUSIONS AND RECOMMENDATIONS

Analysis and testing conducted in this study program indicates that
a double curvature-type surface will most nearly achieve the performance objectives
for the 90 degree belt conveyor transfer chute. The surface specifically recommended
for full-scale, above-ground testing approximates the outer portion of a 90 degree
smoke pipe elbow. This elbow is itself a jointed approximation of a basic torus ge-
ometry, which for the 36 inch wide belt, feed conveyor case, has a 36~-inch major
radius and an 18 inch minor radius. The chute configuration specified herein for a
nominal feed conveyor input velocity of 450 fpm is shown in Figures 3-2a and 2b, while

the overall transfer point layout is shown in Figures 3-1a, -1b, and 1-c.
The basic conceptual approach taken in this preliminary design is fourfold:

1. Establish the location of initial contact of the free fall trajectory
with the chute as close as possible to the feed conveyor to initiate
the 90 degree turn of the material early and minimize the head-
room utilized for the turn. This location can be varied at installa-

tion along three axes of translational adjustment,

2. Orient the initial contact surface approximately tangential to the free
fall trajectory vector to minimize turbulence and scatter originating
at impact. This is achieved both by the surface shape as well as
provisions for three degrees of rotational adjustment for the chute

at installation.

3. Provide a vertical curve frictional trajectory in the direction of the
receiving conveyor to achieve the most efficient geometry from a
headroom standpoint, to maintain and/or accelerate flow. This

vertical curve is parallel to the major radius of the torus geometry.

4. Provide converging curvature crosswise to the above vertical curve
in order to contain random movement and spillage as well as to
direct and center the flow mass relative to the receiving conveyor.

This convergence curvature corresponds to the minor radius of the

torus. .

12




The smoke pipe approximation of the torus geometry was chosen in
order to achieve both producibility, as well as maintainability of worn portions of the
chute surface. The surface is built up of single-radius-of-curvature, or cylindrical,
segments. These segments can be either cut from a flat pattern and formed individually
or else cut from a common piece of rolled stock. The design provides for assembly
and replacement of the segments as individual pieces by means of bolted attachment.

Details of fabrication and assembly are provided in Section 3. 0.

The base support structure defined for the chute provides for floor mount-
ing and is primarily related to requirements of above ground testing. While this con-
figuration is applicable to a below-ground installation, the particular requirements of
mines vary, involving in some cases either or both vertical or lateral support from the
feed conveyor boom structure of else from the floor roof, via roof bolts. In this con-
text the chute base support structure will require review during planning for below-

ground testing, as well as during production design.






3.0 PRELIMINARY DESIGN

This section describes the preliminary design of a transfer point chute

which has evolved from the studies performed in this program. It addresses alternate con-
figurations for different feed conveyor input velocities. The basic chute surface ap-

proximates a portion of a torus. It is constructed of a series of jointed cylindrical

surfaces and resembles therefore a cutout from a '"smokepipe' 90 degree elbow.

3.1 STRUCTURAL DESCRIPTION
3.1.1 General

The overall transfer point configuration is shown in Figures 3-1a, =-1b,
and -lc, which include side, end, and top views, relative to the two interfacing conveyors.

The basic dimensional parameters cited are the following:

° Input Belt Width - 36"
° Receiving Belt Width - 42"
® Input Belt Velocity - 450 FPM (For the particular chute position shown)

The two principal structural elements in the design are the following:

1. The Chute Assembly (Figures 3-2a and 3-2b)
2. The Base Support Structure (Figures 3-1la, -1b, and l¢)

The Chute Assembly consists of a series of cylindrically curved plate
segments mounted in a multiple-ring,plate segment support structure weldment. (Figures
3-3a and 3-3b.) The inside radius of curvature of each plate segment is 18 inches, while

the orthogonal, or major, radius approximatea ny the series of plates is 34 inches.

This ring support structure weldment, which in part resembles a boat hull
skeleton, (Figure 3-3b), includes a wheelbarrow handle-like extension (Figure 3-3c, that
pivotally attaches the aft end of the entire Chute Assembly to the Base Support Structure.
The opposite end is also supported by the Base Support Structure, suspended by a wire
rope-type loop. This permits the Chute Assembly to move up around the aft-located pivot,
relative to the receiving conveyor direction, when large run of mine coal lumps arrive

from an upstream feed point.
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NOTES:
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3.1.2 Design Details

3.1.2.1 Surface Plate Segment
3.1.2.1.1 Basic Configuration

Figure 3-4 shows a typical curved plate element of which the frictional
flow surface of the Chute Assembly is constructed. Defined here as a basic flat pattern
as well as a curved section, the surface segments are machine-torch cut from 3/8 inch
steel plate. Tolerances of + 1/16 inch, which are achievable by this cutting method,

will be adequate for matching of the plates at assembly into a continuous flow surface.

Definition of an entire chute surface, in terms of the initial flat patterns
for all plate segments required, is provided in Figure 3-5. The solid, phantomed, and
dashed outlines correspond to the dynamic conditions involved for input conveyor veloc-
ities of 450, 600, and 350 feet per minute, respectively. The patterns shown are for
the plate neutral planes, but can be readily €xtrapolated in the direction of curvature
to outside surface dimensions. This alternative is mentioned in connection with a pro-
posed spares philosophy wherein basic stock is obtained with the 18 inch curvature for
local mine inventory, and then cut to specific flat pattern shapes when worn pieces are
to be replaced. The plate width dimensions are 1/4 inch less than the nominal corres-

ponding to a edge-to-edge-fit.

In the flat patterns defined, the upper edge of the plates on the outboard
side have a minimum ""AXC" clearance with the extreme end of the conveyor pulley,
corresponding to the specific numbered points in the respective flat pattern (Figure 3-6).
The important feature of these clearances is that they increase along the directions of

the 90 degree turn and that of the receiving conveyor. These clearances are specified in
Section 3. 4.

The chute segments, when rolled up, correspond approximately to 15° sec-
tions in a 90 degree smoke pipe elbéw. In the case of the 450 and 600 FPM configurations
the lower most sections (from flat patterns J and K) include a tangential extension beyond
the 15 degree central angle, required to center the flow prior to discharge. The tangential

extension distance EXT, will involve some final sizing during above ground tests as a

function of the coefficient of friction, but six inches is judged to be a good nominal start- .

ing value.
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3.1.2.1.2 Materials

Some very pertinent design tradeoffs are involved in defining the specific
surface material. Five basic alternatives, relative to the surface wear enviroment, are

identified here:

° An austenitic stainless steel
. A high abrasion resisting steel, such as US Steel T-1 (various

brinell hardnesses) or Jones and Laughlin Jalloy

. A nonmetal, such as ceramic or UHMW
. A standard carbon steel, which will wear out most quickly.
° A standard carbon steel surface treated with a plasma spray-on

material such as tungsten carbide

The choice must be made in the context of initial cost and replacement

considerations as well as of performance.

Apart from its cost, stainless steel is evidently not presently favored by the
mining industry as an option for a chute liner material because of the relative difficulties
involved in cutting and welding in under field conditions. However, stainless is attractive
because of its relatively low coefficient of friction with run of mine coal (Table 4-1), and

may necessarily be considered in the case of very sticky flow cases.

UHM W and ceramic have often been suggested for use in high abrasion en-
vironments, such as for a coal chute surface. Potential questions concerning UHMW in
the areas of flammability and associated toxic gas by products have been partially ad-
dressed by means of additives to the basic mix. These additives, however, are known
to degrade the abrasion resistant properties of the material. Consideration of UHMW
was, in this regard, put in limbo during the survey on this subject when it was determined
from MESA that new criteria on permissibility of materials in underground mines were
in the process of being prepared. In that these criteria were expected, in the area of
flammability, toinvolve performance against specific tests, it was evident that no early reso-

lution concerning UHM W was likely, and it was dropped from further conszideration.

i~
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Use of ceramic bricks for aboveground coal hopper and chute liners

has been introduced, according to industrial literature. However, it is indicated that
the brick or "tile' thickness must be quite large to avoid impact-type fractures. More-
over, introduction of tile mosaic configurations into underground mine environments,
while literally feasible, raises questions concerning maintenance and inspection that
are beyond the scope of this program to resolve. The key factor that seems to militate
against enthusiasm over this option for the present design under consideration is that
the provision for ready quick replacement of plate segments makes it possible to use

materials with less wear life with minimum penalty.

The high abrasion resisting steels are an obvious candidate for the chute
plate surface, having already experienced wide use in coal mines for this application.
The cylindrical forming requirement for the plates in this present design involves a
potential problem here, however. A major fabricator contacted concerning use of these
steels indicates that some initial sample rolling fabrication should be performed to
insure that the plate's ""'springiness', inherent in the heat treated condition, does not
cause the radius of the formed segments ultimately to relax due to shipping or handling
shock. It is recommended that such tests be performed on a full size sample plate
segment in Phase II of the program. Assuming that the results are favorable in the area
of dimensional stability, a high abrasion resisting steel is the recommended plate

segment material for this chute design, except where friction dictates stainless.

A fall-back choice of materials is a standard, low carbon steel. While
replacement of worn pieces will be dictated more frequently, this requirement is in-
herently well-addressed for in the proposed design, which provides for bolted attach-

ment of the individual plates to the Plate Segment Support Assembly.

A fifth plate design alternative considered was a low carbon steel with a
plasma-sprayed coating of a high abrasion-resisting quality, such as tungsten carbide.
A process commercially identified as Metco flame spraying was studied in this connection.

This option is inherently attractive from the standpoints of 1) the potential economics relative
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to initial cost and mine maintenance and 2) the geographically widespread availability
of the flame spraying process, as well as the number of very hard coating materials
available. However, its typical application has characteristically not involved the
broad plate areas under consideration here; and it is also indicated that the surface
roughness of a plasma coating such as tungsten carbide will typically exceed 200
RMS, resembling a sand paper configuration. Altogether, it is clear that some de-

velopmental work in this area would be required to confirm its feasibility here.
3.1.2.2 Plate Segment Support Structure

The plate segment support structure consists of 6 radially - formed,
three inch deep, T sections of various lengths (as shown in Figures 3-3a and 3-3h welded to
orthogonally curved, 3 inch 0.D. tubular sections. Viewed prior to any chute rotation*,
this support structure has a main tubular section securing all six T-section ring segments
at an outboard radial location about 60 degrees down from the horizontal at each ring
cross section. A second outboard tubular section, located on the horizontal of each cross
section, secures the lowest four ring segments,while a second tubular segment at 60O
ties the fourth and fifth rings. A series of shorter tubular sections join pairs of adjacent
rings together along the inboard side. As indicated in Figures 3-3a and 3-3b, the Plate
Segment Support will be configured slightly differently for the 350 fpm configuration.

The plates are secured to the ring sections by means of T-shaped clips.
When plates meet going around the principal radius of the torus, the upstream plate edge
is shimmed as required so that its surface is flush or slightly above the downstream
plate edge (Detail G-G in 3-2b). The T-clips, which are all identical, have slotted holes
for their attachment to the ring sections, in order to provide assembly flexibility. The
corresponding ring section holes are also slotted at 90O to the above slots for additional

adjustment flexibility.

*See 3.2
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The aft beam extension of the Plate Segment Support Structure is con-
figured so that the nominal rotational attitude of the chute, prior to utilizing the ad-

justment features, are the following:

. Roll - 30o
e  Pitch - 15°

° Yaw - 50

The adjustment provisions are discussed in the next section and the re-

quired chute attitude requirements are introduced in Section 3. 3.

Standard structural steel materials are proposed for all elements of the
Plate Segment Support Structure. A number of alternatives exist for fabricating the
basic cross section defined for the T clip. Immediate options involve welding a 3/8
plate stem to a cap which has been dihedrally break-formed to the 15 degree angle re-
quired. Another involves bending the cap ends on a standard structural Tee section,

each by 7 1/2 degrees, in opposite directions.
3.1.2,3 Base Support Structure
3.1.2.3.1 Structural Interface

The Base Support Structure (Figures 3-1a, -1b, and -1c) has been defined
primarily in the context of preliminary, above ground testing requirements and without
final specification of a feed conveyor to dictate an interface requirement. The support
approach is, accordingly, entirely floor-mounted. It is clear, however, that other
alternatives in the underground coal mine industry include 1) provision of either or both
vertical and lateral support from the ceiling or 2) support on the chute inboard side
(relative to the feed conveyor pulley) directly from the pulley boom. These alternatives

must be addressed for individual mine installation requirements.
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It will be seen that the principal support interface to the chute assembly
(Figures 3-2a and 3-2b) involves forward and aft support tubular beams, supported on
individual columns. The columns on the outboard side are braced together for lateral
support, parallel to the receiving belt conveyor; and the aft column is supported with.an
outboard stanchion or outrigger. The two inboard columns have outrigger supports also,
although it is envisioned that alternate, lateral support to the conveyor head pulley struc-

ture may be feasible.
3.1.2.3.2  Adjustment Features

Adjustment procedures and requirements relative to chute position and
alignment are discussed in 3.3 and 3.4, respectively. The structural features involved

in these adjustments are identified here.

The aft pair of support columns consist each of a pair of square tubes, sized
so that the upper tube sections, which are pivotally attached to the aft beam, slide inside
the lower tube sections and can be fixed at various heights by means of a pin-through con-
nection. By this means the chute can be either 1) raised or lowered, or 2) rotated when
seen in Figure 3-1a, (pitch rotation).

The forward end of the chute assembly can be raised or lowered by means of
shortening or lengthening the loop length of a wire-rope provision attachment to the forward
beam. The details of the rope and the attachments are not defined in the preliminary de-

sign. The movement inherent here is either vertical adjustment, in conjunction with the

previous adjustment, or else rotation of the chute, when seen in Figure 3-1b.

The structural interface between 1) the aft extension structure, or '"wheel-
barrow handle'" portion of the chute assembly, and 2) the aft tubular beam consists of
two "pitch adjustment sleeves', as identified in Figure 3-1b. This feature permits the

following relative movements:

1) Rotation of the chute around the aft beam axis.
2) Sliding of the chute along the aft beam axis, as constrained by
the X-axis adjustment collars. (The wire rope loop must be

correspondingly capable of being slid along the forward beam).
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In addition, the "'pitch' adjustment sleeve is slotted at the attachment point with the

aft extension structure of the chute assembly. This permits two further adjustments:

3) Movement of the chute assembly relative to the aft tubular beam,

parallel to the axis of the feed pulley.

4) Rotation of the chute assembly when viewed in Figure 3-lc.

It should be noted that the nature of the adiustment features inherently
involves some cross coupling of rotations and translational adjustments, since they are
not independent of each other. Relatively small angular and translational adjustment
ranges are involved, however, as noted in the following paragraphs. Furthermore,
because of the inherent interim nature of these provisions relative to full scale test-

ing, more sophisticated adjustment features are not warranted.

3.2 CHUTE POSITIONAL ADJUSTMENT PROCEDURES

In order to provide for the range of dimensional and dynamic parameters
associated with the transfer point configuration, as well as design uncertainties at this
stage of the program, provision in the support design has been described for six-degree
of freedom adjustment of the chute assembly. Figure 5-1 defines the ultimate coordinate
system for these adjustments. The procedure recommended for achieving the required
adjustments involves first setting the required rotational attitude of the chute about the
midpoint of the aft support beam, and then achieving the required translational position
in terms of coordinates XR’ YR’ ZR.

3.2.1 Rotational Adjustment

As defined in Figures 3-1a, -1lb, and -lc, the position of the chute shown

corresponds to the following geometry.

Corresponding
Physical Condition Angular Attitude
1, Surface P (See also Figure 3-3c¢) Roll Angle = 30°

is horizontal in X direction, or
as viewed in Front View of
Figure 3-1a.
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3.2.1 (contd)

Corresponding
Physical Condition Angular Attitude
2. a. Aft support beam axis is per-
pendicular to pulley axis ,
(vertical as viewed in Fig.
-1c).
3-1¢) Yaw Angle
b. Reference surface M (Ml and = 5°
M2 in Figure 3-3c) is flush or
parallel to Reference Surface
N in Fig. 3-1b.
3.  Surface P is horizontal in Z direc-  Pitch Angle = 15°
tion, or as seen in side view of
Fig.

As previously discussed, adjustments can be made relative to the des-
ignated surfaces. A bubble type inclinometer is required for measuring roll and pitch

adjustments, while a scale is needed for yaw adjustments.

Prior to making any of the rotational adjustments, the required vertical
clearance distance between the lowest point of the chute assembly and the receiving
conveyor should be approximately set, using the forward end wire rope support. It is

suggested that 8 inches be used here.
3.2.1.1 Roll Adjustment

The roll adjustment is performed by raising and lowering the upper ends
“of the aft support columns, in opposite directions, as required, by equal amounts. For
the 75 inch separation between columns shown, the simultaneous raising/lowering increment
is 0.65 inches per degree of roll, or a total vertical movement of +6.5 inches on each side
for achieving a range of 15+ 10 degrees of roll. The angle can be monitored by a bubble

inclinometer on surface P.



3.2.1.2 Pitch Adjustment

This adjustment is achieved by raising or lowering the aft columns in
the same direction, by equal amounts. Based on the approximate 60 inch diagonal
separation between the aft pivot axis and the forward support point on the chute assembly,
and an initial angle of this diagonal with the horizontal of 30°, the additional height
adjustment required in the aft columns for achieving a range of 15 + ?.0 degrees of pitch

is approximately ﬂo inches or 15 inches, total.

Since the wire rope attachment should be secured at the forward-most
support ring, raising of the aft pivot axis to increase pitch will have the net effect of
raising the forward end slightly, while lowering the aft pivot axis (decreasing pitch)
will have the effect of lowering the forward end slightly. This is because the horizontal
distance between the lower attachment point and the aft support axis will be changing,
causing the angle of the wire rope to the lower support point also to change. This vertical

movement will be a second order effect, howeve}.

Once again, an inclinometer will be used on surface P to measure the de~

sired pitch angle
3.2.1.3 Yaw Adjustment

Yaw adjustment is achieved by turning the chute crosswise in the top view
(Figure 3-1c) so that the distances between edge surfaces M and N on back side change
by equal amounts in opposite directions. At the 25 inch baseline between surfaces
Ml and M2 (Figure 3-3c), this corresponds to 0.21 inches per degree of yaw change, or

about + 1 inch for a 5 150 yaw range.

3.2.2 Translation Adjustment

A point along the axis of the pulley, even with the belt edge on the upstream
side is chosen as the translation (X, Y, Z) origin. (Figure 5-1).
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The initial 90° point R on the chute surtace between plates G and H
(Figures 3-2 and 3-5) is chosen as the common chute reference point for any input

velocity chute configuration. The X, Y, and Z distances, then become those indicated

, Y_, and Z_.

in Figures 3-1a, -1b, and -lc, as XR R R

3.2.2.1 X-Adjustment

X adjustment is achieved by relocating the X-adjustment collars and slid-
ing the chute along the aft beam shaft until X is achieved. (The wire rope loop will
simultaneously slide in the X-direction.

3.2.2.2 Y-Adjustment

Y adjustment is achieved by simultaneously adjusting the heights at the
forward and aft support locations, the former by changing the wire rope loop length
and the latter by adjusting the aft tubular support columns. The remaining adjustment
length available in the aft columns, starting with a total available range of 1’1% inches and
subtracting +6.5 inches and ﬁo inch for the previously defined roll and pitch adjustments,

respectively, is :gg inches.

It is not anticipated that the chute will be lowered toward the receiving
belt appreciably once the initial 8 inch clearance is set.

3.2.2.3 Z-Adjustment

Z adjustment is accomplished by means of the same adjustment provision
as for the yaw angle. The attachments between the chute assembly aft beam structure
and the pitch adjustment sleeves are loosened and reference surface M is moved, relative

to reference surface N, in the required Z direction.
3.3 NOMINAL CHUTE POSITION AND ATTITUDE

For the three designated input conveyor velocities, Table 3-1 gives the
nominal rotational and translational requirements for the chute position, in terms of the

Y ,and Z_.

six reference parameters, roll, pitch, yaw, and XR, R’ R



Table 3-1

Chute Locational Parameters

Parameter Input Conveyor Velocity, FPM
Name Units 450 600 350
Roll Degrees 30 30 25
Pitch Degrees 15 20 0
Yaw Degrees 5 10 0
XR Inches 33.6 39.3 23.12
YR Inches -38.0 -37.3 -37.8
ZR Inches 37.9 30.7 52.8

3.4 TRANSFER POINT INSTALLATION CLEARANCES

Two other primary dimensional parameters for the chute involve 1)
the clearance AXC between points along the outboard edge of the chute and the end of
the feed conveyor head pulley and 2) the net head room clearances AY'B and AYO,
dictated at the transfer point. Table 3-2 summarizes these parameters for the chute

configurations proposed for the 350, 450, and 600 fpm input belt velocities.

The chute outboard points referenced in the table are defined in Figure

3-5, being seen to occur at the joints between the plate segments.

Their AX C clearance with the pulley, which assume a 12 inch pulley
radius, increase to a minimum of 20 inches in the direction of the turn, and are con-
sidered adequate for the large lumps of coal and (or rock encountered in undergound min-

ing operations (See 4.2.1.3).

The overall clearance, YO’ assumes a minimum 18 inch clearance above

the input feed conveyor surface.
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The headroom clearances, AYB and AY_, are defined in Figure 3laand -1h

O’

The overall clearance YO assumes a minimum 18 inch clearance above the input feed

conveyor surface and a 24 inch distance from the lower belt surface down to the floor.

Table 3-2

Transfer Point Installation Clearances

Clearance Feed Belt Velocity Case
350 fpm 450 fpm { 600 fpm
1. "AX'" Clearance Between End of Feed
Conveyor Pulley and Chute Out Board
Edge at Following Chute Points:
Point* At Plate Joint
0 A (350 Case) 3.0 - -
1 A (450/600 Case) - 7.8 2.5
2 A/B 12.7 16.7 18.4
3 B/D 16.0 18.8 20.1
4 D/F 19. 18.6 23.2
5 F/H 20.8 20.5 25.6
6 H/K 20.4 21.5 27.3
2. Headroom
Belt/Belt YB 59.4 62.9 64.1
|
Overall YO 101.4 104.9 106.1

*See Figure 3-5.
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4.0 DATA SOURCES

l Data sources for this program were of two types: 1) consultant support
and 2) state-of-the-art surveys, involving literature searches and visits to underground

coal mines. The details of the information gained from these sources are summarized

in this section.

4.1 CONSULTANT SUPPORT

FSEC retained the following consultant support in Phase I:

Consultant Field
1. Jenike and Johanson Bulk Material Flow

North Bellerica, Massachusetts

2. Hendrik Colijn Transfer Point Design
Monroeville, Pennsylvania

3. Reese E. Mallette Assoc. Mining Operations
Birmingham, Alabama

4, John T. Boyd Co. Mining Operations
Pittsburg, Pennsylvania

Dr. Jerry Johanson of Jenike and Johanson definéd the
basic model of mathematical equations that describes the dynamic effects of both
internal and external boundary friction of a deforming mass as it moves across a
surface under gravity. The details of this work and its application in a general math

modal of overall transfer point dynamics is discussed in Section 5.

Mr. Hendrik Colijn provided support in 1) technology and
design practice associated with belt conveyor transfer points and 2) in laboratory test
characterization of run of mine coal properties, related to parameters pertinent to flow

dynamics (See 4.2.2).
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Reese E. Mallette Associates and John T. Boyd Company assisted FSEC
in gaining specific insight into operational details and constraints at belt conveyor trans-
fer points in underground coal mines. This involved the primary activity of identifying,
and conducting survey trips to, a series of underground mines where a range of transfer
point configurations and constraints could be observed. John T. Boyd Company was
retained for the last four mine trips when Reese Mallette was not able to support an addi-
tional series of mine visits by FSEC. The data obtained from the mine site survey are

discussed in 4.2. 1.

4.2 STATE-OF-THE-ART SURVEYS
4.2.1 Mine Site Survey
4.2.1.1 Mines Visited

FSEC studied belt conveyor transfer point configurations in a total of eight
underground mines, located in eastern and midwestern states. These sites, for which
trip reports were included in monthly contract progress reports, were located in the

following geographic areas:

Alabama, Birmingham vicinity

Illinois, western

1.

2

3. Kentucky, western

4 West Virginia, Charleston vicinity
5

Pennsylvania, western
4.2.1.2 General Techniques of Right Angle Transfer

Provisions for turning the flow through 90 degrees at the transfer points ob-

served by FSEC can be classified in three types, in order of hardware sophistication:

1. No Chute: Flow trajectory impacts belt directly
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2. Deflector Plate: Flow trajectory impacts vertical backboard plate, which is
parallel to second belt motion, and either suspended above the center

of this belt or located alongside this belt and epposite the feed conveyor

head pulley.

3. Chute: Flow channeled by plate structure down a slide incline, after
its initial direction has been deflected by an impact surface (see next

section).

It is worth noting that the third type of provision was made for transfers
from 36 inch to 42 inch belt transfer points in only five of the eight mines visited. In
one of the mines with the most sophisticated conveyor haulage systems, chutes were used
only for 42 inch belt feed cases, while the 36 inch to 42 inch transfer points were served

by the deflector plate technique.
4,2.1.3 Chute Configurations Observed
As implied above, chute configurations observed generally had a channel-

type cross section to converge flow to the area above the receiving belt. Most of these

channel sections had a flat inclined bottom, with vertical or sloped flat side walls, rang-
ing from elementary, two-plate shapes to multiple flat plate configurations, In two instances,
the side wall was curved, following the 90° turn,

The other general design class was characterized by curved bottoms cross
wise to flow, In some cases the curved surface, a cylinder, was bounded by flat side walls,

while in another mine visited the chutes were virtually 180° cylindrical sections,

4,2.1.4 Performance Characterization

Of principal interest to FSEC during the site visits were the following per-

formance characteristics at the transfer chutes:

° Spillage
° Dust

° Belt Wear

41



4.2.1.4.1 Spillage

In general, loss of material at the transfer points with chutes was success- ‘

fully controlled, any accumulation on the mine floor being very gradual and due primarily
to bouncing around the periphery of the mass flow cross sections as it made initial con~
tact with the chute. There were cases where the flow in the chute tended to back up and
spill over the back or sides, owing principally to an insufficient slope angle of the slide
base. In this case the material generally still landed on the belt.

Major spillage was observed only at one site, where transfer was at-
tempted onto the tail end of the receiving conveyor, without even a backboard provision
A three sided frame-type structure, slightly raised above the belt surface, was
the only converging device. It was evident in all transfer points not using a chute that
tolerable operation depended on generally low flow conditions, and that occurrence of
peak flow for more than a few seconds would have resulted in sometimes significant

spillage.
4.2.1.4.2 Dust

With few exceptions, measurable levels of dust were generated at the trans-
fer points, even with water spray suppression devices in use. The exceptions were in
cases where the flow itself had a high moisture content. At the opposite extreme, an un-
usually heavy dust condition at one particular transfer point was attributed by mine
personnel in part to the dryness of the air, corresponding to climatic conditions for that

time of year.

It appeared that the exposure of the mass cross section periphery during
the airborne or free fall, phase of the transfer is a factor in dust generation approaching
that of the impact and frictional flow phases. In the heavy dust condition case identified
above, mine personnel indicated that the reason for not using grizzly bars (see 4. 2.1.11)
was to preclude segregation of the fine material from the coarse. Segregations renders
this fine material vulnerable to scattering by air currents during the period of gravity

descent to the receiving belt.
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One mine employed a dust suppression device known commercially as
Roto-Clone at its mainline transfer points. This involves covering the transfer
point under a hood and vacuuming the dust as it is generated. The dust is then

mixed with water and expelled on the receiving belt.
4.2.1.4.3 Belt Wear

Observations in the area of belt wear provided no quantitative means for
relating this parameter to chute evaluation. Even on a qualitative basis a measurable
reference in this area was not available, in that worn surfaces were not clearly dis-
cernable at any of the mines visited. Evidence of sensitivity of mine personnel to this
type of wear mechanism was correspondingly absent. At one of the most up-to-date
mines visited, technologically speaking, means of turning flow at the 36 inch to 42 inch
transfer points involved only a deflector plate, identified in an earlier paragraph. This
required the flow to drop vertically to the second belt, there to be accelerated from zero

to full belt speed while sliding on the belt.

There appears to be some question among experienced peopie in this area
concerning the criticality of the belt wear mechanism. That impact with the receiving
belt at a direction other than approximately tangential and at a speed other than that of
the belt surface involves some wear function is clear. Certainly a chute configuration
that most nearly produces a flow output velocity matching that of the receiving belt con-
stitutes a design objective, all other considerations being equal. On the other hand, an
issue that has been raised by at least one consultant to FSEC in this area is that belt
failure and/or replacement due to belt wear of this type is comparatively insignificant

to those of 1) catastrophic events and 2) belt edge wear.
4.2.1.5 Flow Materials Characterization

Principal flow constituency parameters of interest include maximum size;
size distribution: moisture content; internal and external coefficients of friction; hard-
ness; and basic definition from a materials constituency standpoint, Detailed data in

several of these area was developed during the literature survey, and is covered in 4. 3.
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Of note here are observations defining anomalies in run of mine coal ‘

from the standpoint of maximum size and makeup. While not specifically observed

by FSEC during the field visits, the maximum lump dimensions was, according to interviews
of mine personnel, judged to run up to 18 to 20 inches. This usually involved roof

rock, sandstone, etc., rather than coal. The most unusual article observed was a

roof bolt.

Refuse, or non-coal ccnstituents in the flow, ran typically 30 to 40 per-

cent.
4.2.1.6 Chute Frictional Slope Angles

Slope angles, relating to the inclination of the chute bottom when viewing
the receiving belt from the side, ranged from 32 degrees to 49 degrees or slightly
higher, with the horizontal. The steeper cases yielded, of course, positive dynamics
from a self cleaning standpoint, but the shallowest angles noted appeared to work reasonably

well during the period of observation, even when the flow material characterized a mud

slide. Some potentially marginal conditions existed, however,
4.2.1.7 Construction Details

Quarter to 3/8 inch-thick .steel plate was in normal use for chute con-
figurations observed. High-abrasion resisting alloys, including U. S. Steel T-1 and

Jones and Laughlin Jalloy were frequently used.

Welded construction for joints between principal chute sections was the
typical means of fabrication. Replacement of worn sections was ordinarily accomplished
piecewise by torch cutting and welding in a filler piece or else simply welding over patch pieces.
In one mine visited significant use was made of bolted-in sections of predetermined size
for replacement. The original plates were attached by means of flat socket head cap

screws, making quick replacement possible.
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One of the reasons cited for the absence of stainless steel construction for
the chutes at any of the transfer points visited was the comparatively greater difficulty,

over other steels, in torch-cutting and welding stainless on site.
4,2.1.8 Mine Interfaces

Mine interface details are grouped in four areas here: chute structural
support; elevation distance between conveyors at the transfer point; chute clearance above

the belt; and roof clearances at these points.

Methods of chute structural support, in the typical case of chutes located at
intermediate points along the receiving belt, included as a general rule a pivotable mounting
at the aft, or upstream end of the chute and cable or chain Buspensions sometimes with shock
springs, at the forward, or downstream end. The pivoted end is hinged on a shaft in vary-
ing configurations, the shaft itself having simple beam supports on opposite sides of the
receiving conveyor. On the feed conveyor side, attachment is typically to the head conveyor
structure itself, while on the opposite, or outboard end, support is provided by a column.

Similar two point support is provided for a cross beam above the downstream end of the

chute, from whence hang the cable supports identified above.

Less common means of support for the aft pivot shaft and forward cross
beams involved attachment to roof bolts or attachment to cantilevered beams extending

across from the head pulley structure.

The distance between conveyor surfaces at transfer points utilizing chutes
ranged from 79 inches down to about 45 inches, with a mean estimated at about 60 to 66
inches. For deflector plate type transfer points, this elevation difference was as little

as 30 to 36 inches.

Clearances between the bottom of the chute and the receiving conveyor belt

ranged from 6 to 18 inches, with 12 inches being common.

In connection with the chute to receiving conveyor interface, mine operation
practice observed uniformly stressed the need for aligning in plain view the flow discharge

vectorparallel to the receiving belt motion, in order to prevent belt mis-tracking.



No attempt was evident at the vast majority of transfer points witnessed

to minimize roof height or headroom. This height was rarely less than seven feet at

36 inch to 42 inch belt transfer points and frequently was up to 9 to 10 feet, giving a

more than adequate distance above the feed conveyor.
4.2.1.9 Conveyor Data

The maximum pulley radius observed for the 36 inch feed conveyor was

12 inches, corroborating catalogue data.

Input conveyor speeds, where known, ranged between 450 to 500 feet per
minute, with catalogue data defining a probable maximum range of 350 to 600 fpm. Re-
ceiving belt speeds, often not known at specific sites, were most commonly estimated

at 550 to 600 fpm.

At all transfer points visited, the elevation angle of the feed conveyor belt
was essentially zero, i.e., horizontal, although it was evident from the head pulley
structure configuration that this angle was variable up to 10 to 15 degrees above the

horizontal.

All feed conveyors utilized belt cleaning devices of various configurations
of a factory or local design. The effluent from this cleaner is normally caught on an
inclined surface and fed onto the receiving conveyor. This surface is sometimes steel but is

more commonly old conveyor‘ belting or an elastomer material.
4.2.1.10 Transfer Point Operations

Transfer points for 36 to 42 inch belt cases are moved, according to personnel
interviewed, at frequencies as little as every 4 months up to 2 years or more. A typical period

required for movement of both the conveyor head section and the transfer chute is one week.
4.2.1,11 Ancillary Equipment

Some of the most common types of ancillary equipment at transfer points in-
cluded skirt boards, dust suppression spray systems and grizzly bars. The function of
these items are well understood in the industry. In particular, the purpose of grizzly
bars --- which are in reality a part of the transfer chute --- is to lay a protective bed of

fine material on the belt, by virtue of falling between the bars, prior to impact of the ‘
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larger, heavier lumps which cannot drop to the belt prior to reaching the end of the
grizzly bars. It was noted earlier, however, that the view on the value of this pro-
vision, at least among some mining personnel, is divided, owing to the increased

vulnerability of the now isolated fines to be scattered by air currents,
4,2,1,12 Other Data From Mine Site Surveys

FSEC performed photographic coverage of all but two of the mines visited.
In conjunction with this work, FSEC's mining consultant assisted in gathering and identify-

ing geologically samples from about five coal mine operations.

4.2.2 Qther Surveys

In addition to mine site inspections, extensive data gathering in the areas of
mining technology, transfer chute design, bulk flow theory, and run of mine coal properties
was undertaken through the routes of literature surveys and consultant contacts. This
section summarizes 1) bibliography accession from the literature survey and 2) run of
mine coal properties applicable to bulk flow, gained from both literature and consultant

sources.
4.2.2.1 Program Bibliography

In Appendix A are identified reports, books, magazine articles, and
correspondence from consultants, which were obtained and reviewed during this program.

They are organized by subject matter in the folluwing areas:

1 Chute design, general
2. Chute materials

[~]

Coal mining at face

4, Underground haulage

5. Dust

6. Specific coal mines
7. Safety

8. Bulk flow, general
9. Bulk flow, theory

10. Coal properties
11. Sampling
12, Scale modelling
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4,2.2.2 Materials Properties

Table 4-1 summarizes several test-derived properties for various types
of coal samples from a total of 11 mine sites. While ""cleaned" coal samples as well
as raw coal are included, the properties cited are not found to vary significantly, and
this is confirmed by the consultant source for this data. While the actual test data for
samples given by site leiter code cannot be identified, one (J) has given
such permission, and the test report data from which the ‘tabulated,fricfinn and moisture

figures for Site J are taken is included herein as Figure 4-1,

Partly based on the above data and partly based on consultant experience,

the following mean property values are given:

1. Moisture, percent 6-7
2. Sliding Friction Angle, degrees
Stainless Steel 20
Rusted Carbon Steel 35
UHMW 20

3. Effective Angle of Internal Friction, Deg. 55
4, Angle of Internal Friction, Deg. 38

The profile distribution of lump sizes in run-of-mine coal depends initially
on whether it has been mined with convential or continuous mining equipment. Figure 4-2
shows a .logarithmetically plotted size distribution for typical distribations usingeath
method. Mean average sizes are seen to be less than a half inch for continuously mined
coal and close to 3/4 inch for conventionally mined coal, with mean peak sizes of 4 1/2

and 8 inches, respectively. The maximum sizes here are supersaded by the 18 to 20 inch

sizes observed during the mine visits, however,

4.3 CHUTE DEVELOPMENT GUIDELINES

Table 4-2 summarizes guidelines, derived from the various data surveys
reported in this section, to serve as a baseline in this program for the development of

chute configurations and associated mine interfaces.
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Table 4-1

Applicable Coal Properties From Test Data

Angle of External (Wall) Friction

Effective Angle Angle of Moisture
Site Type of of Friction Internal Friction Content
Code Coal 8, Deg. g Deg. %
A Clean 50 36 3.5
60 40 13.0
B Clean 50 39 23
50 40 31
C Raw 50 38 6
D Clean 50 39 8
52 39 11
55 40 15
60 41 18
B Clean 50 40 5
53 40 9
¥ Clean 49 39 12
50 40 15
G Clean 54 40 10
56 40 13
H Clean 56 38 8
I Clean 58 39 18
Raw 53 39 15
J Raw 50 39 12
K Raw 60 45 712
Clean 51 37 7
55 40 9
60 40 15
L Clean 56 38 10
Raw 58 40 7

UHMP* Rusted Stainless
Steel 304-2B
Deg. Deg. Deg.
35 21
39 23
19 33 20
19 35 20
18 23 20
24
29
30
26
32 22
33 22
16 33 16
18 33 18
17 30 15
18 34 20
23 40 21
20 35 19
21 35 21
16 34 16
20 36 17
18 36 20
20 37 23
22 44 28
19 36 18
21 35 20

*Ultra High Molecular Weight Polyethylene
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Table 4-2

Low Headroom Chute Development Guidelines

REFERENCE SOURCE REQUIREMENT

GUIDELINE
PARAMETER FUNCTIONAL MAINTENANCE SAFETY
GENERAL SPECIFIC REQUIREMENT || PERFORMANCE [Sp111.AGE | WEAR | OTHER DUST OTIHER
L. Bulk Material] a. Moisture Range X X X
Characteristifs Raw Coal, Percent (Corrosion)
Peak 15
Average . 6
b. Sliding Friction ¢
Degrees
(for 6% moisture)
1)Mild Steel, Rusted 29°-40° X X X
2)Stainless,
304 28 150-29° X X
c. Effective Angle of
Friction &
e Average 50%-60° X
e Maximum 40°-65° X
d. Angle of Internal
Friction ¢
® Average 35%-40°
e Maximum 120-43°
e. Coefficient of Function: X X X
Restitution, Chute 1)Angle of Incidenc
Wall with Coal 2)Run of Mine Par-
ticle Size and
Material;
3)Chute Wall Thick-
ness
2. Dynamic a. Pulley Diameter (Influence on Trajectory)
Constraints o Maximum 24" X
e Minimum le” X




Table 4-2, cont'd

Low Headroom Chute Development Guidelines

GUIDELINE REFERENCE SOURCE REQUIREMENT
PARAMETER FUNCTIONAL MAINTENANCE SAFETY
GENERAL SPECIFIC REQUIREMENT PERFORMANCE {gp11,1.AGE WEAR OTHER DUST OTHER
©. Dynamic . Belt Speeds (FPM)
Constraints 1) Feed Conv. (36")
(Cont'd,) e Minimum 350 X
® Average 450-500 X
e Peak 600 X
2)Recv. Conv. (42")
e Minimum 500 X
® Average 550-600 X
¢ Peak 800 X
. Feed Trajectory 0°-15° X X
Angle (above
horizontal, climbing
. Impact Location on
Receiving Belt X
e Crosswise to Center 1/3 of X X
Recv. Belt ' Belt Width, Approx (Tracking)
(Convergency)
e Lengthwise to Centered Between X Belt
Recv. Belt Idlers Approx.
(Max. Idier Pitch of
. Elevation Drop 18" to 30'")
(From Top of Feed (Jonveyor to Top of Relfeiving Conveyor)
Goal 42" X
Current Mean Range 60" -66"
Stream Cross Sectioh
¢ Cohesion Avoid:
1)Stream Splitting X X X
2)Peripheral Scatte
3)Impact Bounce
4{ Chute Flow Build ) ]
5Impact Interferenck with Sliding Stream
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Table 4-2, cont'd

Low Headroom Chute Development Guidelines

GUIDELINE REFERENCE SOURCE REQUIREMENT
PARAMETER FUNCTIONAL MAINTENANCE SAFETY
GENERAL SPECIFIC REQUIREMENT PERFORMANCE  [spii.LAGE WEAR OTHER DUST OTHER-~
2, Dynamic g. Final Flow Vector
Constraints, at Tmpact
Cont. e Direction of Hori-{ Parallel to Receiving X X X X
zontal Component | Conveyor (Tracking)
e Magnitude Near-Match to Recdfv- X X X
ing Conveyor Velocliy
! . . (See also 4.a.)
13, Construction [a. Materials
: Details 1) Surface High Abrasion X
Resistance in Wear (Chute)
rea (See also 3{ b.)
2) Plastics u e(f Out oFlame
(UHMW, etc.) Peremptorily for spread
Present Design Conjt oToxic
sideration because ¢{f by-pro-
Uncertainty Pending ducts
MESA Action on Maf- when
erials Permissibilify burnt
Standards for Undey}-
ground Mines
3) Weldability 1) Weldability Undex|- X X
ground Desirable {Minimum)
2) Torch Cuttable Downtime
3) Low Skill Req'd. Underground
b. Fastening Bolted Replacement] X X
of High Wear Sur- (Minimum
faces Desirable Downtime
4, Ancillary a. Impact Control on Provide Grizzly X Underground
Constraints Receiving Belt bars, to provide
initial bed of fine
material for cushioﬁing
of impact by large
pieces




Table 4-2, cont'd

Low Headroom Chute Development Guidelines

GUIDELINE REFERENCE SOURCE REQUIREMENT
PARAMETER FUNCTIONAL MAINTENANCE SAFETY
GENERAL SPECIFIC REQUIREMENT || PERFORMANCE |spjyjAGE | WEAR | OTHER DUST | OTHER
4. ‘:‘:"C‘lﬁymts b. Skirtboard (If Requirled)
onstra 1) Belt Interface Minimum Gap X X
! (Cont'd) eSupport Skirtboard
] on Idlers
: eMinimize Idler
‘Pitch Along Skirt-
Board Length (18")
i 2)Material Elastomer Wearstrip X
! 3)Length Sufficient to ContfairJ
Material During
Deposition on Belt
c. Belt Cleaner (Accompmo-
dation, clearances fof)
l)Location Around 135° from Top, X
Pulley Approx.
2)Feeds Receiving Belt X
d. Troughing Angle 279, 35° X
(Both Conveyors)
e. Overflow Consider Cutoff X X X
Switch for Feed
Conveyor Based on
f. Dust Control Overflow Sensor
1) Water Spray Use at Impact Area
2) Active System Consider hood &
(At 42" and 48" exhaust which mixe?
feeder transfer dust with water and
points only) dumps on receiving
conveyor
r. Min. Clearance Be- | 8" to 18" (Also, chule X X
tw Bott of td to be Pivoted for L: Piece
) ,n_“?lel(lj A'gye%tgr BeC]l%u 4 to be Pivote n}ge ieces)




Table 4-2, cont'd

Low Headroom Chute Development Guidelines

design limits

GUIDELINE REFERENCE SOURCE REQUIREMENT
PARAMETER FUNCTIONAL MAINTENANCE SAFETY
GENERAL SPECIFIC REQUIREA\;IENT PERFORMANCE | SPILLAGE | WEAR OTHER DUST OTHER
5. Acceptance Producibility e Fabrication by
in Industry Standard Manufadfuring
Techniques
¢ Readily AssemblHd and
Installed
Adaptability ¢ Definable and Adjpstable
to local constrai{p s within







h.0 DYNAMIC THEORY AND MATH MODELLING

Two distinct dynamic phases are involved in analytically modelling the mass

flow of material at a right angle conveyor belt transfer point:

1. The free fall phase, from the instant of leaving the input conveyor
until contact with the chute.
2. The frictional phase, from initial contact with the chute until de-

parture from the lower end.

Section 5 is concerned with 1) the identification of the applicahle dynamic
theory in these areas; 2) the structuring of a mathematical model adequate to represent
the physical conditions; and finally 3) the creation of a computer program covering these
phases,suitable for parametric analysis of the candidate chute model or models. In order
to define entirely these areas, the method for representing mathematically a generalized
chute surface will also be introduced. However, parametric analysis of specific geometric
configurations will be addressed in section 7, following the presentation of candidate chute

concepts and mathematical representation of a specific concept in section 6.

5.1 PHASE 1. FREE FALL TRAJECTORY AND IMPACT

5.1.1 General Definition

In Phase 1, the principal objectives involve tracking of the periphery
of the mass cross section in terms not only of location but of the direction of the velocity
vector. It is necessary to know the trajectory location in order to insure that the chute is
positioned to intercept the flow; while it is equally important to know the trajectory direction,
in order to monitor the angle of impact with the chute surface. Subject to verification by
testing in both laboratory scale models and full-size configurations, one goal for the analytical
task is to maintain this impact angle with the chute surface as small as possible, in order
to minimize the tendency for bouncing and ricocheting. It is also necessary to know the angle
and_magnitude oi the velocity vector at impact in order to calculate the initial velocity of the

‘ flow in the friction phase.
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Math Model of Free Fall Phase

Appendix B summarizes the equations involved in the free fall trajectory

phase. The main steps involved are the following:

1. Division of the total flow cross section into piece-wise segments
across the head pulley, for purposes both of defining a chute impact
trace and for tracking the later frictional movement.

2. Determination of the position and direction of the trajectory when
it leaves the head pulley.

3. Mathematical representation of the subsequent trajectory path at
the top, center of gravity, and bottom of the flow segments.

4. Solution for the impact point by means of simuitaneous solution of
mathematical equations for the trajectory, found above; and for the
chute surface.

5. Computation of the following additional impact data:

° Impact angle between velocity vector and normal to plate,
and the complement of this angle.

° Stream velocity immediately before and after impact

Some general points concerning the math model theory are addressed here.

Definition of the direction of the stream segments and their position on the
head pulley at the instant of departure is taken from the chapter on discharge trajectories
from the CEMA Bulk Materials Handbook. The theory here, briefly, assumes the trajectory
of all elements of the flow mass follows that of a point mass located at the center of gravity
of the flow cross section. This theory assumes a relatively smooth, tangential departure
from the pulley radius, and does not address a phenomenon sometimes referred to as

"humping'', wherein the material does not reach the pulley perimeter tangentially, but rather
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experiences an impact component with the pulley. A review of this subject was under-
taken with one of FSEC's consultants, whose joint conclusion, with two other sources
especially contacted on this matter, is that the effect referred to is not significant for
conveyor speeds less than 800 to 900 feet per minute. This range is considerably above

the peak speed of 600 fpm defined for this study. .

As shown in Parts 1 and 2 of Appendix A, determination of the initial
velocity and location of the piece-wise-defined segments, or streams, of the flow cross

section entails introduction of the following parameters:

1. Belt speed, V

2. Conveyor belt inclinator with the horizontal ¢
3. Idler configuration angle

4. Surcharge angle

5 Pulley radius (belt thickness is disregarded) R
6. Number of stream subdivisions assumed, n

7. Belt width, b

8. Edge distance, from belt to flow mass, e

Tracking the free fall trajectory of the flow cross section thus becomes
a straightforward mathematical exercise. In the matter of defining the chute impact lo-
cation and velocity for each stream, however, the model becomes closely dependent on
the means of representation, as opposed to the specific shape, of the chute. As will be
discussed later, this involves initial approximation of the chute surface by a mosaic of

finite, rectangular, flat plate segments.

This representation is independent of whether the chute configuration actually
consists of a smooth curved surface or is segmented in flat plates. As shown in part 4 of
Appendix B, this convention leads to the solution of two simultaneous equations: 1) that of

the second degree trajectory path for a given stream and 2) the line defining the intersection
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between the plane of this stream trajectory, and the plane of the plate segment of the

chute. In order to utilize a means convenient for computer solution for the specific

plate impacted and the coordinates of the impact point, each rectangular plate is divided
into a pair of discretely identified triangular sections. This permits the actual deter-
mination of the impact point to be broken into two phases, involving a test of each
predetermined, triangular segment in the chute to determine whether it satisfies two

conditions:

1. Where, if at all, does the trajectory intersect the plane in
which the triangular segment lies?

2. Does the computed it point lie within the triangle ?

In both the free fall trajectory phase of the analysis and the subsequent fric-
tional phase, the coordinate convention for locating stream positions and chute plate lo-
cations is that defined in Figure 5-1. In particular, the convention involves an XYZ axes
system wherein the origin is on the pulley axis, even with the edge of the belt on'the upstream side,

relative to the motion of the receiving conveyor.

5.1.3 Computer Program for Free Fall Phase

The math model developed in Appendix B was written in FORTRAN lanuage
as a computer program, which is presented in Appendix C. As an aid to following the de-
tailed steps in the program compilation, it will be seen that extensive use therein is made
of annotations in the form of comment statements. Figure 5-2 is a flow chart of the basic

logic in the Phase 1 computer program.

As an aid both to design and analysis of various chute configurations, the
FSEC computer has a routine available called NASTRAN which prepares in each of three
orthagonal views, and also a perspective view, a plot of the X, Y, Z coordinates of all corners
of the flat plate mosaicrepresentation of the chute. In addition to these points, the
NASTRAN routine will also store the coordinates of the hit points on the chute, as well as

other useful data, such as the relative location of the feed conveyor head pulley. (Figure 5-1),
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Start

Y

e Divide Mass Cross Section Into N Streams
o Compute Locations of Top, C.G., Bottom, Each Stream

Y

Subroutine Compute Location and Angle of Trajectory at Departure
TRAJ From Pulley

Chute Plot Coordinates of Rectangular Chute Plates and
Subroutines

Subroutine ROLR Pulley Into Picture (NASTRAN) File

Divide Rectangular Plates Into Triangles

Y

Compute Unit Normals to Each Triangle

Y

Compute Sides, Angles, For Each Triangle

'

Subroutines
PLATE &DETR

Compute

Velocity Vector Before Impact
C. G Velocity Vector After Impact

Y

Plot Hit Coordinates of Top, C. G ; and Bottom of Each
Stream in Picture File

; |

End

o Stream Impact Points on Chute (X, Y, Z Coords)
Subroutine o Stream Impact Times (Pulley departure time equals)
. - zero
INTERX : Impact Hit Angle With Surface
)

** See Section 6, 2

Basic Flow Diagram
Phase 1 (Free Fall/Impact) Computer Program

Figure 5-2
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5.2 FRICTIONAL FLOW PHASE

5.2.1 General

The frictional flow math model covers the phase of the transfer beginning
immediately after impact with the chute and extending down to exit of the flow from the
chute. The basic theory accounts for the dynamic effects upon flow both at the periphery
and within the interior of the flow mass cross section, the latter case arising because of

deformation of the mass cross section,
5.2.2 Math Model

Briefly outlined, the theory treats the flow cross section in a series of piece-wise
segments, whose mass in each case is concentrated at its center of gravity. After chute im-
pact, these point masses are treated initially as independent dynamic entites. The velocity

after impact for each stream is in a phane which is defined hy the impact vector and the

unit normal vector to the chute plate surface at the point of impact.

