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, * T ABSTRACT
. * Andrew Kwong-cheung .Ho J\ .
R . A STUDYION 'T\HE EFFECTS OF LEAKAGE - . 2

FOR "SCALED-DOWN BRAKEP IPE MODEL

o
N .
W | Experimenfa] investigation and thleoré‘tica’r?analysi’s of a sc,aled-
down brakepipe model are presented in this résearch thesis. Twol
_analytical me'thods (the method of characteristics a‘nﬁd the method of lumped

a;la1og component) have been proposed to sfudy the effects of leakage for
’ . , : ’ N » - . ’ T 3 ’
' the brakepipe model. The major field of work is to studv the relation -

between signal propagation ve1oc1:‘t_y and brakepipe leakage. . Detai'led( '
mathematical. models with Cgmputer; simulation for geriwei‘atﬁng pressure

/ d|1'str1‘but1'on along the br:akepipes were deve]opedwfor both methods. The

‘ \:‘ ' method of lumped analog cogponent ‘(lump'ed modeling) was. easier to app-;y
than the method of characteristics. It was proved that the modified

v L a'pproach of usingla pressure chamber instead of a pneu;natic pressure ’

relay valve was in close agreement and could therefore simplify the
. T - testing procedures. Sihple expériments on the brakepipe -model were _
per%omgd to compare with the analytical methbds. It was shown that the

N ¥

» eff'ects of. leakage 0}1 the pressure gradient, distribution and propagation .
‘ -

/ ' speed depended on the locations andlgizes of the leaks. We found that

during the trans{gnt response of a.bressure signal 1:n a brake pipe the

' . propagation factor affected the output magnitude ‘such ‘that a longer time

” -

' .delay and lower propagation speed were shown.
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CHAPTER 4 . .
1 INTRODUCTION

/ ‘ B

1.1 ROLE OF THE BRAKEPIPE IN bHE OPERATION OF THE

AUTOMATIC BRAKE SYSTEM OF A FREIGHT TRAIN

S 3 s ¢

. h A
Brekepipe functions as a signal conduit as well

as a powér supply for the brake assemblies in each car
"

of a freight train.

Brakepipe leakage is an unavoidable feature }n

train operation and train handling. Excessive 1eékage

- affects the safety of the train by t}ansmitting false

signals to the bpake cylinder aé#well;as overloading’
the compressor units in the locomotives. Bééause of the
leakage resulting from broken pipes which had formed
fractprés in the threaded area, threadless fitting
employing & rubber compression grip and seal’werg used.
Although this virtually eliminated pipe breakage, it
created ieakage.problems.,Leakagg was ﬁofe’seyious in
winter due to insufficient tightening of gland nuts.
This has led to the application of velded brakepipe and
welded flanged fittings which gas reduced leakage to

some -extent. However, leakage in practice cannot be

/
/
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,;2-§-

-
4

"

totally eliminated. Instead it is controlled within safe

operating limits.

1.1.1  PRINCIPLE OF ATR BRAKE, OPERATION OF A FREIGHT

TRAIN
. g
- Referring-to Figure'1:1, a schematic illustration
of the automatic bxzake systég of a typical freight train
is shown. This syatem.consists of a locomotive control
~

unit (L.C.U.) placed at the head-end of the traimn, and
%, [ A

a car control unit (C.C.U.) situated at each single cax.

" The L.C.U. in turn containé the comﬁressor which supplies-

2ir at a suiteble pressure as the ambient medium of the
Pl

entire brake .system, a brake valve assembly incorporating
b i . . .

4

" the control lever, and the brake cylinders which are

responsible for actuating the brake rigging ‘and shoes at

the locomotive only. The C.C.U., siﬁilafly, consists of

the ABD type brake valve, with its combiined emergency and
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The p;imary source for slowing and stopping trains

is the comvressed air stored in the auxiliary reservoir
on egach car as directed by the control valve in each ‘car.

\ This air is transmitted to the brake cylinder, translated

. to.a mechanical force acting on the brake shoes against

,brake is actuated by the engineman through a 26~LUM auto~
\ [
‘@atlc brake valve,whlch provides for a fixed minimum

reductlon. This: valve permlts the charging and discharg-
of the bvakeplpe. hhen the brakepipe is fully.charged
beiveen 483k Pag; (70psig) and 758kPag (110psig), the -
engéneman may brake by 1oweriné the brakepipe préssure
wiéh the valve which is positioned to’ connect the loco-

motivé\end of the brakepipe to a bleed orifice. THe

amount ‘of breking is cohtrolled by the reduction of

brekepipe pressure, as determined by the brake‘valve
\ . a

~

the wheels- of the train to retard ‘their rotation. The air.

