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SYROPSIS

Experimental investigations, to determine the effects of cenveying pif  we
length and pipeline diameter on the performance uf a pneumatiy conve
system, are discussed.

It was of concarn that insufficient {nformation is avaiiable fn the
published 1iterature for the design of stepped pipeiines, which are
generally used when conveying over long distances.

The effect of pipeline length was {nvestigated by conducting tests through
100, 200 and 400 metre pipatines. The effect of pipe diameter was
investigated using three pipelines over a distance of 200 metres with
diamstars of 105, 156 and 200mm, Varlous steliped pipelines over distances
of 100 and 400 metres were investigated. The performance of 2 long distance
pipaline {(f.e. 1358 metres) was also determined from experimental results.
Flyash was the only material conveyed in a1l the tests,

An empirical model was daveloped to caleulate the conveying pressurs of the
long distance )ine, The experimental resulis were then compared to the
conveying pressures as derived from the model.

From the fnvestigations 1t was established that there exists an optimum pipe
diameter in terms of the power reguired to convey the matertal.

The following proposals have boen made:

4)  The conveying pressure of a system 1z related to the area under the
curve on the State Ulagram,

b}  The cptimum stepped pipeline can be determined from a design procedure
which has been developed.

The above proposals may require verification through further
experimentation. The recommendations for futurs research work highlight the
importance of establishing a universally accepted siandard test rig and
testing procedure.
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1.  INTRODUCTION

Pneumatic conveying systems in the mining industry have bsen developed to
transpart pulverous buiiding material into the working areas of deep~lsvel
mines. The buildiag material js generally used {n the mines for packing,
setting~up of roadways packs and stoping, as well as concrete and backfill
work.,

Varfous researchers have invesilgated long distance pneumatic conveying
{Refs, 17, 19, 33, 35}, The Invastigations have bsen directed at the
selection of pipe sizes and the use of a Froude number relationship for
selecting critical pipe lengths. The purpuse for further fnvestigations is
outlined in this chapter. In additionm, the orgsnisation of the report and
4he contents of each chapter are discussed.

1.1 PURPOSE OF INVESTIGATION

The piping systems have a significant influence on the performance of a Tong
distance pneumatic conveying system. Most venders of pneumat{s conveying
aquipment use arbitrary methods of sblecting piping layouts. Little work e
hes boen done to develop a method for sizing the piping system to ensure
optimum performance of the system (Ref.k7).

It has been shown (Ref.33) that long distance transportation of materfal, by i
preumatic means, requires a dfscipline different to that of short distance ‘,
conveying. The rules governing Tong distances need to be established. i

Whilst there s no question that there {5 a large number of long distance ;
conveying systems operating relisbly throughout the world, the Tack of any :
sound thearetical or empirical base is of concorn (Ref.l7), ;

The possible performance increase of a Jong distance canveying system by
stepping up the pipeline is 1n some instances greater than 100% while the
required specific compressor output In werms of KW/t decreases (Ref.30),
The problem is to determing which criteria should be used to fdentify under
what conditions a change in pipe dfameter should be effected (Ref.l7).
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1.2 PROJRCT OBJECTIVES
The aims of the {nvestigations described In this report were:

1} To develop an empirical model for calculating the conveying pressure
(i.e. the pressure at the beginaing of the conveying pipeline) of a
long distance pnaumatic conveyling system taking the pipeline length,
pipe diameter, product mass flowrate and afr mass flowrate into
account

2) To investigate the performance characteristics of a pneumatic conveying
systen In terms of the conveying pressure and the required power as a
function of various parameters such as load ratlo, product mass
flowrate and air velocity,

3) To analyse the effect of conveying distance and pipe diameter,

4)  To determine the influence of a stepped pipeline an the conveying
performance of a system.

5) To develop criteria for stepping up the pipe, taking theoretical and
sconomic considerations into account.

8) To collect accurate data to determine the performance of the existing
1358 metre conveying 1ine,

7)  To investigate the possibiiity of conveying {n a dense phass mode over
Tong distances.

1.3 ORGANISATION OF REPORT

Literature relating to the deveiopment in pneumatic conveying with emphasis
on long distance conveying systems s reviewed in Chapter 2. The purpose of
the investigations described {n this report was concluded from the
iterature survey.

The test rig, required to achieve the objectives of the projsct, {is

described in Chapter 3. The reasons for congucting the experiments through
the varjous pipeline configurations are discussed in Chapter 4.

-
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The experimental results recorded are diwcussed In Chapter 5. A set of
equations was developed, expressing the conveying pressure in terms of the
product and afr mass flowrates for each pfpelfne configuration. The
parformance characteristics of pneumatic conveying systems are also
discussed in Chapter 3,

With the use of the equations derfved in Chapter 5, a comparison of the
resuits, with respect to pipe diameter and 1ine lengths is given in Chapter
6.

_The effect of stepped pipelines 1s discussed {n Chapter 7. The optimum

design of a pipeline, taking economic considerations into account fs
discussed in Chapter 8.

The normal)isation of the results is discussed in Chapter 9, which includes a
dimensional analysis of the parameters involved.

The model developed to predict the performance of the Tong distance line is
ontlined in Chapter 10. The moedel was based on the curves obtained from the

normalisation of the results.

Some general cobservations made during the course of the experiments are
discussed in Chapter 11.

Caonclusfons drawn from the investigations and recommendations for further
research work are discussed in Chapter 12,

The appendices contaln information which was referred to in the main body of
this report.
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The experimental results recorded are discussed in Chapter 5. A set of
equations was developed, expressing the conveying pressure in terms of the
product and air mass flowrates for each pipeline configuration. The
performance characteristics of pneumatic conveying systems are also
discussed in Chapter 5.

With the use of the equations derived in Chapter 5, a comparison of the
results, with respect to pipe diameter and 1ine length, is given in Chapter
6.

The sffect of stepped pipelines is discussed {n Chapter 7. The optimum

design of a pipeline, taking economic cansiderations into account s
discugsed in Chaptar 8.

The normalisation of the results is discussed in Chapter 9, which includes a
dimensionat analysis of the parameters invelved.

The model developed to predict the performance of the Tong distance Tine is
outlined {n Chapter 10. The mode! was based on the curves obtained from the
normalisation of the results.

Some genaral obsarvat{ons made during the course of the experiments are
discussed in Chapter 11.

Conclusfons drawn from the {nvest{gations and recommendations for further
research work are discussed in Chapter 12.

The appendices contain information which was referred to in the main body of
this report.
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2.  LITERATURE REVIEW
ITHOSE WHO REMEMBER THE PAST WILL INHERIT THE FUTURE! (Ref.4)

2.1 INTRODUCTION

A 1iterature survey was undertaken to cover all the facats of pneumatic
conveying. Once an overall view of the 'state of the art regarding
pnaumatic conveying was obtained, the parameters relating to Jong distance
pneumatic conveying were reviewed in more detafl. Emphasis was placed on
the affect of pipeline Tength, pipe diameters bends, acceleration and the
design of telescopic pipes.

2,2 PNEUMATIC CONVEYING
2.2.1 Davelopment of Preumatic Conveying

In 1886, Sturtevant {Ret.36) was ane of tha first engineers to use air in
pipelines for the conveying of 1ight mater {als such as wood shavings and
sawdust, These materials were tot abrasive and coutd be passed through the
planing mi})-type fans (Ref.36). The Al)ington charger was invented 1n
1886 by ¥ F Allington which made it possible to convey materials including
woodshav ings, hogged wood chips and pulp chips over long distances using a
pressure~type preumatic convaying system. The pipeline lengths eventually
approached 1000 m.

In 1890, Duckham (Ref.36) produced the prototype of the modern suction grain
untoaders and the present~day marine unloaders for chemicals and other
materials. He invented the air-sleava suction nozzle that enabled material
to be conveyed in a state of luose suspension (fe. dilute phase). By 1914,
60% of all the fmparted grafn tn England and the Continent was handled by
pneumatic pipalines.




The development of the Roots Blower, fin 18589, {ncreased the overall
capabilities of pneumatic pipeline conveying, but its general use for
pneumatic conveying did not occur uyntil about 1220 (Ref.36), From the
phenomenon that aeration of pulverised materials cavsed them to become
fluidised and to flow at a very slight angle of repose, Alonzo @ Kinyan
snvented the fluld-sol{d pump, The first commercial Installation was made tn
1919, After the abrasion problem of the screw pump was solved with the use
of stellite welding rods to hard-surface the screw pump, the fiuld-solids
pump became the prime feeder of pneumatic pipelines {n the cement industry.
Today, some 50 different materials are transported with ths use of the
flnidusul 1ds pump.

Most bakeries, large and small, now use pneumatic pipelines to unload their
flour and sugar from cars to trucks and dellver them to bulk storage
containars. Pneumatic p1pe11na§ have replaced the bucket elevators in flour
mi1ls. The plastics industry has becoma one of the Targest users of
preumatic pipetinas. Single polyethylene plants have total pipeline lengths
of up to BGOOm with {ndividual lengths of up to 700m,

In 1967, Solt (Ref.36) developed the Moduic.e vaive., This vaive is the
heart of a blow tank and pipeline that modulates the rate of material flow
into the pipeline in direct response to Tine conditions, automatically and
instantaneously.

The concept of long distance pnoumatic conveying in which systems {n excess
of 1000 metres long has now been readtly accepted by many mining
organisaticns (Ref.l6). In particular, a aumber of successful {nstailatfods
are oparating fn mines throughout the world (Refs, 12, 28, 3%).

While it has taken nearly a hundred years to bring pneumatic conveying to
the technological base {t fs today, 1t will be many years until ths science
is near complete, The technological advancements made to date as well as
continued advancements which can be expected will yield the ability to
minimise the error, but {t may never be possible to predict the performance
absolutely without error,
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2.2,2 Pneumatic Conveying Theory

Visual abservations of the motion of solids in a glass gipe reveal that the
fiow patterns are rather complex and are {nfluenced by many factors,
inaluding: the solid ioading ratfo, the Reynolds number of ihe flow and the
specific properties of the solfds (Ref 42). In spite of the widespread
application of pneumatic conveying systems fn iIndustry there 1s a lack of
understanding of the fundamental charactaristics and behaviour of the phase
gas~solid flows (Ref.dl),

Owen (Ref.23) commented that the hope of developing a theory for pneumatic
conveying decreases as the pipe dfameters incresse. This 1s a distressing
sttuation since 1t tg generally pipeltnes of larger dfamster which ars of
industrial interest.

A pneumatic conveying system consists of the following four distinct zones,
each requiring {ts own specialised hardware to effect the required
operation,

1 The Prime Mover

A wide range of compressors, blowers, fans and vacuum pumps is
avatiable for providing the necessary energy to the conveying gas.
When designing a pneuratic conveylng system 1t is important to select
the correct prime mover which will deliver the rvequired gas flowrata
and pressure for reliable transportation.

1t Feeding, Mixing and Acceleratfon Zone
This 1s considered ona of tha most crucial areas in any pneumatic
convaying system. Considering that the solids are essentially at rest

when f{ntroduced into the air stroam, a large momentum change occurs as
s011ds accelerate to some 'steady' flow state.
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2.2.2 Pneumatic Conveying Theory

Visual observations of the motion of solids in a glass pipe reveal that the
flow patterns are rather complex and are influenced by many factors,
including: the solid loading ratio, the Reynolds number of the flow and the
specific properties of the solids (Ref 42}, In spite of the widespread
app)ication of pneumatic conveyling systems {n Industry there is a lack of
undarstanding of the fundamental characteristics and behaviour of the phase
gas-solid flows (Refudl),

Owen (Ref.23) commented that the hope of developing a theory for pneumatic
conveying decreases as the pipe diameters increase. This 1s a distressing
situation since it is generally pipeitnes of targer diameter which are of
industrial interest.

A pneumatic conveying system consists of tha following four distinct zones,
sach requiring 1ts own specialised hardwara to effect the required
operation.

t The Prime Mover

A wide range of compressors, blowers, fans and vacuum pumps s
avatiable for providing the necessary ensrgy to the conveying gas.
When designing a pneumatic conveying system {4 {s important to select
the correct prime mover which will deliver the required gas flowrate
and pressure for reliable transportation.

11 Feedings Mixing and Acceleration Zone

This is considered one of the most cructal areas in any pneumatie
conveying system Considering that the soiids are essentially at rest
when fntroduced Into the alr stream, a large momentum change occurs as
solids accelerate to some 'steady' flow state.
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it The Conveying Zonc

The conveying zone cansists of plping, the selection of which fs based
on a number of factors, inciuding the abrasiveness of the product and
the static pressure requirements. Little work has been done on methods
of sizing the piping system to ensure optimum performance of the
system, What is known» however, is that the piping systems can have 2
significant influence on the performance of a long distance pneumatic
A conveying system (Ref.17}.

A number of bends and diverter valves ¢an bhe Included in the conveying
zone. Bends form a critical part of the conveying zone, considering
the change 1n direction of the sol{ds which consist of a deceleration
as they move through the bend, and a re~acceleration at the exit of the
bend.

iv  Gas/Solid Separation Zone

& wide varfety of units {s available for the separation of the solfds
from the gas {(eg. bag type filters and cyclones). The salectfon of an
adequate gas/solid separation system is depepdent upon a number of
factors, the prime factor being the size of the solid particles to be
separated from the gas stream.

Modes of Pneumatic Conveying

Pnecmatic conveying systems are generally ¢lassified into two systems:
dilute phase systems and dense phase systems.

A modal of the flow phases {5 depicted in Figure 2.1, as the concentrattion
of the sollds 1s increased (Ref.18),
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L FIGURE 2.1y MOOEL OF FLOW PHASES

Of particular importance, is the formation of a so called moving or
stationary beds. Tt will be noted the conditions (¢) and (@) in Figure 2.1
s ara described as being stable In the presence of a stationary bed.

In the past, the modos of pneumatic conveying systems were categorised
according to the solids icading ratfo. Selids Toading of 0-15 were
consfdered ditute phase systems and solids Toading aver 18, dense phase
systame» A more rocont ¢lassification is that the pressure minimum curve on
the State Diagram forms the boundary botwsen dense and dflute phase
K conveying {Raf 18}, The type of pneumdtic tonveying system can further be
- classifiod in torms of a positive pressure, negative pressure, combined
negative postive pressure and closed loep system,

The theory of pnoumatic convoying mainly deals with predicting the system
conveying pressure, Much progross has beon made fn doveloping the theovy
o for dilute phase conveying, Densa phase conveying thoory is st{11 very much
in the clemontary stage and 15 sti11 the subject of Intonsive investigations
(Ref.13), The total pressure drop (4pg) fs regardod as comprising of the
pressure drop due to tho flowing gas alone (Apy) plus the additional
pressure drop (4 p,) due to the presence of the soiid particles (Ref.l), as i
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shown 1{n Equation 2.1,

Apg = Apy + Ap, (z.1)
The theory for predicting the pressure drop dus to the air alone, py» has
been readily accepted and is gensrally expressed as in Equation 2.2
{Ref.20).

apy = ApvEAL L 2 (2.2)
The trend is to expross the pressuro drop due to the se1ids in terms of
Equation 2.3, applicatla t3 d¢ilute phase systems,

by = RN aPVE AL/ 20 (2.3)

Thus the system pressure drop Apg is:
Aps = p A oAl /o@D (2.4)
where A= o - }\z

It has bean shewn (R29,13% that the -ressure drop for dense phase systems
may be described by Ezuat’sn 2.5,

Py * pp T EEpmglyg / (RTMY 1 (2,5

An alternative exprassto™ for tha pressure ¢-op across a dense phase system
1s.given 1n £3.ation 2.6 (Ref.13).

Apg = 2.5 L By w0 O E (2.6
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Konrad et al (Ref.¥) derived aan equation to quantify the pressure drop
required to move an isolated plug in a horizontal pipe. For a cohesfonless
materfal, this squation reduces to

p/L = 48, K G/ + 2P0 8, (2.7

Wen {Ref.42) on the other hand has developed an empirical correlation for
the pressure drep in a dense phase system as shown {n Equation 2.8,

Apg 1 4L Py 00 7y = 28 . 4,08 (2.8)

Konrad (Ref.l0) gives a descriptfon of the fiow pattecn for dense phase
conveying., 5o)id particles travel {n plugs whieh 111 the tube at about
maximum packing density. Between these plugs the lower portion of the tube B
{s full of stationary layars of particles with afr flowing aver the top in .
the form of air 'plugs'. Within the plugs of particles there are i
interparticle stredses and there appears to be passive fatlure, fe. the
radfal compressive stress {s greater than the axial stress at svery section,
The radial stress is transmitted to the tuba wall and causes shear stress
which balances the pressure drop dus to the percolation of air through the .
1nterstices of the plug of particles. Konrad developed a guantitative
theory to predict the position between ajr flow, solid flow and pressure
drop. N
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The gas/solid conveying process is perhaps best represented in terms of the
so-called State Ofagram.
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FIGURE 2.2: THE STATE DIAGRAM

The State Diagram shows the pressurs drop per unit length for horizontal
flow systems as a function of average atr velocfty for various product mass
flourates. A reffnement to the State Diagram 1s to modify the abscissy to
rapresent a dynamic pressure tarm (1/2p vz). By inzluding a density ferms
.t is possible to obtain a State Diagram which rapresents all flow
conditions in a system, as opposed to the State Diagram depicted in Figure
2.2 which s dependent upon the Jocation in a system where the observations
ware made,
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The Dimensionless State Diagram is shown in Figure 2,3 (Ref.18).

S

LOG (FROUDE NUMBER)

L.06 {LOAD RATIO)

FIGURE 2.3: DIMENSIONLESS STATE DIAGRAK

The diagram is constructed oy plotting the load ratio agrinst the Froude
aumber in a log-log plot.

From the genera) phase diagram in Figure 2.4 it should be noted that the
1ines of constant flow pattern a1l slope tewards the pressure minimum trace,
tine 11X, It has 31so been shown that the saltation velocity. for fine
particles, takes place before the pressure minimum. For coarse particles,
us the other hand, the saltatfon velocity coincides with the pressure
minimum (Ref.18).
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FIGURE 2.4: GENERAL PHASE DIAGRAM
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A general method has been developed by Rizk (Ref.27) which {1%lustrates the
design and operation of a pneumatic system at optimal conditions, le. the
max{mum Toad ratic at the corresponding froude number where the pressure is
a minimum with the calculated pipe diameter.

Chambers and Marcus (Ref.3) propaosed an empirical model to caltculate the
pipeline pressure Toss for a dilute phase pneumatic conveying system. i

2.3 EFFECT OF LINE LENGTH

The move towards long-distance conveying systems hignlighted the Influence
of the 1ipe length on the discharge rate. Typically, the discharge rate
falls off exponentially with {ncreasing 1ine Tength (Ref,19}. «

PRODUCT HASS FLOWRATE

\

LINE LENGTH

FIGURE 2.5: DECAY IN PRODUCT MASS FLOWRATE WITH LINE LENGTH

The decraase fn system throughput with Increasing pipeline tength is
11lustrated {n Figure 2.5.

It has also been shown by Marcus (Ref.17}, from the analysls of the data
published by Hunke {(Ref.4), that there exists a critical length for
conveying matertal. From the tests conducted over 1000m, 1500m, 2000m,
2500m anc 3000m, 1t 1s clear that the increase in pipe Tength resuits in
more energy being required to convéy 'air on)y! through the system with
corresponding Tess blower power available to convey solids.
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An fncrease in Tength from 1000 metres to 3000 metres reasulted in a
reduction of product fioyrate by 57 times. The conveying rate of 0,347 t/h
aver the 3000 metres {ndicated that a critical length was attalned for the
particular conditions at which the solids mass flow rate was virtually zero.

In laboratory scale equipment for dense phase pneumatic conveying of 2
particutar soiid, the pressure drop 35 usually found to be a 1inear function
of the pipe tength (Ref.24), However, Ramachandrac et al (Refs. 22, 26)
found that with long pipes) which require conveying pressure drops of up fo
6 bar, the prassure drop per unit Tength decreased cont*nually as the air
expanded down the transport 1ine, This effect was also noted by
Muscheiknautz and Krambrock (Ref.22) who suggested that the overall
conveying pressure difference increases axponentially with pipeline length.
It wan also be related back to the State Diagram for dense phase conveying;
as the air expands (fe. the velocity increases) the pressure drop per unit
Tength decreases.

The effect of 1ine Yength 15 1)lustrated in the scaling of pneumatic
conveying systems (Ref.l4). The scale~up of product mass flow rate with
respect to conveying distance can be carried out reasonably accurately, f1f
the extrapolatfon {s not too great, on the following basis:

Gty = Gyl (2.9
where subseripts 1 and 2 refer to the appropriate conveying pipe. The

conveying lengths for a given air mass fiowrate and conveying pressure drop
are then scaled in the ratio G;/G,.
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For dilute phass conveying over Tong distances, Smow (Ref.33} concluded that
the minimum transport velocity increases with Increasing 1ine length. The
peorcentags change in minimum transport velocity as a function of 11ne length
45 shown {n Figure 2.6.

% CHPNGY Xt MINTMES

LING LENGTH

FIGURE 2.6: TREND IN THE MINIMUM TRANSPORT YELOCITY WITH RESPECT TO L
PIPELINE LENGTH

: 2.4 EFFECT OF PIPE DIAMETER

Once a conveying velocity and a load ratto has been selected for the design

: of a pneumatic conveying system, the pipe diameter can be calculated from
o Equation 2.13.

Since a system 1s usually designed for a specific product mass flowrate, the
afr flow rate O {s given by

@ = &/p (2.10)

Assuming an initfal pressure, a first approximatfon of the afr density is
: derived from Equation 2.11. | %

P = p/(RT) (2.11) | i
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- = g
16
Thus the air volume flow rate V is
Vo= Q/p (2.12)
The pipe diametar D {s thus
D= C4,V/tv.w) 1S (2.13)

From Equation 2.4 1n Section 2.2.2; for predicting the pressure drop in a
horizontal pipes 1t can be seen that the pressure drop 1s inversely
proportional ta the diameter.

This is supported by the results obitained for convaying waste rock through
varfous pipeline configurations (Ref.l9).

2.5 EFFECT OF BENDS

The flow of gas/solid suspensions through bends has been the source of much
debate, with many conflicting theories emanating from research work
{Ref.}16). The bends in & pneumatic conveying sysiem are critical when
considaring the wear of the piping for the conveying of an abrasive
material.

The pressure losses associated with the flow through bends are significant
and in many instances the magnitude of these losses is far in excess of any
other pressure losses in a total conveying system (Ref.16), V{sual
observations of the motfon of salid particles in bends indicate that there
are two basic categories of fiow (Ref.l).

1 8u11d particies s11ding around the outer ragfus,

14  Salfd particles colliding seversl times in traversing the bend, the
particie trajectories between the particie-wall impacts sometimes baing
reported as stralght lines and frequently as distinct curves.
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Extensive studies (Ref.l) Into the paths folilowed by cearse particles
indicate that the particles travel rectilinearly along the straight pipe
preceeding a bend unti) they impinge upon the outer wall of the bend. The
particles lose momentum on impact, but are re~accelerated after reflection
by the flow medium.

A popular equation for aestimating the pressure Yoss through a bend {s that
produced by the EEUA {(Ref.38), In this equation, & factor B {the ratioc of
the bend radius to the pipe dfameter) is used to account for bencs of
different rad{{. The basfc equatton alse {ncludes a term to account for the
transpart velogity.

Appeng = BpRVE/2 (2.14)
The transport velocity is defined as
v o= G/(/bf.“\) (2.15)

and B ts obtained from the following table

Ry/0 8
2 LS
4 075
6 0.5

From the tables {t can be seen that the pressure Toss across the bend
increases as the bend radlus decreases (Ref.l16).

For fine particles, the correiation must be modifiad in )ine with the data
of Mason and Smith (Ref.32), A suggested format for the effect of particle
sfze is:

Phend - ° (z_ﬁ;) b .<_op) € (2.16)
Pstraight b
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In the case of fine powdsrs the data Indicates that the pressure losses
predicted by existing correlations overestimate the pressure losses that are
actually measured. In some cases actual drag reduction may be present
(Ref.37).

Schuchart (Ref.32) performed a number of experiments on pressure Tosses in
bends and curves for gas/sol id flow. The experiments involve the use of
glass and plastic particles between 1 and 2 mm in diameter with volumetric
concantrations of up to 5%. '

Schuchart developed the foltowing expression for bends of varying degrees of
curvatura,

APpond . 210,(3_55)"1'15 (211
APsgratght b

For a 90° sharp elbow he suggasted
A - o7 2
Phand 12 ey 117 Ptz LD e (218

where ct =  solid volumetric flowrate
total volumetric flowrate

L= T/t4,0)

Another expression suggesied for ostimating the pressure drop acress a bend
is (Ref.1)1

Ap, = 21, Pgud 12,19
where o, 1s the mean densfty of tho flowfng suspension and fy, fs a

coefficient which takes values of 0,375, 0,188 and 0,125 for bend
radius/pipe diameter ratios of 2, 4 and 6 or more, respectively.
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It has also baen shown by Marcus ef al (Ref.16) that short radius bends
appear to provide the lowest pressure Joss over a wide range of mass flow

ratias, but $t must be kept 1n mind that enly cement was conveyed in those '

experiments, considering the pressure drop across a beond is largely
dependent on the product baing conveyed. It was also shown that the
pressure loss across a bend {s 1inearly rejated to the mass flow ratio
{Ref.16).

In analysing pressure losses in bends, Rose and Duckworth (Ref.28) suggested
a technique that considers only the acceleration portion of the pressure
loss which occurs at the exit from the bend,

Marcus et al (Ref.15) emphasised the impartance of particle deposition In &
bend. It is shown that {n some circumstances whore bend deposition takes
[-tace, deposits might possibly cause blockage of the pipeline. Marcus
{Refd5) also noted that provided sufficient pressurs 1s available a stuble
situatfon w111 bg reached where the high flow velocity will result in an
erosion rate equal to the deposition rate. It was found that ths deposition
had a doubla arch shape formed on the outer side of the bend.

246 ACCELERATION, LEMGTH AND PRESSURE DROP

The acceleration zone is normally associated with that section of the
conveying pipe immediately downstream of the feeding device. A significant
momentum change takes place at the feed point resulting fn a sharp pressure
drop. The importance of this parameter s emphasized by the fact that the
magnitude of the assoctated acceleration pressure loss 1s In excess of the
pressure loss due to friction of solids in this zore (Ref.16).

Scott (Ref.l) gives tho pressure-drop caused by the acceleration of the
s0)1d particies ass

APae * My » g /A (2,203




Chambers et al (Ref.3) uses the following empirical equation to predict the
acceleration pressure drop:

Pa ® LavaZ (1Y ZMVg /v /2 (2.21)

An alternative accelarstion pressure loss 1s given by Marcus (Ref.18)

Pa = M Vo (2.22}
There 1s thus considerable ungertafnty as to what parameters determine the
magnitude of the acceleration pressure loss. From the wide vartation in
acceleration losses obseivad fn various systems (Ref.23), 1t {s difficuit at

present to draw any general conclusions,

2,7 TELESCOPIC PIPELINES

Where high air pressures are used in pneumatic convaying systems problems
can arise because of the high velocities, For long distance conveying a
high 1hittal afr pressure is required, As the pressure of the conveying
alr decreases along the length of the Tine {ts density decrsases with 2
corresponding increase in velowity (Ref.l), It has been shown by Konrad
(Ref.9) that the expansion of the air fr & lTong pipeline is effectively
1gothermal, rather than adiabatic and reversible.

In order to keep the velocity to within reasondble 1imits, stepped pipelines
are often employed.

The design of long distance pneumatic conveying systems has recefved 1{ttle
attention from researchers (Ref.19), Those systems commoniy operate undar
extremaly diivte conditions, making some arbitrary use of stepped pipes in
an attempt to reduce the conveying veloaity,

Sou (Ref.35) suggests that for transporting over long distances, an
economical design 15 one in which, as the pressure Jowers, the pipe diameter
ts changed to the next larger standard stzed pipe so that the minimum
transport velocity is maintained at the inlet of sach section of pipe,
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Soo (Ref.34), alsc states that a preumatic pipeline with minimum pressure
drop w111 be the most economical design.

From abservat{ens made by Snow {Ref.33), it was found that a 1600 m 1ine
cansisting of 900 m, 150 »m diameter pipe fallowed by 700 m of 200 mm
dismeter pipe employed a lower pressure to obtain a higher conveying rate
when compared to the 1037 m Vine of 150 mm diameter pipe, Although 1t must
be noted that the air mass flowrate was reduced when conveying through the
1600 m 1ine. This could also expiafn the Improvement in the performance.

Frem {avestigations into the effect of stepped pipelines (Ref.19) conveying
large YTumps of waste rock through four plpeline arrangemenis: it appezred
roasonable o start stepping a pipe {mmediately after the soclids have heen
accelerated.

Marcus (Ref.l9} suggests that the decisfon to change the pipe diameter is a
coupromise betwesn the maintanance of Tow pressure, the Froude number and
the availability and economics of the piping {tself. It 1s advised to
attain the smallest pressure drop with a minimum number of stages.

Experimental resutts obtained from full-scale, long distance pneumatic
conveying investigations were extensively analysed by Marcus et al (Ref.l7).
The results indicated that in order to maintain a constant solids mass
flodrate at a constant pressure drop, it was necessary to Increase the atr
flowrate as the pipe diameter was increased. The resuTts ¢tressed the
inportance of being aware of the minimum Froude numbsr, The desigh process
developed by Marcus (Ref.l7) {s based on ¢ilute phase conditiens. The basic
philosophy fs that the conveying gas expands between a minfwum Froude aumber
(Frogn) and a maximum Firoude number (Fry, ). Once Fry,., is achleved, the
pipe diameter shou:d be increased such that the conveying conditions on
entering the enlargement should not fall below Fryja. From further analysts
of the experimental resuits, for a pipe’ine with three stages the Froude
number was approximately constant andAz was constant.
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2.8 REDUCTION OF POW(R CONSUMPTION
2.8.1 Optimum Conveying Conditions

The determination of the optimal operating point of a pneumatic conveying
system assumes the knowledge of the conveying phase of the product invoived
(Ref.27). Dense phase pnoumatfc conveying generally result im a low power
consymption with reduced attrition and abrasian. However, under certatn
circumstances, particles wadgs together to form immovable plugs, Amore
dilute phase conveying system {s the only altérnative.

In general, dense~phase slugging or plug type conveying are ideal systems
from the economical, power requirements vlewpolnt {f the conditions prove
suitable (Ref6).

A method has been developed by Rizk (Ref.27) with which one can design and
operate a pnsumatic system at optimal conditions, ie, the maximum mass fliow
ratic st the corrosponding Froude number whers the pressure {5 a minimum
with the caicutated pipe diameter. MWhen considering the gas expapsion fn
Tong Vines, {t is preferable to use staged pipelines (Ref.27). After each
stage care should be taken to ensure that the same Froude number is kept.