Because the moving c. g's represent streams of finite width and height, however,
they must interact. Their relative locations and motions are traced in the model as they
are combined into a stream net during initial movement down the chute. Before and after
the net formation phase, the dynamic interaction at hypothetical interface planes or "divid-
ing planes between the streams is analyzed in terms of normal and shear forces. Together
with 1) normal and friction forces at the chute wall; 2) gravity; and 3) centrifugal forces
associated with chute curvature, these internal, interactive forces are applied iteratively
to a stream cell of unit length during a series of stepwise movements down the chute surface.
At the end of each step, which has a predetermined length, the velocity, shape, and boundary
conditions for each stream are recomputed. The cells along a given cell wavefront of the
streams are'' locked" together, in that each is advanced some variable distance during each

step, as a function of its velocity, width, and height, relative to those of adjacent streams.



The details of this model, including explanatory theory, are covered in .

Appendix D.

The flow theory utilized in this math model is sometimes referred to as
the "pseucdo-plastic' theory in bulk dynamics study. In a broad sense it assumes that
the flow is governed primarily by dynamic mechanisms involving the fine particles in the
mass cross section. Flow criticality, that is, is a function of what the fines "do",
and, generally speaking, analysis of this type will give a conservative cast applied to

cases where large lumps predominate, without a significant presence of fines,

The major premise of this conclusion relates to the fact that the independent
parameter of record utilized in pseuodo plastic analyses, the effective coefficient of fric-
tion delta ( 8), is a test-derived data point, obtained in tests where the maximum particle
size is about a number 8 mesh size, or about one tenth of an inch. The reason for
this is that shear tests involving maximum particle size significantly larger than the num-
ber 8 mesh size have historically exhibited considerable scatter in the results. FSEC is
advised by its consultant in the bulk dynamics theory area, however, that obtaining test
data for using uniformly graded material of about 1/8 inch should be achievable with
some laboratory equipment now in use. Because the effect of the fines would have there-
fore been isolated from the material tested, the data obtained would be immediately extra-
polable to uniformly graded sizes much larger than the 1/8 inch material, since the inter
angular mechanisms involved in the shear measurements would not be dependent on a specific

particle size.

The use of the mathematical model defined herein is not, then, ultimately
limited to fine particle-governed dynamics. On the other hand it is judged,from observations
of the flow material at the transfer points visited by FSEC, that the prevalence of fines is
sufficiently common that this conservative approach is entirely justified, and in fact is
the only approach justified, in order to ensure that flow is maintained. It is recognized, in this
connection, that observations by experienced people in the field show that some segregation
of the fines and coarse particles occur in transit to the transfer points, and that as a

result the coarse pieces at the top of the flow cross section leaving the feed conveyor
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head pulley may reach slide portions of the chute where flow is not pseudo-plastic, owing to the
ahsence of the fines. This is still considered to be a nonconservative approach, however; the
mechanism of the fines elsewhere on the slide will still be the pacing case from the standpoint of

maintaining flow. The path of the coarse pieces must, of course, also be confined.

5.2.3 Frictional Flow Computer Program

Appendix E contains a compilation of the computer program for the Phase 2
frictional phase of the 90 degree transfer analysis. The program is extensively annotated
and can be followed by one familiar with FORTRAN IV after he familiarizes himself with the

friction flow math model (Appendix D) and the following discussion.

5.2.3.1 Phase 1 Interface

The Phase 2 computer program is run in sequence with the Phase 1 program,
which provides it, in the form of a punched computer deck or else in disk or tape memory,

the following data for a given set of chute configuration, mass properties, and feed conveyor

characteristics:

1. The X, Y and Z coordinates of the corners of the rectangular
plates of the chute (See section 6. 2).

2. The X, Y, and Z coordinates of the corners of the triangular sub-
divisions of each plate.

3. The X, Y, and Z directional cosines of the unit normal to each
plate surface.

4. The lengths of the sides and the vertex angles of each triangle.

5. The coordinates of each stream impact point and the identification
of the plate/triangle hit.

6. All eight parameters defined in paragraph 5.1.2.

7. Run-of~-mine coal properties, including angle of dynamic wall friction

and effective angle of internal friction.
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5.2.3.2 Program Sequence

Figure 5-4 is a flow chart summary of the basic steps involved in the Phase
2 computer program shown in Appendix E, identifying also major subroutines and their

functions.

It will be seen that the Phase 2 frictional program is itself divided into two parts:
the first tracks the flow as the individual streams are sequentially incorporated into a
common net; the second part then tracks the flow down to the point where the end of the
chute is reached. In the second part, the fact that the identities of the original independent
streams have heen maintained discretely, for the previously discussed purpose of measur-
ing internal normal and shear forces, is utilized to track the incremental departure of the

flow from the chute, as various portions across its width reach the chute edge in that area.
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Part 1: Net Formation

Subroutine PLANE —————F> b. Create Step Plane F <

Subroutine LOCATE 3 —-—> c. Locate New C.G. Position, Same Slide Surface

Subroutine FIND ——————> d. Revise Position, if Chute Plane Triangle Boundary Crossed

Subroutine LOCATE ——-———% b. Obtain Intersection Point Y Between Last Stream

Subroutine LOCATE 3 ~———> c. Locate Mid Point Between Y & 2nd Hit Point

Subroutine FIND ———> e. Locate Quthoard Net Point of 2nd Hitting Stream

Subroutine LOCATE -————————> e Compute Center of 1lst Hitting Stream as Intersection

Subroutine FIND —-———-——-——’7}1) e Revise 1st Hitting Stream Center if not on Plane of

Subroutine FIND «—v———b g. Locate Outboard Netpoint of 1st Hitting stream

Subroutine DETR “—% j. Determine Convergence/Divergence of Two Stream Net

Subroutine PLANE -——-——> K. Create Dividing Plane Between Two Streams

Subroutine PLANE

Figure 5-4
Phase 2 Math Model Computer Program Flow Chart

Phase [ OQutputs

1. Read in Stream Hit Data, Chute Plate Data,
and Independent Parameters
r 2. Compute Original Flow Rates of Initially
... . Defined Streams T
3. Order Streams According to:
e Max Hit Point Height
e Adjacency to Streams
Already Ordered,
L. d i i  New Numbers
4. Increment Stream C. G. with Highest Hit Point )
Down Surface to Next Highest, Adjacent Hit
Point

a. Compute Step Distance - EX, 1/5 Distance to 2nd Pt.

¢ Containing Stream Vector
o Containing 1st Hit Point
e Normal to Chute Plane Triangle

e. Compute New Stream Velocity

f. Compute Distance to 2nd Highest Hit Point (DOLD) Until

Shortest Distance Occurs

Build Two Stream Net

a. Create Wave Front Plane E at 2nd Hit Point
- Normal to Stream 2 Velocity
- Normal to Chute Plane Triangle

1 Path (Plane F) and Abcve Plane E

(Net Point 2)

d. Compute Stream Widths

f. Locate Center of 1st Hitting Stream
o Construct Wave Front Plane E Through Net Point 2
Normal to 1st Hitting Stream Path (Plane F)
of E with F in 8liding Plane of Net Point 2.

Net Point 2

h. Reassign Stream Flow Data if Stream Numbering Changed
(2nd Hit Point On Right)

i. Compute New Stream Velocities

1. Create Outboard, Bourdary Planes of Two Streams

'

[

Continued
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T

6. Incorporate New Streams Into Net Repetitively

a. Determine Whether Hit Point is Inside or OQutside Net (if Within, Stop
Execution)

b. Fix Limit Exlim for Max Distance Permissible Between Net Wave
Front and Wave Front of Next Hit Point Before Latter Can Be Added
to Net:

c. Establish Logic for What to Advance

e Normal Hit Point - Below Net: Advance Point
¢ Non-Normal Hit Point ~ Above Net: Advance Net

d. Measure Distance Between Net and Hit Point Wave Front

e. Non-Normal Hit Point Case (Hit Point Wave Front Higher Than Net)

Subroutine LOCATE 3 ———-—> 1) Create Dividing Plane at Hit Point, Containing Stream Velocity

& Normal to Slide Surface
2) Move Hit Point Distance EX

3) Compute Width of New Stream

Subroutine LOCATE 3 ——————3> 4) Locate Outboard Point of New Stream in Initial Hit Point Plane

5) Determine if Outboard Point an New Chute Plane

f. Normal Hit Point Case (Hit Point Wave Front Lower Than Net)

Subroutines LOCATE 3, FIND ————> 1) Step Net Until Distance Between its Wave Front and Hit Point

Wave Front is Less Than EX Lim.

2) Create Wave Front Plane Through Hit Point Normal To Velocity
Vector

Subroutine LOCATE —~———————J> 3) Determine Point of Intersection Between Above Wave Front Plane

and Old Boundary Dividing Plane, Assuming Last Position of Old Out-
board Net Point

Subroutine FIND

Subroutine RA

2 4) Determine if Intersection is on Different Chute Plane
Establish Seed Points for Radius Routine at Old Net Outboard Plane

Subroutine FIND

3> 5) Compute Radius of Curved Surface Approximation Along Old Boundary
Plane

3> 6) Compute New Outboard Net Point for Added Stream

Subroutine PLANE ——————————3> 7) Compute Inner Dividing Planes for all Streams, Based on 1) Con-

Subroutine VELOC

Subroutine LOCATE

Subroutine FIND

vergence/Divergence and Relate Heights

8) Compute R Shear and Normal Forces at Dividing Planes, Based on
Convergence,/Divergence

9) Compute New Velocity for Cld Stream i
¢ Compute Normal Chute Plate Pressure
T

-+ ¢ Compute Velocity
10) Compute Velocities for Remaining Streams in Old Net Successively

a) Create Wave Front Planes E Through Each Righ Hand Net Point

b) Compute Intersections Between E Plane and Dividing Plane on Left

V V

Subroutine RADIUS

Subroutine VELOC

¢} Locate Chute Surface for Above Intersection

d) Compute Stream Widths

\

e) Compute Radius Along Each Dividing Plane
f) Compute Stream Pressure on Chute Plate

g) Compute Stream Velocities

h) Compute Stream Heights

-

Figure 5-4 (cont'd)
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6. {contd)
11)
12)
Subroutine DETR > 13)
Subroutine PLANE ——l——-> 14)
15)

Reassign Stream Properties Computed If New Hit Point

was on Right

Normalize Velocity Vectors to Wave Fronts

Determine Convergency or Divergency for Velocity Vectors

Create New Dividing Planes Between All Streams

Return to 6 a until all Hit Points are Incorporated Into Net,

Friction Flow Program, (Contd)

Part 2 Movement of Completed
Net Off Chute, Stream by Stream

1
Part 1 Input

7. Assign Stream Numbering Convention for Step Logic

X = Lowest Numbered Stream on Chute at Previous Step
NSS = One Plus Highest Number Stream on Chute at Previous Step

4

I 8 Increment Net Step

| Pd

<~

Subroutine PLANE '—>.‘ 9. Construct Stream Qutboard, or Side, Planes

L

{ 10. Iaitialize Chute Plate Pressures and Stream velocities

]
Subroutine DETR ———Pl( 11, Compute Divergency/Convergency of Velocity Vectors

L 12, Compute Internal Shear, Normal Pressures at Inner Planes

[ 13.  Construct Stream In Board, or Dividing, Planes

L14. Determine if First Numbered (X) Stream Has Left Chute

BN W gy -

Yes

l 13 Increment X l

No

16, Determine if One or Less Streams
Are Left on Chute

l Yes

= Go to 29

Subroutine RA —————————3> [17, Compute Radius of Curvature for First Numbered Stream

[18. Construct Wave Front Plane at This Stream

v
Subroutines LOCATE 3, —_— [19. Determine Net Point for Next Numbered (to Left)

FIND

[ 20, Determine if Next Numbered Stream has Left Chute

-, Yes
=

\yNo

Subroutine RA e——memeeee—5 [2]. Compute Radius of Curvature for Stream

Figure 5-4 (cont'd)
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20

2

Go to 8

22. Advance Previous Net Point for This Stream
to New Net Point
[ 23. Compute New Stream Width
| 24. Compute New Stream Height
[ 25. Store Net Point Location
[ 26. Compute Chute Plate Pressure
(]
Subroutine VELOC > | 27. Compute New Stream Velocity
___28. Normalize Velocity to Local Wave Front
¥
r 29. Format Final Velocity Components, Each Stream
30. Compute Direction Angles of Final Velocity Com-
poneats
]
31. Format Stream Data Tabulation for Part 2 of Friction

Flow Program

y

End

Figure 5-4 (cont'd)
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‘ 6.0 CHUTE DESIGN CONCEPTS AND MATH MODELS

Prior to mathematically analyzing flow on specific chute surfaces, a series of
concepts were evolved and evaluated as candidate configurations for the ninety degree transfer
chute. The most promising concepts were screened by early lab testing (see Section
8 and 9); and in two cases chute math models were developed, namely, for toroidal

and conical geometries. The torus geometry was selected for detailed analysis.

6.1 CONCEPTUAL DESIGN AND EVALUATION

Of numerous concepts considered, above seven distinct shapes were
evaluated in detail. The seven configurations are derived from three basic geometries,

namely, a cone, a cylinder, and a torus:

Item Basic Geometry Concept Designation Reference Figure
1 Cone Opening Half Angle 6-1
2 Cone Flat Impact Plate 6-2
3 Cone Zero Half Angle 6-3
4 Cylinder Single Surface 6-4
5 Cylinder Compound Surface 6-5
6 Torus True (Smooth) 6-6
7 Torus Smoke Pipe (Jointed) 6-7

These candidate concepts were screened in a tradeoff analysis against
the following ten criteria, covering the three general areas of performance, compatibility

with mine operations, and economics.

Stream (Mass Cross Section) Cohesion
Belt Impact Vector

Freedom of Flow

Convergence

Jam Clearance

Minimum Headroom

Installation Complexity
Maintainability

Y] o = (2] w [1~8 w [\V] [
. B . . . . . . H

Producibility
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Figure 6-1 Cone, Opening Half Angle Concept
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Figure 6-2, Cone Concept With Flat Impact Plate
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Figure 6-3,

Zero Hall Angle Cone Concept
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Figure 6-4, Cylinder Concept, Single Surface
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Alternate Roll Position

Figure 6~6 True Torus Concept
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Figure 6-7, Smoke Pipe Torus Concept
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' Appendix F is a report of the tradeoff analysis performed. In addition
to a discussion of both the candidate concepts and above criteria, it provides a rationale

for application of a numerical weighting to these criteria in terms of relative importance.

The conclusion of this tradeoff analysis is that the smokepipe torus achieves
the best overall rating in performance, mine compatibility, and economics. Moreover,
because of one or more prohibitive drawbacks found to characterize each of the other
concept configurations, the smokepipe torus is the only one judged to be suitable for

detailed analysis and preliminary design.

6.2 CHUTE MATH MODEL

As discussed in Section 5, the general math model for flow analysis intro-
duces the chute configuration effectively as an independent group parameter, along with
sets of parameters relating to 1) the feed conveyor and pulley; 2) flow material
parameters. This introduction is achieved by means of a specific chute subroutine to

Phase I of the flow analysis computer program, given in Appendix C.

The chute subroutines provided are TORUS and CONE. They are capable,
with prespecified modification, of generating in mathematical space three dimensional
representations of any of the correspondingly designated chute surfaces listed in previous
section 6.1. These surface representations are defined by flat plate-subdivided ap-
proximations of the nominal geometrical curved surface, where the degree of approxima-

tion can be achieved to any degree of precision simply by specifying a finer subdivision,
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One purpose of the chute subroutine, then, is to supply to the two main
routines of the flow analysis program the locating X, Y, Z, coordinates of the four
corners of each rectangular subdivision. These plate definitions are immediately
subdivided into triangles by the program for the purposes both of locating initial free

fall trajectory hit points and of tracing the subsequent frictional flow path.

A second, prior function of the chute subroutine is to compute the space
location of these plate coordinates, given basic independent parameters relating 1) to
the particular geometrical shape and 2) to the location and attitude of the chute relative
to the feed conveyor pulley. Thus in the case of the torus, the following base para-

meters would be specified for a given run:

1. Major Radius RT 1

2. Minor Radius RT 2

3. Number of Flat Plat Subdivisions Along Major Radius of Curvature
NT1

4. Number of Flat Plate Subdivisions Along Minor Radius of Curvature
NT2

5. Coordinates of top, aft edge of torus section from pulley origin: X’l"
YT’ ZT (See Figures G-1 and G-2 of Appendix G)

6. Attitude of chute, relative to pitch, yaw, and roll angles, about the
principal axes through origin (Figure 6-8).

The torus math model whereby the computer programs subroutine
develop the corner coordinates of the subdivided rentangular plates is provided in
Appendix G. A simj.lar math model is available for the cone computer program subroutine
(Appendix C), but is omitted here in the interests of brevity, since this subroutine is
not utilized in the proposed configuration. (Some of the cone chute models generated

by this subroutine are shown in Figures 1B, 2B, and 3B of Appendix F).
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Figure 6-8. Computer Plate and Rotation Definition




Some other considerations in the actual chute geometry involve the

fact that the surface is toroidal down to the last section, but at this point the plates ‘
in the final section developed in the model are each extensions of the adjacent plates

in the previous section. This tangential departure from the '"donut' shape is provided

with a computer-designated length factor "EXT'", to center the flow in the chute for

some flow cases.

Another provision in the computer subroutine torus is the capability
of specifying removal for clarity and appearance of particular flat plates from the

basic mosaic pattern computed (Figure 6-8).

As shown in Figure G-4 of Appendix G, nominal plate numbering is along
each cross section segment of the torus in seqﬁence, beginning with the top section and
going to the lowest. The numbering along each cross section begins on the side nearest
the pulley and goes to the outboard side. When plates are removed, the numbering
simply skips those plates. In the final configuration the entire top row of plates and
the left side of the second row are so eliminated, since no streams impact in that

upper area of the torus math model.

A '"sub'' subroutine called DIST is used to compute basic plate dimensions,
depending on the number of subdivisions and the total angular lengths chosen for (NT1)

X(NT2)plates. This is a design aid and the subroutine is not called for every parametric

run.
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. 7.0 DYNAMIC ANALYSIS RESULTS

For convenience of presentation, the results of the computer studies are
included as Appendix H, in Volume II. Sections H~1 and H-2 of this Appendix cover
the free fallAmpact and the frictional flow studies, respectively. Discussions in this
section, which addresses the 350, 450 and 600 fpm input belt velocity cases, will be
in reference to Appendix H. The freefall Ampact studies include chute configuration

data which is used extensively as adesign aid.
7.1 FREE FALL/IMPACT PHASE

1. 350 FPM Trajectory Case

The results of the free fallAmpact analysis for a given trajectory vs
chute orientation case are presented in Appendix H in the following
formats, making illustrative reference here to Run 626, which cor=-
responds to the nominal chute orientation:for the 350 fpm trajectory.

° Input Data (Page H-4), covering parameters on the feed con-
veyor, the torus chute, run of mine coal, and run convention
constants

] Output Data, (Page H5 to H10), covering 1) basic geometry
outputs; 2) the X, Y, Z coordinates of the four corners of
each of the plates into which the chute is subdivided; and
3) the hit data, which includes for each stream into which the
flow mass is subdivided: the time of impact, its angle of impact
with the chute surface, and the X, Y, Z coordinates of the hit
point. Because of bulk, the output information for all run cases
except the nominal ones will be limited to the hit data.

° Design Plots , (Pages H11~H14) covering four (4) computer-
plotted views of the conveyor pulley, the chute, and the hit
pattern on the chute surface.

Run 626 corresponds to the nominal design orientations presented for the
350 fpm trajectory in section 3.3. The "Y min" value, which is the Y coordinate of the
lowest point on the chute, is used to determine the belt-to-belt clearance YB in Table
. 3-2 of section 3 by adding the 12 inch radius above the pulley centerline, plus 8 additional
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inches of clearance below the chute. Similarly, the roll, pitch, and yaw rotations ‘

specified in Table 3-1 are taken directly from the input data sheet of the computer run
(H-4). This same procedure is used for establishing locational and rotational para-

meters for the nominal chute positions in the 450 and 600 fpm cases.

The XR’ YR’ and ZR coordinate locations for the 350 fpm trajectory case
are taken from the fourth corner of the 33rd plate, which corresponds to the bottom

edge of the chute prior to any rotation..

The chute position here defines approximately that in run number 72 in
section 9.0, where the X, Y, Z locating coordinates of =0.2, =2.0 and =0.5
in Table 9-5, correspond within a quarter of an inch to the first corner of plate 1 (page
H-4), if the 0.305, 11.176 and -1.427 are divided by 6 to correspond to the 1/ scale
of the lab chute.

It will be seen with few exceptions that the hit angles at the c. g., top, and

bottom of each stream are less than 30 degrees.

The chute outboard edge, shown by dashed lines in the side view plot of page
H-16 was located to clear the upper impact trace by approximately 6 inches, in the
event that final translational or rotational adjustment causes this impact line to rise.
The corresponding side view in Run 627 shows, for example, the change in the location
of the top of the impact zone if the R point on the chute is lowered about a half inch
and brought in toward the pulley about 1 inch. The allowance for material above the

final hit zone must be minimized to obtain maximum clearance with the pulley.

It will be seen from the front view plot (H-12) that material corresponding
to approximately two plates, must be removed in the chute design. In that each plate
corresponds to a 30 degree segment, and that the left edge of the cutout shown in H-12
is at the centerline, the final left edge should be at 30 degrees to the right of this center-
line. Referring to the flat pattern for the 350 fpm plate segment flat pattern in Figure
3-5, it will be seen that this is where the left edge lies, including a additionaltriangular
area about the upper segment, which corresponds to the second row of plates in the

H-12 figure.
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450 FPM Trajectory Case

Run 746 corresponds to the nominal design chute position for the

450 fpm trajectory. Reference point R in Table 3~1 corresponds

to the fourth corner of plate 29, which is numbered differently from
that in the 350 fpm case because the latter contains an additional row

of four plates at the upper end. Run 746 also ties in approximately
with test runs 481 and 482, whose locational coordinates in Table

9-6 correspond to those at the fourth corner of plate 32, the latter being

at full scale.

The outboard edge of the chute wall, as shown in the side view plot

of Run 746, is well above the hit zone, and will accommodate shifts

of this zone due to rotational ranges introduced during the testing
phase, such as that shown in Figure 706. The peculiar hump at the
lower end of the hit zone in the Figure 706 side view is an anomaly
due to the coarseness of the plate subdivision chosen. When the
subdivision is 1:’3o plate segments instead of 300, as shown on the page
immediately following for a shorter chute at the same location and

orientation, the hit zone is seen to smooth out.

600 FPM Trajectory Case

Run 846 corresponds to the nominal design chute position for the 600
fpm trajectory. Reference point R in Table 3~1 corresponds to the
fourth corner of plate 29, as in the 450 fpm case. This run also
corresponds to Test run 462, for which the locating coordinates

given in Table 9-6, tie to the fourth corner of plate 32, at full scale.

The location of the outboard edge above the hit zone is shown in the side
view plot, where again the top of the former shows perturbations due to

the coarseness of the plate subdivision. .
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7.2 FRICTIONAL FLOW PHASE

A problem of wave front stability still existed in final computer runs
of the model for frictional flow down the surfaces of the nominal chute configurations
defined in the previous section. A number of steps were taken regarding the modi-
fication of the initial math model (Appendix D) to correct the problem, including
changing the logic as to the direction of the hypothetical dividing planes between stream
subdivisions of different height. Various step increment sizes were tried for the
moving of the net down to the surface. It was found also that additional work was
required on the surface radius computation, upon which the centrifugally derived

friction effect dépends.

Page H-66 and H-67 show one of the typical computer log formats for
maintaining the dynamic parameters of each stream during its stepwise movement,
In addition, the right hand four (4) columns present the successive locations of the
stream wavefront, given, respectively, in terms of X, Y, Z coordinates, and plate

number location (referring to H-4 to H-8, for example).

The balance of Appendix H-2 presents computer plots taken from
preliminary friction flow runs at 0 and 20 degrees, for various trajectories. It will
be seen that, for the most part, ‘the general flow directions are evident, despite the
random perturbations associated with point location, which correspond to computer
overflow conditions due to the remaining math model instabilities. Some of the

random data in the runs has been removed from the plots for clarity.

Prior to attempting higher wall friction coefficients (tan ( @')), it would
be necessary to model a smoother inter-relationship between adjacent streams, as

well as improve the radius subroutine.

It will be noted that the plot data shown, as well as the tabular data
identified above, relates to the movement of the stream net, once all streams have
been incorporated into this common net, after initial impact. The net formation
phase, which is documented in a cumbersome computer printout format not presented
here, is a very smooth process, ranging up to 40 steps in itself, prior to the step
sequence in the table on H-66,67. The computer plots shown record wavefronts at
every tenth step after the full net is formed. '
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8.0 LABORATORY CHUTE SCALE MODELS AND TEST EQUIPMENT

FSEC constructed a number of one-sixth size scale models of chutes during
this study program. The modeling efforts related to two different activities:
1) the development and evaluation of various concepts, which were screened in the
tradeoff analysis discussed in Section 6; and 2) to testing of that chute geometry
identified for detailed study, the torus. This section describes the various scale models

fabricated and tested, together with basic test equipment utilized, and the scaling considerations

involved.
8.1 SCALE MODEL CONSIDERA TIONS
8.1.1 Dimensional Analysis

Two groups of parameters are involved in addressing options and constraints
relative to scale model testing: 1) material flow characteristics applicable to free,

open channel flow; and 2) chute geometry and associated material trajectories.

Because free, open channel flow characterizes the functional flow
mechanism of interest in transfer point chutes, all of the materials flow characteristics
applicable to the analysis are effectively dimensionless. In particular, because steady
velocity profiles in a mass~flow configuration characterize chute flow, only two material

parameters are involved:
1. Effective angle of internal friction 8
2. Kinetic angle of wall sliding friction ¢'

In an actual laboratory size scale test, one additional constraint applied
to materials parameters is that the largest lump size should not be greater than about 1/4

to 1/3 of the belt width, relating to the idler trough.

In the pre~friction flow phase of the transfer point analysis, it is necessary to
duplicate the shape of the free fall trajectory relative to the chute scale size selected, as well
as the pulley diameter applicable. Referring to Figure 8-1, the relationship required between
the scale size selected (s) and the full size configuration (f) is

Es - Ef

. 1 Modelling Flow of Bulk Solids, J.R. Johnson, Powder Technology, May 14, 1971
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Figure 8-1 Free Fall Trajectory Parameters

V sin @ *+ gt,

-1
0 = Cos

(g(r+a1)




That is,

s sin 9s N gts = f sin 31’ * gtf (2)
v Cos § V. cos #§
S s f f
or
tan §  + gts - tang, + %4 (3)
S v ) f V.cosé
§%°%%g f f

By definition of equivalency of trajectory shape,

) = b (4)

Also, in the horizontal direction, for either case,

t = X (5)
V cos 8

Hence, substituting equations (4) and (5) in equation (3) and clearing common terms

X X

- - __f (6)
Vv 2 v. 2
8 f

This can be expressed in the form,

Vg - X, 7
Ve X

indicating that for any scale factor Xs/ Xf chosen, the ratio of the velocities must be

the square root of this ratio.

It will be seen from section 2 of Appendix B, that because the following

relationship holds

@ = cos_1 V2

g(r + a;)

the above dimensional retationship between the velocity and the pulley size holds identically

to that br the velocity and the chute size.



8.1.2 Laboratory Test Scale Size

Because relatively minor dynamic constraints govern selection of the
scale size for laboratory testing, it is possible to chose one where the cost and incon-
venience of handling and storing large amounts of bulk materials can be minimized and
also where the most readily available conveyor test equipment can be chosen. In the
case of the 1/6 scale model chosen, it will be seen that the normal peak flow rate, at

full scale, of about 18 tons per minute on a 600 fpm, 36 inch belt conveyor reduces to

[}

Q

8

(18 x 2000 lbs) x {Cross Sectional Velocity
Area Scale Factor Scale Factor

36,000 x (1/6) x ( /176 )

408 bs/min

For a test run of one minute, this figure corresponds to the following volumetric

requirements;
Material Density 1-minute Flow Volume
Coal 55 1b/ft3 7.4 £t3
Sand 100 1b/ft 3 4.1 ft3

8.2 LABORATORY TEST EQUIPMENT

8.2.1 Test Conveyors

The most practical means of producing flow volumes with the required
trajectory shapes and uniformly reproducible flow rates was judged to be a 1/6 scale
size conveyor, i.e., with a 6 inch wide belt. One further critical feature required, in
order to obtain the trajectory shape, is that the radius to the belt surface also be 1/6
that of the full size case in order to duplicate the full scale radial angle of departure 6 of
the flow mass from the pulley. For 24 inches the largest size pulley diameter available
for a 36-inch wide belt conveyor, the exterior scale size radius must then be 2 inches

for the feed conveyor.

Figure 8-2 shows the scale model conveyors utilized in testing, together
with a typical scale mode chute (see 8.3.5). The feed conveyor has a 6 inch wide, slider

bed-type, troughed conveyor and is 10 feet in length. Its 3 1/2 inch pulley diameter and
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1/4 inch thick belt yields the required exterior 2 inch radius.

The receiving conveyor, also 10 feet long, has an 8-inch belt width. ‘

For the 1/6 scalefactor, this corresponds to a full size conveyor of 48 inches.

Each conveyor is driven by a 1/3 hp motor, utilizing a chain sprocket
drive reduction to the pulley shift to obtain the required belt speed. Provision was made
in the chain drive assembly to adjust the belt speeds to values which are average value
and limiting values for the applicable range at full scale. Table 8-1 summarizes the
details of this provision:

Table 8-1
Belt Speed Variation Provision in Scale Model Conveyors

%Scale Speed Sprocket Provision Belt Velocity, Fpm
tModel Range No. Teeth | No. Teeth R atio Scale Model Full Size
Conveyr Value Drivr8pkt | Drvr Spkt Equiv. (X 6)
6" ~ . low 14 26 1.84 143 350
{(Input) . average 14 20 1.43 184 451
high 14 15 1.07 246 602
|
g . low 16 21 1.29 204 | 500
' average 16 17 1.07 245 | 600
(Outeut) | yioh 16 14 .88 301 | 7137
8.2.2 Flow Feed Provision

A conical hopper with about a 4.5 cubic foot capacity was constructed to provide
about a minute's flow at peak capacity for test sand, Figure 8-3 shows the hopper in place above the

feed conveyor. After filling, the hopper is raised to the position shown on a hydraulic fork lift.

(Figure 8-3a).

8.3 CHUTE SCALE MODELS

8.3.1 Conceptual Scale Model Phase

The following models were developed during the conceptual development

phase. Conceptual rationale for the various iterations is also discussed in 9.2 and 9, 3.
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Figure 8-3. Transfer Point Test Setup



Figure 8-3a. Hopper Lift

Figure 8-4. 15° Cone Scale Model
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8.3.1.1 Conical Models

‘ Two different types of cone scale models were designed and constructed.
The first was an multi-section assembly, with a fifteen degree opening angle (Figure 8-4).

It consists of the following elements:

e Piece 1 (Figure 8-5)
A base section, containing the curved portion of the cone on the
inboard (to the pulley) cone side and a flat section located along the
lowest quadrant, which is capable of being varied in width by sliding

Piece 2 on it,

e Piece 2 (Figure 8-6)

The lower outboard quadrant of the cone.
e Piece 3 (Figure 8-7)
The upper, outboard section of the cone, which defines a variable

cone arc above piece 2 by varying its degree of overlap therewith,

e Piece 4 Figure 8-8)
A flat, initial impact plate, which is an optional attachment to

Piece 3.

A second type of cone section is depicted in Figure 8~-9. Nominally
called a cone because of its similarity to the previous configuration in the manner of its

alignment orientation, the opening angle of this cone is zero degrees.
8.3.1.2 Cylindrical Models

Two basic cylindrical geometries were defined and constructed. The
first is an approximately 90 degree cylindrical quadrant, terminating at the upper end
with a flat vertical wall (Figure 8-10). The second configuration is a compound version
of the first, consisting of a pair of additional cylindrical quadrants, which are provided

as side constraints on the flow as it slides down the main cylindrical section. (Figure 8-11)
8.3.1.3 Toroidal Models
Two groups of torus chute scale models were designed and fabricated
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Impact Plate Separate

Figure 8-8. Cone Model with Flat Impact Plate
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6" Dia. 8" Dia.

Installation, 6" Dia.

Figure 8-9. Zero Opening Angle Cone
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Figure 8-11. Compound Quarter Cylinder Model
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iteratively during the initial conceptual stage. The first group involved a series of
smooth toroidal surfaces, corresponding to sections cut from 90-degree welding elbows.
The second group were similar in basic geometry, except that they were cut from
90~degree, ''smoke pipe ' elbows, or hot air ducts. The fabrication of the second group
involved very informal methods, the purpose of these models being to determine whether
significant departures in flow pattern occurred when a smooth toroidal surface is broken

into series of intersecting cylinders.
8.3.1.3.1 Smooth Torus Configuration

Smooth torus configurations were constructed in 6 inch and 8 inch minor
scale size diameters. The first set designed are shown in Figure 8-12,
Their outboard wall, relative to the pulley side was found during testing to be cut too
low. The length of the vertical curve along the major radius was similarly made too
short.

A second torus configuration was built to redeem the shortcomings of the
first. Shown in Figure 8-13, it consisted of a much higher outboard wall; and its
vertical curve length was extended by virtue of a two piece construction. The lower
section was provided to guide the final flow vector leaving the end of the torus. The lower

section is a rotatable attachment to the upper one, provided to realign the slot opening with

the bottom of the first section as its roll position varies.
8.3.1.3.2 Smoke Pipe Torus Configurations

The smoke pipe torus configurations modelled involved various modifications
of basic 90 degree, 4-section, hot air duct elbows. Although a number were investigated,
the most typical ones are shown in Figure 8-14, They include modifications of both 6-inch
and 8-inch minor diameters, where once again the variations involved pertain to the amount

of outboard sidewall retained as well as to the length of the vertical curve.

8.3.2 Additional Torus Configuration Scale Models

Subsequent to selection of the torus shape as the preferred chute geometry,

an additional design iteration was performed to define configurations suitable for 350 fpm
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Figure 8-14a Smoke Pipe Torus Models - 8"
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Installation: Run 131

6" Minor Dia

Figure 8-14b Smoke Pipe Torus Model - 6"
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and 450 fpm input flow velocities, as well as the 600 fpm figure used in the conceptual
screening phase of the work. This resulted in the configuration shown in Figure 8- 15,
covering the gpecific 450 and 600 fpm cases and generally an approximate range between
400 to 600 fpm, for which the angle 6 of trajectory departure from the pulley surface
is 0 degrees. In addition, the configuration for the 350 fpm case, covering up to about
400 fpm is shown in Figure 8-16. This last scale model is the one defined in the drawing

depicted in Figure 8-13.
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Figure 8-15A. Torus III Model



Figure 8-15C. Torus III Installation Figure 8-16. Torus I Installation
for 350 FPM Feed

Figure 8-15B. Torus III Model
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9.0 LABORATORY TESTING

9.1 FLOW MATERIALS UTILIZED

Flow materials utilized at different phases during scale model testing
included primarily Ottawa sand,with occasional use of run-of-mine coal, including
rock. Apart from the advantages of cleanliness and consistency of flow through the
hopper test fixture, the Ottawa sand was the most useful material from the stand-

point of tracing flow patterns --- particularly at the impact area.

Table 9-1 summarizes the data on the specific mixtures utilized in test-
ing, in addition to the original Ottawa sand grade constituents of the mixes, The majority
of testing was performed with the Code C mix. This contains four different Ottawa
grades covering the range of about 15 available, wherein Flint Shot and F-140 are the
coarsest and finest, respectively. This mix gives a well-proportioned profile of

particle sizes.

Figure 9-1 shows some coal samples made available to FSEC during the

Table 9-1
Sand Mixtures Used in Scale Model Testing

Test
Use % Retained on (Sieve #)
Item | Description | Code | 301 40 1 50 ] 70 ] 140 | 200 { 270 ! Pan | Remarks
1 Flint Shot A 30165} 5 Ottawa Std
2 Crystal - 1131}51{13 3| T Ottawa Std
3 #17 Silica - 45 | 29 13 4 1 T | Ottawa Std
4 F-140 - T 21| 8 36 31| 12 11 | Ottawa Std
5 Items 1&2 B 1648128 7 1} T Equal Parts
6 Items 1, 2 C 812612612 13 9 4 2 | Equal Parts
3,4 '
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5-10% Refuse
(Black Creek, Strip)

50% Refuse
(Blue Creek Seam,

Underground & Strip)

80% Refuse
(Pratt Seam, Underground)

Run of Mine Coal Samples



study program. Informal lab testing was performed with a number of these; and the
results, within the limitations of the method of feeding this coarse material, did
not appear to deviate significantly from those for the sand flow pattern. Close hand
observation of the coal frictional flow, because of the variation in particle size and
the scale size used, was not an efficient method for parametric optimization of the
chute performance; and on this account sand was the preferred test material for

scale model testing.

Periodically during testing,roof rock (Figure 9-1) was introduced onto
the feed belt (Figure 9-7), to verify chute clearance with the head pulley.

At the beginning of the laboratory testing program, a confirming com-
parison was made between the CEMA trajectory theory (5, 1, 2) and the velocity
scale down theory ( 8.1.1 ), As shown in Figure 9-2, very good agreement was

found between the two trajectory shapes.

9.2 INITIAL LAB TESTING OF DEVELOPMENT CONCEPTS

Laboratory scale model testing results constituted a major criterion in
screening of initial chute configuration concepts, which is covered in Appendix G.
This section covers the details of the test rasults. The test run data are provided in

the form of tables and in photos referenced to the run numbers.

9.2.1 Cone Model Tests

The tests of the various cone configuration are summarized in Table 9-2,
and in Figures 9-3 to 9-11. The overriding disadvantage with the opening angle cone
configurations was inherent divergence of flow during descent (Runs 201-206). Although
repositioning of the cone relative to the free fall trajectory made it possible to prevent
the impact split, the divergence problem could not be resolved. (Next text page: 9-9),
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Figure 9-2. Correlation Between Theoretical
and Test Trajectory Shapes
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TABLE 9-2

SCALE MODEL TEST RESULTS FOR CONE CHUTE CONFIGURATIONS

L1T

X - Deviation
N d*
Chute Config. Locating Coor - q, Attitude From Remarks

Run Half Other Flow X Y |Z [Min, |Roll | Pitch] Yaw 90° Figure

No, Angle | Features Material | In, |In, ]In, {In, 0 0 0 Turn No, |Cohesion Spillage

201 15° | Flat Impact Pl, |Sand - A**| 4,8 { 1.6 |0 |- 0 |25.5 0 20 9-3 |Impact Split | Considerable
Scatter

201A 15° Flat Impact P, JROM *** | 4.8 | 1,6 |0 |- 0 |125,5 0 20 9-4 Poor Major Scatter

202 15° No Impact P1, [Sand - A | 4 0,310 |- 0 |25 0 20 9-5 Impact Split | Slight
Improvement

203 15° No Impact P1, |Sand ~-A | 3,510,310 |- 0 |25 0 20 - Divergence | No Change

204 15° No Impact Pl, |Sand ~-A |3,510,3 |0 |- 0|25 11,5 0-5° 9-6 Improved Some Scatter

205 15° No Impact Pl. |Rock 3.510.3]10 |- 0 |25 11,5 0-5° 9-7,8 - None

206 15° No Impact P1, }Coal 3.510,3}0 |-~ 0125 11,5 - 9-9 Poor Major Scatter

151 0 8" Dia, (Cyl.) |Sand-C |-1,9 }6.2 |2,4]-7.537,6}22,5| 27 0 9-10 | Good -

152 Y 6" Dia, (Cyl.) |Sand-C |-1.2 } 6,2 {1,8]-7,0 |44 30 23 0 9-11 | Good -

*Q@, at top end, Runs 201-206
Aft outboard corner, Runs 211,212
**See Mix Description, Table 9-1
*** Mary Lee, Figure 1




Figure 9-5. Run 202 Figure 9-6. Run 204
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Figure 9-9. Run 206 Figure 9-10. Run 151
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Figure 9-11. Run 152 Figure 9-12. Run |

Figure 9-13. Run 3 Figure 9-14. Run 4
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This consideration led to the origin of the so-called "zero opening angle"

cone, wherein the divergence was inherently eliminated. An unforeseen characteristic
of this configuration, however, was the need for moving it too close to the head pulley,

in order to provide a smooth (non-forking) impact condition (Runs 151, 152).

9.2.2 Cylinder Model Tests

Tables 9-3 and Figures 9-12 to 9-25 summarize the results of tests on
the cylindrical configurations. The first tests, 1-8, were devoted to attainment of the
optimum yaw angle of the cylinder axis with the input direction of flow, relative to

achieving a 90° turn. This angle was found to be about 30 degrees.

The single surface cylinder (Test Runs 1 to 8) exhibited scatter,due partly
to the absence of side constraints, but basically due to the constantly changing angle
of impact of the free fall trajectory, at different points across the flow mass width,
This resulted in a characteristic forking of the stream into two parts, or at least into
a generalized fan pattern. Testing of the chute model at a variety of height positions
relative to the feed conveyor yielded the same result, Control of the spillage feature of
this forking phenomenon was attempted by the side walls provided in the compound
cylinder configuration (Runs 9 to 13). While this attempt was successful, it was still
apparent that the forking, which still persisted, corresponded to an undesirable, dust-

producing turbulence in a full scale configuration.

In a final search for a non-forking impact flow, eylindrical radii tighter
than the 10 inch one used in the above tests were tried, These included 6 and 8 inch
radii (Runs 21 - 25).

9.2.3. Initial Torus Configuration Tests

The early torus chute tests are detailed in Table 9-4 and in Figures 9-27
to 9-50. (Next text page: 9-22),
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TABLE 9-3
SCALE MODEL TEST RESULTS FOR CYLINDRICAL CHUTE CON FIGURA TIONS

Deviation
Chute Config, Height, Horiz, @, Attitude From Remarks

Run | Cylind, |Rad | Arc Flow Cylindrical Y Roll [pPitch | Yaw 90° Figure

No. Descr, (In.) o Material| Axis Above Belt | Min o o o Turn No, | Cohesion Spillage

1 Plain 10" 64 | Sand A 1.5 -7.2 0 0 38 15° 9-12 | Sharp* Scatter
Impact Fork

2 Plain 1om 56 | Sand A 1,75 -6.6 0 0 38 0-5 - Sharp* Scatter
Impact Fork

3 Plain 10m 56 | Sand A 1,75 -6.6 0 0 31 5° 9-13 | Sharp* Scatter
Impact Fork

4 Plain 10" 64 | Sand A 1,75 -7.2 0 0 31 5° 9-14 | Sharp* Scatter
Impact Fork

5 Plain 10" 56 | Sand A 0, 12 -8,2 0 0 31 0° 9-15 | Sharp* Scatter
Impact Fork

6 Plain 10" 56 | Sand A -1, 31 -9.6 0 0 31 0° 9-16 | Sharp* Scatter
Impact Fork

7 Plain 10" 56 | Sand A -4, 31 -12,6 0 0 31 0° 9-17 | Sharp* Scatter
Impact Fork

8 Plain 10" 56 { ROM -1, 19 -9.5 0 0 30 0° 9-18 | Less Pro- Scatter
nounced Fork

9 Compound | 10" 64 | Sand A -1,0 -10,0 0 0 30 0° 9-19 | Fork Recom-| Controlled
bined on Belt

10 Compound | 10" 64 | ROM -10 -10.0 0 0 30 0° 9-20 | Not Visible |Dusting
11 Compound | 10" 64 | Sand A 1.0 -8.0 0 0 30 0 9-21 | Fork None

Maintained

* Trajectory Impacts
into Frictional Flow Path
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SCALE MODEL TEST RESULTS FOR CYLINDRICAL CHUTE CONFIGURA TIONS

TABLE 9-3

(Continued)

Chute Config. Height, Horiz, g Attitude De;ifi‘l’“ Remarks
Run | Cylind, |Rad | Arc Flow Cylindrical Y Roll IPit;ch Yaw 90° Figure
No, Descr, (In.) o] Material| Axis Above Belt | Min, o o o] Turn No, | Cohesion Spillage
12 Compound | 10" 64 Rock 2,0 -7.0 0° 0° | 30° 0° 9-22 - None
13 | Compound| 10" 64 Sand A 2,0 ~7,.0 0° 0° 30° 0° 9-23 Fork Controlled
21 Plain 6" 90 Sand A 2,25 -7.8 0° 0° 30° 0° - Fork Scatter
22 Plain 6" 90 Sand A 4.0 -6 0° 0° 30° 0° 9-24 Fan-Out Scatter
23 Plain 6" 90 Sand A -10 -11 0° 0° 30° 0° 9-25 Fan-Out Scatter
24 | Plain g 90 Sand A ~1,0 -11 0° 0° 30° 0° - Fan-Out Scatter
25 | Plain 8" 90 Sand A 3.62 -6.8 0° 0° 30° 0° 9-26 Fork Scatter




ve1

Table 9-4

Scale Model Test Results for Initial Torus Chute Configurations

Locatiqg Coord* Y Attitude Dev. from
Run # Chute Flow X | Y min | Roll Pitch Yaw | 90° Turn Remarks
Config. Material in in in in o o P o Fig# Cohesion | Other
101 Torus I/6 | Sand-A - - - - 30 0 0 30 9-27 |Impact Outboard
Break Scatter
102 Torus 1/6 " - - - - 42 0 0 30 9-28 " "
103 Torus 1/8 " - - - - 45 0 0 0 avg 9-29 | Impact Diverge
Fork

104 " 1 - - - - 45 0 0 10 avg 9-30 " "

105 Torus 1/6* " - - - - 30 0 0 0 avg 9-31 " "

106 Torus I/8*| Sand-A - - - - 30 0 0 10 avg 9-32 " "

111 S/P1/8 Sand-B 3 -3.2 3.6 - 30 24,5 28 20 9-33 | No Impact| Too tight
Split

112 S/P11/8 " 5 -4 0 - 5 15 5 0 9-34,35] Impact Clear OK
Fork

113 " " 6 -5.4 51 - 10 23 9 0 - " Scatter

114 " " 6.5 -4.2 4,2 - 0 30 20 30 9-36 Major Broad
Fork Scatter

115 " " 4.8 -5.1 5 - 14 25 15 15 9-37 Smaller Some
Fork Scatter

116 " " 4.8 -4,.9 5.4] - 12,5 29 11 50 9-38 Large Scatter
Fork

117 " " 5.4 -4.5 5.4] - 5.5 30.5 10 250 9-39 Minor Right
Fork Scatter

** Qutput side constraints added

* To outboard edge of upper circle for Runs 111-126, See Fig. 9-34.
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Table 9-4 continued

Scale Model Test Results for Initial Torus Chute Configurations

Locating Coord* Attitude Dex(/). From|
Run Chute Flow X Y Z Y Roll | Pitch Yaw |90 Turn Remarks
# Config. Material in in in [PP0 o 0 0 o Fig. #| Cohesion |Other
118 S/P 11/8 Sand-C 5.4 {-4.5 | 5.4 | — 5.5 30.5 100 25 —_ Neg. 1 Fork
119 1 J 5.4 |-4.5 | 5.4 |— |55 | 27 10 5 9-40 | Same Fork
120 5.4 |-4.5 | 5.4 - 5.5 30 10 5 9-41 | No Fork 1"extra
added
121 5.4 }-4.5 ] 5.4 — 5.5 27 10 0 9-42,43] Slight Fork | 2" extra
added
122 3.6 [-6.7 | 4.4 —_ 5.5 25.5 12 0 9-44 Fork
123 7 -6.7 | 4.1 - 0 26.5 22 0 avg. 9-45 | Major Fork Scatter
124 1 -7.8 1 4.2 - 256.5 22 23 0 9-46 |Definite Fork Good
Reconverg
125 1 -0.5 |-7.9 {5 -6.5 40.5 38 8 10 9-47 No Fork Poor turn
126 S/P1/8 -0.5 |-7.9 ] 5 -7.0 40.5 | 38 8 0 9-48 No Fork 2" ext.
added
131 S/P1/6 | Sand-C 4, 0% |-7,0%|4.5% {-6,5 | 20 20 10 0  9-49,50! No Fork 2" ext.
j added

* To bottom of circle at lowest section prior to extension (Figure 9-50)




Figure 9-17. Run 7 Figure 9-18. Run §

126



Figure 9-19. Run 9

Figure 9-21. Run 1l
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Figure 9-25. Run 23 Figure 9-26. Run 25
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Figure 9-29. Run 103 Figure 9-30. Run 104
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Figure 9-33. Run 107 Figure 9-34. Run 111
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Figure 9-37. Run 115 Figure 9-38. Run 116
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Figure 9-41. Run 120 Figure 9-42. Run 121
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Figure 9-45. Run 123 Figure 9-46. Run 124
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Figure 9-49. Run 131 Figure 9-50. Run 131
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The first torus configurations (Torus I, 6 and 8 inch sizes) were found ‘
to have the outboard side wall cut excessively low, requiring roll angles that caused

the impacting stream to interfere with the subsequent frictional flow (Runs 101 to 106).

Simultaneously with the "'true', or smooth surface torus models, ones
with segmented sections were also tested. As noted in Section 8. 0, the most convenient
raw material for these scale model chutes were sheet metal, smoke pipes, Dimensional
consistency and appearance of the numerous configurations tested here were not of
the same quality as for the machined smooth torus chutes; but the primary objectives-
of these particular tests were satisfied: namely, 1) to confirm general agreement
with the corresponding smooth torus configurations, and in particular 2) to verify
that the joint intersections between successive cylindrical portions did not result

in adverse flow patterns.