\ -
handle pdgition in. the locomotive. This brakepipe reduct-

ion thrquéyogt the train causes the ‘control valve at each
y car to respond. The control valﬁe then meters the stored
air in the brake cylinders in proportion to the amount of

drop in braképlpe pressure (1.

Whenltﬁk automatic brake valve handle is moved to
the release poéitioﬁ, this causes the brake valve to

readmit air to Epe brakepipe. The increasing bfakepipe

<

R}

»
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pressure then causes the equipment at.each car to move %o

release, thereby, exhausting the brake cylinder pressure
and recharging the auxiliary rgservoir. The time required
to %Shieve release of the brakes on the }ast car of a

train is longer as train length increases: The release

time becomes longer as train brakepipe leakage increases

:'regardless of train length. The deéxee,of increase is

- P

most noticeable on the minimum reductions because the
_pressure head to restore brakepipe pressure is low and

k . ’ 3
results in longer times to achieve release. The time to

(.initiate the release of~the brakes on the last car in a

train is also dependent on thé type of brake valves (1).

\‘ - v
The use of a split servicl.reduction or graduated

application is widely used for applying train brakes.
This type of application is‘achieved by making‘a 41 to
48kPag (6 to 7 psig) initial reduction, waiting for about
20 seconds; then continuing the reduction to the desired
brakepipe pressure. This has the advantage that, as the

’ .}

train comes to a stop, the slack will gather and starting

of the train following the stop is made easier.

When the car auxiliary reservoir pressure and the
breke cylinder pressure are kqual in valu?, it is noted
. L2}

that brakepipe pressure increase only about 10.5kPag at

RO T
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Lo | , each car lé\c};&icm to cause the valve on that car to move
to release. If overreduction has occurred, that is, 5
brakepipe pressure reducefd| below that required ﬁq produce
equalizetion, a release of thé brakes on any car cannot

be accomplished until b‘rakgpipe pressure has begn slowly

increased to the equalizé)t:ion preséure plus theb"lO.SkPag.

the time to obtain release is materially lengthened by an

|
l ’ This is of importance particularly with long trains vhere
1 overreduction (1,24).

\‘1.‘1.2 DESCRIPTION OF THE BRAKEPIPE

The brakepipe of the automatic brake system of a
train is defined as the system of pipihg including branc.:h
pipes, engle cocks, cutout cocks, .dirt collectors, hose
couplings and flexible hoses, used for connecting loco-
motive ahd all cars for the passage of air to control the

/' locomotive and car brekes (1.

This bral{%pipe is not straight and has at 1éast
: one .cross-over in ‘each car. The bralfepipes of adjoining
cars are connected together by flexible hoses and hose §
I \couplings. Thus, the brakepipe extends throuéhoﬁt the
entirg_ﬂlength of the train. Each 'Bralcepipe and ﬁése is -
~usually connected to an angle cock. Referring to the

R {
schematic freight car illustrated in Figure 1.1, there.
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are tee-branch pipes from the brekepipe over to the

control - valves, reduction relay valves, and quick service

valves. Brakepipe air flows to and from the control valves -

through a combined dirt collector and branch pipe cutout

cock which allows the breke ecuipment on the car to be cut

-~out. in case of trouble without affecting the brakepipe

pregsure control to other cars (1,2).

- J
o — |
An important feature of the brakepipe is that it

" functions as- a signal conduit as well as a power supply

L

for the brake assemblies in each car. -

For a typical freight car, there exists some 100

joints and seals in the various cpntrol valves and brake-

cylinder arrangemeht as potential sources of air leakage.

As a result brakepipe leakage becomes an unavoidable‘

feature in train oﬁeration and train-handling. It creates
a considerable difference between 1ocomotive pressure and
last car pressure. This pressure difference is often )
referred to as brakepipe gradient. With leakage it takes

a longer tiﬁe to fully charge or recharge the system, and

tends to reduce brakepipe exhaust time. True brakepipe

grédient is dependent on the train length and the‘gistri-

bution of leakage within any given train 1engfh. In

géneral, longer trains and higher pressures lead to an

~—
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increase in the pressure gradient. When leakage is highly
. concentrated in the rear cars of a 1dhg train, it producei

the largest pressure gradient. This may result in loss of ()'
braking function or in undesired braking application. -
. However, since leakage is uéavoidable, standards of

acceptable leakage have been provided. The acceptable

amount of leakage has been specified for long trains in

terms of brakepipe gradlent These standar?s agé the

results of practlcal experience, and éhey have served as /;

good indications of brakepipe performence (1,2,3).