2.8.2 Drag Reduction

In most experimental investigatfons of Flow of gas-so)id expansions {t has
bean found that the addition of so)id particles Increases the frictional
resistance to flcw. However, a fow studies reported a decrease fn the
frictional registance balow that of the pure gas when moving small particies
at low load ratios {Ref.42). For example Rossetti and Pfeffer (Ref.31)
reported that at a Toad ratio of 1,5 and a gas Reyno'lds number of 25,000,
the friction facter ratle (f.o.4pg /Apy ) in a vartical test section was
as low as 0,27 when transporting 30 m par’ ¢les in an afr stream. This
corresponds to 4 roduction 1n drag of - * se to 7%, The drag reduction has
been explalned as being the result of tne interaction of the particles with
the afr turbulenca in the vicinity of the pipe wall.

R I O P T . ™
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Extens’va investigations by Marcus (Ref.ll) into drag reducing afds showed
that by fntroducing & complex pulsating type flow into the gas-solid
suspension drag reducing flow cou'ld be effected in a high so1id feed rate
range, which resulted in significant powe: savings in the test sectfon.

Further investigations by Marcus (Ref.1l} on a second type of drag reducing
system utilising a porous type conveying pipe, indicated that in these
experiments pulsatile type flow drag reduction effected greater power
savings with less hardware requirements,

It has been shown by Kano (Ref.6) that the application of vibration to
dense-phase slugging or plug~fiow type pneumatic conveying fs effective fn ;
reducing the power requirementss holding especially true in the use of ]
Tonger pipelines. J

2.9 EFFECT OF MATERIAL PROPERTIES i

The matwrial properties appear to have the greatest influence on the !
performance of pneumatic conveying systems (Ref.7). Before any correlatfon
equation can be used, knowledge of the particle size gistribution is
required, In addition it iz important to know both the maximum and minimum ‘e
pirticle sfzes, Although characteristics 11ke adhesioness and friability !
may be considered 1n specialised aoplicatfons (eg. transporiing carbon '
black), the mean partlcle size and the size distribution criteria dominate

in most industrial applications (Ref.7). |

An essantial element of partfeie characterisation 1s Fluidisation. The
figldarts classification 15 a useful tool {n categorising particles into four
regimes. The use of Geldarts clessification is the first step fin
identifying the mode for transporting a product (Ref.32).

The Geldarts Classification, Figure 2.7, 1solates four groups of products
based on density difference and mean particie size (Ref,32).
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FIGURE 2.7: GELDARTS CLASSIFICATION

are good candidates for dense phase conveying over a vide
range of velocities., They ars sasily asraved and retain
thetr fluldisation characterutics,

can be aeratod but do not retain the atr., They generally
require higher transpori velocities.

thaey are generally too cohesive to fluidise. They are poor
candidates for dense phase.

can be conveyed over a wide rangs of velocities. Depending
upon the size, certain Group D products are good candidates
for dense phase. These products break up into natural plugs.
In the larger size range (d>10mm) and the irregular shaped
praducts, such natural plug fermation does not occur,
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A qualitative basis for selecting discontinuous phasc system types s given
in Figure 2.8 (Ref.7). .

PARYICLE SIZE VARIATION

HEPN FARTICLE SI2E

FIGURE 2.8:: PARTICLE SIZE CLASSIFICATION ZONES

Material in zone 3, belng relatively large and similar in size, will form
plugs having pressure drops proportional to their lengihs. Since the
mater$s2) ¢annot form an fmmevabie piug, the system can be stepped at any
time, and no separate mechanism is required to break up blockages. Very
fine powders 1ike baking flour fall {nto zone L, and can alsc be
successfully conveyed using cenventional equippent. This relies on the
powderts abi11ty to fluidise easily, even 1 the conveying gas flows at a
Tow veloatty. However, {. a plug is given any chance to form by tncreasing
the load ratio until a significant bed forms, or by switching off the
apparatus when the pipe {5 full, the resulting plug may be impossible to
move (Ref.7},

Materials Tike flyash and pulverised coal would 1ie near the border of zones
1 and 2 and while they often exhibit favourabie dense-phase conveying
characteristics, the materials settle and create unstable plugs. Since the
material could be expented to form immovable plugs (belng relatively
imparmeablel, the key to high mass load ratfos appears to be the promotion
of ¢.ufdisation,

- it s T b o ek .
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The problem materials oceur in zone 4, whero the mean size ¢ relatively
large and yet thu particle sfze distributien 15 wide. In a typical dense-
phase conveying situ tion, the fine particles will remain suspended in the
air stream, while the i. wer partictes wi)l form an unstable bed. When the
conveying velocity is redu ~d furthers a plug of large particles will form
which acts as a filter on the percolating air, and fins particles jam the
interstitial spaces, eventually blocking the pipe due to altering the \1
permeabitity significantly (Ref,7),

g 2,10 DESIGN PROCEDURES

- Various design procedures have been developed, based efther on past
n experience or on laboratory tests to determine the performance of the
material.

Stoess (Ref.a?)'devehped a desfgn ¢ ~cess basc. on past experience of
cenveytng varfous products and with tho uso of «irprchensive tables. First
a saturation (1.e. m? free air/kg materfal) {s selected froma table which
{s dependent upon the material and the conveyfng distance. The volume of o
free alr required s simply dertved from the product of the saturations and
the conveying rate. The size of the conveying pipe roguired 1s next i
determined by computing for the constant of the particular pipe by dividing :
the free alr requir.. Ly the velozity which 15 also given in the table of @ "
saturations, Constants for various pipe diameters are also calculated. The f .
operating pressure is determined by multipliying the kW/t factor by the e
prossure factor which is also tabuiated. From the operating pressure and
air flow rates required, 2 suitable blower can be selected.

Perkins {Ref.24) suggests a comveyor sizing procedure which uses empiricai

data and experimental observations. Various tables are used for select ng . S
cnr gotion factors, The alr volume flowrate is determined from an empirical
relationship.

- o Buvla b o
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Vo= a(L) +L5 (2.23)

where ¥ = alr flow mS/kg of material
= ampirical acceleration constant
= conveying distance

[l

A preliminary blower power 15 selected from a table. The appropriate load
ratio and corresponding flow 1o 1isted using data from tables. Alternative
plpe diameters corresponding to the appropriate air ¥low ratés are selected.
The fiaal selsction of pips size and blower {s selected for the most
asconomical system by comparing biower pawer figures.

A design precedure has been developed by Marcus et al (Ref.18) which is
based on a series of laboratory tests to determine the pressure minimum

curve (jivs Fr) and the additional pressure drop curve { b, vs Fr) with

varying load ratios.
Once the conveying rate, conveying distances and s5011ids loading have been
selected, the minimum Froude number (Frp,) s obtained from the laboratory
tests. The required afr mass flow rate 1s darived from Equation 2.24.

@ = é/ K (2.24)
and the volumetric air flowrate is given by
Vo = Q/ g (2.25)
where the ambient s1r density ~o is gliven by

Po = Pt/ tRLTY (2.26)
Assuming an existing pipe system is to be used, thae diameter of the pipeline
{s known, An initial afr velocity can thus be calculated. The pressure

Tosses are calculated using the equatfons which were proposed by Chambers
and Mutrcus (Ref.3).

- “ e A i e e Sk
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2.11 CONCLUSIONS

The literature review provided a background to pneumatic conveying,
discussing the fmportant factors related to Yong distance conveying systems,
Various theories to predict the pressure drop along a pipeline were
investigated. The theoriss are genserally based on s11p velocities and
sattling valecities which require sophisticated test faciiftles to measure, ,l»( B
This preject was aimed st developing a mors practical design pracedure to
determive the pressyre losses in a pneumatic conveytng system. Thus an
attempt was not made to correlate the exparimental resulis to the theories »
discussed fa the 11terature review, !

From the Jiterature review it appears that there sti11 does not exist a oo . -
sound thecretical or empirical base for the design of long distance o
preumatic conveying systems. Especially for long distance conveying where '
the change in velocity ¢anpot be ignoved, the design procedure needs to be
further developed,

A more detatled discussfon of the purpose for further investigations and the PR
preject objectives {s given fr Section 1.1 and 1.2 respsctively,

i o
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3 DESCRIPTION OF EXPERIMENTAL TEST RIG AND INSTRUMENTATION
3.1 INTRODUCTION
The experimental investigatiens deseribed in this report were undertaken at

U¥Tec, the Materials Handling Research Untt of the University of the
Witwatersrand, Johannesburg.

Onty brief descriptions of the equipment and fnsirumetts whici were used for
the project ars given in this chapter, Further details gan be found in
Appendices B and G.

Most of the equipment had been installed prior to these investigations, A1l
the pipeline configurations, except the long distance line, were assembled
for these investigations.

T T T e

3.2 REQUIREMENTS

In order to mest the objectives of the project as putlined in Sectien 1.2,
it was necessary to convay the material continuously. A high pressure
feeding system was required to overcome the high pressure losses over the
Tong conveying pipelfnes, VYariable air and solids mass flowrates were also
required fn order to vary the solids loading ratio.

.‘F_M.AY

Accurate and relfable results had to be recarded. The important parameters
being:

"', i a)  Conveying pressure,

o b)  Soiids mass flowrate. :

" ¢} Alr mass flowrate, N,
Once 211 the data had been rocorded: a detailed analysis of the results was H {
carried out. a

“ [ W9 A v wie sl
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3.3 QPERATING RANGES

‘Ihe correspending range of the follawing parameters is outlined below.

a)

©)

Afr Supply

The maximum dalivery pressure from the compressors was 700 kPa. The
air flowratns could only be varied by running different combinations of
compressors. A continuous varfabie air mass flowrate supply was thus
not available. The minimum air flowrate was 360 m3/h which was
delivered from one compressor. The maximum air mass fliow rate was
Timited by the capacity of the air solids separation unit Jocated at
the end of the conveying 1ine. This unit was designed for a maximum
air #1wrate of 2016 mw/hr.

Prodoct Mass Flowrates

The product mass flowrate could be varied from 0 t/h {f.e. air alons}
4o a maximum of 20 +/h which was the maximum design capacity of the
rotary valves,

Figcline Diameters

A minimum pipe diameter of 105 mn could be used because the outlet from
the rotary valves was 175 mm fn dlameter. It s not recommended to
step the pipe to a smuller diameter after the feeding point. High
pressure drops and hlockages could arfse within the range of product
mass flowrates to be Investigated,

Pipe diametors of 156 mm and 200 my woro also available. The maximum
Tength was 1353 metres which consictod of 355 metres, 105 mm diameter
pipe followed by 25 metros, 156 mm ¢iameter and 378 metrus of 200 wm
diameter pipe,

i
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3.4 DESCRIPTION OF EQUIPMENT
A diagram of the test rig layout 1s given in Figure 3.1
3.4.1 Tandem Pressure Vessels

Brisden tandem pressure vessels, fittsd with rotary valves at the confcal
section of the vessel, were used for feeding the material into the pipeline,
The oparating cycle of the system was controlled by a programmabie Togfe
contraller such that whilst one vessel was In the Fi1ling mode, the second
vessel was discharging the product, Continuous flow of so01ids was thus
ensured. Details of the operating cycle are given {n Section 4.7, The
vessel specifications are given 1n Appendix B,

3.4.2 Filter Unit and Receiving Hopper

A bag type, reverse Jet filter unit was located on top of the receiving
hopper which in turn was located directly above the intermediate hopper ay
shown {n Figure 3.1. A butterfly valve at the bottom of the receiving
hopper ewabled material to be collected in the receiving hopper. Fiexible
rubbar pipes were used for all pipes enfering the receiving hopper to ensure
an accurate response from the Toad cells.

3.4.3 Conve ing Fipes

Mild steel pipes were used in all the pipelina configurat{ons., Rubber
gaskets were used to prevant leakago at the flanges. The pipes had to be
well secured on the pipe racks, especially when conveying tn the desse phase
made .

A sight glass was included in cack pipelino configuration such that the flow
patterns coule be observed.

L. . -« [- w5 [ 73R N R
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3.4.4 Compressors

The following set of ct. .ressors ware used to supply the conveying air with
the corresponding ra*ed free air delfveries:

COMPRESSOR FAD
tm®/min)
BM40 1
Demag 8
Hydrovane 10
Atlas 12

The piping arrangements from the compressor house enabled the running of any
combination of the compressors in parailel to vary the air mass fiowrate
deiiversd to the test rig,

Service air, supplfed by a separate compressor to various points in the
laboratory, was used to cperate the pneumatic actuated valves and the
preumatic system of the control panel, The service air was also used to
fluidise the material in the intermodiate storage hopper and Brieden
vessels. The specifications of the compressors are incliuded in Appendix B,

3.5 INSTRUMENTATION AND DATA ACQUISITION

The tmportant parameters recorded were: conveying pressures, air mass
flowrates and product mass flowrate, Initially, the pressure profile
along the convaying 11ne was alse recorded. Duo fo povr repeatability and
regular biockage of the pressure tappings along the 1ine, further pressures
atong the conveying 1ines were not recorded. Only the conveying pressure
was considerad {n the analysis of results.
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A11 the pressure transducers and the afr flowmeter have a current output
signal opposed to voltage output. As such, it was possible to accurately
monitor all parameters without any problems associated with voltage #rops in
transmission 1ines.

Details of the calibration procedures and calibration curves for all the
instruments are given in Appendix C.

3.4, Air Flowrate

A vortex shedding flowmeter was used to record the volumetric flowrate of
alr. The basic principal of the flowmeter {s that vortices are shed from a
wedge which s placed in the air stream. The rate at which the vortices are
shed is proportional to the air velocity.

'
The afr mass flowrate was derived from the product of the volumetric flow
rate and the air density at the flowmeter. The density of the air at the
flowmeter was given by Equation 3.1.

L= p/IR.T) (3.1)

where p was the pressure at the flowmeter and T, the air temperaturs. A
temperature resistor was used to record this tomperature at the flowmeter,

The flowmeter was calibrated according to British Standards BS 1042 (Ref 2)
with the use of a pltot statfc tube.

3.5.2 Product Mass Flowrate

Material was collected in the receiving hopper at the end of the conveying
Tine. Bridge type, strain gauge, lo.d celis were used to record the mass of
material {n the hopper. The product mass flowrate was simply obtained from
the rate at which material was collected in the hopper. The location of the
load cells are shown fn Figure 3.1,

©?




corresponded

Appendix C.

Figure 3.1,

FIGURE 3.2:

ATl the load cells ware joined in parallel to an Instrotech comnection box.
A voltage output signal from the connection box was recorded which

Calibration weights, each with a mass of forty kilograms, were used to
calibrate the Toad cells, The calibration curve and procedure is given in

3.5.3 Pressures

el A1 pressures were recordad with the use of Fuji pressure transducers. The o
: conveying pressure was defined as the pressure at the flowmeter as szhown in
The mil1iamp output signals from the tramsducers were recorded
by simply measurtng the voltage drop across known resistors. s A

An {1 lustration of the filter arrangement at the pressure tapping points
along the conveying pipsline 1s shown in Figure 3.2,

to a specific mass of matei‘a: in the hopper.

CONVEYING PIPELINE

FILTER ARRANGEMENT AT THE PRESSURE TAPPING POINTS ALONG THE
CONVEYING LINE
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3.5.4 Data Acquisttion System

The computer hardware available for recording data consisted of a personal
computer, a double dfsc drive, the data acquisition and control unit, a
printer and a plotter.

The data acquisitfon and control unit was only used to record data and not
for controlling the operation of the taest rig. In some cases, a chart
recorder was also used to recor the product mass flowrate and the conveying
pressure.

The data loggwr only measured voltage signals. Res{stors were used to
convert the current signsl from the instrumenis to a voltage signal. The
computer programme for collecting data, converted the voltage signals
recorded by the data logger to the corresponding parameter with the use of
+the calibration equations for the specific instrucent. A listing of the
computer prograpme is given in Appendix D.

3.6 DESCRIPTION OF PIPELINE CONFIGURATIONS

An 111ustration of a1l the pipeline configurations investigated 1s given in
Figures 4.1, Dimensfonral drawings of the pipelines are given in Appendix E.
Figure 3.1 shows details of the equipmen® at the beginning and at the end of
the conveying pipelins.

3.7 SYSTEM OPERATING CYCLE

The Briegen tandem blow vessel system, connected to a programmable logic
controtler, could either run in an avtomstic or manual mode.

The basic cycle is outlined below in point form.

1)  The vent valve on each blow vessel opened when the cycle was commenced
by selecting the autematic mode on +the control panel.
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2)  Once the vessuls were completely depressurised the s1ide valve above
the vessels opened and the conical valve of the first vessel opened to
£111 the vessel with material,

3)  The high-level indicator In the vesse] signalled that the vessel was
full, resulting {n the slide valve and conical valve to close.

4)  The vessel was then pressurised with service air to the expected
conyeying pressure.

5) Qnce the vessel was pressurised the rotary valve fed the material into
the conveying 1ine. The matertal was fluidised in the vassels with
service air.  The higher pressure in the vessel than in the coaveying
11ine ensured that material would not be held up in the vessel.

6) The jow-level {ndicator signalled the rutary valves to stop feeding
material,

7} The second biow vessel followed the same operating cycle as the first
vessel, as outlined in point 2 to 6.

8) Once the first vesssl was empty, the second vessel would immediately
start conveying material to ensure a continuous flow of material in the
pipelina.

9}  Once the roiary vaivae stoppad, the corresponding vent valve opened to
depressurise the vessel,

A problem encountered was that the response time of the Tevel indicators vas
too Tong, resulting in discontinuous flow of material into the pipeline.
The reasun being that the indicators operated on a capacitance principle and
were not sensitive enough to distinguish between the dielectric constant of
fluldised flyash and afr.

To overcome the problem, the sensitivity of the indicators had to be
manually adjuste¢ during the operating cycle to improve the response time,
and ensure continucus canveying,
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3.8 EXPERIMENTAL PROCEDURE

Once al) the fnstruments had been ¢alibrated and nstalled, + < ure
outlined below was followed for each t¢st run.

A test run consisted of sotting a fixed air mass flowrate and recording data
for various different preduct mass flowrates. For each pipeline
configurations tests vers rua for 2 range of afr mass flowrates.

It took approximately 45 minutes to record relfable data for each test runm.
A set of data was recorded abaut every 12 seconds which consisted of an
averags of 5§ scans from the data logger,

Correct zeroing of all instruments was of uimost importance such that
repeatability of results could be assured.

The procedure is given in point form.

1)  Check the availability of the computer facilit{es and the air supply.

2) load the computer programme which recorded and stored the data
{Programme I as listed in Appendix D).

3} Depressurise the air supply line to the test rig.

4)  Switch on the power to al) the instrements (24 V supply}.

5) Record the ambient air temperature and barometric pressure.

6)  Start the computer programme, to record the zero values fromall the
instruments.

7} Switch on the:r extractien fan for the filter unit, power %o the
control panel, compressor for the conveying and service air.

8)  Select the awtomatic mode on the contro) pane) to start the conveying
cycle as outlined in Sestien 3.7.

@) Run the system for 5 minutes to ensurs cantinuous conveying.

10} Close the valve under the recelving hopper, col)lecting material in the
hopper to determine the product mass flowrate,
11} Gontinue the computer programme to record data for the specific product

mass flowrate.

e e AL e, . Beetess mvsad g <R
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12) Record data for different product mass flowrates, adjusting the speed
of the rotary valves in each case.

The repeatability of the results is discussed in Appendix I.
3.9 COMPUTER SOFTWARE

The programmes for recording and analysing the data were written in Hewlett
Packard Bas{ic. The diagram in Figure 3.3 {1%lustrates the interaction
between the programmes, A 1isting of the programmes 1s given in Appendix D,

Yoltage signals from the data logger wers recorded by Programme 1. which
printed out all the resutts recorded during the test. At the end of a test,
a1l the resuits, as printed out, were stored on a micro disc. A copy of a
typical print-out for a test run {s given tn Appendix A, The print-out aliso
served 3s a back-up for the information stored on disc.

Programme II read the data from the storage file displaying the data on the
screen. The data was processed in Prograsme III and stored in data fiies on
0 disc,

In Programme IV the information from selected data files was read. The
parameters o be plotted (eg. pressure and load ratio) were stored in a file
which was compatible with an existing software package ¥for plotting graphs.

Numerous alterations were made to the programmes in order to analyse the
data in different fornats {eg. pressure versus velocity, power versus load
ratio, etc.), These minor alterations are not shown in Appendix D.
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FIGURE 3.3: INTERACTION BETWEEN COMPUTER PROGRAMMES FOR REGORDING AND
ANALYSING DATA
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3.10 FLYASH PROPERTIES

3.10.1 Particle Size

Generally, flyash is dominated by tiny spharical particles (2 - 80 microns) ;
with occasional separate mineral grains. The particle size distributfon of .
the flyash, used in the exparimental investigations described in this i
report, was obtalned by Coultar Counter analysis. In Figure 3.4, the
cumulative mass percentage {s plotted against the particle diameter. The
average particte size (fe, at 50% cumolative mass percentage) corresponds to
& particle size of 16 microns.

PARTICLE SIZE Cmicrons)
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FIGURE 3.4: PARTICLE SIZE DISTRIBUTION
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3,10.2 Bulk Density

The bulk density of the fiyash was 930 kg/ms. A contafner of a known volume
was filled with a sample of flyash, Care was taken not to compact the
flyash. From the mass of fiyash {n the container the bulk density was
detarmined.

It has boen shown (ReflS) that the true particle density of flyash, using a
picometer, fs in the order of 7360 kg/m.

3.10.3 Geldarts Classification of Flyash

On the Geldarts Classification, as discussed in Sectioin 2.9, Flyash ldes on
the border of Group A and Group C products, Although Group € products are
usual 1y too cohesive to fiuidise, fiyash fluidises easily and is regarded as
a good candidate for dense phase conveying.
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4.  EXPERIMENTAL PHILOSOPHY

4,1 INTRODUCTION

In this chapter the reasons are outlined for conveying through the various
pipel ine configurations. A diagram summarising all the pipeline : §
configurations {nvestigatea is given in Figurs 4.1,

i
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4.2 PIPELINE CF {FIGURATIONS INVESTIGATED

The effect of stepping a pipeline at various distances along the 11ne was
first tnvestigated over a length of 100 metres {s configuratfons 100A, 100B,
100C and 1008, as shown in Figure 4.1, figure 4.2 11lustrates the trend in
the conveying pressure which was expected under certain conditions of the
load ratios which were to be determined. This figure was derived from the
investigations by Snow {Ref.33) who showed that the pressure drop in a
stepped pipelina over a distance of 1600 m was Tower than the pressure drop
over a constant diameter pipelfine under the same operating paremeters. This
trend 1s {11ustrated by the conveying pressure of configuration 100D in
Figure 4.2 being higher than the conveying pressure of configuratfon 100C.
The conveylng pressure {n configuration 1008 was expected to be Tower than
100A due to the decreass in pressure drop per unit length for the Targer
didmeter pipe section in configuration L00B. The decreass in pressure drop
per unit length with fncreasing pipe diameter was discussed {n Section 2.4.
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An optimuie stepped pipeline would thus corresp . to the towest conveying
pressure as shown 1n Figure 4.2,

From the experimental investigations, the Towest conveying pressure was
found to be in the pipeTina with a constant diameter of 156 mm [100D1. Thus
an optimum stepped pipeltine as {1lustrated by pipeline configuration 1000 in
Figure 4.2 was not evident, It was concluded that a larger diameter pipe
would simply yfeld a lower conveying pressure.

The advantage of a stepped pipeline was expectad to be evident over a longer
conveying distince and consequently tests were conducted over 400 metres
through configurations 400A and 4008 as shown in Figure 4.1. The conveying
pressure recorded in the stepped pipel{ne {400B) was not remarkably Tess
than the constant diameter pipeline (400A). Thus, even over a distance of
400 meters the benefit of a steppad pipeline was not evident,

To determine the bffect of pipe diameter, at teast three different diameter
pipel ines had to e investigated,

Tests were therefore conducted over a distance of 200 metres with pipe
diameters of 105 mm» 150 mm and 200 mm. Using the resuits from
configurations 100A, 200B and 400A, the effect of Tine Tength couid be r i
determined. N o

Tha experimental results recorded for the long distance 1ine (1200A) were
compared to the empirical model developed for predicting the performance of
the Teong distance 1ine. The model was developed from the resulis of the
pipelines with constant diameters (100A. 100D, 200A, 2008, 200C and 40CA),
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RESULTS AND PERFORMANCE CHARACTERISTICS

5.
5.1 INTRODUCTION

A comparison of the results, discussing the effect of pipe diameter, length
and stepped pipelines, 1s glven in Chapters 6 and 7. In this chapter, ihe
equations expressing the conveying pressure in terms of product mass
floweate and air mass flowrate are discussed.

An example of a pressure profile along one of the pipelines 1s also
discussed, out}ining the problems involved in recording the pressures aleng
the 1tne.

In Section 5.1, typlcal vresults from varfous pipeline configurations show
the general trends in the performance of a pheumattc coaveying system. The
resulte recorded for the jong distance 1ine are briefly discussed In Section
5.5,

5.2 EQUATIONS FOR RESULTS .

An aquation was Yound for tha conveying pressure as a function of product
mass flowrate and air mass flowrate, for each pipeline configuration. Using
these equations, the performance of the varfous configurations were

compared, as discussad 1n Chapters 6 and 7.

Figure 5,1 shows the typical retationship between conveying pressure and
product mass flewrate for difforent afr Flowrales.
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FIGURE 5,1; CONVEYING PRESSURE VERSUS PRODUCT MASS FLOWRATE

Using regression analysis, the following expression for the conveying
pressure was found:

o = A+BlE (5.1)

where p 1{s the conveying pressure and G, the product wass flowrate. A and
8 are functions of the air mass flowrate. For zero product mass flowrate

p = A (5.2)
A, thus represents the pressure drop due to air alone.

The square root relationship {n Equation 5.1 was chosen because the
correlation was better than a simple linear relationship in the form of:

p = A+B.G
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The equations for each pipeline configuratfon .re summarised in Table 5.l.
The graphs of conveying pressure versus product mass Flowrate and A and B as
a function of air mass flowrate, are included in Appendix A.

Thus:  p = ACh) + B(0) &

TABLE 5.1: EQUATION FOR A AND B

Pipeline A B

Configurations N (@
100 A A= 133,901 . &2 B = 10,847 + 23,309 . O
100 B A = 105,682 . 0% 8= 9,344 + 16,567 . 4
100 ¢ A= 45,138 . 02 B = 10,229 + 7,727 . @
100 b A= 48,468 . 02 B= 9,639+ 9,868 , &
200 A A = 257,406 . 02 8 = 27,860 -~ 3,558 . Q
200 B A= 60,275 . 0% B =16,728 + 0,267 . Q
200 C A= 77,895 , &2 8= 19.5;57’ ~ 4757 .4
400 A A= 102,801 , &7 B = 13,200 + 17,272 . &

The accuracy of the equatfons was determined by plotting the experimental
pressure drop against the pressure drop derfved from the equation for the
same product and alr mass flowrates, as shown in Appendix I.2. The
percentage error, as defined in Equation 5.3, and the correlation
coefficient (Ref.40) for all the equations are given {n Tablie 5.2,

% error = \P(aqu) ~ F(exp)‘ . 100 {5.3)
P
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TABLE 5.2: GORRELATION OF EQUATION TO THE EXPERIMENTAL RESULTS

PIPELINE AVERAGE PERCENTACE COEFFICIENT OF
CONF IGURATION ERROR [%1 CORRELATION
100 A 8,7 0,952
00 B 8,8 0,996
0 ¢ 7.7 0,906
100 0 5.4 0,946
200 A 3,8 0,964
200 8 8.3 0,904 R
200 € 12,3 0,894 f
! »®
i
400 A 6:10 0,998
The deviatfons of the experimental pressure drop from the equations are due “ oy

to the uncertainties in the experimenta) results and due to the equation
retating the pressure to the product mass flowrats and air mass Tlowrate, as
gfven by Equatfon 5.1. As the product mass flowrates fncrease, the system
operates in a more dense phase mode. A cubic model, shown {n Figure 5.2 ! T
would then probably fit the data more accurately, although at high air mass d
flowrates, a 1{near model wou'ld be more appropriate.
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tt &
5.3 PRESSURE PROFILES ;
The importance of the static press, »° g the pipaline {s that parameters 3
such as velocity, Froude number and ., ..fc pressure ars all related to the { N
pressure, The Froude Number for {nstance is an important parameter for the i 2
design of stepped pipelines (Ref. 27). P
g
A typlcal exampie of the static pressure profile recorded for the 100 metre ‘ P
Tine with a diameter of 105 mm (Configuratfon 100A) is shown in Figure 53, M
An 111ustration of the pipeline configuration showing the location of the B

The first transducer P{l}, defined as ithe conveying pressure, was located at
the flowmeter, approximately & metres upstream of the rotary valves where
the product was fed into the conveying line, The pressure drop from P(1) to

|
1
pressure tapping points is given in Figure 5.4, !
i
i
i

,M.A,\Vﬁ,_”,‘,

e ‘ the rotary valves was negligible, as shown fn Appendix G.

P

L The largs pressure drop from P{l) to the second pressure transducer P(2),
- which was situated 6 metres downstream the rotary valves, {s due to the

i
|
losses across the feeder and the acceleration of the product. FA
!
|
i
1
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The acceleration prassure drop, which 1s given by Equation 5.4 (Ref. 18)y
Pa = M Vg poC (5.4}
only contributes about 15% of this pressure drop.

eg. From the results of tast number 100AL, shown in Appendix A

Ho= 249
Ve = 94
Po = L5T

assuming ¢ = 0,5

thus py = 24,9 . 9.4 . L,57 ., 0,5
= 1,7 kPa

and the pressure drop from P(1) tb P(2) was recorded as 12,0 kPa.

It thus appears that 85% of the pressure loss across the fesder iz dus to
the resistance of flow through the feeder. The resistance of flow could be
due to the vanes of the rotary valves passing through the flow stream and
due to additional turbulence. Meijers (Ref.2l) emphasized the importance of

developing an effecient feeding deveice to reduce the pressure Jiss across
the feeder,

The third transducer was located 29,6 me.res away from P{2), aleng a
straight horizontal section of tha pipeline, similar to the section between
pressure transducers P(5) and P(6). The intention was to analyse the
pressure drop per unit length acrpss these two sections in terms of a
polytropic expansion of the gas.

- " 2. v e e B wu il
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From the results shown in Figure 5.5, 1t ¢an be seen that the sffect of
product mass flowrate on the prassure drop was {nconsistent. Usually the
pressure drop increases with increasing product mass flowrate, but from the
results recorded the pressure drop was lower fn seme cases with high product
~ass flowrate. The repeatabiiity of the results was also unacceptable.