The other principal objectives in the many test runs involved with the
smoke pipe torus involved achieving a non-splitting impact flow and a 90 degree turn.
Of the various positions investigated, that for Run 126 appeared to achieve the best
impact conditions and required turn, in the 8 inch minor diameter torus. This involved
the addition of a chute extender, which caused the flow to return from an ""over'-turn,

i.e., one past 90°, back to the center of the chute output area.

In order to enhance the headroom requirements, reflected in the ''Y MIN"
column of the table, a 6 inch minor diameter chute was also built and tested. Its opti-
mum configuration was achieved in Run 131. (Y MIN is the distance of the lowest point on
on the chute from the pulley center axis and corresponds to the identical term used in

the analytical chapter.)

Owing to the unsuitable dynamic characteristics encountered with the first
smooth torus configurations (I/8'" and I/6'), a number II chute was introduced for test-
ing. Only a 6 inch minor diameter case was now investigated, it by now having been

verified that this smaller diameter shape was of adequate size to '"catch' and turn the
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entire flow cross section width for a 6 inch wide (36 inch full size) belt. The results

of this second torus cut from a 90 degree pipe elbow are presented in Table 9-5, and in
associated Figures 9-51 to 9-64. At this point, the torus chute was the evident stand-
out among chute concepts, and the range of possible input belt velocities was investi-
gated, i.e., at 350, 450, and 600 FPM. While the Torus II chute was found, at respec-
tively different attitudes and locations, to be suitable for the higher velocities, the
shallowness of the 350 fpm velocity dictated a different solution. It was determined
that the Torus I/6" chute, oriented differently from the position attempted in Runs 101,
102, and 105, was optimum for handling this low trajectory (Figures 9-60, 61),

It was found in general that the Torus II chute for the upper velocities was

only marginally long enough, measuring length as the arc angle around the major diameter,

In the earlier Runs, 61 to 65, the slot area provided in the basic design was covered

up by various strip widths to resolve the original internal surface, Subsequent runs (66,
67) achieved reasonably good flow performance with the original slot restored, but
optimal flow oufput, it was judged, would be gained by an additional slide surface ex-

tension.

The outboard wall of the Torus II configuration had been raised significantly,
to correct the features in the Torus I tests, resulted in the Torus I wall now being too
high, and some interference with the upper edge with the free fall stream was now noted,
Notching of the wall was performed incrementally (See Figure 9-57) to eliminate the _

interference,

9.3 REVISED TORUS MODEL TESTS

The need to evolve a third torus configuration arose from five considera-

tions, including some previously identified:

° The outboard side wall shape required optimization
° The chute needed to be longer to optimize the flow output shape
° A more accurate reference surface was needed to measure angular

and positional offsets.
° There was need also to raise the chute inboard wall to control and

turn flow at the higher roll angles tested (Next text page: 9-29)
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Table 9-5

Scale Model Test Results for Second Group of Torus
Chute Configurations

LeT

Locating Coord*] Y Attitude Remarks
Run# Belt Chute |Flow X Y Z Min | Roll Pitch Yaw Dev. from Fig# | Cohes.| Other
Velocity] Config [Matl in in in in ° ° ° 900 Turn
61 246 |TorusII/6}Sand-C| 2.5 -3.5 3.5 7.2 | 37.5 16.9 " 10 9-51,52] Good| Slot
l AL Covrd
62 2.0 -3.5 3.2 7.0 | 40.3 16 2 0-5 9-53,54| Good|2 1/8"
—_ Strip
63 ':‘é 2.2 -4. 4 3.2 |-6.6 |32.2 12, 0 0-5 9-55 Good "
Q
64 @ 2.0 | -4 3.2 1-1.0 | 36.0 | 16 0 0-5 - Slight|
& Fork
65 =) 2.2 -3.6 2.6 |6.4 | 35.4 4 0 0-5 D-56,57 " Filler
A removed
=
66 S 2.1 -3.5 3.1 {6.8 ] 39.3 9.8 0 15° 9-58 No -
< Y Fork
|
67 246 [Torus I1/6 3.0 -2.9 2.9 |97.0]28.5 10 13 0-5 9-59 No -
Fork
71 143*%* {Torus 1/6 1.0 2.8 -0.1}]-6.2 | 11 6 0 10-15 9-60 Fork -
72 143 " -0.2 -2 -0.5|-6.4 | 24. 4 0 0 0 9-61 Slight -
Extension
- - - - - "
73 143 " 0.2 2 0.5|-6.4] 24. 4 0 0 0 Added
81 184**% Torus1/6 1.0 -2.8 -0.1]{-6.2| " 6 0 15 9-62 " -
82 184 TorusI1/6] | 3.4 -2.8 2.8-7.4 125 4,5 0 5-10 9-63 |No Fork -
83 184 Torus I1/6§Sand-Cj 2.0 1-3.5 3.0/-6.4 | 35 6.0 0-5 0-5 9-64 " -
** 350 FPM, Full Scale * To Outboard edge of upper circle for runs 61-67, 82,83 |

*** 450 FPM, Full Scale To Aft edge of upper circle for runs 71-73, 81,




Figure 9-53. Run 62 Figure 9-54. Run 62
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Figure 9-56. Run 65

Figure 9-58. Run 66
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Figure 9-61. Run 72 Figure 9-62. Run 81
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Figure 9-65. Run 461 Figure 9-66. Run 462
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] To establish baseline configurations for comparison with the

analytical results, at the higher speeds of interest.

The Torus III chute was evolved accordingly. Test results involving this

configuration are covered in Table 9-6 and Figures 9-65 to 9-69.

One of the test phenomena increasingly recognized through the iterations
investigated was the development of a significant flow down the inboard side of the chute,
the origin of which was the very fine material falling from the belt after the main flow
trajectory had departed. This secondary flow had the effect of turning the main flow
to the outboard direction, particularly if this main flow still had a significant velocity
vector to the inboard side by the time it arrived at the bottom of the chute. This had
a generally beneficial effect from the standpoint of minimizing the length of the
chute required to center the flow and achieve a 90 degree turn. However, some dis-
turbance in the flow at the convergence areas is an inherent penalty, although of an

apparently second-order magnitude.

Of greater question is whether this phenomenon is matched in an actual
transfer point configuration. It was observed during field trips that the effluent from
the belt cleaner is sometimes quite significant in volume, although its role in current
chute flow situations is not a factor, with the chute being normally clear of the effluent
drop area. It is judged that the more conservative approach is to ignore the role of
this secondary flow, from the standpoint of making worst case assumptions relating to
the length of chute necessary to turn the flow. Thus, chute lengths in some configurations
may have to be slightly longer, proportionately, than in these tests, although this is
also a function of wall friction. Inthese tests, the angle of wall friction was measured
at about 32o for both the steel pipe elbows and the galvanized steel smoke pipe elbows.
For higher frictions, the flows will turn more quickly, and so the length can be shorter,
and conversely for lower frictions. Ultimately, the chute design should be sufficiently
flexible for varying local situations that the location of the lower chute termination can be

varied to suit.
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Table 9-6

Scale Model Test Results for Torus IIl Chute Configuration

Locating Coord. * l\Y/v[in Attitude Devb from
Run Velocity Flow X Y |Z in Roll |Pitch| Yaw 90 Turn | Fig.# | Remarks
# (FPM) Material in in |in ° o o o *k Cohesion Other
461 246(600) Sand-C 7.6 -2.816.8 -7.2 19 |16 |11.5 10 9-65 Good Slight Scatten
462 246(600) " 7.5 | -2.5(6.8 -17.2 32 {20 |11 5-10 | 9-66 Good |Fines Buildup
481 184(450) " 6.8 -2.8)7.2 -7.4 28.519.5} 7 5-10 9-67 " "
482 184(450) " 6.2 -2.8{7.2 -7 29 |17 3 0-5 _ " "
483 184(450) " 6.4 | -2.5|7.5 -7 22 |15 6 0 9-68 " "
| 484 184(450) Sand-C 6.5 -2.517.5 -7 27 |14 6.5 0-5 9-69 " "

* To outboard edge of lower circle

**  Original black coating on pipe elbow removed after Run 482,




Figure 9-69. Run 484
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Factors in Good Chute Design, W. H. VanBuren, Modern Materials Handling,

Belt Conveyor Transfer Points, H. Colijn, P. J. Conners, Soc. Mining Engr.
AIME, Vol. 252, Page 204 - 210, June 1972

Chutes - A Preview of Development of Chutes Underground, Colliery Guardian,

A Chute Designed to Spread Uniformly a Stream of Bulk Solids, J. C. Richards

Design and Performance of Spiral Chute Installations in India and Abroad,
R. N. Gupta Scientist and B. Singh, Assistant Director, Central Mining Research
Station, Journal of Mines, Metals & Fuelg, July 1970

Tips on Designing Chutes & Spouts, Colley, Material Handling Engineering,

Typical Coal Chutes and Coal Liners - Sketches

Stainless Steel Coal Ducts Stop Trouble in Maintenance and Operation, J. L.
Raymond, Mechanical Engineering, May 1955.

Plastic Liner for Chutes, Bins Shows Promising Results, Coal Age, August 1973
Plastic Sheeting - Fluid BedDryer, Coal Age, January 1976
Steels for coal Handling and Preparation, Wayne E. Tuomi, Coal Age, Sept. 1968

New Coal Chute Lining Saves Wear and Maintenance Costs, Power Engineering,

New Materials for Slidability Plus Longer Wear, Jack B. Blankenship, Mining
Congress Journal, October 1975

Linings Made of Hostalen Gur (UHMW-FE) for Bins Containing Bulk Materials,

Technological Innovations Abound in Coal Mountains of Appalachia, Coal Age,

SME Mining Engineering Handboek, Arthur B. Cummins, U. S. Bureau of Mines,

Chute Design, General
1.
2.
Sept. 1953
30
4.
September 20, 1962
5.
6.
7.
January 1966
8.
Chute Materials
1.
2.
3.
4.
5.
May 1971
6.
70
American Hoechst Corp.
Coal Mining at Face
1.
Mid-May 1975,
20
1973
3.

Underground Mining, J. A. Reeves, Society of Mining Engineers, Feb. 1975
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10,

Underground Coal Mining - 1971, George L, Judy, Mining Congress Journal,
1972

Congress Journal, February 1973

Underground Mining - 1972, William F. Distler, Douglas E. Julin, Mining .

Underground Mining of Coal, Robert L. Raines, Mining Congress Journal,
1975.

Principal Mining Enner, Energy Sources Division, Kaiser Engineers, C. B.
Tillson, Jr., Mining Congress Journal, February 1975.

Mechanical Mining of Coal, William F, Diamond, Mining Congress Journal,
February 1968

Research and Development, Robert L. Frantz, Society of Mining Engineers,
March 1976

Continuous Mining in Thin Seams, C. Lynch Christian, Jr., Mining Congress
Journal, July 1964

D. Underground Haulage

Belt Conveyors, Belting and Auxiliaries, Coal Age, Operating Guide, Jan., 1968

A System with the Right Angle, Mechanical Engineering, August 1972

Speedier Coal Haulage, Coal Age, February 1976
World's Longest Belt Conveyor, Coal Age, February 1970

Continuous Underground Slurry Transport of Coal, H, Douglas Dahl, D, L. McCain,
Mining Congress Journal, May 1974

History, Present Use and Near-Term Potential of Continuous Haulage, A, W, Calder,
Mining Congress Journal, August 1972

Evaluation of Underground Coal Haulage Systems, Arthur E. Belton, Mining Con-
gress Journal, 1975.

Bulk Materials Handling, Hawk, Vol. 3: - with the following specific papers:

a., Editor's Remarks

b. General Design and Selection of Conveyor Systems, H. Colijn

c. The Effects of Physical Properties on the Design of Conveyor Syst, R. W,
Christensen, R. W, Heins and K. K., Wu

d. Mathematical Modeling of Conveyor Systems, C, B, Manuia

e. Conveyor Belting in the '70s, E. T. Gregory

f. Belt Conveyor Transfer Points, H. Colijn, P, J. Conners (Also item 3 under

Chute Design, General .
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G.

Dust

6.

7.

8.

Environmental Control Applied to Belt Conveyor Transfer Points, Joseph N.
Morrison, Jr., Dravo Corporation

Coal Dust: Hazards, Control, Coal Age, March, 1970

Dust Control on Underground Coal Conveyors, N. Levo, Jr. Mining Congress
Journal, December 1965

What's New in Dust Control?, Robert D. Saltsman, Mining Congress Journal,
August 1965

Dust Abatement Activities in Coal Operations, Robert R. Godard, Mining
Congress Journal, April 1968

Coal Industry's Progress in Dust Control, Kenneth M., Morse, Mining Congress
Journal, July 1969

Dust Control Methods, Coal Age, August 1967

Field Notes - A Coal Dust Suppression System, Power Engineering, June 1974

Specific Coal Mines

1.

Peabody Coal Company - Tops in Reserves and Productive Zeal, Coal Age,
October 1971

Safety - Fire

1.

Standard Method of Test for Surface Burning Characteristics of Building Materials,
ASTM E84-70

Standard Method of Test for Surface Flammability of Materials Using a Radiant
Heat Energy Source, ASTM E 162-67

Bulk Flow General

1.

Bulk Materials Handling - University of Pittsburg, Vol. 1:

a. State-of-the-Art of Bulk Materials Systems, E. R. Palowitch, R. S. Fowkes,
and C. A. Goode

b, Gravity Flow of Bulk Materials: Hoppers and Bins, Chutes and Feeders, H.
Colijn, and P, J. Carroll

c. Physical Properties of Bulk Materials, D, E., Frisque and L. C, Marraccini

Causes of "Hanging' in Ore Chutes Fipes and Its Solution, Vedat Aytaman,
Canadian Mining Journal, November 1960

Energy System Problems - How Can We Stop Coal Sticking to Bunker Walls ?,
Francis P. Sullivan, Power, March 1966

Discharge Trajectories, CEMA Bulk Materials Conveyor Handbook.
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16.

Stress and Velocity Fields in Gravity Flow of Bulk Solids, Jerry Ray Johanson
and Andrew W. Jenike, Bulletin No. 116 of the Utah Engineering Experiment
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29. Profile of Flow of Granules Through Apertures, R. L. Brown and J. C. Richards,
Transactions of Institution of Chemical Engineers, Vol. 38, 1960
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Engineering, February 1965
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3. Flow Properties of Bulk Solids, Jenike, Elsey and Woolley, Proceedings of
ASTM, 1960
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ability of Coal

8. Coal Selection and Handling, Power, February 1974
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10. Coal Preparation, Leonard/Mitchell, AIMMPE, 1968, Extract

K. Sampling

1. Introduction to Sampling and Blending Systems, H. Colijn, Bulk Materials
Handling, Vol. 2

2. Statistical Sampling Techniques, A.A. Orning, Bulk Materials Handling, Vol. 2

3. Sampling System Guidelines, James A. Redding, Bulk Materials Handling, Vol. 2

4. Sampling Practices, Robert J. King, Bulk Materials Handling, Vol. 2
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6. Practical Considerations in Sampling Standards and Procedures,
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MATH MODEL FOR PHASE I DYNAMICS
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FSED 0088 REV. A $-7




[P

reporT No. A Pendin B FAIRCHILD

SPACE & ELECTRONICS DIVISION

MODEL pace _B ‘

2. ¢CcoN'T.

)

THe Forlowns DATA ALE TABULATED HERE
Foke ©@VTe7Y WT2 THE ComfiTed mModi

(DLel S1ecHalee A, Gaedes )
ANC LE POCLE . .
b= 320 b ¢

29° 20° 2.49% 2.23
25 ° 2.75 . 2.29
30° Z,497 2.45

3g”? z0° 2 3% 2.8
R 2.46 3.09
30° 2.56 3.3

T‘*US, € 'S Now ComMPLeTEl sfeciFieDd -

Isie THe ABsle Demr, adD  AsSumiNg
THE 06N AT THE Cenmel of Twe RLley
THE Foulowib oCATIedS AELe THen) AP caéE
Fok THg ToP | CedTel of G2ATY  AJD BaTOM
OF A STREAM L , 0SNG THE CoociiaTe
STeM DeFiNep 1N Figuee A-3 y WHER s
LereS ThE Herd fuwler o

PREPARED BY CHECKED BY DATE REV.

FSED 0085 REV. A S5-71



reporT No._APZnDIx B

FAIRCHILD

SPACE & ELECTRONICS DIVISION

Eiouee A-3

a

pace

‘ MODEL

+ Pte I

+ YAW .

DATE

REV.

PREPARED BY

CHECKED 8Y

FSED 0085 REV. A 5-71
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a

FAIRCHILD

REPORT NO. A'Vpbj\)bi X 6 SPACE & ELECTRONICS DIVISION

MODEL

pace 19 __

2.

ConNT

STRenM [ Locamiond AT TIME
LeAaunNG  PuLLey  (t=0)

C oo RDINATE ToP c.C, Bomrom
%O (€+ k;_ SivG (ﬁ-&-a\ SN & sSne
Yo (f-? H){Bmse @Zf‘»\ Gs & Rcoso
. -
2, e,+95\(£+‘fa) a-rgs/n('w’/z_) e+ % (i)
3. DeFwNe THeE e FaLe TeaATecrey fatH

THE Towowdin G DY Namic FACamEReS ARy
AT TME <t &

Cookpae Locsond NeLoa/
X x Xo +<\/-Cos é\{ V Coé &
' ) >
N i Yo - \/sggx'vpgt YENRY- +qt
Ty e+ % (L-r‘-’a.\ O

FSED 0085 REV. A 5-T1 B-11




a

aeport No._ AP DY B FAIRCHILD

SPACE & ELECTRONICS DIVISION

MODEL : . PAGE l }

4. LocaTlod oF IMPacT PonT oOF  STEAM
L wTH CthTE

-

THe  imPwT BT ofF steemm L (f
C 6,y AND BoTToM | Eaﬂ.cm&ﬁ) w\TH THe
CHUTE 18 THe Wieecfr RBeTwsed) T™HE Fere
FaLL TEATeLn@/ , A {alatonc £RuATG) | WITH
THE 2= €+ %(U—‘éﬂ LINE EQuated I
The Faencua? TATE INTELEPED ¢+ Assume
THEe Reemmdevad flaes 7@ Be Duwiiped wro
Two TEAGES Each P THIS SoloTiod
WiicH Applesses e GG, ‘refmmev)
Bur s Renpey codvEeTEED ol THE

\NTEECEPTS o THE TP AND BoThm
&, TEATECTORY EQUARI) S

N 4 =\(0-Vosmé“l:’ytf)‘(’. @}
wheikE
%= Xo
€ - V Co% & ‘ N EY

FSED 0085 REV. A S5-T1
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a

FAIRCHILD

REPORT NO. A(QP&,\}O}‘}; 5 SPACE & ELECTRONICS DIVISION

MODEL

4., Cou'T |
SUBSTITVNN & VALve FEoila ‘E‘: INTO \sT

EQuanoy FeR Y N

Y = ':_%'_2. (3 : —T,Né. ..g:hx TA/JQ
|V cos &Y @C"S&\

0.33 )(07.. ] (4)
TS

X' 2 isT Teem Facme #2)

"

Ler X

(5 K| O SECeuD Teflsy FACDZ @’ b)
Y = CoNSTAIT 0k TMED Te W @'c)

h

4,2 'E @ianods oF Hade iadgLe 6
Cozneds |y2, mp 2 )

slause PLANC EQUATION  Con STAWJTS
PR CenelaL eQuano) T P aNE

TRimeLE 3
ax + b § +Cr = (s)
PREPARED éY CHECKED BY DATE REV.

FSED 0085 REV. A 5-71 B-13



a

reporT No._Aif PerDiX B !:é‘a’ ﬁ:rcm#.!s'!:sg
MODEL pace b2
A Con'T
LY, 2
| Yo Z2
\
JuIRH @)
xx \{I El -
YL Yo &
3 YQS 2;5

Q)

X, Y, 2,
X'l 77. %‘L
Xs Y3 2
X\ Yl ‘
X, Yo |
a = s Yy oo @)
| X, v, Z '
)\7_, Y‘L %‘L
Xy Y2 23

FSED 00885 REV. A 5-71 B-14




a

REPORT NO. A’P Permir S !:‘c?! ﬁ;r?ot!s’.!zg
MODEL PAGE \4"
4 con'T
SotuiNG EQUATe. S e K ‘
|1-C% - by
X = '
o8

SINCE  The 7= WNTERCEFT CookDATE 1S FikeD
e Awy one steesm| | 1E.

%‘L: e -+ %(L‘f‘é}
THeN eT

¢ - (-cz) | (o)
Hende &

X = K- 04 | Q,)

IS THE EQUATN OF THE LWE WTerSeercd
getWee) THE 2 = 2, Tuk Aup THE
Pimle of THE RaE | |

THE FSSIRLE  WRRCEPT ToNTs

e  Thed O8TheDd BY Soldfse EQuimiof

() w0 @) Simuiessy

PREPARED BY CHECKED BY DATE REV.

FSED 0085 REV. A 5-71 _
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a

FAIRCHILD

A -
REPORT NO. A f‘)ﬂf"l‘lb‘fﬂ et SPACE & ELECTRONICS DIVISION

MODEL

PAGE _l_g

4 » Con'T

SugsTrmNl- X IN Edueaned N
equnon) 4

gt (Fe ()0 @

SMABNNG TeemS g Semot uf 10 Quadisme
Foem

o« (Zw)s- [m/é‘» *—5-6"]3

+ I*Ll K-rK:)

» T a

LeTn- 4
Q= LT Facme 1 F'iesr Tetm

R = LowsmwT FADE ) ZND T A
S - ™eD Tedwv

o R} (R*. 465
X 2R

TAer) Soww€ Foe A
Peclee. Viiue Fol- Y\ 'S Demxs Jep
RY Fowsw cCceimewa

PREPARED BY CHECKED BY DATE REV.

FSED 0085 REV. A 5-71 B-18




a

REPORT NO. All=nonx B s’:?c‘s‘! ﬁgﬁ’!\?g .
MODEL PAGE t Q
< cord T
L 171?;‘5?/A

© ¢ R*-a8s <o ;) The) N9

INTevrawr  0cCues
(D) F R =48 Then)

- K
N =

@ IF &R-48s 20 , e OF
TWoe Roots Y max &V i) 5

D cHossE M MAW  IF X R Yuax 20

Q) CHiosE Y M 1F XPR Ymar Lo

SINCE Nl & BeTa) oF THE WENme

PLane Qx-;—bj rez =l % Pag oFr mie
CHUTE | 1T '8 NECeZSMY “To  D&R: Mg
LWHeThHEZ THE INTexefr PordT P

Ly E£3 \u THe MMC‘LE Wit (ofNeids
?. )P'L : 3 Y O ouTsiDE \T WHILE
ST W) SOME  L4ARGER EXTENS oW ar'

THe Pavg [ (DeFwed By T P Pz 0w
THE NexT PAwéE'

PREPARED BY CHECKED BY DATE REV.
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ﬁ(} P’\ T2 Deveemi)E WHETY e P CIES

a

REPORT NO. MEKD'\ (=] géa.’ ﬁgﬁ'&g
MODEL page _\ [
(.
P weeefT
E .

IR ,'?\3?7,)?3 1 THE Fouwowws MusT BE
TRUE 4 INVOLVING  ANGLES (¢ 3

L PRP, £ 6,
£ PR s,
£LpPe P <6,
L P PP 46,
4PP3P\ é_g—;,
Z9PRP <0,

FSED 0085 REV. A 5-T1

B-18



[P

neport No. AP erDix B FAIRCHILD
MODEL PAGE (8
4, co'T
W HelE
A 1‘ %'&-“_ c‘l_ 3
ol
@ ! < COS ( - ZSC
6—)_ s Cos™! B*-C* "ﬁz’>
- LCA
Cr- AP~ ") /
- = —
B3 = Cos ( —ZA3

AsD AVB, % C AE THE eNEMs

OF THE SIDES OF THE TEIANGES WiTH
vetex. B P )?q_, ‘2} £ \ Guer)

B\ \
P PR O (VA DI
B* =(x3"x:\)$'*’63‘*»y- +(2‘3‘%1\L
et e (K x0T Y+ (32

PREPARED BY CHECKED BY DATE . REV.
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g

REPORT NO. A’PP&:A)D'K B FAIRCHILD

SPACE & ELECTRONICS COMPANY

MODEL PAGE \ I

t
F Vernd woemat o KA"E"
N
X3 X523 8
9 A

5, 1MPACT DATA

Fece: FALL Tma:?

AsSumeo TRaJecmey
HT Ueetol \/T

Si\ IMPlacT JeeTo?® DEFW.mod

Vo DeEFIT  VElse T Verml Dieezniady AsSume

Rl T,

SAME AS RseomMenT Flom (MPact PonT
VP vo o .m'Fos) TR T 7 0. 02 SECa)D
eALLIER |

'Ef = ‘Ehd‘ -0z

\,r - ‘(a_\/swe Jc?- osé(JcP)

52 Veew@ No2mall ComlonenTS o Dor CPRosS

Proovers 1NVoLUiWé TRiadGUARL  Puare VEETE xo
(Dol DN ATETS

N g = (-1 @om2)- (o1 ) (23021
VI v = (232 ) ¥p-x )= B4-2,) (X~ %)
Vi = (- 10 = Q-0 (= 7))

PREPARED BY CHECKED B8Y DATE REV.

F LA &N
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o

REPORT NO. APPQMDIX o) SFA’ROH’LD

PACE & ELECTRONICS COMPANY

MODEL PAGE _w.__.

S CiN'T

Ry (T s I

S.3 ANGLE Benweed MPacT Verme & FLANE NoZMA L

Ve = Xp -x
Viv e Yoo
\/T%_:O

o
b

oo T V ;-rxz'f' \/";;7'

< = 9 - B

S 4 Velge NVezTue Arel mPacT

ImfAcT  VeZod MAGNTUIDES —

—\—l_\]; - —\7 0SS~
\77\( = VSNQ - %Q"m‘{)
Vvg =o

PREPARED BY CHECKED B8Y

DATE : REV.

FOED 0008 AREV. A &N




a

aeporT No. Xl DN B FAIRCHILD

BFACE & ELECTRONICS COMPANY

MODEL PAGE ___z'l

So CouwT

\./.:/_; < \[V’v;t

W,on - Vg o1

Cos (P) - 3
Vva
where N, an are. XN & Y ComANeS OF  UNT AbERA(
| . T RavE
cos (@) = — Cos ()

S (?\: r\ - CoSL(P)

Sin) gP )
T (F) < Cos (P)

e T > Cb, THE ComforeW@ oF The Vetocry
7, 4
Vecror. AFTEe mfact ART

d
\/=$ - (- :.,:J@) {\/v +'? 0603(@5\/'\/

Ve .- TN & }(Vw -ﬂ\{o cos(p)s va>
\ (Y‘ + (o5 (0) s Vvs)

u(?

¥ see Aflzw0 e C, sevrien) 3

PREPARED BY CHECKED BY DATE REV.
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APPENDIX C

PHASE I DYNAMICS COMPUTER PROGRAM
FREE FALL AND IMPACT DYNAMICS PHASE



1-D

FURTRAN 1y G LEVEL 21 MAIN DATL = 77109 237397454 PAGE 3))1

0001

0002
Q003

0004

0005

Q006

0007
308

C - — -

C ,

(R XIS ISR R I S R F N 2SR R 2 R R R R S R R R R I R A Y S S R P R ST SRR L E SR 22 R 2 X 2

C . . [ —

C COAL CHUTF PROGRAM PHASE |

C X ETCLCESES=XT RS SESSSESSSES =S

C l. USE A GIVEN TRAJECTORY TGO CREATE AND LOCATE ) .

C A CHUTE IN THE PATH OF THE CCLAL STREAM, EHOP EE UL LY e e e
C 2. SSHOOT' AT THE CHUTE FROM VARIQUS PLACES ON THE INCOMING -

c CONVEYOR BELT.

C 3. RECURD THE LOCATIONS UF [MPACT, NOBMAL ANGLES EVCeoee - .
C 4 PASS THIS INFORMATION TO NEXT PROGRAM FOR TRACKING

% THE COAL SLIDING OOWN THE CHUTE.

C

C

CEX¥FRERPFSFCFE LR P E R FERE TRV S SRR SR SR F A E TP CH P EEE RN E P DGR KRS G LRV ke

c REAL IDLANG , LAMDA , KAPPA , MU , L11,L12,L13,01144L15 ,KC

INTEGER IX9SXyBXs SECT,RUNNO ) C
COMMON THET ( 3,200 ) 4 ABC (3,200) , PT { 3,3,200) 4+ UN ( 3,200 ) . '
c . ‘ . e _ .

NOTF  COMMON BELONGS IN INTERX
FLEENEEEFF TR LE BB S SR E R EEF R

oOn

DIMENSION PXE6) 4 PTDAT (3,4,1000 o PL (6) o IPTS (4)
JHZULS) o HHHEL9343,2) o ALILE1,3,3,2)

s IVI2) , TVP(2) , ATL13,22) » DATE(S) o PPX13)_, VLL3}

y PSE3) 4 APTI3,2)

1P4(3) , ISKIP(22)

s IT022) 1 TP(22)4AP13,22) e e e I

sPABCI3,22),ANT(3),VVI(3,22)
2 TIME(22,3) ,AL122,3),HPT(3,22,3)

* bR e B

DAVTA HHH/ 5.07966249T7.620 5.5716.809Bo14y 5.99¢7.50,8.76

+ $5.7146.95,8.47, 6.04,7.5249.0%) 6.38,8.09,9.742. —

DATA AT11/2.6892.23,3.03, 2.75,2.29,2,91
&

22.9702.4543.19, 2.35,2.85,3.36 .
12.4693,08,3.60, 2.58,3.31,3.94/
DATA H2/15%0./ : .
DATA G/386.47 o e - e

e ¢




[ade]

HURTR AN

0009

0010

goll

0012
0013

0014
0015
0016
0017
[{IVE )
0919
0020
002)
0022
0023
0024
0025
0026
0027
6028
0029
0030
0031
0032
0033
0034
00145
0036
0037
9034
0039

0040
0041
0042
0043
0044

IV ¢ LEvet

Cocone

C

*

NAMELIST /COALIN/ VoRADIUS yPHISECT TOLANG » SURANG, BEL TWD
&

&
*

C

2t

Dime RS TON

ipli22,

MATN

we

NAMLLIST /COLGUT/ LAMDA

s THLETC N,

.an'

+MODET o E
PHI®, GAMD

v XF o YF
HyAl,H2 ,

ND2, FLAY

PS¢« RUNNUO
» ELL, KC,

" paAT

4

YMIN

F

q

= 17109

o CHLN o NP,y

GAMMA, RADUP ,DISP

DELTF,

NPy

NT, BMAR,

23739798

APRT .

YAW,21H. .

D R I I I I R R R N N I A L N R I A I I S AT R I S

Clb..'.....ll..'.......‘.l...l.l0.0..-o-...c.-.'..Q..QQ’....IO..Q'-..IQ....o..‘.

EPS =

CALL DATCHR |
vV = 120

FLl=1.
EL=EL]
JTP=99
PHIP=35,

DATE)

PHIPK=PHIP/57.29578

MU=TAN[PHIPR)
GAMD = 50
LY = 1
KC = 0.
DEL ¥F
RADI US
PHL = D,
SECT = 21
T1OLANG =
SURANG
BELTWD
AMAR =
ND L
ND 2
FLAT =
GAMMA =
IIH = 0
YAW = 0
RADUP=12,
MODET = 1
10,

L T ]

N

= 6
= 10.
12.
0

PAGE Qo2




£-0

FORTRAN TV G

U043
0046
0u47
00448

0149

0050
1251
0052
0053
0044
0055
0056
0057
vd58.

0059
Q96

- 0ubl

3162
0063
Uo6s
0065
0066

0067
0068

00649
0)7)

0071
‘0072
0073
0074

0onis
0a7%6

Ltvetr 21 MAT DATE = 17111) 13751711

[
Cati% GURSENS DEBUGINNG CUNSTANTS

NDYI = 2 .
NDZ = 2
NYL = 7
NT2 = 8
C
C
C.-.....Q-.....‘..'..I....'-.....l......‘.0..'..'.....‘..‘......'.....‘.....-....
READ ( 5,20ALIN,END=620)
C

WRITE (- 6,905) .
90% FURMAT(*}) . . R R R,
WRITE { 6,901) :
GO1 FURMAT(/7/)
WRITE ( 6,916)
916 FUGRMAT ( Z1X,132(%%*))
WRITE ( 6,901)
WRITE { 6,918} RUNNO .. ,DATE. .. — -
918 FURMAT ( 1X,10Xy*BEGIN INDEPENDENT RUN OF CUAL CHUIE DFSIGNFR'
& 30Xs *RUN NUMBfR'.I3.5X.'DAIE ¥ 45A4) }
WKITE ( 6,919) . . e g e

+ 919 FORMAT ( /1Xo31X.100%. %) 45X,

¥ CINDFPENDENT VARIABLES FOR IHIS RUN ' 5Xe10(%,%) /)
 WRITE(6,4000) . . . e

40)0 fDRMAI(SX. Ao INPUI DATA‘)
WRITE(6,4,4001) . '

4001 FURMAT /720X, FEED CUNVEYOR DATA*,50X,* TORUS CHUTE DATAY')
HWRITEL694002) V,4RT1

4002 FORMAT(//5X,* BELT SPEED V IPS.%y FT7.2 ¢40X,* MAJOR RADIUS KRTL, -

# IN'F7.2.) - . U SO
WRITE(6,4003) RADIUS.RTZ
4003 FOKMAT(//5X,* PULLEY RADIUS R, IN«®, F7.2 ,40X,* MINOR RADIUS RT2,
¢ INe'9FT.2) - e e o B .
WRITE(6,4004) DBELTWD,GAMMA,YAW o 21H
4004 FIRMAT(//5X,* BELT WIDVH BELTWD lN.'.F7.Z.40X,‘ ROTATIONS.DFG.
/70X, . . U .

' I-AXES- bAMMA'.FT 2, /70X. Y AXIS—YAW .F7 2./70X.' x AXIS Lt

¢oF742)
HRI!E [6+4010) BMAR -
4010 FORMAT(//5X, YBELT EOGE DISTANCE BMAR IN.*%, F7.2)
WRITE(E44705) IDLANG,DISP
4005 FORMAY L //73X%, ' TROUGH ANGLE [DLANG DEG.?,E7.2,40X% EXTRA LENGIH.
¢ DISP INLYy F7.2)
. WEETE (6 44306) SURANG o XTeYT
4006 FORMATI//9%, *SURCHARGE ANGLE SURANG DEG.',F7.2440%, ! LUORDINAIES
EPRIGR TO ROTATION®3/765X, % XT INe® oF7.24765%,% YT INe*y FT7.2)
WRITE (6,4007) PHI  NTL,NT2

PAGE

anu 3




¥-0

FURTKAN IV G LEVEL

ous

vo7Yy
0080

0v81
0082 '
0083

0084
0085

0086
0087

0048
0089
0090

2091
0092

0093
0094
0095
0Q96
2097
0098
JIY9
0100
0191

0102

21 MAIN DATE = 17109 23/35/58
4007 FORMAE(//5X, INILINAIIUN ANGLE PHI DEG.' yF7.2+40X,9% FLAT PLATE - - -
¢DIVISII N, /6
¥ . MAJ”R RADIUS-NT1¢,17, /(bx, MINOR RADIUS-NT2',17)
WHITE ( 6,901) S e e
WRITE {o6,4111)

FORMAT (//720X, ' RUN OF MINE COAL DATA*,50X,* RUN CONVENTIUN
¢ CONSTANTS?*) . et

4111

e e g

PAGE

0004

WRITE (6,4112) GAMD
4112 FORMATI//5X,* DENSITY, GAMD LHS./CU. FT, ¢, FT.2)
WRITE (6,4113) DELTF , ELL e e e e s e et = a2 e
4113 FURMAV(//5%e* EFFECTIVE ANGLE DF FHIC‘ION DEllf DEGLtybT.2, !
#43Xe* FRICTION STEP DISTAMCE - NUH..FLI. INe*y F7.2)
WRITE (6,4114) PHIP , SECT e - -
4114 FORMATE(/7/5%,* DYNAMIC ANGLE OF WALL FRICT!ON PNIP DLG. .r7 2y 40X,

#4 NO JF STREAM SUBDIVISIONS SECT % IT7)
WR1FE '
WRETE ( 64COALIN)
WRITE ( 6,916)

{ 6,901) e em e e i o e e

C . Co _—
c WRITF A CARD FOR PLUT PROGRAM lD[NTlFlG ‘HE RUN NUMBER '
WRITE ( 11,930) KUNNG o DATE . e e
930 FORMAT ( 4UXe'RUN NO?®,13,5X,°DATE ¢ ,5A4)
C

C.l-o. S0 0P SRS RRRP PP RN RNENRRINSNEN P RNOOR RN ANSARNAGESNNSARAAGRRASRAAALAALLAES

c USE BELTWD , SURANG , IDLANG TO GET YAl , "HH , AND *2 ARRAY
Ix = 1
I# { IDLANG.EQ. 35.) IX = 2 : e —
SX = 1
IF { SURANG<EQe 25.) SX= 2 , e
IF { SURANG.£Q.30.) SX=3
BX = 1 S
IF ( BELTWO.EG.36.) BX=2
IF ( BELTWD.EQ.42.) BX=3
c e
H = HHHL 1BXeSX,o 1 X) ’
«c
Al = ATLIC 1,BX,5Xs0X) , e,
¢ 1
C = BELTWD — 2.%HMAR
R="nr2s SPcaas i ibaein e
C
DLT = C/SECT
CMID = SECT/2 ¢ 1 . .
C

DD 40 K=1,SFCT

S QUG SO



Fur TRAN

0108
vlog
0110
o111
vt
0113

0ll4

otls
0l1s

o017
o118,

o119
0120
ot2i

0l22

IV 6

LeveL  Zi . MALN

B = SURT(R&%2 =~C*%2/4)
N = [ABSI(MIL-K]}
X1 = N5OLT
A = SQRT( R#%2 - X1%%2)
HZ{K} = (A-B}/2.
40 CUNTINUE

¢ CALL TRAJECTURY TG GET ¢THETCN®. ONLY. THIS IS RFQUIRLD BY
[# THE CHUTE DESIGN  SUBRUTUINE °*KL UGE®

RSE = RADIUS + Al
C es INPUlescea/ aae (WTPUT.eewsew

CALL TRAJ LV 4, RSE , PHI 9+ NC 4 XO4YG, THEICN }
THETR=RALC (THETCN) :

Lo eoo oo 0ooestnenstearsneeitsttestsbodesntosnsssss 0dnessdcacsscancsosesnocncscssosososssseosn

C CALL APPRGPRIATE SUB-ROUTINE WHICH GENERATES A COAL CHUTE.
C....o-o--..go.-oooo-o-n-.....-.-.-.-ono.o-..-o.oo-----o-.--c-.'o-o....’..-¢o-o--
C REQUIRED INPUT WILL VARY, : i
C QUTPUT-  PTDAT ARRAY CONTAING X,Y,2 CODRDINATFS
C NP NO OF 4 SIDED PLATES.
[d YMIN . MINIMUM 'Y! (VERTICAL) VALUE. . .. oo o e
( GO TO 50
C 51 CONTINUE
L ceesaseccsnee INPUT FOR CONE CHUIE ,ecececasos
C CALL CONE { RADIUS , Al THFETCNs V 4 GAMMA, RADUP , BELTWD
( & » DISP 4 H MODEY , FPS
C ¥ 4 _ o YAW, RUNND . . . L. e e
C « v FLAY , ND1 , ND2
c eoee OQUTPUT OF CONE vevecavascssscscasee
C ¥ +PTDAT , NP , YMIN
C * s LAMDA,CHIN -
C ® WBETA GRHO 'y LIL, 012,003,004, L15,XF(YFo2F,G )
C 601a %% . . e U R
50 CONTINUE :
CALL TORUS ( RADIUS +  GAMMA , BELTWD , ODISP
“ JRT1RT2,NT1,NT2 L N
* o X[y YT, ZiH, YAW ’
C eees DUTPUT OF TORUS ssasee
C S -
. s PTOAT g NPy YMIN 71 ,DZ T, BETAT (XG,YG)
Cnllo-...l..--.o.pl.clt-..no..--oo.c.....t.-t.i-.l.o‘oon.os‘nno.co..--ooo--c.n.-.
C
C PUT CHUYE GEGMETRY AND A RCLLER INTO A NASTRAN PLUT FILE
C
%% CONTINUE - . o . . N
ID =0
NE = O
¢ CALL ROLRU NE,BELTWOD,RADIUS,ID,PHI)
Nt = 1000

pBatg = 7711) 13/517)) PAGE DO0DS
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FURKTRAN Iv G LEVEL 21 MA L E DATE = 77109 23735758 PAGE GOOK

0123 DU 90 J=1yNP : - R S Tt mommm e o
0124 DU 80 L=1,4 :

a125 CALL GRIDCD ( 1D , PIDAT(L,L,d})

0126 PTS(L). = 1D . . e e e e e e

0127 80 CUNTINUE
0128 CALL CCDLD( NELJPTS)

0129 90 CONVINUE e e

Cl.......I..'...'.‘..’..I.I.....l.-....I..l.-‘.......-.........‘..l.....'....l.’
CUNVEKT PLATES INTO TRIANGUL AR ELEMENTS FOR INTERNAL USE.

NP = NU. OF PLATE IN CHUTE NT = NO, OF SUBDIVIQERD TRIANGLES. . . e

2N aFale)

0lL30 NT = 0 : ’
0131 DO 130 J=},NP R o Cee e e e e e

0132 NT = NT ¢ 1}

0133 DO 110 K=1,43 e e e e et

0134 D0 110 L=L,3
0135 C 110 PTLL K oNT) = PTDATILKsJ}
0Ol 36 NT = NT ¢ | )
0137 M=0 ' ) ¢
0138 DO 125 K=]4+4 e e e e e et et e
0139 IF {(K.EQ.2) GO TO 125
0140 M=M + | -
0l4l . D6 120 L=1,3 . O S S
0lL42 120 PFILM,NT ) = PTDATIL,K,J} ’
0143 125 CONT INUE . ,
0144 130 CUNVINUE . C e e - — et e i 1 e s i e e
C
0las WRITF (7,COALIN)
0146 WRETE(T743001) e e e s ¢ o o e o+ fece et et e e e 2 e e
QL4 3001 FORMAT (¢ CODRDBS OF PLAYE®)
0148 DO 135 J=],NP
0149 DO 135 K=1,%4 . [,

01%5) WRITE(T4151) (PTDATUILKoJ)ol=1,431}

0151 : 135 CONTINUE

0152 WRITE(7,3002) ,
0143 3002 FORMAT (' CUURDS GF TRIANGLES®)

01%4 DO 138 J=1,NY

0155 DO 138 K=]143 ' - e -

0l%6 WRITELT 151 ) (PTUL,KyJ) 4l =1,3)

0157 é}ﬁ CONTINUE

C

Cereencnccacannacecsosascsncasesonosacsnononansascsssvacsonsascacsaascsccacnsas



FORTR AN

uiss
0159
0160

0lel
0l62
0163

0164
0165
Ul oo

ole7
0l68
0169

0170
oL71
o172
0oL73

0174
o175

IL76
oLr7

o178

0179

0180
018l

o182
0183
0l 84
0185
0186
0147

alun
0189

IV ¢ Ltvel 21 MALN DATL = 17109 /3735758 PAGE QOO

C CONSTRUCT UNIY NORMALS 10 EACH TRLANGLT ANU STURE IN UNE 3, 80) . - - - . - . .

Creeonnconsosesacssonosaacescensasncensessarsassssacesssssncsosssonsecsocncssccnsosscs

C
wiklTE(7,3003) . - o G e - .
3003 FORMATL® UNIT NORMALS ARF*)
03 1640 J=1oNT
C - - — PR ——— - et e ey - — -
Xi= P]‘l'lqu 1
Yi= PT(241,4J)
L= PTL3,1 00} . oo e e e e e - S ISR
C
X2=PT{1s24J)
Y2=PT(24244d) : e
12=PV(3,2,4)
C
X3=PTU1,3,4) - C e e M
¥3=PT(2,3,4)
13=PI‘3.3'U)
C - - e — e e e
C

UNX= (Y3-Y1)*0Z2-ZL)=(Y2-Y1)#(Z3-11)

VNY= (73-21)8{X2-X1) —(Z2-21)% (X3-X1) e
UNZ=(X3-X1)#{¥Y2-Y1)—(X2-X1)&(Y3-Y1])

VNB=SQRT (VNX#% 2+ VNY® 62 + VNI #%62)

UN(LoJ)=VNX/VND

UN(2,J)=VNY/VNB : e e e e e R S

UN(3,J)=VNI/VNB
WRITELT4151) (UN{LsJ) oL =1,3) : [ -

151 FORMAT (3F20.8)

40 CONTINUE O

GET A8 o L AND THETAS FUR AL PLATES.

OO0 -0

DO 150 J=1,4NT , '
CALL PLATE( PTUl, bed) o PTLL,243) o PVIL43,4)
% ABCULyd) » THETLL,d) ) e e e e e = e
150 CONTINUE
WRITE(T7,3004)

3004 FURMAT(* ABC FOR PLATES ARE') B n‘»~-——w~¢—m~—m»n,_um-w"_ﬂw.u;,“_.ﬂ‘-ﬁ,~Hu-u#*ﬂw__“_¢_“-, P
‘ DO 153 J3=1,NT
153 WRITELT 4151) (ABC(L,d),L=1,3)

WRITE (7,3006) . e B N
3006 FORMAT(* THFTAS FOR PLATES ARE?')

D0 154 J=14NT




FORJRAN TV 6 Lbvil 21 MAl ) DATFE = 77110 13751701 . PAGE Doud
U190 WRITEAT O] (THETLL yJ) L =1,s3)
09l 1v4 CONTINUE
C
(esoeacecenacosonssvesaccsossmosscoedncsossacenecnssscoasotoasastsaansososcsssacssnasone
C PrINT OQUT INPUT CONDITIONS o CALCULAYED PARAMETES AND F INAL
C CHUIE  XYZ GEUMETRY,
C
0192 WRITE (- 6,905%)
0394 WRITE ( 0G,901)
0l9e WRITE ( 6,920) h
019% 920 FUORMAT ( 31Xx,104%=%),5X
%, SUMMARY 0OF KEY CALCULATED PARAMETEKS AND F ENAL PLATE *
¢ +»*COCRDINATESY ,5X,101%s%)/).
0196 NRlIEIa 5000)
U197 53J) FORMATIS5X,' B, QUTPUT DATA *)
0lyy WRITE(6,5001) THETCNsH,BETAT, YMIN
0199 5001 FURMAT(/7/710X+* PULLEY CONTACT DEP. ANGLE JUFGay *4F 7.2,

«/710Xs® INIYIAL LUAD HORGHT,IN. *,F7,2,
# /10X, ' TORUS CUTOEF ANGLE jDEG.?F7.2,
¥/10Xy* MINIMUM Y COURDINATE® ,FT.2)

: C WRITE ( 6,COLGUT)
0200 00 160 L=Ll4NP
v2ol WRITE ( 6,4901)
0202 WRETE ( 6,907) L .
u2.J3 901 FORMAT ( 36X ,2PLATE®»13/)
G204 WRITE ( 649c1) (UPTDAT(J, K, L) K= 1.4),J 1,3}
0205% 921 FORMAT { 1X0415X,F15.3))
0236 160 CONTINUE . . o
G .
C s
CEoudnd i3 0PSB LSS FLRFF I ST AL OC AU SLANOECRC OB EAL AR LR BB X EN LSRR FES RIS EFD &K
c END  OF CHUTE DEFINITION PHASF.
CH¥Ee 20445 E 4SSV EERD 4L ESD AR XGRS E K tttttt#t##tttttttt#t#tttt#tt#t#t&‘ttt*&tt
[d . .
C A THIS POINT A "CUAL CHUTE®' OF TRIANGUALR FLAY PLATES 1S CREATED
C IN TAF *PT* ARRAY. TVEST IT BY 'SHOOVING' ATF IT FROM
C VARIOUS POINTS AND HEIGHTS UN THE BELT,
¢ RECORD THE LOCATIONS OF INITIAL IMPACT AND OTHFR ANGLES ETC.
C
0207 16% CUGNT INUE ,
0208 NHC = O
0209 NE = 2000
0210 . DU S10 (15143
0211 ’ NS=)
0212 JE =0
. c ‘
0213 DO 520 LL=1,SECT



FORIR AN
0214

0clS
azle
0217
0218
0219
0220
0221

0222
0223

0224
022%
0226
02217
0228
0229
0230
0231
0232
6233

U 34
02 35

0236
0237
0238
0239
0240
0241
0242
0243
0244
U245
0240

624l
0248

0244
0250

IV 6 FEVEL 21

oo

o

. 222

C

20 = BMAR + DLT/Z2.
GLT FRAJECTURY " FK

MAIN DATE = 17110

* ( Li=1}%D
UM 11al LﬂNUlllﬁNS

IF 0 11.FQe 1) A=0.

I € 11.8Q.2) A =
IF (11.EU. 3) A=2.
RSE = RADIUS + A
vl = V
XU=RSFeSINLTHE TR)
YO=RSL#COSETHETR)
\ G} THRU ALL PLATES
GFT TIME OF INTER
THIT = 1.0F10
J =0

N11=0
~NIT = NT4l
189  CUNTINUE
DD 200 J = L,NTT
IF(J.EQ.NTT) 20 =

H2eLLy
$H2{LL)

o CHEXK IF VTRAJECTORY UN]EKSFCTS PLAT. .