LN

Thete is a_need for a quick and efficient method to
locate excessive lgakage when and vhere it eérists based on
a good analytical understanding of the interplay between
pressur; gradient in a brakepipe and leakage along the .
brakepipe. It should be noted that vhen checking trains “
for leakage, correction of leakage at the rear of the
train wall prodﬁce gréagpr improvement in brakepipe
gradient than correction of comparable leakage at the

> o : N
heg%/éid of the train (2). y -

il

After the engineman has initiated the braking
action by moving th®brake vaive handle fromthe release
position; the following sequence of events will occur:-

(a) the locomotive equalizing reservoir pressure redqces;
L]

(v) this causes the train brakepipe pressure at the loco~

f

- o
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' motive to reduce; (c¢) this pressvre drop is then transnith

ted throughsyhe brakepipe of the train until it reaches

the control Vvalve on the ith car; kd) the control valve

then meters the supply of air from the auxiliary reservoir
to the brake cylinder of the ith car. The overall time
delay Ty which occurs between events (a) and (d) is knovn
to be of the form (4):-

-

where symbols are defined as follows:

Tr = response time of the automatic brake valve and
equalizing reservoir,i.e. events (a) andﬁ(b).
¢ = transmission speed of the pressure drop signal
in the brakepipe of the train. o
« ' 3 "
'L = distance between two locations.

subscript:1 = the ®ar number of the locomotive nearest

ith car which is capable of effecting a
‘ reduction in brakgpipe pressure.

Note: Typical value§~for'Tr,and c .are 2 sdconds and

y

153 m/s (500 ft/sec) respectivei&(i)_

\
The reduction in brekepipe pressure at the ith car,

ni(t) is therefore designated as r(t-Td)S Thus, the
auxiliary reservoir supply pressure to the brake cylinder
pipe can be represented as k.r(t—_d5, vhere Ty is defined

by equation(1-1) and k is a constant of proportionality"
¢

2
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between the tims,def%yed edualizing reservoir pressure-
drop appearing at the .control &alve of the ith caw and
th@ssupply pressure of that car's auxiliary reservoif.(g);
In the remainder of this thesis, time delay tq is referred

to (Td‘— Tr)’ that is, events (c¢) and (4). ;

1.2 - PHE USE OF PRESSURE CHAMBER TO ﬁEPRESENT THE

RELAY VALVE ¢

The functiom-ef the relay valve is to control the

_ time rate of change of the brakepipe pressure in response

to change in ecuglizing resgrvoir pressure. Consequently,

it is pbssiﬁle't reduce the stopping distance of the

train, by shortening the“ﬁropagation~time and the time

requirédfto exhaust the compressed air from ghe brakepipe
to achieve the desired pressure reduction. Lo

» .
The ,relay valve shown in Figure 1.2 consists of a-

upply unit and an exhéust unif, both being controlled by
a diaphragm assembly{ During transient operation, any‘
excess increase 5f pressure pp in the inner diaphragm
chamber(I), causes aif to flow back into the brakepipe ‘
chamber(H) where it is then vented through the exhaust
popﬁet valve(¥). VYhen the pressure belance r in the
diaphragm chambers and the brakepipe chamber is attained,)

the relay valve assumes 'lap posi on'. In thig position,

{

[y

- o
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. port. The préssure Py 1s the outer diaphragm préssure
L ;

s

K the diaphragm assembly is in a state of static equilibrium

indeed. Both supply valve aqd exhaust valve are being &\
closed, sincé the self-lapping feature of the rélay va;ve
automatically maintains.the grékepipe pressure against )
oVvercharge and leakage. If this™state ié'éiéthrbed, either‘

? Lt

the supply valve or the exhaqié valve is opened in an

effort to restore&étatic equilibrium.(gﬁ).
: s 5

The experimental set-up employed in the investi-
gation of thg reléf&onship petween the pressure difference
acréss diaphragm (pR—pL) and the displacement oflthe
diaphragm(X), is shown in Figure 1.3a. The relay supply
and output port are blocked so that there is no flow
derived from them, that.is, né.load condition. Referring 4

to Figure 1.3a‘again, the pressure Pg is the input press-

ure vhich is measured by a pressure gguée at the input 7

vhich 1is kept to be atmosphép&p.'The diaphragm displace-'\
mené due to the pressure difference across the diaphragnm

is measured by a displacement transducer. This experimenf

1

is conducted for input pressure d¥ 0.6%kPag to 103k Pag iﬁ

increments of 0.69Pa, at no lpad condition.