It thus appears to be an unstable flow regime, where there {s a continuous
fluctuation in pressure due to plug type flow, although the conveying
pressure P{1) was stable and could be recorced with an acceptable
repeatability.

Another problem in recording the pressures along the conveying 1ine was that
the pressure tapping points blocked after about 15 minutes of conveying.
The installation of a complete purging system was not practical considering
all the pipeline configurations and distance to he fnvestigated.

- - . e e e b

*




53

b LINES OF CONGTRNT PRODUGT HAGS FLOWRHTE +
LS
L 21 189 eh
31w em YT LENGTH ¢ taBe
-~ 4 23.0 ton NIRMETER 105 wm
g lge 51308 e Tost Mo 1 ieeR
= AIR HASH FUOKRATE G » @.12 kpry
w Ba
¥
]
3
2
g 68
’ 49 b
28 p
» ° S4
N -ig -] 1ge
DISTANGE ALONG PIPELINE Lm2
FIGURE 5.3: PRESSURES ALONG THE PIPELINE
® PRESSURE TAPPING POINTS
(&3]
P(1) L :(5)

P{2) Pa)

FIGURE 5.41 LOCATION OF THE PRESSURE TAPPING POINTS

)
-t - " o o ke b el




»
£S/W3 ALIDON3A MIW W
Bb ag 2e g2 »2 B2 a1 21 8 v a [}
: T . T : : : - r a i
8 4
- ﬂﬁ o
°
06 . - e
o 95z % €2 . @ g P
3] 5791 L, *wo'gl 42 P g 2
hnﬂﬁ < L el -
Pl 2 691 5 0bguyy g9t z
peoLe N mGegy s, . 1 4
. ocet [ 1€ b 5
5 8°6 » @ g b}
et =
. 6°61 » I o 2
% I > z
. . g
SegE = 1687
g 2 @
ugBt :  -oN 3eey 4 g- M m
@ gogz - 3 2
3 «
% €431 ¢ SRUAHEI0TS SSHW LDNGONd 4 27
. 8
4
i
H




55

An alternative filter arrangemeat at the pressure tapping points was
aevetopecs as shown in Figure 5.6,

The porous media (sintered bronze) was placed flush with the internal pipe
wall. The idea was that the flow of materfal would prevent the media from
blocking.

1t was found that the smalt particles of flyash blocked the porous media

after only five minutes of conveying.

TUBE COMNECTED TO
PRESSLRE TRANSDUCER

FILTER ELEMENT
(SINTERED BRONZE)

CONVEYING PIPELINE

FIGURE 5.6: ALTERNATIVE FILTER ARRANGEMENT OF THE PRESSURE TAPPING POINTS

The only pressure of intersst for further analysis was the conveying
pressura P(l), which could be recorded accurately with an acceptable
repeatabiitty. This prossure was recarded upstream of the fead point in a
clean afr condition,

- - o e ke e et e B o
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5.4 PERFORMANCE CHARACTERISTICS

The powar required to convey the material was definad as the air power Joss
across the conveying system. The sxpansion of the afr in the conveying
pipeline is fsothermal (Ref.9), thus the power required for isotherma?l
compresstonr as given by Equation 5.5, was used to calculate the pover o
convey the matarfal.

POWer = pPap » Vgaq o BN E Py 4 Pat ) (5.5}

whare  p,; = atmospheric pressure
Vead = free air delivery from the compressor
py = conveying pressure

Usually the performance of a preumatic conveying system s predicted by
considering the pressure losses of the following components individuallys

1)  acceleration zons

2) bends

3)  horizontal conveying line
4}  vertical cenveying line
5y filter unit

The conveying pressure, which {s the summation of &11 the pressure losses in
the system, was of prime fnterest in this project. The conveyling
characteristics are thus discussed relative to the point at which the
conveying pressure was defined as shown in Figure 3.1,
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5.4,1 Conveying Prossure Versus Air Yelocity

The State Diagram as discussed in Section 2.2, gives the prassure drop per
unit Tength as a function of the air velocity with the product mass flowrate
as a parameter.

In this case the pressure drop over the whole system was plotted against the
air velocity at the flowmeter. A sc-c2)led !'Stata Diagram! could thus be
drawn, as shown in Figure 5.7, Tha difference fs that the pressurs drop
includes the Yosses due to accaleration and bends and that the velocity
recorded does not take inio acceunt the expanston of the air along the
conveying 1ine,

The impertance of the so-~called 'State Diagram', shown In Figure 5.7, is
that the pressure minimum 1s not evident. Investigations by Meijers
(Ref.Z1) have shown that the pressure minimum on the State Diagram for
flyash, with a product mass flowrate greater than 5§ t/h, occurs at a
vetocity greater than 20 m/s. It can be seen fn Figure 5.7 that even at an
air velocity of 10 m/s, a pressure minimum had not been reached.

The acceleratfon and bends effects appear te have a significant influence on
the overall pressure drop.
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AN

5.4.2 Conveying Pressure Versus Load Ratfa

Figure 5.8 {1justrates the conveying pressure as a function of the load
ratio with air mass flowrate as a parameter. The advantage of conveying at
1 mintmum air mass flowrate is evident. It is important to note that when
conveying st high load ratioss the air mass flowrate should be kept as low
as possible. The maximum available pressure could be exceeded {f the air

° flowrate is too high and the load ratio Is increased. At low air mass
* y flowrates, the conveying pressure is less sensitive to an {ncrease in load
ratio.
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5.4.3 Power Yersus Product Mass Flowrate

From Figure 5.9 ft can be seen that the power required to convey the
material 1s more sensitive to an increase in air mass flowrate than product
mass flowrate. A 100% {ncrease i, product mass flowrate from 15¢/h to 30
t/h at a constant air mass flowrate of 0,3 ky/s results In a power increase
of only 33%. When doubling the air mass flowrate from 0:,14 to 0,30 kg/s at
a constant product mass flowrate of 20 t/h, the power required increases
from 5 to 15 ki, a 2008 {ncrease.
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5.4.4 Power versus Load Ratic

The Tines of constant product mass flowrates in Figure 5.10 117ustrate the
decrease in power with increasing load ratfa. A point of minfmum power with
increasing load ratfo at a censtant product mass flowrate was not apparent.
If the product could have been conveyed at higher Toad ratlos of the order
of 100, by decreasing the air mass floyrate, the pressure term P(1) would
evantually dominate in Fquation 5.5 from which the power was calculated.

Power = pay . Veag o bOCPONY /pgy d (5.8)

A mintmum power wil) thus appear which would be the optimum point for the
design of a system. It is Important to copsider the maximum availabie
pressure which often 1imits the system from operating at the power minimum
point,
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5.4.5 Power versus Afr Velocity

The decrease in power as the afr velocity decreases for a constant product
mass flowrate is shown in Figure 5.11, In the Jow velocity range the power
appears to approach a minimum. The velocity at which the power minimum
would occur is expected to Increase as the product mass Flowrate increases,
A power minimum curve could thus ba drawn, similar to the pressure minimum
curve of the State Diagram as discussed in Section 2.2,

The difference in power required to convey material at a rate of 10 t/h and
20 t/h also decreases as the air velocity decreases, Thus, if the capacity
of a conveying system was to be increased, the additional air power required
decreases as the conveying air velocity decreases.
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5.4.6 Product Mass Flowrate versus Afr Mass Flowrate

The conveying characteristics of a material are generally given in the
graphical form of product throughput versus air flowrate for a specific
pipel ine lTayout (Ref.14). Figure 5.12 siiows a typical set of results for
the 200 metre pipaline with a diameter of 156 mm.

The conveying potertial of a pipeline configuration can be determined from
these results where the pressure drop across the system is tho 1imiting
factor. For a maximum permissible pressure drop across the system, the
product mass flowrate decreases as the air mass flowrate increases.
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5.5 LONG DISTANCE RESULTS

The problem fnitially encountired whan conveying through the long distance
1ine was that fnsufficient storage space was available {n the Intermediate
hopper to enable continuous conveying. An additfonal 3500 ky of flyash was
Toaded into the system using the pipeline itself as storage space for the
material.

For a minimum air mass flowrate of 0,3 kg/s, the product flowrate had to be
Jess than 5 £/h to ensure continuous conveying. At higher product mass
flowrates, fnsufficient material was available in the storage hopper at the
beginning of the conveying 1ine. The {nstallation of larger storage hoppers
would have seén the only othar alternative. At a maximum alr flowrate of
0,44 kg/s» the {ntermedfate hopper and the recelving hopper would 111 up
completely with material if the product mass flowrate was less than 6 t/h.
The range of the results recorded was thus constrained by these conditions.

A1l the results recorded for the long distance 1ine are shown in Figure
5.13.

A iypical mass varsus time trace of the material callectsd in the receiving
hopper 15 shown 1n Figure 5,14, The sudden increase in the mass indicated
that plugs of material were entering the hopper. The material was thus
being conveysd in ¢ dense phase mode at the end of the pipeline. )
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5.6 CONCLUSIONS
The following conclusions were drawn from discussions In this chapter.

1) From the experimental results it appears that the conveying pressure
was ralated to approximately the square root of the product mass
flowrate.

2} The scceleration pressure losses at the feeder are overshadowed by the
losses due to the resistance of flow through the feeder,

3) The results show that the conveying pressure is a minimum for the
Towest air mass flowrate, Although ft appears that there is an optimum
toad ratio corresponding to a minimum conveying prassure. Higher Bt
product mass flowrates are required to verify this optimum load ratfo. )

4)  Under the conditlons investigated, the material is cenveyed in a dense
phase mode at the end of the Tong distance line.

For future exparimental investigations, 1t should be noted that a purging o e
system {s requirsd to measure the pressure along the conveying 1ine to h
prevent pressurs tapping points from blosking, A Targer intermediate hopper L -

15 a1so required when conveying through the long distance line. With more
storage space available, higher product mass flowrates can be investigated i
in the Tow alr mass flowrate range,
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6. PIPELINE LENGTH AND DIAMETER EFFECTS ON THE SYSTEM PERFORMANCE

6.1 INTRODUCTION

In order to develap criteria for stepping pipelines, one would require a
sound underst nding of th pipeline length and diameter effects on the
system perforr .ace. The individual effects of the parameters are discussed
1n Sectfons §.2 and 6.3,

6.2 PIPELINE LENGTH EFFECTS
6.2.1 Introduction

It 1s commonly known that the conveying distance is one of the major factors
inflgencing the performance of pneumatic conveyfng systems, The length of
pipelina alsoc 1imits the design of pneumatic conveying systems.

It has been shown (Ref.}7) that thers exfsts a critical length of pipeline
beyond which 1t is not possible to convey material., A17 the energy is
required to convey the air, and no additional energy fs aveilable to convey
materfal,

The effect of conveying distance on the performance has been established by
varicus researchers (Refs, 5, 33, 35), In Section 6.,2.2 the results from
the investigations described in this report confirm the effect of lins
Tength on the system performance.

A new concept to determine the effect of 1ine length is discussed in Section
6.2.3, The area under the curve on a State Diagram {s shown io represent
the pressure drop across the system.




6.2.2 The Effect of Line Length on Conveying Pressure and Product Mass
Flowrate

6.2.2.1 Conveying Pressure

The equations develepad {n Section 5.2 were used to plot the conveying
pressura as a function of the effective 1ine length. The equivalent
horizontal length of the bends, whieh {5 discussed in Appendix F, was i
obtained from investizations by Jerdine (RefS)

The conveyi:g pressures are shewn in Figure 6.1 for the 100, 200 and 400
metre pipelines with constant diameters of 156 mm. The air mass flowrate was
kept constar at 0,3 kg/s. The following equation couid be used to express
the conveyir; pressure in terms of the effective 1ine length.

po= AL (6.1}

where A 1is thc proportionality cons ant and a fungtion of afr mass Flowrate
and product russ flowrate. wWithin the range of effective 1ine Jengths
investigater, . would be Jo2: than 1. Jardine (Ref.5) found that x was of
the order aof fer the cor 2ying of flyash over distances of 100, 200 and
400 metres ir LIE < diametc- pipe?ines.

In Section 8.3 t~o relatfonship botween conveying pressure and 1ine Tength
is diseizso by Isnsidering the arca under the curve on the $tats Diagram.
The fact that e value of x $n Zquation 6,1 is less than 1 is also
discunsed In Secadion 6.2.3.

6.2.7,2 Produst Mass Flowrate

The exponential decrease in product mess flowrate with increasing Yine
length {5 shown in Figure 6.2, for 2 conveying pressure of 100 kPa and an
air mass flewrate of 0,3 kg/s. Tha corrosponding product mass flowrates
were obtained for the 100, 200 and 400 metre pipelines with a constant
diameter of 156 mm using the equations developed in Section 5.2,
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Figure 6.3 i1lustrates the decrease in product mass flowrate with increasing
Tine length by considering the total energy available.

{ /
TOTAL ENERGY

| RVAILABLE

ENERGY REQUIRED TO
L CONVEY IR FLONE

o ENERGY AVAILARE ~0
CONVEY MATER]AL

ENERGY LX)

| ORITICAL LENGTH

LINE LENGTH (m}

FIGURE 6.3: DISTRIBUTION OF AVAILABLE ENERGY

! The energy required to coavey the air alone and the additional energy
required to convey material make up the total energy available. With
increasing 11ne Jength, more energy 1s required to convey the air through |

the pipeline and thus Jess onergy is available to convey the product. The ‘« 7
critical 1ine Tength is shown {n Figure 6.3 at the point where all the |
energy available {s required to convey the atr alone, thus the product mass !
flowrate reduces to zero.

6.2.3 The Effect of Line Length on the Conveying Pressure from the State i E
Diagram ¥

The high pressure drop across a long distance pneumatic conveying system
1s related to the increase in air velocity along the pipeline.

i
1
|
}
i
The pressure drop per unit length, as a function of afr velocity, s shown .
in Figure 6.4 for a specific product mass flowrate, fe. a State Diagram as F L
i
|

discussed in Section 2.2,
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MASS FLOWRATE
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“oin M 2 v e
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FIGURE 6.4: PRESSURE DRCP PER UNLIT LENGTH AS A FUNCTION OF THE AIR VELCCITY

For a pipeline with a total length L+ the velocities at the end and
beginning of the pipeline are representad by vy and v, respectively fin
¥igure 6.4, The second abscissa represents the pipeline lTength measured

from the end of the 1ine. Thus the hatched area ABB'A’ shown in Figurs 6.4 Aw P
represents the total pressure drop across the pipelines ife. the conveying

pressire,

The pressure drop across a pipeline of length Lz, where L?_ = 2.L1. is " ' 4

represented by the area ACC'A' in Figure 6.4 for the same product and air
mass flowrate considered in the pipeline of Tength L;.

K ,“ It can thus be seen from the areas under the curve that the conveying

praessure 1s not Jinearly related to the 1ine length. The additional
1 pressure required (area BCC'BY to convey through Lz 15 less than the 3
conveying pressure for L. This explains the trend of conveying pressure as 4
g a function of T1ne Jength, discussed in Section 6.2.2 and as shown 1n Figure :/si-'f*w
6.5. 7,




72

LINE LENGTH
FIGURE 6.5: CONVEYING PRESSURE AS A FUNCTION OF LINE LENGTH

As the pipeline length {ncreases, the velocity at the beginning of ihw line r
decreases and 1f this velocity {s less tham the velocity at the pressure
minimum point vp,, as shown in Figure 6.4, the following trend shown in
Figure 6.6 can be expected.

CONVEYING PRESSURE

"\ pornT oF TLECTION i
TN
>
- o
LINE LENGTH |
[
3

FIGURE 6.6: CONVEYING PRESSURE VERSUS LINE LENGTH

The point of inflection corresponds to the length of pipeline where the

S velocity at the beginning of the pipeline is equal to the velocity at the Q
the curve to the right of the point of inflection shown in Figure 6.5 is due N :
to the dense phase conveying mode at the beginning of the 1ine where the |

pressure per unit Tength increases with increasing line length as shown in

i
H
5
5
pressure minimum point shown fn Figure 6.4, The increase in the slope of }
i
Figure 6.4. |
|
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6.2.4 Acceleration Zone Effect on Conveying Pressure for Various Line
Lengths

The pressure profiles along pipelines with lengths of L, and LZ are shown in
Figure 6.7, The pressure lusses across the feeder consist of a pressure
Toss due t6 turbulence and a pressure drop due to the acceleration of the e

material,

PRESSURE. ALONG THE PIPELINE

[ Ly [}
BISTAMCE FROM END OF PIPELINE

FIGURE 6.7: PRESSURE ALONG THE PIPELINES

The conveying pressures for the Tine lengths L) and L, are given by Py and
Py respectively, The acceleration Tosses can be assumed to be tndependent
of the 1ine iength. The conveying pressures are thus not 1linearly related
to the 1ine lengths, due to the effect of the acceleration zone,

ara - - oA [ Y I
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6.2.5 Conclusions

From the State Diagram, the effect of 1ine length can be determined by
considaring the area under the curve. The reasons for the conveying
pressure not being linearly related to the 1ine length are as follows:

1. The average pressure drop per unit length decreases as the 1ine Tength
increases.

2. The acceleration pressure Josses and Josses across the feeder which are
independent of 1ine ltength, effect the conveying pressure.

87y i
The product mass flowrate decreases as the 1ine tength {ncreases bacause o O
more of the available energy is required to convey the air through the R '
pipeline, TN .

|
Py -~ - . W O whe el £ o
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6.3 PIPELINE DIAMETER EFFECTS

6.3.1 Introduction

The effect of the pipe diameter on the system perfornance was obtained from
the results of the tests conducted through the pipeline configurations as

describad in Table 6.1.

TABLE 6.1 : PIPELINE CONFIGURATIONS

Pipeline Dlameter Length
Configuration tmn) (m
100A 105 100
1000 156 100
200A 105 200
2008 156 200
200C 200 200

From the equation expressing the conveying pressure in terms of product and
afr mass flowrate (p=A+ 818 ), as discussad in section 5.2, a comparison
was made of the conveying pressures at a specific product mass fiowrate and
alr mass flowrate.

6.3.2 The Effect of Pips Diameter on Conveying Pressure

The conveying pressures for the 100 metre pipelines with constant diameters
of 105 and 156 mm (fe. configuratfons 100A and 100D} are shown in Table 8.2.
The equations from Section 5.2 were used to calculate the conveying
prossures with the product mass #lowrate ranging of 5 to 15 t/h and the air
mass flowrate ranging from 0,1 to 0,5 kg/s.
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Plotting the conveying pressure for the 100D configuration against the
corveying pressure for 100A multipifed by the ratio of the diameter, as
shown {n Figure 6.8, 11lustrates that the conveying pressure was inversely
related to the pipe diameter. This {s in agreement to the effect of pipe
dtameter as discussed In Section 2.4. The average percentage difference of
the conveying pressures shown in Figure 6.8 was 13,3% with a correlation
coefficient of 0,965,

Figures 6.9 and 6.10 give the conveying pressures in the 200 metre pipelines
(200A, 2008 and 200C) as a function of the pipe diameter, with the air mass
flowrate as a parameter.

In Figure 6.9, the conveying pressures were derived from the equatfon
developed 1n Section 5.2, keeping the product mass flowrate constant at 10
t/h and varying the air mass flowrate from 0,1 to 0,5 kg/s. At an air mass
flowrate of 0,5 kg/s, the conveying pressure decreased as the pipe diameter
increased although 1t is not a 1inear relationship as was concluded -from
the 100 metre pipelines (100A and 100D),

At Tow air mass flowrates ( f.e. 0,1 kg/s ) the conveying pressure in the
200 mm diameter pipe was higher than the conveying pressure in the 156 mm
diameter pipe. It thus appears that there exists an optimum pipe diameter
corresponding to a minimum conveying pressure. This was only evident at low
afr mass flowrates (i.e. high load ratios).

In Figure 6,10, the produsct mass flowrate was increased to 20 t/b. At high

alr mass flowrates the conveying pressure also decreased with increasing
pipe diameter, although thers was a definite minimum conveying pressure.
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TABLE 6.2¢ CONVEYING PRESSURES ]
PIA = Canveying pressure for 100A ‘
P1D = Conveying pressure for 100D i
a é 1A PID PLA.{105/156) B
tkg/s) (t/hy tkPa) (kPa) (kPa) J
! |
@ :
a 0.1 5,0 31 24 21 e
R 0,1 10,0 43 34 29 AR |
t 0,1 15:0 52 42 35 T
; 0,3 5,0 52 33 35 o
0,3 10,0 68 4 4% P,
0,3 15,0 31 53 55 b
i 0,5 5,0 84 45 6 "
e 0,5 10,0 105 58 70 ; kt
P < o 8l
0,5 15,0 121 69 81 i
F e
- S ‘;
¥ [
s8 Bis t oonvaysng pressurs for LIORRT ‘;
W, ' Pipsling Lungths 1 108 m F
: e f . |
K P 6B - . i
b & " [
" = 56 | 1
o4 i
H 3 g * i
i o 4@ | " e
o 3 - i
r - i N i

i mado e s sl 4 470 e m AL ot Ao borremmmen|

30 4@ 468 21 k<] 8@ 98 189

Pla # 187,196 [kPA)

FIGURE 6.8: CONVEYING PRESSURES IN 105 MM AND 156 MM DIAMETER PIPELINES
QVER 100 METRES
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At Yow atr mass flowrates rangfng from 0,1 to 0.2 kg/s it also appears that
there is an optimum air mass flowrate. The minimum conveying pressure as
shown {n Figure 6,10 was 70 kPa corresponding to a alr mass flowrate of 02
kg/s and a pipe diameter 1n the order of 0,170 m

Considering that a pipe diametor of 0,170 m is not & standard size, a
stepped pipeline consisting of 156 mm and 200 mm diameter pipes would be the
optimum pipeline design over 200 metres.

6.3.3 Conclustons

It has been shown that there sxists an optimum pipe diameter to convey
material, which s a function of product mass flowrate and alr mass
flowrate. Other parameters which are 1ikely to affect the optimum pipe
diameter are the material charactaristics and conveying distance.
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7. EFFECTIVENESS OF STEPPED PIPELINES
7.1 INTRODUCTION

A stepped pipeline (or telescopic pipetine) consists of a small diameter
pipe foliowed by sections of larger diameter pipes, as shown in Figure 7.1.

DIRECTION OF FLOW
B e

FIGURE 7.1: A TELESCOPIC PIPELINE

Tha| reasons for stepping pipelines fn pneumatic conveying systems, as
discussed {n Section 2.7, iInciude the reduction of power consumption and to
ensure a Jower conveying pressure, ({,e. the pressure at the baginning of
1he pipsline). This enables the conveying of the materia) over longer
distancas.

k|
1
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The following trend in ‘the performance of stepped pipelines was expected:
Stepping the pipe to a larger diameter too close to the feeding point would
result in solids deposition with a corresponding higher conveying pressure
or even a blockage compared to a pipeline which was stepped further
downstream from the feeding point, Figure 7.2 11lustrates the pressure
profiles expected for various stepped pipelines over a specific distance.
Line TII would thus be the optimum pipeline design, corresponding to the
lowest pressura at the beginning of ths pipsline.

b PRESSURE
PROFILE

PIPELINE LENGTH

FIGURE 7.2: PRESSURE PROFILF” FOR VARIOUS PIPELIME DESIGNS
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7.2 EXPERIMENTAL OBSERVATIONS

The bar graph tn Figure 7.3 {1lustrates the magnitude of the conveying
pressures in pipeline configurations 1008, 100C and 100D with respect to the
conveying pressure in configuration 100A. The equatfons discussed in
Section 5.2 were used to calculate the conveying pressures shows in Table
7.1 for the ptpeline configurations 1004, 100B, 100C and 100D, The
conveyling pressures tn Table 7.1 are also expressed as a percentagé of the
100A conveying pressure at the corresponding product and air mass flowrates,
The averages of these parcentages were used to construct the bar graph shoun
in Figure 7.3,

182

PERCENTAGE CONVEYING PRESSURE

1@eR 1228 198C
PIPELINE CONFIGURATIONS

FIGURE 7.3: COMPARKSON OF CONVEYING PRESSURES

. ;. FY e e ol dun b

i
1.
i

| e
-
|
i
!




83

TABLE 7.1: CALCULATED CONVEYING PRESSURES FOR THE 10C M PIPELINES

PIPELINE CONFIGURATIONS
1004 1008 1000 1008
a @ PA  %of | PB %of | PC % of PD % of
(kg/s) (/W) (kPa)  PA | (kPa)  PA | (kPa)  PA | (kPa) 4

0,10 5,0 ] 34,6 100,0 30,5 86,2 25,5 73,8 23,2 67,2
0,10 10,0 | 48,5 100,0 43,0 88,7 35,9 74,2 33,2 68,6
0,10 15,0 | 59,1 100,0 52:6 89,0 43,9 74,4 40,9 69,2
F 0,10 20,0 | 68,1 100,0 60,7 89,1 50,7 74,5 47,4 69,6

! 0,20 5,0 | 39,9 100.0 32/6 81,9 28,0 70,2 27,2 68,1
0,20 10,0 | 54,5 100,0 45,2 82,9 391 71,7 38,1 69,9
0,20 15,0} 65,7 100,0 54,8 23,4 47,6 7244 46,5 70,7
0,20 20,0 752 10040 62,9 83,7 54,7 72,8 53,5 71,2
0,30 5,01 49,8 100.0 38,6 11,4 32,0 64,2 32,3 64,8
0,30 10,0 | 65,7 100,0 51,2 T7:8 43,8 66.6 44,1 67,1
0,3¢ 15,0 77,9 100,0 60,8 78,1 52:8 67,7 53,2 68,3
0,30 20,0 | 88,2 100,0 69,0 78,2 60,3 68,4 60,8 69,0
0,40 5,0 | 64,4 10050 50,3 78,1 38,4 59,5 38,6 58,9
4,40 10,0 | 82,0 100,0 63,0 76,7 50,7 8L,9 51,3 62,5
0,40 15,0 | 95,6 100.0 72,5 78 603 631 61,1 63,9
0,40 20,0 {107,0 100,0 80,0 Thed 683 63,8 69,3 64,8
0,50 5,0 | 83,7 100,0 70:0 83,8 47,8 57,1 46,0 55,0
0,50 10,0 | 103,5 100,0 82,8 79,8 60,8 58,8 59,7 57,6
0,50 15,0 [118,7 1000 52,3 77,8 70,8 59,7 70,1 59,0 i

TN

=5

 Camem e

0,50 20,0 |131,6 100,0 | 100,5 76,4 79,3 60,3 78,9 600 L SRR
Y
i P
Average percentages 100,0 8l,1 66,7 65,3 1Y
vt ity pad pisitbd :
|
|




The larger diameter pipeline (configurtion 1000) resulted in the lowest
conveying pressure. This appears to be due to the dilute phase conveying
mode in the pipeline for which 1t has been shown, in Section 6.3.2, that the
pressure drop decreases with increasing pipe diameter. An optimum stepped
pipuline as discussed in Section 7.1 was thus not apparent.

Conveying material over a longer distance would result in a larger varfation
of velocities along the pipeline, Deposition of material at the beginning
of the pipelins where the velocity {s relatively low would thus have a more
significant effect on the performance of the system. The advantage of a
stepped pipeline was expected fo be more evident over 400 metres than over
100 metres.

The results recorded in the stepped pipelfne over 400 metres (conflguration
4008) are shown in Table 7.2, The corresponding conveying pressures, as
derived from the equations discussed in Section 5.2, for the constant
diameter pipeline (configuration 400A) are also shown in Table 7.2, In the
last column of Table 7.2 the differerce in the conveying pressures is given.
No significant difference in the conveying pressures could be established.
Figure 7.4 graphically i1lustrates the similarity of the conveying pressures
for the 400A and 4008 pipeline configurations. The experimental error was
alsc greater thin the differences fn the conveying pressures.

Thus a significant gain 1n the performance of the stepped pipeline aover 400
metres was not evident. The effectiveness of a stepped pipeline would also
be more evident for a material which s Jess suitable to be conveyed {n a
dense phase mode.
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TABLE 7.2: CONVEYING PRESSURES IN THE 400 M FIPELINES
PIPELINE CONFIGURATION DIFFERENCE
a é 400A 4008 P - Pg

(kg/s) R Py (kPa) Py (kPa) (kPa)
0,149 7.7 46,2 47,4 -2
0,149 8,3 47,9 50,0 - 2,1
0,147 16,9 67,2 77,8 -10.6
0,152 14,5 62,9 66,6 - 3,7
0,152 14,5 62,9 6616 - 3,7
0,309 71 59,4 58,6 0,8
0,315 165 70,8 69,0 L8
0,305 8,8 64,6 62,1 2,5
0,307 9,2 65,9 65,5 0.4
0,316 12,8 Th2 75,9 1,3
0,440 81 79,3 90,3 -31L,0
0,427 17,7 105,5 14,1 - 86
0,420 14,6 96,5 112,5 -16,0
0,426 16,2 01,7 105,5 - 3.8
0,426 16,2 10,7 105,5 - 3,8

7.3 CONCLUSIONS

Stepp ing the pipeline straight after the acceleration zone appoars to be the
optimum design over distances up to 400 metres within the range of the
conveying pressures recordedy although a larger diameter pipeline does not
always result in an fmproved parformance.

The results from the 200 metre pipelines show that an optimum pipe diamwar
exists, as was discussed in Sectfon 5.3.
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The optimum pipeline design conveying flyash over 200 metres would consist
of a combination of 156 mm dfameter and 200 mm diameter pipes, because the
200 mm diameter pipeline over 200 metres had a higher conveying pressure
than the 156 mm diameter pipeline.

The effect of stepped pipslines weuld be more evident at product mass
flowrates greater than 20 t/h. which was the minimum product mass flowrate
of the sxperimental test rig.

The effectiveness of a stepped pipeline would be more avident for material
which 1s 1ess seitabie, to be conveyed in a dense phase mode, than flyash
which conveys well In 2 dense phass mode.
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8.  OPTIMUM DESIGN OF TELESCOPIC PIPELINES
8.1 INTRODUCTION

The design prucedure discussed in this chapter 1s based on the power loss
across the cunveying pipeline (i.e. the power required to convey the
materfal). The optimum pipeline design corrasponds to the minimum power
Toss across the pipeline.

The method developed for the design of the optimum conveying pipeline is
based on experimental results, The air power lass across a horjzontal
section of pipeline, as a function of the air volumetric flowrate and the
pipe diameter: has to be determined experimentally,

The experimental results recorded could not be uged to 11lustrate the design
procedure, considering that on'\‘y the conveying pressure was accurately
recor 24 and not the pressure drop across a horizental rjction of pipelines
which forms the basis of the design method.

The principle of the design method fs that the area under the curve, shown
in Figure 8.1, repressnts the power loss across the conveying pipeline.