SECT AND FIN MINUM TIME,

10 ¢ 0.08. .. .. oL oL

IFIN11.EQs L) GO TOD 209

I (I FO.NTT) N1L =

IFLJ.EG.NTT) 6O . TO

KP = (J-1)/2 + 1

CALL INTERX { J, X
¥ S PHIP)

1
189

Oy Y0sZ0,VI,THETCN, P2

IF ( 7S LT.OI 6OT10 209

It FS.GVLIHIT) G
THIS IS THE NEARE

DU 190 L=},6
190 Px{L) = PZLL)
IHIT = TS
AL PHA TaL
KAPPA K AP
DELTA T0EL
JP = K
J1=J
GO TO 222
200 CONVINUE '

CUNTINUF

LI T 1]

-~

908 FURMAY (//lx 12,1
& XO.YO z

1+ { JP .NL. O) G
GO3 FUKMAT ( L1Xe4X,*M]

GO T %00

0o1ag 200
ST HIT SO FAR. SAVE TIME EVC.
VFL="'b.l.' PHI=t, F4 .1,

0=1,3+7.2, ¢
uT0 255
SSEDLT)

DELTRAD=%,F5.2)

13/%1/91

s TS o TAL, TKAP,TODEL ,VL

PACE 119



i

01-

FURTRAN TV

ucsnl
0252
0253
0254
0255
0256
0257
0244
0259
0260
0261
0262
G263
uzZes
0265
0260
0267
02068
0269
0210
0271
02712
0cit3
02174
9215
0216

02117

0278
w214
0280
028l
0282
283

0284
0285
0286
0287
0284
0249
0290

G LEVEL

C
C
C

1001
195
3010
196

3020

191

3025

3026
199
333
C

21 MA TN : DAFL = (7110 t3/7%1/701

A THES PUENT  THE JP'Th PLATE WAS  ENTERSELT BY THE ThaJ,
T XYZ UF THE INTERSFCTION IS IN THE PX ARKAY,

CUNTINUE
NHC = NHC + ]
NS=NSH+]
TTINS)=JT
DD 195 KK=1,3
VV(KK,NS )=VLIKK)
ALLKK NS} =PXIKK)
FORMAT(//1X42FT.2,13)
COUNTINUE
IF(NS.NE.SECT) GU TO 333
TTFELIWNEL2) GU TO 333
WRITE (7,3010)
FIRMATI® THE VELOCITIES AFTER IMPACT ARE®). .
DU 196 [=]4NS '
WRITE(T79151) (VVIKKI)oKk=1,3)
WRITELT,3020) . , . e
FORMAY(® TiE COURDS OF HIT PUINTS ARE*)
DU 197 I=1,4NS
WREITE(7,150) (AL(KK,I),KK=1,3}
WRITE (7,3025)
FORMAT(®* THE SURFACES ARE®)
DD 199 I=1,NS ‘ S U
WRITF (7,3026) ET(1)
FORMAT(18)
CORYINUE
CONTINUE

909 FORMAT ( S5X,'HIT PLATE 13,4 ATt ,3F8.3,5X,*TIMES? ,Fb6.3

a¥el

/O9Xy "ALPHA=® yFb.1,? KAPPA="4Fb6.1," DELTA=,fFt.1)
TIME(LL, L F)=THIT
ALLLL, 11)=ALPHA , -
HPT Lyl L, 11)=PX (1)
HPT(2,LL, 11 }=PX(2) .
HPT(3,L0L, I1)=pPx(3) - , .
IPLILL EE)=gP

DRAW LINE CONNECTING HIT POINTS 00 CHUTE

F 1 UF.EQ. O) GOTO 280 ) <
CALL GRIDID (¢ ID. PX) . . . .
IPTSC1) = ID

CALL GRIDCD t (D, PS)

IP15(2) = 1D

CALL CBARCO & NE, 1PIS }

280 CONTINUE

PAGL

00t 0




11-0

FURTRAN 1V C

0291
0292

0293
0294
0295
0296
0297
0298
0299
0300
030}
0302
0343
0304
G305
G306

0307
0308

0309
0310

0311
0312
03t}
0314
0315
03l6

LEVEL

290

52)
999

510

6000
6001

6002

6003

8000
60U

21

JF o= 1
DO 290 J=1,3
PSLA)=PX(J)
CONT INUF
CUNT I NUE
CONT INUF
WRITE(6,935)
WRITE(6,901)
WRITE(6,916)
WRITE (64901}
WRITE(G,6000)
FURMAT(//75X,"
WRITE(G,6001)
FORMAT L/ /5K, ?
WRITE(6,6002)
FORMAT (75X, !

WRITE (6,6003)
FORMAT (¢

*

¥ Y PLY )

MAILN DAL
B. OUTPUT DATA')
l. HIT DATA®)
STREAM
BOTTOM
TIME . ANGLE - .
ANGLF ) S Y FLATE

DU 8000 LL=1,SECT '
WRITEL6,6010) LL.IIM[‘LL.Z)'AL(LLvZ)g(HPT(KpLLvZ)oK ks3),
UL (LLa2)0ALILL LV 3 (HPTIK LL 41 ) K= "2\'|PL(LL.)."
¥ ALILL »3) o (HPTUIK L L e3) oKzl 21, IPLILL,,3) ..
6010 FURMAI‘//lelﬁvFg 204F9. 1y 16¢5%X,3F9.1,16, 5X13F9 11'5)

CONT INUE
CONT {NUE
STup

910 FURMAT (L1 Xy 3F 45, 5,

END

X

77110

;NGLE

13751791

X

PAGE

Ml
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fORTRAN IV G LIVFL

0u0o1

0002
0003
pIVIVI
0005

[n1al

0006
0oGu?
0008
Q009
0010
0011
0012
0013
0914
0015
00le
0017
0018
0019
0020
3021

0022

0023
0024
0025
3026

0027
0028
0029
003)
0031
0032
6033
0034
2335

0036

%
*

€
¢
¢

il

SUBRUGUTIND TOURUS (Ry GAMA,
g e XT1,

TOKUS

Yrr,

HBL,
21

oot ,
HH

DAL}

11,
YAWW

P oNPYYMINGZIT ,DZVT,BETATT 4 X066 YCG)

DIMENSTUN P(344,1)
DIMENS JON PAL3)
DATA P1/3.14159/

PBL3)

NAMELIST /7 TORS /7 XTs YT, 27, ALP,
s ZhHYAW, D27
» ZU, YU, LZYGRy APS, YUR, XUR, ZUR

s TYUR p TXUR  TZUR ¢ XLRGYLRyZLRyTXLR,FYLR, TZLR

HETAT » XG,

DU CHUTE COORDINAILS PRE-PROCESSING

GAMMA = GAMA

UMR = RADC(GAMMA)
SNG = SIMN{GMR )

LSG = COS(GMR)

ING = TANIGMK)

XT = XT¥

Yr = yir

2 = Z1HH

IHR = RADC(21H)

SNZI = SIN(ZHR)

€S2 = COSUZHK)

YAW = YAWW

YWR = KADC(YAW)

REAL LAMDA, LMDA
LAMDA = YAW

M = 7217

gy = DIYY

T =

ALPR = ARSIN(T)

ALP = DEGCIALPR)

CSA = LOSCALPR)

IT = ( RTL + KRT2)¥(}1.-CSA)
F = SNZ * CS6

Q = ARSIN (F)

T = RTY ¢ R12 - |
BETR = AKCOS (T) + Q
BETAT = DEGCIBETRY)
BETAT = 105,334

BETR = RADC(BF TAT)

BETATI=DEGCIBE TR}

t
IT = -IT7T ¢« RY) ¢ RY2

YT ¢ XT#ING) / ( RV1 ¢ RT2 )

BL + DOF)/(COSCYWRY )}/

RT2,

= 171109

Nll, NE2

YGy GAMMA . ___

23/735/54

PAGE U001
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FOKTRAN IV G

0037

0038
0039

0049
0041
0042
0043
0044

0045
0046

0047
0048
0049

0050
0051

J052
0053

0054

0055
0056
0057
0058

0059
00690

0061
0062
0063
0064
0065
0066
2067

00068
0069

LEVEL 21 TURUS DATE = 77109 23735754

c . Saoo L. . -
[ Y T R I e R L R R I R R )

CREAY A PHYSICAL  *TURUSY SHAPED CHUTE IN PY ARRAY . . . . ...

oo

NP =0

[}
!
b
I
|

BETD =
SCR =

BETR/ NT}
( P1 « PL/3)/ NY2

PAGE Q002

DO 290 J=1,NT1
Al =PI + {0-1)%BETD
A2 = Pl + J*BETD . e e

SNB1 = SIN(AL)
cssel COStAL)

#

SNB 2
css2 =

SIN(A2)
COS(A2)

L

NX = NT2 + 1
DO 150 K=1sNX
PST = l.5%P1 -

(K-1)¥SCR+ PI/3

Csy =
SNY =
PALL)
PAL2)

Cosepst) S —
SIN(PSI) ' - '
= RT28SNY

= (RTL - RT2#CSY) * SNBI

PAL3) (RT1-RT2*CSY)*CSBI

"

RT 2%SNY Sl R

PHLL) =
PBL2) =
PB(3) =
IF ( K.EQ.

(RTL1-RT2*CSY)*SNB2

(RT1-RT2#CSY)$CSB2
1) GDTO 140 R

CALL LOADP
CALL L0ADP |

Ps2oNP,PA) -

Py3:NP, PB) e e

If { K.EQ. NX ) GATO LS50

CONTINUE P,
NP = NP ¢+ 1

CALL LOADP ( PyloNP ,
CALL LOADP ( P4 NP

140

PA )
PE ) -

150
200

CONT INUE
COUNT INUE

J0
Jl

NP
NP-1




$1-0

FURIRAN TV G LEVLL <l TorRUS pAfr = T711lv [ IRYAS WA PAGE 000}
0070 Jz = NP-2 . .
0071 J3 = NP-3
0u72 Ja = NP-4
0073 JS = NP-S
0u74 J6 = NP-&
0075 I INTZoEQeB) U6 = NP
0076 J7 = NP-F
0077 It (NT2.EQ.7) JT = NP
0178 It (INTZ2.EQo8) JT = NP-]
uoT79 J8 = NP-B
0080 IF (NT2.FQ.7) 48 = NP- 1
3981 IF (NT2.6Q.8) J8 = NP-2
0082 J9 s NP-9
0083 IF (NT2,6Q.T) J9 = Nb- 2
JJ484 IE INT2.FQ.B) J9 = NP-3
0035 J10= NP-1LO
0086 I+ {NV2.EQ.7) J10= NP- 3 ,
00487 It INT2,6Q.8) J10= NP-4
oong Jll= NP-1} - e . S C e el
008Y If (NT2.EQ.7) Jdll= NP- 4
aa9d I+ (NT2.FEQ.8) JLl= NP-S5
Uyl J12= NP-12 :
0092 IF (NT2.0Qe7) J125 NP- 5 ) .
0093 IF INT2.EQ.8) J12= NP-6 . '
0J9% Ji13= NP-13 - e . L. e el e
609y IF (NT2.€EQ.T) Jl3= NP- 6 '
0U96 IF INT2.EQ.8) J13= NP-T
Q097 £x1 = 0OF : L . e e
00498 Uy = Pl2,1,J13)
0049 Uz = P(3,1,413) .
0100 LY = P‘Z.’Q.Jla) - U Sy PR e e e e e cm e e e il i immia e m e em e
0101 LZ = P(3,4,J13)
0102 SLOPE = (LY - UY)/(LZ - UZ) :
0103 SLOUPE = ATANUISLOPE) . [ . e e : Lo e e el
0104 SNSL = SIN(ISLOPE) ! ’
0105 . . CSSL = COS(SLUPE) . S
0106 ESNS = EXT#SNSL - R I SR TIv P R e e e e
oL97 ECSS = (EXT) & (CSSL) :
olos NE = NP ¢ |
otoy PlleleNP) s Plle4rJdll)
ul1) PI2y1oNP) = PU2,4,413)
Olll p(311|NP) = P‘3D‘0|Jl3’
ol12 Pll,2,NP) = PLL143,013) - - - -
0113 PL2,2,NP) = P12,3,J13)
0ll4 PL3,2,NP) = P(3,3,0]12)
0115 PLLIINP) = PLL,3,413)
ol PU2,3,NP) = Pl24y34J13) ¢ LSNS
0117 PU3¢3,NP)Y = PU3,3,413)

+ ECSS




S1-D

P33, 1,NP)

FURTRAN IV G LEVEL 21 TOURUS DATE = 171063 23/35/48 . PAGE 0004

olt5 Pl2y3,NP) = P12¢3,J13) € SNS S R . - R
ol16 PU3,3,NP) = P13,3,J13]) ECSS

0117 Pll,4.,NP) = P(l,4,313)

o118 PL2,4,NP) = Pl2y4,413) ESNS - - —— —— .
o119 P{3,4,NP) = P13,4,J13) + ECSS

0120 NP = NP ¢ 1} .

0121 PELyLyNP) = Pll,4,J412) e e e . e R
0122 PL2yLsNP) = P(2444J312)

0123 PL3,1,NP) = P(3,4,412} ,

ol24 Pl1,2,NP) = P(1+3,J12) e e e e
0125 P(2,2,NP) = P{2,3,412)

0126 PU3,2,NP) = P(3,3,412)

0127 PULe34NP) = Pl143,412) PR
0128 PE2,3,NP) = Pl2es3,412) ESNS

0129 P(3,3,NP) = P(3,3,412) ECSS

0130 Pllea,NP) = PlLyv4yJ12) - — e e
0131 Pl244eNP) = Pl204,412) ESNS

0132 PU3,4,NP) = PI3,4,412) ECSS

0133 NP = NP + 1 I
0134 PLLlyLyNP) = P(Ll,4,J4111

0135 PL2: LeNP) = PL2,4,J11)

0136 P(3,1,NP) = Pl3,s4,sdll] -
0137 PlLe2,NP) = P(1e3,411) v

0138 P(2,2,NP) = P1243,J11) )

0139 Pl3,2:,NP) = P(3,3,411) - —
0140 Plls3 NP} = PlLL1,3,J11)

014l Pl2¢3NP) = P(243,J11) + ESNS i

0142 PU3,3,NP) = P(3,3,J11) ¢ ECSS . R -

0143 Plle4sNP) = PUL,4,J11) : , '

0144 Pl2+s4sNP) =.P(294,J11) + ESNS

0145 . PU3,4.NP) = P(3,4,J11) + ECSS . =

0146 NP = NP ¢+ 1 . .

0147 P(L,1,NP)} = Plle4,yJ10)}

0148 Pl2,1,NP) = PL2,4,410) . e
0149 PU341eNP) = P{3,4,410)

0150 Plle2,NP)Y = PL1,3,410)

0151 PU2:,2,NP) = PL2,3,J10) - -
01%3 PEL1:e3,NP) = P(1+43,J10)

0154 PL2,3,NP) = P(2,3,J10) ESNS e e e e e = e
0155 Pi3,s3.NP) = P(3,3,410) €CSS

0156 Plly4yNP)Y = Pl1,y4,410)

Q157 Pl2s4eNP)Y = P(2,4,410) ESNS P e PR i
0158 PL3,4,NP) = P13,4,410) ECSS

0159 NP = NP + |

0160 PllyloNP) = Plle44J9 ) [ - et et e e e e
0161 PL2,1sNP) = Pl2,y4,49 )

0le2 = Pl3v4,d9 )



~
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FORTRAN IV G LEvVIL

0163
0164

0165
0166
0167
ol68
0169
0170
o171
o172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
o183
0}84
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0297
G2u8
V209
0213

21

Pl1s2.NP)
PU2s2:NP)

P{3424NP)}
P{1,3,NP)
Pl2y3,NP)
Pt3,3,NP)
Pily4,NP)
P(2,4¢NP)
Pl3,44NP)
NP = NP ¢
P{lsLleNP)
PL2,1,NP}
Pl3s1sNP)
Plly24NP)
Pl2424NP)
Pl3,2,NP)
PiledeNP)
PL2,3,NP)
P(3,3,NP)
Pl 1,4 NP)
PL2,44NP)
Pl3y4.NP)
NP = NP +
PUls1y)NP)
PL2y14NP)
P(3,1,NP)
Pl1l424NP)
Pl2,2)NP)
PU3,2.NP)
Plly3,NP)}
Pl2:34NP)
PE3,3,NP)
P(ly4,NP)

NN nCH ow ROH N NN et N NN N W NN RN e o R R

Pil,3,49
Pl2,3,49
Pl3+3,49
Plle3,49
P(2+34J9
P13,3,49
Pll,4,049
Pl2,44,449
Pl3,y4449

Plles,J8
PlE2,4,48
Pl3,4,48
Pily3,J8
Pl2,3,48
Pl3,3,48
P‘l'avJﬂ
Pl243:48
Pi3.3,48
Pll,4,48
Pl2,4,48
Pt{3+s4.48

Pllesed?
Pl2s4¢d7
Pl3,4,47
Pll,43,47
Pl2¢3,437
Pl3¢3,47
P(l,3,47
Pl2+3,47
P(3,3,J7

- Plloe4od?7

PU2y4yNP) = PU2440dT
P(3,44NPY = PU3,4,47

IF (NT2,EQ.7) GO TO 2

NP = NP ¢
Pll,1,NP)
PL2y1,NP)
PL3,1,NP)
Pl1,2,NP)
PL292/NP)
PU3,s240NP)
PELly3.NP)
P'2|3'NP'
PL3,3,N)
PllybyNP)
PL2,4,NP)

[ U A T N I ]

LTI I )

Pllebodo

Pl2,4,46

Pl3,4,46
P(lo3?J6
P(2,3,46
P{3,3,46
PE1,3,96
Pl2+,3446
Pl3,43,46
Plle4,yJb
Pl2y44 36

TOR

- e e W W

e W mr A P M W W A e

)
)
}
)
)
)
)
)
)
)
)
)
20

}
)
)
)
)
)
)
)
)
)
)

us

+ ESNS

+ ECSS

+ FSNS
+ ECSS

+ ESNS
+ ECSS

+ ESNS
+ ECSS

+ ESNS

+ ECSS

+ ESNS

+ ECSS

- e
e
[ X%t
»en

+ £ SNS

DATE = 77109

23/35/58
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L1-D

FORYRAN IV G LEVEL

0211,
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
02217
0228
0229
0230
0231
0232
0233
0234
0235
0236
02137
0238
0239
0240 .
0241
0242
0243
0244
0245
0246
0247
0248
0249
0252
0251
0252
0253
0254
0255
0256
0257
0258

21 TORUS
Pi3,4yNP) = P(3,4,J6 ) ¢+
If (NT2.EQ.B) GO 10 220
NP = NP ¢+ ]

P‘l.l'Np, = Plle4sd5 )
Pl2,1,NP) = P(Zol'"'Js )
PU3yLyNP) = P‘3'4'J5 )
P(Ly2,NP} = PL143,45 )
Pl2y2NP) = P'2'3'J5 )
P‘3|2'NP| = P‘3'3'J5 )
PCLe3.NP) = Pl1e34J5 )
PU243NP) = PU2,3,45 ) ¢
PUE3,3,NP) = P(343,45 ) ¢
Plls4oNP) = Plloe4,d5 )
Pl2y49NP) = P(Zpl!'Jb ) ¢
PE3,4,NP) = P(3,4,45 ) ¢+
NP = NP + |

PlLolyNP) = Plle4,yd4 )
Pl2,1,NP) = P‘z'lC.J" )
PU3s1,NP) = P{3s40d4 )
PUlly2,NP) = P(l,e3,44 )
Pl2y2:NP} = P‘2|3|J4 )
P‘a.Z'NP, = P‘3'3|J4 ]
PULI3INP) = P(143,54 )
PU2¢3,NP) = Pl243,d4 ) +
PU3,34NP) = P(3,3,04 ) ¢+
Plly4,NP) = Plloe4eds )
P{2:44NP) = Pl2y44d4 ) ¢+
PU3,4yNP) = Pl3,40J4 ) +
NP = NP ¢+ ]

PllsLeNP) = Plly4,43 )
PU2,1,NP) = Pl2,4,43 )
PU3,y1sNP) = Pl344,d3 )
Pllo2,NP) = Plle3,43 ).
PU2,2,NP) = P12,3,J3 )
PU3,24NP) = P(3,3,33 )
p‘ll3'NP) = P‘l.aoJ’ .
P(2y3eNP) = P(2,3,U3 } ¢+
P(3,3,NP) = P{3,43,43 ) +
Plly4NP) = Pllohyed3 )
Pl2s4sNP) = PUl204,43 ) +
Pl3e4eNP) = P‘3|‘!|J3 } ¢+
NP = NP + ]

P{ls)oaNP) = Plloe4,yJ2 )
PL2,1,NP) = P(2444J2 )
PLE, L NP) = PU3,4,42 )
PUL,2NP} = PlL3,J2 )
P(2,2.NP) = Pl243,42 }
PIB.Z,NP) = P‘3'3'JZ )

£ECSS

ESNS
ECSS

E SNS
ECSS

E SNS
ECSS

ESNS
ECSS

ESNS
ECSS

ESNS '
ECSS

DATE

"

77109 23/35/58
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FORTRAN [V G LEVEL 21

0259.
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0210
0271
0272
02713
0274

0275
0216
02717
0278
0219
G240
0281
G282
0283
0284
0285
0286
0287
0288
0289
4290
0291
0292
0293

0294
0295
02906
0297
02938
0299
0300

0301

PlLly3,NP)
Pl 20 3:NP)
Pi3,3,NP)
Plly4yNP)
PL2,y44NP)
Pt3,4.NP)
NP = NP +
PllyLoNP)
P2y Lo NP)
PL3,LsNP)}
Plly2,NP)
P(2,2,NP)
PU3s2NP)}
PlLly3,NP)
PL2:¢3,NP)
P{3,3,NP)
Pllo4oNP)
Pl2,4,NP)
PL3,4,NP)
NP = NP +
PlleloNP)
PL2,14NP)
P(3,1,NP)
Pl1,2,NP)
PL2,2,NP)
P13,2,NP)
P{ly3,NP)
Pl243,NP)
Pi{3,3,NP)
PlLlyaeNP)
Pl2,4eNP)
Pl3,44NP)
220 CUNTINUE
DIMENSION

IF { NUPLT(1) .EQ. O} GOTO 290

=0
sl

K
J
D

TORUS

PlLle3ed2
Pl2+3442
P13,3,42
PlLly4,d42
Pl244442
Pl3s4442

Plle4,Jl
Pl2e4041
Pl3,4,J1
Pllesd,Jd1
PL2,3,41
P(3,3,41
Pll1,s3,41
Pl2,3,41
Pl3,3,J1
Pllea,dl
Pl2:4yJ1
Plis4a,dl

LI LI N I (T T T T T I (Y T [N T 1)

Plly4,d40
Pl2444J0
P(3,4,J0
PEly3,40
Pl2¢3,40
Pl3,3,J40
Pll,3,40
Pl2+3,40
Pi3,3,30
Plleb,JU)
Pl2+4,d0
Pl3s4edd

LIS U N T Y I T A )

NUPLT(50) , R
DATA NOPLY/ 1024344154647 ¢849¢10¢11412,174¢25¢33,41,0/

0 250 M=],NP

IF { NUPLT(J).NE. M)

J=4 ¢+ 1
GUTL 250

240 CONTINUE

)
)
)
}
)
)

O . - -

- - -

}
]

+
+

+

+

+

£ SNS
ECSS

£ SNS
ECSS

ESNS
ECSS

E SNS
ECSS

ESNS
ECSS

ESNS

ECSS
INX(50)

GuTo 240

DATF = 77109 S 23735748

PAGE 0037

O SV,




61-0

FORTRAN IV G LEVEL

0302
0303
0304
0305

0306
0307
0308
0309

0310

0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321

[alaNaNal

(o]

280
290

300

21 TORUS DATE = 77109 23/35/58 PAGE 0008

K.=K * l . - .- - e e e P - e e = -
INX(K) = M '

CONT INUE
NP = K

DU 280 J=l,NP

D0 280 K=l,4 . J
CALL LOADP { P 4 K o J o PULeKsINXUS) ) )

CONTINUE

RUTATE TORUS AN MOVE IT TO REQUIRED PPSITION

CALL THREED { 2iHy LAMDA, GAMMA, XT, YT, 2T)

YMIN = 1,0ES50 s S _.
00} 300 J=s1,NP ' - ' .

D0 300 K=1,4

CALL THRIYX & X o ¥ o Z o PUlleKyd) o PU21KoJd) o PLIGK,JL )
PlleKed) = X
Pl2¢Ked) = Y
PI3,Ked) = 2

YMIN = AMINLL PL2,KoJd) 4 YMIN) \
CONTINUE .

KETURN

END ‘ T
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1.3 K3e¢e = %G/ é. :
0134 K33 = ni3l - Ku2
[T EY) hse = hI5/ZING - - [
C
¥ .
V1A AOVL L BSRIANESNG #le L b -
Y DVe = K3I3#CS6  +1. ] : ’
Ciag APTL2, 1) = bve
0149 APl 2o = DML - — —_ - e
t
c .
1) C 1V Pre.= B23%ShG S — - e
w4l Ukl = 6L +h34)%CS5 - DWe - K34%CSG
{ .
_Dise AP L4 i) 5 ~uk2: — - e e e e e
Ulas ) APTU3yc) = Ll ’
G :
e K e e e e e e e et e b e+ [
Q Ulaa R2 = L ~ DWZ*TANIBET)
N 614% Hl = L ¢ DWI+TANIBET)
Jlal LSLaCUSLLAMUY - - - S
Lial SNL=STN{LAMUK)
ulan DUL = k12L 5L =~ TANGKBHUR)}®{DVI-RL%SNL) N
iAo DU = K205 = TANLRHLEY 2 (DV2-R2ESKL) — . R,
¢ .
0l%v AP1LLy ) = DUl
IR} 57 | e BPER ) = S, —— e e e
: t
ULse LIL=SURTOUARPTEL 9 2)~APT (L 1)) 3% ¢ LAPT (24 2)—APT (2, 1)) 6%2¢
R S U ¢ Y5 N TS EY USRI TS N L 3058 (s _ _— e e B
D% L12=SURTIIGSLSL-APTUL o2 ) )% 24 (USSNL~APTI2,2) )2+ {CHLN~APT(3,2))
1e%,) : .
o MLba e b 1 SULT AL S S SL DR E 2 (L ESHL mw B SNE ) 32 CHE N82) - [,
T L14=SURTLEAPT UL L) -L&CSUI #3246 (APTUZ,, L)~ LESNL IS 24APT(3, 1) %%2)
150 LIDaSGuI(HUSCSL-APTLd o) D) #6206 (URSNL-APT (2 31 ) )8 %24 (CHLN=-APV(3,1))
- Lrzxg) - e oo e _— : — . e
Gio7 RETURN ' : .
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FORTRAN IV G LEVEL 21 INTERX _ DATF = 11109 23/35/58 PAGE 0001

0001 suuf’oxmm INTERX NoXO,YOrZ0oVoANG s PXoTHIT JALPHA JKARPRAGDELTGVE - -0 - ot et it e oo o 2
LI )] .
0002 REAL KoKAPPA,MU
C . - . O
0003 COMMON THET ¢ 3,200 ) , ABC (3,200} +» PT { 3,3,200) , UN ( 3,200 )
c
0004 DIMENSION PXI6) o DUME3) o ANT(3) . e e e e
0005 OIMENSION VEL3)
C .
0006 DATA G/386.4/ , e - e e e e e
c ‘ \ . . .
0007 PHIPR=PHIP/57.295178 ' '
0008 MU=TAN{(PHIPR) - e — — e
0009 A = A3CLL,N) : :
201 B= ABC(2,N)
0011 C=ABCL3,N) , j e e e e
c . ’ .
0012 IF ( ALEQ., 0. ) A=1.0E-10 .
c s _
0013 TH{T= -1, .
0014 THR = RADC (ANG) )
0015 VC= v&COSt THR) L e : e
00le6 VCQ = VC&e2 : ' '
c .
C GET ALPHA BETA GAMMA ‘ s e
¢ .
0017 AL = -,5%G/VCQ
0018 BET = G*XO0/VCQ-TVAN(THR) s
out9 GAM = YO ¢ XO#TANITHR)-,.5¢G*X0¥*2/vCQ"
C ’ .
0020 K=1.-C*20 , 4 — S : e
c .
0021 Q= ( AL*D%%2)/A%%2
‘0922 R = (-~AL%2,.3K*B)/A¥¢2 - BET*B/A ~1. e U : . -
0023 S = (AL*K®®2)/A%%2 ¢+ BET*K/A ¢ GAM . ‘
J C .
2324 Y = ~S/R . SRS S — —_—
0025 IF { Q.EQ. O. ) GOTO 110 ‘
C . .
0026 RCL = R#%2-4%Q%S e _ - e
0027 IF | RCL.GE.O.) GOTO 100 » :
0028 900 FURMAT(//710%,*NEG ROQY INTERX®) .. . .
0029 " REVURN s N S
C .
C ) ; .
0010 100 CUNTINYE . . e e e e e I R
0031 RCL = SQRVIRCL)
0032 © YL = (-ReRCLD/I2%Q) '




FUKI%AN

0033
0) 34

0035
0036

0037
0038

0039
0040
0041

0042
0043

0044

..0045

0
0
©

00406
0047
0048
0049
0050
0usl
0052

1053

0054

0055
0056
0057
0058

0059
0060

ouel

IV G LbviL

110

oMa0

[zNalal

111

o0 o

SO0

21 INTERX

Y2 = (=R —RCtl {2%Q)
Y = AMAXLtYl,Y2)

CONT INUE

X= | K-p*Y) / A

IF{XLE 00} Y=AMINLIYY,Y2)
X = (K - B%¥Y)/A

PX(l) = X
Px{2) =y
PXi(3) = 20

15 THIS INTERSECT POINT CN THE PHYSIXAL. PLATE . .. Lo

THI = DEGCITHET(L1,N))
Ti42 = DEGC(THET(2,N))
TH3 = DEGCUTHET(3,4N})

CALL PLATE { PNy PULLoLoeN). 4 PTLL42oN)_o OUMANT ) .. ..
ANT(2)=P Pl P2 ANT(3) =P P2 PI

PEGCCANT( 2))

‘D3 DEGC(ANT(3))

NN 0 . . .
1F (D2.GT.THLE) NN = ]
IF (D3.GT,.TH2) NN= |
FFINJNE AT AND cNoNE.4B.AND.NINE O LAND N.NE.62.AND. NN.EQ.LIRETURN
IFINEQe4TOR.N.EQ.48.0R.N.EQ.61.0R.N.EQ.62)

*WRITE(G6,L01) D2,TH1,D3,TH2,NNN

FORMAT f4l€8.400X0,2083, 0 ). L o e e

D2

CALL PLATE( PX,PVLL,2/N} o PTELy34N) , DUM , ANT )

ANT(2) = P P2 P3 ANT(3) = P P3 P2
D2 = DEGCUANTAZI Y - o o o oo e e o e
03 = DEGC(ANT(3))
IF (D2.GT.TH2) NN
IF (D3.CT.TH3) NN

1 .
1} -

IFINJNE 4T ANDGNJNF.4B.ANDJN.NEL6 ). AND.N NE. 62 AND. NN.EQ. LIRETURN

IFAN.FUe4T.URNFQ.48.0RN.EQ.6L ORJNEQ 62)
$WwRITELE,L11) D2, THZ,D3,TH3 (N ,NN. - L e e e

CALL PLATEL PXy PTELo3¢N) 5 PT(Le1sN) 4 DUM,ANT)

ANT(2)= P P3 P} ANT{3) = P P} P3

DATE = 71110 ’ 13751791

PAGH

0002



FURTR AN

0062
0063
0064
0065
0dub
0061

0068

0€-0

0069

0070
0071

072

00173
0074
0075

0216
0077
0078.

0079
0080
0081

0682
0083
0084

0085
0086

Qo7

0084

IV 6 LEVEL

e N aNalel

[aaNaNaNalaN el

SO0

21

N2 =
0y =
It (D

IF (D3.GT.THL) NN
I AINNE2 4T ANDN.NEL 4B AND NoNE« 61 LAND.N.NE . 62.AND,

INTE RX DAYE =

DEGLLANT (.2))
DELGCLANT (3))
2.GT.TH3) NN |

i

L]

IFAINEQe4T URGNsEQe48.,ORNFU. 01 ,0R NLEQ, bZ)

¥WRITE

(64111) D2,TH3,03, THL ¢N,NN

IFINN.EQ. 1) RETURN

THI

THIT

THES SECTUUN CALCULATE ALPHA THE ANGLE OF INTERSECT OF THE YRAJECTORY

WITH

GET L

TP
xp
Yp

Hon

PX (&)
PX(5)
Px{6)

Xt
Yi
1

0o

X2
Y2
12

noaon

X3 =
Y3 =
13 =

(22 23]
VNX =
VNY =
VNZ =

VNB =

PTiLsLoN)

17110

'

S POINT IS ON THE N TH PLATE IN TH E LIST
GET TIME OF INTERSECTION

# (X=X0)/VC

THE PLATE.

137%1701

\

OCATION PE PUINY NEAR POINT. OF INTERSECYION . . . ..

THIT- .02
VCETP ¢ X0 A
YO ~ VHSINITHR)*TP — ,S$GHTPes2

Ye
20

L I ]

PT{2y1,N)

PTA3gLgN) o

PTL1,2,N)
PT(2,24N)
PT(3,2,N)

PT(Lls34N) e e . .
PTL2y3,N)
PT1(3434N)

GET ALPHA ¢&*%»

(Y3-VL)$(22-2L)~-1V2=-YL)8{23~21) -

(Z3-21)¢(N2-X1) — (22-71)%(Xx3-X1)
(X3-X1)#{Y2-Yl) - (X2-X1)#(Y3-Yl)

SQRT { VNX#%¥2 + VNY®3$2 + VNZ¥#2)

- xP el e

NN.EW. LIKETURN

PAGE 0003
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FORTRAN JV G LEVLL

0089
009)

0091
0092
0093
0094
0095
0096
0097

0098

9099
0100

0101
0192

0103
0104
0109
01006
0l07
0194
0109
ofl10

RN

oL12
0113

0l14
0118

Glle

o0 Oon

o

CAL

211 INTE Ry DATEL =
vix = xP - X
viy = Yp-Y

VIB = SURT{ VIxes2 ¢ VIY$e2)

€su = -(VTX*VNX + VIY¥VNY)}/ ( VNBVTB)

CONTINUF
vyx=vC.
VVY=VeSIN(THR)-G*THIT
VVB=SQRT(VVXE$24VVY*%2)
CSP=-(VVXEUNLL,N) +VVYHUNL2,N) 2V VE -
CSQ=-CSP

TF(CSQ.GT.1) CSP=]
XXX = lo-LSP%%2

SNP = SQRY(XXX)
TNP=SNP/CSH

C. VELUCITIES OF STREAM AFTER IMRACY. - .

IF CINPL,GT.MU) GO YO 50

VE(l)=Q. . . - o
VE(2)=0.

VF{3)=0,

GO 10 60 .
CONTINUE . .. - e e e
VELL}=01.~MU/TNP) #(VVX¢UN(L,N)#CSPeVVD)
VEI2)=(l.—HU/TNPl‘IVVYOUN(Z.Nl*CSP#VVB)

VE(3)=11.,~MU/TNP)S{UN(34N)SCSPEVVE)

CONT INUE

HBETA

BETA
ALPHA = 90, - BETA

ARCUS(CSB)

]

YEERE GE1 KAPPA CEEFESEE

K = VNX4VYY - VNY®VTIX

DEGCIBETA) B

17110

13/%1/70)

PAGE 0004
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c . ’ 0
oL7 VISX = VNY#K = VNZSVNZ#VTX
oL18 VISY = - VNZSVNZ&VTY + VNX®K
0119 VISZ = VNX$VNZEVTX + VNYSVNZSVTY
. C *
0120 VISY = SURT( VISX#*¥%2 « VISY#92 ¢ VISI#¥2)
o121 .. . VBBR = SURT ( (X3-X1)%%2 + (YI-V0)2%2 & (I13-71)18%2 ) . . T
c
0122 K'= { (X3=-X1)#VTSX+ (Y3-YL)I*VISY ¢ (Z23-71)%VTSZ )/{VISB*VEBR)
0123 JRAPPA = DEGCL ARCOSIK)) .
c
C :
C #e%x¢t GET DELIA ¥¢sass e e e . S - e e
o
0124 VGX = -~VNX*VYNZ :
012% VGY = ~VNZ#$VNZ . C - . o
0126 VGZ = VNZ*®VNY + VNX®VNX . ‘
C . . .
o127 » VGGB = SQRY ( VGX#$2 & VGY#%2. & VGI#$2) .. ... ... ... ... . . .. . B b e m e e e e e
0128 K = { (X3-X1I*#VGX ¢ (Y3-Y1)*VGY + (I3-21)%VGZ) / (VBBR*VGGB)
C , :
0129 DELY = DEGCC(ARCOS(K)) - o L e . . e e e
C : .
01390 RF TURN

0Ll END - . S T
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FORTRAN 1V 6 LEVEL

0001
0002

0003

0004
0005
0006
0007
0008
0009
0010
9ol
Q012
0013
0014
0015
0ol
0017
0o0l8
0019
0020
2021
9022
0023
Q024
0025
0026
0027
0028
0029
0030
0031

100

900

21 0ist DATE = 77109 23/35/%8

SUBROUTINE DIST ( P,NT2) ' I
DIMENSION P{3,4,1)

DIMENSTON

¢AD1IS140), BDISL40) ,LDISL40),DDIS(40), ENIS{140), FOISL40), GDIS{40) .

DU 100 J = 1 NT2 ' ’

R=gPLl,14Jd) ~ PlLe2,4)) %82

S=(PU2y14d)-PL2,2,4))%%2 e e e« et e
T=(P(34bed)~ P(3,2,4)) %82 .
ADISIJ) = SQRTIL R+S+T)

PAGE 0001

R=(PULe2sJ)-PlLodsd))es2 e e e
S={P(242¢d)-PL203,J))*%2 | '
T=(P(342¢3)-P(3,3,J))%¢2 i
BDIStJ) = SQRT{ ReT+S) ' e —

R=(PU1o3¢d)-Pllysb,sd))es2
S=‘P‘2|31J"P‘2l4tJ),*‘2 .

T=(P(3,34J)-Pl3,4,Jd) 1582 e

CDIStJ) = SURTL R+S+T) *
R=IPUL4sd)-PlL, )0 d) ) e¥2

S=IPU2040sd)-Pl2,1,J) )82 ) i
T={P{344¢J)-Pl3,1,J))¢%2
ODDIS(4) = SQRT(R+S+T)

R={P 1ol d1=Pl1y3,d)) %82 _ o

S=(P(24l 4 d)-Pl2,3,J4))%¢2
T=(‘p‘3.l'J)‘P.393'J')*‘2

EDISTJ) = SQRT( ReT+S) e -
FDES(J) = (BDIStEJINI/2

GDISEJ) = DDISLINY/2 .

CONTINUE : - . IS

WRITE (6,900) ADIS.BDIS,CDIS,DDISEDIS,FDIS,GDIS
FORMAT(1X,10F13.4) ,
RELTURN e

END

— o em
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Scope of the work

A mathematical model of the sliding of coal on a belt-to-belt
transfer chute is presented along with a calculation procedure to solve
the various equations describing the flow of the coal.

1. Introduction

1.1 Design concepts

The typical approach to transferring material from one belt to
another, particularly at a right angle, is simply to drop the material
off the end of the initial belt into an enclosure. The material is there-
by confined to the belt area during the period that it must be accelerated
to the speed of the receiving belt. The depth of material may vary from
side-to-side on the belt and bouncing of particles is likely to occur.
This type of approach has been used with some degree of success for
several years. With low speed belt transfer conditions, the results
are reasonable; however, with high speed belt transfer, problems of wear,
spillage, and non-uniformity of loading on the belt become significant.

The ideal belt-to-belt transfer chute would transfer the material
cross-section from the initial belt essentially intact to the receiving
belt - in the same direction and at the same speed as the belt: Such
a transfer would eliminate belt wear, dusting and any off-center loading
on the receiving belt, In addition, this should be accomplished with a
minimum amount of head room for underground coal mining applications,
These constraints, combined with the flow properties of coal, constitute
a well-posed problem.

The chute must be able to handle reasonable variations in coal
properties and incoming belt speed, and also cope with transient starting
and stopping conditions. The chu/e must be fairly easy to fabricate and
be equipped with replaceable wear liners. The allowable degree of
deviation from an ideal transfer of the coal must be determined by

empirical data and field experience.



1.2 Mathematical approach

The mathematical analysis of the behavior of material on transfer
chutes consists of a dynamic force analysis with restraints. Forces
acting on a stream.of material sliding on a chute can be summarized as
follows: gravity, normal and frictional forces from the chute surface,
lateral forces between streams of material, and the stream-to-stream
frictional drag. These forces are created by or restrained by the
physical shape of the chute and are limited by the friction coefficient
on the chute, the plastic deformation of the coal and the coal slip-line
condition between streams. In addition, continuity of the solid provides
the means for determining the thickness of the stream as a function of
velocity of the material.

1.3 Assumptions for mathematical model

a) The coal sliding on the chute behaves as a Coulomb frictional
solid in a steady flow state, This means that the coal is
yielding at all times in accordance with the effective yield
concepts.* This yield condition is described entirely by the -
effective angle of internal friction §.

b) The frictional drag T on the chute is proportional to the

pressure gy perpendicular to the chute surface

 where L= tan g’
In general ﬁ' (the kinematic angle of surface friction) is
not constant but a function of oy to be determined empirically.
c) The sliding sheet of coal can be approximated by a series of
interacting streams of rectangular cross-section, constantly
in lateral contact with each other.
d) Compressive yielding, or shortening of the width between streams,
occurs at a stress level on the interactive surface of adjoin-
ing streams equal to the yield stress for converging plastic

flow across the stream.

* A. W, Jenike, Bulletin No. 108, "Gravity Flow of Bulk Solids,” and
Bulletin 123, "Storage and Flow of Solids," University of Utah,
Engineering Experiment Station, Salt Lake, Utah

J. R. Johanson, "Stress and Velocity Fields in the Gravity Flow of
Bulk Solids,"” ASME Journal of Applied Mechanics, Vol 31, Ser E, No. 3
Sept. 1964,



e) Expansive yielding, or increasing of the width between streams,
occurs at a stress level on the interactive surface of adjoin-
ing streams equal to the yield stress for diverging plastic
flow across the stream. Note that the diverging stress level
is much lower than the converging stress.

f) Forces on the various stream faces are in balance with the
various components of acceleration and gravitational force
components (Newton's law applies).

lg) The streams are,in general of different thicknesses and,
because of the force balance,the thinner stream has a larger
interactive stress level than the thicker adjoining stream.
‘Consequently, if two adjoining streams converge, only the
thinner stream yields in compression and becomes thicker.

If two adjoining streams diverge,only the thicker stream
yields in expansion and becomes thinner.

h) The streams are initially defined by slicing the coal on the
incoming conveyer belt into vertical strips of a given area
and uniform velocity and hence a given mass flow rate that is
maintained constant throughout the calculation for that stream.

i) The chute catches the incoming stream of coal sufficiently
close to the direction of the trajectory from the conveyor
belt as to negate any effects of bouncing of lumps of coal.

"j) The chute consists of a single continuously smooth surface in -
space. If this is not satisfied (e.g. if the surface is specifiec
as a series of flat plates joined at the edges), the non-smcoth
surface must be approximated by a smooth surface by means of a
suitable interpolation scheme, '

k) The stress acting in the direction of flow is always in a

state of yielding and hence is constant on a given element.

1.4 Use of the report

The report is divided into subsections each describing a
particular part of the theory with the last section providing the method

of calculation relating all of the parts. The theory is not exact nor
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does it cover all possible chute configurationg, For example, chute

edges are not treated by the theory but would have to be taken into account

in some approximate manner at a later date. Before any extensive calcula- ‘
tion of a variety of surfaces or any parametric study of chute geometry

1s undertaken, the theory should be verified with small-scale experiments.

These experiments should be related to the full scale conditions by the

scaling laws discussed in the following section.




2. Velocity and Length Scaling for Subscalc Experiments

Two experiments involving belts and chutes will be called
"dynamically similar" if
1) The experiments involve the same belt and chute materials, and the
same coal.
2) The setups are geometrically similar, with characteristic lengths
I3 and Z, respectively.
3) The corresponding belt velocities are proportional with characteristic

velocities V1 and V; respectively

4) 1.8 4,8 4
_"._. = —2—— . whence — = —-?- (2. 1)
2 2 2 2
\ \) \Y v
1 2 1 2

If two experiments are dynamically similar, the coal trajectories
in the chutes should be geometrically similar; one experiment can be used
to predict the results of the other.*

For example, suppose we wish to model a chute for a 36" wide, 600 fpm
belt, with a 1/6 scale chute and a 6" wide belt, The required subscale belt

velocity V; is given by

v )
2-/.%- 1.
V1 = 21 = 6 0.408 , whence

22 = (0.408) (600 fpm) = 245 fpm
£7:4
- 1is the only dimensionless quantity which can be formed from

the gravitational acceleration g, the characteristic length 4 and the
characteristic velocity V. When the equations governing the motion of
the coal are written in dimensionless form, the parameter 4g @ppears

naturally. v

*
Some reservations: the largest lumps in the coal should be small

compared to the characteristic length scales of both experiments.

Effects due to air trapped in the coal should be negligible



3. Coal stream - plate impact model

z>

- mass flow
U rate M -

\L v

plate
F

F
n

The impacting coal is regarded as being composed of a number of
individual streams. Consider one such stream. Let 3 and ; be the coal
velocity vectors just before and just after impact, respectively. Let
ﬁ be the unit vector normal to the curved plate at the impact point.

The outgoing stream is assumed to be tangent to the plate at the impact
point, and coplanar w;th 3 and ﬁ.

Let F n’ F be the total normal and tangential impact forces exerted
on the stream by the plate A momentum balance in the + N dlrectlon gives
Fn = M U s ﬁ, with U = lUl the speed of the incoming stream, M (Slugs/sec )
the mass flow rate associated with this stream, and ﬁ the angle between
the incoming velocity vector G and the normal vector ﬁ. (see diagram)

We have Ft = an, where u is the coefficient of sliding friction
for this particuiar plate material and type of coal. Another momentum

balance, in the V direction, now leads to

-
V=U@d-pa $ (3.1)
, T
(tan § > u) (3.2)
~/
V=0 A ©(3.3)
[tan g = u) (3.4)
with V = V] the speed of the stream after impact.




In vector form, the impact model may be summarized as

1

g H -+ A
V=( ~ EZE_Z—) (U + N Uasg)

N
with Uws = -U * N (3.5)

(tan § >y
J

After impacting on the plate, the coal stream is assigned a
width as described in section 5 below.

Equation (3.3) predicts that the outgoing velocity will be zero
whenever tan ﬁ < p. If this should occur,any subsequent calculation of
either sliding or free fall should start with zero initial velocity at
the point of impact. In practice,this condition should be avoided be-
cause of the excessive coal build-up or chute wear that will occur at

the impact point.



4, Equations of motion for steady sliding of a layer of coal on a

curved plate

Adopt a rectangular Cartesian ‘

coordinate system (x, y, 2z) in which

the + z axis points vertically upward.
A ~ N

Let i, j, k be unit vectors parallel

Fig. 4.1 to the x -, y -, and z - axes
respectively. Let ﬁ be the unit vector
. normal to the plate, directed towards
z kg the side of the plate on which the

coal is sliding. For force calcula-

tions, it is assumed that the coal
>

velocity V is independent of distance

along the local normal to the curved
- A

plate, and that V . N = 0; thus

gravitational
force

the coal always moves "locally parallel” to the curved plate.

Consider the small volume element of Fig., 4.1, which represents a
short section of one stream of coal. Mass enters and leaves the element
only through the faces ABCD and A'B'C'D'; the other four faces are stream

surfaces. All the lateral faces are composed of lines normal to the plate.

- N
V., 1is normal to ABCD; V is normal to A'B'C'D'
in out

Mass conservation requires

. ..l
M=WH p|V = const. (4.1)
for any given stream of coal. (p = coal density, slugs/ft3 = v/g,

where y is the bulk density of the coal in 1bs/£t®). Since this model
assumes that the coal density 5 is constant, (4.1) gives the stream depth

-
H in terms of the width W and 'VI.

ol

A momentum balance for this volume element gives

TN -+ . P A -+ -
- = = - + . . - . + .
M(Vout Vin) M AV Mg k + WL-P*N -~ WL'P u‘gl FI (46.2)
\Y

where M = LWHy; is the mass of coal in the volume element.
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The force terms on the righthand side of (4.2) are:
1. Body force due to gravity
2. Normal force exerted on the coal by the curved plate. [P (lbs/fce)
1s the associated pressure at the plate surface]
3. Friction force acting opposite the direction of motion. (u = co-
eff?&ient of sliding friction).
1
They are assumed to act at right angles to N, and are discussed in

detail below.

4. The F,. are interaction forces arising from adjacent coal streams.
A

The plate pressure P is found as follows:

A -» A - -

A - N
N-V = 0 implies that A(N-V) g AN-V + NepV = 0 (4.3)

A
Take the dot product of (4.2) with N and use (4.1), (4.3) to get

e

A A -1 N
P = oH(gNk - 1ol v- %7) (4.4)

The coal will fall off the plate unless P > 0.

(4.5)
~ -+

-
The quantity V'%? in (4.4) is just with "R" the plate radius of

v
R’
curvature along the local coal trajectory, reckoned positive if the plate
bends away from § when following the coal. The assumptions made here con-
cerning the velocity and stress fields in the sliding coal layer become
dubious if the layer is too thick relative to the local plate radius of
curvature. It is recommended that the flow field calculations cease if
the condition

H<k [R (4.6)
is violated.
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A A
N*k in (4.4) is the cosine of the plate tilt angle with respect

to the horizontal; this angle is zero for a level plate with coal sliding

on the top side. ‘

The interaction forces arising from

adjacent streams are shown in Fig. 4.2,

For the present model, it seems sufficien

to write these stream interaction forces

Fig. - top view of coal
4.2 as
stream element
- : .3
= (S, - - 4.
FI ( L SR) m+ (FL FR)N X -:\ﬂ 4.7)

The shear S and normal force F acting across the interface between

two coal streams are related by
S=+Fshg (F>0) (4.8)

where § is the effective angle of internal friction of the coal, and the

sign in (4.8) is chosen to accelerate the slower-moving of the two streams.
For the normal force F, let the heights of the adjacent streams

be HA’ HB. Then if the center lines of the streams are inclined towards

each other, the stream with the lower height yields plastically and

H, +H
A B
F = kc PL 3 (4.94)

On the other hand, if the center lines of the streams are inclined away

from each other, the higher stream yields plastically and

HA + HB

F = ke'PL T — (4.9B)

The values of kc and ke in general depend on the details of the

stress distribution in a given element of material. As a first

approximation
= = l-sm
kc 0.5 and ke 0.5 (1—:—57%0 (4.10)

where 8§ is the effective angle of internal friction.
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5. Method of solution of the equations of motion

5A, Extension of a streamline - following net across the curved

plate

The streaming coal is divided into a network of small cells of the

type considered in section 4. (see Fig. 5,1).

The sidewalls of this network are composed of local normals to the
Ll L)

plate surface €. These normals spring from the arcs AiAﬁ’ AlA; etc. drawn
-~ —~

on g. The arcs AIAQ, AIA; etc are found as the intersections of & with

certain planes, defined below.