o ‘
\ 4

In the case of flat poppet valves such as the | )

exhaust valve which is modulated by the diaphragmldispbac-

\m/ ’
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-pressure ratio es well as<valve lift. However, for simpli-

-1 -

“

ement, it has been shown in Reference (23) that the coef-

)
ficient of discharge varied with downstream to upstrean

city, a single constant coefficient 6f discharge Cd=0{80'

' is adequate. Thus, the effective area»AQ of the exhaust

‘i

valve as shovn in'Figure 1.3b, is given as follows (gg);- =

» i

)'. .. (1e2)

vhere dq = dlametqr of supply valve seat
. X, = displacement to close exhaust valve

’

The equivalent effective exhaust area Aﬁ can be -
calculated as follows: .

Consider the same mass flow }ate and temperature in both

cases, that is,

AE uin = AL'. NRL o . k e e v 0o e (’I-B)

- where A4 is given from Figure 1.3b,

| Ngpp, is given from Ref.(23), RL refers to ij,
v . N
NRf 1slalw?ys 1 since pf/'pR 1s less tha& 0.5283
Note: When A4/A5 is less than 0.5283 (for air), A4 is .
sonic; otherwise, A,+ is subsonic, then to find N,

;use Teble A.2 from Refl. (23).

v The” result obtained from the abovelgxperiment agd

combifhied with the relation given from equation(ﬂmg) is.

shown in Figure 1.3b. It shows thét when the pressure

N T A RO ot ek My L g hrebieg e o - IR TRV A S
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hav1ng an*gqqggg;zﬁ% effective exhaust area Ag.

difference acToss dlaphragm is greater than 7 6kPa, the
>
‘exhaust valve area is fully opened. This meang that the

‘exhaust area carn be approximately assumed to be a constant

with respect to pXessure change. One ean réplace the relay

valve by a flked vplume pressure chamber with an aplflce
>

o t.
In Figure 1 4, it shéws the relationship between
(pR-pL) and Ap. It 1; worthy to note that when (pR-pL) is

greater than 7. 6kPai'the effectlve exhaust Q&ea Ag 1s
i

.close to the effective exhaust port area A5. Also, when

(pR—pL) is less than.2.8kPa, the.slope of the curve is

very steep of about 9.25(10)~®n2/kPa. This implies that

in Epe beginning, the rate of the p;eéshre drop is very, .
fast but after the pressure flifference is less thaﬂ 7 .6kPa ‘
it will take a ionger time to be in a state of static

W

equilibrium. ° .

Note: In aipendix D, a brakepipe reduction of 41kPa and
10%kPa with relay valve and pressure chamber had
been shown in graphical forms. It was found
analyﬁically that they were matched clLsely within
'35% difference. Ve concluded that the application

of the prescsure chember to represent the relay valve

was éftlsfled Also, in appendix C, dynamic charact- -

eristic of the relay valve is presented analytlcally

and graphically. . T

w\\
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1.3 REVIEW OF PREVIOUS WORKS ¢
. The garliest work on fluid transmission line qu’els

was based on acoustic theory. Iberall(g) provided a formu-

lation for the ‘acoustical 1mpedance of cyllndlcal enclos- )

ure with the effects of both dlstrlbuted friction and heat .

transfer. However, his analysis was ‘cumbersome and avoided
the use of statlc friction factor data, but appeared to be
_‘,unsatlsfactory for large damplng. Mon.se(6) 1n\{g}tlgated
the dynamic characterlstlcs of dead-ended and volume-~

terminated pneumatic tranglnlssmn llnes. 'l‘he agreement

between theory and experiment

ended tube except at very low

reason for the poorer results

laminar 'flow friction factors

discussion of the approximate

was qu:.te good for the dead-
pressure amplitudes. The

at low amplitudes was that

»

were used. Ibera}l's

¢

solution obtained by Rohmann

: ¢
+ and Gorgan(7) presented the complefe solution based on a

sjatem of evenly 'distributed fixed parameters. Aﬁn\equatior‘t
was derived by Schuder and Binder(_f}_) which aéscribecf the
prelssure-time relationship that occurs atuthe end of a' o
dead-ended or volume-terminated pneumatic transmission
\line follm«%ing a sudden pressure change af its input. The
derivation vas based on a one-dimengional uniformly”

distributed system, small, reversible, adiabatic-pressure

changes, and laminar flow. Nicohols(9) derived Iberall's
o

e 1™
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solution and interpreted it in the form of an ‘equivelent