A FLOW DIRECTION
=
i m———" 00
| comvans |
g | PIPELIE )
l
g {
\_ AIR POHER LOSS
B % FOROSS FIPELING
gl .
LENGTH HERSURED FRCH
g END OF PIPELING Im}

VOLLMETRIC RER FLOW RATE [med/hd

FIGURE 8.1: AIR POWER LOSS ACROSS A PIPELINE
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The curve in Figure 8.1 can be derived from experimentally recorded pressure
drops across a horizontal suetion of plpeline for various air mass
flowrates. It should be noted that the abscissa representing the pipeline
Tength does not necessarily have a 1inear scale.

8.2 DESIGN PROCEDURE

The air power loss for different diameter pipelines {s shown in Figure 8.2.
Once this dfagram has been constructed from experimental data, the optimum
pigeline design corresponds to a minimum area under the curves for a
specific air volumetric flowrate at the and of the conveying Jine.

‘i PIFE GIAMEY

188 mm

158 mn

204 mo

MINIMM RIR POKER LOSS

OPTIAM STEPREN
PIPELINE JESIGN

POWER LOSS PER UNIT LENGTH [kW/m]

¥

AIR VOLUMETRIC FLOW RATE [mn3/h3

FIGURE B8.2: REQUIRED DIASRAM TO DETERMINE THE OPTIMUM PIPELINE DESIGN
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The optimum volumetric flowrate {s determined by selecting a range of
volumetric flowrates at the end of the conveying pipeline and calcutating
the corresponding areas under the curves {n Figure 8.2. The optimum
volumetric flowrate has a corresponding minimum area under the curves (i.e.
a minimum power lass across the pipeline),

£-3  GOST CONSIDERATIONS

The cost considerations have been simplified for selecting the optimum
pipeline design. Factors such as intarest on the inftial capita) outtay and
the cost ot the comprasser are not considered but can be incorporated. Only
the cost of the pipeline is taken into acaount,

The aim 1s to minimise the total cost of the system. The total cost,
consisting of an initial capital cost plus the running cost which is
expressad in Rands per operating hour.

The capftal cost s thus simply related to the dizmeter of the pipes making
up the total conveying pipeline,

The atr power loss across the system, as discussed in Section 8,2 1s equal
to the electrical power required by the compressor divided by the efficiency
factor of the compressor. Thus the running cast is simply derived from the
electrical power cost,
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The total cost of the following three pipetine designs 18 11lustrated in
Figure 8.3,

I = e i
|
U e N
34 Lt
| e— X
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[
f¢
11
g
S
= I
OPERATING HOURS RN
FIGURZ 8.3: TOTAL COST OF THE PIPELINES {\®
The capita) cost of the pipelfnes s represented by the total cost tn Figure =l
8.3 at zero operating hours. The slope of the 1ines {n Figure 8.3 is Tt
related to the running cost for sach pipeiine. Thus pipeline I has the

Towest capital cost, but the running cost (fe. slope of Vine I} {s high. i
Line III has the highest capital cost, but the running cost fs Jower, The f
optimum nipeline destgn, Yine IX shown fn Figure 8.3, has the lawest running r A
cost and over a number of operating hours has the lowest total cost.
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8.4 CONCLUSICNS

It has been generally accepted that the expansion of the air in the
conveying pipel{ne {s isothermal (Ref. 2). The alr power Joss across a
horizontal section of pipetine, as shown in Figure 8.4, can thus be derived
from Equation 8.1.

PLoo= Pag « Vyag o+ Lnlipy /g R b

DBIRECTION OF FLOK
el

P2 Fa
FIGURE 8.4: HORIZONTAL SECTION OF PIPELINE

P 15 the af. pover Toss across the sectfon of pipeline, pyy is the
atmospherte pressures Ve,g 15 the volumetric free air delivery and Py and py
are the corresponding pressures in the pipeline.

The maximum available pressure should be considered when designing an
optimum pipeline. The pressure drop across a conveying plpeline (i.e. the
sonveying pressure} can be determined from the area under the curve on the
State Diagram, as discussed {n Sectfon 6.2.3.




93

9.  NORMALISATION OF RESULTS
9.1 INTRODUCTION

A dimensiona) analysis of the parameters related to the conveying pressure
is discussad in Section 9.2, The functional relationship between the twa
dimensioniess groups which were obtained is also discussed.

Various parameters were plotte¢ agaiust ons another fn an attempt to
normalise all the results onto one 1ine, The normalfsation discussed in
Section 9.3 also forms the basis of the model developed in Chapter 10 for
predicting the performance of the long distance 1ine.

9.2 DIMENSIONAL ANALYSIS

The following 145t of parameters possibly includes al1 the factors affecting
the prassure drop across a horizonta) section of pipeline.

i pipeline Tength

11 pipe diameter

114 pipe cross-sectional profile (eg. round, square)

iv  product mass flowrate

v iir mass flowrate

vi alr velecity

vit pipe roughness

vit1 pipe material {eg. steel, plastie)

ix  material (eg. powders, rocks, grain)

X material characteristics (eg. particle size, shape, density)
x1  conveying air properties {eg. temperaturs, viscosity, moisture content),
%11 conveying medfum (ag. air, nitragen),
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AT1 the experimental investigations were assumed to be conducted with
stmilar conveying air properties. The temperature and moisture content
varied s1ightly due to changing atmospheric conditions. The material
characteristics were constant considering that only one product (fe. flyash)
was used in the experiments.

The atr mass flowrats s a Ffunction of the velocity and was thus not
included {n the dimensfon~) analysis.

the conveying pressure was considered to be a
The dimensicnal units of the

In the dimensionn) analysis,
function of the parameters shown in Table 9.1,
paramaters are expressed in terms of:

mass 1 M
tength : L
time @ T
TABLE 9.1: DIMENSIONAL UNITS
PARAMETERS SYMBOL UNITS
Length L L
Oiameter D L
Product mag; flowrate ] i1
Velocity v Lt
Prassure P m.-13-2
The fellowing relationship was thus required.
P (LD, G V)
-~ N € ik B L e s
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For ¢imensional homogeneity
tpl = CL2pb g vy

fe. tMUlT21 = pudcLd curTtaELl iy
a [ LAY [y e gy oged

Equating exponerts of [L1:

-1 = a + b + d (.1)

Equating exponents of [Ml:

1 = ¢ 9.2}

Equating exponents of [TI:
2 = -¢ -4 (9.3)

W1ith four unknowns but only three equations, a complete sotution is not
possible. However, three exponents can be determined in terms of the
remaining one. From Equations 9.2 and 9.3, ¢ =1 and d = 1, Selecting the
exponent (a) to remain from Equation 9.1, b » -2 ~a.

The vatués of the expe. ants ware then substituted into the relationship
expressing the pressure as a function of the parameters:
Lpi = [t2p7%2 g vl = gevso? (L]

3

The grenp (L/D) is dimensionless, thus any valus of {(a) is consistent with
the requirement of dimensional homogeneity. The second dimensfonless group,
pDZ/Gv could thus be expressed in terms of a function of (L/D)3.

(pDZ> = (_L_)‘ (9.4)
av [
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In an attempt to de“ermine the value of (a) » Figure 9.1 shows the graph of
povs va/DE(LD)

using the experimentally recorded results from the constart diameter
pipeline configurations. The only trend which is evident is that the
pressure p seems to Increase as the term oj the abscissz increases.

An actual value of (a) was not found, but considering the relationship
between pressure and length, as discussed in Section 6.2, the value of (a)
would be in the order of 0,7. The pressure would then be related to the

diameter D as 7ollows:

RN
b o 1/ (DZ.D3)
Sk o 1/ 0% \ .
.
S where x is of the order of 2,7 for {a) squal to 0,7.
9.3 NORMALISATION
ce In an attempt to normalise the family of curves for constant product mass g ¥
’ flowrate on the State Diagram, various parameters were plotted against one e
S another,
At first the cunveyling pressure versus the ratio of the froude number-and “ 4 {
Joad ratio was plotted, as shown in Figure 9.2. The idea was to keep the L
parameter on th~ "~cissa dimensionless. The results shows that a set of

curves for const © alr mass flowrates was generated.

In the graph of pressure divided by afr volumetric flowrate versus Toad
ratio, as shown in Figure 9.3, the only trend evident fs that the parameter "
on the ordinate appears to increase as the Toad ratio {ncreases, although "
the corrslation seems to be poor. In Figure 9.4 the ratfo of pressure and

product mass flowrate versus air velocity was plotted. The parameter on the
ardinate represented the pressure drop per unit product mass flowrate., The N
points tended to fall on one 1ine, although 1t was s$t111 possible to

s B . o . i . e e Gl Lok S0
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distinguish between the 11ncs of constant air mass flowrate.

After reconsidering the State Diagram, it was concluded that the term on the
ordinate (i.e. pressure) should be modified in order to normalise the
results., The velocity was plotied on the ordinate with the ratio of
pressure and joad ratio on the abscissa as shown in Figure 9.5, From the
graph {1t 1s evident that the pressure per unit load ratio 1s a function of
‘the afr valocity.

Ploiting the pressure divided by load ratio on the ordinate, the effect of
pipeline length was investigated from the resuits of the 100 and 200 metre
pipelines with a constant diameter of 105 mm {i.e. configurations 100A and
200A), as shown in Figure 9.6, The pressure per unit load ratic appeared
to be proportional to the pipeline length. The effect of pipe diameter is
shown {n Figure 9.7, For increassing pipe diaretar the pressure per unit
load ratic decreases.

Incorporating the effect of length and diameter, the following relationship
was plotted ia Figure 9.8.

b2/ LLEY vs v
The gradient of the 1ine has the dimensional units of dynamic viscosity
{1.2. Pa.3). The following equation could thus be usad to represent the
as

P02/ (Lpy = A V2 (9.5)

where A is the proporttona’ity constant. Comparing Equation 9.5 to Darcy's
Law for flow through a porous medfum, as given by Massey (Ref.20),

p/L = (32Muly)/ (d2el) (9.6)

the similarity {5 evident. In Equation 9.6, p and e are the viscosity nd

voidage factors respectively.
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From Equation 9.5 the pressure is directly proportional to the 11ine length:
which contradicts the findings as discussed {n Sectfon 6.2, In additions
the product mass flowrate tends +to zero, the pressure tends to zerc. T¢
the air alone pressure drop is not incorporated in Equation 9.5,

The term on the ordinate of Figure 9.8 was changed to {p / [ 1+ M1 ),

Thus, as the product mass flowrate reduced to zero, the pressure p would
represent the air alone pressure loss. Furthermore instead of pliotting the
velocity on the abscissa as in Figure 9.8, ths Froude number squared (VZ/QD)
was plotted. Figure 9.9 i1lustrates the graph of

p/C1+py vs 2/t gD

A Vinear relationship is apparent and the slope of the 1ine wouid be a
function of the 1ine tength and pipe dlameter. This relationship formed the
basfs of the model developed to predict the per’ormance of the long distance
1ine; discussed in Chapter 10.

9.4 CONCLUSIONS

From the dimensional analysis discussed in Sectienr 9.2, two dimensionless
groups were found:

o£p0?/ (G
2 L/D

The functicnal relationship between the two groups was not obtained. More
experimental data of the pressure drop 1s required for different diameter
pipelines across a horizontal section of pipeline. The pipe roughness and
afr yiscosity which not c-nsidered in the dimensiona) analysis, should be
further investigated,

744,4.,,_4‘_,,.
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The experimental results were normalised ih terms of:

p/ULM) vs vE/(gD)

These nerwalised results form the basis of the model discussed {n Mhapler
10.
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10. PERFORMANCE PREDICTING MODEL
10.1 INTRODUCTION

One of the objectives of the project was £o develop an empirical model to
predict the performance of the long distance i1ine. The results from the

anstant diameter pipeline configurations were used to establish the effect
of pipe diameter and 1ine length on the conveying pressure.

The cajculation method, used in the model to determine the conveying
pressure, s discussed In Section 10.2. The overall structure of the model,
11lustrating the required inputs and corresponding output, 1s shown in
Figure 10.1.

PRODUCT MASS FLOWRATE
RIR MASS FLOWRRTE EMPIRICAL CONVEYING

PIPELINE DIMENSIONS MODEL PRESSURE
{length & diameters)

FIGURE 10.1: EMPIRICAL MODEL

In Section 10.4, the experimentally recorded conveying pressures for the
leng distance 1ine are compared to the corraesponding conveying pressures as
derived from the empirical model.




A i

10.2 CALCULATION METHOD
The graph 11lustrated in Figure 10.2° forms the basis of the model. The

retationship was derived from the normalisation of the results for a
particylar pipeline configuration, as discussed in Section 9.3.

(1 + )

FIGURE 10.2: BASIC RELATIONSHIP FOR EMPIRICAL MODEL
The following equation was darfy  vri:  the graph:
P/CLHPY =k F L] v B/ (D) (10,1
where ky 1s the intercept on the ordinate and Lot ] repravents the gradient

of the 1ine. The effect of conveying distance on the gradient [ ] of the
1ine is shown in Figure 10.3,

\ IMCRERSING
P PIPELING
_ LENGTHS
o+ )

//

P

FIGURE 10.3: ILLUSTRATING THE EFFECT OF LINE LENGTH
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Thus U] {ncreases as the pipeline length increases. The exper’mental
resulds indicated that the conveying pressure was approximately proportional
to the square root of the effective 1ine length. Figure 10.4 shows the
relationship between [®]1 =and the effective pipeline length for a constant
pipe diameter.

/

FLPHA

L
3

FIGURE 10.4: ALPHA VERSUS EFFECTIVE LINE LENGTH (L.}
The relationship s expressed by Equation 10.2.
« - 11 L0 (10.2)
where [p1 1s the proporticnality constant.

The effect of plpe diameter on the relatfionship shown in Figure 104 1s
shown {n Figure 10.5,

INCREASING
PIPE DIAMETERS
N
£ —

FIGURE 10.5: PIPE DIAMETER EFFECTS
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Equation 10.3 expresses E/S] as a function of pipe diameter. Figure 10.6
shows the graph of [ 43 as a function of pipe diameter.

g1 =

BETR

DIAMETER
FIGURE 10.6: BETA AS A FUNCTION OF PJPE DIAMETER

6
Ky D! (10.3)

Substituting {81 in Equatfon 10.2 and substituting {X1 in Equaticn 10.1,
the following expression was derived.

PUCLARY =k + ky D8 1 00 v 2oy o

No particular trend was found for kl with respect to pipe diameter or line
length. The average vaiue of k; was used, The average velocity (v,,,) was
derived from the velocfty at the beginning (v;} ard end (vj) of the 1ine.

Where

Y1

and

°

B/ (py . A

QRT4 /L (pyy +pp) . D21 (10.5)
87 (pg a0

QRT 4/ € pgyar0%) (10.6)
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4
Thus
Vaye = QRT4 [ 1 +__l_ {10.7)
) (pag * P} Pat

Pat 'S the pressure at the end of the 1ine and p 15 the conveying pressure,
fe. pressure at the beginning of the 1ine.

Substituting the average velocity from Equation 10,7 into Equation 10.4, an
implicit equatfon in terms of conveying pressure (p) was thus derived.

| 10.3 MODEL EQUATIONS

In this sectlon the equatfons, derived from the experimental results, are
bl summarised.

b .
L The graphs of: .
o
! P vs %
T+ o

for 211 the constant diamater pipeline configurations, are shown in Figures
10,7 to 10.12.

The gradient [ of the )ines in Figures 10.7 to 10.12, plotted as a
functfon of pipeline Yength, 1s shown in Figures 10.13 te 10.15.

In Figure 10,16 the proportionality constant [4 ], for the curves from

Figures 10,13 to 10,15, s plotted as a function of pipe diameter. B
The expression for E/eJ 1s given by Equation 10.48, » »
[lﬁ] = 0,5317.E~3 + 154,215 . %) (10.8) . '

where D is the pipe diameter,

Y - . . re ke Ao 9 e sl
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Thus [*] was given by:
twl = fpl. 105 (10.9%
where Lg 1s the effective pipeline length.

The conveying prassure {p) as a function of product mass flowrate, air mass
flowsate, pipe diameter and length s given by Equation 10.10.

p = € 0,813 + (0,53176-3 + 154,215,000 05, 2/(gd) 3 . [ 1+ p1
(10.10)

The average velocity (v,,o) as derived in Equation 10.7 is given by

Vave 5 QRT4 1, _;_] 1 (1011
0? (ag + P Par | 2

10.4 LONG DISTANCE LINE CONVEYING PRESSURES

Tha computer programme !{sted 1n Appendix D6 was used to calculate the
conveying pressure for the long distance line. In Figure 10.17 the
calculated conveying pressures are plotted against the experimentally
recorded pressures.

The percentage error in Pimod) was defined as follows:

% error = | Plmod) - Plexp)| . 100

Plexp)

where Plexp) is the experimental iy recorded conveying pressure. The average
percentage error for all the results was 20,4%.

The corresponding correlation coefficient was 0,876, This gives an
indtcation of how well the results 11e on the Tine:

P(mod) = P(exp)

P Y T -
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A correlation coefficient of 1,000 would thus indicate that all the results
1ie on *he 1ine P{mod) = Plexp). At Tow prodict mass flowrates (eg. 2 t/h),
corresponding to conveying pressures of the order of 100 kPa: the error is
probably due to the fact that the Toad ratio tends to zerc and the model
requires further med{fication to tmprove the results for caleulating the
pressure drop due to alr alone,

The conveying pressures calculated from the model, Pimed), are generaily
higher than the experimentally recorded conveying pressures, as i1justratad
in Figure 10.17.

The hizher conveying pressures derived from the model are probably due to
the acceleration and feeder Josses which were included in the pressure drop
across the pipelines from which the mode) was developed.

10.5 CONCLUSIONS

An empirical mode} has been developed which can be used to calculate the
required alr pressure for conveying flyash through a long distance pipeline,
The following parameters have been incerporated in the model:

1) Pipeline length.

2)  Pipe diameter,

3)  Product mass flowrate.
4)  Air mass flowrate.

Experimental results show that the average percentage errot 1in the conveying
pressures as derived from the model is of the order of 20,4%,

When developing the emperical model the parameter on the ordinate was
changed from p /u to p /{1 +4) to fncluda the pressure drop for air
alope. A furiher improvement to the mode) would be to plot p / (§+ ¥}
where ¢ represents a friction factor for air alone and ¥ {s a function of
the load ratie

4 R " Bode | B S ol s
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11, GENERAL OBSERVATIONS
11.1 INTRODUCTION

In this chapter varfous secondary observations which were made during the
course of the inves ‘igations are ‘iscussed, although they are not directly
related to the ob] .tives of the profect as outlined in Section 1.2,

11.2 ROTARY VALVE PERFORMANCE

From the dimensions of the rotary valve and for a maximum speed of 31 rpm a
feed rate of 24 t/h was calculated, as shown in Appendix J. The maximum
product mass flowrate recorded was {n the order of 35 t/h. This was
probably due to the pressure in the blow vessels being much Targer than the
pressure 1n the conveying pipeline. The material would flow through the
Teakage spaces nf the rotary valve and the bulk density of the material in
the rotary valve could have been in the order of 1200 kg/m3 due to the
material baeing compacted by the pressure in the blow vessels, The bulk
density of flyash under normatl conditions was 930 kg/m3 as discussed in
Section 3.10.2.

The pressure fn the blow vessel could not be reduced to less than 80 kPa
because the gauges for setting the pressure had a range of 0-800 kPa, and
the sTow response of the gauge at pressure below 100 kPa caused a delay in
the operating cycle.

As the conveying pressure increased, with increasing air mass flowrate, the
maximum product mass flowrates decreased. This was as expected because the
differential pressure drop across the rotary valves decreased as the
conveying pressure increased,

It was not of concern that the rotary valves cperated above design capacity,
because the product mass fiowrate was recorded accurately with the Toad
cells situated under the receiving hopper at the end of the conveying 1ine.
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11.3 FLOW PATTERNS

The flow patterns of the product were observed through the sight glass for
each test. The formation and behaviour of the bed when conveying in a dense
phase was of fnterest. A diagram was developed, with product mass flowrate
and air mass flowrate on the ordinate and abscissa respectively, as shown in
Figure 1.1

The observations indicatzz that a moving bed first zppeared in the pipeline
as the product mass flowrate inzreassd, A further increase in product mass
flowrate at a constant air mass flowrate resulted in a fixed bed, with plugs
of material moving through the pipe. The rate of the plugs passing through
the sight glass was proportfonal to the product mass flowrate. Reducing the
air mass Tlowrite when conveying in a dilute phases kesping the r-oduct mass
flowrate congtant, resuTted in similar bed formation aslout'l ined above.
First, a movi
wers formed. As the alr mass flcwrate decreased, the length of the plug
appeared to fporiise.

"5 bed appeared and then at Jower air mass flowrates, plugs

Although the pip:” ‘o never blez 2d when running the tests, it is reasonable
to assume that trer- eelsts a v ~imum air mass flowrate for the product to
be conveyed., Tho m flourate required would alse fncrease for
higher product m zwrates: a3 shows in Figure 11.1.

—um alr m

A higher o3+ mazs § rarate was required to convey material in a dilute phase
in the larger ¢iameior pipelines. The s=altatton point {s probably related
to the a'r veloeit. or a specific Frocode numbar for the muterial. This
corresponis to the Tindings by Rizk (Ref.27) as discussed in Section 2.2.2.

5
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FIGURE 11.1: FLOW PATTERNS AS A FUNCTION OF PRODUCT AND AIR MASS FLOWRATE
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11.4 STEPPED SECTION

At present most long distance pneumatic conveying systems have telescopie
pipes 1n terms of a gentle incresse 1n pipe diameter as the 1ine tength
increases, It was belfeved that the efficiency of the systems could be
increased by having an abrupt fncrease 1n pipe diameter, The kinetic energy
of the materfal flowing in the plpe could be transferred to pressure or
‘potenttal! energy in the air.

An at* xpt at recording the pressure profile across the stepped section was
unst zesful, A typlcal set of results for afr alone 1s shown in Figure
11.2.  The negative values are due to the extrantion fan on the f{lter unit
creating a slight vacuum in the conveying Tine at Tow air mass flowrates.
When product was conveyed in the pipetine, large fluctuations in the
pressures along the pipeline resulted in fnconsistent data being recorded.

An aiternative method to fnvestigate the stepped section would be to compare
the performance of a telescopic plpeline with abrupt anlargements and gentle
increases in pipe diameter,

|
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CONCLUSIONS AND RECOMMENDATIONS

12.1 CONCLUSIONS

The following conclusions were made from the fnvestigations discussed in

this report.

Ln

2)

Reliable data was recorded for the conveying pressure as a functfon of
the product and air mass flowrate in varfous pipeline configurations.
The error in the repeatability of the results was less than 10,5%. The
pressures along a section of the conveying pipeline were recorded sith
an unacceptable repeatability. In order to measure the pressure along
the conveying 1ine, a purging system is required at the pressusa
tapping points to prevent them from blocking, Sophisticated pressure
transducers, which will damp the pressure fluctuations in the pipeline,
are also required.

The principle developed to determine the effect of the pipeline length
from the area under the curve on the State Diagram is 1) lustrated in
Figure 12.1, although further experimental investigations are required
to prove that this principle is correct.

Langth moeeursd from
and of pipolina

Preasurs drop per untt Jangth DPasnd

Ate valoafty tovad

FIGURE 12.1: STATE DIAGRAM SHOWING THE EFFECT OF LINE LENGTH
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K
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From the results for different pipe dismeters, it was shown that there
exists an optimum diameter to convey material at a specific Toad ratio.
A larger diamets” does not always result in an improvement in the ”
performance of the system (i.e. a decrsase in powsr reyairements). /

Stepping a ptpeline from 105 mm to 156 mm d¢id not significantly improve

the pertormance of the system for conveying distances up to 400 metres.

The 200 mm ¢iameter pipeline had a higher conveying pressure than the

156 mm diameter pipeline over a distance of 200 metres at low alr mass B
flowrates, It was thus concluded that the optimum pipeline design

may  consist of 156 mm and 200 mm diameter pipes for conveying fivash

over a distance of 200 m with a Tow air mass flowrate, of the order of

051 kg/s.

A design method has been developed to design the optimum conveying
pipeline. It {s based on the diagram shown in Figure 12.2. Further
experimental work is required to verify this design principle.

HINIMM AIR POER LSS

OPTIMRS STEFPED
PIFELING DESIGN ¢

POWER LOSS PER INIT LENGTH [kW/md

AIR VOLUMETRIC FLOW RATE [m~3/h)

FIGURE 12.2: POWER LOSS
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The curves shown fn Figure 12.2 are derived from experimental results
which determine the air power Joss across a horfzontal section of
pipeline as & function of the air volumetric flowrates. The area under -
the curves represents the power 10ss across a pipeline. The optimum ‘
pipeline design corresponds to a minimum area under the curves. i

i

Material was successfully conveyed through the Tong distance pipeline
({.e. 1358 » 1ine). From the mass versus time trace of the receiving
hopper, 1t appears that the material was conveyed tn a dense phase
mode. N E

6) An empirical model was developad to predict the performance of the Tong
distance 1ine. The average percentage error of the medel, with respect o
to the experimentally recorded conveying pressure, was 20,4%. ’

12,2 RECOMMENDATIONS FOR FUTURE RESEARCH

The empirfcal model developed to predict the performance of the long ' g
dfstance 1ine should be used to correlate the performance of existing °
systems conveying fiyash over long distances,

The recommendations for future research work, to establish the theory for oo
the design of the conveying pipeline, are discussed under the following o
headings: Pipe Length, Pipe Diameter, Standardisatfon and Stepped '/

Nt
Pipeltnes,

12.2.1 Pipe Length

Once it has been estadbiishad from future experimental investigations, that N »
the effect of 1ine length can be derived from the State Diagram by i
considering the area under the curve, no further invesiigations would be

required to determine the effect of 1ine length by conveying over various R
distances. A State Dfagram can simply be derived from the pressure drop I
across a horizontal section of pipeline as a function of the air velecity.

e B . e e _ Moo s soe-aiad
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12.2.2 Pipe Diameter

Further research work is required to establish the effect of the conveying
pipe diameter. It has been shown that there exists an optimum diameter te
convey material. Now 1t is required to determine the effect of product mass
flowrate and air mass flowrate on the optimum diameter.

12.2.3 Standardisation

The uitimate goal in the research of pneumatic cenveying is to davelop an
equation to predict the pressure drop across a pipeline layout which takes
al17 the influencing facters {nto account. The following 1ist possibiy
includes all the factors which influence the pressure drop across a
norizontal sectton of pipelfne:

1) pipeline Tength

2) pipe diameter

. 3}  pipe cross-gsectional profile (eg. round, square).
o 4)
¥ 5)  afr mass flowrate

6)  pipe roughness

7)  pipe materfal {eg. stesl, plastic).

8)  materfal {eg. powders, rocks. grain}.

9} Material characteristics {eg. partfcle size, shape, density).

10) Conveying afr properties {sg. temperature, viscosity, moisture content).
11) Conveying medium (eg. air, nitragen).

product mass flowrata

It fs unlikely that the equation, taking al1 the above mentioned factors
A inte account, will be developed 1n the near future.
. & product will always have to underge a sories of tests in order to design
the optimum conveying system.

For many years to come,

It {s essential to estabiish a universal standard test procedure so that the
Y results for different products in virious research fnstitutions throughout
g the world can form part of a data base. The 'Pheumatic Conveying Hquation’
i canh then eventually be derived from this data base,
|
|
|
|
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A recommended standard test rig is 11lustrated in Figure 12.3.

The following specifications are recommended In the design of the standard
test rig.

n

2)

3)

4)

5)

6)

A continuous varfable product feeding device which will control the
product mass flowrate. The range of the feedrate should be in the
order of 0 - 30 m3/h. A simple slide valve is recommended as a feeding
davice with a scoop to assist the flow of material into the pipeline,
as shown in Figure 12.3,

A storage hopper with a capacity of 10 w3, At the maximum product mass
flowrate of 50 m3/h, 12 minutes w111 then be available to record the
pressure drop aleng the pipeline.

30 metres of horizontal piping after the feeding point such that the
pressure drop recorded along the pipeline §s not affected by the
acceleration losses. The conveying pipe diameter should range from 50
mm £o 300 mm.

'
Lnad cells to he located under the recelving hopper to determine the
product mass flowrate.

A data acquisition system connected to a standard computer (eg. Hewlett
Packard computer) to record and analyse the following parameters:

i air mass flowrate
$1  product mass flowrate
111 pressures

A varfable air mass flowrate supply s required with a range of 0 -
5000 mi/h.

Universal consensus {s required on a detailed design of the standard test
rig and of the experimental procedure,
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12.2.4 Stepped Pipelines

The results recorded from the standard test rig as discussed in Section
12,23 wil1 enable the construction of the diagram as shown in Figure 12.2.
The area under the curves can then be calculated for a range of air
volumetric flowrates at the end of the pipeline, to determine the optimum
atr mass flowrate and the corresponding optimum pipeline design.

The cost model of the pipelines, as discussed in Chapter 8, noods to be
developed to include factors such as interest on initfal capital outlay and
the cost of the compressor.
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APPENDIX A
RESULTS
INTRODUCTION
TEST RUN PRINTOUT e

TABLES OF RESULTS P

A3 RESULTS USED FOR ANALYSES
A3.2 RESULTS TO SHOW REPEATABILITY

AIR ALONE PRESSURE DROP '

PRESSURE YERSUS PRODUCT MASS FLOWRATE GRAPHS
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A1 INTRODUCTION

A typical computer printout of the data recorded during a test run for a
spectfic product and air mass flowrate, 1s shown in Appandix A2, A11 the
data was stored on micro flexible discs and processed at a Tater stage. The
processed data for all the test runs are tabulated in Appendix A3, The
results {n Saction A.3,2 were used to show the repeatability of the
experimental resuits given in Section AL3.1.