The net is extended across the curved plate by constructing one
new cross-stream row of cells at a time. The construction begins with
the row of pointsAAl,ﬂfg,Aéa ... on the plate surface z and the correspond-
ing unit normals Nx’ NL, Na’ ... . Let (A,B) denote the distance between
the points "A" and "B" in three dimensional space; then the initial stream
widths are w1 = (A1’Aa)’ w; = (Aa’As) etc, The velocities ;1’ 3;, 35...
associated with the streams on the initial arc AlAzAs"' have the follow-
ing properties:

N —_—

V1 is perpendicular to the line A1Aé in space,
A

and also perpendicular to Nl + N?

2
(5.1)
- —
V; is perpendicular to the line AéAs in space,
A
and also perpendicular to Né + ﬁ;
. 2

P

The arc A A is defined as the iatersection of £ with the plane,
1 2 - o
perpendicular to V;, passing through points A1 and Az; similarly ApA3
-+ 4
is the intersection of £ with the plane, perpendicular to V;, passing
through points A? and As; and so forth. The mass flow rates i%’ ﬁg, Mg, s
are known for each stream, so equation (4.l) gives the initial stream
heights as
P& ﬂg
H = ———m—, H =—F—, ... (5.2)
1 2
WQ,VI Wp’Vl :
1 1 2 2]
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plate surface §

Fig. 5.1

GCridwork of Coal on Chute
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To find the initial plate pressm:esPi (i = 1,2,3,4, ...) we proceed as

follows:

In equation (4.4) of section &4, take the limit as L 4 0 +,

A

o PN

->
becomes %g, where dS is the arc length measured parallel to V, and the.

formula for the local plate pressure is

A A -+ dN
= pH [gN'k - lV 35 (5.3)
| | 2 dN .
The calculation of the centrlfugal force term [V Ty is discussed in
detail in section 5¢. Let |V‘ V- (dS)i denote the centrifugal

force term associated with the velocity V and the point Ai on £, Then

it is reasonable to approximate the initial plate pressures Pi as

A A

+ N A
i+1 A -, = dN -
P, = S S 1 S A . (—
i =P Hie { - ks ) v, - W (dS @i} G
(see note at the end of this section)

Now let fi’si denote the normal and shearing interaction forces
per unit length, exerted on the ith stream by the (i{-1)th stream.

[The sign conventions used are those of Fig. 4.2] The equations of
section 4 give

MOV - V) N o+ N v )
- . + N, i
i 1 i’ __ ~ i i+l =
L =W, Hiogk*+W P (— ey p
? (5.5)
A A - -
N, + N v v
i i+l i i
+ - -
(4 - £)) (— ) xm* (541 =8 1V-I
1
(1 =1,2,3,4,...) )

The stream surface éeparating the ith and (1-1)th streams consists
f\/‘\
of local normals to g, springing from the arc Ai on §. AiAi' is the
intersection of # with a "dividing plane"” PP, which has the following

..i
properties:
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1. FPi passes through the point Ai

A
2. FPi is parallel to Ni

- Y

3. P, is parallel to either V, or Vv, .,
i i i-1

depending on which of these two adjoining streams is yielding near

the dividing planeFPi. (e.g. 1f the i stream is non-yielding EPi
-> .
is parallel to V.. If the i+l stream is non-yielding E?i is parallel
Iy

to Vi+1)

Now consider the ith and (i-l)th streams.

A

-+ -+
Let €, = (V, ; xV)) *N, (5.6)

If Ci > 0, the streams are converging:

p
‘) If B, >H, ;, the (i-1)th stream yields plastically near the
- -

dividing plane EPi, and EPi is parallel to Vi'

If H, <H , the ith stream yields near FP_,, and PP, is parallel

L i i-1 - i i
to Vi-l (507)
P, +P H, + H .
i i-1 i i-1

£, =k (3 ) ( ) (5.8)
- -+

s =y fy 08 (]vi, >,Vi-1]) (5.9)

£, @y ([31) <|'\;i_]])

If C, <0, the streams are diverging:

If H,L > H , the ith stream yields near FP,, and PP, is
i i-1 - 1 i
parallel to Vi-l' (5.10)
If H, <H, ., the (i1-1)th stream yields near ¥,, and PP, is
RN S | 3 _ i i
parallel to Vi.
P, +P H, + H
_ i i-1 i i-1 11
fi =k, ( 2 ) ( 3 ) (5.11)
-+ -
f,slna(}v.’>\v ]l)
5 1 i i- (5.12)

Ey s (\-‘;i\ <\;;1-1\)
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Suppose that the net currently contains j separate streams of
coal. Then (5.5) applies with i= 1,2,3, ... , } and the interaction

forces

(£55,)5 (5,,8), «on s (E8)), (F )

370 Vet

are called for. Since the edges of the coal sheet are regarded as

traction-free and non-yielding in this model, we want to ensure that _

f =s =1¢1

1 1 j+l - sj+l =0

-
F?l (the right-hand edge plane) is parallel to v, (5.13)
-
F?j+l (the left-hand edge plane) is parallel to Vj

(5.13) can be satisfied if we apply the equations (5.6) - (5.12) for

1=1,2,3, ..., 4+ 1
-+ -
. Vo =V, Ho =-H , Po = - B,
and choose ¢ 4 - (5.14)
Yper T Vg By T o Py T 0 F

We have now found all the div%ding planes EPi (i =1,2, ..., j*1). More-
over, if the lengths Li4(i = 1,2, ..., j) were known, we could find the
final velocity vectors Vi' from (5.5). To complete the construction of
the new row of cells, one further piece of information is required;
nami}y, the point A; on the right hand edge of the coal sheet. A;
can be chosen to make the length L a pre-determined fixed value (it is
not important to get L1 exactly right); or A; can be determined by a
coal stream impact point to the right of the net .(see section 5B below)
Given A;, the final row of points A;, A;, ceny Aj' is found
sequentially, working from right to left as follows:
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= t
Find L1 = (A1 R AI)' \

-
Get Vl' from (5.5). .

-
Pass a plane € through A1' , perpendicular to Vl'.

€ and FP? intersect in a straight line L, and 22 intersects

1
g at Az .
- 1
Find L = (A ,A") r
Y
Get V_; from (5.5).

-
Pass a plane €, through A2 ', perpendicular to V2 ',

€, and E?s intersect in a straight line Ly and Zs intersects g
at A'.
3

etc. (5.15)

J

Note that the cell lengths L. are not equal, in general.

We are almost back to the situation we scarted in, wlth a row of

points Ai' and corresponding velocity vectors Vi But the V.' do not
satisfy the criteria (5.1), because V ' is not exactly perpendlcular to
A

'+
NNy
> in general,

[Ehe use of the plate pressure (5.4)’ensures that the velocity yectors
Vi' are almost parallel to the surface at the end of the cell row con-
struction process; but small errors will arise owing to the finite cell
lengths Li']

To avoid the possibility of a progressive buildup of errors in the
velocities, we produce corrected velocity vectors ; " at the end of each

i
cell row construction, according to

- - 2 2
woo_ N N} X a
vy lvi l L 4 (5.16)
1 t
PN ”} X a4 '
where-. -fi—:—Ni;l‘ ad:' is a inti f A’ A !
vy > n i vector pointing from { o k1"
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- - -
We then have V. " = a ' =V '

'.‘;1")4?’1" (5.17)
-
\Y

and also

The cell row construction process is now complete; the final points

-
are the Ai', and the final associated velocity vectors are the Vi"'

If we wish to find A;, given an approximate value of L1’ it
suffices to calculate the intersection of £ with a line in the plane

A
IPI, parallel to N1 and a distance LI from Al.

Note: the details of the arcs A1Aé’ AlA; , etc. are not important; only

the corner points Ai’ Ai' require calculation.

The net extension process described in this section requires
computer subroutines to perform the following computations about the

chosen curved plate surface £:

- Intersection of & with a given straight line in three-dimensional

space.
A
- Calculation of unit normal N at a given point g¢n £.
- 1=
- Calculation of centrifugal force term lV]V . %g for a given
-3

point on § and a given tangential velocity vector V.

Note to follow equation (5.4):

At this point, the two inequality checks mentioned in section &4

should be made for each cell. The computation halts unless Pi > 0 and

also H, <k ’Ri/, where
-
[v,)°
i
|

Ri = = 1@ &
%Elvil'vi'(?ﬁ it |v, Vi G ie1d

i

-
is the local plate radius of curvature in the direction Vi
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5B. Method of starting the net, given a set of coal stream impact points.

5B.1 General procedure for widening a net to incorporate an

. additional stream on the right hand edge

\Ni

Let the points A ,A ;-and velocities
-+ - 17 2

Vl, Vé, ... belong to an existing net,
and let Q be a new coal stream impact
point to the right of the net. (If Q

lies inside the net, the coal is falling

on itself and the computation should be

k:::t:::::::::__ terminated.) The right hand edge plane

P of the original net passes through
1 -+

. ”~
Fig. 5.2 A and is parallel to N and V .

The coal stream plate impact model of section 3 will provide the velocity
Y .
(V!, say) of the impacting stream just after impact. Pass the plane ¢,

=y

through Q, perpendicular to V;. €o intersects E91 in a straight line £,

and £ intersects the plate surface § at A1" Use A1' to construct the

arc A ' A'' A' .., terminating this row of cells, as described in

section SA. ‘ Let (A', Q) = ;1, the half-width

of a new right hand cell through which the impacting stream is sliding.

Let £, be the line in the plane ¢,, parallel to the normal N; to £ at

A; , and a distance W, from A; . Find point A,', the intersection of

the plags surface 5 with fo. A.', A;, A; » «.. and the associated velocity

-
Vl', V;', ... constitute the beginning of a wider net, which

incorporates the impacting stream; the computation now proceeds as
JuY

vectors V,',

described in section 5A. (The net points Ai and velocities V, can be
i

renumbered if desired.

5B.2 Special cases: one and two streams

The net-widening procedure just described is applicable if the
existing net, prior to incorporation of the new stream, already contains
at least two streams, An isolated stream, sliding on a plate, need not

be assigned a width or height; in the absence of stream interaction forces,

the equation of motion reduces to
- -+
vt - v
- - -
1 1 dN
V ———— = . + ok - C (= -
1 L g k {g N1 k V1 v (dS)1} (N1 K

) A (5.18)

<$L<J$
. -
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Pl
where the normals N1 are taken on the stream center line. (5.18) describes

the initial motion of the stream of coal originating at the top-most
-
impact point on the chute. The initial value of V] is found from the

impact model of section 3.

At the Point A1 of closest approach of
the isolated stream, given by (5.18),
to the second highest impact point Q

on the chute, both streams are assigned
o widths and heights, and construction of
the streamline - following net of

section 5A 1s started,

Kig. 5.3
A

&et §°, ﬁl be the unit normals to £ at @ and Al,*respectively; and let

Vo, V1 be the corresponding veloc.ty vectors. (V, is found from the impact
model of sectian 3.) Let the plane ¥P, pass through Q and be parallel to
§° and‘so. Let the plane E?1 pass through AL'and be parallel to ﬁl and :i.
Let FP, and E?1 intersect in a line £ which cuts the plate surface § at

the point A. Let E?% denote the plane containing £ which bisects the
angle between FP, and E?1’ and passes between Q and A1' R

Now pass the plane €, through Q perpendicular to V,, and let ¢,
intersect IP% in a line 4' which cuts § at o, . Let 32 be the unit normal
to £ at @ . (Q,Qé) = % W,, the half-width of the right hand stream.

Now find point @, as the intersection of € with a line in ¢,, parallel
to 6;, a distance W, from Qg in the direction of Q. .

Next pass the plane €, through a, perpendicular to V1; let €,
intersect H’l in a line g¢" which cuts § at Q'. Let (05' Q MH= % v,
the half-width of the left hand stream. Find point daas the intersection
of § with a line in €, , parallel to 02, a distance W from aain the
direction ?f Q. _ o

The points @ O, O and the velocity vectors V,, V1 are now used
to start a two-stream net. The firsE step in this pEocedEre is to adjust
39, 31 slightly to ensure that $° -<V1 f V9>= ; '<v2 f Vﬁ)= 0, as

2 1 2
explained toward the end of section 5A.



5c¢. Calculation of the centrifugal forces produced by the curved plate

The quantity of interest here is the centrifugal force term

-+ A
} 'V (S = distance parallel to V where V:N = 0) which appears in the
equatlons of section 5A.

Let the plate surface £ be defined by?F(x,y,z) =0 forzsome

function F. Let F_ denote oF , F denote o F s F denote etc.
X XX 2 Xy

dx 3
ind A A A
The vector field N(x,y,z) = Fx(x,y,z) i+ Fy(x,y,z) y+ Fz(x,y,z) k

AXY

is normal, at_.any point (xp,yp,zp), to the surface F(x,y,z) = F(xp,yp,zp).

Consequently N is normal to gon €.

-
A A

Now N = 1l§{, with the sign chosen to make N point towards the side

of the plate on which the coal is sliding.

S0 4 4N -+ " -+ oy ? -+
dN d 1 dN N d
Vesg = + Voo (A7) = + V. T—-T,_—\ND=
ds ds IN‘ (]N ds INl ds
roa d-I:I; > 4 -
=— V- 5= since V'N =0
R ds
vl
- a-c -» -»
dN _ 3N dx 3N dy , AN dz
But I Jxas Tyy a tizas
A A A -
and ——i+élj+iz-k= v .
ds ds S ]_.—
vl
d.l‘; - A - A
Thus 3 (grad F_) - __\é_i. + (grad F_) :\‘I_ j
L W vl
A
+ (grad F_)- k
z
\vl
and finally, after some algebra,
2
l"‘ dN Fxxv1<+Fnyy2+F V+2F VV +2F V. V +2F V V
ZZ y yz y 2z XZ X 2z

\/F7+F'2 +F
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The local plate radius of curvature along the coal trajectory is

2L
R = l-\‘;l

» ; with our sign
MRS

]

A A
convention for N, R is positive if the plate bends away from N when
following the coal.

Example:

Fix,y,2) =X + ¥ + 2 -

centered at the origin.

2
T

= 0 defines a _sphere # of radius r,
We have Fx = 2x; F

y = 2y; Fz = 2z

F__ = =F _=2;F_ =F__=F__ =0
XX yy zz Xy vz Xz
and so
A R AN e
3] 2
IV, V-QH = = J Z_ = |V ( for any point on § 7.
ds JE F) ) r
Xx +y + 2z
[v]2
The local radius of curvature i3 R = - =T,
-» "dN
vl V.48
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FRICTIONAL FLOW DYNAMICS PHASE



1-3

FORTRAN Jv G LEVEL

0001
093902
0003
0004

0005
0006
o007
2008
0009
0010
a011

0012
0013

0014

0015
0016

0017
0018

0019
2029

0021
0022

0023

0024
0025

0026

0027
0ues
0029
0030
0031

3032
0033

0034
0035

0030

L

*
¥

¢

&

*

21 MAIN
REAL MU
REAL KC, Kt

DIMENSION 1PL €22,50)

DATE

= 171104

23744/04

DEIMENSEUN VELOC122,50) ywIDTHI22,50) HGT(22,50) yRADI22,50),
% FORCU22¢50)¢SHEAL22,50) CORD(3,22,50)

DIMENSEON MT(22)
DIMENSTON IPTSL22) ,PXSAV(3)
DIMENSION AXL3)
DIMENSTON vC(3)
DIMENSION PlL4)
DIMENSTUN PY(3), PX
DIMENSION P3(3) o A

DIMENSIUN R(22)

e ANL L

3)

DIMENSION KK(50) +BAL(3450),8VI{3,50),BAMDOT(50), lFIlSO)
DIMENSI'ON AT13,22),AN(3,422),VI{3, 22).VN(3.ZZ'|PP|4,22):'5“‘22)v

lV(Z)o(VP(Z’p?4(3,o

VB(22)4FL221,S022)4HEL22)+PTDAT(3,4

» 1001}

11422}, C(22).PX(3).VP(3).PlZ(ﬁ)oE‘#)v

W(22),PR122),AMDOT (22}

PAGE QUOL

DIMENSION H2(22)s HHH{L93+43,2)sAF11(1,3, 3,2)

INTEGER X
INTEGER X1
LOGICAL TOOBIG

LOGICAL FULL
FULL =.FALSE.

TOUBIG = ,FALSE.

DATA HHH/ 5.07,6.264,7.62, 5.57,6.86,8.14,

9570 46.95,8.47, 6.04,47.52,9.05,.
DATA Alll/2.48.2.23.3.03. 2.7542.29,42,91

102e9T7¢204543.19, © 2.3542.85,3.36

1264603.08,3,60, 2.58,3.31,3.947_. _

DATA H2/15%0./
NAMELISI /7CoL0UT/ LAMDA o XF

¢+ YF o IF

s THETCN, HoAL,H2 'y YMIN

NAMELISI /CUALIN/ V, RADIUS.PHI.SECT.lDLANG.SURANGoBELTHD

'5.99,7.50,8.76

6.38,8.09,9.74/

Q » CHLN 4 NP,

AP T

o NDI  ND2, FLAT , GAMMA,RADUP,DISP
¢MODET ,EPS RUNNQPHIP s GAMDEL L4 KL s DELIE:NP.;ML.BMAR

RE. AL IDLANG o LAMDA,KAPPA

INTEGER 11X ¢SXe8X4SECT,RUNND
DATA G/386.4/

s YAW,ZIH

COMMON THET (3, 100).AUL(S.&OO).PT(3.3.200)|UN(3 200]

CUMMNDN /DENS/GA

DD=1,0E-10
NF=3000

1D=3000
DO 5555 [=1.3

DO 5555 J=1,3

S UV




FORTRAN 1V G LEVEL

90317
0038
0039
Q040
0041
0042
J043
0044
0045
0046
0047
0048
0049
0050
0051
Qas52
0053
0054
2055
JU56

0057

0058
0059
0060
0061
0062
0063
I1)64
0065
0066
2067
0068
0069
297
0071
0072
0073
0074
[VIVN
0076
0077
007y
0079
0vB)
ousl
0082

5555

905
9u1l

9216

918
«

930

21 MALN

DI 9555 L=1420
ABCI(1,L)=0.
PTlLlydsL)=0.
UN{T,L)=0.
RIL)=100.

CONT INUE

READ(S5 4C GALIN,END=9999)

DELTA = DELTF

NS = SECT .
PHIPR=PHIP/ST. 29578

MU=TAN(PHI PR)

WRIETE ( 6,905)

FORMAT(*1%)

WRITE ( 6,901)

FORMAT (//)

WRITE ( 6,9161)

FURMAT ( /1Xe132(%%4))

WRITE { 6,901)

WRITE { 6+918) RUNNO

FORMAT ( 1XyL0OX,*BEGIN

'DATE

INDEPENDENT RUN OF COAL CHUTE DES IGNERY,

30X, *RUN NUMBER® ,13,5X, *DATE *,544)
919 FURMAT ( /1Xy31Xs)06°,%),5X,

VINDEPENDENT VARIABLES FOR THIS RUN %, 5X,10(%.%)7)

WRITE ( 6,901)
WRITE ( 6,916)

FORMAT ( 40X¢*RUN NO%,13,5Xs *DATE *,5A4)

SURANG.EQ.30.) S5X=3 SR

DATE = 17199 23/44/ 04

1))2

IXx =1

IF ( IDLANG.£Q. 35.) IX = 2
$X =1

IF { SURANG.EQ. 2%5.) SX= 2
IF (

Bx =1

:? : BELTWD.EQ.36.) BX=2

H = HHHL 1,8X9SX,1X)

AL = ATLECL LoBXoSXolX)
CC=BELTWD-2.%¥BMAR
RR=H/2.¢CL*¥%2/(8.%H)
DLY=CC/SECT

MID = SECT/2 + 1

DO 1O K=],SECT
B=SURT{RR&¥2-CC&32/4)

N = [ABS(MID-K)

X1 = N2DLT
AzSQRT (RR*E2-X[&22)

H2(K) = (A-B)}/2.
RHO=GAMD/ (32.2%)2%%3)

BELIWD.EQ.42.) BX=3 . U

AMUOT (K )=DL T*H2{K ) *RHO*V




FORTRAN 1V G

0043
0084

0085
0086
0087
00488
0089
0090
0u9l
0092
0093
2094
0095
0096
0097
0098
00939
0100
olot
0102
0103
0104
0105
0106
0107
oios
0109
0112
ol
0112
0113
0114
0115
0116
6117
o118
0119
0129
0121
0122
0123
0124
0125
0126
o127
o128
0129
G130

LEVEL

10

15

18

25
20

30

40

50

60

70

89

Z1 MAEN DATE = 17109 23/44/04 PAGE 00013

CONY INUE S e i e
RL1Z2=109.
DELTA =DELTA/ST.29

KF=KC¥ (1o=SIN{UFLTA})/(1-¢SINCDELTA)) : o L e e
READ(5,151)

FURMAT{ 20A4) . )

CONT INUE e e
DU 20 J=1,NP '
DA 20 K=1,44
READ(5425) (PTDAT(LsK,J) b=1,3}) _ s

FURMAT ( 3F20.8)

CONTINUE
READ(5,15) S R o e
DU 30 J=1,NT ’

DO 30 K=1,43 ‘ :
READ(5,25) (PTILKyd)yl =1,3) OV

CONT INUE
READIS,15) v ‘

DO 40 J=1,NT S S S
READES925) (UNIL,J)L=1,3)
CONTINUE ,
READ(5,15) . R : i e -
DO 50 J=1,NT ‘
READIS,25) {ABC(L J)eL=1,3) . . : .
CONT INUE S
READ(5,15) :
DU 60 J=1 NI
READIS,25) (THETU(L,J) 4L 21,3} e e S e
CONTINUE ' : .
READ(5,15) :

CONT I NUE . B . » R

DG 70 J=1,NS
READ(5,25) (VIGLyJ} 4L=1,3) ' '

.CONTINUE - e e e e e —— e e

READ(5,15) - : S :

DO 80 J=1,4NS .

R[AD(S'ZS) (A((L'J,gL=l|3' . . ,,,‘.._ ——n . - _— e e -
CONT INUE :

READ(S,15)

PO 90 J=1,NS ) e .

READ(5,35) [T 4) .
FORMAT(18) ' .

CONT INUE ’ . e e . o PR
CONT ENUE _
WRITE(6492)

FORMATIELX, *LISTING OF INPUTS BEFORE ARRANGEMENTY) . . . ___ —— : - R c— [ O
WRITE L6,127) - :
DO 91 J=1,NS




FURTRAN IV G (tviL 21 MAIN DATE = 77129 23764/ )4 PAGE D04
0131 WRETC (O, 12630, EVAJD AT (Lod) oAl (2,000 oATE3 ) VI(LoddeVILL, d) e e e e
¥ L,VI(3,J) LAMDOT(J) v
0132 91 CONT ENUE
C . . . - e e
C  ARRANGE STREAMS IN ORDER F ACCUMULATION TO MAIN FLOW
C ‘
‘ ¢ " FIND HIGHESY HITTING STREAM e e e
C
0133 A=AJ(2,1)
0134 Khi(l)=1 e e e e oo e e e+ e e e e
0135 DO 21 J=14NS '
136 IFIA.GTALI(2,4))G0O TO 21 _
0137 A=AL(2,4) . e e e -
0138 KK(1)=J
0139 21 CUNT INUE
C . : e e e . e
C FIND WHICH OF TWO STREAMS ADJACENT TO ALREADY ACCUMULATED STREAMS
C HITS HIGHER . . .
c . e e .
014) JP=KKU1)+l : ) )
0141 IMsKK( L) ~1
0142 C IF(JP.GT.NSIGD TOD 27 e I - — . .
0143 IF(IM.EQ.D) GO TO 24
0l4s DO 23 L=2,NS ' : ., .
0145 KK{L)= JP e
0146 IEGATL24JP).GTLALL2,4M)) GO TO 22
0la7 KK(L)=JM
0148 JM=IM-1 e -
0149 ©1F ¢ JM.EQ.0)GO TO 24 :
0159 6h TO 23 ) .
oisl 22 JP=4pel : e : .
Gly2 IF(JP.GT.NS) GO 10 27
0153 23 CONTINUE
0154 GO N 29 e e e e e =t e —_— e e =
(c: NUMBER AL REMAINING STREAMS
C ‘ e e e R e
0195% 24 DO 26 J=JP4NS '
0L56 KKEJ)=J
oLs? 26 CUNTINUF S
0158 Gy 10 29
01%9 21 JHM=NS ¢ L -JM
01¢) DU 28 J=JMM,NS e e e e e e e e e
0161 KK{JY=NS-J¢l
0162 26 CUNTINUE
o163 29 CONT INUE , . S . e

C
C TRANSEFER DATA REQUIRED OBY RENUMBERING OF STREAMS DUE TO REARRANGEMENT
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FORTRAN [V G LEVEL

0les
oles
166
o067
0168
0169
0170
o171
0172
0173
0174
0175
0176
0177
o178
0179
0160
oisl

0182
0183

0l84
0165
0186

0lu7
o188
0189

0190
0191
0192
0193

0194

0195
0196
0197
06198
0199
0200
0201

\

C

31

32

1003
1002
121

129

128
126
1217

125

oo O

71109 23/4%/04

1l

21 MATN DATE

DU 31 J=14NS

Do 31 L=1,3

BAL(L,J)= ALLL,KKLJ)) . e e e

BVI(LJd)= VILLKK{I})

BAMDOT{J )= AMPOT (KK{ DD )

ETT(d) = ITUKK(J)) ) . e
CONT INUE

DO 32 J=1,NS
DD 32 L=1,3
ALIL s J)=BATILJ)
VILyJ)=8BVI(L,J)

AMDOLT{ J) =BAMDOT L J) e e — —

PAGE 00

04

ITd)=17T04)
MTLIY=1T L)

CUNT INUE : . VU

FORMAT(//1X,3§8)
FORMAT(//3X,8F7.2)
CONTINUE -

l

WRITEL69129)
FURMAT(IX.'LISIING OF INPUTS AFTER ARRANGEMENTSL .

WRITE (6,127}
DD 1428 J=14¢NS
WRITECO,126)J0 1T UJ)ALLL s dDeAL(245), Al(3nJ)on(qul.V112 4

VI3 ) .AHDOT(J)
CONT INUE

FORMAT(1Xg2013,43X),6(FB842,3X)yFB.4) I
FURMAT L 1X,*STREAM, IRIANGLES. HIT POINTS ,VELOCITEIES FLOK RATES!)

ISTEP=] ’ [

JI1=1TL1)
EX=(AII2:1)-A0182,20)/5,

COUNTINUE

R12=9999

FOKMATIUN OF TwWO STREAM NET
DETERMINE PAYH OF STREAM 1
APPROACH TO STREAM 2 -

IN INCREMENTS EX AND POINT OF CLDSEST

PXiL)=ATE1,1) :
PX(2)=A1(2,1) e

PX{3)=A11(3,1]}

PY(L) =PX{L)
PY(2) =pxi(2) . e e e e
PY(3) =PX{3)

VPLLI=VI(L,])
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FORTRAN

0202
0203

0204
0205
0206
0207 .
0208

0209
0210
0211
0212
0213
0214
0215
0216
0217
‘0218
0219
0220
0221
0222
0223
0224

0225
0226

0227

0228
0229

0230
0231
0232
0233
0234
0235
0236
0237
0238
02139
(G240
0241

IV G LEVEL

21 MAIN DATE = 17129 23744/ )4
vPZh=VI(2,1) - e
VP{3)=VI{3,1}

CALL PLANELJT ¢PX,VP,E)
PPILl,1)=ELL) . R
PPL2y 1) =E (2]
PPL3y1)=C(3)
PPl4y1)=E(4)

PAGF )6

C DRAW A LINE N PL WHICH INTER. JT IN AL®

140

160

VP L3) =VII341) +(EX/VE) % PE®¢ (UNEI,JT)-MUSVIL3ILA0LVEY

Palll=alll,l)

P4i2)=AL1(2,1)
P4(3)=A113,1)

PS51(1)= Patli-vi {1,1) e e e s e b

PS12)= P4(2)-VI (2,41}

P5(3)= P4t 3)-VlI (3,1)

CALL LOCAT3 (JT,EXWEoP4,P5,PXX ) . -
CALL FIND (JT-NT'PY-PXXoE PX,JTP )
JT = JFe
PY(L) = PXLL)

PY(2) = PX{2)
PY(3) = Px{(3)
PE=GPUNI(Z2,4T)

DO 130 I=1,NS
Vutl)=SQR‘IVI(l.Il"Z'VI(Zpl)*‘ZGViI3.I)**2)
CONTINUE

C CALCULATE VELOCITY OF STREAM 1

VP(1)= (lql)?(kX/VEl*PE'(UN(!'Jil—HU*Vlll.ll/VEl

VPLZ) = VI(2,1) ¢ (EX/VE)® (=G + PES(UNI2,JT)-MU* VI (2,1) /VE))

D=0.

DD 140 1L=},3

D=DHIPXILI-AT EL,2)) ¥¥2
CCONTINUE '

D=SQRT(D) e
IFCISTEP.EQLL) GO TO 160

IF(D.GT.00LD) GO TO 200

CONTINUE

DO 170 L=1,3
ATlL,1)=PX(L)
VItL, L )=vPiL)
CONTINUE
boLD=D
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FORTRAN v G LEVEL <21 MAIN

FOIMAT(® THE CLOSEST DIST, OF APPR. (F [SOLATED STREAM YO .. .. _.

DATE = 77109

23/44/04

PAGE 0007

BETWEEN HIT POINY

0242 ISTEP=]STEP ¢1
0243 GO TO 125
c
, c
0244 200 CONTINUE
0245 WRITE (6,3001) OOLD
C246 3001
L SECOND HIGHEST IMPACT POINY IS =',F8,2}
C
0247 JTI = 11(2)
0248 JI=1Te2)
0249 DD 203 L= 1.4
0250 FIL) = PPILyL)
0251 203 CONTINUE
0252 DO 225 L= 1,3
0253 P3(L) = AL{L,11}
0256 PalL) = AL(Ly2)
0255 PSIL) = AL(L,2)
0256 205 CONT INUE
c
C FIND LOCATION GF NET POINT 2 HALFWAY
€ AVD STREAM 1°S PATH
c
- 0257 E(4)=0, _ :
0258 DO 210 L=1,3 . ‘
0259 E(L)=VI(L,2)
0260 EQ4I=E(4) ¢VILL2) *AT (L, 2)
026t PXX(L)I= Z *#P4(LI~-P3(L)
0262 210 CONTINUE
0263 El4)=-E(4)
0264 CALL LOCATE(JT,E.F,PY) '
0265 DILD= SQRT( (PY(1)-AlLl,2)}#e2
s +IPY(2)-A1(2,2) ) %82
* $IPY(3)-A1(3,2) %42
0266 DOLD=0D0LD/2.
02617 CALL LOCAV3(ITL2) s DOLDSE P4 4PXX4PX
c
0268 JIP=100 '
0269 CALL FIND (JToNTsP4&,PXsE,PY,4TP )
0272 IF (JTP.EQ.100) WRITE( 6,5000 )
0271 AN(1,2)= PY(1)
0272 AN(2,2)= PY(2)
0273 AN(3s2)= PY(3) ,
0274 5000 FORMAT(® PUINT NOT LOCATABLE®)
c
02175 iT121=9TP
0216 WW=0.




FURTRAN IV G LEVEL 21

0277
0278

0279
0280

0281

0282
0283

0284

0285
0286
0287
0288
0289
029)
0291
0292
0293
0294

0299

0296

0297
0298
9299
0300
0301
0392
0303

0304
0305
0306
0307
0308
0309

0310

1
1

N —

0
G

PAGE 308

MAIN DAFE = 77109 237447 )4
DO 230 L=1, : e e
W= NhOIANlL.Z)—Al(L 2))6e2
230 CONTINUF .
WW=2.06SQRT {WW) . e e
C
C FIND UTHER NET POINY FOK 2ND HIGHEST HITTING STREAM #6846 6% s 3%k
c e e,
C IGROUP = 1 MEANS Z COOKDINATE LESS THAN Z COORDINATE OF PRECEEDING STREAMS
C 1GRUOUP OTHERWESE
C e v s s oo e
16RIUP=1 )
IF ( AL(3,2) JLT. AN(3,2)) IGROUP = 2
IF(IGROUP.EQ. L) WIL)=WW . o e e e e e
IFCIGROUP (EQ.2) WI(2) =hu
DO 220 L=1,3 .
PXXILI=ALIL,2) + (AI(L,2) ~-ANIL,2)) e
220 CUNTINUE :
JIP = 100
CALL FIND ( 477, Nr.Ps.Pxx.E.Px.JrP) . I .
IF (JTP.EQ.100} WRITE( 6,5000 )
DO 240 t=1,3
IFCIGROUP o EQe 2) AN(L,3)=PX(L) e e
IF(IGROUP.EQ.E) ANI(L,1)=PX(L])
240 CONTINUE . .
C . - R —
FOIGROUP.£Q L) IT(L1=4TP
l (IGROUP .EQ.2) ITI3)=0TP
c J S
C FIND LUCATIUN OF CENTER OF 1 ST HITTING STREAM #¥4¢656bsssdbssse
C

Fl{4)=0.

DO 250 L=1,3
PXx{L) = PYLL) :
FlL)=VLIIL,}) e e e
ECa)=E14)sVILL, 1) *ANIL,2)
250 CONTVINUE

El4)=-ELl4) e e

FOL3I=PP(L,yE)

FE2)=PP(2,1) . e e e e

F(3)=pPP(3,1)
F(4)=PPl4,1)

KT=1¥(2) ' . U

CALL LUCATE(KT EoFPX)
CALL FIND & KV NToPXXyPXoE ¢PY JTTP )

WH=0.
DO 26U L=1,3

e e g+ b e mmnim an e




FURTR AN

0313
0314
0315
0316
0317

0318
0319
0329
0321
0322
0323
0324
0325
0326
0327
0328
0329
J33o
0331
0332

0333
0334
0335
0336
0337
0338
03139
0349)
0341
0342
343
0344
0345
0346
0347
0348
0349

0350

IV 6 LEVEL

260

[aNaNaNal

269

270

[a¥al

213

280
2895
C

C INITIAL VELOCHETIES AND HEIGHTS FOR 2 STREAM NET #¢setdbud&ssde¥d . e e
C .

TRANSFER STREAM | AND STREAM 2 DATA [IF IGROUP = iv

P MALN HATL = 11109 23744704
Wh=Whw + (ANTL,2)-PY(L)) #%2 -
CONTENUF
WW=2.0%SQRT {WHW) .
FCIGROUPJEQe L) W(2)=WW
IFLIGROUP.EQ.2) WlL)=WW

FIND LOCATIOUN OFf OTHER NET POINT GF FIRST HITTING STREAM (21222237

P4CEI=AN(L,2) , e

PL(2)=AN(2,2)
P4(3)=ANI(3,2)
N0 265 L=1,3 e e

PAGEH

0004

PXXIL) = PYIL) + (PYIL) - ANIL,2))
CONTINUE

Jie = 100 e e e e e e

CALL FINDC(JUTTP, N PY PXXsE,PXoJTP )

1F ( JIPLEW.102) WRITE (64,5399 ) :
DO 270 L=1,3 . S

IF{IGROUP.EQ.2) AN(LsL)=PX{L)
IF(IGROUP.EQ. L) AN(L,3)=PXIL)

CONTINUE e — J—
HELIGROUPLEWL2Y ITULLY=UTP ’
IFCIGROUP.EQ.L) 1TH3)=JTP

IFCIGROUP .EQ.2) GO TO 275 e s —— RSO

DD 273 L= 1,3 :
VN{L,2) VIitL,1)

VNIL,1) = VIl{L,2) e
VNIL,3} = VNI(L,2)
CONTINUE

D=AMDOT(2) . e e e e S

AMDOT(Z)=AMDOT(L) . . !
AMDDTL L) =D \

GO YO 285 - - -

CONT INUE
DO 280 I=1,2
00 280 L=1,3 e s

VNiL I)=VIGL, 1)
VNIL 3 3)=VN(L,s 2)

CUNTINUE o e e o et et e e e ot e e et e ot

CUNTINUE

DO 290 1=1,2
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FUKTRAN IV G LEVEL <] MATN DATE = 17109 23744724 PAGE )OL)
0351 VBLE)=SQRTIVN(L oL 1282 ¢VN(2, E)%%2 4UN(3, 1 )%+2) - e e s e e e e o e s e
0352 290 CONT ENUE
0353 DO 300 1=},2"
0354 HECL)=AMDOT (L) /74 (1) *RHOSVE(T)) : . . e e e
0355 JI=1T(1)
0356 K=1+1 ‘
0347 ' KT=]T¢(K) U
0358 UNN={UNI2 (JT) +UNIL2,KT)) /2.
0359 PROT)=KHUBHE { 1) SUNN*G
0360 300 LONTINUE . S U
0361 HEL3)=-HEL2)
0362 PRE3)=-PR(2) -
0363 1E(IGROUP.EGL2) PRIB)=PRI2) e e e e e e e e e
0364 IF(IGROUP.EG.2) PRI2)=PR(L) :
0365 IF(IGROUP.EG.2) PRIT)=-PR(2)
c N e e e - . e
C FINU DIVIDING PLAND FOR TWO STREAM NET BASED ON STREAM HE [GHT{HE)
C  AND DIVERGENCF UR CONVERGENCE
C - _
0366 JT=11(1)
0367 DU 325 L= 1,3
03068 VP IL)= VUN(L,2) ' e . e
0369 VOIL) = VNIL1) o
0370 PXIL) = ANLL,1)
o3 325 CONTINUE S . IS
0372 CALL PLANELJT 4PXVQeE)
0373 PPILeL)=ELL)
0374 PPL2yLY=EL2) . e e e o e e e e
0375 PPI3+1)=€E(3) :
0376 PPL4 1 )=EL4) : ‘
03117 JI=1T(2) . e - B _ —
0374 CALL DETR(VQsVPyUNIL,JT),4CL2))
C
C Ct2) LESS THAN Z¢€RU MEANS DIVERGENCE o e e . e
C
0319 1HIC(2) .LY.0.) GO TO 350
0380 PX{1)=AN(1,2) S O
0341 PXU2)=ANL2,2)
0382 PXx{3)=AN(3,2) .
0383 IF(HEL2)oGT.HE L)) CALL PLANF (JT .PX, VP, E) O
0384 IF(HEL2) JLTLHEC L)) CALL PLANE(JT,PX,VQ,E)
U385 GO TO 360
0386 350 CONTINUF e e e e
0387 IFAHEL2)eGT.HECL) ) CALL PLANELJT 4P X4VQ,yE)
038 TEOHECZ) LT HECLY ) CALL PLANELJST ,PX,VP,F)
0389 360 COUNTVINUE . . - . e —
0390 PPLLe2)=E(]1)
03y1 PP(242)=E(2)
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FORTR AN

0408

0409
Q412
0411
04)2
0413
0414
0415
0416
0417
0418
0419

0420
0421
0422
0423
0424
0425
0426°
G427
0428
0429

Iv 6

LEVEL <1 MATN DATE = 11109

PPL342)
PPL4,2)

{(3)
tl4)

JT=11¢3)

Px{l)=ANL1,13)

PXE2)=AN124¢3)

Pxi31=aN(3,3)

CALL PLANELJT (PXyVP,E)

PP(EL,3)=E(1)

PP L2y 3)=E(2) o . O
PP{3,3)=E(3)

PP4,y3)=E{4)

D0 365 J=1,3
VBUJ)=SQRTIVNE L+ J)*22+VN{2,J)%*24VNI3,J)%¢2)

36% CONTINUE el o

ISTEP=0
iQ=3

FERCH UL BLEU R LR EE SRR S EEX R FQ K KR KRR L SE kS S SR AE N LR ER RS

REPETITIVE LOOP ADDING STRFAMS ##5 ¢t tst 655460k sbt¢8E%%
C #40¢RERPSPEEERCEERRE SRR EER K ERR G EE RSN NS CE RV EEFCHSIRB R AL FERE SR RL B &

23/44/04

PAGE 0OLL

370 CONTENUE * e
C
IGROUP =9999
IF(AL(3,1Q)GT.ANID,1)) [GROUP=] C e - .
TFIA L3 1GY . LTLAN(3,1Q)) IGROUP=2
IF LIGROUP .EQ.999Y9) GO TO 375
G6U 10 380 e PR
37 WRITE(6,3003) IQ
3003 FORMAT(* HIT POINT",14,* LIES WITHIN NET?Y)
G TO 1400 . | PR
380 CONTINUE
WRITE(6,379) IGROUP
379 FURMAT { ¢ LGrOUP=*,]2) . et e e

C
C CHECK IF NFW STREAM ADDS NORMALLY { J.F. WAVE FRONT THRU HIT POINT

C  INTERSECTES EXISTING TOTAL FLOW BELOW LAST CALCULATED WAVE FRONT)
C .

K= 1Q

IF ( TGROUP LEQ.L) K=1 ' e e e
BELOW =0,

pL 381 L=1,3

BELOW = BELOW +VIIL,IQ)*#(ANLL,K)-ALIL,1Q)) e e -

CONT INUE )
EX = 3ELOW/SCRTIVICL ,1Q)#%2¢VI(2, [QI##2¢VIL13,10)%+2)

381

EXLig = 1. e e

JTH(BELUWSLT.0, ., AND. ABSCEX)GTJEXLIM) GO TO 388
IF { BFLOW .LT.0.) GO TO 390




FORTRAN IV G LEVEL 21 MATN DAVE = 77109 23744704 PAGE 0412

% ESTAUBLISH NUN=NURMAL NET PUINT £ 4553437604088 666x00 4% '
o
C FLOW ALONG HIT VELOCETY VECTOR IS ASSUMED UNTIL NLW WAVE FRONT. . o o o o o
C JUINS EXISTING WAVE FRONT
C
0430 WRITE(G, 385)1G e o e e e et e o e e e
0431 385  FORMAT (' NON-NURMAL NET POINT',13)
0432 D) 382 L=1,3
0433 ALIQULY= ATLL, Q) e e e e e
0434 VPILY= VEIL,IQ) .
0435 ' PatL) = ATIQIL)-VI(L,LQ) ;
0436 PYLL) = AN(L,K) : e e S,
04317 382 CONT INUE
0438 CALL PLANE ( MT(1Q),ALIQ,VP,E)
0439 , CALL LOCAT3IMT(IQ)oEX,ELAL1Q,P4,PX) e e e e e e e e
044) VPILl)= PXCL)-PY(L) ‘ :
0441 VP{2)= PXL2)-PY(2) :
0442 VP(3)= pX{3)-PY(]}) e e
0443 vVQil)=PYI1)-VP (1)
044% VQ(2)=pY2)-VP(2) ‘
0445 VQl3)=PY(3)-VP(3) . R — e e
0446 CALL PLANE (IT{(K)oPY,VP,E)"
0447 W= 2.¢SORTUVPIL)#424VvP(2) ¥%2¢VP(3)4%2) : :
0448 CALL LOCAT3 ( IT(K) o WWe Es PY,VQ4PX) . . . oo . . e ' -
0449 CALL FIND U ITUK)oNT oPY PXoEsPXXoJTTP) ' '
0459 IF ¢ IGROUP L,EG.L) GO TO 600
0451 , DO 383 L=1,3 . e —
0442 ANEL,1G#L) = PXX(L)
0453 383 CONT §INUE ’ . .
045¢% GO 10 795 S _—
0455 388  CONTINUE
c .
C IF WAVE FRONT DISPLACEMENT TO JOINING BY NEXT STREAM GREATER THAN .- -
C EXLIM (I.E, TOOBIG = TRUE) THEN STREAM 1 MOVED EXLIM AND FOTAL
g WAVE FRONT ADVANCES
0456 TO0BIG=. TRUE .
0457 IGROUP = |
0458 WHITELG,387) SRS e e e e
0459 387 FORMATLLIX,*STEP SIZE TOO BIG, FIXED SYEP TAKEN,NO STREAM ADDED)
0460 DO 399 L=1,3
0461 PIIL)= ANGLo1)}=-VN(L,1) e e
0462 399  LONTINUE ’
0463 CALL LOCATACIVLL) oEXLIMePPLL,1),AN(1,01),P3,PY)
D464 CALL FIND (VLY oNToANCL oL ) oPYPPILa1)sPXyJdTP) e e e e
0465 . DU 491 L=1+3

04bo ANAL  L)=PXIL )

e o e o e e e ey s m e s
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FORTRAN IV G LEVEL 21U MALN DATE = 17109
0467 391 CONT ENUE
0468 EL=FXLIM
0469 1IT(l)= J1P
0470 GO 10 444
04171 390 CONTINUE
C . .
C FIND JUNCTION TGO NET OF ADDING STREAM $3¢&d&teespepsesy
C
0472 Et4)=0.
0473 DO 400 L=1+3 -
0474 ELL)=VI(L,1Q) .
0475 Elad=€ta)eVI(L, 1Q)*AR(L,1Q)
0476 400 CONTINUE
04177 Ela)=-E(4)
0478 ATIQIL) = AlLL,10Q)
0479 ALlIQE2) = Al(2,1Q)
0480 ATIQ(3) = AlL(3,1Q) '
C
Uatil JI=11(1) I
0462 JP={JT-~1)/72+1
0483 FOLI=PP(1,41)
0484 F(2)=PP(2,1) e
0445 FL3)=PP(3,1)
0486 FU4I=PP L4}
04817 DO 405 L=1,4 - -
0488 405 IFIIGROUPLEQ.2) FIL)=PP(L,IQ)
0489 CALL LOCATE ( MT(IQ) +EF,PY)
04990 . CALL FIND { MT(LQ)NTLALIQ.PY EWPX,4TP) . L e e
C FIND RADJUS AT START OF STEP FOR OLD BOUNDARY :
049l IF(IGROUP.EQ.L) CALL LOCAT3(IT(L) oloeoFoANLL,1)oPY,P3)
0492 jF(leUUP.EQ.Z) CALL LOCAT3LITUIQ) s asFoANIL:1IQ)PY L)
0493 IFCIGROUPLEQ.L) CALL RACTIT(LI,NTAN(LI,1)4P3,F,R12)
0494 IF(IGROUP.EQ.2) CALL RA (ITLIQ)+NT4ANLLY 1Q),P3,F,R12)
0495 FIR12.0LT.18.) R12=}8. . i e
C FIND NEW STREAM BOUNDARY POINT *¥0S 542000585 sss k008652058
0496 PYLL)= AT(L,1Q ¢ CALLL,1Q)-PY(L))
0497 PY{2)= ATC2,1Q1+1ALL2,1Q)-PYL2)) N PO,
0498 PY(3)= AB(3,1Q)¢(AT(3,1Q)-PY(3))
0499 CALL FIND EMTLIQ) NT,ATTQ,PY £ PXX,JTTP)
0502 EL=0.
0501 DO 410 L=1,3
0502 1IFCIGROUP.EQ.2) EL=FL&IPXILI~-AN(L,1Q)) %2
0%Q3 IH{IGROUPLEULL) EL=EL+(PX(L)-AN(L 1))5%2 O
0504 IFCIGRUUP.EQL2) ANLL,1Q3=PX{L)
0505 IFCIGROUP.EQ.L) ANIL,L)=PXIL)
0506 410 CONTINUE . -
0507 EL=SQKRT(EL)

0508

JPP=(J4TP-11/2+1

23/44/04
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0579 459 CUNTINUE ’ e e S R
0510 444 CUNTINUEF .
0511 1001 TURMAT L/ 71X, 8T.2)
C e e e Ce e e oo e et 4 it e+ e
C
0512 F{1)=0.
0513 St1=). ' - e e e —— e e e
0514 FLIQ)=0.
0515 stIQy=o.
C S e — — - e - -
L FIND INNEK DIVIDING PLANES BASED ON STREAM HE IGHT (HE ) AND
€ CONVERGENCE OR DIVERGENCE
C e e e oere e e < st e e e e e 2o et i et e = 1m e
0516 101=1Q~1
0517 DO 490 t=2,1Q1
0518 JT=1T{L) e - e
0519 K=t-1 '
0520 PX{L)=AN(L,L) ' '
0521 PXL2)=AN(2,41) U ! — et e e
0522 PX{3)=ANL3,L). ' .
0523 VP{1)=VN{1,L)
0524 . VPL2)=¥N{2,L) e e . —- e
0525 VPL3)=VN(3,L) . .
6526 VQUE)=VNI(L k) _
0527 VO({2)=VN({2,K] s — - — — i e
0528 c VR (3)=VNL3,K)
g C(L) LESS THAN ZERD MEANS STREAMS DIVERGING e e e e et e e o — , P e e =
0529 FEIC(L) LT. 0. 10 470 .
0530 FILY=KC*IPRL *PRIKH { 1EILHHE(KI 1 /4. e e : i e
0531 S(L)=F{L)*SINIDELTA)
0532 IFLVB (LY. LT VBIK)) SIL)=-SiL) .
0533 IFCHE(L ) oGT.HELK)) CALL PLANE(JIT P Xy VP ,E) e e e e e s e e P e .
053% TF{HE(L) L LELHE(K)) CALL PLANE(JT PX,VQyE)
05135 GO TO 480
0536 470, CONS INUE ' e e e e
0531 FALI=KES(PRIL) #PRAK) I $ (HE (L) *HE(K) ) /4.
05138 SEtLY=FIL)*SINIDELTA)
0539 TRVl LT vBIEK)) S(L)=-S(L) R
U542 IF(HE(L).GT.HE(K)) CALL PLANE(JT,PX,VQ,E) :
0541 FFCHETL ) JLE JHE(K) ) CALL PLAN&(JT.PX.VP.E] '
0542 482 CONTENUE e e e e R e e e e e
0543 PPLLls.L)=E (L)
0544 VOPPL2,1=EC2)
0545 PP3,L)=E(3) _ e e e e £ e et o et o et s et e -
0%46 PPLAL)=ELS) :
0547 490 CONT INUF
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FORTR AN

0548

0549
0550
0551
05952
0553

0554
0555

05506
6557
0558

0559
0563

usel

0562
05¢3
0564

0565
0566
0567
0568
0569
0570
0571
05172
0573
0574
0575
0516
ontl

us 78

05179
0582

IV 6 LEVEL 2] MAL K ' OATE: = 17109 23744704 PAGE 0019

IH(IGROUP.EQL.2) GO TU €99

NEW VELUCITY FUR STREAM 1 $%684o &3 s e 0 6 b0 eI $ ¢3Sy ¥¥P 64 ¥

[n i alal [

Ji=111¢1)
IT¢(L)=aT0 e i+ = i mn e o e e e o e e e e e e
LT=1712)
whi=Will)
VAIELISVNLE L, 1) e e e e o e e e e o o2 e e e o
VAl 2)=VN(2,1) ’
VQI{3)=VNI3,1)
R{L) = RI12 . e
PRELY = RHO®HE (1) $(VBIL ) %2 /R1L) +GR¥UNL2,4T))
CALL VELUEL¢AMDOT (1) o T oL ToHECL) oWWweF (L) oF(2)4S01)4SU2)PRILI,
3 vQ,vP, . e e L i o e e+ e e e e e e e
® MU) ‘
DO 500 L=1+3
VN(L, L) =vPLiL) . . e e mn S
500 CONTINUF

C MAIN IGROUP.EQ.L ROUTINE FRFEREERTCF RGN EERE AR QIR EFH IR FBE SR ESE 4 85K

D0 600 1=2,10
K=1-1 ’ . e e
VBIEK)=SOQRTEVN(L JK)*¥*¥2+VNL2,K) *¥*¥2+yNT{3,K)*¥%2)

LOCATE NEw NET POINT 1 AT INTERSECTION OF DEVEIDING PLANE. TukU OLOD NET POQINV.
CHUTE SURFACE AT QLD NET POINY AND PLANE NORMAL TO VELOCITY VECTGR THRU
NEW NET POINT WETH INDEX 1-1

[a N e¥aNetal

JT=1T (1)
JP=(JT-11/2¢1
Fl4)=0.
DO 510 L=1,3
E(L)=VNIL,K)
510 EC4)=EL4) +VNLL  K) #AN(L oK) ‘ R N S e et e e
E(4)="E(4)
JT=1V 0T ) ,
JP=4JT-1)72+¢1} © e mmmme e e e s o = e
PILLY=PP(L, 1)
PIL2)=PP(2,1) .
PIL3)=PPL3,1) e [ -
PLLAL=PPLAL T

CALL LUCATE (JT,E4PlL,PY) e e e o e /

ANLIL)= AN(1,1)
ANL(2)= AN(2,1)
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0581
0582

0583
0584
05485
0566
asu17
0588
05489
0590
0591
0592
0593
0994
0594
0996

0597
0594
0599
0600

0601
0602

0603
Q604

ubUS
0606

00607
0608

0609
0610
ool

0612
0613

06l4
0615

U616

Q67

0618
0obl9

ANL(3)= AN(3,1) . BT

CALL FIND (JTyNToARLyPY P PXJTP )

EL=0.