'/qi.r,cuit'./ﬁle work 1is performed in the frequeﬁcy domain and
includes both high~— and 1ow-i:‘requency approximations. |
Karam and Franke(10) used Nichols' approach to obtgin' an
impr_oved hig:h-:Irequency approximation. Franke, Malanowski
and D@artin(li) (obtained“the ffequency respqpse of pneu-

~ matic circular line including the effects of temperature,
| end;coqditiéns‘, flow & Wranching. The state~of-the-art
in ;ﬁrcular fluid lines is éummarized by Goodson and

" Leonard(’l2) 1I‘he;y suggested that further 'research be «

" conducted in- complex systems through the use of computer

)
s progrgms or the development of models.for such appllcatlon

o
.

as large signals with turbulence.

. " All the w%rk cited above applies to propagation
‘models for 'cir’cular.i‘luid lines without leakage. Katz and
_ Chei’xg(ﬁ)’ have propoded a network approach to stﬁgij the ‘
) eff(?cts of leakages in brakepipe modgls and formulated
matiaematical,;nodel for generating préssure distz;ibution
for t'h’iS\modei‘. Tpisl provides the possibility. of ﬁsing "
network theor;j‘r' to detect igaks‘ in bfakepipes. kwan(3)
‘suggested network médels" for brakebpipe leakage under
'+ several cases of leakage flow. He proved that the effects
of . leakage on pressure“gradient and brakepipe taper - .
"depended on the position of the fauit and. that leakage

at the rear had larger effect on the pressure gradient

i
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than leakage at front. Aula, Cheng  and Katz‘('l_lt) have
confirmed the validity of experiments-on a scaled-down .
brakepipe model. Subsequently, their prbp;)sed methods
"would have to be tested extensively on actual brakepipes

of a freight train. o .

1.4 SCOPE OF THESIS.

” )
J‘,r-' ’

. This research is concerned with the experimental

-

investigation and theoretical analysis of a scaled-down

brakepipe model. The two analytical methods used are based
on fluid mechanics theory and verifi;d by experimentation
on bhe‘ brakepipe médel. A detailed mat;ematical model

(with computer simlllation on' each method) for generatiﬁg'
the pressure distributidn along the brakevipes is formed.. '
‘The partial differential equ‘ati:;ns of motion are solved. e R
by finite difference technique through f::he minicompﬁtér .
PDP-‘I“I at the Fluid Control Research Laboratory, Concordia
University. Also, different boundary conditions for the
brakepipe are discussed. It was shown analytically that

tf:e modified approach, of usirlg a fixed-volume tank instead
of a relay valve wasl satigsfactorily applied to the testing
procedure of train-operation and train-handling for the -
engineman, and to simplify the experimental set-up for ‘the ‘

engineer. Sim;ille exﬁeriméntal tests on the brakepipe model




“brakepipe without leakage alocpg the length. The third

-21 -

.are demonstrated so as to medsure the pressure distri-

. . o f
bution along the pipes as a function of time, to find
the effect of brakepipe leakage, and to evaluate the time
delay tg, that is,(Td-—Tr) which is explained in section

1.1.2. The lumped modeling method was found to be much

égsiéi' to apply but less accurate than the method of
.o . , ) .
characteristics for \largte}[amplitude signals. Subsequently,

thej\proposed methods would have to be test"ed extensively
on actual brekepipes. A prelimin‘ary prediction for- actual

brekepipe is given in Appendix D. This thesis is confined

mainly to developing-and verifying -the proposed methods on

. a scaled~down brakepipe model.

This research thesis is divided into six chepters.

. The first chapter 'priefiy int;'odtices the role of the

brakepipe in the operation of the automatic brake ‘sygtem
of a freight train and reviews the previoys work that has
been related to this area. ‘

& . 4 .
The second chapter gives a i’ormulaj:ion of the

-
»

brekepipe model by the method. of chafracteristics for . - )

large'-ampli‘c{zde‘ signals. This method is applied to a

chapter deals with formulation of the nonlinear model . ‘

of t}ne 'brakepipes by the lum'ped modeling, developing

‘a8 set g& equations for generating pressure distribution

. .
- .
/ ~ ! ’ e ’ ’
- s B . 1
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along thé\ brakepipe .‘v‘;ith leskage.