The air alone pressure drops across the pipeline configurations, as a
function of alr mass flowrate through the pipelines, are graphically shown
in Appendix A.4,

The graphs used to develop the equations discussed in Section 5.2 are shown
in Appendix A.5. For each of the pipeline configurations, the conveying
pressure 1z plotted against product miss flowrate, The equations for the
T4ines of constant air mass flowrates are tabulated on the graphs. The
relationship betwsen ithe constants in the equations and the air mass
flowrate is also graphically represented.
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A.2 TEST RUN PRINTOUTS

TEST NUMBER ¢
DATE

BAROMETRIL PRESH,
AIR TEMPERATURE :
CUMPRESSORS USED ¢
PRESSURES ALONG PIPELINE (kPa)
P2 P7 P3 P33 P4 P&
7T.% V5,9 TI.F4 73,76 TI.Fa TI.96 7i.9a
73.94 73,84 73.84 73.94 7I.34 P84 TU.B4
76.25 74,25 74,25 76.28 T6. 1% 76,18 76.29
&£3.45 45,43 43,435 &3.43 53,47 &7.47 43,43
78.26 78.28 78,28 V8.8 78.29 V9
83.86 83,84 92.85 83,86 97,84 85,34 8
3&.04 34,06
3.2 8821
FOAY I, AT
- 980,52 92,32

88.21 &2.21
0,47 90,37
92,52 92,52
7987 79.57
82, 2 82.8T
B6.55 86,85
85,70 85.70)
85.55 89.55
75.40 78,40
71,014 71,18
&9.14 49,18
T4, 84

5910
2 57,
ga.0
3%.54
9%, 49
a3, 81 &3, 61
77,51 77.61
a2.43 B2, 43
B0, 14 80,14 80.14 80.14 80,14 80,14 BOLLG

S04
43.7
43,7

AR
{mSshe)

F15.50

865.2%

LOAD
(kg)

10,1
s
~11.0
S2.t
164.9
121.6

08,2

TIME
{sec)

49

MASS
t/hr)

10,55
15.34
27.2%
7,58
37
14.58
&.90

15.12

1.27
X, 30

V" " VR ey 3
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A3 TABLES OF RESULTS ,
The page numbers correspanding to the tables of results for the pfpeline '
configuration are given below. |
Results used for Results to show
all analyses repeatability
PIPELINE PAGE PIPELINE PAGE
CONFIGURATION NIMBERS CONFIGURATION NUMBERS
=
1004 144 100A 234 i N
lo08 154 1008 239 <
1006 164 1006 244 L
1000 174
2004 184 200A 248
2008 194
"200C 202 2000 253
400A 210
4008 220
12004 226
An explanation of the numbering .ystem used to identify each ‘set of results
1s given below:
|
P
eg. Read. No. 200B23 LT
2008 refers to the pipeline configuratfem. A summary of all the pipeline
EN

configurations {nvestigated fs given in Figure 4.1. The 2 following 2008
refers to the second air mass flowrate and the 4 refers to the fourth
praduct mass flowrate at the corresponding afr mass flowrate.

. - - e R Y S R 'S
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A.3 TABLES OF RESULTS

The page numbers corresponding to the tabies of results for the pipeline
configuration are given below.

Results to show

Results used for

a1l analyses repeatability
PIPELINE PARAE PIPELINE PAGE
CONF TGURATION NUMBERS CONFIGURATION NUMBERS
. 100A 144 100A 234 \:
1008 154 1008 239
100c 164 1o0C 244
1000 174
200A 184 200A 248
2008 194
2000 202 200 253
400A 210
4008 220
12004 226

An explanation of the numbering system used to fden’ 11y wach set of results

is given below:

eg. Read. No. 200824

2008 refers to the pipaline configuration,

configuratfons investigated {s given in Figure 4.1.

e il

& e

A summary of all the pipeline
The 2 following 2008
refers te the second air mass flowrate and the 4 refers to the fourth
product mass flowrate at the corresponding air mass flowrate.
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The following significant figures are applicable to the data presented in

the tables of results.

PARAMETER

Product mass flowrate
Afr mass flowrate

Load ratie

Atmospheric pressure
Pressures

Yelocities

Yolumetric flowrate
Density

Dynamic pressure
Froude number (squared)

SYMBOL
A3 IN
TABLES

&
4

Fat
[
ui
Vi
Rho
1/2,Rha.v?
vi/go

SIGNIFICANT
FIGURE

O N O o R e

B o
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1 . 5 &
RRKEREERRIORF ¥ 0 AR ORI KA Y RS IKEKRR AR A R AT
Chfw] 47,227
Em/sl . 404
Cm“’/hr] 293,150
g/m™33 1.574
l/E*Rhm*v"‘ﬁ EPal 49,5995 KT
Fr vodrgd  85.882 1047, S5i3s LoD, 002
TEST NUMBER
fead. No T Lol
G Ctrniz 1T
=] Lhg/als 129
Load Ratia @ 27.9
Pat EFPaTs 8u.l
FDINT" ALING ¢ LF
1
X#ﬂ**i**m**#*l****i‘ﬁ*??*#’HA***?#** X"'i‘%"k****
Fi CFrFal  S0.05T TR TNl & .«3‘:‘"’ ‘l 94
Uz Lamrsld 9. 244 (IR L 10,753 e Sal
Vi La~3/hr] L1 277 o Tt DAL A0 4“4 1ue
Rha Lig/m 3] Lo ‘4 Loard 1.7a% IR
1/2%Rhokv 2 Pal 4 B2, 14 7,181
Fr . voRQD @40 7ES tio, 478 153,192
TEST NUMBET « 131
Read. Mo 3 LOUALT
[} EERE
4 Chosul: 117
Logd Rakio @ 46070
Fat thRal: 86,2
F'ITH‘ITH ALONG PIFELINE
*‘k‘(**i***‘“"(iK*V*****V**Ak***?t****k*KM(*WI*Y(**
ThPal 5 BG7 ,.y...EA' 41, 0 23,417
t Lm/e) 7, 804 . P.008 10, 230
" L 3/hr ) 243,200 287,015 318,550
Chg/m31 1. 7465 b d9s 1.7348
'Rhokv' 2 LR8Il 53,750 TRO38E
-t vrR/gD 9. 1532 H8. 895 101,400 134,237
P N e o p
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TEST NUMBLE § 10061 :

Read. No : 100414 [

] Ct/hls 23.¢

a Chgssls L 121

Load Ratio @ H2.8¢

Pat ChPal: 85.2

PDIN’IB AL.DNE: PIFELIME

x**x*m*mnnmmuxk*x*muMH***MHHH*H &
[kPal  &7.080 55,750 42,195 3, 000 G, OO0
tm/sl 7771 8,391 ?.277 7.828 11,216
Lo 3/hr] 282,223 261.557 289,169 S06.I37 49,604
Rha kg/m~31 1,647 1.508 1,423 1.247
1/2*Rhn*v' 2 [Pal S T8, 685 &8.7732 7B. 440 Y ‘é\ @
v2/gn SE 429 &8, SR F3.77T 1220133 S
TEST NUMBEER 2 10941
Read. No : 100ALE
8 [b/ad: 33,4
oy [kgrssl: 112 -
L Lnad Ratio : 82.9. e
kA Pat [kPal: B&.2 L
" F‘DINTB ALDNG PIPELINE ¥
i x**xx“uxun*:kkmxmmmmu**xr*n**H*m*n »
. \» PL LePal  BO.947 H54.817 A5, 000 ey alale] g N
1 ui Imssd b, &OT 7. 828 Q. 749 MR
Vi. Lo ../hr] 205,800 247,34 .\03 87s ) :
2T Chg/m 31 1.941 wia -3z28
o l/”*RhD*v 3 LPRal 42,742 Bl oD - 112
m { v 27D 42,303 42,578 9. 440 &8, 621 aR B .
i
i 1 !
. e
l oy & " - e I R S




Y Fi ClFal
< H Em/sl
Vi Lm~B/hr ]
Rho Ckg/m™33
1/2%Rhokv~2  LPal
Fr w2, gh

Pi CkPal

8 " H Em/sl
@ Vi Em* 3701

! Rha Lhyg/m~3]
L/2%Rhojv 2 [Fal

Fr vh2/an

P LkPal

£33 Lm/sl

Vi Em*3/hed

3 Rha Lhg/m™31
N 1/2%Rhakvel LFal
Fir v 2/gh
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TEST NUMEER @ LODAZ

Read. Mo LaoAR
§ Ce/hds 108
@ Chgr/ely .28

l.oad Ratio & 1
Pat [rPal: B85,
I"IJ INTS ALLH‘IE FTFELI NE.

*‘t**********?‘ K*‘%**#**#**" tK K***K*X/‘**X’****#*

327 53120 A%, 992 FOLO00 20,000
17.934 pela Bk 210114 24,078 26.314
S5%.05F 424,368 &38.190 V49,741 B20. 192
1.804 1,645 1,532 1,344 « 230
90, 200 S24.108  J41l.46% TS, 76 425.756
312,511 TEY. 549 ATIZ.BRY Se0.¥E0 &7 ]

TEST NUMEER 10042

Read. No + LOoART
G Ctshl: 14.8.
¢} Chy/sd: 280
Load Ratio : 14.7
Fat ChFal: BS.6

FDIN'I =] ALONE PIPELINE

*****‘k#**‘Xi***X*X**Y**k************** k******‘i**

an.a73 62,297 33,711
16,744 18. 824 19, 71
SR, 890 B8& ., 750 514,081
1,933 1.719 1,647
270970 T4, L4

441. 16!

Q72149 344,023

TEST NUMBER : 10002

Read, No 3 LODART
G La/mie 18,0
Q Thg/air 278
Load Patic 3 16,4
Pat CkFAL: 85,4

FIJINT f\'.ol\m I

L INE

L]
!(&H?H’*#*K*‘IkH‘k**#**lﬁ\‘kk#*****k***#*ﬁ(******‘«k

£&. 480
16,141
T3 720 71&? Dan
1990 3R
259,914 sa2lamz wolein
253,847 .u.fa UEH RET L 280 AL, &T2 SiE.%18
N N * ey R TOR P N X

i
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TEST NUMBEFR ¢ t00A2

Read, No s 1O0A24
8 Ct/hie

] Lkg/els .21’7
Load Ratio ¢ 18,8
Fat LkPals BY. 6

PDINTE ALONL1 IJII'EL!NL

SO SO AN )
ChPal 237 TOA60 63,561 S0.000  40.000 .
Lm/sl 15.727  17.824 18,598 20.510  3T.143 o
Cm*3/hr] 490,707 583.480  B79.484  6IR.261  a9n.179 .
Chg/m*3] 2,078 1.7%8 1,733 1.562 1.447 ’
e L/2KRhoi 2 P&l 261.984  295.833  297.981  32R.616 354,780
L Fr v2/gD 240,126 J0B.TLY 338,786 408,380 479.997 !
: ‘ Y
TEST NUMBER 3 10063
Read. No s LOOARE
& /NI 25,8
o] Chgrsls 259
Load Ratio : 27.4
Pat LiPal: 85.6 .
FOINYS ALONG FIFELINE el
E S
e mnm*uwuu*n*xu H***mnw*m*uxxﬂw: R
i tiPal 107,887 BL.DEO  7E.U19 55,000
Ui Eassl 1,787 15.649 14,249 18,578
i Lo S/hrd 429,720 497. 7R HOL. 47T 578950
Fho Chgrm~3] 2,172 9L 1,943 i.613 ‘
L/2%Rhatv2 [Fal 206,399 23 A20s a3l2ar  ovelors N
Fr veI/gh 184,504 RI7.7BT 056,330 134577 .

5,

-
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° 1/2%Rhaky
. Fr

Ui
Vi

Rha
1/ 2¥Rhoxe”
Fr

i (133
Vi

h
H 1/2%Rhodv2d
Fr

ChFal
Im/sl
L3/l
Ckg/m™3]
"2 L[Pal
voR/gR

LkPal
Em/m]

Em S/hrd
g/n 31
CPa2
v2/gR

we

LuPal
Im/sl
Cm™37hr]
Chgsm™a
CPal
vha/gD

Bmad. No
@ Ct/kde
o] Chg/ul:

Load Ratio
Pat CkFa

t**********
SL.817
14,657

G19.207 5

1,599
2@ 804 pa

-

249, 277

W Lhg/s
Load Ratie
Pat [hPal
1
EXTEL ST T2
58,927
15,481
488, Ta G
Lo&93
208,197 217
258,711

Aead. No
[ teen
W [43:74- 1)

Load Batia
Pat fhFa

k*lﬁ*****#‘i *

&8. 507
14.314
461, T4T
L 803
197,787
213,050

299, 560

SI.9.0

289,

148

TEST MUMBER: ¢ 10047
L0031
10,9
ke
131
1: 89,4

PDINT$: ALONG PIPEL ING

L]
»kiY‘k***X****X**?{MH(**#**X#**‘*******

20, D00 :

21.518 :

a7r).7oa ;
1.2

9, ER2
18,152
G&SL T
1,467
241,704
TR EE

3. L0
19.&57
S12.688
1,758
261,737
3754110

45,973
17270
13, T4

1,945
29, HeD

3:

: 89.6
F‘DINTE- ALDNG FIFEL ].NE 5
***X**‘k******Y***************’I#*****

7047

17.088
s BAT

TEL OO
ke

28000
S0, 491 s
478, 688 .
296 |
272,061 .
407, 422 5

14,7462

249,502

o AR 828

TEG! HOMBER 10043
R TIUE RN

167

1,

Bm

FOINTS AL bt L Thi: c, 4

***‘i****ktkk**\'ktx***k****'********n

-;n.:&“ 40,000 20000
15,185 2o,
] &8,
1330

D87, 265
P L. 057
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TEST NUMEER :100A3

Read. No s LOOATH
G ft/hldy 18,9

[} Chkg/sls 233 )
Load Ratia 1 22.0

Pat CkPal: 8S.6

F‘DINT AL«‘JNE‘ F“IPELINE‘ .
**X***HUH!rk*******Jk**&Xﬂ(**m*‘(*****#*********** B
LkPsl 71,845 &4, 400 58,298 45, 000
tm/s] 14,448 16,028 17,4655
Lm™3/hr] 456,370 495, . &92 , SEHO,T08 3
Lhg/m"32 L. 842 1.4683 1.528
1/"‘*Rhu*v“‘ LPal 197.967 216,204 T8, 18D .
ve2/a0 208,303 249. 409 IN2, 614 T86., 245
TEST NUMBER :100A3 o
<«
Read. No B 1IDOATE °
H Le/hls o 2
Chy/sl:
Laad Ratia @ b ° e
Fat thPal: 8.4 5
.1 F‘DINTE ALDNG PIFELINE oo
o a
B *H(**)M**H(*#******X*H{********X*#***X#***X**K* Ay
Pi ChPal 78 477 &G, 707 &4, 374 Ser, 00 FEL 000 A
L farsl 2,915 13, 644 14,250 13, 428 17 571 E T
Vi Lm~3/hrl 402.56@ A23.T0% AAD. 411 AB7.104
Rhag Ckg/m™2) 1,915 1.817 L7581 1. 587
1/2%Rhokv' 2 L[Pal 1859.734 168.758 174,792 193,279 ?
Fr V279D 161,928 180. 75 193.81% 237,096 "‘9‘? van ' i
<4
P
) o
o,
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TEST NUMBER @ 100A4

Read. No i 100AdL
Te/hls 9.0
@ Hg/s]. LAOR
&.023 .

@ i
Pat ElPal: 88,
F'DINT; (-\L\UME' PIFELINE

b
*H‘Nﬂk##*)H*#«X*HK****#****Y******Xk****x******

{kPal B1.963 &2, 383 BE, QU 25,000

Cm/sl 21,754 26,638 T8.987 BH. 954

Lo~3/he] 740,457 828, 081 1027 .55& 1120, 051

Chg/m™3] 1,957 1.729 1,410 1.294
1/R%Rho%v 2 [Fal BE2129 624,926 Th&.21R B38. 166
mr v2/gD 547.8s8  T01.884 7R G90 1058100 1253.544

| TEST NUMBEER 110004 :
Read., Mo i 1MOA42 oo
E & Ctohls
: & thglsls )
h° Load Ratio Sl
) Rat LhFad: i
1) "
K POINTS ALONS PIFRLINE
o ' .
° ‘\ X#**&****J#****k**F'k*X***X***Y*****ﬁ***tk**l*if
K Pi ChPal  87.8507  &9.187  &0.S591  AS.000 20,000
| Ui tm/s) 22,890 35,897 E7.411 30,470 34.6I2
C el vi Ln3/hr) 713,467 807,195 B5A.I79  6BE.948 1079,
Fha Chag/m 30 2.04% gt 1.708 1,836 1,38
o 1/20Rhotv2 TPal SIS.E05 606, 19T 41,628 717,981 810,459 f
. Fr ve2/gD BO. 661 451,084 726,420 913,004 114437 .

TEST NUMBER : 18044

Read. Mo + LODAST
]

: CEART: VS0 o
& Lhy/sls W T74 :
Load Ratin 1 9.61

Fat LeFal: 86,12

HZ)INT“ AL IJND FIPEL INE e

*4******1**«*1{*****l**k******k\t*ﬁﬂﬂ(**k**k*****

i UkFal 94,370 Z5, OO0 A QOO

o i Em/sl 20, 7%a &9, TOR
N Vi Em~3/hel 636,947 PRG. 844 N

o Rha Ckg/m™5] 2094 1. 445

! /EXRhn’w"Z CFal 451, 140 3 SR, 1 BAG.LLTT

R Fr RGD 41823 £29.208  S87.181 584,143 856. =1
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TES™ NUMBER

FIOGAY

Read. No LR RAITEEE Y
: Ch/RD: 16,8
[~} Ckg/slt 397
Load Ratio @ 11.8
Fat ChPal: 86,12
FOINTS ALONG FIFELINE
ammu*m*mm*m**mmmwmmu*mmmumm
ChPAl 112,203 85.06% 77,860 60,000 45,000
tm/s1 20,003 23.06% 24,217 27,177 30.284
[me3/hr]l 624,110  718.859 754,823 947,082 943,987
Rha tkg/m™3]  2.29% 1.0990 1,895 1,489 1818
1/23RhoFveR [Pal 459,447  S29.198 §S5.673  6RT.591  &94.50°
Fr veR/gD ¥BF.2E7  S16.379 969,339 717,020  @90.435%
“ i
R TEST NUMBER : 10084
! Read. No @ 10OA4S
§ [t/hls 18.5 :
[} Chg/el: . 398 . R
Losd Ratio : 12.8 ,
Pat CkPals B&. 12 y
S
FOINTS ALONG FIFELI £ 7
"
xxmwA*xuu**mumm*mnmnmnmmmxmu .
Pi [kPal 118,857 94,377 B&.ESE 70,000 55,000 L
U tm/sl 19.443 22,080  23.040  2E.507 28,041 }
Vi Cr3/hr] BUG.0RF  &BB.T16 718,146 795,674 BH0.D4B ) N
Rha kg/w3)  3.368 1,998 1,804 1,630 5.
172%Rhokv 2 [Pal 447,588 530.399 587,688 650,12
Fr “vedsqh k6,594 473,295  BIS.395 632,432 774,268 .
¥
y
‘ P
[
. e
;
; |
! [
‘[’a
I/;‘/A |
/.
/
il P . @ M oW M v e Camse Y0




A -
P LkPal
L tm/s:l
Vi Fkel
Rho [l' /m"’SJ

I/Z*Rhn*v‘ 2 [Pal
vaR/gh

i LkPal
[#33 {m/sd
Vi Lo~3/hrd
Rt thg/m 31
L/2%RRakv R [Ra)
Fr v 2/gD
P LhFEal
i Lm/a)
Vi Tm"Zeted
Rhao Chg/m>3]
1/2¥RhoXv2 CPal
Fe voR/gD

TEST MUMBER 10085
Read. No 1T 1O0ASE
[} Lt/ble 8,27
] Chg/slis 570
Load Rati~ 1 4,02
Pat L oalr @s.21

X****Xl*x*‘fﬁl***X*********M!V***K****X*****Xirkl*

101,823 73.590 LO75 5. 790 44,825
28,907 34,046 35.'371 38,344 41.577
WL.007 1061, 198  1089.3T76  1195.185  1295.949

2, 280 1,934 1,847 1,719 1,585
952,664 1122.040 1162.407 1263.6838 1I70.250
Bi1.2146 11285.314 1207.740 1407.370 1678247

TEST MUMEER 5 100AT -

Eead. Na T LOnASR
[ Le/ni: 8.97 Y
o Chg/sl: 58&
Load Ratio @ 4,35
Fat [kPal: 88,21

152

FOINTS AI_UNG PIPELIME
2

F‘DIN-S ALUNE FIPEL!NF

g

1 =

*x*mn*nmwnx*nmmmwmm*u««xnwu*m R

115,247 s4.470 T 1863 ST S0 G4, 720

7.8 « B30 39,870

867.417 2 2

2,83

Q8. 675 .

751,853 1“49”44“ 1118,
TEST NUMBER 1 100al o

fead. Mo 3 LOOAED .

i Ct/hI:

&

Load Re 4,94 i

Pat TkPals 85,21 : }
l'-‘lJINT Al L')Nl:v Fr

K*X**K*****#**?V*** k‘ktk**!’““‘#**x*t**Fk*if***x‘*

12407
26,935
840, 190

T 300

93 9?'

f 7%.".‘
2,158
042,187

AT BLY?

F.\c

4B
M

1(‘1;. i

J.E)/M
1089, 281
1024, 550

1198,

1228, 612 1428, 385

G

. e e N Ak dY
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TEST NUMBER : 100A5
Read. No ¢ 100AS4
] Ct/hle t1. 4
Q Lkg’sl 4
Load Ratio g4 i
Fat ChPals 85.24

PDINT: ALDND PIPELINF

***«*w*x*t**x**mxxx**x**x*x**m*x******«x**x****

PDINTS ALDNG FIFELINE

&
X*********tﬂ**x*****#****K**************X******

TkPal 125,747 90,938 77.170  65.942 :
Lm/s] 25.338 To 408 32.986  35.437 i
L 370y 791,557 947,803 1028.166 1104.541
/0 31 2.53t 2.113 .348 1.814
L/2aRhoRV™2 [Fal B15.807 FP7L102  1059.950 11T8.695 N
Fr ve2/gh 428753 897.4/0 10S6.348 1219.114 |
TEST NUMEER :10DOS L
100655 i
4.6 i
.574 ‘
2 709
Fat  [hPal: B3.21

Pt LhiFal 145,777 112,950 193,190 7. 303 75,304
ux Lm/sl  R4.045 26, 028 29. 480 4,387
Vi Cm3/hrl 749.4&m 873,614  918.871 1071.813
Rha Chg/a™3] :.7:,9 2, 3ad 2,250 1,929 N
1/24RhaXv 2 (P&l 797. 29,787  977.533 1067.558  1140.23 e
Fr v 2/gD 5m.:77 52,640 BAT, 70N 1004.350 1147.938 !
,
i
[ !
B 1
: I
|
§
.
)
s - “ e e e e Sl Gomis o
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TEST NUMBER : 100EL
fYead. No : 1OOBIL
@ [t/h1r 12.3
Chg/sl: . 149
Lnad Ratio : 22.9 )
Fat ChPal: 86.%5 -
FOINTS ALONE FIFE .
xxxnmmxwxumm*mmnmmxmn*mu*mxm*
ChPal  43.470 0,187 23,533 16,710 9.827
tmssl 11,392 12,694 13.441 14.3%3 6.968
[m"3/hrd 350,093 395.471  419.8681 847.084  479.427
tha/m"3]  1.519 1.343 1.285 1.208 1,125
1/2kRhokv2  [Pal 98.557  109.817  116.455  124.17% 27.310
Fr ve/gD 125,999  154.441 175,915 200,006 31.728
TEST NUMEER : 1O0B1
Read. No s 100B12
[ Ctshix 14,8
=} tkg/sd: . 150
Load Ratio 27.30
Fat TiFal: 6.2
POINTS ALDNG PXPELWE
uxu*nnxM*n*xmxm***xnmmmuw*xmnm
Fi tkPal S0.050 346, 31T 28,983 21,160 12,447
ui [m/21 10,910 12,133 12,908 13,845 4.812
vi [m"3/hrl 340,083  378.177 o_.;\:ss 431,930 488,877
Fha Lkg/m~31  1.598 1.437 L3 1.259 1.159
L/Z¥Rhotv=2 [PAl 95103 105,742 112.490 120,683 26.901
Fr voR/gD 115.558 142,913 161,474 186,081 30,322
TEST NUMBER :1OUEL
Read. Na : 100BL3 i
& tt/hls 19.1 i
@ Chgrssd: 151 ,
Load Ratia = 35,1 R
Fat ChFal: B86.38 |
3
FOINTS ALONG PIFELINE {
4 2 b4 g & ;
HRCROEERRELHRERIRERERLRIRRREARRREREKCAR AR
Pl CkFal S5.387 39, &0 31.873 21,913 14,285
Ui [m/s]  10.535 11.948 12430 13.795 &.724
vi Lo 3/he3 F2B.377  3e9.304  I9NTA4 429,999 L6327
Rha Ckg/m*3] 1.477 1.386 1,265 1.179
L/24Rhoxv2  [Fal T 103,706 110.569 120,750 5. G&T ;
Fr v 2/gD 107,752  136.285 154,920  184.744 29.544
I
ey . o N o Bods A s el Loaar .




Read No H
§ Ch/k3e
a Lkg/sl:

Load Ratio
FPat ChPads

FOINTS ALDNC‘ FIPELINE
2

***FK**x*ﬁ***ﬂ**‘k***k*‘k** ********X**X**k****:k** ;7

158

TEST NUMBER :100B1 e

1O0B1S

22.0

. 149

A0, 8.
=5

Pi LkPal 52,310 43,7387 34,945 24,447 16.192 i

ui Cm/81  10.119 11.378 i2.241 13.."-25 6,503 :

Vi L~3/hrl 315,413 3G4. 651 80, 601 415,321 448,787 i N
Rha Ckg/m*33 1,708 1.520 1.417 ».qu

1/2%Rhokv™2  [Fal B87.3523 98.411 105,612 115.2

Fr v 2/g9D FF.4L2 125,689 144,750 17’.-'.'.365

Read No 3

tt/hls
ﬁ7 thg/als
Load Ratio :
Fat LkFals

S
*X*V***X**&****#*X*******#**X*******#*m****Xik)klt

TEST NUMBER :100F}

PD INTS ALUNE PIFELINE

LOOBLS

27.8 °
. 147

5%, 4

8L, 25

Fi LhFal &6&.807 47,450 38,089 75RO &. 320
i Cm/ed 9,483 10,854 11,479 15,511 7103 e
vi Em3/hr] 29%.570 338,329 TET. 899 AGT, 467 488. 689
Rhea Lhg/m™3] 1.793 1.567 1.456 1.0%8 1.08%
I/Z*Rhot\'"" [Pal 80.621 92.284 99,259 1351873 27,358
vh2/gD 87.297 114,782 132,325 235,968 32,9466 i

a e | B St o SN




CkPad
Lm/al
Em*3/he
h Lhg/m™31
2‘ Rhokv™2  (Fal
v 2/gh

Pi LkFal
Ui Cm/ed
Vi Cm*3/hrd
Lxwg/m™3]
1/2*Rhn*v"’ LPal
v 2/gD

Pi LhPald
Ui Em/esd
Vi Lo™%/hrd
Rho Tkg/m™31
1/2%Rha¥v™2  [Fal
Fr 2D

156

TEST MUMBER

Read. No + 100824
8- Ct/7hte 15,5
] Lhg/eit 3
Load Ratia @ 15.8
Pat LkFal: 84.25

s 100BZ

PD INTS ALONG FLPELINE

X#*#X*****H‘*X*?X*#********Y*X**i***************

A4, 410 41 . 463 33,883
17.5%96 18.274 19,554
S48.450  S469.8604 510,734
1.554 1. 494 1.395
240,822 RAY.TRY Ra7.8I2
3. 574 324,210 3I7L, 710
TEST NUMBEFR
Read No : 100B2T
Ltshl: 15,5
Q Thg/sl: .23
Load Fatio ; 18.2
Pat LlPal: B&6.25

23,807
21,209
éll\l [L4]

289

ZEV. 20
456,719

: 1O0ED

PDINTE ALDNE FIFELINE

18.317
10.113
695,799
1.225
&2 27
&b B30

k] &
*\H*x*#****J*#****&X**k********ﬁk****‘k*x*#xxlﬂ**

51.813
’b B"HB

275, 544

Read. No

& 1Y
@ Lkg/
Load Ratie
Fat

85,497 I7.027

17.656 18, 8ol

§50.31% 588, tu2
1.545
246,735
302, 424

24,77
2. 589
&41.744
1.325
280,731
411,933

TEST NUMBER 1100B2

3 100B2X
hl: 17.4
sl O

;20,2

EvPal: 86.29

P‘leNT 4 ALIJNE: FIREL INE
5

21.027
7. 823

**»M()k****MK‘k******t*ﬂ**k*‘(****‘ﬁ********xk}k*****

200
14,589
S17.070
1,489
248, 258
247,165

48370 39,212
17,431 0’
547,304
1.