DO 52) L=1.,3 -
20 EL=EL ¢LANCL 1 )-PX L) ) #%2

EL=SQRTL{EL)

WiK) = 0. e

DO 560 L=1,3
WK} = WIK)e{PXIL)-ANIL,K) ) &2 .
560 CUNTINUE N e e e e e
WEK) = SGRTIWIKY)
HE(K) = AMDOTIK}/(W{K)*RHO % VB(K} )

CALL RACETURDoNTHANCL L) 4PX,P)4RL2) e e e e e

IF(RL2.LTe1b.) R12=18,

ROTI=R12 '
PRILD) = RHO®HE LT ) (VAT )% 2/R(TI+GRUNI2, ITE 00D . .

1ery=97p

JPP=0JTP-1)/72¢+1 : —

PAGE 0016

950 CONTINUE
544 CONTINUE

c e e e e e e e

2002 FOURMAT(//72X,18,10F7.2)
IFLT1.FQ.IQ) GO TO 565 ‘

LT=1THI)
JI=1TiK)

VOULI=VN(L,I) .

VQL2)=VNI2, 1)
VQ(3)=VNI3,1)
CALL VELIEL AMDOTUT) yJT oL T, HECED) oWt T} oFUE)FETeL),

& SUL),SETE L) PRUID 4VQ4VP
* MU)

VBET) = SQRTUVPLLI*2¢VP(214%24VP(3)*%2) . e _lAﬂmw__“"_ RN

569 CONT INUE
DO %70 L=1,3

VNIL, 11=VPIL) e

ANCL, 1)=PX(L)

570 CONTINUE
609 CONTENUE

IF { TOOBIG) GO 1O 799 '

uY ADDFD STREAM

a2l afalal

DU &Il J=1,14Q JE e

1=10~-J¢1l
K=1+¢1

TRANSFER ALL WAVE FRONT PAKAMETCRS TO ACCORD WITH. RENUMBERING. REQUIRED..
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0620
0621
0622
0623
0624
0625
0626
06217
0628
0629
0630
0631
0632
0633
0634
0635
0636
06317
0638
0639
0640

064l

0642
0643
0644
0645
0646
0647
00648
0b64Y

0659
0651

0652
0653
0654
0655

0656
0657
0658

601

698

[ E 2 E IR R R R R R Y R T R R RS R R L R R R s F 2222272122283

699

21 MALN DATE

DO 601 L=1,3
ANTL s K)=ANIL,I)
IREFSESRERD)
VNELyK)I=VNIL, 1)
VBI(K)=vis(])
Wik) = Wil)
HE(K) = HE(I)
AMDUTIK) = AMDOTLI)
CONTINUE
It =471P
Wh=0,
DU 698 L=1,3
VNIL, L)=VILL,1Q)
ANCL, L) =PXX{L)
WH=WWe (ANIL L) ~AN(L,2)) %82
CONT INUE
Wil)= SQRT (WW)

vi{l)= SQRF(VN([.ll'*Z'VN(Z'll**ZOVNGB.ll“ZD

AMDOTI 1) =BAMDLOY (1Q)

HE(L)=AMDOT (1) /¢W (L) *RHO*VB(L))
GO TG 7199

CONT INUE

1710

2

23/44/04

PAGE Oul7?

C .
C NEW VELOCITY FOR STREAM [Q-1 S#363s345550 0030005550038 000882888%

C

501
100

101

JT=1701Q)
ITeQl= gre
LT=I711Q~1)
wWhW=W{iQ-1)
VOLL)=VN(L,1Q-1)
vQl2)=VNL2,1Q-1)
vQ{3)=VN13,1Q-1)
RETQ-1)=R12
PRUIQ~1)=
CALL VELIEL,AMDOTLIQ),JT,LT,HEL!
*#Q) PREIQ-1DI VA, VP,
« MU)
DO 501 L=1,
VN(L,1Q- l)=VP(L)
COUNT INUE
CONT INUE .

MAIN IGROUP.EQ.2 ROUTINE ctc:ttﬁvcttottttii#t;it};;ittttttttottttv

CUNTINUE
DO 795 1=2,14Q
J=1Q-1+1

RHO¥HE( 1Q-1 )& ¢ V lQ-l)*‘Z/R(lQ llfb#UN(Z'LI)
1) oW FE1Q-10,FLIQ),S11Q-1)

)
qS(!
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3659 K=sJdr] - e
0660 VBIJISSORTIVNL L g J) 624 VNI2, J) %2 ¢WN( 3, 0)%%2)

0661 El4)=0.
0662 DO 710 L=1,13 - I
0663 EALI=VNIL ,K)
0664 710 Elo)=Fl4) ¢VNILy J)¥ANIL ,K)
0665 E(a)=-E(4) e
0666 JT=1T L)
vb6T JP=14T1-11/2¢1
0668 PIELY=PP{L,4) e e e e el
0669 PIL2)=PPL2,d)
06170 PLI3I=PP(3,J)
0671 PI(4)=PPl4,J) .
C .
C LOCATE NEW NET POINT J BASED ON .INVERSECTION OF DEVIDING
C PLANE THRU OLD NET PUINT, CHUTE SURFACE AT (LD NET. _POINT_AND PLANE _ _ _
C NORMAL TO VELOCETY VECTOR THRU NEW NET POINT WITH [NDEX J+1
¢ .
0672 CALL LOCAYE (JT,E,Pl,PY) B
0673 ANLIL)= AN(L1,J)
0674 ANL{2)= AN(2,J) :
0675 ANL{3)=AN(3,J) e
0676 CALL FIND (EVUJ) o NTJANL 4 PY,PL,PX, JTP)
0617 IFLJTP LEQ.L00) WRITE ( 6,1402) )
L6718 IF(JTP.EQ.10D) GO TO 1401 ) e
0679 EL=0.
0682 DD 720 L=1,3
0e8l 720 EL=EL+(ANCL ¢ J)-PXIL)) %82 P
0682 EL=SQRTIEL}
0683 W(J)=0.
0684 DO TGO L=1,3 _ TR
0665 W(JV=WED) €{PXIL)~ANTL KD ) *%2
0666 760 CONTEINUE
0687 WEJI=SOQRTENWLI M) e e e
688 CALL RACITUIJ)IoNTIANUL,J) +PX,PI,R12)
0689 lF‘RlZ-‘.‘olao) RIZ=18. .
0690 R{J)=R12 e
0691 PRUJ) = RHOCHE(J) $(VBLI)$£2/R(II+GFUNI2,1T(J)))
0692 1Tt =01P -
0693 JPP=LITP-1)/2+1) e
0694 IF{J.EQ.)) GU TO 765
0695 L1=1T¢d)
0696 N=J-1 . e e R
0697 JI=TT(N)
0698 VQUL)=VN{],N)
0699 VQ(2)=VNI2,N) e e et e e
0700 VQI31=VN{3,N) .
o701 CALL VELUEL JAMDOTUND p T oL T HE (ND oWIND o FINDFLI,SINISLIDPRIS),
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1 VU VP o
£ MU)
0792 765 CONTINUE
C PARAME TERS FOR NEW WAVE FRONT ¢¥tteteteteieehoesooeesss . .
0703 DU 770 L=1,3
0794 VNIL N} =VP(L)
0705 ANILe J)=PX(L) O
0706 ANIL, EQeL)=PXXIL) '
oro7 170 CONYINUE
o708 VB(J) = SORTAVNGL (J)#e24VNG2,J 0% 24 VNI, J DS ®2Y . ..
0709 NECS)=AMDOT{J) /7 {W(JIERHOEVB L) ) , '
0710 195 CONTENUE :
o711 Whi=0, . R ———
ar12 00 798 L=1,3
0713 VNIL,1Q)= VIL ¢1Q) ‘
0714 WNIL,1GQe 1= VIL,1Q) e
6715 WHEWWe (ANCL FQI-AN(L, [Qe L) ) ¥¥2
0716 798  CONTENUE
Q117 WOiu)= SQRT(WW) I e
0718 VEIQ)= SQRTCVN(L,1Q)I¥#2¢VNI2, 1Q) #¢2¢VN{ 3, [Q)%&2 )
0Ty HECIQI=AMDOT{LQ)/ (Wl 1Q) #RHO*VBLIQ) )
0729 ITCIQe1)=9TTP ) T
0721 gv9 CONTINUE
0722 It { TLOBIG) [Q=1Q-1 e
0723 TO0BIG = .FALSE.
C
0724 DG BLS I=1,1Q e e e
0125 JT=1T() ‘
0126 K=lel] .
0721 LT=1T{K) SR
0728 UNN=(UN(2 LTI $UNC2,JT)) /2.
0729 PRET) = RHO®HE (T) 2 (VB{T)s%2/R (1) ¢+GEUNN)
6730 815 CUNTIKUE . . -
0731 101= 1Qe1 '
0732 HECIQL)Y=-HE(TQ)
0733 pPRUIQL) =-RREIQ) e e
C .
C TORCE VFLOCITY VECTOR TO UWE NORMAL 1O WAVE FRONIT
C R e e e meem e e e i e e e e e e
0734 LN 822 K=2,1Q1
0735 DU 820 L=1,3
0736 P3(L)= (AN(LsK)-AN(E K-1)) - e
07317 P4lL)= UNILoyITIKD) eUNCL 1T (K=1))
0138 20 - COUNTINUE ,
G139 PSIL)= P4(21%9P3(3)-Pa(3)3P3(2) X e e
0740 PS(2)=Pal3)%P3(1)-Pa(1)%P3LD)
0741 P5S13)=P4(1)%P3(2)-Pa(2)1¢P3(1)
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0742
0743
0744
0745
0746
0747
0748
0749
0750

0751
0752
0753
0754
0755
07586

07517
0758
0759
0760
0761
0762
Q763
0764
0765
07606
07167
0768
0769
07170
0111
0772
0173
0774
01175
0776
o117
0778
Q779
0780
0r61l

07u2
07183

0784

0

821

822

830

C

891

892

STREAM BOUNDARY DIVIDING PLANES 0*00‘#####0#*00‘40#‘

&
*

&

21 MAIN DAYF

Wh=D,

DO 821 L=1,3

Wh=WWePS(L)e42

CONT INUE

WW= SAKT(WW)

VNULyK=1)= PSLLI*VBIK-1) /W
VNI2,K-1)= P5(2) #VBIK-1)/wN
VN{3,K-1)= P5(3)*VB(K-1)/un
CONTINUF

Ctl)= 1,ELO .

D0 830 L=2,101

K=t -1

JT=1T(L)
CALLDETREVNULL K)o VNIL LS UNLL 44T ),C(LD))
CONVINUE.

PX(L1)=AN(],1)
PX(2)=AN{2,1)
PX{3)=aAN(3,1)
VPIL)=VNLL,1)
VPE2}=VNI12,1)
VPE3)aVN(3,1)}
JT={T(1}
CALL PLANE{JT 4PXoVP,E)
PPULy1)=E(])
PP12,1)=E(2)
PPU3,1)=E(3)
PPl4,y1)=E (4)
PX{1)=ANL1,1Q1)
PX{2)=ANI2,1Q1)
PX(3)=AN(3,1Q1)
VPLL1)=VN(1,1Q)
VP(2)=VNI2,10Q)
VP(3)=VNL3,1Q)
JT= IT(IQedd
CALL PLANELJT+PX,VP,E)
PRIL,IQLY=E(L)
PPE2,1Q1)=E(2)
PP (3,1QL)=F(3)
PP L4, 1QL)=E(4)

23/44/04
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FORMAT( * COURD. OF AN®,13+3Xs3{F6.291X)e3X,'TRI¢, 14
#3X STEP * 13 ,3X,"RAD® y IXoF30l 43X *VEL® Fb.) .. . __
e3X  SHOT® g FTe343X g WIDTH® gF5.243Xe°C%y1X,F13.3)

D0 892 1=1,1Q1

HRITE(6.89I‘ ei??(l.l).AN(Z-lloANIB}I)'ITIllolSlEP'R(ll.VBllluw"—Mm.,
.

JHELTD p WLl
CONT INUE
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0785 1Q=1Q+1 : : D S e e - : e
0786 IF ( Q.67+ NSY) GU TO 900
o787 ISTEpP=ISTEP-1 .
0788 GU 10 370 — - e
C l###!&‘t#iU"##‘t***‘*tt#‘-‘**#*#**‘##t#t#t*##t‘t\)#*t#*#0#r#¢#0’#
Q769 9)0 CONTINUE . ) . .
0790 19=1Q-1 - ) - O U
0791 1QL=1yvl
07192 401 CONT INUE '

’

WAVE FRONT PROGRESSION AS BEFORE BUT NO NEW STREAMS ADDED - 7 s
FIXED STLP ELL TAKEN BY STREAM L [ OR LOWEST NUMBERED STREAM STILL QN

i
C
C
C _ .
C CHUTE)}. IF A STREAM LEAVES CHUTE ALL HIGHER NUMHERED STREAMS _ARE. . e
C
C
C
6

ASSUMED UFF CHUTE ALSO. X= LOWEST NUMBERED STREAM ON CHUTE,NSI= HIGHEST
NUMBEROD STREAM STiLL ON CHUTE.

0793 999 CONT INUE
0794 NS=101 ‘
0795 ISTEP=1 e e e e
0796 X =1 . .
0797 NSS = NS .7
0798 NSM = NS -1 i, -
0799 1000 TENUE
0600 no 1010 I=X4NSS ‘ . : .
0801 1010 VBI)=SQRT(VNI], l)ttzovutz.l)t#chNta.l)ttzh e i - e
m 0802 . loll CSNIINUE ’
¢ 0803 NSL = NSS - 1
~ 0804 FORCA(X,ESTEP) = Q. I, N SO .
0805 SHEA (X,ISTEP) = O.
0806 FORC (NSS,ISTEP) = 0.
osor : SHEA(NSS,ISTEP) = O. ’ B — .
U808 FIX) = 0. . \
0409 S(x) = 0.
0812 FINSS) = O, o —
0811 SINSS) = O,
0812 JT = ITLX) ' .
0813 DO 6001 L=1,3 o - o . e e
0814 PXUL) = AN(L X))
0815 6001 VPIL) = VN(L,X)
0816 CALL PLANE{JT ,PX,VP,E} . v e e e e e s
0817 DO 6002 L=1,4
0818 6002 PPIL+X) = EIL)
0819 DO 6003 L=1,3 : S — e
0820 PX(L) = AN{L (NSS)
D821 6003 VPEL)=VNIL {NS1) *
0822 4T = TTENSS) U . e
0423 CALL PLANE(JT,PX,VP,E)

o824 DO 6104 L=1,4 .
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0825 -
0826
08217
0828
0829
Q830
0831
0832

0833
0834
0835
0836
vy37

0838
0839

0840
0841

0842
0843
o844
0845
0844

od4?
o848

0849
6850
0851
0852
0853
0854
2855
0850
ous?
08586
0859
0860
odel
0862
0863

6004% PP (L '\SS) = l“l' - . - e - e - . e e e i e e e e e J Y

PRIX) = RHOSHE(XDI®LOXUNTZ, ITIX)IeVECX)&E2/H(X))
X1=X#1 :
00 1200 L=xX1eNSH e e e i e e e e e
JT=111L)
PROL)=RHOSHE (L) S (GRUN( 2, JTI+VBIL) & 2/R (L))
K=L-] -
c CALL DETRAVNELK) JVNCL L) UN(L,3T),CHLY)

c
IFEC(LY.LTL0.) GO TO 1020 .
FOLI=KC*IPRILY+PRIK)DI*LHEIL J+HE(K)) /4., e n e e ot e e . e e
SIL)=FLLI*SINIDELTA)

TEAVBEL)LVVBIK)) SEL)=-SIL)
PSCLI=VN(L (L} /VBUIL)eHE(K)}/(HEUK) tHE(L) ) * £ e et et e e e
&« (VNIL K}/ VBIK)-VNIL,L)/VBIL)) .
POL2)=VNI2,L)/VBILIHHELK)Z (HELK) HE(L) ) #
&« {UN(2,K)/VBIK)-VN(2,L}/7VB(L)) .

C ClL} LESS THAN ZERD MEANS STREAMS DIVERGING e i e e e« e e < e e o

POU3)=VNE3 L)/ VBULY*HE(K D}/ (HE(K) ¢HE (L)) *
€ (VNI3,K)}/VBIRI-VN(3,L)/VB(L))
CALL PLANE (JT, AN(l.L).Ps PPLL,L)Y R
GO YO 1030 :
1020 CONT I NUE
FIL)=KE*{PRILI+PRIK) VS (HEIL) +HELK) ) /4, ] B
SULI=FIL)&SINIDELTA)
TF(VBAL)LLY.VB(K)) SIL)==SIL)
PS5L1)= SVNLLGLD/VBILIPHECL M/ CHECKI#HEGL I S . . .
& (UN(D,KI/VBIKI-VNIL,L}/VBIL)) ) ‘ .
PSL2)=VNI2,L)/VBILI+NE(L )/ LHELK) $HE (L)) * ' ‘
# (VNIZ2,K)/VBIKI-VNI2,L)/VBIL))
PS5U3)=VNI3,L)/VBILY+HE (L) /(HE(K) +HE (L)) ®
# (VN(3,K}/VBIKI-VNI3,L)/ZVBIL))
CALL PLANEGJT L ANTLL,L),P5,PP(L,L))
1030 CONT I NUE
FORCAL, ISTEP)=F (L) r
SHEAGL G ISTERY=SIL) SO R -
1200 CONTINUE
PRINSSI==PRINS])
NSKIP=0
ELL = 1.2
NSS1 = NS1-1
BO 1292 1 = XeNSSL e e e e N U
IF (ABSEVI{I) - VBLI+1)).LT.12.) GG 10O 1202
ELL = EL1/2.
GO 10 1203
1202 CONVINUE
1203 CGNVINUE
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FORTRAN TV G LEVEL

0864
0865

0866
0867
(*1.1.Y}
0869
0870

0871
0872
0873
0874
087s
0876
08117
outs
0879
0880
OBl
oyB2
0883
0884
0885
0886
0887
[{EET
o689
0892
06491
0892
0893
08%4%
0895
pu%

0897
0898
08Y9
0903
0901
0902
0503
09504
0905

1201
C

C

1122
1205

1228

1121

1229

1230

c o
€ LOCATE REMAINDER OF NET PUINTS STILL ON CHUTE

C

1235

Z1 MA TN DATE = 77109 23744704
DO 2000 1 = X,NSS
JIP=100
JT=IT(1}
LT=J1
IF(I.NE.X) GO TO 1230
tL=FL]

CUNT INUE . U

C LOCATE NEW SMALLEST NUMBERED NETPUINTY

PS{L)= AN(L,1J-VN(1yX)
P5(2)= AN(2,1)-VNI(2,X]) ) .
P503)= ANI3+1)-VN(3,X) : e e o e e e

PAGE QG2 3

CALL LOCAT3 (LY ELPPULyT1)oAN(L 1) ,P5S,PX f
CALL FINDOJT NT JAN(L 1) oPX,PPLLoT)AX,JTP)

IFLJTP.EQ.100) GO TO 1228 . et e e e e e

CALL RA (JTsNTANIL» 1) 4PX,PP{L,1),R12)
IF(RI2.LE.}18.) R12=18.
DO 1122 L=1,3 o —

PX{L)=AX(L)
CONTINUE

LLP=EJIP~1}/2¢1 e —
IPLLE, ISTEP)=LLP o
GO TO 1240

CONT INUE [P

WRITE (6,1121) [,1STEP
FORMAT(LX*STREAM® 4 IXy13,3X,*OFF CHUTE DURING STEP®,13)

X=X+l R JR—

IF(X.EQ.N5S~-1) GO TO 2500
GO TO 1000

CONTINUE . A

WRITE (6,0021) 1 oISTEP
NSS=1-1

{F{X.GE.NSS-1) GO TO 2500 R

GD TO 1998
CUNT INUE

K=l~1 N

El4)=0.
DO 1235 L=1.3
ELL)=VNIL,K) : R

ELa)=F L4 )tVNIL,K}*ANILL 4K}
tl4)=-E(4)

CALL LOCATEALT4EPPIL,1),PX) e e
CALL FINDUJT NT JANEL T} oPXoPPILy 1) oAXsJTP)

IF TP LEQ.100) GO TO 1229



FORTRAN Iy 6 LEVEL

0906
0907

0908
0909
9912
0911 !
0912
09113
0914
0919
0916
0917
0918
0919
0920
0921
0922
0923
0924
092%
0926
0927
09248
0929
0930
0931
0932
0933
0934
0935
09136
09317
0934
0939
0940
0941

1247
1249

1245

1250

1249

9245

9246

© 0942

0943
0444
0945
0946
0947
0944
G949
0950
0991
0952
0953

1310

1241

21 MalN DATL = 771049 23/44/04 PAGE 0024

CALL RA (4 11,PXePP Lo 1) K12) e e

IF(RIZ2.AT.18
PO 1247 L=1,
PX{LI=AX(L) O
CONT INUE

LLP=(JTP=1)/2¢1

IPLUT ISTEP)=LLP . e

T

- e
-4

o -
—
N>

t =z
——

fo - Xl

* -

LL=9.

DO 1245 L=1,3
EL=EL ¢ LANIL,, 1 )-PXIL))*%2 . . e e oo
CONT ENUE

E£L=SQRT(EL) .
Wik)=0. U

DO 1250 L=1,3
WK =W{K) ¢ (PXIL)I=ANIL,K) ) *¥2
CONT INUE

WIK)=SQRT(W(K))

WIDTHIK yISTEP ) =W(K) !
HE (K)=AMDOT(K)/ (W{K) «RHO®YB(K] ) . . .

HCT (K¢ I STEP)=HE (K)

CUNT INUE
CONTINUE

CORDEL, By ISTEP)=PX( 1)
CORD(2,1,ISTEP)=PX(2) .
CORDE3y I, ISTEP) =P X(1) oo (S : .

IF (l.eQ.X} GO TU 9245
XISTEP = [STEP

LF(ABSIXISTERP/T.~AINTUXISTEP/T,)).GT,Qa1 1 GO 1O 9245 e

CALL GRIDCD(1D,PXSAV)

1p1801)=10

CALL GRIDCD(ID,PX) ot

1PTS(2)=1D
CALL CBARCD(NE, IPTS)

CONT INUE SR . '

00 9246 J=1,3 )

PXSAVIJ)=PX(J) ' '
JP={JT1-1)72+1 . e e e

JPP=(JTP-1)/2+]
NCH=1 .
[ELIPPEQeIP) NCH=D e e e

LELIPP.EQOIP) JPP=JPH]
IF (JPP.LELNPY) GO TO 5001

60O 10 5905 R,

CUNT INUE

5001 CUNTINUE

P4{1)=PTDAT(] 4,3PP) ' e

P4l2)=PIDAT (2,44 ,JPP)
P4(3)}=PTIDAT(3,4,JPP)




6e-H

FORTRAN IV G LFVEL

0954
0955

0950
0957
0958
0959
0960
0961
0962
0963
09¢4
0965
0966
09617
0968
0969
0970
0971
0912
0973
0974
0975
09176
091717

[RE

09179
0983
0981
0982
0983
U964
0985
0986
09467
o948
L9
0990
0991
0992
09493
Q9494
0995
0vYs
0991

21 MALN DATE

AXCLY=PTDAT (L 43 ,JPP)
AXU2)=PTDAT(2+3,JPP)
AX(3)=PTDAT(3,3,JPP)
VP{L)=PIDATI(1+2,JPP)
VPL{2) =P TDAT 12,42 ,4PP)
VPI3)=PTDAT(3,2,4PP)
VUL =PTDATIL,1,JPP)
VA(2) =P IDAT(2,1,JPP)
VUI3)=PTDATI3,1,JPP)
IF (1.FQuX) FL = ELL

5005 CONT ENUE

1240

1290
3333
1999
2010
1998

R{I) = R12

RAD(L L ESTEP)=RLT)

IF(T.EQ.NSS) GO 10 1275

LT=11(1)

M=l+1

KT=1T{M)
UNN=LUNE2,LTD)+UNI(2,KT) ) /2.
PRUT)=RHOSHE LT )« (G*UNN+VB (1 }#€2/R12)

IF (1.EQ.X) EL = ELL '
VA(l)=VNLL,1}

VQE2)=VN(2,1)

vQi3)=VNI3,1)

CALL VFLUELoAMDOTEI) oIV LT, HECT oMl 1) oF {1 FUM)2SCLI)oSIM)

¥ vVQ, VP,
&

* VQU2)VQE3),VPLL),VPI2), VPI3)} MU

FORMAT (L4(FB.241X))
CONT INUVE

VB (1 )=SURT(VP (L) *%2+VP(2) %232 +VP(3)1%¢2)

VELOZ (I, ISTEP)Y=VB(I)
00 1280 L=1,3
VNEL, [ )=VPIL)
ANCL, )} =PX{L)

CONT INUE

AR FENR L

CONT INUF

FORMAT(® THE POINY* o l4s* DIST=,FT7.2,° AFTER STER!,14)

CONT I NUE
CONT INUE
CONTINUE
DU 2004 I=1,NS
IF (1 .GE e XeANDse 1.LE.NSS) GO YO 2004
RADET, ISTEP) =0,
FORC LI, ISTEP)=0.
SHEALL ,ISTEP)=0.

= 17109

MuU)
IE (ISTEP.EQ.}4.0RISTEP.EQ.15.0RISIEP.EQ.16])
CWRKITECO,12T74) HEULE)sWCE) oF (L) oFIMYoSULD 9SUM)4PRITD o NOIV g

23/44/04

PAGE 0025

1 PROL)




9¢-4

FOURTR AN

0998
0999

1000
1001
1902
1003
1004
1395

1006

1907
1008
1009
1010
1011
to12
1013
1014
1015
1016
1017
1018
1019
1927
1021
1022
1023
1024
1025

1026
1027
1028
1029
1030
1031}
1032
1033
1034
1135
1036
toi7
1038
10259
1640
1041
1342
1043

Iv 6

LEVEL 21 MAIN
[PLUL ISTER)=0
WIOTHE 1, ISTE Pi =0.

HCT (1, ISTEP)=0.
VELOCIL, ISTEP) =0,

CORDUL B0 USTEP)= CORDIL, T, ISTEP-
CORDUZ2, 8, ISTEP)= CURD(2,1,ISTEP~

DATE = 17109

1)
1)

CURDU3 o 141 STEP )= CORDU3, I,ISTEP-1)

2004  CONTINUE

C fURL{ VE%OLITY VECTOR TO BE NORMAL
X+

DO B2 K=X]1,NSS
DO 800 L=1,3
P3(L)= (ANIL K)-AN(L,K-1]}
Pell )= UNCLLETIK))+UNIL !
800 CONTINUF
P5{1)= P4l2)¢P3(3)-P4(3]1%P3(2)
PS(2)=P4(3)%P3(1)-Pall)*P3(3)
PS5U3)=P4l(1)eP3(2)-P4l2)eP3(])
WW=0.
DO 801 L=1,3
WH=WWePSLL )*%2
80} CONTINUE
WW= SQRT IWW)
VNULsK-1)= PS(1)*VBIK-L) /WW
UN(2,K-1)= P5(2)*yBIK-1) /ww
UNI3,K-1)= PS(3)*VBIK-1)/uW
802 CONTENUE
DU 2005 1

)
T{K-1})

XyNSS
C(r)

TO WAVE FRONT

23/44/04% PAGE 0026

HRIIEIb.BQ:; ToANELs 1) ANC2, I).AN(3-lln|T!l).ISlEP Rll),VBll)

 GHECT )WL
2005 CONT INUE
WRITE (6,901)
ISTEP=ISTEPRY]
If (ISTEP.GT.50) GO TO 3446
60 ¥ 1000
2500 CUNT INUE
WRITE(G6,910)
WRITELE»901)
WRITE(G,2501)

2501  FORMAT(1X,* PARAMETERS WHEN EACH STREAM LEAVES CHUTE?)

WRITE(H,901)
WRITEL6,916)
DO 2345 1=]14NSM
WRITE(G,2346) 1,UNLL,T) ,VN(2,1)
2346 FIRMAT(*0*,% THE VELOC. COMP.
2345 CUNTINUE

DO 2347 §1=1,NS
{2

LPLAN=ATANCVNLZ,y 1) /VNLL, 1))

P VN(3,1)

OF STREAM® , 14,

ARE® 4 3F10.2)
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FORTRAN 1V G LEVEL

1044
1045

1046
1047
10448
1049
1050
1051
1052
1343
1054
105%
1356
1057
1058
13929
1060
1061
1062
1063
1064
1065
1066
1067

1068
1069
1070

107}

1072

1073
1074
1075
1076

1077
1078

5678
2341

3446
7890

21

IPLAN = 57,2
YPLAN=ATAN(

YPLAN = 57,2
XPLAN= ATAN(

XPLAN = 57,2

MAIN DALE = 171109 23744704

* 1P
VNIl
* YP .
N(2nll/VN(3ol)) e e
¢ XPLAN

l)/VN(].l))

WRITE(6,5678) 1+s2PLAN,YPLAN,XPLAN

tORMAT(* O

CINTENUE

WRITE(6,3
1F (JTP.NE L]

o* THE OIRECT, ANGLES FUR STR.*sI40* ARE?,3E10.2) _

000) ISTEP
00.0K.ISTEP.NE.SL) WRITE(6, T8I0} . _ . ..

PAGE 0027

FURMAT( ' SHORT RUN')

NSTEP=1STEP~

DD 4000 =1,

1 f

NSM s e

WRITE (6,905)
WRITE(6,916)

WRITE (64901

WRITE(643004)
WRITE(6,3005)

DO 3500 J=

IF (HGT LT, J)
IF (HGT(T,J)

RAT=RAD(I 4 JI/HGT L4 J) - .

3498 CONTINUE

WRITE (64301
* FORC LY, )

L,NSTEP e

.£Q.0.) RAT = 0.
-£Q.0.) GO TO 3498

0) TyJdoVELOCUT v d) o WIDTHEE4J) yHGT{T4J)yRADII¢J)} oRAT,

2y SHEAL L J) o (CORDIL y Iy J) L= lsSI.IELl”.Jl“F,__-

14¢3X014,5Xy10{F6.193X)92Xs12)

FORMAT(*  STREAM STEP VELOCITY WinTy H,Hflﬁﬂfh.“_&AQiuS

3530 CONT INUE
3010 FORMATI(3X,
3004

I RAD/HGT
3005 FORMAT (¢

1
4000 CONTINUE
1402 FORMATY{ * NE
3000 FORMAT(®
1400 CONT INUE
9999 CONT INUE
1500 stop

END

NUORMAL SHEAR LOCATION® )
FORCE - FORCE RIGHY EDGE)Y . .
T POINT®, 13, *0FF CHUTE®)

THE STREAMS HAVE LEFT THE CHUTE AFVER STEP'.15) ..
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FORTRAN IV G LEVEL 21 ’ RA DATF = 71709 ?3/44/04 PAb[ uobl

Qa0l
3092
0003
0004

0005
0006
0007
0008
000%
o010
3011
0012
0013
0014
0015
00le
0017
0018
0019
0020
0021
0022
0023
0024

0025
0026
0027
0028
0029
0030
0031
0032
0033
003%
0035
0036
00317
0038

Q939

0040
0041
0042
0043
0044
0045

100

1
5

C

10

20

C F

35

SUBRUUTINE RA  { JUTyNT,QOL4PZ,PP,RK) G e e — : ———
DIMENSION RU(2)y U(2,3), PPNN(3,3),UNITU) ,Tl4) .
DIMENSION 01(3),PZ(3)
DIMENSTION O(3),P13) PP (4} 4PXEI ) MTRI2),0P(3),0Y(3)4PPLL3YsRPP2(3) g — . — et
¢ PP3L3),PLL3)sP2(3)4P3(3)PPNI3),PU(I)
OIMENSTON PP4(3)
CUMMON THET(3,200) ,ABC(3,200),PT{3,3,200),UN{3,200) S
REAL NP,NQ .
Kl=1 .
K2=0 : ‘ e N } .
K3=0 ’ . :
K4&=0 ' : . ' B :
K5=0 e : S e
R{1)=100.
R{2) =100, :

0  CONTINUE , e B, - — S
KS=K2 . . B : :
LET1=) v 4 : o : ‘
LET2=0 e : —
JT=44T ' o :
DU 1 L=1,3 . ' . .
O(L)=D1(L) . e : , S
PLLI=P2(L) : ' : . : . ; N ‘
CONT INUE i . , -
CONT INUE : ey ' o ‘ —

FIND UNIT VECTUR OP .

DO 10 L=1,3
0(L) = 0t} Cien , _ _ ' N
OPIL)=PIL)-O(L) A ' L R . . .
CONT INUE : . LT . o .
oPB= SORI(OP(l)ttzfoplzl*t2t0P13)tt2) I . : : M . : e
DO 20 L=1,3 ' :
OP(L)I=0P(L)s0PB . . . :
OY(L1) = UNE2,JT)* QP(3) —UN(3,JT)*0P(2) e . ] e
0Y(2) = UN(3,JT}* OP(1) -UN(1,JT)*CP{3) ' :
UY(3) = UN(L,JT)* OP(2) -UNI2,4T)s0P(1) . . .
no 30 L‘l '3 . e met e e ——— - . JE

PPLIL) PT(L,1,4T) . :
PP2(L) PT(LvZ.JI)
PP3(L) = PYT(Ls3,4T) . e e e
CONTINUE .

IND CUDRDS OF P1,P2,P3 WRT NEW ORIGIN AT O ‘ ;L ) ‘
00 35 L=1,2 e e SR — e
Pl(L)=0.

P2iL)=0.

P3{L)=0. e e
DO 40 L=1,3 )

PLLL) = PLLL) «(PPLIL)-OIL))* OP(L)

Hon

e mmim e m e e s e e e e e e




6¢-H

FORIRAN LV O

2046
0047
0048
0049
005)
0051
Q052
0053
0054
0055

0056

0057
0058

0059
0060
0061
0062
0063

0064
0065
0966
0067
0068

0069
0070
0071
JaT2
0073
0074
0075
0076
0077
Q378
0079
0080
0081
0082
0063
0084
0085
0084
ooB7

0088
0089

LEVEL

4u

21 KA DATE = 171929 23744/
0Pt
oPLL)
ovie)
oyit)

avewd

P2(1)
P3(1)
PL{2)
P212)
P3(2)
KK=1
IF(KS.EQe1) GO TO 48 _
IF(LET1.EQ.L.AND.L1ET2.EQ.2) GO TO 48
IF(LET2.EQ.) .AND.LET1.EQ.2) GO Ta 48

ON =U(P2(1)-PLILY) /(P2L2)-PLI2)))*(-PLL2]})

L) «(PP2ILI-0(L))*
1) #(PP3LLI-0ULL) ) >
HPPULILI-0OLL) ) %
HIPP2LLI-0LL ) )%
HPPILLI-0(L)) &

#ORoonon
i
~N
-
~N
-~

tPLLL)

24

PAGE D)2

4% I¥ (UNJLE . Pl(l) ANDONSGF.P2{ 1) .OR.ON.LE.P2(1).AND. ONJGE.PL(1)) GO
¢ 10 100
48 CONT INUE o
IF(LET1.EQ.2.AND.LET2.EQ.3) GO TO 58
IF(LET2.EQ.2.AND.LETL.€Q.3) GO TD 58 -
KK=2 e S
TF(K5.EQ.2) GO TO 58
ON =((P3(LI-P2UL)) /(P3(2)-P2(2)) )% (-P212)) +P2(1) . .
59 IF(ONCLESP2{ L) ANDLONGE.P3(L) ORONJLELPILL)oANDLONLGE.P2(]1)) GO
¢« 10 t10
58 CUNTINUE
KK=3 . . e
[F{K5.EQe3) GO TO 97
ON ={IPLILI-P3(1)) /(PLL2)- P3(2)))‘( P312)) +P3(1)
65 IF(ONALE.P3(1) JAND.ONGE.PLLL). 08 ONLE,PL{L).AND.ONLGE.P3(1}) GO
. « 10 120
97 WRITE(6,98)
98 FORMAT ( 1Xy * ERROR [N RADIUS ROUTINE*)
RR = 54, .
99 RE TURN - S
100  CONTINUE o , :
00 70 L=1,3 .
PPLIL)I=PTELeLydT)
70 PP2{LYI=PT(L42,4T7) . e ‘
GO TO 200 ‘
110 DD 80 L=],3
PPLILY = PTILs24JT7) C
80 PP2ILI=PTIL¢3,47)
GO Y0 200
120 No 90 L=1,3 . e
PPLIL)= PT(L3,J4T) .
PP2(L)= PTlLsLsdT) '
90 CONT INUE e
200 CONTINUE :
. K5=0 .
IF(K2.EQ.Q) K2=KK e e
j [F (K4 .EQ.1} K2=10
C FIND TRIANGLE HAVING SIDE DEFINED BY PPL,PP2




0€-¥

FORTRAN IV 6 LEVCL

090
091

0092
0093
0094
0095
0096
0097
0098
0099
0102
orol
0102
0103
0104
0105
0106
0107

. gLos

0109
oLtLo

o111
0112

olLl13
Oll4

0l15
0l1l%

oLL7
o118

0119
0120

0121
0122

0123
0124

U125
0126

0127
0128

322

324

325

308
310

300
350

204

205

21 ' RA oAvE

DO 300 M=1,NT
IFIM.EQ.JT) GO TO 300

LET1=0
LET2=0

NV=0

DO 310 J=1,3

DO 320 K=1,3
1F(PPLIK) < NELPTEKsJeM) ) GO TO 324
CONTINUE
LETL=J

NV=NVel

CONTINUE

DO 325 K={,3

IFIPP2IK) NE.PTI(KsJyM)}) GU TO 308
CONTINUE
LETZ2=4 .
NV=NV+] .

IFINV.EQ.2) GO TO 350
CONTINUE

CONTINUE

CONTINUE

JIP=M

IFINV.NE.2) GO TO 204

JT=97P
CONT {NUE

DO 205 L=1,3

PP4lL) = PPIIL) + 100.%UNIL,JIT)
T(1) = PPLUR)I*(PP2{3)-PP4(3))
¢ -PPLIX(PP2I2)-PP4(2))
€ +{PP2L2)*PP4I3)-PP4}2)%PP213)) .
TL2)=-(PPLLL)*(PP2(3)-PP4(3)) [ I
* ~PPLI3)*(PP2(1)-PP4(1})
® t(PP2ELI*PPAL3)-PP2(3)%PP4(1))) .

TU3)=sPPLLL)®LPP2(2)-PP4(2))
= PPLL2)*(PP2LL)-PP4LLY)

+(PP2ILI*PP4I2)-PP4&())%PP2(2)) .

* »

TU4)=-(PPLELI*IPP2U2)%PP4{3)-PP4{2)2PP2(3)) _

—PPLI2)Y%(PP2LL)*PP4(3)+PPA(L)%PP213)) .
+ PPLI3)SIPP2IL)#PP4(2)-PP4lL)*PP2(2)))
CALL LOCATELJIT,T,PP,PPNI}
IFINV.NE.2) GO TO 390
N=0 '
y=0
DO 360 UL=1,3

® »

= 17109

23/44/04

PAGL 00V3

TFQUNELy JTP)LLELUNIL,JITI ¢ L E-SAND JUNCL 3 JTPILGTUNIL,JdT)-1.E-5)

* N=N#+L
UKL L)=(UNIL, JTP) +UNIL+JIT))
PPNN(K1,L)=PPNLL)

N




1e-3

FORTRAN 1V 6 LEVEL

0123
0139
0131
0132
0133
0134
‘0134
0136
0oL37
0138
0139
0l4)
0lél
0142
0143
0144
0145
0146
Olal
0148
0149
01%0
0l1v51
0152
0153
0154
0155
0l 56
0157
0158
0159 -~
0160
0161
0162
OlLo3
Glo4
0165
0l66
ute7
0l168
0169
0170
0171

oL172

0173

369

361

362

390

39%

361

368
369

370

340

400

460

21 KA DATF = 77110

V=VeULK L L) #%2

CONTINUE

DO 361 L=1,3 ’ \
UIKL L) = ULKLL)/SURTLV)
CONTINUE

It{N. ro.:) GO TO 368
Kl=kltl

K3=K3+l

IFIKL.EQ.4) GO TO 400 -
IFIK3,.EQ.2) GO TO 362 oo .- o [

GO TO 368

CONTINUE

1f (KL1.EQe4) GO-TO 400 .
K3=0 .

K4=1]

13/%3/708

GO TO 1000 . ' - e

DO 395 L=1,3 ,
PPENN(KL,L) = PPN (L) .

CONTINUE - - - - -2 e e e e i < e e i e ain e e oo
R(K1) = 1.ELO

Ki=K1+1

IFGREL1)EQel ELO. JAND,RI2).EQ. L. ElOl WRITE .(6y367) . ...

FORMAT(LX,* CUMPUTATION FOR RADIUS INVALID*)
LF§RE1) 4EQal 4ELOD LAND.R(2).EQ,1.E10) RR=54

TFIR{L1.EQaL.ELD JAND.R(2).EQ.1.F10). ‘RETURN . e et

GO TO 362
NP=100.
CUNTINUE . . e
-CALL LOCAT3 (JTP,NP, PP, PPN ol, PX)
CONTINUE .
DO 38U L®Le3 . oo it e e e e e
PLL)=PXIL)
O(L)=PPNIL)
60 10 5 . . . G e e
CONT INUF
DO 450 L=),3

OPLLISPIAL)=0LULY - = o oo o e

CONTINUE

UPH= SQRI(UP(l)“Z'UP(2)*‘ZtOP(3)‘*2)
DO 460 L=1,3 - Lo -

uP(L)=0pP (L)/0PB

CONTINUE .
X1= (PPNNL 1,1}~ LIVSOPELI4{RPNNL-152)-01(2})50R(2)-- -
& «{PPNNL 1,3)- 3)I‘OP(3)

xZ2= (PPNNI Z.ID-Olll))*UP(l)f(PPNN( 2,2)-0112)1%0P(2)

¥ tIPPNNL 2,3)-01(3))20P(3)

X3= (PPNNL 3,1)-01(L3)e0PLL)¢(PPNN| 3.2)—01(2))*0P(2)
* +IPPNNL 3.3) 01()))*0P(3)

‘-
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FORYRAN (V G LEVEL
9174

0175

o176

0177
0178

0179
o180
otsl -
0182
0183
0184
o145
0186
o187
0188
0189
0190
0191
0192
0193

®

&

&

21 RA DATE = 17109 23/44/04

Y= (PPNN( Lol )-OL{1))RUNLL,JITIHIPPNNLL20-01(2)) SUN{24JJT )
+(PPNNL 1,3)-0103))*UNI3,JUT)
¥2= (PPNNC 2,L)-0LEL)ISUNCL,JIT)+(PPNNIE2+2)-0L(2)) *UNL2,44T)
+{PPNNCL 2,3)-01¢3))*UN(3,44T) : e e
¥Y3= (PPNNt 3, 0)-01{1))*UNCL JUT)+(PPNN(3,2)-0112)) *UNI2,JJ7)
+(PPNNI 3,3)-0L13))%UN(3,44T)

PAGL 0009

LI=-(X1%62¢Y]%$2) R,
22=- [ X2¥ %2 ¢Y2%%2)

13=~-(X3%324Y3¢%$2)

DENOM=X1¢Y2¢X24Y3¢X3eYL-X36Y2-X2¢Y1-X14Y3 . e i e e e

ANUM=Z1%Y2+422%Y3413¢Y1-23%Y2-22%Y3-11%Y]}
BNUM=X1#214X2%23¢X3%2]1~-X3%72-X2%2]1~-X]¢13

CNUM=X1¢Y2%Z3¢ X2¥YI¥Z e X34V RT2-X38Y2# 1 -X24Y1¥23=X1eY38]2
A=ANUM/DENGM :
B=BNUM/DENOM

C=CNUM/DENOM ) : .

RR= ~CH{-A/2.)%%2+1 —-B/2,)*%2
IF(RR AT .0) WRITEL6,90)

IF (KR.LT.0) RR = 324, ' B

RR = SQRT(RR)
IFIRR.GT.54.) HRF54.

RETURN e e
END .
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FORTRAN IV G LEVEL
0001
.C
0002 910
0003 911
0004 915
c
c
0005
0306
0007
0008
c
C
. C _____
0003
c _____
6010
c
aq11
0012
0013
C
C
c _____
0014
C _____
c
0015
0016
0017
0018

21 GrILCD DATE = T171GY

PAGF QUG

23744704
SUBROUTINE GRIDCD ( ID,XYZ) N
FURMAT { YGRID® ,4X,18,8X43F8.3)
FORMAT ( YCBAR®,4Xs[8+8X,218) e
FOKMAT (PCQUMEM® 42X,18,8X,418) )
DIMENSFON XYZU1) S
iD= 1D ¢ 1 ~
WRITE ( 10,9100 1D XYZU3) o XYZEL) o XYZU2) . . ~
KE TURN °
[ .

ENTRY CQUCO { NE, PTS)
INTEGER PTS(4) o
NE = NE ¢ 1 _ L
WRITE ( 10,915) NE , PTS
RE FURN
‘‘‘‘‘‘‘‘‘‘ ——— - .’—"‘" -_--~--’-~_’-"--"—-‘-’
ENTRY CBARCD ( NEs PTS) L

: .
NE = NE ¢ 1 e
WRITE ( 10,911) NE.PTS(1) , PTS(2]
RE TURN
END s el

’
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FORTRAN IV G LEVEL

0001
3302

0003
00234
0005

3096
0007
0008

0009
0010

21 DETK
SUBROUTINE DETRLA,H,C,0T)
DIMENSION ALL) o BI(L) , CLI)

D=A(1)#B12)%C(3)
D=0 + A(2)%5(3)4C(1)
D=D+ AL3)¢8(1)¥C(2)

L =D -A(3)s8(2)2C (1)
D=D-A12)%8L1)*CL3)
DT= D-AL1)*B(3)sCL2)

RE TURN
END

“

DATE = 77109

23/44/04

PAGE 0001

L]
- RS, + —_— e
v
3
. '
\
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'
i
.
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+ FORTR AN IV'6 LEVEL 21 £ IND DATE = 77109 ) 23/44/04 PAGE 000

0901 - SUBROUTINE FINDU JJUT NT,OL,PZy PP, PXodIP) - o o - P

0002 DIMENSION O1(3),PZ(3)
0003 DIMENSIGN 0633 ,P13) 3PPL4) 4PXI3) 4 MTIR(2),0P(3),0Y13),PPLI3),PP2(3),
€ PP3L3)PLL3)P2(3),P3(3)4PPNI3) ,PQ(3) e e e e e+ et e e —_— e e
0004 DIMENSION R{4) ,
00605 DIMENS ION PP4(3)
0006 COLMMON THE T(3, 200].ABC().ZOO).PI(3.3.23)).0Nld.200) - e
0027 REAL NP,NQ
0008 JT=J44r
0009 LET1=0 e S . B} S
0010 LET2=0
0011 , D0 1 L=1,3 .
0012 ot)=ulL(L) e : : . : R
0013 PELI=PZ(L)
0014 1 CONT INUE .
0015 5 CONT INUE S — S
. G FIND UNIT VECTOR OP
0016 DD 10 L=l,3 : v
. 0017 udL) = odLy ——
0018 o OP(L)sPLL)-OLL) '
JOL9 10 CONT INUE
0020 OPB=SQRY(OPI1)*e240P(2)%%2+¢0P(3)#82)  _ _. , A S
0021 DO 20 L=1,3 ° . : NN '
2022 20 OP(L)=0P(L)/0OPB _ T , ' '
0023 ©OYLL) = UN(2,JF)% OPE3) —UN(3,JT)I*0P(2) . _ : : .
. 0024 . 0Y(2) = UN(3,JT)%* OP(L) —UN(L,JT)*0P(3)
V025 OY(3) = UN(L,JV)¢ OP(2) —UN(2,JT)*0P(1)
0026 00 30 L=1,3 e _ e
0027 PPLIL) = PTlL,1,4dT}
0028 PP2(L) = PT{L¢2,J4T) v K '
0029 PP3(L) = PT(L,3,4T) e : : : M
0030 30 CONT ENUE :
C FIND COURDS OF PLl:P2,P3 WRT NEW ORIGIN AT O
0031 00 35 L=1,2 e e
0032 . PLIL)=0. ‘
0033 P2(L)=0. .
2034 35 P3lL)=0, ) e A
0035 N0 40 L=1, .
0036 . PLIL) = Pl(ll +(PPLIL)-0(L))* OP(L)
0937 P2{1) = P2(1) +(PP2(LI-O(LII* OP(L) e i} - .
0038 P3CL) = P3(L) #(PPI(LI-OILII* OP(L) ' )
0039 PLI2) = PLI2) «(PPLIL)I-CILM)* OY(L) ) ,
0049 P2(2) = P2(2) +(PP2LLI-0(L))}* QY(L) S : : e e
0041 40 . P3(2) = P3(2) +(PP3LL)~-O0(L))* OV(L)
0042 K=1
0043 IF(LET1.EQelAND.LET2.EQ.2) GO TO 48 - e — - e
0044 TH(LETZ2.EQel ANDLLETL.FG.2) GO TO 48 .