In 'the fourth chapter, the experimental investi-
gation conducted on the laboratory brakepipe model is
giv;en. Lerger and more pipes are restricted due to the
lack of enougf space and i‘acilifies ir; the regearch lab-
;ratory. Discussion on and comparison betveen experimental
end analytical i'esults are int/roduced also in chapter 4.
Chapter five discusses the effect of leakage on thé
trans‘mission speed of aifr:-“p\ropagation. The last chapter

i:riefly summaries the previous .chapters, concludes the

* discussion ané presents some suggestions for further wBrk

in this field. o ' '




CHAPTER 2

s

FORMULATION OF EQUATIONS FOR THE BRAKEPITE 'MODEL

BY THE METHOD OF CHARACTERISTICS

-
’

| 4

2.1 INTRODUCTION !

The method of characteristics has been\used in a
"variety of numerical, analytical and grapltical ways ag
a powerful tool in the solution of hyperbolic partial
differential equ'ations.(Steady and unsteady compressiblé
flow problems have been\s6lvéd by this method for many

years. Computational simulation has been given by Benson

et al.(15), Manning(j_@)), and Trikha(17) for compressible ‘

flow problgms. All the'forgoing treatments neglect
frequency-dependent effects. Zielke(18) introduced the
(;:bncept of a Historetic weighting i‘unctiop which related
the‘ wall sheér stress in transient laminar pipe flow to
the instantaneous nieaq velocity and the weighted past

. velocity 'cha-nges. Brown(19) developer_i a quasi—méthod of
characteristics which cénsidered both frequency-dependent
vJ‘.‘riction and heat transfer e;‘fects. Brown's method was .

conceived as a consequence of his reformulation of the

results of Zielke and extended the scope of the method

B tnan ot




- 24 -

- .

. ' . , .
of characteristics. The availability of high-speed digital

computers has allowed. the general method to be épplied to
a greatly extended class of problems represgnted by semi-
hyperbolic equations. Streeter(20) has compared the
characteristic method, typifying expligit method and the
centered i plicit method. He:emphasized that cémplex
problems with lérge—amplitude signalé handled by applying
the computerized method of characteristics wouldube time-

-y .
consuming but this method could still be ad excellent tool

to solve the hyperbolic equationsf ' ,

. R : N

2.2 MATHEMATICAL MODEL

2.2.%% MODIFIED APPROACH — WITH PRESSURE CHAMBER ’

For compressible” flow in a long brakepbpeawhich is

. shown in ¥Figure 2.1, we considef’two dependent p}gnaf

vafiables u end a, where 'u' is the velocity of air flow
(one-dimensional) and 'a' local speéd of‘sound. Thé ‘
simp;ifiéd'method éf characteristics for large-amplitude
signals considers the effects of time-dependent .friction
and omits heat transfer effects. The basic characteristic
equations for the u and' a vafiables are developed by first

relating the local speed of sound, a, to the static brake-

pipe p:::essﬁre, p. From a = (z{p/e)1/2 and dg/e. = dp/{ P,

we may relate p ard a as:,

e et wm ae PR
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ap/p = (2¥/§=1).da/a ‘ ceeve (2-1)
' where‘e = density of air |
™~ \
Y = ratio.of specific heats
B For one—dlmen31onal flow with friction, the
momentum equation and contxnulty equations are given
from Ref.(21) abs follows:
3 ugag . ap _ . ' (2~
‘%at T Thex Toax T ( ) N Lottt (2-2)
- deap dPy , 24 _ L (2=
R yp(at +uax)+Aax,-—9 o ‘ ceees (2-3)
where q = \;olume flow of air = uA
= 2 ’
2 fu — .
(5§)= - f%ﬁf'“ aYerage ?rlctlonal forge/unlt_yolume
x = linear distance
Jﬁ * A = cross sectional area )
d = diameter of pipe
. o
N y = radlal distance
’ ,fTo 51mp11fy the equatlons(2—2) and (2 3), we obtaln from
Y .
Réf (21):
\ 2
y 2a _ fu _
ﬁd‘*uﬁ+(x—7) a——i_‘ér eaeons e (24)9
uaa au _ . .
— (U~7)(aat aox) T ax - 0 ceere (2-5)

The multlpllcatlon of equation(2-5) by an arbltrary

constant K, and subsequent addition to equatlon(2-4)

leads to:

AT —
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Fs

H—E%-)—[’a + (uT)aa:l [—— +(u+K)g-%]‘

Since u and a are functions of both time and distance,

T

L

- B L (2-6m)

total dérivatives of these variables have the form of:

“a ® dx \ ¥, | LN
-When K = + q,-equation(2-6a) transforms to the .
cheracteristic eouation sets:- - v
el )
while -
du da 2  “ dax | \
I - ( —d-:E Ea— only when (a-f)= U~=8 oo (2—71))

ﬁow, we normalize equation(2-7) with x'= x/1, a'= a/af,

u'= u/ar and t'= tafll, then

' .