579

239.839 o
P4, F6L IIF.E9E
s EN

o

&, QG7
20,778
:4& 071
285.'205
417,101

21,494
?.Bb4
6/8 B1S
B4

1 fteled
LI Q7

B Sl Gz v

g™




CkRal
/sl
Em™3/he ]
ko Ckg/m™3E]
l/’XRha‘(v"‘" iPald
Fr v2/gh

i CHfal
Ui fm/=]
vi Im*3/hrd
Rhe Ckg/m™32
1/2%Rhokv 2 (Pal
Fr veR/gD

157
TEST NUMEER : LODEBR

gead. N : 1QUB24

; LE/hd: 19,1
[~} Lkg/sl: LEB3S
Laad Ratiac : 22.4
Fat LkPal: 86.25

F'DINTS ALDNE FIFELINE
=4

X*zx*i.x****!*!&*X***x*Ml******x***k*******##****

59. 447 0. 640 4Q. 820 2%, 657
15.870 16,912 18,219 7.53%9
455,283 527.147  S67.88% 454,328
1.709 1,606 1,491 1,270
215.789 229,671 247 . 420 56, 489

245,125 277.680  32Z.204&  389.042 5%. 463

TEST NUMBER :100E2

Read. No + 1O0BRE
& Et/hl: 25.4 .
a fhgs/sls 278
Load Ratio : 29.&
Fat EkPal: 84.285

F‘DINT!: ALDNG FIFELINE
****#X**X*H*)i******‘k****HX*****X*****X****#*

68.77% G6, 150 45,897 33.38X
15,148 16,493 17.637 19,439
472.160  S14,0B8  54%.73&  &12.142
1.817 1,469 1.561 1,402
208,833 207,040 242,787 270.344
282,771 264,092 IOL.F87 374.442




CkPal
L/l
Lo 3/hr]
Chg/n 31

1/2%Rhakv™2 " [Pal

Fr

Rha

vaR/gD

£kPal
Lw/sl
Lm*3/hed
Ckg/m 31

1/Z¥RhoKv"2 LPal
Fr

Fi
i
Vi
Rha

1/2%Rhoyv™2  [Fal X

voR/gh

CkPal
im/sl
fm™3/he
Chkg/m~30

vAR/gD
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TEST NUMBER : 1)0OR3

Raad No : LOOHIL
Le/hlr 13.¢

zi [kg/sl: 334

Lead Ratic : 11.%

.Pat [kPal: 86.25

POINTS ALUNG FIPELINE
2

*3*#*****X**)I(*JH(*#X)K**fkX******X#***k***********

&4, Qa7 41153 30.174 1&. 50% 14,088
20,588 24,430 R 7 30. 290 14,0853
641,547 T4i.460  8IT. 247 P44, 1750  966.858
1.880 1,584 1.447 1.277 1.247

398,162 A72.584  517.149 583,954 123,455
413,280 §579.3%3 49T, 82T agn. 737 129.041

TEST MUMEER s 100RY

Read. No 1NOBE32
é Ct/h3: 14.3
@ Cho/sl: . 331

Load Ratio : 12,0
Pat LkPal: 84.25

F’DINTE ALDNB PIFELINY‘
&
*********’(***x*************K***X*****X**X*Y**ﬁ*

65670 1,479 18.133 18,013
20.37G 24,285 24, 294 29. 448 13,845
&34.917 754,008  819.308 934,061 FH2. 532
1.882 1.581 1.459 1,293 Rt
FHO.B3E 465,018  S03,9853 568,387 Lan, 249
402,823 571,128 470,772 @53.041 0 125.3246

I

TEST NUMBER 3 100G

Rsad No 1 100B3Z
CLt/hls 17.4
Chg/al: 533

Loa(J Ratia @ 14.5,

Fat LhFaly 86,28

F'DI!\H AL.LJNE FIREL ITNE

-

*MH-KH)HH(H***H’t*#x**HH**X***MW*****#**

TéH. TS 48, 443 Th.B4T EL.7A0 0 L8244
19,1924 23108 2. 507 o8.848 - 13,506
598, é7 7RO, P2 7

899, 164 HAP. 249

I 1,534 1.291
ABAx.EBfJ B54, S50 117714
357. w40 19,317 21.774 807,501 119, 193
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TEST NUMEER :100B3

Read, No ¢ LOOBE4

& Th/hi: 18.7
2} Thkg/sl: 528
Load Ratio @ 1%5.8
Pat ChPal: 86.%5

POINTS ALDNG PIFPELINE
«**3”(*4(*X**lkt*******f****x***‘k*******1*********

CkPal 78,317 49,830

Em/s3 2E.712
Em"3/|’|r2 707.710
¥ L. 673
431.472

ve3/gD 341,201  S00.769  SBE.713 774,650

TEST NUMBER :i00BT

Read. No ¥ 100E3S
[} Lt/hlz
@ thgrsl:
Load Ratio .
Pat LePal: 86.23

PDINTL-: ALON(: PIPELINE

****3**3K‘(**x****ﬂ****#**********k****‘K********

Fi LkPal  91.983 5%, 9463 48,206 30,207 24,636
[£:3 Cm/sl 17.4647 21.509 20390 27.005 12.84%
Vi fm 3/hrl S8S0.0T7  &70.417 729,042 841,720 884,003
K 2. 184 1.794 1,650 1,429 1.380

T40.,433 414,940 491,235 §20,964 112,293

Er v'2/gD 302,TIB 0 449,128 H3i.410 707971 107,873

e N O TV N, -




TEST NUMBER : L0OB4
Feead, No 100841
g Le/hly 12,8
a [hglel: 432
Load Ratio ¢ 8.11
Pat CkPal: 86.25

PDINTE ALDN& PIPEL.INE

************H(:HH(’H(ﬂ(*X**M**X****#*X#***Xt****

CkFal 78,477 47,107 3H.931 17.857 16,006
tm/sl 285.733 31,208 A 0E2 3F.P74 18.4738
Cm3/hr] 802,093 972,729  1061.703  1244.029 1268.580
Rha Ckgém™3] 1.94% 1.602 1.448 1,281 L2259
1/2%Rho¥v™2  [Fal &43.379 780,239 851, 606 K99, 456 208,839
Fr veligh H42,881  94AS.506  1126.384 1551.446 222,147
TLST NUMBER :100B4
Read No : 1UaBAZ
ft/hl: 19,4
Q thgssl: L A2%
Load Ratio : 10.2
Fat CkPal: 86.25
F’CIN""a AL.DNE F'IPEL!NE
**2***&#***!**#*****"*********#*******X***#*ﬁ**
Pi LhFal 813‘850 5. 480 A, 237 8,983
Ui fm/=1] 041 27,8024 32,032 w9, 859
Vi Cm*Z/hr ) 749.333 210.89%  L007.6B7  1211.228
Rha Chkg/m* 33 2.034 1.675 1,514 1.240
L/2XRNoxv R [Fal 588,355 715,209 791,208 P51, 021
Fr voR/gD Bhl. 088 B29.121  1014.684 1485.998 204, 94"7
TEST NUMBER :100B4
Reead. Mo LOORST
g Ctrn 17.3
@ Lhysals 588
Loal Ratio : 12,7
Pat fFFale B,
F‘OIN'Ia ALDNE) fIFELIl\lE
HUH(**>K**’k*‘k*{***#******#*******H*k******\k‘k#**
Pi LkFal  85.747 54,017 21,427 19,027
Ui Cm/sl  21.894 Th, 347 427G 16,160
V1 Em™Z/hel &82.487 836, 857 1090, 145 1111, 8464
Thg/m™32 2,080 l.a71 1,293 1,258
X/Z*Rhc)Xv""’ LPal 491,303 &O2. A3 AL THE 164,373
vRIgD A4S 446 &9%, 815 1187.542 1VQES0
PR e

LS
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TEST NUMEER :1O00HG

Read. No T 10O0B44
[} Lt/hdz 20,4
o Chg/sl: . 429
Laoad Ratio
Pat LkFal: 8&.20

P

FDINTB ALUNL‘ PIPELINE

b
***H**:H*******X***X}K****X*****H******X******

LkPal 94,917 61,770 AR 1TV 23.312
tm/sl 23,000 28,151 30,749 17,230
[m"3/hr] 714,913 877.454  R59.044 11!:3 042  11B85.458
Chg/a*31 2. 153 iv761 1.611 1.328 1.3503 it
I/E*Rhaxv"“‘ LFal 8570.088  &97.714 762,590 924,801 193. 463 5 E

vo2/gD 513,587  749.360  919.090 1T51.473 193,989 ;’»

TEST MUMEER :100B4

Read. Na @ 100B4S

vhR/GD 447 T08 688,504 828,925 1254.011 17%. 860

e a [t/h1: 23, AN
[} Charsd: 421
o Load Ratio : 18.4 i
) Pat  [kPal: 86.35 '
) POINTE ALaNE FIPELINE e,
o
Sl T SO
i [kPal 104,427  &7.777 3.81%  2V.540  25.512
Ut Cm/sl BL.ALS 26,573 09,20 35,969 14.891
v Cm~3/hr] 669,057  B26,2%& 10,788 1121.131 1141.471
o Chg/m™31 2246 1.870 1,885 t.382 1.328 '
1/Mﬁha«v 2 [Pal 522.019  646.2%1  710.626 874,742 182,798 N “
|
|
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TEST NUMEER : 1OOES i

t

Resd Na ;100851 :
Ct/hl: 11.7
rl‘. Lkgrels 936
Load Ratin 65.07
Fat ChPal: 84,35

PD INTE ALONG FIPELINE

*****ﬁl*x*X*WM*x*#x***JH!M**HM*H****#**I*M*

CkPal 86.513 54,3087 42,73 21,857 19,266 .
[m/sl 30,3511 37,263 40,724 48, 43¢ 22, 484 P°
[m*3/hr) 944,780 1161.456 1547.345 1309.836 1354&.911 :
Thg/m 3l 2,045 1,663 1,522 1.279 1,249 '
L/72%Rhoky2 CPal 939.295 1158.714 1241,976 1S01.071  T15.443 ;
Fr v 2/gD §91.953 1347.989 1410,082 2277.929  330.320 ;
.
TEST NUMBEER ¢ 10085 -
Read. o T 1OOEGR i
& tt/hls 13,4 !
@ Cirg/slt 571 1o
Load Ratio : &.04 i
Pat CkPal: 86,20 H
]
POINTS ALONS PIFELINE i

xMu***nmmu*m*m**mex*xxmmx*mmmm

£l ChPal 95,210 67,107 AG.2S3 28,287 22,216
U1 Em/s]  30.770 V.83t ALHLY H0.06Y 23,321
ui tme3/hel 959,087 (172,933 AD9T.9LB  1H60.627 1604.515 w
Rha Ckg/m~31 2.145 1.754 1.8%0 1.3% 1.282 “
1/24RhoXvE  [FaT1015.304 1241.485 1369.763 348,411 .
Fr V2/gD 919171 TTA.T&D  1672.997 358,379 )
TEST NUMBER 110085
Read. Ny LOORD
trhln 13,3
2} thg/als .w, 5 b
Load Ratio Q
Pat  ChFad: ae:...,
POINTS ALGNG FIFELINE P
o .
mn*n*mwuxw«nxwm«uwxnmnnmmmm
Ry CkPal  99.973 46,43 1,024 27,177 26,745 P
Ui Im/al 29,948  T6.B4T 40,421 A9, 162 I2.863 G
i tmZ/hrl 933,340 1139.039 1966 1H3 1ETT. 014 -
Rha Lha/m™3] 2. 19% 1.79% 1,618 . 30R o B
L/RXRRoKVCR  [Fa) 984,094 1200,978 LI35.007  161D.680 340,399 .
Fr veR/gD BP0 4B 1294.458 1601941 0344380 341.5632 [
i
i
L
ades P T . e -
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TEBT NUMEER : LOOBS

Read. No i 1OORSE4
@ [t/hls 18,3

) Erg/els 569
Load Ratio a1 8.%93
Pat CkPal: 86,25

PDINT‘E Al IJNG PIPE!. INE .

*****‘K*#X*R*****X*W**J##****Y****#***#******X*:"

Pi CkFal 117.117  77.147 62,823  34.220 by
ui Im/el 237.557  T4.298  37.594 46,520
Vi [m*3/he] BSB. 947 1069062 1171.785 1449.997 BT
Rho Lkg/m*3) 2,387 1,918 1,749 1.414 i
1/2¥Rhofvo2  [Pal 906,210 1127.887 1376.267 1529.783 O
Fr vAR/gD 737,247 1142,087 1372.071 D100.%45 304,771 c T
.
g
B
TEST NUMBER :100ES
Read. No + 100BSS :
6 Ct/hl: 20.0 . R
[} Thy/als S48 ° AR
Load Ratio : 10.1) R

Pat [iPal: B&.25 SRS
pum‘ru AL.L’)NQ FIFELINE K

****xu*x*xxmtimmw*xmxmmm***mm*mmu

43 [hPal 118,943 78,870 42,744 5. H6T J1.281
L1 Cmisl  26.578 32,710 6 20 A4 27 20.831 N
Vi Co"3/hrd B28.407 (019,348 (126,893 1400.3866 1433,215 g

g/m3] 2,582 1.975 1. 746 1,409 1.377
TPal 841,187 1025,249 1I47.297 1421.936 298.682
w2/ S85.784  1M38.70%  1D7S.701  1959.884 283,548
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TEST NUMBER :100C 1

Read. No ERpelslot 51
th/hl: 10,5 . :

-} fhg/el: . 146

Load R tio 2 19.9.

Fat CkPal: B%E.8

PDINTS ALUNB FIPELINE

& S

* ‘*X*t**x;ﬁ*****H{**x*****H##**Y**K*********W . Cy

. i
F29I0 ?.891 4,885
12.517 7.03& 7.424
Em™3/hr] 390,142 484,078  S10.798
Chg/m~32 1.381 1,089 1.032
l/“‘*Pha*v"’ LFal 105.827 25 24, 950 28.437
vr2/gh 152,099 186,852 X% 7e2 12,347 36.017

TEST NUMBER :100C

Read he 10QC1z
tt/hl: 14.1

Q tkg/slz 144

Load Ratio @ 7.1

Pat CkPal: 9%.8

PU INTS AL\JNE PIFELINE

*X**X*****X**X*#X***X***##***X**X**X****X**X**X

Fi CkFal 3B.9a0 24,219 19,22 12.841 7.425
ui Cmis]  11.7%6 12,858 &.324 4. 733 7.109
vs. Co3/he] 3h6.445 400772 4F..077 463,253 489,116
ha Tkg/m~31  1.418 1,296 1,194 1,122 1,063 ‘
1/"‘!Rhn*v “2 [Pal 97.985  107.144 23.877 25,423 26.842 .
vAR/gD 1340183 160. 500 26, 130 29, 624 33,024 o=
TEST NUMEER :100% R
Read Na ¢ 1O0CL3 {
Ct/hd: 14,5 )
Chgssl: 1aﬂ
Lcad Ratio @ 32.1° a o

Fat CkPal: S.:.S
PDZN'IS ALl UNG PIPELINE

mmm**mmmmmummu k*m*mxmmxwmm**

i LkPal 44.887 36039 28097 5,802 G« 20
18] Cm/sal 10904 8 5,509 7,154 &, {78
Vi Cm*E/he]) 339,789 206,568 492,187 47%,189 B
Rha Lhg/m~3] 1,513 L2638 1,044 1., 08%
1/2%Rhokv2  (Fal 89.816 - 057 28,701 25,671
Fr voR/gD 118 EVR 818 II. 440 pde P del-]

ooy b o P R e )
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TEST NUMBER 1000 e®
Read. Mo ¢ 1l0oci4 ! -
§ [t/hlr 24.4 :
[} Chg/al: 142
Load Ratia 1 47.9
Pat LkPal: 83.8

PL‘IINT ALONE FIPELINE
S
xu*hk*xx*mmuxxmxnmﬂn M*X**#***k*#*****

Fi LkiFal 95.468 41,548 T, 672 21,390 12,113 e
£33 Cassl 10219 11.336 5. 4620 .01 5.&79 R
Vi Lo D/hrd 318,327 353,346 184,656 419.790 459,561 E—
Rho Ckg/m*3] 1.610 1.451 1,328 t.2e2 1,116

L/ 2RRADRYCR (Fal  BA.07S 33246 20,947 2E, 781 R4, BYS o
Fr ve2/gD 0L, 38R 124,762 20, 438 24,326 29,187 i

TEST NUMBER 100G L %

Read. No P ADOULE
] [¥/hs 28,3 R
@ Ckgrsis . 142
Load Ratio : 53.2
Pat [kPal: 85.8

PDINTS ALDNG PIFELINE
*x*xi*#*#*****X*X****x*Xk**x****k**************

243 LkPal 42,4682 44, PAC 34.848 G067 16,402
ui L'm/s.'l PG 1N, 848 5,417 &. 889 b, 395
Vi B/hrl 502,826 338,740 371,489 473959 439.955
Fho El' /m'*-‘SJ 1,692 1,582 1,378 1,081 1.164

l/?*Rhamv"° CFal 79.8BI6 89, 304 20,168 25, 645 2T.805%
vhR/gD F1.456 114,660 19.47%F F1.009 26.719




Read. No :

g ft/hie
hglsl

Lnad Fatia

Pat ChEals
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TEST NUMBER :100C2

100021
2.8
L B85
14,5
85.7

FD!NTS ALONG PIPELINE

****X**X*%ﬁk*)ﬁ*****************t***ﬂ(***‘t*%******

LkFal 41.921 23883 21.547 14.839 8.291
Im/s1 19.031 22 159 10,227 10,910 11,670
Lm~3/hr] 593.199 650, 689 7UE. 670 7E0.619 an2, 911
Rho Ckg/m~33 1.497 1.277 1,254 1.173 1.09%9
1/2%Rhokv 2 [Pal 26%.338 313,503 &5, 37T &9, 948 74.821
Fr v™2/gD 351.421 A76.700 68,361 77774 88.990
TEST NUMBER : 10002
Read No @ 10QC22
[ [e/h7 14
@ Ekg/s]~ 239
Losd Ratia @ 14:2
Pat CkPal: 85.7
PDINT:n QLUNG PIF‘ELINE
*i(***X***********#**X**X*****************X**#**
Fi LkPal 49,231 26.837 23,754 15.6%6 ?.088
Ui Im/al 17.93& 21,025 9.793 16,8972 11.309
Vi Im"3/hrl 546,580 &55.7344 673,805 727,354 778,058
Rha Chg/m~A3 1.576 1.314 1.278 1.194 1.107
1/2%Rhokv™2  [Pal 242.314 290,533 41.308 b6, 181 70.7%4
Fr vh2/gD 298,830 429,141 &2, 472 73,029 B3.544
TEST NUMEER : 10002
Read. Mo @ 1O0C2T
[ Ct/hi: 16.2
2] Clg/sls 276 9%
Load Ratig : 1B.9
Pat CkPal: 89.7
FCIINTE ALDNQ P’IF‘ELINE
X**X********X*'k********K********X'\*X***‘*X******
Pi LkPal  5R.064 24,827 . 838 16,783 7412
Ui tm/s]  17.044 RO FR2 9. 37 10,379 11.424
Vi Em*3/hrl 831,238 by2. 110 élba 1465 714,124 785.993
Rho Ekg/m™31 1.608 7 1,194 1.08%
1/2%RhoXv™2  [Fal 233.164 . 5‘? 108 54,329 70.80F
Fr veR/gD RER.OOT 424.‘?45 9. 433 70,394 85, 279
T R T "

9
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TEST NUMBER :10002

Read. No 3 100C24
l.i Tt/R1: 22.4
o) Ekg/sl: 201
Load Ratio @ 30.8 °
FPat [kPal: 85.7

PO INTS ALDNG FIFEL INE

*X***********X*****XX***X*******i***nk****ﬂ(x****

' CkPal  59.443 33,632 0. 027 19,954 4.851

Im/sl 1'7.804 7.845 8.592 10,025

Lm~3/hr] 430, Q. 705 591.1859 689,764

Lhg /3] ub,-.- <347 1,230 1.034
I/Z*Rhcmv’""‘ Pal 161.005 25.858 41 44% A5, 401 52.%74

vR/gD 184,991 27-3 750 40,208 46.241 45,678

TEST NUMESR ¢ 10002 ’ v
Read No 1 100625
tt/hl: 27.2 |
G Chg/sl: .238 e |
Load Ratia : 31,7 SR
Fat TkPal: 85.7 B :
POINTS ALONG PIFELING -
Mnm:n*mxmnxmmumw*mmuxmmxmmn T
R
3 CkPal &6.407  37.592 35,890  24.388 6.567
ui [m/s] 15.566  19.211, 8.822 9.746  11.4%6 .
v1 Ca~3/hr] 485.198  S98.787  &06.972  470.570  799.874 .
thg/m™s1  1.768 1.433 1,418 1.280 1.073 "

1./2>le'|:ul(v"’1 [Pal 214,252  264.410 55,009 &0.773 72,492 B
v*2/gD 255.2449 358,882 S50, 856 &2.072 38.318
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TEET WUMBER 5 100CT
Read. No & 100031
g fe/nls A
@ Ckg/slt .296
Lead Ratio ¢ 12,1
Fat CkFal: 8.8
POINTS ALDNG PIFEI_INE
&
xwmu*mmmumxxmmm TE R RERK R RO
Pi LkPal 20.904  0.783  135.632 1.186
ui Lm/s3 27.95% 12,478 3.590  15.534
vi L Sshe 871.296 @72,285 935,017  1068.796
Ria Ckg/m*3] 1,232 1,231 i.148 1005
1/2%Rhokv 2 [Pal 393 481,811 98.937 106,052  121.226
e v~2/gD YEB.598  108.03%  130.48Z  137.686
TEST NUMBER :100CX
Read. Mo toues2 v 0
& Le/hi: 17 A
2 Chgssl: 295 ;
Losd Ratio : 15.9
Pat  CkPal: B5.8 y
F‘GINTE ALONG PIFELINE .
o
u*m*xnmm*n**x*mm**mm**Hmmmmmux .-
Fi CkPal 4,230 26.868 25,939 18.077 4.995
us [m/s] 21,175  T6.318  \2.022 12,932 14.79%
u ImS/hrl 660,030 @20.321  827.144  8A9.7A3 1017.938
Lhg/m31  1.414 1.294 1,286 1,198 1045
X XIZXRho*v""‘ LPal 761.262 448,997 92,918  99.950 114,381 [
v Fr vr2/gD 438,319 672,432 94.442  109.578  1AT.0%7
TEST NUMBER @ 1000T :
i
! Read. No ¢ 100633 ’
Bl § Ct/hl: 19,3
: & Chassls 297 e
o Load Ratiog : 18.<
| Pat ChPal: 85.8
i
FOINTS ALONG FIFELINE !
I
M***H*NMMH:H(M*M*H**H*H*NMHHM***
Pi [kFal §8.774  26.511 25,820 17.919 11,180
ui tm/s1 26,755 1B.1%& 13128 14.037 e,
Vi Lo /hr 1 §33.936  BI%.100 S0T.022 945, 771 T
fhe Chg/m™33 1,264 1.276 1109
L/2ARNGKVAZ [Pal 459,622 94,916 109,245 :
Fr vaZ/gD 494.938  97.192 128,752
e
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TEST NUMBER :100CZ

Read. No t 100034
] Le/hl: 24

G Ekg/sl
Load Ratio
Pat tkPal: 83.8

F‘DII‘ITS ALDNG F'IFELZNE
****X****X**#***********k**i***ﬂ***************
LkPal) &9,386 30,925 30,361 23.285 14.882

fmssl 19,494 28.920 11.800 12.5465 13.614
Em~3/hrl 607,487 807.917  811.845  B&4.S0Z 73b. 659

Thg/m~33 1,756 1.521 1.318 1.235 1.439
1/2kRhaXv™2  (Pal 333.784  443.754 21.520 97,456 108.591
Er vhR/gD 389012 &4H52.24%9 ?0.981 1035, 166 121,104

TEST NUMBER :100C3 2

Read Ne 100035 b

, Teshai 28.6 .
Ckgr/sl: .294 .
Luad Ratio : 26.9 X

Pat CLkPal: 85.8

PDXNTS ' 1PELINE

*#*X***#**X#** Un*******f***#************x*****Jk

Pi CkPal 73,721 33.518 33.138 25,267 15.924

Ui Im/s) 18,‘?37 25.318 11.304 12,322 13.444 .

vi La~3/hrl 590,258 789.138 791,662 B47.754 924,994

Rha Ckg/m~31 1. 79‘? 1.345 1,341 1.252 1,148 &

I/Q*Rhc*vkz LPal 322.540 431.218 8g.733 T.Q77 10%.738 T
ve2/gD 348.148 622,201 84,514 29.210Q 118,109 3 -




Em
Ckg
l/"*RhD*V"’

]

Ui

Vi Cm

Rha 2

1/2%Rhoxv~2

Fr

Pi

Ui

Vi Lm™
Rha Bk
1/1.*F(hc*v""

CkFal
tm/sd
3/ 1
/@31
tFal
v2/gD

v"2/gD

CkPal
Em/5d
I/hrd
g/m3]
LFal
vrRIgD
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TEST NUMBER 3 100C4

Read. No s 10004
[ Ch/klr 12

@ Lkg/sl: 404

Load Ratie ¢ 8.241
Fat LkFal: 89,8

EQINTS ALONB PIPEL INE

-ﬂ********X*)ﬂ**i#***ix****x*********x*******?**

852,477 18,718 19.975 12,597 10. 22!
28,605 37.837 18,211 1(:!.662

a%1.400 1282, 965 1283.950
1,633 1. 142 1,134

568,176 BBI.775  179.064 192,705  197.470
794,366 15H9.847 187.334 2l4.7i2  227.H62

TEST MUMEER :100C4

Read Na T 100042
8 [t/hl: 15

=] Lkg/sl: 371
Load Ratio : 11.21
Pat CkPal: 85.8

PRINTS ALONG P IFELINE
2 3 ]

*#**‘K****h*******i**ﬂ*******X*X**X*******Xm****

55.863 21.6486 14,928 10,722
2%, 563 I3, &4 15.329 16,352 17,054
799.711 104B,7&68  1054.647 11R5.0446 1174.014
1.&71 1,275 1,248 1.189 1,139

550,419 721,457 148.94%2 158,884 165, 80O
435,388 1099, 104 157.539 174.721 190. 268

TEST NUMBER :100C4

Read. No r 100047
a Lt/hd: 14.8
2] Ekg/sls 41104
Load Ratim @ 11.3°77
Fat CkFal: 8%. B

FOIMNTS Al ('.)NG PTFEIJNE
1 2
**k**“ﬂk******:MM****M#*#t*********l***kk*x:ﬂ

18.47% 14, 9354
17.674 18,295
1214002 12858, 721
1.724 1,294 1,217 1.174
&53.185 871,189 = 190,081 196,759
734,954 1307.40%2 175,598 204,114 218.707

&2, 049 25, G52
27.514 Ih. 437
857.4610  1143.842

b ol




171

TEST NMUMEER :100C4

Read. No ¥ 100C44
6 tt/hde 18.9
& Lkg/sl: .68 o

l.oad Ratim @ 14.2
Fat CkFal: 85.8

PDINT!: ALONG PIFELINE
3
#*X)ﬁ******XK*X’K*H(ik**************x*#********#**
[kPal &7.453 31.968 31,825 24,772 17.849

fm/sl 23.880 31,077 14.094 14,992 15.9%94
Lm~3/0w1 744,344 P68, 448 949.717 L03L.477 1100.572

o tkg/m~31  1.780 1,368 1,367 1,285 1.204
. 1/2%Rho¥v 2 [Pal 507.447 640,424  135.735 144,380 154.051
: Fr v 2/gD S53.641  937.590  127.806 144,867  167.202

P TEST MUMBER :100C4

Read. Ne @ 100CAS
t4/hl: 22.9
Tkg/sl: (414

Luad Ratia : 15.3 o

Fat CkFal: 85.8 N e

ROINTS ALDNG PIFELINE

x*ux*xmuxunwn*xxxxmmx*m*xxmx**wnn

Fi [kPal 77.237 32,428 J4.548 25,352 20,780 v
Wi [m/s} 25,312 34,508 15,539 16.819 17.542 .
Vi Eme3/hrl 788,969 1087,991 1065 9"‘8 1157, 1468 1206.898 o
Rhe Ckg/m™3] 1.8%0 1,370 1.289 1,235 .
1/2%Rhokv™2  [Pal 409,318 834,74 1.sa .0” 182,213 190,043 B
Fr v2/gD &22.015  1162.854 157.6%& 184,840  201.08%

e, . N o e Sawle b sl o .
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TEST NUMBER :100CS

Read. Mo 1000T1

G th/hdy 7

a thkgrsls L DB2

Load Ratia @ 3.4

Pat thPalr 86

FOINTS ALONG FIFELINE
»

3 S
Hﬂ(*******ﬂMM(M(*t*MHMX**#X*W*H****##****X

tkPal 26,778 22,089 13.594 9.958 5,711
Im/s]  7.074 7,385 3,650 3,767 3.942 !
Cme3/hel 220,847 230,110 249,738 259,200 271.204 .
Chg/m*3] 1,343 1,288 1187 1.14% 1.098
L/2kRhokv"2  LFal 33.640 35,099 7.818 e.114 8,490
£ VvR/gh 4B.&03 52,912 8.60%9 9,274  10.183 .
TEST WUMBER :100CH M
; 100052 I
B 12,5 Y
o I:ngsl. PR Al g "
Lead Ratia : 34.8 i [
Fat  [kPal: 8& B
POINTS ALONG PIFELINE
. .
***3************k***x‘k#***X***X*******X********
i CkPal 45.485 39,714 26,390 10,488 10.20% ’
us Im/s]  7.423 7.76% 3,934 4.583 4.59¢ i
wi [m*3/hr] 231.371  241.997 270,482 I15.29% 318,320 !
Rha Lhg/m*31  1.564 1,493 1,337 1.148 1,144 :
1/24Rhakve2 [Pal  AT.0BT  45.041 10,345 1F.050 2,085 -
Fr vez/gh 53,493 58.517 10,114 13722 13.804 .
% N
TEST NUMBER :100CS :
100CST
28 .
L 098 ¢ h
78,5 -
Pat CkFal: 84 N ;
POINT,—» ALDNE FIREL mr: .
mmmmmmwaummwmnmmuwmu*wmx ! ;
[ CePal  BR.I5E TB.178 B6.49% 2,072 16,891 A
ui tn/s]  8.737 5.847 3,067 4,453 4.283 . J{
Vi Cm*3/he) 178,68 183,776 210.987  306.983 292,404 [
Rha Chg/m~31  1.99% 1.94% 1,489 1.ial 1,218 ! i
1/2%RhetveR  LFal 32,789  33.423 7.940 11,582 11,011 L Bl
Fr ve2/gh 31957 33,402 &.145 13,009 11,819 ! ]
PR T . T L Y
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TEST NUMBER 10005

Read. Mo & 100CE4
@ LE/hl: 34,2

o) Ckg/al: (0@
Load Ratia @ 144
Pat LhFal: 86

PD[NTH ALUNE PIFELINE
1

x*mmx**Hx*w**mmmm*mumuwxmmmmm B <
CkFal 83,203 79. 940 a2, T64 9. 742 19.734
Lm/sl 4,922 S.018 2,547 5. 941 . 568
La™3/hr] 153,413 156.410 174,961 271,423 R45.485
Lkg/m~32 1,999 1.940 1.752 10131 1.249
1/"*Rha*v ~2 L[Fal 24.207 24,680 F. bbo 8,780 7.94%
Fr v*2/gD  23.518 24,444 4. 224 10,147 8.317 P

TEST NLMEER :100CE

Read. No 100054
a La/hly 34.2 i
o] Ckg/sl: (0B8S s
Loag Ratio : 111.3
Pat LhPal: 86

F‘DINTS ALDNG FIPELINE
1
xxmxxmmmmmmmH#x*m*u*mm*wuxwmm* . :

23 LkPal 8%, 203 7R, b1 Cloipetov 9.742 19.734

i tm/al 4.922 S.01g 25435 3,941 3,548 .
Vi Cm*3/hrl 153,413 156,410 174. 961 271.125 245,455 -
Rho Ckyg/m*31 1.99% 1.960 1.753 1,131 1.249

1/2¥Rhokv 2 [Fal 24,207 24, 680 5, bb6 8,780 7,949 -
Fr vR/gD 23618 24,448 4,226 10,147 8,317
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TEST WUMBER :100D1

Read. No @ 100D11
8 Le/hls 8.7
a tkg/elr 093
Load Ratio : 28.8
Pt rkFalt BE.&

POINTS ALONG PIPELINE
1
HRERKIR LI AEIAKERRERERR KKK RRHRRRRKKKKKIR KK
CkRal 23.928

i
i
Im/s)  B.ubl |
Lo S/he ] 269,969 ) b
i

Rha tka/m 31 1.246 L0

L/2%Rha¥v2  CPal 44,748 B

o Fr v 2/gh 72,830 Lo
i ! i

TEST NUMBER :100D1 -

] ft/hl: 14.% w
@t fhgssl: D7 ¢
Laoad Ratio : 41.4
Pat CkPal: 85.&

i
Read. No @ 100D12 [Ea
e

POIMTS ALONG FIPELINE

[
1 L.

ERXKRKHERRRIOE R BN R KRR RERHERER R KEKEKERR [

R
Fi [kPal  52.293 ta
uj Cm/s) 8,348 e
Vi Cm"3/hr] 240,825 |

Rho bg/menl 1341
L/2XRRokv-E [FAl 44,949
Fr veB/gD  &7.980 !