0045 ON =((P2(1)-PLLLY) 2LP2(2)~-PLL2)) )% (~=PL(2)) +PL(})




FORTRAN IV G LEVLL

0046
0047

0048

0049
0050
0051
0052
0053
0054
0055
0056

0057
0058
0099
0060
0061
0062

0063
0064

0065
QUo6
00617
0068
3069
0070
o7l
0072
0ol
)74
007%
00176
0T
0074
0079
0080
QUB1
o042
00813

uusa
0085
0086
ooBl?

00uy
0389

45

48

55

58

68

60

(')

10

110

40

120

90
200

C FIND TRIANGLE

21 FIND DAIL = 77109 23744704
1F 4 ON LGTol.F-4 ANDLON .LT.GPE )} GO 10 45 .
GU FD 48

IFUNLLELPLELY LAND LONGE P 201D .0RONLLE.P2 (1)L ARD.ON.GE.PLELDY GO
10 60 e
CUNT ENUE . .

K=2

PAGE

0002

IFILET L. EQ.2.AND.LET2.EQ.3) GO TO 58 s
IFLLET2.FQ.2.ANDLLETLLEQ.3) GO TO 58
ON =4(P30L)-P2(1)) 7(P3(2)-P2(2)))*(-P2(2)) *Plel
IF { ON GT.l.E-4 .AND.ON .LT.0PB ) GO TO 9%
GU TO S8
TE (UNeLE P21 JAND ONJGEF3LL) JORJONLLE.P3L L} ANDLONLGELP2(LY) GO
« 10 60 - . U

CONTINUE

K=3

ON =((PLOL)-P3CL)) Z(PLLI2)-P3(2)))(-P3L2)) +PI{1]).
IF U ON GV.1l.F=4 JAND.ON .LI.OP“ ) GU TO &5

GO 10 68

1F(ON.LE . P3(l).AND ONeGE.PLIL) .ORJONJLELPLELY . AND.DN‘GE.ElLLLL“Bﬂ___.<
¢ 10 60 .

CONTINUE
JTP=4Y : . . [T, —

PX{11=P(1])
PXL2)=P(2)
PXx{3)=P{3) [

RETURN
LONT INUE .
GO Tu (1004110, lZO).K e e e . —_—

DO 70 L=1,3
PPLIL)=PTIL 1,JT)

PP2ILI=PTLL,2,J4T) .
GO TO 200 '
DO 80 L=§,3

PRLIL)Y = PTHL,2,4Y) el

PP2(LY=PT(L,3,JT)
Gao 10 200 ,

DU 90 L=1,3 . S

PPLIL)=  PTLL3,JT)
PP2ML) = PT{L,1,J4T)
CONTINUE U
CONTINUE
HAVING SIDE DEFINED BY pPPL,PP2

DU 306 M=1,NT e
IF(M.EQ.JT) GO TO 300
LETL=D .
LET2=0 . I
NV=0

DO 310 J=1,3
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0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0102
o101l
0102
0103
0104
010%
0106
0107
olos8
0109
o)
oLl

0112

o113

0ll4

0lLl5

0116
oLtL7
ollia
0119
0122
0121
0122
0123

320

324

325

308
310
300

350

21 FIND DATE = 7109

DU 320 K=}

IF(PPLIK). &F PTiK,JyMI) GO TO 324
CONTINUE
LETI=J

NV=NV+]

CONTINUE

DO 325 K=1,3 . R

TFLPP2UK) ¢NE. PI(K.J M)) GO TO 308
CUNTINUE
LET2=J

NV=NV+l

IF{NV.EQ.2) GO TO 350

CONT INUE ‘ e e

CONTINUE

CONTINUE

JIP =M ) e
IFINV (NE.2) JTP=100

(FEJTP.EQ.LO0) RETURN

23/44/04 PAGE 0003

dT=47P e e
DO 205 L=1,3

205 PP4tL) = PPLIL) + 100. *UNL L, JT)

c .

370

380

*
*
*
*
*

*

[
*

FIN

REL) = PPLI2)%{PP2(3)-PP4L3)} e e

~PPLE3)8(PP2(2)-PP4(2))
+(PP2(2)*PP4(3)-PP4L2)%¥PP2(3))
RE2)==(PPLEVI*(PP2(3)-PP4(3)) Ve e

~PPLI3)*(PP2{1)-PP4(1))
C(PP2ILY*PP4I3)-PP2EI*PP4IL)))
RE3)=PPLLLI®IPP2(2)-PP4(2)) B R

- PPLI2)¥(PP2{1)~-PP4LL))
+(PP2UL)*PP&L(2)-PP4ILI*PP2(2))
RE4)=—(PPLIL)*¥IPP2I2)%PP4(3)-PP412)¥PP2{3))

“PPLE2)S(PP2(L)*PP4L(3)-PP4I]) *PP2(3))}
+ PPLI3)SIPP2L11*PP4L2)-PPALLI*PP2(2)))
CALL LOCATELJT (R, PP, PPN}
D CUORDS OF p*
NP=0PB~ON
CALL LOCAT3 iJIP-NPpPP'PPN 01, PX) e

CONTINUE

00 380 L=1+3
PiLYsPXIL)
OtL)=PPNLLY
G 10 5

END
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0001
0002
0003
0004
095
0006

09917
0008
0009

0010
0011
Q012
0013
0014

0015
0016

0017

0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
3032
0033
0034
0035
0036
0037
J038
0039
0049
0041
0042
0043
0044
0945

1

C UNIL

C

10

30

21 LOCATLS DATE = (7109 23744704

SUBROUT INE LOCATI(IT,EL
DIMENSEON PLL4) ,ALL3)
UIMENSION E(4) 1002}

P Ly
sA203),AX{3),X03,3) LPX(3)

CUMMON THET(3,200) 4ABC{3,+200),PT13,3,207),UNI3,200) T

CONT INUE
PIMAG = ABSIPL(4)/SOURT(PL{L1)%%2 + PI(Z)**Z +Pi{3)¥%2))

Al AXyA2) - S

0001

T VECTUR NORMAL 10 P1 e
UL=-PLMAG*PL(1)/P1(4)
U2==PLMAG*PLI2)/PL(4)

U3=-PLMAGHPL(3)/PL(4) e T— -

£ 1S VECTOR NURMAL TO BOTH IT AND P) PLANES NORMAL.VECTORS
El= UNI2,1T)*U3-UNI3,IT)*U2

E2= UN(3 1TI#UL-UN(L,IT)*ul O S [

E3= UN(L,IT)I®u2-UN (2,]T)%UL

ER= SORTIEL¥#2 +F2%62 +E3%2 )
El=+EL/ER ‘ e

E2=¢E2/7ER
E3 =+EL3/ER

E(4)=-1. s
PE=ALIL)*EL+AL(2) 4L 2¢AL (3)%E3 ‘ !
Y= 1,

IF { PELLY.0.) Y=—1. i e —_—
IF (PE .LT.0. ) PE =-PE ’ !
01} = pPE-EL
DI2)=PE+FL e e

DO 10 L=1s2
ELl) =(EL/DLL)) *Y
E12) =(€2/0(L))»Y

E€(3) =(E3/D(L) )Y
CALL LOCATE ( IT,Pl,E,PX])

X(l,L} = PX(1) e
X(2,L) = PX(2)
X{3,L) = PX(3)

CONTINUE [

DISVT1=0.
DIST2=0.

00 30 L=1,43 e -
DISTL= DISTI+(AXEL)-XIL, 1) )¥e2 -

DISTZ2= DIST2+LAX{L)-X{L,2))%#*2

K=2
1IF { D1STL.GT.DISTZ) K=1

CONTINUE e

S b e e

A20L1)=X{1eK) e —
A2(2)=X{24K)
A213)=X{3y9K}

RE TURN O U

END
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FURTRAN IV G LIVEL <1 LUCAVE DATL = 17109 23/44/04 PAGE U001

0001 SUBROUTINE LOCATE(IT P, 0, PX) et L e
0022 COMMON THE T (39201 yALC (545000, PTH 34 34 2000 4 UN(3 4 200) :
0003 DIMENSION PU4),Q14) (RE4),PX(3)
0004 1 CUNIT INUE e e e < = s e+ e [ e e e e e e
2005 H1)=ABC{1,4T)
0006 _ R(2)=ABCI2,47)
0007 R(3)=ABC(3,47) e - SR
0008 Ri4)=1
0009 : PL4)==P4) .
0010 Ql4)=-Ql4) " e . . R
0011 A=P(4)*(QI2)%R{3)-R(2)%Q(3)) :

¢ ~P{2)#(Q(4)¢RI3)-RI41%Q(3))

¥ P31 (004 )ERI21-RI4)*Q02)) e - -
0012 B=P (1) *(Q{4)*RI3)-R(4}%Q(3))

. ~PU4)*(QUL)*R(3)I-RUL)¥Q(3)) :

* +PL3)#(QEL) *R{4)-REL}%Q14)) R — - e
0013 C=PI1I*IQI2)#RI4)-R(2)*Q(4)}) : ‘ ‘ '

¢ ~PC2)%(QULI*RI4)I-RIL)I*Q(4))

. PLAIR(QELI*RI2)-RILI*QI2)) B, - . L _
0014 DR=P(1)*1QU2)*R(31-R{2)*Q(3)) ' :

s ~PU2)*(QULI$RI3I-R(1)*Q(3))

¢ PIBKIQULIPRI2)I-RIL11#Q(2)) . I —
0015 PX{1) = A/DR
0016 PX{2) = B/DR .
0017 PX(3) = C/DR -
0018 P(4) = - P(4)
0019 Q(4) = -QL4) )
0020 RE TURN . e
0021 END
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FORTRAN IV G LEVEL 21 Vil DATF = 17109

0001
0007
0003
0004
0u05
0006
0067
0008
0009

0010
2011
0012
0013
0014
0015

0a1l6

0017
0018
0019

0020
3021
0022

0023

. 0024 .
0025

0026

. 0021

0028
0029
0030

23/44/04

SUBKUDUTINE VEL(FL sAMDOT ¢JT oLV yHE sWot Lo F 20 S19S29RRyVIJVEMUY. -
COMMON THET(3,200) 4ABC13,200),PT{3,3,200),UN{3,200)

DlMtNSlUN UNN(i)’Vl(3).ALPHI3).BEI(3).&AH(3).LAM(3)

"DIMENSTON VP L(3) -
REAL LAM
REAL MU

COMMON ZDENS/GAMD [

1 CONT ENUE
RHO=GAMD/ (32.2%12%¢3)

DO 495 L=1,3 ‘ N

UNNIL)I=TUNILJT)+UNIL,LT) /2,

PAGE 0001

G=386 '
495 . CONTINUE
ALPHLL)=0.
ALPH{ 2 =-WeHE *RHO*G
C —
ALPHI3) =0,
C ‘
VB=SQRT(VILL)*#2¢VIL2)¢32+VI(3)%$2) S
DO 10 L=1,3
c BET(L)=WsPR&E(UNNIL)-MURVI(L)/VB)
LAMIL)= (S2-SL)#®vVi(L)/VvB
10 " CONTINUE
GAMUL)= (F2-FLI®IVI(3)FUNNI2} -VI(2)®UNNI(3)}/VB
c .

GAM(2)=(F2-F1)*(Vl(l)*UNN(ll-Vi(3)*UNN(1))/VB
GAMI3)=(F2-FL)*(VIL2)%UNNIL}-VI( L) *UNN{2}) /WA . _

DO 20 L=1,3

viiL)= VllthELtlALPH(L)&BET(L)#GAH(L)tLAH(L’l/AHﬁOT

veiL)=vI{L)

20 CONT INUE .
RE TURN K !

END R
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Q003

0004
0005
0376
0007
0008
Q049
0olo
00l}
Q12
0013
0014
0015
0o0leé

0oL7y

0018
0019

laNaEaNal

(@]

e N aXal

21 PLANE

SUBROUTINF PLANE

JT I} -
CUMMON TNET(J.ZOO} ABL(J ZOO) PT(3 3,200),UNIL3, 200)
EUN UF A PLANF DRAWN THROUGH A

THIS sSuB CAL
PAR. TO NURMAL AT A
DIMENSION AL3)y VI3) , P(4)

DD=1,06-10
CUNT INUE
AL=UN(1,JT)
BL=UN(2,JT)
CL=UN{3,4T)
Vi=Vil)
v2=v(2)
V3i=v{3)

DR= VIL)®UNI2,4JT)-VI2)*UN{]L,JT)"

IF(DR.EG.0.) DR=DD

PLLIZ(VI2I0UNII L UTI-UNI2:JT)SVIIDI/DR .
PL2)=(VI3V#UN(L,JT)-VI1)*UNI3,JT) /DR

PL3)=1,

Pial

RETURN
END

DATE =

= {P(1} % AlLL) + P(2) * A42)

17104 23744704

AND PAR TO V AND

PAGE

PR B

+ P(3) ¢ A(3))
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1.0 INTRODUCTION

During the initial portion of the Low Headroom Transfer Point Chute
Program numerous geometries have been conceived as possible chute configuration
candidates. These have been given various degrees of evaluation, usually starting
with layout drawings and cardboard models. The more promising ones were also defined
mathematically for possible subsequent computer analysis and were constructed as a

scale model for testing in a 1/6 scale belt conveyor transfer point set up.

The scope of this interim study is to provide a screening of the more
serious candidates evolved, for which various evaluation data, including
primarily scale model testing, have been compiled. Essentially seven different
configurations are addressed, comprising one- and two-degree curvature surfaces:
cones and cylinders in the former case and toroidal shapes in the latter, These
different configurations have been evaluated and compared against ten criteria, which

themselves have been weighted in relative order of importance.
2.0 CONCLUSIONS

It is the conclusion from the tradeoff analysis herein that a two degree
of curvature shape —-~- the torus-~offers the best means of achieving the optimum
stream dynamics relative to dust suppression, spillage and belt wear, while 1) simult-
aneously obtaining the minimum possible headroom and 2) fulfilling operational and
economic constraints related to underground coal mining., Potential risk areas, which
will require close attention during remaining scale model testing and preliminary

design, involve the following areas:

o Clearance with the head pulley: 15 inches is currently provided

and must be increased

¢ Producibility of a two degree of curvature surface

&3]
1
[



Various means for increasing chute clearance will be investigated during
more detailed scale model testing, now that the interim phase of scale modelling of a
variety of chute candidates is complete. An additional degree of chute rotation, about
a vertical axis, will be evaluated as a means of increasing chute clearance without

comprising stream dynamics.

It is the plan to approximate a true toroidal surface by a series of inter-
secting cylinders, as in the case of a HVAC jointed duct elbow. Thus the problem of

producibility will be essentially elimingted.
3.0 CANDIDATE CONFIGURATIONS

3.1 GEOMETRICAL SURFACES CONSIDERED

Geometrical surfaces investigated during conceptual chute design were

selected with an eye to three initial dynamic considerations:

e Low angle of incidence at impact between the free fall trajectory

and the chute, to avoid ricochet and scatter.

® Cohesiveness and low turbulence of mass flow during the frictional

phase

e Convergency of chute flow output, sufficient to achieve clean transfer

to the receiving belt.

These guidelines lead to the study of three different geometries:

1. Cone
2. Cylinder
3. Torus

Layout studies and preliminary analysis of these geometries, resulted
in turn in the evolution of seven distinct configurations, which are described briefly in

the following section.




3.2 SPECIFIC CONFIGURATIONS

3.2.1 CONICAL SHAPES

3.2.1.1 Opening Half Angle Concept

Early computer math modeling work in the study program resulted in
evolution of a conical model whose shape and orientation were defined in part by the
free fall trajectory of the coal leaving the head pulley. Given independent parameters of
1) conical axis inclination with the horizontal; 2) the minimum cone radius at the upstream
end of the cone; and 3) the minimum clearance with the pulley, the computer program
determined the cone half angle and its location relative to the pulley (Figure 1A (1)). Another
independent parameter that controlled the cone configuration and location was an allow-
able angle of incidence at impact with the chute defined at the centroid of the flow mass.

The test configuration is shown in Figure 1A (2) and a computer plot approximation in 1B.

3.2,1.2 Flat Impact Plate Cone Concept -

Owing to a desire to control the impact incidence angle to be as nearly
uniform as possible throughout the thickness of the flow mass, an alternative configura-
tion was developed whereby the free fall trajectory would impact a flat surface located
above, and tangent to, the conical surface described earlier (Figures 2A &2B). In this way
impact of the flow mass with a constantly curving surface, resulting in a variable in-
cidence angle across the flow thickness, would be avoided. This method of optimizing
smoothness of flow at impact has, however, the associated potential penalty of additional

headroom requirement.

3.2.1.3 Zero Degree Half Angle Cone Concept

Subsequent testing of the two conical configurations defined above revealed
a tendency toward divergency of flow at the output, with attendant failure to achieve a
clean deposition of material on the second belt. This problem led to definition of a third
version whereby the opening half angle defined by the math model was suppressed to be

zero degrees (Figures 3A and 3B). This yields, in fact, a cylindrical configuration. Its
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Installation

Details

Figure 1A(2) Opening Half Angle Cone
1/6 Scale Test Configuration

Installation Set Up
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Figure 3A(1) Concept 3: Zero Half Angle Cone

1/6 Scale Test Configuration Details
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Figure 3A (2) Concept 3: Zero Half Angle Cor
1/6 Scale Test Configuration

Installation Set Up
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shape and orientation are quite different from the cylindrical concepts in the following .

pafagraphs, however, in its philosophy of handling flow convergence.
3.2,2 QUARTER CYLINDER SHAPES

3.2.2.1 Single indrical Surface Concept

Figures 4A and 4B show a chute configuration consisting of approximately a one-
quarter cylinder shape, whose top edge is tangent to a vertical wall surface that intersects
the direction of flow of the feed conveyor at about a 30 degree angle, Depending
upon the height of the tangency line, material at different locations crosswise to the flow mass
will impact either against the flat vertical surface or else against the cylindrical portion.
The portions of initial flow progressively to the right, i.e., toward the final direction of
flow,will impact at points progressively greater in horizontal and vertical distance from the

feed pulley.
3.2.2.2 - Compound Cylindrical Surface Concept

Although early evidence suggested that the above cylindrical configuration
could be oriented and sized to turn all portions of the mass cross section through a
common 90-degree angle, this did not guarantee adequate convergency of flow to ensure its
proper depositioh on the receiving belt, Concepts were, therefore, evolved
to define side constraints to the flow once it had been turned.” Simple flat side plates,
arranged in a troughing fashion (Figure 5B), were considered for this purpose, but their
intersection with the cylindrical surface formed Vee channels whose inclina-
tion with the horizontal was too shallow to insure flow., It was found that the use of
cylindrical surfaces to provide the side wall constrainis resulted in Vee channels adequately

steep to insure flow at these intersections (Figure 5A).

3.3.3 TOROIDAL SHAPES

3.3.3.1 True Toroidal (Smooth) Concept

The toroidal configuration was evolved with the intent to evaluate the
effectiveness of a double curvature surface. The minor radius of curvature would con-
verge the flow cross section,as does the zero degree half angle conical configurations

(3. 2.1, 3), with the other, major radius of curvature providing a vertical curve type chute

profile, as affordéd by the cylindrical configuration (3. 2. 2). In the case of a ‘
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Concept 4

Single Quarter Cylinder
1/6 Scale Test Configuration

Figure 4B
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Figure 5A Concept 5: Compound Quarter Cylinder

1/6 Scale Test Configuration
Detail Layout
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Figure 5b. Concepts: Compound Quarter Cylinder
1/6 Scale Test Configuration
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single degree of curvature surface such as the cone, the coefficient of wall fric-

tion dictates a minimum slope angle upon the attitude of the central axis. This defines

directly a minimum headroom clearance between belt surfaces, depending upon the width of
the feeder belt. The objective with the vertical curve is to determine whether headroom
reduction can be achieved by causing the material to the left* of the flow cross section,
which lands upon the stecp portion of the vertical profile slope.and experiences great vertical
acceleration, to drive out that portion on the right* of the flow mass, which falls on the

shallow profile slope, where it experiences much lower vertical acceleration.

Figures 6A and 6B chute surfaces which correspond to a true, smoothly

defined, toroidal shape, with cutouts as required to clear the feed belt pulley.

3.3.3.2 "' Smoke~Pipe'' Toroidal Concépt

Owing to the inevitable question of producibility of a large double curvature
surface, a second investigation was initiated of a modified torus, developed from a series
of intersecting cylindrical shapes and corresponding to a portion of a ""smoke pipe", or
sheet metal, 90 degree elbow, as used in HVAC ductwork. This configuration is de-
picted in various sizes in Figures TA (1), 7TA (2), and 7A (3).

4.0 EVALUATION
4.1 METHODOLOGY
4,1.1 EVALUATION CRITERIA

The concepts identified in the previous section (3. 0) have been evaluated
against ten criteria, relating to 1) performance, 2) compatibility with mining operations and 3)
economics. The essential considerations involved in defining these criteria are dis-
cussed here. The following section describes the weighting system for establishing com-

parative importance of these criteria.

* Viewed by a person travelling with the flow toward a right hand turn transfer point.
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Installation, 6" Minor Dia. Case

6" and 8" Minor Dia Cases

Installation, 8" Minor Dia Case

Figure 6A(2) Concept 6: True (Smooth) Torus
1/6 Scale Test Configuration 2

Installation Set Up Detail
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Figure 6B(2) Concept 6 True (Smooth) Torus
1/6 Scale Test Configuration II
F-23



¥e-4

|
s 8% 2er
: !
| 1
|
i
e
(3%
i 7 482
' e ) 6t
sitg e
// \\ ! i |
L .
e I/ Lag
- [fa00?

o 280 RefF

Figure 6C (1) Concept 6. True (Smooth) Torus
1/6 Scale Test Configuration III

Detail Layout

- 5
L z5% 1 S—
Rar
ke
— _ '5]
I / !
2% % i
]
j 7
e
/
/
-‘/
/ _/ /
— 20 .
o
N -
+
4%3 B

€




Installation, 6" Minor Dia.

6" Minor Diameter Case

Figure 6C(2) Concept 6: True (Smooth) Torus
1/6 Scale Test Configuration

Installation Detail/Set Up
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Figure 7A(1) Concept 7: Smoke Pipe Torus

1/6 Scale Model Test Configuration

8" Diameter Case Low Installation
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Figure 7A(2) Concept 7: Smoke Pipe Torus
1/6 Scale Test Configuration

8" Diameter Case, High Installation
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Figure 7A(3) Concept 7 Smoke Pipe Torus
1/6 Scale Test Configuration

6" Diameter Case, Installation
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4,1.1.1 Performance Criteria

4,1,1.1.1 Stream Cohesion .

The essential characteristic involved here is freedom from flow disintegration
and turbulence, both within the coal mass and at the chute wall surface. This

characteristic is one of two major measures of low dust evolution. Specific

conditions whereby stream cohesion is considered to be degraded are
1) particle bounce upon impact; 2) interference between the impacting stream
and flow moving on the surface; 3) material scatter during frictional flow down the

chute. (One other source of dust evolution is addressed in the following paragraph.)
4,1.1.1,2 Belt Impact Vector

A design goal from the dynamic standpoint is to match the terminal
flow vector leaving the chute with that of the receiving belt velocity. In particular,

low belt wear as well as minimum dust evolution will be related to 1) minimizing

the vertical component of this terminal vector, as well as 2) matching its hori-
zontal magnitude with the belt speed. By total elimination of the vertical component
of chute discharge velocity, it is seen the impact velocity will be confined only to that
due to the height of the bottom of the chute above the belt.

4,1.1.1.3 Free-Flow

Freedom of flow along the frictional surface is a function of surface
shape as well as material friction and is characterized by absence of a tendency to clog,
due toneavy flow, sticky flow material, and related conditions. The primary

objective here is prevention of spillage and associated lost personnel time.

4,1.1.1.4 Convergence

A second dynamic criterion essential to avoid spillage is that the
flow be converged sufficiently by the chute to confine the impact area in the
receiving belt to its central, primarily flat area. Exact definition of the width
of this impact zone is somewhat arbitrary, but it is judged that a 12 to 18 inch figure
should be a goal* A secondary factor associated with this requirement is that the
net flow vector leaving the chute be parallel to the receiving conveyor, in order to

avoid disturbing belt tracking on this conveyor.

*for a 36 inch wide belt ‘
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4,1,1,2 Mine Operation - Related Criteria

4,1.1,2,1 Jam Clearance

In view of the fact that run of mine coal contains not only large
pieces of rock, but also such unplanned items as roof bolts, it is necessary that
there be adequate distance between the feed conveyor head pulley and the chute.

A sampling of observations by mine personnel during FSEC's site survey indicates
that the probable upper dimensional limit of such pieces will be adequately provided

for by an 18 to 20 inch clearance.
4,1,1.2,2 Minimum Headroom

Defined narrowly here as the elevation distance between transfer
point belt surfaces, a minimum headroom chute is, by original definition, an

objective of this program, Associated with this is reduction in the amount of required

roof cover removal at transter points.

The background in this area is that, from observations of eight under-
ground mines around the country, FSEC has seen only one where chutes were used at
transfer points with less than a five foot elevation difference between belt surfaces.
In three of the mines, where a 2 1/2 to 3 foot headroom clearance was involved, only
simple deflector backboard provisions existed, resulting in no right angle

acceleration of the flow prior to belt impact,

4,1,1.2.3 Installation

Ease of installation is measured not only by how little time is required
for final field assembly and mounting of the chute at the transfer point but also by
the simplicity of final alignment procedures., This latter includes absence of
the following: 1) tight alignment tolerances; 2) marked sensitivity of the flow dynamics
to small variations in chute attitude and location; and 3) requirements for special

tools, etc.



4.1.1.3 Economic Criteria

4.1.1.3.1 Maintainability

At the mine sites visited, provision for repairing worn portions

of a chute surface generally involved replacement on site of a localized plate
section of the chute wall. Generally, torch cutting and welding procedures were

utilized, although in one more ambitious maintenance program observed, the
slide surface consisted of elements individually attached by flat head cap screws.
This approach appears very desirable, as compared with replacement of an
entire chute, The ease of maintenance then involves either 1) capability of local
fabrication of an individual piece from a drawing or else 2) maintaining an in-
ventory of such pieces, which have been produced in quantity using a more ela-

borate fabrication process by a regional or national manufacturer.

4,1,1.3.1 Producibility
Herein the essential characteristic is whether the chute dictates

manufacturing processes that are normally not available in a local area or,
more serious, not feasible in other than high quantity production. This does not

necessarily invalidate use of special tooling, providing 1) its design is well documented .
and it is readily and cheaply reproducible, or else 2) it is perhaps available on
loan through a regional or national association of mine owners. Another factor
in this connection is the applicability of the same tooling to all possible dimensional

configurations of a given basic design, which may vary, for example, for different

belt speeds.

An intangible consideration in connection with producibility is
saleability, or ease of acceptance among industry users. It is evident that exotic
designs or complex geometrical surfaces, completely apart from questions of
fabrication, are not going to be indulged by mine owners if they appear to involve
production risks in terms of lead time or an inherent limitation on the number of

sources where the chute can be obtained.
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4,1.1.95.9 Initial Cost

The other consideration involved in industry wide acceptance is.
of course, cost. Here a number of interrelated factors apply. however. Depending
upon an individual mine owner's sensitivity to such problems as dust evolu-

tion. helt wear. and spillage. a given chute design may warrant a considerably higher

cost than ones in typical use now.
4,1.2 WEIGHTING OF EVALUATION CRITERIA

Table 1 shows the relative weighting importance considered

to apply among the criteria previously described. The criteria are ranked on a scule

of from 1 to 5.

Table 1
Evaluation Criteria Weighting

Evaluation Criterion Weight Value

Performance 1. Stream Cohesion 4
2. Belt Iinpact Vector 4

3, Free Flow (Non Clogging) 5

4. Convergence 5

Mine Operation 5. Jam Clearance 5
6. Minimum Headroom 2

7. Installation Complexity 2

Economics 8. Maintainability 3
9., Producibility 3

10. Initial Cost 5

F-33



Assignment of the above weighing inevitably involves subjective
rationale. It will be seen that three of the four criteria given the highest weight --
namely items 3, 4, and 5 --- relate to the most basic consideration: it has to handle
the flow without 1) clogging (free flow); 2) missing or falling off the receiving belt
(convergence); and 3) getting a large piece caught between the pulley and the chute
(jam clearance)., Of the three original considerations identified at the outset of this
program --- spillage, dust, and belt wear --- the first is most directly related to

the essential questions: Ibes the chute work ? and, Are there any operational risks?

The next highest weight, 4, is given to the dust-related criteria
of stream cohesion and belt impact vector, This reflects the outlook that dust
suppression is, as of today, nearly as fundamental as the mechanics of the rightangle

transfer itself.

While belt wear is, coincidentally, a factor in the belt impact
vector criterion, it is not judged to be as overriding a concern as is dust suppression;
and had it been possible to separate them in this area, belt wear would have been
weighted 3 rather than 4. There appears to be some question among experts as to
the sensitivity of belt life to the impact wear induced at transfer points, it being argued

by at least one FSEC consultant that there is little correlation between the two

and that catastrophic failures and edge wear are by far the pacing factors in belt

life. Whether or not this viewpoint is common within the underground coal industry,
or whether the subject is too subtle for the average mine maintenance operator,

it is clear that current transfer point design practices observed by FSEC reflect
little detailed concern over the wear impact mechanism. Apart from spillage, the
provision of a chute to turn the flow appeared to arise primarily from the need to en-
sure against jams occurring in high volume situations or where more than one trans-

fer point lies along a conveyor.
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Three criteria have been weighted with a factor of three. Primarily
economic in nature, maintainability, producibility, and initial cost are in reality
overriding considerations in the probability of acceptance by the industry of a
chute design, irrespective of its functional merits. The medium weighting assigned
here reflects not so much a downgrading of these essential aspects as much as a
recognition that even difficult design solutions in these areas cannot be ruled out
at this R/D stage, and that performance - and operational -related criteria

must dictate the cutting edge of this screening of eonceptual candidates.

Two remaining criteria --- low headroom and installation --- are
weighted at a factor of two. While this treatment of headroom may appear con-
tradictory in view of its place in the title of this program, it appears consistent
with the guidance provided for design of the full size chute; namely: "It shall be
designed to minimize coal spillage, dust generation, and conveyor belt wear,"

and ''The chute ~---- shall have as low a profile as possible."

Of greater issue here, however, is the implicit relative weighting given these
four characteristics in mine operations witnessed by FSEC, Concern over spillage
and dust generation was clearly evident where these problems existed; and various
types of corrective measures were uniformly in evidence. On the other hand,
even though cost and roof stability considerations associated with removing
significant amounts of rock cover --- up to nine-feet or more --- were found to be
well-understood and acknowledged by mine personnel when specifically questioned on
this subject, there simply appeared to be little sensitivity on this matter. The mood
appeared to be that removing this additional material was a one-time problem, was
not a overriding cost factor, and was, moreover, frequently dictated by considera-

tions other than the headroom buildup required by the chute installation.
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Apparent evidence of the desirability of low headroom was the
stark absence of chutes at some 36 inch to 42 inch belt transfer points, where
the elevation distance between belts was held to 30 to 36 inches. The conclu-
sion here is, however, that this practice derived less from an intent to minimize
headroom and more from a motivation to dispense with the inconvenience of in-
stalling a chute, where a low flow volume made it possible. The headroom utilized
at these locations appeared to derive directly from the requirements of the de-
flector plate geometry, rather than from a conscious effort to minimize ceiling

height.

The lower-than-average weighting given to chute installation is ex-
plained against the background of relocation and alignment tasks for other types
of equipment in underground mines, involving far greater complexity than the re-
loeation and/or installation of a chute. While complex alignment and mounting
procedures for the chute are plainly undesirable, it is not anticipated that any

serious chute candidate design will dictate unusual requirements in this area.
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' 4.1.3 RATING PROVISION

Using the ten design criteria, each candidate configuration has

been rated on a scale of from zero to ten, approximately as noted here:

10 Ideal

7.5 Good

5.0 Fair

2.5 Marginal

0 Totally Unsuitable

It will be seen that with this rating system and the criteria weighting

previously established, the maximum possible score is 360.

4,2 TRADEOFF EVALUATION

4.2.1 SUMMARY ANALYSIS

Table 2 summarizes a comparative evaluation of the seven candidate
configurations described in 3. 0. The following discussion summarizes the principal
conclusions from this tradeoff analysis. while section 4, 2. 2 reviews details of the
analysis.

It will be seen that for the concepts evaluated, scores compared to the
maximum possible ranged from about 60 to 70 percent, with the compound quarter
cylinder and the smoke pipe torus leading, with about 70 percent. Because of
lack of consistently good performance against all ten evaluation criteria, the scores
tended to average out, and no one concept is a runaway. However, the two above

mentioned concepts rank markedly above the rest.

It will be seen that the major flaw in the compound cylinder configuration
is the serious absence of stream cohesion. This is characterized by a two-pronged
gplit in the flow at impact and was found to persist for various cylindrical radii configurations
as well as for various chute location and orientations tried. No solution to this problem

has thus far been developed.

In general, the torus concepts ranked the best from the standpoint of

‘ performance criteria, but were less impressive when judged against operational and
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Table 2. Tradeoff Evaluation Analysis

Cone Quarter Torus l
Evaluation Criterion Cylinder —
Opening {Flat | Zero Sin le(Com True, |Smoke
1/2A nglelPlate [1/2Ag1 > "8 PlSmooth | Pipe
Weight
Area Description w | R BW|R RW R|RW R RW| R|RW|RRW/| R |RW
Performi 1 | Stream Cohesion 4 5.0{20 $5.0{20 [7.5430 {0} 0 |00 [9 369 {36
ance
2 Belt Impact Vector 4 4 ]16) 41161 4|16 19| 3619 {36]9 |36|9 |36
3 Free Flow 5 10 j50 110{50| 9|45 10} 50 |9 145|8 | 40| 8 | 40
4 Convergence 5 2 10} 2(10{7.5|37.510 | O | 9145{9 145[9 |45
Mine 5 Jam Clearance 5 7.5 |31.5(7.53.5) 0| 0 |10{ 50 {10 {50|6 {30 {6 { 30
Openrtion
6 Minimum Headroom 2 6 110(6 |10} 5 {109 18|9 [18;5(10 (5 | 10
7 Installation Complexity 2 5 |10]7.515| 5 {10 |10| 20.5/15] 4] 85| 10
8 Maintainability 3 7.5 R25 7.5?2.57.5?2.5’ 81 24| 5115113 |5}15
Fcono- . 5
mics |2 Producibility 3 7.5 R25{7.52.5/7. 525 |7.5(22 5 5{15/1{5 {5 | 25
101 Initial Cost 3 6 | 18(6 118 7.5 RR.5|7.5{225] 4 |12|0] 0 {3 | 9
i
|
, |
TOTAL RW 36 T26 234. 216 243 251 213, 256
| i
Lo
RATING AGAINST 62.9 64.3 60 p7.5 69,7 i59.2 71.1
MAX POSSIBLE SCORE ':
PERCENT 5
Code: |

W - Numerical weight assigned to|criterion, [ to p
R - Numeérical ratiqg givenlt‘:ﬁ conﬁigu{ration for in dicated critericl;n,

1 to 10 (See T?ble 1)
RW-RxW |
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economic criteria, In the areas of producibility and cost, the smoke pipe torus
appears to be a prohibitive choice over the true torus, although in an absolute sense
it is still not optimum. A principal area of sensitivity exists in jam clearance,

‘ where the chute impact area is estimated to be about 15 inches from the feeder pulley,
at the centerline of the belt. This is a design risk area which must be evaluated

further by testing and analysis during the balance of the study program.

In general, several of the ratings of the two leading candidates against
specific criteria involved very imprecise and preliminary judgement factors, especially
in the economic areas. There is not much doubt that the compound quarter cylinder
configuration can be produced cheaply, but somewhat more design study is required

to gain definition relative to the smoke pipe torus.

In order to select which candidate chute concept, or concepts, should be
investigated during final analysis and testing, an initial decision involves the compound
cylinder concept, in a tradeoff between the good headroom and the very poor stream
cohesion characteristics. The judgment is that the cohesion problem appears
irredeemable and that acceptance of this penalty to gain a headroom advantage would not
contribute usefully to the state of the art. Too many other chute configurations, as
well as deflection boards, now in use already achieve this tradeoff. On this basis, the
tradeoffs summarized in Table 2 indicate the torus to be the sole candidate design

concept to be further considered,
4,2.2 ANALYSIS DETAILS

This section reviews some of the details and rationale behind the trade-off

analysis presented in Table 2, covered on a criterion-by-criterion basis.

4,2,2,1 Stream Cohesion

When properly aligned and located relative to the free fall trajectory from
the head pulley, both the torus and the cone configurations possess good stream cohesion
immediately after impact. The opening half angle cone concepts (1 and 2) tend to lose

cohesiveness shortly after impact, however, due to the divergence of this opening angle

(Figure 8). The torus and zero half angle cone maintain cohesion for specific positions
and orientations (Figure 9).

In the case of the quarter cylinder configurations, impact of the free fall
trajectory results in a stream pattern ranging from a diffuse fan to two broadly divergent

‘ forks (Figure10. Movement of the chute in a vertical direction tended to vary the
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Flow Divergence
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Figure §
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Stream Diffusion/Splitting Characteristics

Quarter Cylinder Concepts (4, 5)

Figure 10



pattern somewhat, with the least divergent corresponding to an extremely large
headroom figure in excess of 78 inches (full scale) from the top of the feeder belt to

the lower edge of the chute.

4.2.2.2 Belt Impact Vector

The quarter cylinder and toroidal configurations rank well in this
area because of the common characteristic of a vertical curve in the direction of
forced flow. Thus, the flow can be caused to leave the chute at a direction not

more than 10 to 15 degrees down from the horizontal.

Lacking this vertical curve, the cone configurations will necessarily
have a 35 to 45 degree output inclination angle. In an attempt to reduce the downward
velocity component, a short curved lip was provided at the lower edge of the cone tested
(Figure 2A), but it appeared that this substantial change of direction over a short distance

tended to scatter the flow.

Tests revealed no significant clogging sensitivity among any of the
candidate configurations, although the vertical curve shape identified previously, did
sometimes demonstrate a slight tendency to build up flow depth in the case of the torus.
In another area it was found that fine particles tended to travel a considerable distance
around the pulley radius before falling and sometimes then tended to build up in the
chute immediately below the pulley, for some chute altitudes (Figure 11). This build-
up was frequently instrumental in turning the main flow coming down and across the

chute from the opposite, or outboard, side relative to the head pulley.

4.2.2. 4 Convergence

Convergency of the different candidate shapes in retrospect,should

have been relatively predictable. The opening angle cones were divergent,

as was the single quarter cylinder configuration. It was found that the addition of the
side walls in the case of the compound cylinder configuration achieved an artificial

convergency, howbeit a rather turbulent one.
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4,.2.2.5 Jam Clearance

Jam clearance is defined here as the distance between the feed pulley
surface and the free full impact point on the chute at the center of flow. It is an
arbitrary measure of the likelihood of large pieces of rock to clear between the pulley
and the chute and to execute the turn to the lower without jamming. The reason
it is a factor at all in chute configurations evaluated here relates to the stream cohesion
requirement, whereby impacting flow must meet t;he chute surface at a relatively low angle
of incidence, To achieve this, the tangent to the local wall surface in this impact area
needs to be at an altitude ranging between vertical to one leaning slightly toward the pulley.
Moreover, the location of this impact point must be as close as possible to the pulley
surface to minimize headroom. Based on these criteria, the resulting jam clearances
achieved during scale model testing of the different configurations are summarized

below, as adjusted to full scale:

Configuration Jam Clearance (inches)

1. Cone, Opening Angle 24

2. Cone , Flat Inpact Plate 24

3, Cone, Zero Half Angle 9

4, Quarter cylinder, Angle N/A

5. Quarter cylinder, Compound N/A

6, Torus, True 17.

7. Torus, Smoke Pipe 15

It can be concluded that the clearance for all but the zero half angle core
are generally viable, although, as noted earlier, the clearances for the torus con-

figurations as presently defined are slightly too small for good design and must be increased.

4.2.2.6 Minimum Headroom

Allowing an additional 8 inches clearance between the bottom of the
chute and the receiving belt, the preliminary headroom requirements for the various
candidate configurations are summarized below, these figures reflecting test data:

Configuration Elevation Difference
Belt-to-Belt Inches

Cone, Opening Angle 58



(Cont) Configuration Elevation Difference

2. Cone, Flat Impact Plate 58
3. Cone, Zero Half Angle 62
4. Quarter cylinder, Single 40
5. Quarter cylinder, Compound 40
6. Torus, True 62
7. Torus, Smoke Pipe 62

With the exception of configurations 4 and 5, these figures correspond
to the minimum headroom positions for which stream cohesion is maintained. The
effect of further decreasing the elevation difference in each case resulted in a part of the

frictional stream being diverted above, rather than below the top of the impact zone. (Fig 12)

4.2,2.7 Installation Complexity

This area of evaluation, as well as the remaining three criteria, reflect
very preliminary judgements. The ratings given to ease of installation are deliberately
conservative and indicative of the need for more care in chute alignment to optimize
stream cohesion, thanis presently observed. Current alignment procedures, which
emphasize centering the chute output flow on the receiving conveyor, will have to be
broadened to obtain a smooth chute stream flow as well. However, it is not expected

that this will introduce any special hardship or significant expenditure of time.

The relatively high scores given to the cylindrical configurations in ease
of installation are somewhat misleading, in the sense that alignment efforts will not

significantly improve stream cohesion.

4.2.2.8 Maintainability

It is envisioned that, with the exception of the '"true' torus, the slide
surfaces of any of the candidate chute configurations would consist of piece-wise
replaceable liner elements. These elements would be flat or single-degree-of-
curvature plates and would be bolted to a support structure with flat head screws. The

true torus slide surface, it is envisioned, would be made in a similar piece-wise
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fashion of die-formed, two-degree-of-curvature elements. In this context, replace-
ment time for worn portions of any of the candidate configurations should be essentially
the same, although matching pieces with curvature is apt to require more care to
achieve surface continuity. In general, maintainability here is a measure of the difficulty
of procuring and maintaining an inventory of replacement elements. Flat patterns
plainly can be fabricated locally, ensuring no inventory problem for linear configurations
constructed of flat plates elements. This includes all cone and cylinder concepts. A
single degree of curvature element, as might be required for the smoke pipe torus,
should generally entail very little more fabrication capability. On the other hand, a die-

formed piece, required for a true torus surface, most likely will involve some lead time,

4.2.2.9 Producibility

This subject has already been largely covered in the previous section.
Only the true torus involves a potential problem from the standpoint of construction,
The support structure design for the liner wall mosaid will necessarily involve moderate
tolerances to ensure surface smoothness, and this may dictate some jigging, especially

where single or double curvature is involved.
4.2,.2,10 Initial Cost

Here the highest ratings are arbitrarily given on the basis of surface shape
simplicity, with the simplest shapes being the zero half angle cone---in reality a 180
degree cylinder --- and the single quarter cylinder., The other cone configurations involve
a little more structural jigging cost, and the compound cylinder still more due to the
cylindrical intersections involved. The torodial configuration ratings on cost are
quite conservative, and probably more nearly reflect prototype development rather than

production.
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SECTION H-1

FREE FALL/IMPACT ANALYSIS RESULTS



350 FPM TRAJECTORY IMPACT CASE

RUNS 626, 627
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BEGIN INDEPENDENY RUN OF COAL CHUTE DESIGNER RUN NUMBERG626 DATE 27 APR 77 20 16 27

eccscscsne INDEPENDENT VARIABLES FOR THIS RUN ceecescvcas

| . 1neuT DATA ]

FEED CINVEVYOR DATA TORUS CHUTE DATA
BELY SPEED V. , IPS. 70.00 MAJOR RADIUS RT1l, [N 36.00
PULLEY RADIUS Ry IN. 12.00 MINOR RADIUS RT2, IN. 18.00
BELY WIDTH BELTWD IN. 36.00 ROTAVIONS,DEG.
I-AXIS-GAMMA 25.00
Y AXIS-YAW 0.0

X-AXIS-21H 0.0

T BELT EDGE DISTANCE HMAR IN.  2.00
TRUUGH ANGLE IDLANG DEG. 35.00 EXTRA LENGTH  DISP IN. 0.0
SURCHAKGE ANGLE SURANG DEG. 25.00 COORDINATESPRIOR TO ROTATION

XT IN, 5.00
YT IN. 10.00

INCLINATION ANGLE PHI DEG. 0.0 ELAT PLATE  DIVISION
MAJOR RADIUS-NT1 7
MINOR RADIUS-NT2 7
RUN OF _MINE COAL DATA __RUN CUNVENTION CONSTANTS

DENSITY, GAMD LBS./CU. FT,. 50.00

EFFECTIVE ANGLE OF FRICTION DELTF DEG. 50.00 FRICTION STEP DISTANCE - NOM.,ELL, IN. 1.00

DYMNAMIC ANGLE OF wALL FRICTJION PHIP DEG. 30.00 NO OF STREAM SUBDIVISIONS SECY 21
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Szssz=z=== SUMMARY OF KtY CALCULATED PARAMETERS AND FINAL PLATE COORDINATES sE=ssss3sF

8, OUTPUT DATA

PULLEY CONTACT DEP. ANGLE,DEG.. 32.76
INITIAL LOAD HEIGHT,IN. 1.52

TORUS CUTOFF ANGLE,DEG. 105.33

MINIMUM ¥ COORDINATE -39.38

~H

PLATE 1
0.305 B.462 14,122 6.230
11.176 14.980 2,841 -1.530
-1.427 0.985 2.754 0.425
PLATE 2
8.462 14.433 19.37 14,122
14.980 17.764 1.176 2.841
0.985 7.573 9116 2.754
PLATE 3
14.433 16.619 20.569 19.371
17.764 18.783 10.313 T.176
7.573 16.573 17.808 9.116
PLATE 4
16.619 14.433 17.396 20.569
18.743 17.764 11.411 10.313
16.573 25.573 26.499 17.808
PLATE 5
6.230 14.122 19.395 11.749
~1.530 2.841 -8.465 -13.365
0.425 2.754 1.939 5.853
PLATE &
14,122 19.371 23.970 19.395

2.841 T.176 ) -2.687 ~B8.465
2.754 G.l16 13. 640 7.939 ‘

K A
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19.371
1.176

9.116

20.569
10.313

17.808

~84379

-12.792
21.426

~4.286

-15.863
13.639

3.081

-16.072
7.939

11.749

~13.365
5.853

19.395
-8.465
7.939

23.970
-2.687
13.640

20.509
10.313
17.808

PLATE
17.396

11.411
26.499

PLATE
~4.286

-15.863
13.639

PLATE
3.081

+16.012
7.939

PLATE
11.749

~-13.365
5.,853

PLATE
19.395

-8.465
T.939

PLATE
23.910

-2.6817
13,640

PLATE
24.248

2.423
21.4206

PLATE

10

11

12

13

14

15

264.248
2.423
21.426

20.155
5.494

29.213

-0.341
-24.322
20.833

7.604

-25.1771
16.186

16.483

-23.516
14.485

23.917
~18.164
16.186

27.914
~-11l. 146
20.833

27.404
~4.345
27.181

23.970
-2.6817

13.640

24.248
2.423
21.426

-5.223
-19.559
27.181

~-0.341

~24.,322
20.833

7.604

-25.711
16.186

16.483
-23.516
14.485

23,917
~18.164%
16.}86

27.914
-11.146
20.833
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-19.559
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~0.341
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16.483
-23.51¢6
l4.485

1

9—

23.917
-l8.164
16.186

2T.914

-1ll.146
20.833

27.404
—4.345
27.181

® -

dUa 1920
Ye44h
29.213

PLATE
-0.341

-24.322
20.833

PLATE
7.604

-25.771
L6.186

PLATE
16.483

-23.516
14.485

PLATE
23.9117

~l8.1064
l16.186

PLATE
27.914

-11.146
20.833

PLATE
27.404

~4.345
27.181

PLATE
22.522

0.418
33.529

PLATE

2.679

2L D2l
0,418
33.529

16
2.6179

~30.800
30,203

17
11.066

-33.196
26,928

18
20,107

~31.289
25.729

19
21.380

-25.589
26.928

20
30.935

-17.624
30.203

21
29,820

-9.927
34,6717

22
24,334

=J.4068
39.151

23

4.568

CtetsU
-4.345
27.181

~2.807
-24.741
34,6177

2.679
-30.800
30.203

11.066
=-33.196

26.928

20.107
-31.289
25.729

21.380
-25.589
26.928

30.935-

~17.624
30,203

29.820
-9.527
34.677

-1.7466




L-B

34006101

2.679
-30.800
30.203

11,066

-33.196
26.928

20.107
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-9.527
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-1.296
-27.981
43,401

4.568
~34.850
41.108

33.203

PLATE

11.066
-33.196
26.928

PLATE

20.107

-31.289
25.729

PLATE

27.380
-25.589
26.928

PLATE

30.935
~17.624
30.203

PLATE

29.820
-9.527

34.677

PLATE

24.334
-3.468
39.151

PLATE

4.568
-34.850
41.108

PLATE

13.231
-37.839
39.429

24

25

26

217

28

29

30

31

41.104

13.231
-37.839
39.429

22.374

-36.149
38.815

29.545
-30.232
39,429

32.823
~21.674
41.108

31.331
~12.767

43.401

25.461
-5.899
45,694

5.195
~-36.195
52.798

13.951
~-39.382
52.831

43.401

4,568
-34.850
41.108

13.23)

-37.839
39.429

22.374
-36.149
38.815

29.545

" =30.232

39.429

32.823
-21.674
41.108

31.331
-12.767
43,401

-0.794
-29.058
52.753

5.195
-36.195
52.798
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-36.149
38.815

29.545

-30.232
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31.331
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PLATE

22.374

-36.149
38.815

PLATE

29.545
-30.232
39.429

PLATE

32.823

-2Ll.6174
41.108

PLATE

31.331
-12.767
43.401

PLATE

25.467
-5,899
45.694

32

33

34

35

36

23.126 13.951
-37. 764 -39.382
52,843 52.831
30,264 23.126
-31.775 -37.764
52.831 52,843
33.45]1 30.264
-23.019 -31.775
52.798 52.831
31.633 33,451
~13.843 -23.019
52.753 52.798
25.844 31.833
-6.706 -13,843

52.708 52,753
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8. OUlIPUT

l. HIT DAIAA]

STREAM
TINHE
1 0.12
¢ 0.14
3 0.16
4 0.18
5 0.20
6 0.22
1 0.24
" 0.25
9 0.26
10 0.28
11 0.29
12 .30
13 9.31

14

DAY A

ANGLE

-24.3

=21.9

-20.5

-19.1

~-17.8

~-16.6

~25.1

-25.1

~24.4

-23.8

—23.3

~3l.3

-31.0

~30.06

X

14.1

15.5

16.9

18.4

24.8

25.6

2642

26.6

27.0

-10.3
-l2.1
-14.1
~1%.6
~16.9

-18.3

10.4

11.9

13.4

15.0

16.5

18.0

19.5

21.0

22.6

13

13

13

13

13

20

20

20

-24.3

-23.5

-19.1

-17.5

-26.2

~2%5.4

-24.7

-24.1

-23.5

-31l.4

-48.6

-48.4

-48.2

-48.1

ANGLE

13.8

15.7

17.2

18.7

20.0

20.8

21.06

22.5

23.3

24.0

254.5

24.9

25.3

25.17

BOTTOM

Y

-10.6

-12.5

-l4.4

-l6.4

-18.3

-19.5

~20.6

-21.7

~22.8

PLATE

13

13

13

13

13

20

19

ANGLE

-13.9

-12.4

~22.1

-21.0

-19.8

-18.6

-17.4

-16.3

-25.5

-23.6

-31.5

~31.1

X

13.8

15.4

16.7

18.1

19.5

20.9

22.3

PL

13

14

14,

13

20

20
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16

17

18

19

20

21

-29.17

-35.7

=-35.5

-35.3

-59.4

14

27.8

28.1

28.2

28.2

~19.8

-21.4

-23.2

~24.6

-25.9

-27.3

~28. 4

PETYY

25.6

27.1

28.7

30.2

31.7

33.2
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20

217
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21
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~4feY
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-59,8

-59.7

-59.¢
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-59.4

ol
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26.9

27.1

21.3

27.%

o7

< e)

-25.1

-26.2

~26.8

-271.4

-28.0

-28.6

19

26

26

26

26

26

—iuat

~30.4

-30.)