%%; + (;%w?da' - -K'u? for'(%%;)-u'+a'..... (2-8a)
vhile fr
- ( gy )g%:‘ = - K'u'»? > fOI' (g‘%;-)-ﬂl'-&'...... (2—8b)
where K'= é% and (%%;)- slope of characteristic line

1l = length of brakepipe, a,= reference sonic speed.

Fpgure 2.2 shows the rectangular grid with fixed

" time intervals and positions that is used to calculate

the variables in equatfﬁn sets(2-8). The nbdal’points

-

[

-
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P are reéreéenteﬁ bé-solid dots %ﬁd the variables are only
c?ﬁpu?ed for these points. The characteristic lines that
p‘ss through the local or nodél'poings do not emanate from
the rodal points of a previous time step wheq.there is

the épprébi;ble magnitude of the velocity u'f‘As a result
the signal variables corresponding to the characteﬁlstlcl
lines must be obtained by interpolation between the
prev%ous time nodal points. For example, to calculate

the variables at point 352.requires the variables ét
points L2% and R23. These in turn, are’obtained by lineaf

interpolation between qu and P22, and P Psn & P25 respect— |

ively as shown in Figure 2L2.

Appiying a first-order finite d%fference apprqxi—
! mation to equation sets(2-8), we can get the signal
variables at the interiof points, the fight boundary
nodal point, and the left boundary nodal point in the
. - folloWing sub-sections. .
( N
" A. Right Boundary — FIOSed ernd
For the right bOund:;y nodal point, the boundary

cqpiitions for Y=1.4 are as follows:-

£
=0 ' ciee. (2-9)
u Pjn | ‘ ’
' = 1! LU ~K'a! _®
8 Pin ~ C Deg-1)(a=1) 8 (=1 (a=1)  T(3-1) (a=1)
u £ Y eaa. (2-10)
| L(a‘-’})(r_x-i)l s ‘




{u!
- ‘ where
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'
' +8Y
P(j—ﬂ)n L

u' ’ =
L= (@-1) o

. . . (a'

!

)
(i=D) (1)
(1-6v'_. -

)
L(3-1) (n=1)

ey

- ! )
Pa-mn - EE-n@-1)

\ 3 ? L3-1a-1)

(1-ev!

)
L(5-1 (-1

- Y

' u' * g -
B(5-1) (a1 Pl-1(m-1) ., B(3=1)n
ul \# al

| | B CEO LRI MEE)

] u!

Les-1)(n-1)

+ a" : - -
Pa-1m=1)  Pi=1)(n-1)

' ; u' - al

| Fg=n F(3-n
' [ ]

, & = %;%-: mesh ratio

Note: (i) Since our interpolation procedure implies that
. for instance, the points R4z and L41 are
betveen qu and P73’ we must choose ? to be
s less than the smallest value °f»lﬁT'I‘§T )
the interpolation will fall outside the range .
of the closest previous points, then this

! solution becomes unstable (21).

/

—

. : . found in Appendix A.

B. Interior Polnts — without biaképipe leakage
—

After simplification, the eguation set(2-8)

© e becomes: -

(ii) For further:mathematical explanation, it" ¢an be
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N ) . ]
u'y, ‘+5'5 =u'c + 58 -
Pss - B MG T Ba-naen
! % u' ™~ ' 5t
. L(j-ﬂ)(i—ﬂ)' JLg5-1) (1-1) |
| N ] e (2-11)°
! '-'58' o= u! ' ".. Sa' -
R T R T RGay e T Refenycas
- ‘ )
K'u'p la'p | $t°
. (3=1)(i+1) (=1 (1+1)

- Co : T (2-12)
where subscripts: j= 2,5,' cesy .M az;d ' ‘
i= 2,3, ..., (n=1).