TEST NUMBER :100D1

Read. No 3 100D

G CE/RIs 1%

Q Lkg/slr 091
Load Ratio @ 45,5
Fat ChPal: BE.6

POINTS ALONG FYFELINE

i
FRHHRRRKERARRREF BRI KRR RO R KRR

i
L P CRFER)  44.370
ui Cm/sl 7. 147
Vi Cm~B/hel RE2.778 )
Rha Lkg/m~31 1,877

1/ 2%Rho¥v*2 CPal
Fr

vAR/gh 5 . . ’Q
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TEET NUMBER » 10001

Read. No T 100R14
[} Lh/7nd: 15,6
<} Chygsals 094"
Load Ratio : 45.5°
Pat LkPal: 85.4

FOINTS ALONG PIFELINE

1
ARKEERERRKEKERERRRRERRLERRKRR KRR RRKRA KRR Y

Ri CkPal 54,111

ui Lm/sl 5. 878

Vi Lm~3/hrl 214,371

Rha Ckg/m™33 1.588 B
1/2%Rhokv~2  [Fal) 37,5458 i
£r vh2/gD  45.921

TEST NUMEER :100D1 i

Read, No 3 1O0D1S

Et/hd: S Lo |
=] Lkg/slt . 093 L
Laad Ratio &9, 97 S
Fat CkPal: 85.4 iy

PRINTS ALONG FIPELINE

)

|

1 !
AKERRAK KR KR KRB IKRORR R R IR kxR i ]
v

Pl LkPal 85.832
h Eom/sl S, 609
Vi Cm*3/hrl 174,824
Rha Lhkg/m"33 1,922
1/2%Rhokv”2  [Pal 30,239
Fr vt2/9D 30,541

& e

2

oy e N - e St B afe el Lok .
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TEST NUMBER :10QDR

Fead. No © 100DRL
& Ce/mle 11

[l Lhkg/sls . 142
Load Ratio : 21.4
Pat CkPal: 88.6

FOINTE ALONG FIPELINE
3
FRRERRKKRRLRIHR IR RARAIORR KRR AR R RRR Ak

CkFal 34,740
Cm/s]  11.802 B
Lm™3/hrl 367,878
Rho Ckg/m™3] 1.392
e L/2%Rhokv 2 [Pal %6.%18 3
Fr voR/gD LES.RFE

TEST NUMBER :100D2 H

Read. No 100022
& te/has 17
& theselr 137
Load Ratio 4.2
Pat  CkPal: 85.5
.
POINTS ALONG FIFELINE -
. .
s :
H
Fi thPal 48,788 i
Ui [m/s)  10.415 !
Vi [ne3/he ] 324,632
Rha Lkg/m™3d l.528
1/24Rhokv 2 [Pal 82.897 \
Fr v 2/gD 105,309

TEST NUMBER :100D2

Read. Mo 5 10O0DRT
& Et/hl: 20 Pl
[} Lhg/els L1410 [

Load Ratio & 59,3
Fat  [kFal: 85.6

FOINTS ALONG PIFELINE

1

FRRRHERERRIERRRERRRRRAIRHRARREE KK KRR CRRA 2
Fi. LkFal 535,040 A
Ui tm/ml 10,202 P
Vi CoB/hel 317,988 H
Rho Lhy/m~ml 1,998
1/2%Rhokv"2 [Fal 83,182
mr vhR/gD 101,041

aded - N ™ Ak m Mo WL I Ay el Lowir o



-~ -
R LkFal
Ui Im/s]
Vi Cm™3/8r 2
Rhm Lng/m™33
1/2%Rhakve2 [Fal
Fr v 2/gD
i CkPal
Ui Lm/s]
Vi Lm~3/hrl
Rho Lhg/m™3]
L/2%Rhokv"2  L(Pal
Fr v~2/gD

177

TEET NUMEER :100D2

Read. No : 100D24
a [t/h1s 24

a Chg/sd: 138 o
Load Ratio : S52.0

Pat LhkPal: BS5.4

POINTE ALONG FIFPELINE .
1
IRRRXRKKKKRKRRKRREKERRREKRRKRERKKRRA KRR R R KKk

&1.165 i
7.408
297,484 !
Lu&48
77.009
89,426 "
TEST NUNMEER 3 100D2
Read. No : 100DRF
E Lk/hd: 33
Q Lkg/al: 140
Load Ratie : &5.3
Fat LkPal: B8%.6& .
)
FOINTS ALONE PIPELINE By
1 .
LRSSt PRS2 PR SRS SR SRS RIS SRS LRSS SRELST ¢T
&2.724
F.610
299,530
1.684
77.84%
89,682 {
i
- Pl o B S5 st Rl o o




Fi LkPal
Ui Cm/al
Vi tm*~3/hrl
Rho Ckg/m31
L/2%Rho¥v"2  [Pal
Fr vt2/gD
Pl £kPal
ui tm/s1
Vi La™~3/hr]
Rho Lkg/m™5]
1/2%Rhokv"2  L[Pal
Fr v*R/gD
Fi LiPal
Ui Im/sl
Vi Lm™3/he]
Rha Lhg/m™33
L/2%Rhokv™2  L[Ral
Fr w290

178

Read. Ng

6 Ce/hle
") tka/sl:
Laad Ratia =
Pat EkPal:

TEST NUMBER

100031
15
L2046
20.1
83.4

POINTE ALONG PIPELINE

2 100D

1
BRKERARRIRR KRR LR RREK KA HIORRR LKA R AR RN

39.459
15.718

R71.345

Read. No 4
g Le/hl:
& Lkg/sd:
Load Ratig

Pat CkPai:

TEST NUMBER

100D32

POINTS ALONG PIPELINE

(R elalend

1
AHEXKFERERRRKKHRIRRRREK R AR RRRR IR IR IR E

48.618

235. 959
299. 240

Read. No
G Ct/hls
& Ckg/sl:
Load Ratio 1
Pat LkPal:

TEST MUMBER

1QODET
0.9
L 233
24.8
83.6

POINTS ALONG FIFELINE

TiDODE

1
HRRLHARICORRRRRREL KRR HI KRR ICOR AR KK

57,299
16,551
S15.874

1,829
233141
245, %30

o

[T VO Y 3




CkPal

La/sd

La~3/tr1

Rha Lhg/m™31

1/2¥Rhokv>R [Fal
Fr 2

Pi E:Pal

ui Lm/sl

Vi Em™3/hrd

Rho Chg/m™ 3]

1/2¥Rhokv"2 [Pal

Fe w2790

179

TEST NUMBER :100D3
100D34

24,8

219

3.0

83.6

POINTS ALONG FIFELINE
1
SRIEAARKERAHRRRERRRXFRRAKRRZHRRRKRRRLKR RO I

60,358
15,220
474.391
1,465
192,820
224,882

TEST NUMEER :100DT

LO0D3S
b, 9

<230
32.4
Pat EkPal: 85.4

BQINTS ALDNG FIFELINE
1
FAKIRREERRREREXAKARIR KA R ARARREKIRKERAHRKRA KX

63,227
15,6861
488,159
1.4697
208, 189

238.124

e e S i il




SR, o & kd - s

180
TEST NUMBER :100D4

Read. No 100041

g tt/hls 10.8

o} CLkgssly L 299

toad Ratio : 10.0

Fat ThPal: 8% 6

LkPal

Lm/sl

Em™3/hrd
Lhg/m™32

L /2%Rho¥v*2  [Pal
Fr vr2/gh
Fi LkPal
ui Em/s3
vi Cm3/hr]
Rho Lhg/m™32
1/2¥Rhoxv~2  [Pal
Frr v 2/gD
Fi EhPal
Ui Cm/sl
Vi Em™I/hie
Rhao Ehg/m~33
1/2¥RhoXxv"2  [Pal
Fr v 2/gD

FOINTS ALONG PIPELINE

1
RERFRDRROOHELRRELRRRRO AR ERIIEIRR R RR K

39,350
23.978
747,385
1.442
414,393
S36.174
TEST NUMBER :100D4&
Read. Na @ 100D4R
g £t/R1: 14,1
Q Lhglsl. (300
Load Ratio 13.0
Pat CkPal: 85.6

FOINTE ALONG PIFELINE
1
FREFXFKRKKIRKKARRIERRER AR KKER KRR SRR KKK

A9.179
22,380
&?7.573

1.54%9
T87.904
484 . 250

TEST NUMBER :iQ0D4
Read. No & 100D43
8 Ct/hds $8.7
7] Chg/al: 299,
Load Ratio  17.3
Pat ChPal: 85.4
FOINTE ALONG PIPELINE

1
FHRRRRRLRERRE LR RO R R RRRROIRRXKXRRRR Y KX
58,339
2l.020
455, BBV

L.b44
343,184
429,021

e Wl s i e

rs
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Read. Na

g Ctshls
] Lhg/el:
Load Ratia
Fat EkFaly

TEST MNUMBER :

181

10004

100044
23,1
<294
21,7
8%.&

FOINTS ALONG PIFELINE
1
RREKEXLLROHORRRXRERAERRRRRERKRKKKRK KRR RALE S

CkPal
Em/sl
Lm™3/hrl
Rhe Chg/me32 Py it
1/2¥Rhokv™2  [Pal J37.258
Fr vo2/gD 380.714

bb.01B
19.803
417,247
1,739

TEST NUMEER :100D4
Read. No 1 100DAS Lo
& Lt/hds 23.G
a Chg/sl: , 292
Lnad Ratia 3 22.3%
Pat tkPal: 83.

POINTS ALONG FIPELINE

1 .
ERIRHTRERERARKELIRKERRRRRIRIK RERRORKRARRRIKAK v

N Fi [kPal &B.D49
S Ui tn/s1 19.381
‘ vi Cm3/hr] 604,086
o Ckg/n™3] 1,740
1/24Rhoiv 2 [Pal 325.83) -
Fr V279D 364,452 |

™
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TEST NUMBER :100D5

Read. No : 100D51

§ Lt/hd: 11,3
@ Lhg/sl
Load Ratio
Fat TkPal: @5.4

POINTS ALONG FPIFPELINE
1
RERIRRKHRRERRARRKEAKIKRIOERXRH IR KKK R XA KKK fe

LkEal AB.&%5
tm/sl  27.104 e
fa"3/hrl B44.812 :
Cha/m~3] 1,531
1/2¥%Rho¥v 2 [Pal 562.355
Fr v~2/gDh 713.183

TEST NUMBER :100DS

Read. No @ 100032
8 o

: Ce/hlr 12,7 T

] Lkg/sl: 393 LR
Load Ratia .61 a

Pat EkPal: 85.4 1 .

FOINTS ALONG PIPELINE {

1
HRERLREKEE " KRRRREKKERR KK RRRRORRKRKRREAR Ak

Load Ratio s 10.8
Fat ChPal: 8S.4&

Pi ChPal  §7.423
i [m/s] 28.220
vi Ln~B/hrd B79.605
Rha Chg/m™31 1.410
L/2kRhokve2  (Pad 640,959
Fe v"2/gD 773.137 N
TEST NUMBER :100DS i /
Read. No 1 100DET i
& [e/hln 15.3 |
2 thg/alt 391 “
|
!

FOINTS ALONE PIFELINE

1
FRKHORERRRRACHE RO RRERRRRRORKRE R KR R

Pi [kFal &2.677

Ui tm/sl 27,273 L i
vi Em3/hr] 850,075 .

Rhao Chg/m™32 1,680 :
L/ZRRhagv"2 [Fal &17.254 y

Fr wrRIGD T2R, 097 e
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TEST NUMBER :100DS

Read. No t 100DS4
] Le/hde 145
@ Lhygssl: (391

Load Ratio ¢ 11.7°
Fat CkRal: B3.&

FOINTS ALONG PIFELINE
1
ARRERARRRRLHHRALRRRARRKKRRERRIREKRRLAKRRRK KRR K

EhPal 55.43S5
(m/Bl  28.638
[a“3/hrd 830,219
Rha Lkg/m™3] 1,696
1/2%Rhokv™2  L[Pal &01.678
Fr v~2/gD &B8.758

TEST NUMBER 10003

Read. Ho : 100DSS
a Th/hls 22,4

2 Lhy/sl
Laad Ratia .
Pat CkPal: 83.&6

FOINTE ALONG FIFELINE

i
HRERHREERERRRKREKE KA RARKERRREHRR RN IRKK AR R N

Fi CkFal  7%.96%
4 h
Vi Em~3/hrl 721.594
Rho Lhg/m™33 1.778
1/2¢Rhoxv2  (Pal 476,840
Fr v2/gD 520,314

i
i
|
|
i
H
[
{
{
F
ui Imn/el  23.15% l‘, ;
|
I
i
\
|
|
|
|
|
\
i
I
|
§
i

- - - “® o B e, e i Gl S o
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TEST NUMBER 120001

Read. Na & 200A11
[c] Lt/hl: 7.6
@ thg/sls 04T
Load Ratio @ 42.7
Pat ChFal: 8h. &

FOINTS ALDNG FIFELINE

2
wmxmummm*mm*m*xmm*xxwmm**mmw*

CkPal B8.4638 84,186 22,402 7,857 10.478

Em/el 2,713 2.784 4.354 H. 03X 4.897

L Emo3/hrl 84,543 B&. 747 173, 499 186.882 132, bbb

Rho Chg/m™31 2.104 2,954 1,311 1,124 1.164
l/“*Rhc*\”“’“ LFal 7.743 T.345 12.426 14,366 13.978 B
voR/gh 7.144 7823 18,401 24,594 23.284 ;

R TEST NUMEER :200A1
. Read. No @ 200812
- § te/b3: 13

G Lkg/sl: 094
Load Ratio : 38.3
Pat LkFal: B&.& o

I‘DINTE QLDNE FIFELINE
*******M********t'ﬂ************k“**lﬂ(****x#**

i LhPal 98.528 F0.487 24.94% 16,983 i2.244
Ui Em/sl 5.000 5,242 §.163 8.793 P 212
Vi me3/hel 155,838 160,268 254,471 24,076 287.134
Rha Ek /m3) 20177 2,117 1.334 1.438 1.18%

/”*Rho*v’“” LFa) 27.212 27,986 44,409 47,860 52,140
Fr V278D 24,2647 25. 647 &4 . 6B7 TE. 08T 82,385

{ TEST MUMBER 120041

Read. Ho 3 200ALT
H [} Ct/hde 14,1
| ] thg/sls 099
| Load Ratio @ 39.1
Fat ChFal: B&.6

|
I
h
|
E
B PDINTE AL DI\IG PIRELINE i
**H*X*H*X**k***«HX*#**M****‘k*********k****** i
i
|
|
|
1
i
{

Wl 323 ChPal 105,533 29, T0l 20, 438 18,1
; Ui Em/sld 5. 0351 5,200 3. 031 9 T00
. Vl Lod3shel 156.814 télZ ave 281,471 2W9E. LG8 >
5 R Chyg/m™31 2 220 1.278 1.218%
1/”)!F<h\:l*v ? LFal 30,041 62,124 54,830

vhR/gD 24,872 26,248 &1.291 V9179 87,614

{ B

- - o s o S -
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TEET NUMBER :200A1
Read. No 200414
& Ct/hle 17.%
& Ckg/sly 098
Load Ratio : 49.8
Fat tkFalr B&.&
FOINTS ALONG PIFELINE
5 6
mxnm*x*x*mmmmxmmm*u*mmm*mwm*w
[hPal 110,950  103.114  37.818 20,876 15.035
tm/s]  4.606 5. 004 7. 443 8. 633 9. 341
Cm~3/hrl 149,790 155,978 238.219 279,326 291,151
[kg/m"31 2,33 2,265 1.483 1.283 1.214
1/2XRhakv~2  [Pal 27,239  28.364 43,320  50.047 52,945
Fr vR/QD 22,421 24,311 56,706  75.74% 84,704
TEST NUMBER 320041
Read. No + 200015
[ Ce/hd: 18.7
@ Ckg/sds  10¢
Load Ratio : 51.5
Pat CkFal: 86.6
FOINTS ALDNE FIFELINE
**x*=k*xmxm**ummummwm*m*mmnmmmx
Pi [kPal 120.416 113.092 42,224  20.884 17.168
ut La/s1  4.707 4.879 7.544 8.740 9.390
’/1 Co»3/hrl 186,711 182,092  235.761  E72,430 292,687
[kg/m™31 2,470 2.38% 1.537 1,330 1.238
/"XRhnxv”’ CPal 27.3635  28.36%  43.975  S50.814 94,593
vh2/gD 21,508 23.115  SHE.E42 74,183 85,603

P S



Fi LkPald
Ui Cm/al
vi tm~3/hrd
Rho Lk g/m"‘-‘SJ
L/2%Rho¥v2  [Fal
Fr v*2/gD
53 Chiad
ui Em/s)
VI. 3/hrd
tkq/m'
1/"*Rh=*vlm LPal
vh2/9D
i CkPal
23 im/al
Vi Cn™3/hrl
Ehg/m™3]
I/Z*Rhuxv”‘Z LPal
ve2/gD

* L. i M Lol
K
186
TEST NUMEER :200AZ2
Read. No § 200A21
[ tt/hl 9.5
o} Chg/sl: 155,
Ltoad Ratio 3 14.9
Fat CkPal: B6.3
POINTS ALONG PIPFLINE
=
xkm*m*muxnmm***x*umm*mmnmmmum
84.901 0,656 4{ 341 62,173 15.618
9‘743 8. 945 11,725 10,081 14,485
2,511 9,439 B65.451  T14.224 457,740
2,052 2,001 1.530 1,780 1.222
76,432 80.426  105.181 90,438 131.749
74,207 78.027 133456 98,4664 209,390
TEST NUMBER 20062
Read. No T 200822
g Lt/hd: 12,2
Q Cig/slds 154
Load Ratio 1 21,9
Fat tkPal: 86,3
Pamrs ALDNG PIPELINE
mmuumu*mmmw*xmxm»xmm*xx*muxum*
94.612 89,399 42,567 46,074 14,281
8.271 8.475 11,858 9,773 14,806
256.568 264,181  340.187  F04.620  461.481
2.168 2,108 1,544 1,836 1,208
73,448 75,4627  103.111 7,204 132,109
45,779 69,740 139,439 92,725  212.808
TEST NUMBER :D00AZ
Read. No T ZOOARS
8 te/hd: 14.4
] Lkg/sd: . iS1
Load Ratio : 24,7.
Pat CkPal: B4.3

PDINTE F\LDNE FIPELINE

M{M*1«*HH#**X************‘M* mmummxmum

107 P65 108, an7 AZ.7R6 TaIER 16,5173
<526 7.781 1.074 P, 099 14,249
”34 91 42,529 345187 283,621 444,123
2,326 2,249 1,580 1,984 1,228
&£5. B85 68,094 G, 91LE 79,431 124, 4%4
54, 797 58.777 119,063 80. 382 197,100

ik R e

- ;>
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TEST MUMBER 20042

fead. No ¢ 200A24
& fe/hlz 16,4

o] Ckg/el 7
Load Ratia st
Fat [l'FaJ- 84,3

F’DINTE AL.UNC: PIPELIME

***X**********‘H(*)H”k*X****X************x*******

5 Pi CkPal 111,776  104.65% 41,517 16,534
= Ui Lnrsl  7.218 7. 43 11,186 1%.931
Vi Eme3/hrl 224,589 2 248, 541 434,213

S Rivo k /m’”ZS] 2. 365 1.526 D28
- 1 ZARhokveE . [Fa) 61,821 35,493 118,924
. Fr voR/gDh  HO.58T 121,478 71.964  188.402

TEST MUMBER :20042

Bead

Q [

Load F\at.a

Pat [iFal: Bs. 3

PD!NT: AL

1

i HRERKA R "i**‘#!lﬂﬂk** ************************
| R Fi LiFal 8. 717 16,938
Ui im/al
Vi Em"3/herl
Lig/m" 31 S.E00

Bt I/ZiRhotv”" LPal &0.1st
viR2/gD 44,437

&7.48% 195,058




£kPal
Lm/sl
Lm*3/hrd
Rho Lhg/m™31
l/"*RhD*v"“" LPal
vh2/glh

Pi LkPa)
553 tm/sl
Vi Lm~3/hr
Ckg/m™31
1/2*?\’?\0*\/«\5 LFal
Fr v 2/gD
B LkPal
i Im/s]
Vi L3770 T
Rihe Chg/m~31
1/2¥RhoXv*2  [Fal
Fr vR/gh

Al

188
TEST NUMEER :200A7
Raad. No & 2OGATL
c] Lt/hl: &%
@ Chgrsl: 210
Load Ratia ¢ 12,2
Pat CkPal:s 8.6

PL‘.IINTS ALDNE FIFEL INE

**FH*#*X***X**'k**#*HJM***HY***X*H***—K**M***

D4, 964 87.984 46,4877 67223 19.734
11,123 11,495 15,343 13.274 15.201
345, 658 344, 529 478,229 413,730 §98. 500
2.184 2,077 1.583 1.830 1 5
135,108 142,050 186,367 161,233
120,111 32,784 228.8935 171.047
TEST NUMBER :200A3
Read No @ ZO0AZR
8 Le/nle 5.9
a Lhg/el: .284
Load Ratio ¢ 7.94
Pat LkPal: B&.6

FROINTS ALONG F‘IPEL"NE

3
mx**m*mumux*m*x***Mx*umm*mxmmmm

82.279 72,187 3I7.018 57.417 156, 66F
14.417% 15.541 19.94%3 17,135 2. 898
453, 463 484,414 622, 22 534.092 T44.878
2.008 1,808 1,470 712 1.228
214,378 228,004 292,870 21, I8 350,599
207.296 234,485 384,883 285, 045 554, 435
TEST NUMBER 1 200AF
Read. Ne @ ROOASE
8 Te/hlr 11,7
5] Ckyg/sle (208
Load Ratio 1804
Pat LkFaly B&4.6

F TINTS ALDNB FIFELINE

t****M(*Nﬂ(**.I(V**N****At*H*‘H*VHMH**X******

109,231 100, 959 §2.857 74,582 21.212
10377 10, 853 14,801 12, 452 18,847

F2T. 4432 3'5" a7e 49! 5 122 388.116 587,444
2,318 2, ZRO 647 1931 1,274

124,, 82 130,378 175.594 149, 7753 226,633

104,338 113,938 206,984 150,524 344,837

. - M o S whla  ds oaeds o
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TEST NUMBER :200A7

Read. No ¢ 200A34
jcd te/hls 15,1
o Tkg/slt 252

Load Ratio : 14.4
Pat {kPal: 8b.&

FQINTS ALL‘)NG FIFELINE
g

**Hx*****H******M****%k##*t k***t****’(x****#* .

{kPal 119,446 108. 093 59,948 86,984
Cm/sl 11,547 12. 5565 16,829 14,205 -
LmB/hrl 372,997 394,748 §24.55) 442,753 B
Ckg/m~32 2,434 2,302 1,732 2,082 °
1/2¥Rhokv™e [Fal 174,433 1B4.507  245.310 207,057
Fr vAR/gl 139,028 1598.714 274,952 195,886  4%54.528

TEGT NUMBER :Z200A3

Read. No 1 BOOAZS
G Ce/hls 17.8
o] Lhg/sl: 208

Load Ratio : 24.0 ;
Pat fkPal: Bb.6 i

FOINTS ALDNG PIFELI NE

**X***#fﬂ(*)ﬂ***X&*‘K***X*******V*X********#*****

i
Pi LkPal 128.&74 118,573 &2, 297 P2, 085 2@.312 i
ui tm/sl 9.342 ?.802 13,504 11.254 17.300 I
Vi Cm“3/hr] 291,174 .-03 509 2979 E50.837 545481 i
Rho Ckg/m™>3] 2,542 2,423 1.75%8 2110 1.357 i
1/2¥Rhoiv~2  (Pal 110,921 116 382 140.346% 133.449  207.797 {
Fr vhR/gD 84,720 3. 267 177.09% 122.9946 297,331 P

- . T B il B ke e 2 »
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TEST NUMBER : 20004

Read. No : ROCASYL
& tt/hls 9.8
[} thg/els (311

Load Raktio @ B.730
Pat LkPal: 8&.3

PD INTS ALCINEI PIFELI NE

*#*H:H(X**X***x***X*M*%**X**x****x**m********/f

Pi LkPal 107.499 Rb. A3 SE. 224 B80.941 25.916 h"

Ui Lm/sl 15.736 16,689 21,101 18,235 27176

Vi Lm*3/hrl 490,473 520.178 &T7.702 568,361 847,087 N
Rho Chg/m~3] 2.288 2,197 1,708 1.974 1.325 ”
1/2%RhoXv®2  ([Pal 283.258 300, 414 379. 836 E28. 3241 489, 193 PUR
Fr ve2/gh 240,387 270,384 32.253 332.797 F146.977 L

TEST NUMBER :200A/4

Read. No © Z00A4Z
: ] Tt/hds 11,2 e
- [} Ckg/sl: 311 . :
A Load Ratio : %.88 i
At Pat tkPal: 85.3 '

F'U INTS ALONG FIFELINE

&
xt**’lk************x***V**H*****#k*************

i
!
T £ [kPa) 115,043 103.747  &3.03% 85,539 28.814 e
. (%53 [m/sl 15,263 16,172 20,580 17.885 28,699 ¥ »
Vi Ca~3/hr] 475.738 S04, a4 b41.464 587,475 832. 188

Rh. Thg/m"3] 2. 360 2,227 1,750 2,014 1.34%
1/2$th* ' LFal 274.839 291,204 370,581 322,060 480, 764
vh2/GD 224,160 253,894 411.174 310,550 &HFR. 024

TEST NUMEER : 20044

Read. No AGOA4T
Lt/hd: 1304
Lkg/sl: 308
Load Ratic @ 12.25
Fat CkPal: 86.7

FDINTS ALONG PIPELINE

|

!

3 i
*t*ﬂﬂ(***H*X***x;kvk%**H:*H********************* |
2

s
3 LkPal 127.588 114,350 49,956 Ph. 403 32,282 ' 4
[£53 [m/s1 14,342 15,289 15,632 16.790 25.876 |
Vi Cn"3/hrl 447.044 4756.539 S11.930 3. 349 806,548 L
Rha Tkg/m™~31 2. 484 2,332 1.816 201238 1.378 r

1/72¥Rhokv 2 [Fal 255,644 272,911 349. 9
Fr ve2/gD 199,702  226.923  374.183

259,280 461,228 | ) -~
273495 4T0.044 H
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TEST NUMBER :200A4
Read. No 1 200044
[ [t/hl: 15.6
@ Lkg/sly 306

Load Ratio 1 14,3
Fat LkPal: 8&:3

PDINT" ALONE "IFZLINE

****************X********M*****k********* ‘k**#‘#

134.911 122,708 73.483 102,712 33.244
13.7%1 14,5%6 19.093 146.141 25,520
427, 84 454, 966 $95. 128 S0.5. 097 775,449
2,545 2,424 1.853 2,192 1,386
243.931 258,173  3IT7.709  285.484 451,383
184,449 204,841 393,917 252.921 &32.274
TEST NUMEBER :200A4
Rr-ad Ne : 200A4S
[} Ltrhd: 47.4
a2 Lkg/sl: (308

Load Ratio 3 15.8
Fat [kPal: 85.3

PD INTS ALDNG PIFELINE

x*uumumu*m*xx**mmmwmmmxwumm*x

i £kPal
i [m/s]
Vi Lm 3/t

Lkg/m™31
i/"‘*RhD!v"” LPal
vR/gD

Pi LkPal
Ui Em/s3
Vi [ e Tk
Rha Lkg/m™51

1/2%Rhokve2  [FPal

Fr

v~2/gD

142,793 134,347 75,162 110,246 IE.542
13.462 14,210 19.0467 15, 447 25,268
419,602 2,933 574.321 488,183 787,880
2.644 2.507 1,848 2,274 1.410
239.774 253,106 3I3P.613 278,943 450,047
175.937 126,048 2,757  238.148 419,826
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TEST NUMBER :200A8%
Rsad No P 200ATL
Le/hl: 7.8
Q Chg/sl: (418
Load Ratio @ S5.17
Pat LkPal: 86.46

PD INTS ALONG PIPELINE

&
********X*x*******X**X*********X!Xﬂ#*** XRRAMRK

[kPa] 112.224  98.369 47,088 79.745 32,743
Im/sl 20,542  $E.081  30.551  24.553 34,223 .
LmS/hrl 440,285  688.244 952,267  765.303 1066.710
Lhg/m™3] 2,354 2. 190 1,583 1.%70 1413
1/24Rha¥v™2 [Fal 496.710 533,914  738.734 893.694  827.514
Fr VA2/gD 409,654 473,331 904,144  S85.258 1137.033
LI Y
TEST NUMBER :200AS s
fead. No ¢ BOOASZ
6 ft/hls §.9, .
@ Ckg/sl: 415
Load Ratio : 5,950 i
Pat  CkPalt B&.6& .
PaINTS ALoNs FIPELINE
*umuumxwu*xmmxmummmx*m*nmu*m H
Py thPal 119.362 104,149 57,110 5.911 36.209 :
ui Cm/s]  19.864  21.450  28.471  23.704  33.317 Lo
vi [mo3/hr] 419,150  668.596  887.434  738.830 1038469 o
Rho [hg/m"31  2.41é 2.237 1,485 2.024 1.440 |
ilﬂthc*\"" TPal 474.607 514,469  &83.137  S68.749  799.389
v~B/gD 383,065  444.492  784.944  S45.498 1077.634
TEST NUMBER : 20048 ;
Read. No  : 200853
& Ch/ndr 11,4 |
2] Lkg/sl: 367 [
Load Ratio 8.41 .
Fat  C[kPali 86.6 |
FOINTS ALONG PEIPELING i
= -
mmwn*xmmmmmm*ﬂ*Mxmxm**mmm*wm i
Fi CkFal 125,144 110201 &4.084 92,077 37,987 I
ui Cm/el 17.183  18.489 34,153 29,212 I
“ Lm~3/he ] 535,660 874,307  7E2.826 910,540 I
Chg/m*E1  2.470 2,296 1. 758 1453 P
l/”fthuXv""‘ tPal 364,789  I9T.471 12,482 4 520,086 le
veR/gD RWE. 7RI IIL.884 &AL A0L.3TL BEE. 474 |
|
!
i
o
'
i « . « N A e st i oy . S
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TEST NUMEER 1 20085
v o
Frad. Mo 2O0AG4 .
G tt/h 13,9 -

Ikg/s . 407
Lnad Ratia @ 9.4€
Fat ChkPaly 8.4

FOINTS ALDNG F'IPELINE

uxxm*mm*mx**mm**mmmnmm#mmmu*m

i CkPal 149.938  127.065 76,110 107.785  47.389
ui Im/s)  17.394 18.930  24.6858 20,808 20,187 ;
Vi [me3/hed 542,153 590,041  774.818 648,543 940,905
&ho tha/m*3] 2,704 2,489 1,892 2,261 1.558
1/2¥Rho¥vAR  [Pal 409,084 445,218  S84.643  4BR.377  709.965 o °
Fr vo2/igD 293714 BAT. 892 G99, FOT 420,325 8p4. 651
TEBT NUMBER :Z200AS -
Read No : ROUATE ;
§ [t/b3 14,7
8 thg/si: LI6F ;
Load Ratio @ 2.7 v
Pat CkPal: 86.64 '
|
FOINTS ALONG PIRELINE ;
s |
xummmnx*mumxummmm*mum*mmmm* |
!
Fi fkPal 191,347  135.911  ©3.154 115,635 48.728 |
us [m/s] 15.214 16,417  21.325 17,500 3
Vi [mrS/hed 474.201 511,496 664.697 557,938 [N
Rho Lhg/m 31 2.78%9 2, 554 1.968 2,345 i

1/2%RhoXxv™?  [Fal 319.%36  344.478  347.4B0  375.40B
Ee VRGN 224,704 Rl bsl 441,497 311068 &F4., 687

-

-~ R LR N



Rha
1/2%Rhokv:
Fr

Rt
L/2%Rhaky:
Fr

B

[NE3

Vi

Rho
1/2¥Rhoky:
Fr

CkFal
Lm/s]
CanNS/hr]
Lkg/m~32
~2 [Pal
vhR/gh

LiPal
Im/s]
Co~3S/rhrl
Lkg/m*351
“2 LPal
veR/gn

ChPal
Lm/sl

Lm ™3/ kel
Lheg/m™5]
2 LPal
veE/GD

194

TEST NUMBER :200B2

Read. No : R0OB2L
g Lt/hl: 5.5
a Tkg/sl: (145
Load Ratio 10.59
Fat CkiPal: 85,6

FOIMTS ALONE FIPELINE

b
EEREE LSRR E LRSS LSRR TERLL PERTSSTRNLIES LR Y

33.561
12.3481
3BS. 289
1,356
103,607
148,339
TEST NUMBER :200B2
Read. No @ 2009322
La/hl: 6.4
[~ Tkg/al:r 138
Load Ratio : 12.8

Pat LhPal: 85.6
POINTS ALONG PIPELINE

1
FRKERTEKERORRERKRRERRKERRRIRIIRARKAKFRRARRE I KRN

LS

44,080
10.83%9
337,828
1.476
86,717
114,081 i
TEST NUMBER :20082 ! i
|
Read. No 3 ROOBIT o 3
6 Le/nd: 7.9 !
& thg/sl: (140 | 5
Load Ratis : 185.¢ [
Fat CkPals B85.6 | g
|
FOINTS ALONG FIPELINE [
f .
FERERIREERRRR RO EERRRRXRORRREE KRR SRR AR R Lo
49,233 ‘
10,559 L ‘
329,115 [ ;
1,536 i )
85, 646 " §
108. 237 [
—
-~ e M. B ol e e



Fha
1 /2%Rhofv
Fr

i
JAEY
Vi

Rha
1/2%Rhaxy
Fr

Rho
1/ 2¥Rhaky

Fr

ThPal
Em/s]
Ca~3/herl
Lhg/m= 32
2 L[Pal
vh2/gD

ChFal
Lm/s)
Cat3/hed
ka/m*31
~2  IPal
v2/gD

LhPal
Lm/sl

Lo~Bihed

CTkg/m™3l
-2 [Pal
v 2/gh

194 o

TEST NUMBER :200B2

Read. No : 200B21
G [t/hl: 5.5

] Chkg/el: 145
Load Ratio @ 10.9
Fat LkPal: 83.4

POINTS ALONG FIFELINE

1
RRRIREHEXRKRKRAKRKIKKRKKKRRKRKERAORK KRR KRR LKA i

33,561 i
12,341 o
385.0289 H .