-35.9

-35.7

-35.4

-59.4

St aed

28.8

29.9

29.1

29.0

28.7

28.2

~17.2

-19.4

-21.7

'23. 1

-25.8

-28.1

PRy

20

23

27

217
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BEGIN INDEPENDENT RUN OUF COAL CHUTE DESIGNER RUN NUMBERG627 DATE 27 APR 7T 20 18 30

esccrsssen INDEPENDENT VARIABLES FOR THIS RUN

A. INPUT DATA

FEED CONVEYOR DATA TORUS CHUTE DATA
BELT SPEED V , IPS. 170.00 MAJOR RADIUS RTL, IN 36.00
PULLEY RADIUS R, IN. 12,00 MINOR RADIUS RT2, IN. 18.00
BELT WIDIH BELTWD IN. 36.00 nu1 a1 IONS, DEG.

1-AX]S-GAMMA 25.00

Y AXIS-YAW 0.0

X-AXIS-Z1IH 0.0

BELT EDGE DISTANCE HMAR IN. 2.00

TROUGH ANGLE 1CLANG DEG. 35.00 EXTRA LENGTH DISP 1IN, 0.0

SURCHARGE ANGLE SURANG DEG. 25.00 COORDINATESPRIOR TD ROTVATION

XT IN.  4.00
YT IN. 10.00

INCLINATION ANGLE PHI DEG. 0.0 FLAT PLATE DIVISION

"MAJUR RADIUS-NTL - 1
MINOR RADIUS-NT2 7

RUN OF MINE COAL DATA RUN CONVENTION CONSTANTS

DENSITY, GAMD LBS./CU. FT. 50,00

EFFECTIVE ANGLE OF FRICTION DELTF DEG. 50.00 FRICTION STEP DISTANCE - NOM.,ELLl, IN. 1.90

DYNAMIC ANGLE OF WALL FRICTION PHIP DEG. 30.00 NO OF STREAM SUBOIVISIONS SECT 21



L2 RIS Y XIS S R R IR 2 R RS S22 S RS A IR XL R R R RS R R R 2 R R R R 2 R R X R R R 2 R R 2 R R R R I R P P N LR S S A R R R R R R R S SRS RS R R R RS R S 2

91-H

ANGLE

~15.8

~13.0

-22.0

-20.5

-19.0

=17.7

~26.4

-25.17

~25.0

~24.4

-23.8

-31.7

B. OUTPUT DATA
1. HIT DAYA
STREAM
TIME
1 0.09
2 0.12
3 0.14
4 0.16
5 0.18
6 0.20
7 0.23
8 0.24
9 0.25
10 0.26
11 0.28
12 Je29
13 1430

(e 31

—-31.3

=31.0

X

12.2

14.3

15.8

17.2

18.7

20.1

21 .5

23.3

24.1

24.9

25.7

26.1

2645

-0.9

-12.3

-14.2

-15.5

-16.9

10.4

1.9

13.4

15.0

16.5

18.0

19.5

21.0

22.6

13

13

13

13

13

20

20

29

~1l4.8

~22.4

~20.4

-18.7

~17.1

-26.1

-25.4

-24.0

=234

-31.5

-31.1

-30.8

=3d.5

ANGLE

12.6

14.5

16.0

17.5

19.1

20.1

20.9

21.7

22.6

23.4

24.0

24 .4

24.9

2%.3

BOTYOM

Y

4.1

1.3

~12.7

-l4.6

-16.6

-18.1

-19.3

-20.6

-21.8

PLATE

13

13

13

20

20

ANGLE

~16.9

-15.7

-13.9

~22.5

-21.3

~19.9

-10.4

X

11.9

13.3

15.9

16.9

18.3

19.7

20.5

20.9

215

22.4

23.4

24.3

25.5

21.0

-10.3

L

14

14

l4s

21



16

17

Lt

19

20

21

0.32

0.33

0.34

0.35

0.35

0.36

-30.3

-30.0

-36.0

-35.8

-35.6

27.2

27.6

27.8

21.8

27.8

27.7

=-20.0

-21.1

-23.4

-24.7

-26.1

-27.7

25.6

27.1

28.7

30.2

31.7

33.2

20

20

217

27

21

27

-29.9

-29.6

~35.7

-35.6

~35,5

-35.3

26,2

26.6

26.9

27,1

27.3

27.6

-25.5

-26.2

-26.9

-27.6

-28.2

29

20

21

27

27

27

-30,.17

-30,.3

-29.9

-35.9

-35.7

-35.4

2843

28.5

28.7

28.6

28.3

27.9

-15.8

~17.9

-20.3

~22.5

~24.6

~27.2

29

20

20

27

27

217
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SIDE VIEW

RUN 627
o /
-,
N
N\
~
N

ELEMENTS

1,99999
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TOP VIEW

RUNH €27

ELEMENTS

1599999



450 FPM TRAJECTORY CASE

RUNS 746, 706

H-22



[ R XTI YT RS S R I Y RS 2 2 2R 22222222222 R3S R 2222222 B L I I T I I I I e R Y e TS F P T

BEGIN INDEPENDENT RUN OFf COAL CHUTE DESIGNER RUN NUMBERT746 DATE 27T APR-77 18 55 12

“esacescan INDEPENDENT VARIABLES FOR THIS RUN -

\
A. INPUT DATA

FEED CONVEYOR DATA TORUS CHUTE DATA

BELT SPEED V . IPS. 90.00 MAJOR RADIUS RTLl, IN 36.00
PULLEY RADIUS Re IN. 12.00 MINOR RADIUS RT2, IN. 18.00
BELY WIDIH BELTWD IN. 36.00 " ROVATIONS,DEG.
I-AX[S-GANMA 30.00
Y AXIS=YAW 5.00

X-AXIS-2IH 15,00

BELT EDGE DISTANCE BMAR IN. 2.00

€2-H

TROUGH ANGLE IDLANG DEG. 35.00 EXTRA LENGTH DESP IN. 6.00

SURCHARGE ANGLE SURANG DEG. 25.00 COORDINATVESPRIOR TO ROTATION
XY IN. 12.20

YT IN. 16,00

INCLINATION ANGLE PHI DEG. 0.0 FLAT PLATE DIVISION

MAJOR RADIUS-NT1 7
MINOR RADIUS-NYZ2 7

RUN OF MINE COAL DATA RUN CONVENTION CUNSTANTS

DENSIYY, GAMD LBS./CU. FV. 50.00

EFFECTIVE ANGLE OF FRICTION OELTF DEG. 50.00 FRICTION STEP DISTANCE — NOM,.EL L, [IN. 1.00

NDYNAMIC ANGLE OF WALL FRICTION PHIP DEG. 30.00 NO OF STREAM SUBDIVISIONS SECT 21



IR 2 SR RS R 3 I R R X R R 2 R R R S R R I R I R R R S S R R I R R R I NI A R R LR RN R NS R Y R PR R R R R I RN R P R S L R SR S R A RN

====s===== SUMMARY OF KEY CALCULATED PARAMETERS AND FINAL PLATE CUOORDINATES s=z====s3==
8. OUTPUT GCATA
PULLEY COUNTACT DEP. ANGLEDEG .y 0.0
INITIAL LOAD HEIGHT,IN. 1.52

TORUS CUTOFF ANGLE,DEG. 105.33
MINIMUM ¥ COORDINATE -42.88

$2~H

PLATE 1
9.082 16.738 23.404 16,060
8.504 12.943 1.311 -3.671
-1.4929 0.987 2.655 -0.183
PLATE 2
16.738 22.125 27.939 23.404
12.943 16.025 5.878 1.311
0.987 7.9317 9.392 2.655
PLATE 3
224125 23.799 28.450 27.939
16.025 16.924 8,607 5.878
1.937 17.058 18.223 9.392
PLATE 4
23.799 21.312 24.801 28.450
16.924 15.399 9.311 8.807
17.058 25.907 26.1781 18.223
PLATE S
~2.608 1.042 6.318 1.613
-9.283 -9.788 -19.346 -16.930°
l6.189 1.631 12.067 19.738
PLATE 6
1.042 1.875 13.924 6.318

-9.788 ~7.734 ~18. 691 -19.346
' 7.631 1.638 6.725 12.067




S¢~H

1.815
-T1.734
l.638

16.060
-3.671

-0.183

23.404

1.311
2.655

27.939

5.878
9.392

28.450
8.807
18.223

1.613
-16.930
19.738

6.318

~19.346
12.067

13.924
-18.691
6.125

PLATE

16.060
~3.671
-0.183

PLATE

23.404
1.311
2.655

PLATE

27.939

5.878
9.392

PLATE

28.450
8.807
18,223

PLATE

24.801
9.311
26.781

PLATE

6.318
-19.346
12.067

PLATE

13.924
-18.691
6725

PLATE

22.391
-15.141
5.141

10

it

12

13 .

14

22391
-15.141
5. 141

29.453
-9. 646
7.742

33,215

-3.680
13.829

32.671
1.160
21.772

27.966
3.577
29.443

10.695

-21.660
19.181

18.941
-28.222
14.880

27.64)3
-25.117
13.678

13.92¢4
-18.691
6.725

22.391
~15.141
5.141

29.453

-9.646
7.'42

33.215
-3.680
13.829

32.671
1.160
21.772

5.114
-23.581
25.429

10.695
~27.660
19.181

18.941
~28.222
14.880



92-H

22.391
~15.141
41

29.453

=9.6406
T.742

33.215
-3.680
13.829

32.671

1.160
21.712

S.114

-23.581
254429

10.695
~-27.660
19.181

18.941
—-28.222
14.880

27.643
~25.117
13.6178

29.453

-9.646
7.742

PLATE

33.215
~-3.680
13.829

PLATE

32,6171
1.160
21.712

PLATE

27.966

3.5717
29.443

PLATE
10.695

-27.660
19.181

PLATE

18.941

-28.222

14.880

PLATE
27.643

-25.117
13.6178

PLATE
34.470

-19.177
15.897

PLATE

16

117

18

19

20

21

22

23

34.41)
-19.171
15.867

37.592
-11.993
20,943

36.173.

~5.491
27.463

30.592

-l.411
33.711

13.871
~34.159
28,484

22.582
-35. 613
25,545

31.455

-32.917
24.841

38.111
-26.628
26,562

2T.643

-25.117
13.678

‘34.470
-19.177
15.897

37.592
-11.993
20.943

36.173

-5.491
27.463

1.655
-28.780
32.811

13.871
-34.159
28.484

22,582
-35.673
25.545

31.455
-32.917
24.841




.Le=H

“lY. ittt
15.8917

37.592
-11.993
20.943

36.173
=5.491
27.463

7.655

-28.780
32.8171

13.871

~34.159
28,484

22.582.

~35.6173
254545

31.455
=-32.917
24.841

38.111
—26.628
264562

4J.768
~1l8.493

~1l.993
20.943

PLATE
36.173

-5.491
27.463

PLATE
30.592

=l.411
33.711

PLATE
13.871

-34,159
28.484

PLATE
22.582

-35.673
25.545

PLATE
31.45%

-32.9117
24.841

PLATE
38.111

-26.628
26.562

PLATE
40. 768

~l8.493
30.246

PLATE

38.714
-10.690

2%

25

26

28

29

30

3t

L TEVE
30.240

36.714
~10.6990
34.906

32.498
~-%.311
39.293

15.629

-38.398
39.338

24.598

-40.533
37.968

33.565
-38,004
37.866

40.127
-31.488
39.005

42.521
-22.732
41.100°

40.120
~14.082

—luabiln
26. 9062

40.768
-18.493
30.246

38.714
~10.690
34.906

9.062
-32.172
41.555

15.629
~-38.398
39.338

24.598
-40.,533
37.988

33.565
-38.004
37.868

40.127
-31.488
39.005

42.921
~22.13?
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38.714
-10.690
34.906

9.062
~32.14172
41.555

15.629
—36.398
39.338

24.598
~40.533
37.9468

33.565
-38.004
37.866

40.127
-31.488
39.005

42.527
~22.732
41.100

40.120
-14.082
©3.589

PLAYE

32.498
~-5.311
39.293

PLATE

15.629
-38.398
39.338

PLATE

24.598
-40.533
37.988

PLATE

33,565
~38.004
37.866

PLATE

40.127
-31.488
39.005

PLATE

©2.521
-22.732
41.100

PLATE

40.120
~14.082
43.589

PLATE

33,553
-7.855
45.805

32

33

34

35

36

37

34

39

33.553
~7,855
45. 805

15.849
40.087
50.999

24 .850

-42.469

51.357

33.829
40.030
51.860

40.379
33,424
52.374

42.746
24.421
52.761

40.296
15.432
52.918

33.685
-4, 868
52.802

40.120
-14.082
43.589

9.238
-33,522
50.884

15.849
-40.087
50.999

24,850
-42.469
51.357

33.829
~40.030
51,860

40.379
-33.424
52.374

42,7406
-24.421
52.761

40.296
=15.432
52.918
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9.238
~33.522
50.884

15.849
-40.087
50,999

24.850

-42.469
51.357

33.829
-40.030
51.860

40.379
~33.424
52.374

42.746
—24.421
52.761

40.296
—15.432
52.918

PLATE

15.849
~40.087
50.999

PLATE

24. 0850
-42.469
51.357

PLATE

33.829

~-40.030
51.860

PLATE

40.379
~33.424
52.374

PLATE

42.746
~24.421
52,761}

PLATE

40.296
-15%.432
52.918

PLATE

33.685
-8.868
52.802

40

41

42

43

44

45

46

15.698
-40, 501
56.983

24.699
-42.883
57.340

33.6178

~40. 444
57.843

40.228
-33.838
58.357

42.596
-24.834
58, 745

40.145
-15.846
58.901

33.534
-9.282
58. 786

9.087
-33,936
56.807

15.698
-40.501
56.983

244699

-42.883
5T7.340

33.678
~40.444
57.843

40.228
-33.838
58.357

42.596
-24.834
58.745

40.145
-15.846
58.904
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B. OUYPUT DATA

1. HIT DATA

STRE AM C.G.
TIME ANGLE X Y 4
1 0.26 =-25.1 23,1 ~0.2 2.8 8
2 0.28 ~23.4 25.3 ~-2.1 4.3 9
3 0.30 -22.2 26,8 -3.3 5.8 9
4 0.31 ~21a.1 28.2 ~-4.7 7.3 9
5 0.33 -19.9 29.8 ~be4 8.9 9
6 0.35 -15.7 3l.1 ~-10.8 10.4 16
7 0.36 -19.1 32.0 -10.8 11.9 16
8 0.37 -24,.9 33.0 -10.8 13.4 16
9 0. 006 S S S EIEFSE SR & 0. QCFSESHXTEERE S S
10 —0. 00FSEEEFASKS SRS ESHEEE PR ADSSE LR SRS SHE S F 40 &
LIE# S ERSEEEEESEEH & ~0., 0866 skxES 4.0%¢8 508
12 0.41 ~34.4 36.5 -16.0 19.5 23
13 0.41 =34.1 37.0 .-17.0 21.0 23
l4 Je 42 -33.8 37.5 -18.0 22.6 23

-25.2

—24.5

-23,9

-20.,6

-22.1

-31.0

ANGLE

22.9

25.1

27.1

20.8

30.1

3l.1

80TTOM

Y

-10,.8

-10.8

PLATE

16

16

(122 2122222222 2222232 222 ]

~D.0¢ES¥EEES ¥

SESESEEE S

1.1

(AT 2 22212282

-35,0

~34.7

-34.3

~34.0

35.5

36.1

36.6

‘37.1

.O.Dtttttt

0.0%s6e%

0.0

-18.1

-19.0

-19.9

-20.9

23

23

23

23

ANGLE

-25.1

-23.6

~22.6

-21e5

-20.4

-~19.4

-11.3

-12.9

-15.5.

-19.8

-2821

SREE 4P %S

-33.9

-33.6

X

23.2

25.1

26.3

27.7

29.1

30.6

32.0

33.0

33.9

34.8

35.48

0.0

37.4

37.9

Y PL

0.1 8
-0.6 9
-1.0 9
~le7 9
-2.8 9
~4.2 9
-iO.B ib
-10.8 16
-10.7 16
~10.7 16
~10.7 16

0.0%¢ 6 %%
~-14.0 23
-15.2 23



i €:5:

1

16

L7

18

19

21

Je43

0.43

0.44

0.44

D44

0.44

-33.2

~32.9

-39.3

=-39.2

~-39.1

-39.0

8.0

38.5

39.0

39.4

39.6

39.8

40,0

-1Y%.<

-20e4

-21l.6

-22.8

-23.7

—-24.6

-25.1

dhed

25.6

27.1

28.7

30.2

31.7

33.2

i

23

23

30

30

30

33,1

-33.4

-33.1

-39.5

~39.4

-39.2

-39.1

341

38.2

38.7

39.1

39.4

39.6

39.9

~dl.U

-22.8

~23.8

=24.5

-25.0

~-25.5

-26.0

23

23

30

30

30

333

-33.0

-32.8

~-32.5

-39,1

-39,0

-39.0

JUe

38.8

39.3

39.7

39.9

49.0

40.0

1 le s

-17.9

-19.4

-21.1

~22.4

-2308

_250"

23

30

30

30
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SIDE VIEHW

RUN 746

ELENENTS

1,99999
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98~H

BEGIN INDEPENDENT RUN OF COAL CHUTE DESIGNER

esesveance

A. INPUT DATA

FEED CONVEYOR DATA
BELT SPEED V , IPS. 90,00
PULLEY RADIUS Rs IN. 12.00

BELT WIDTH BELTWD IN. 36.00

BELT EDGE DISTANCE BMAR IN. 2.00
TROUGH ANGLE IDLANG DEG. 35.00

SURCHARGE ANGLE SURANG DEG. 25.00

INCLINATION ANGLE PHI DEG. 0.0

RUN OF MINE COAL DATA
DENSITY, GAMD LBS./CU. FT. 50.00
EFFECTIVE ANGLE OF FRICTION OELTF DEG.

ODYNAMIC ANGLE GF WALL FRICTION PHIP DEG.

INDEPENDENT VARIABLES FOR THIS RUN

50.00

30.00

RUN NUMBERTO6

evevsenses

TORUS CHUTE DATA

MAJOR RADIUS RTL, IN 36,00

HINOR RADIUS RT2, IN. 18.00

ROTVATIUNS,DEG.
I-AXIS~-GAMMA 20.00
Y AXIS-YAMW 5.00

X—-AXIS-ZIH 20.00

EXTRA LENGTH pISP IN. 6.00

COORDINATESPRIOR TD ROTATION

XT IN. 12.00
YT IN. 16.00

FLAT PLATE DIVISION
MAJOR RADIUS-NTI 1
MINOR RADIUS-NT2 1

RUN CONVENTION

FRICTION STEP DISTANCE ~ NOM.,ELL, IN.

NO OF STREAM SUBDIVISIONS SECT 21

DATE 27 APR 77T 18 56 18

CONSTANTS

1.00
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L8=H

B. UUTPUT DATA

1. HIT DATA

STREAM
TIME
i 0.25
2 0.28
3 0.29
4 0.31
5 0.32
6 0.34
7 0.36
8 0.37
9 0.37
10 0.38
11 0.38
12 0.39
13 0.39

L.40

ANGLE

-18.3

-16.5

~25.8

-24.8

-23.8

-22.8

-21.9

-20.5

-19.5

-19.1

~-18.8

~l1d.4

X

22.8

24.8

26.4

21.8

29.2

32.1

33.0

33.4

33.8

34.2

34.7

35.2

5.7

~10.9

~-11l.5

-12.2

=-13.0

-13.8

-l4.8

10.4

11.9

13.4

15.0

16.5

18.0

19.5

21.0

22.6

17

17

17

17

17

i

17

-18.1

-26.8

~-24,6

-23.6

-22.1

-32.5

-31.9

-31l.4

-30.9

-18.5

-18.2

-21.1

-20.9

ANGLE

23.0

25.1

32.1

" 33.0

X

80TTOM
Y

-19.5

~20.0

PLATE

16

16

16

16

17

17

24

24

ANGLE

~18.5

~-17.)

-15.6

-24.9

-23.9

-23.0

-18.46

~18.3

-17.9

-1T.4

-17.0

~20.1

-19.17

-19.3

Top

X

22.5

24.1

31.7

32.2

32.8

33.4

33.9

34.5

10

10

10

10

10

17

17

17
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15

16

17

18

19

20

21

—Z21.2

20,9

—-20.7

~20.4

-20.1

-22.2

~-22.0

306.2

36.5

36.9

37.3

37.7

38.2

38.5

~15.4%

-1lé6.8

-17.8

~148.9

-20.2

-21.6

~22.8

24.1

25.6

27.1

28.7

30.2

31.7

33.2

24

24

24

24

24

31

31

=20.7

-20.5

-20.3

-20,1

-19.9

-22.1

-22.0

36.9

37.2

37.5

37.8

38.1

38.4

38.5

~dUH

-21.0

=21.6

-22.1

-22.7

-23.1

-23.4

24

24

24

24

31

~3.4

3ael
32.7
32.1
32.0
32,5
37.9

38.4

~Yel

18

18

18

18

24

31
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FRONT VIEW

RUN 706

ELEMENTS

1,99999



1¥H

SIDE VIEMW

RUN 70¢

ELEMENTS

1,99999
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SIDE VIEW TEKPLOT NASDEK!

348,12, 16

ELEMENTS

1,99959
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TOP VIEW

RUN 7086

ELEMENTS

1,99999



600 FPM TRAJECTORY CASE

RUNS 846, 806

H-44



##Ctl‘ttt#t#‘#‘ttttt‘.“tttt.tt*t.#.tt###‘tt.‘ttt#ttlﬁ#t#tt’tttt*t.tt&‘#tftl“#&tt#*#&#tt#*###t#t#t*t###*t###‘#*t#'*‘##!}#ttt#“t*tl‘t“#t

BEGIN INDEPENDENT RUN OF COAL CHUTE DESIGNER RUN NUMBERB46 DATE 27 APR 77T 18 57 23
esscssscen INDEPENDENT VARLIABLES FOR THIS RUN secsccnsea

A. INPUT DATA

FEED CONVEYOR DATA TORUS CHUTE DATA
BELY SPEED V , IPS. }20.00 KRAJOR RADIUS RYLl, IN 36.00
PULLEY KRADIUS R, IN. 12.00 MINOR RADIUS RT2, IN. 18.00
BELT WIDTH BELTWD IN. 36.00 ROTATIONS 4 DEG.
I-AXIS~-GAMMA 30.00
Y AXIS-YAW 10.00

X—-AXIS-ZIH 20.00
e o]
& BELT EDGE DISYANCE BMAR IN. 2.00
TROUGH ANGLE IDLANG DEG. 35.00 EXTRA LENGTH DISP IN. 6.00

SURCHAKGE ANGLE SURANG DEG. 25.00 COORDINATESPRIOR TO ROTATION
XT IN, 15.00
YT IN. 17.00

INCLINATION ANGLE PHI DEG. 0.0 FLAT PLATE DIVISION
MAJOR RADIUS—-NTL 7
MINOR RADIUS-NT2 7
RUN OF MINE COAL DATA RUN CONVENTION CONSTANTS

DENSITY, GAMD LBS./CU. FT. 50.00

EFFECTIVE ANGLE OF FRICTION DELTF DEG. 50.00 FRICTION STEP DISTANCE — NOM..EL1, IN. 1.00

DYNAMIC ANGLE UF WALL FRICTION PHIP DEG. 30.00 ‘ NO OF STREAM SUBDIVISIONS SECT 21



PEHEELEXTOBFEE SO EBEEUEVEEBBL0LERERLBEB PG LG A B3IV ILREVURBULTFUEL LU UL RERELIEL 4 TLFLAFELLFXTLLOCEIBIRLETLUBEELHRLEREXGEERLEFLERREE

s=zaz=z=s== SUMMARY OF KEY CALCULATED PARAMETERS AND FINAL PLAVE COURDINATES 2rzz=zassx
B. OUTPUT DATA
PULLEY CONTACT DEP. ANGLE,DEG., 0.0
INITIAL LOAD HEIGHT,IN. 7.52

VORUS CUTOFF ANGLE,DEG. 105.33
MINIMUM ¥ COORDINATE -44.08

9v=H

PLATE 1
10.521 18.293 25.336 17.893
11.717 16.115 4.587 -0,350
-2.718 ~0.059 0.027 -2.628
PLATE 2
18.293 24.174 30.318 25.336
16.115 18.748 8. 692 4.587
-0.059 6.671 6.746 0.027
PLATE 3
24,174 26.590 31,505 30.318
18.748 18.910 10.865 8.692
b.671 15.669 15.729 6.746
PLATE 4
26.590 24,892 28.578 31.505
18.910 16,551 10.523 10.865
15.669 24.523 24.568 15.729
PLATE 5
0.801 3.728 9,574 5,478
-7.9214 -7.560 ~17.302 -15.695
14,660 5.820 8,951 17.164
PLATE 6
3.728 9.984 16,686 9.574

=-7.560 ~4. 796 ~15.965 -17.302
5.820 -0.507 3. 082 8.951




Ly-H

9.984

-4.796
-0.507

17.893

-0.350
-2.628

25.336

4.587
0.027

30.318
8.692

6. T46

31.50%
10.865
15.729

5.478
-15.695
17.164

9.574
-17.302
8.951

16.686
=15.96%
3.082

PLATE

17.89)3

~0.350
-2.628

PLATE

25.336

4.5867
0.027

PLATE

30.318

8.692
6.T746

PLATE

31.505
10.865
15.729

PLATE

28.578
10.523
24.568

PLATE

9.574
~17.302
8.951

PLATE

16.686
=-15.965
3.082

PLATE

24.908
-12.041
1.129

10

11

12

13

14

24.908
-12.041
1.129

32.037

-6.582
3.616

36.163

-1.050
9.877

36.181
3.071
18,233

32.085
4,678
26.446

14,720
-26.062
14.922

22.585
-26.007
9.927

31.083
-22.552
8.295

16.6806
-15.965
3.082

24.908
-12.041
10129

32.037

-6.582
3.616

36.163
-1.050
9.877

36.181
3.071
18.233

9.595
~22.703
21.941

14.720
~26.,062
l4.922

22.5685
-26.007
9.927



8~H

24.908

—12.041
1.129

32.037
-6.582
3.0616

36.163

~1.050
9.877

36.181

3.071
18.233

9.595
-22.703
21.941

14.720
-26.062
14.922

22.585

-26.007
9.927

31.983
—22.552
8.295

orocor e

32.037

-6.582
3.616

PLATE
36.163

-1.050
9.8117

PLATE
36.181

3.071
18.233

PLATE
32.085

4.678
26.4406

PLATE
14.720

-26.062
14.922

PLATE
22,585

~26.007
9.927

PLATE
31.083

-22.552
8.295

PLATE
37,931

-16.624
10.462

PLATE

1o

17

18

19

20

21

22

23

37.4937
-16.624
10.462

41.310
~-9.810
15.848

40.298

-3.937
23.010

35.173

-0.578
30. 029

18.814
-33.,239
23,325

27.2719
-34,.235
19.561

35.996
-31.165
18.378

42.630
~24.852
20.095

31.083
~22.552
8.295

37.937
-16.624
10.462

41.310

-9.810
15.848

40,298
-3.937
23.010

12.870
-2B.445
28.663

18.814
-33.239
23.325

27,2719
~34,235
19.561

35.996
=31.165
18.378




67~H

A ey

10.462

41.310
-9.810
15.848

40.298
-3.937
23.010

12.870

—-28.445
28.663

18.414

~33.239
234325

27.21719
~34.235
19.561

35.99%6
~31.16%
18.378

1 42.630
-24.852
20.095

49.404
cleaand

Jeuav

15.848

PLATE
40,298

-3.9317
23.010

PLATE

35.173
-0.578
30.029

PLATE
18.814

-33.239
23.325

PLATE
27.279

-34.2135
19.561

PLATE
35.996

-31.165
18.3178

PLATE
42.630

-24.852
20.095

PLATE
45.404

~16.987
24.251

PLATE

43.573
~Y.uly

24

25

26

27

28

29

30

31

4. st

24.291

43.573
~-9.678
29.733

37.629
—4.884
35.071

21.575
~38.341
33.583

30.444

-4 0. 083
31.320

39,309
-37.287
30.688

45.795
-30. 700
31.855

48.165
-22.089
34,509

49,182
-13. 164

“tewu sy

20.09%

45.404
-16.987
24.251

©3.573
-9.6178
29.733

15.079
~32.526
36.870

21.575

-38.341
33.583

30,444
-40.083
31.320

39.309
~-37.287
30.688

45.795
-30.700
31.85%

L: P ¥ )
~22.069



0s-H

43.%573
-9.678
29.733

15.079
~32.526
36.870

21.575
-38.341
33.583

30.444
~-40.083
31.320

39.309
-37.287
30.688

45.795
~30.700
31.855

48.165
~22.089
34.509

45.782
~13.760
37.939

PLATE 32

37.629
-4.884
35.071

PLATE 33

21.575
~38.341
33,583

PLATE 34

30.444
-40.083 °
31.320

PLATE 35

39.309
-37.287
30.648

PLATE 36

45.795
-30.700
31.855

PLATE 37

48.165
-22.089
34.509

PLATE 38

45.782
-13.760
37.939

PLATE 39

39.286
~T7.945
41.226

39.286
~7.945
41l.226

22.814
~41l.018
44,993

3l.0864
~43.152
44.400

40.796
-40.499
44.379

47.216
-33.769
‘44,935

49.403
-24.766
45.919

46.7173
-15.901
47.067

40.029
-9.551
48.071

45.782
~-13.760
37.939

16.070
-34.607
45.991

22.814
-4l.018
44.993

31.864
~43.152
44.400

40.796
-40.499
44.379

47.216
-33,769
44.935

49.403
~24.766
45.919

46.773
-15.901
47.0617




1$-H

16.070
-34.667

45.997

22.814%
-41.018
44.993

31.864

—43.152
44.400

£0.796
-40.499
44.379

41.216

~-33.769
44.935

49.403
—24.766
45.919

46.773
-15.901
47.067

PLATE

22.814
-41.018

44.993

PLATE

31.864
-43.152
44.400

PLATE

40.796

-40.499
44.379

PLATE

47.216
-33.769
44.935

PLATE

49.403
-24.766
45.919

PLATE

46.7173
~15.901
47.067

PLATE

40.029
-9.551
48.071

40

41

42

43

44

45

46

23.171
~41.948

50.909

32.227
-44.083
50.3L7

41.159

~41.430
50.29%

47.578
~34.700
50. 851

49.766
-25.696
51.835

47.136
-16.832
52.983

40.392
-10. 482
53.988

16.433
~35.598
51.914

23.177
~41.948
50.909

32.227

~44,083
50.317

41.159
-610430
50.295

47.578
-34,700
50.851

49.766
~25.696
51.835

47.136
~16.832
52.983



[ 2RI 222 R E 2 Y S RS L R 2 R 2R TR 2 2R 2222 R R RS2 R 22222 2 2 ttt#ttt"“#t‘tt‘#“#.ttti*‘t‘##_t###ttttt#'t#t‘#tt*#t##t#ttttt"‘##ttt.‘t##tt#t.t

2%-H

8. OUTPUT DATA
1. HIT DATA
STREAM
TIME
1 0.24
2 0.25
3 0.27
4 0.28
5 0.30
b 0.31
1 0.32
8 0.32
9 0.32
10 0.33
11 0.33
12 0.34
13 0.34

ANGLE

~26.5

-25.5

-24.4

-23.4

-33.0

-32.3

~21.3

-21.0

-20.6

-20.2

-19.8

-19.3

-22.2

-21.8

X

28.9

30.4

32.1

33.8

35.5

36.7

37.9

38.3

8.8

39.4

40.0

40.6

4l.1

4.7

8.9

10.4

11.9

13.4

15.0

16.5

18.0

19.5

21.0

22.6

16

16

17

17

17

17

17

L7

24

24

-26.4

-25.1

-24.0

-33.6

-32.8

-32.1

-3106

-30.7

-30.1

-39.6

-39.1

-38.7

-20.5

-20.2

ANGLE

29.1

30.9

38.2

39.5

‘0'1

61.6

42.3

43.1

43.5

44,0

BOTTOM

Y

-1l.2

-12.0

-12.9

-13.4

-14.0

PLATE

16

16

16

16

16

16

23

23

23

24

24

ANGLE

~26.6

-25.8

~24.9

-23.9

~-23.0

'20.1

-19.9

-19.6

-19.2

-22.5

-22.0

-21.6

X

28.1

30.0

3lL.4

32.9

34.5

34.8

35.0

35.4

35.9

36.4

36.9

37.6

36.9

PL

10

io

10

10

17

17

17

18

[



€¢-H

17

¥

19

20

21

~li.H

-21l.0

-20.5

=22.6

-22.2

-2i.8

-21l.4

4l el

44.2

“4.7

45.3

46.0

“Bat

~l4.4

~16.0

dited

25.6

21741

28.7

30.2

31.7

33.2

e

24

24

31

31

3

31

EYRYIRY

-19.6

-21.9

-21.8

-21.6

-21.4

-21.2

44.9

45.2

45.4

45.7

46.0

46.3

~l4.D

-15.1

-15.4

-15.7

-16.0

~-l6.4

-16.7

24

31

31

31

31

31

R )

-22.2

-21.5

P

3444

34.5

35.2

39.4

44.7

Ab.8

-12.4

-15.2

fu

18

18

18

25

31









9a=-H

SIDE VIEHW

RUN 846

S S— TN sy

ELEMENTS

1,99999



LS~H

TOP VIEHW

RUN 846

ELEMENTS

1599999




[ 223 F 23 P ST S 223 PR RIS RS RS2SR 2R XSRS SR 222 22 %2 *“tt‘#ttttt.tttttt"t‘ttt##ttt‘tttt“#“.“ttttt#‘tt##t‘t#‘f“ttt‘t‘.‘t#tt“

BEGIN INDEPENDENT RUN OF COAL CHUTE DESIGNER RUN NUMBERBO6 DATE 27 APR 77 18 58 38

SO DODBSOLS lNDEPENDENt vAal‘BLES FOR '“ls RUN [N NN N NN NN ]

A. INPUT DATA

FEED CONVEYOR DATA TORUS CHUTE DATA
BELT SPEED V , IPS. 120.00 MAJOR RADIUS RT1l, IN 36.00

PULLEY RADIUS R, IN. 12.00 MINOR RADIUS RT2, IN. 18.00

BELT WIDTH BELTWD IN. 36.00 ROTATIONS,DEG.
I-AXIS-GAMMA 20.00
Y. AXIS-YAMW 10.00

X=-AXIS-IIH 15.90

8S~H

BELT EDGE DISTANCE BMAR IN. 2.00
TROUGH ANGLE IDLANG DEG. 35.00 EXFRA LENGTH DISP IN. 6.00
25.00 COORDINATESPRIOR TO ROTATION

XT IN. 15.00

. SURCHARGE ANGLE SURANG DEG.
' YT IN. 17.00

INCLINATION ANGLE PHI 0EG. 0.0 FLAT PLATE DIVISION
MAJOR RADIUS~-NT1 7
MINOR RADIUS-NT2 7
RUN OF MINE COAL DATA RUN CONVENTION CONSTANTS

DENS1TYy GAMD (L 8BS./CU. FT. 50.00

EFFECTIVE ANGLE OF FRICTION OELYF DEG. 50.00 FRICTION STEP DISTANCE - NOM.,ELL, IN. 1.00

DYNAMIC ANGLE OF WALL FRICTION PHIP DEG. 30.00 NO OF STREAM SUBDIVISIONS SECT 21




[T E YT R X RSN S R S RS R R R R R I RN IS PR SIS R 2SS R RS R R 2222 2 2 2 YR TR 2222222 22 22 R R R 2R R 222222 RS2 2222 R R 22 2222 R 2 X222 220

B. OUTPUT DATA

L. HIT DATA
S TRE AM
TIME
1 0.24
2 0.25
3 0.27
4 0.28
H 0.29
6 0.29
7 0.30
8 0.30
9 0.31
10 0.31
1 0.32
12 0.32
13 0.32

ANGLE

=33.4

~32.6

~31.8

-31l.1

-30.0

—~29.5

-29.0

-28.5

-28.0

=-30.4

~-13.8

~14 .0

X

28.8

30.4

32.0

33.5

34.5

35.7

36.3

37.0

37.6

38.2

38.8

38.9

1.5

16.5

18.0

19.5

21.0

22.6

10

10

10

10

10

L7

17

17

18

"33.‘

-32,6

-31.8

-31.0

-30.3

~28.5

_3108

-3;.3

-30.9

-30.5

-30.0

~29.6

-29.2

-32.1

ANGLE

28.8
30.4
32.0
33.6
35.2
36.3
36.9
ar.s
38.1
38.7
39.3
39.9
40.5

41.0

BOTTOM

Y

0.8

~0.4

~1.8

PLATE

10

17

17

17

17

17

17

17

24

-ANGLE

=33.4

~32.7

-31.9

-31.2

-30.9

-30.5

-30.1

-29.7

-29.2

~-19.4

-20.0

-20.4

-20.8

-21.1

X

28.8

30.4

31.9

34.3

34.9

35.5

36.0

35.4

34.8

34.4

1401

PL

10

10

10

10

10

10

i1

11

1

11l



09~H

16

17

18

19

20

21

0.32

0.31

0.31

0.32

0.32

~0.33

~l4.7

-14.8

-12.0

~1l.6

=-1l.l

~-10.3

37.7

37.7

25.6

27.1

28.7

30.2

al.7

33.2

18

18

25

25

25

25

~-3l.4

-31l.1

-30.8

41.9

4244

42.9

42.4

41.6

41.0

-1l.6

-12.1

-12.6

-12.1

-11.3

~10.6

24

24

24

25

25

32

*EEEEEEER Qe 2xSEL 6T EXEEE
SERECREEE -0.0 0 QtE¥ES
FEEEREE RS 0.0 0.0¢¢%¢¢
FEEEEER RS D OFEHESEEREEEE 44
EEEEEES S EH SRR E RS 0.0%F®es

-11.0 39.0 ~Te5 25










£9~H

SIDE VIEHW

1

RUN 807

ELEMENTS

15959999



¥9-H

TOP VIEMW

RUH 867

ELEMENTS

1499999



FRICTIONAL FLOW ANALYSIS RESULTS

H-65



TRENRLE TG RN N R A A O R A R e I T S R E s N I R R PR R S R S S R E I 2 2SS 2SR 22 222 222 2 3 3/
STREAM ST VELLLRTY wlnTH NE 1601 RADIUS RADZUGT NORMAL SHE AR LOCATION, RIGHT EDGE  PLATE
(IN./SEC) (IN) (IN) (IN) FORCF*-  FTORCF* X Y 2 LOCATION
3 1 153.3 1.4 1.5 31.1 2142 Oe4 2.3 46,1 -16.7 3.2 31
3 2 12%. 2 1.4 1.5 33,7 23.2 0.1 -0.1 46,4 ~17.9 31.3 3L
A 3 156.73 1.4 1.4 38,7 26.7 0.5 0.4 46.6 -18.5 31.3 3
3 4 197.4 1.4 Lo4 4l.4 28,7 0.4 0.3 46.8 -19.1° 3.4 31
3 [ 1599 le4 l.4 44,2 30,9 0.0 0.0 47.0 -19.6 3l.4 31
3 6 1594 1.5 1.4 46.9 33.4 0.3 0.3 47.2 -20.2 31.5 31
3 1 l6l.4 1.5 1.4 49,6 35,8 0.0 0.0 47.3 -20.8 31.5 30
3 8 160.3 1.5 1.4  4B.b 34,7 0.4 0.3 47.3 -21.4 31.6 30
3 9 l6eo7 1.5 1.4 46.8 33.9 0.4 -0.3 7.2 -22.0 31.7 30
3 10 161.3 1.4 1.4 44,9 32.2 0.4 0.3 41.2 -22.% 31.9 30
3 1 163.8 1.4 l.4 43,0 31,2 04 -0.3 47.1 ~23.1 32.0 30
3 1e 102.2 1.4 . 1.4 41.1 29.5 0.4 0.3 47.0 -23.7 3241 30
3 13 163,06 1.4 1.4 39.2 28.3 0.4 -0.3 47.0 -24.3 32.2 30
3 14 16543 L4 lo% 37.5 274 . 0,1 0.0 46,9 -24.9 32.3 30
3 1y 163.3 1.4 l.4 35.6 25.6 0.5 0.4 46.9 ~-25.5 32.4 30 *LBS/IN2
3 1¢ 166.0 a4 o4 33.7 24.5 . 0.5 “0.4 46.8 -26.1 32.6 30
3 17 163.7 1.4 1.4 31.7 22.7 0.5 0.4 46,.8 ~26.7 32,7 30
3 18 164.8 le& 1.4 29.6 21.4° 0.5 -0.4 46,17 -27.3 32.8 30
3 19 163.1 l.4 1.4 .28.0 20,0 0.1 -0.1 4646 -21.9 33,0 37
3 20 164.8 1.4 1.4 54.0 38.8 0.5 ~0.4 4645 -28,% 33,1 37
3 21 163.0 1.4 le4 54.0 36.5 0.0 -0.0 46.4 -29.1 33,13 37
3 22 164.5 1.4 1.4 54.0 38.7 0.4 -0.3 46.3 -29.6 33.4 37
3 23 1u3.6 1.4 1.4 54.0 38.2 0.4 -0.3 46,2 -30.2 33.6 37
3 24 162.7 1.4 L4 54.0 37.8 0.4 -0.3 46.1 -30.8 33.17 37
3 25 165.6 l.4 1.4 54,0 37.9 0.4 -0.3 45.9 -31.3 33.9 36
n 3 26 163.3 1.4 1.% 54.0 36.7 0.5 0.4 45.5 -31.8 4.1 36
Iy 3 27 l1oZ.t 1.3 Y $440 36,0 Deb -0.4 4542 -32.2 34.3 36
i 3 28 165.2 1.3 1.5 54,0 36.0 0.5 -0.4 44.8 -32.7 34,5 36
> 26 16240 1.3 1.9 54,0 34,9 0.5 0.4 44,5 -33.1 34.8 36
3 30 1654 1.3 1.5 54.0 34.9 0.6 0.4 44a.l -33,6 35.0 36
3 31 16246 1.3 l.6 4.0 33.8 0.6 0.4 43.8 -34.1 35,2 36
5 32 16546 1.2 1.6 54,0 34.1 0.6 ~0.4 43.4 -34.5 35.5 36
3 33 1621 1.2 1.6 54,0 33.2 0.6 0.5 43,1 -35,0 35,7 36
3 34 1u9.7 lec 1.6 94,0 " 33.5 0.6 -0.5% 42.8 -35.4 35.9 36
3 3h o7 1.2 i.7 54.0 32.7 0.6 0.5 42.4 -35.9 36,2 16
3 34 163.5 1.2 1.6 54.0 32.8 0.6 -0.5 42.1 -36.3 36.4 36
3 37 16l.0 1.2 1.7 54,0 32.3 d.1 -Uel 41.7 ~36.8 36.7 36
3 U 16340 1.2 1.7 54,0 3.5 0.6 -0.5 41.4 -371.2 36.9 36
3 39 lel.l 1.2 - 1.7 54,0 3240 0.1 ~0.1 41.1 -37.7 317.2 36
3 40 162.% 1.2 L7 54,0 32.2 NS -049 4).8 -38.1 37.4 3b
3 41 1600 I.2 1.7 54,0 31.8 0.1 0.1 4044 -38.6 37.7 36
3 4¢ L62.3 1.2 1.7 54.0 32.4 0.6 -0.5 40.1 -39.0 38.0 35
3 473 159.2 1.2 1o/ %4.0 31,7 0.1 0.1 39,6 -39,2 38,3 35
3 44 169.1 1.2 1.1 54.0 3.7 0.7 -0.% 39,2 -39.4 38.6 35
3 44 15b.c lec 1.1 54,0 31.1 0.7 ~0.6 28.7 ~-39,1 3g.9 35
3 4¢ l6laa 1.2 1.1 $4.0 31.7 0.6 -0.6 38.2 -39,9 39.3 35
3 4 196GeY | 4 lot 5440 30.8 0.8 G.6 37.4 ~40.,1 39.6 35
3 44 15749 t.e 1.7 44,0 31.0 0.t ~0.0 7.3 ~40.4 40.0 35
3 49 154.t 1.2 l.b Y4.0 30.2 0.1 0.1 . 36.9 -40.6 40.3 15
3 Py} iboel le2 1.n 544 30.1 J.8 ~Jeb> 3b6.4 ~40.8 40.7 35
bl Sl 1vHat l.c 1.4 94 .0 30.3 0.4 0. ¢ 35.9 ~41,1 41.1 35
b e Iu? .4 1.2 lou 54.0 2490 0.1 0.1 35.% 413 41.4 35
5 5% 1u3.5 tec bou 54,90 9.9 J.8 “J.t 35,1 41,5 41.8 35
: Yo 150 .0 1ec | R PYV] 24,2 0.1 [V § 34.6 -41.7 42.¢ 35
B R Ivial Laoc 1.0 4.0 9.0 0.8 34.2 4.6 h

bt t

., \

TYPICAL STREAM DATA LOG

Wy

“0.10

A

=42 .0

.




[ L T e e P L ¥ N VR WS Ve T O ¥ VI

L9-H

O im0 | ie B4l RATINY | Dats ~0.¢ 33.3 -4 43,4
o lus.4 L. Lot 4.0 2645 a1 V.l 3249 ~42.7 43,1
G IR R Lae B ) G40 sbets Doy “0.6 3245 -4249 44,1
6 lat.b la2 1.4y 5.0 2€.2 U. 1 0.1 3l.6 ~43.2 44.9
[ lal.9 lec Loy 54,1 27,4 Uel [V 31.2 -43,.1) 45.3
6¢ 141.4 1.2 2.0 94,0 27.0 0.y -0.1 30.8 -43.1 45.8
64 14440 1.1 ! 54 ,1) 2143 3.9 -).7 30.3 -43.0 46.2
64 13b.2 1.1 2.1 54.0 26.2 0.9 0.7 29.5 ~43,0 47.1
[ 144.0 1.1 2.1 54,0 29.1 0.1 -0.1 249.1 ~42.9 47.6
6 138,06 1.l 2.1 54,0 25.9 0.1 -3, 2842 -42.86  48.6
o7 134.4 1.l 2ol 20.1 9.4 1.0 0.7 21.8 -42.8 49.0
68 129.0 1.2 2.2 18.0 H#.2 0.0 0.0 21.1 -42.8 50.0
64 132.4 1.1 2.1 54.0 25.2 0,2 2.9 26.1 -42.8 50.5
79 J.0 [V ¢} V.0 0.0 0.0 0.0 0.0 26.7 ~42.4 50.5
/1 .U Uau U.U 0.0 0.0 0.0 0.0 26.7 -42.8 50.5%
12 v.0 0.u G.0 0.0 6.0 0.0 0.0 26,7 -42.48 5045
73 Jedd D) Jaod 0.0 0.0 0.0 0.0 26.7 —-42.8 50,5
14 0.0 0.0 0.0 0.0 G. 0 0.0 0.0 26.7 —42.8 50.5
s V.0 0.0 0.0 0.0 0.0 0.0 U.0

2647 -42.8 50,5

TYPICAL STREAM DATA LOG



450 FPM TRAJECTORY CASE

RUN ANGLE OF WALL FRICTION
746 0°
747 20°

H-68






 1,99999

RUN 746 1 ELEMENTS

TOP VIEW







¢l-H

TOP VIEMW

RUN 747 2

o

ELEMENTS

1,99999



RUN

846
847

600 FPM TRAJECTORY CASE

H-73

ANGLE OF WALL FRICTION

20












Ll-H

TOP VIEW

RUN 847 7

ELEMENTS

1499999