1.356 o
103. 607 .
148,339 =
TEST NUMBER 20082 ,
Read. No 1 200822 I
Ce/hnls 4.4

a fhkg/sl: (138

Load Ratio : 12.8°

Pat ChPal: 85.4

POINTE ALONG PIFELINE
i
ARRIRXRKERROOORRRKRRRRKARRHHRRRRKRKIR IR RRIKK KK

44,050
10,839
337,838

1.474 °
84,717
114,054

TEST NUMBER :200R3

Read. No T ROOBRT i

g Et/h2s 7.9 }

a Lhg/ul: 140

Load Ratle : 15.¢ *

Pat CkPaly 85.6 N
FOINTS ALONG FIFELINE *

1
FRRARHR KRR RKRIR R R RO AR KRB RR KR RRAOR KR KA K °

49,233 : ;

108,237

. e W o -l

KATTES



Fi {kPal
ui Lm/s3
Vi fm~3/br]
Fho Lhg/n"31
1/2¥Rhoxve2  [Pal
Fr vi2/gD

Pi LhPal
ui Cm/sld
Vi Lm*3/hrd
Rho kg m*3]
1/2%Rhokv™2  [Fal
Fr v%/gD

Read. Mo H
3 LE/hds
a Lhyg/sd:

Pat ChPal:

195

TEST NUMBER : 2002

20OBR4
17
L1462
3.0

8s.6

POINTS ALONG FIFELINE

I3 .
ARREXKEAXRERLRRRKKHHXKLRRERRILER RER IR R AXRK

49,789
9,287

83.731

Raad. No $
[ tt/hls
[ Ckg/sl:
Load Ratio 3
Pat L¥Fal:

TEST NUMBER :2008B3

200825
9.2
145
17.6
B5. 4

FOINTS ALONG PIPELINE

1
LRSI RSP LS RS S SRS IR SR 2SS 2R SR 2SR R LR LR TS

51,4630
10, 781
I3G. 108
1,559
0,101
112,213

Rty

a Lo

. P el G, ST

K
!

?&,ﬁ



CkPal
Lm/s)
% Em3/ 1
Rho Lhkg/m™31
L/2%Rhokv2  (Fal
#r v~2/gD

Pi CLPal
ui Lm/al
Vi Em~5/hrd
River Lkg/m~3]
1/24Rhokv 2 [Pal
Fir vh2/gD

Pi ChPal

ui Em/sl

Vi L3/ 1

Rha Lkg/m™3]1

1/2%kRhokv2  [Pal

Fr vra/gh
it

196

TEST NUMBER :R00B3

Read. No P 2001
G ft/hls 8.9
@ Lkg/sl: (210
Load Ratia 1 7.79
Pat LkPal: 85,6

FOINTS ALONG FIFELINE

1
FREXERERRARERKKIRERERKLRKIRIRKRRAELRIRARR KKK RE

39502
17.0Q7
530, 108
1.428
204, 468
280. 804

TEST NUMBER 120083 o

Read. No © R00B32
5 [t/hl: 4.3
@ thg/ad: 237
Losd Ratio @ 7.3&,
Pat CkPal: B85.&

PUINTS ALONE PIPELINE

1
FREHRHKERIRKEKAREERK AR R RRRRRKKE R RH KRR AR K H

44,8522
18,320
577,262
1.482
854,215
332,984

'
i
TEST NUMBER & 20083 . ;
|

Read. No 3 200EIF i

[ TRy 1004 .
& fkgesls 231
Load Ratia 1 12.7
Fat  [kPal: 856 . !

FOINTSE ALONG RIFELINE
1
BRERHRRREAIRCKRERERARARRERKRRRRKRKEOORR R RR KRR

64,912 . ,
15,432 ‘
487, ‘r
1.70%9 | .
208,779 i 5, t
237, 223 e ,
|
4
- “ ke T ok e el Gwen . E



]
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TEST NUMBER :20087

Read. No 5 ROOBZ4
] tt/nd: 9.7
] thg/sdr 8E0Q |

Load Ratio : 11.4
Pat CkPals 83.6

FOINTS ALONG PIPELIME
i
A RRKEHERERRREAYRERESRREEKKRRAKE KRR RRRRK A EAEA AL

£kPal) 44,410
Cm/s} 18,072
Lo 3/t S63.292
Ekn/m™ 31 1,475
1/2XRhokve2  [Pal 240,902
Fe V279D 317,065

TEST NUMRBER : 20087

Read. No : R00BIG .
[ tt/hl: 8.9

] Chkyg/sl: .24
Load Ratie : .8
Pat TkPal: 85,8

FOINTS ALONG PIPELINE

1
RERKFARKRERREKEERRRKIIKRKRRRERERIEERRKKRRKN KX

Fi CkPal 41,727
Ui Lm/sl  19.202
Vi tm 3/hr] 598.523

Rha Chg/m~31 1.444
1/2%Rhe¥v 2 [Pal 246,232
Fr ve2/gD 357,964 . |

§
™

eded & . R e B . e ok ket G S



Read. Mo :
8 Le/hde
@ Chg/sl:

Load Ratio @
Pat [hFal:

CkPal 44.978
fm/sd 23,026
Im™3/hel 717,498
Ckg/m~31 1,507
1/24Rhokv"2 [Pal 399.340
Fr vh2/QD 514,714

Read. No %
G Ct/hls
4] [kg/al:
Load Ratia «
Pat CkPala

198

TEST WUMBER &200B4

200841
&.7
£ 300
b k9

a%.6

FOINTS ALONG PIFELINE

1
RERIEERRRRKERRIKKRRRKERRRKIRIKRKRIORARKR R A KRR

TEST NUMBER : 20084

200BA2
8.2
294
7.72
a5.é

ROINTE ALONG PIFELINE

i
HHKRAKKRKRARRLAREI KRR RKAHKKERHRELRREAKRRAKNR

Pi CkPal 5B8.454
ui Lm/al 20.8581
Vi Em*3/hr] &41,509

Rha Che/m™33 1,654
1/2kRhakv-2 {Pa) 350,280
Fr v 2/gD 411.232

Fat EkPals

TEST NUMBER : 20084

200B4T
13.6
- 296
12.7
83.8

FOINTS ALONG FIMELINE

i
FREARRKKERKROORHIRR R AR RFCEREHROOR R KRR KKK

Pi fkPal  FIL7I4
Ui Cm/s] 18,768
Vi EmeZshr]l 584,978

Rho Lhg/m™31 1.824
1/2%Rhokv 2 [Fal 321.250
Fr vh2/gh 341,944
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TEST NUMBER :Z200E4

Read. No T 200844
8 [t/hl: 9.9
2] thyglsl: 294

Load Ratio ¢ £.34
Pat LkPal: 85,6

POINTS ALONE PIFPELINE

1 .
ARREHHRGORRIRDRIKREARRR KRR ZRRK KK LHRRKE R Rk ! R

CikPal 58.108
Lm/8) 20,747
La™3/hrl 647,303
Rhka fkyg/@™3) 1,436
1/2%Rhokv~2  [Pal 382,827
Fe v2/gDh 418,493

TEST NUMRER :Z00E4 |

Read. No : 200BAS

§ Ct/hls 7.8 §
o Chg/sd: 297
Load Ratio : 7.28

Pat LkFal: 85.86
POINTS ALONG PTIFELINE

1
FREREKEIRBLEERAR RO ERRRFRRRKRRR KR EKRRRRR i kd
b
Pi CkPal  G1.669 i
Ui fm/sl 22,138
Vi Lm~3/0r) &89.718
Rho Lhg/m™33 1,952

L/2%Rhokv™2  [Ra) 377.994
Fr v2/gh A75.357

m et - o o W e P . 9T



CRPal

Lm/sl

Lm3shied

Rha Chg/m 31
L/2%Rhp¥Xv*2 [Fal
e voZ2/7gD
Fa LkFal
ui tm/sl
Vi Lm*3/hr}
Rho Lkg/m™33
1/7kRhoxv2  {Fal
Fr v*2/gD
Pi CkPal
Ui Cm/sld
Vi L3 /hel
Rhao Lhyg/m™31
1/ 2¥Rhoxv 2 [Fal
Fe v3/gD

200

TEST NUMEER :200B%

Read. No 3 200851
g Ct/hls

o3 Ckg/sl:
Laad Ratio =
Pat LhPal: B3.5

POINTS ALONG RIPELINE

i
FHKRFXHXXKKRHRKXIKERRERERRFLKRKERRAIAKE L HARKKRA

0. 924

T, 9467
PG, AR8

1.5468
799,582
992.178
TEST NUMBER :200BS

Read. No 3 ROQRE2
g tt/hls 7.3
® Ckg/sl: 430

Load Ratio ¢ 4.7%
Pat CkFa3: BS.S

FOINTS ALONB PIFELINE
1
FRERRARERHRRKRRERHEORRKEHRRRARIKRRARREAR KR RAK A

8. 951

Bl 094

TEST NUMBER :200RE

Read. No r 2O0BST
<] ?

5 Lk/hls
] Thg/al: 426
Load Ratio : 5.8&
Pat LkPal: 85.9

FOINTS ALONG PIFELINE
1
ARRERERLERRALERIRERHREREERRIBHRKRIERRRR KA KRR KK
45,3515
28,923

Tid. 461
G912, 108
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TEST NUMBER :200B5

Read. No @ R00BS4 Con
[ Lt/hls 15

3 Chg/slt 420

Load Ratia : 9.90

Pat LkPal: 85.9
POINYS ALONG PIPELINE

1
AKRREKRKRKETKRLRRKRER KRR LREHIRERH RIS R IHE

[kPal  79.421
tm/s] 26,209
La~3/lhrl 816,908
: Rho thg/m~31 1.894
£ 1/2¥RhofvA2  [Pal 636,627
: Fr vo2/gD &66. 848

A | TEST NUHEER :200BF P
! i K £
Read. No : 200855 4 e
G /6l 6.6 A -
a Chg/sl: (421 Fi C
Load Ratio : 4.35 ! -

Pat CkPal: 85.5

POINTS ALONG FIFELINE

A

1
ARKERRRIKRKRERIRRERRERIRRRARRRRRRRRK KRR R LKL

P
—

Pi [kPal 56.798

i tm/sl 30,685 .

Vi Lm*3/hed 956,441 7

Rho Lhg/n 33 1.585

1/2%Rhakv 2 LPal 746,107

Fr v 2/gD 914.106 i
: 5
5 H
| @ ]
e
S x
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TEST NUMBER 20002

Read. Mo : 200C21
@ RGN
& thg/sl: . 295

Load Ratio @ 8,32
Fat TkPal: 85.9

POINTS ALONG PIFELIME

1
EESEREL SRR SRR IR PR TR L SRR 2222222 RS ELE L]

LkPal 58,233

fm/sl 21.1%93
Ca"3/hr] 640,384 o
Rha Lkg/m~33 1.599 o
1/72%Rhoxv™2  [Pal 359.197

Fr v*2/gD 434,053
o i
TEST NUMBER :200C2 3
Read. Ne 1200022
[ [e/hd: 9.1
e} thg/sl: .294 .

Load Ratio : 8.%7
Fat ChPal: 8s8.9

FOINTS ALDNG PIFELINE | S
1 ! N
RERRRERRKRFRXXHIAFKIR R KRR IR RO R KRR Rk x0or Ve
‘ Py tkPal 83,309
: ui Em/s]l 20.394
; Vi tmS/hel 641,980
|

Rher Lhkg/m™3] 1,657
L/Z2%Rnokv2 [Pal 350,643
Fr v*2/gD 411.835

P
TEST NUMEER :200C2 ‘\J
’ iy
(NN Read. No : R00C2T
¢, - th/hls 4.2
3 -3 Lhg/sl: 292
. i Load Ratio : &.88
"o Fat ChPal: 85.9
FOINTS ALONG FIFELINE
1
i HRERRERLRRER IR LK EEER RO RN X
[ Pi LkPal '
0 Ui im/sl
B Vi Eme3/hrl 727.383 s
i Fho Chg/n™31 1,449 L
\ 1/2¥Rhokv 2 [Fa) 394,430 g
§ Fr v L gD 528, 697

ey B A\HM..._MLM\J
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TEST NUMBER :200C2

Fead. No : Z00C24
; Et/hI: 3.5
& tho/sls 293
Load tatio : 3.3
Pat ‘kPal: 85,9

FOINTS ALONG FIPELINE
i
HRKEHRLKRKARRE CORERIRERXARKKKRKK KRG KRR KA K

LkPal 27.316
Lm/sl 27.143
Co~3/hr ] 844,027
Lkg/m™3] 1.247
/"*Rhc*v‘“” LPal 459.503
vh2/gh 715,235

. TEST NUMBER :20mC2

| Read. No : 20063
8 [ Ct/hls 15,1
> & g/l 291
v Lead Ratio : 14.4 p
B Pat [kPal: 85.9 i
‘o
FOINTS ALONG FIFELINE .
: 1 .
L EXKLFLXERKREKRRK LR KK AR ALK RO KEREKRLAR :
Ny Fi tePal  71.708
’ ui tm/s1  19.306
o Vi La*3/hr] 604,244
i tkg/m 31 1,734 :
i t/"*Rhaxv’“Z [Pal 325.784 |

wAR/gh 344,842 i

. boge
A 0
Pl

!

A |

@ i -

& o
Y !
D i

i . . - b



CkFal
Em/sl
Cm~3/hed
[hg/m™31
1/2%Rhokv™2  [Pal
Fr v~2/gD

Pi CkPal
] Ui Em/s]
# Vi Em*3/hrl
" &ho Lhg/m*3]
E 1/2%Rhoxv2  [Pal
e, Fr ve2/90
i LkPal
Ui Cm/s1
Vi [ P T}
Rha Lhg/m™3l
1/2%Rhokv™2  [Pal
Fr vAZ/gD
_atwbri.

204 i

TEST NUMEER 320003

Read. No 1 200031

G tt/hlz 11,3
a Chg/si: 446

Load Ratio : 7.03 N
Fat [kFal: 86 7,

FOINTS ALONG PIPELINE .

1
FRRRERIRLHRKRKHRRRLRKHRKRERKRRERKK RO RKKRAERA K

B8Z2.809
27,437 S
855, 198 .
1.878 B
704.870 :
730.826 pos

TEST NUMBER .1 ZOOR3

Read. No + 200C32
&

Lt/nd: 7.6 R b
o] Ckg/el: 244 i
Lasd Ratic : 4.72 : ®
Pat CkPal: 26 -
FOINTS ALONG PIFELINE *
1 .
ERERRLEXRRLDRRHREER LR AKERARRECH IR EERRKKESRAR SRR
73.319 ’
29,258
911.963
1.762 S e
754,220 2
a51. 0465
TEST NUMEER :200CT3 L
fead. No 1 COOCET
] Le/nds 15,9
] Lkg/sl: A4S
Load Ratic : .90
Fat ChPal: 86
FOINTS ALONG FIFELINE
1
AXXRERIRERIOERA KR RIOEERERRTEORKE AR BRI AR A8
75,039
29,067
905, 998 '
1.772
748,382
820, 229
o e e Eme L el . T s et Luis. ¥
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TEST NUMBER : 20003

Read. No : ZNOCT4 :
& tb/RIs 13 i
@ tkg/sl: . 450 '
Load Ratioc : 8,01

Fat TkPal: 8%

POINTS ALONG PIPELINE

1
FRKEFHKEKHKKEKRR A KSR AR RARERRKRKRKIKA AR KK Lo

[kPal 64,380
Lm/sl 31,133
Lm~3/hrl 870,391

2 Rhe Thg/m~31 1 672
1/2%RhoXv™2  [Pal 810,183
e veR/gD 940,947

TEST NUMBER 320007

Read. No 3 20003
B Lt/hd: 3.2

2] thg/sl: . 445
Load Ratio : 1.99
Pat tkPal: 88

POINTS ALONG RIPELINE

1 H
AHKEREERRRXARKRHRREFRRAKARRIKERRRRKERERRRRR KRR K i

3 LhPal AS,034
ui [m/s} 35,883 Q-
vi tm I hr11118.471 [
Rhey Chka/m>33 1,434 be®
L/2KRho%v 2 [Pal 923,480 }

Fr

v 2/¢D1250. 058 o

o

ey v o A . . Medv, . Hute mmm



Read. Nea H
8 . T/hix
& Lhg/sl:

206

TEST NUMEER :200C4
200C4L

3.2
27

Lasd Ratio @ 2.08
Fat ChiPals 88,7

FOINTS ALONG PIPELINE

1
RREXARKRKINKRICKARRRARRKERHRHKRKREKIKK R LR RARLKK

ChPal  40.072
tm/s)  34.707
EmA3/hr 11081, 809 L
1,421 b

Chg/a™3)
1/2Rhokvn2 {Pal 896,160
Fr v 2/gD116%, 451 sy
¢
TEST NUMBER :200C4 poe

. . ,
i Raad. Ne T R00042 {
g ft/hls 4.3 H
[ Lhkgrssly 422 i

Load Ratio 1 2.82 et

Fat CkPal: 85.7 o
FOINTS ALONG PIPELINE ;
1
ARKREKARKIRRKRARRRRERREXRRERRKRRRKKXE A D KKKKRRK

Pi LkPal 55,420 e
Ui tm/s]l  30.947 K
Vi Lon*3/hr} ?64.613
Rha Ckg/m*~31 1.579
L/2XRhokv™2  [Pal 795,947 0 a
Fr veRIGQD F29.795 -

TEST NUMBER :200C4

ad, Ne  © 200043 i
] T6/hl: 8.4
@ Chyg/sgle 420
Load Ratie ¢ 3,70 .
Pat  LkPal: 85.7 %

FOINTE ALONG FIPELINE
i
RRRERRERXRERRRES RERERRRAKERKKEKKAKKRKRK KKK AR LXK

Fi CkFal 69,950
ui Lm/al 28,010
Vi Can3/hrl B73.058 B

Rho [kg/o*31  1.735 [
L/ZARRGIV2 [Fal 679,447
Er vR/gD 7hi.bes




i CkPal
ui im/sd
Vi Lo/l
Rha Ckyg/m™3]
L/2¥Rhoxv*2  L[Pal
Fr v2/gD
Fi CkPal
Ui tm/sl
Vi La~3/hr]
Rha Lhg/n™da
1/2%Rhokv™ 2 [Fal
Fr v 2/gDh

207

TEST NUMBEFR 120004

Read. No 1 200C44
g Lt/hly 12,3
] tkg/sls . 418
Load Ratio : 8.1é

Pat LkPal: 83,7
FOINTS ALONE FIFELINE

1
FRERKRFEKHERRCAREREREAKRRRRRRERRKRKAKRR XKL KRR
79536
26,393
822, oI

1.832

&3B. 044
&74. 260

TEST NUMBER :Z20004
Tead. Ne oz 200C4S
H tt/hIz 14,7
Q tg/sls <419
Load Ratio 3 9.73
Pat ChkPal: 85,7
FOINTS ALONG PIFELINE
1
FRRERRIOERRR IR KRR R R R KRR AR IR AL

9L DEL

H92.296




flead. No
8 [AYLE
el Lhygrsal

Load Ratio
Pat ChFal

Pi CkPal 40,299
ui tm/el  A1.847
vt Em 3 1304, 970
Rha Chg/m™30  1.410
1/2%Rhokv~2 [Fali235, 746
Fr Ve2/gDI7OL. &9
TEST NUMBER :Z000S L
Bead. No 1 200052 Lol
& Ce/hI: &
& Lkg/sl: H07 .
Load Ratic : 3,28 .
Pat ChFal: @3,7
POINTS ALONG PIRELINE o,
s .
FRERRERERRRRERF KOOI R ERRXX IR RERRRRRARKK
Pl LkPal) 59,427
Ui Cm/s) 34,397 i
vi Lat3/he 31174, 489 :
Rha Chg/m*31  1.409
1/ZKkRhokv 2 [Palloss.812
Frr veR/gDIZE6. 118

Read. No H
8 Le/hts
@ Lkg/sl:
Load Rakio
Pat ChPal:

1
FEERHRRIREK RS
Pi ChPal 78.816
ui tm/sd 31,881
v [me3/hrl 993,705
Chkg/m™3]  1.8164

CPa) 923,059

Rha
1/2%RhoXv R
Fe NRIGD 986,24

1
FRAERBRRKAKKERERRKIKERKE R KX RIRKRR KRR AR IR AR

208 k

TEST NUMBER :200CS
+ 200081 . )

@ 2.2

@ 5L,
HE TS L4
2 835.7

POINTS ALONG PIPELINE

TEST NUMBER :2000%5

Luo0ss
124
L0
&.B7
E%.7

POINTS ALING FIPELINE

RKRRRHRKRKRRFERRRARRER O ERE KR RE




3 EkFal
ui Em/sd
Vi Tm3/hr )
Rbha Lhg/m™37
1/2%Rhokv2  [Fal
Fr vrR/gD

Py LhPal
Ui Lo/l
Vi Lm”3/hrd
Rha Lkg/m™~31
L/2%Rhokv"2  LPal

4 ' v 2/g0

209

TEST NUMEER :200CF

Read. No 200054
& Ct/hl: 16,2
[} thg/sl: .492
Load Ratio : 9.14
Pat CkPal: 85,7

POINTS ALONG FIFELINE
4
AXKRREXXRERERRRTIRAHRKEKRKRREARRERRARRKORK KRR

P4, Rb4
28.718
89%. 139

1.979
816,217
800, 485

TEST NUMBER ;20005
Read. No @ 200883

] Lt/hls 17,1

e Lhg/el: (492

Laad Ratio @ 2.44

Pat LkPal: 85.7

POINTS ALONG PIPELINE
1
FHORERHRLRRERIRLRROER R RIRIRRRKRKKRRRKKI KRR

71,995
29,132
908, 643
L l.est
829,015
B2, 025
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TEST NUMBER :400A1
Fead. No 1 400811 -
& Lh/hly 5.4
-] thg/sl: . 147 7

Load Ratio 3 10.1
Pat CkPal: 86

FOINTS ALONG FIPELINE
1
FRRRRKRKRFKRKRROKRRRRARRRERRRARERIERKRERIARK LK Vv

CkPal 38.597
Im/s] 14,800
L3/l 367,794
Chg/m™31 1.441
1/2%Rho¥v"~2 [Pal (00.29&
Fr vAR/gD 135475

TEST NUMEER : 40081 - e

Read. No 400812 f
g [t/h2: 10.7

@ Chg/sl: 145 L
Load Ratie : 20,3 P
Pat LkFal: g6

FOINTS ALONG PIPELINE

N 1
S KRXEREKKRRELRKRLRAKRERRERXARKRERRRSR LRI KR RERA XY
: R LhPal 45,646 -
. Ui In/sl 9,435
Vi Lo~3/br1 300.331
N Rho Chg/m*31  1.747
: L/24Rhotv~2 [Pal B1.093 y
Fr voR/gD 90,132 .

o ® TEST NUMBER :400A1

Raad. No 3 AODALZE
@ Ce/hl: 14.4
a Chg/al: . 145
Laad Ratio 1 27.4
Fat ChFal: 8&

FOINTS ALONG FIPELTNE
1
AXRRHXREXIRELEKERRRRIOORRER R RS AIRKRIRRAXRRE KR KK

Fi LkFal 61,015
ui Im/sl  9.939 : <
Vi Cm3/he] 309,781 -
Rho Chg/n™31 1,49

L/RHRhoky™2 [Pal B3, 757 "

Fr veR/gD 95,893 .




Er

Rho

CkPal
Lm/sl
Em™3she 1
Ckg/m™3]

1/2%Rho¥v"2  [Fal

vh2/ah

LhPal
Lmisl
Lm~3/he]
Lhg/m~3)

1/2%Rhakv2  (Pal

Fr

v2/gD

Read. No
<) tt/hle
o} Lkg/sl:
Load Rati

Pat Lhe~ds

1
FHEKHRE RN ERAERANE KR IRR R RARREE KRR RRERRE K

Retad. Na H
& Ct/hls
& fkg/sl:
Load Ratio =
Pat CiPal:

1
AEXEXRRKIREKERLXEHHRRRRKKRERKRI R AR KRE R AR R
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TEST NUMBER :400a1

: 400R14

15.8
. 144

s 32.@

85

POINTS ALONG FIFPELINE

TEST NUMBER :400A1
AQ0A1E
8.7
143
F4. 1
b

POINTS ALONG FIPELINE

. Pl e

ket

-

BT At fomr . T



CkPal
Em/sd
Cme3/tw]
R Likg/m~32
L/2¥RKoX D [(Pal
Fr w2490

Fi LkFal

Ui Cm/s]

Vi Cn>3/Hr 3

Rho Lhkg/m™33

1/2%Rho¥v™2  [Fal

Fr vAR/gD
N

F1 ChPal
ui Em/ud
2! cm3/hel
Rho Lkg/m™33
1/2%Rho%v"2  [Pal
Fr v a/gD
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TEST NUMEER :400R2

Read. No 8 A00ARYL
8 La/hly 6.1

[} Lkg/sl: .xkon
Load Ratio & &.43
Fat LkPalr 86

FOINTS ALONG FIPELINE
1
KRARHREKRLCRRRRTRRRARERRRKLRE KKK RHRRRE KRR

S6.274
17.977
Sal, 319
1.640
D4E. 087

313.74%

TEST NUMBER :400A2

Read. No + ADDARZ
& Lt/hde 10.3

& thg/sl: .28
Load Ratio 11,07
Pat LkPal: 86

FOINTS ALONG PIFELINE
R A
FREKREREIERRKIKRIRXEKRERRARRRXRRRHRRR AR IKHKAIKR X

40,518
17.244
537,859
1.729
297,201
288,727

TEST NUMEER :400A2

rad. No : AQDART
CL/hl: 12.5

& Thyg/sls (240 ©

Load Ratio @ 14,41

Pat LhPals @4

I3
g

FOINTS ALONG PIFELINE
1
HREIRXRRERLRHKARARRRRRREKRF KA RLRRERKKR KR ARE KK
&8, T67
15, 479
48%, 343
1,773

P

ETR T

kY

|

[

i

|

I

;

(T

H

I
nm-w.wﬁﬁ



LkFal
im/s3
Cm~3/brl
[kg/m~33
1/728Rho¥%v~2 [Pal
Fr v~2/9D

: L I
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TEST NUMBER :400A2

Read. No © 400424
& Et/hdr 153
2 Chg/sls 244

Load Ratia 1 17.4
Fat CkPal: 86

FOINTS ALONG PIPELINE

1
FRRRHERRAAKKKRAIRRRRREK KRR RRK KGR AR FD ¥ &

75.524
15.242
475.078
1.854
215,293
225,535
TEST NUMBER 40042
fead. No : A00ARS
& Ct/h1: 23.2
-] Lkgisd: .242

Load Ratioc @ 26.5
Pat LkPal: B&

FOINTS ALONG PIFELINE
1
EEER ST eSS e 2SR ESL LSS ET LRSS RS RELE S0

Pi CkFal 82,002
Ui Em/s] 14.54%
Vi tm~3/hrl 453,363
Rho Lhg/m*3] 1.928
1/Z2%Rnokve2 [Pal 203,495
Fr vAZR/gh R05.387





































































































































































































































































































































































































































































































