) [
(u! + OY' )
w _ Py - PG e
Lg-naen (- ey R
(=1 (1-1)
(u'p  + e )
w Py Raenasn’
i=1) (141 1+ eV
Fa Yy, (1 ,R(j-ﬂ)(i+1)?
. (a' - ey - ).
o IR D 6 ) TE
LG-1 - (1- oviy )
: 2(3-NE-1)
) (a'P + 6Y'p )
a'y ) (i-1)i Gi=1) (i)
(j-’l)(j‘_-;.']) (1+ OV’
(3= (1)

Y = u' - * gt -
Li-a-1  Bg-ma-n o F-ni

u! . : .
O P-mi P(5-1)(i-1)
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™ ’ ‘ -
Y', ' = u' * gt -
Rig=-1G+m  Pg-n@aE+)  F-ni

TP B(g-1)(en)

q

a'

TG en” TRy T SR
- . ' u'P(§f4>i+ (g1 (1-1) 4:/<
V'R(5-42<i&1)= Ii']P(a'-ﬂ(:m) TRy
Hegeni’ P

C. Left Boundary — with pressure chamber

To simplify the determination of the dynamic .
characteristics of a long brakepipe, we propose an
artifical left-boundary condition. Instead of connecting -
the relay valve at the left-end, we put in a2 pressure
champer shovn in Fig.2.1 with a knowﬁ volume of air

. according to a particular brakepipe reduction.

We consider the follbwing boundary equations:
. V. :
U.'P = B N a' ) 2 - ceonece (E-ﬂa)

u' - 5a' = u' - S5a' G
~F31 7 Fyr T Rgene T Bgema

| 6t ..., (2-74)

o ™R (5152

Res-1)2

L)

- s ———
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B4B,
)ﬂhere B5= —Fa—
B . CdK Ae 3 '
1772
' B e A =;rc12
2 R
Vc
(s ’ 1/2
P, 24 P, W+ /¢ g
1&) - &) P, ,
N _ 1" ; (%.; )/’(3 ; ;T'>O.5283
X T EOMERg 1
; G E . )
\ S ' :"\ ‘ ' , P S
| = 1.0 : . 7y 52£0:5283
4 ]_
¢ = transmission speed of air propagation
. ' !
T = absolute temperature -
Subscripts:‘c = chamber
' 1 = brakepipe
e = exhaust orifice

) \
Substituting equation(2-13) to (2—14), we can get- -~
a'ij. We use the relation of a'1='(p'1)1/7to find the
brakepipe pressure at the left-end. ‘

& The increment of chamber ﬁressure ié\
_ DRT M, 4t ‘ teere(2-15)
Pe= V. ‘ .

where ﬂlc = mass flow rate

172 -
C = Tghy oo KN /T




B et SV,

el

4

Thus, pc(t +4t) = ﬁc(t) + 6pc " veees (2=1B)

From equation(2-16) we can get the value (of Nlc“
Note: Evaluation of chamber volume Ve and derivation of

" equation(2-13) are given in Appendix A.
-\

D. Initial Conditions ‘ ) \\\_
‘ ~ .. . .
‘ , The initial values of the signal variables are:
o 4 u'P o= 0 ﬁhere i 22,3, ceeyle eees. (2-17)
’ . \ ‘1‘1 }
‘ 2
u' = BN, a" : cees. (2-18)
pq V7 - :
a'p = 51) where r =1,2, ...,0. ..... (2-19)
1r ' £ ' -

"9.2.2 BRAKEPIPE LEAKAGE

It is assumed that leakage occurs only at the last
pipe of the brakepipe model. If we use a linear leakage
resistance and a turbulent-compressible pipe resistance,

the head-rear pressure relation is:

~ . e

PN
N

2 . eoses (2-20
pL - PR = Kam L . 4 ’ ( )

| B Can ' L e (220)

: _A6£1RT  and R = -2
| e Te T REEe, R
: o : ‘ c ‘

[rS—

b
T e e et s etk b b S, e e,

e o T,

Sl “ AT A MW e e e v e o v £ A oo, it b i
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Since initial pressures pﬂ(0+),,leakage orifice

area Ao , fricgion factor f, pipe length 1 and diameter
o brakepipg d are knowvn, pR(O+) and initial mass flow’

rate #(0*) can be obtained from the above equations. For

‘each nodal point i, wherei= 2,3, ...,(M+1); pi(0+) is

1/2

equal (pL2(0+) - (K2/1)(i~1)m2(0+)) y whére M is number

of mesh size. Hence,

: pr 5/7 . .
' oty = (-Z ' ot p
! P1i( ) Fpi) b Pﬂﬂ( ) .

+
vhere u‘P (0") = _QKQKI
11 cii™
We then modify the boundary conditions as follows:

for right boundary condition,

s

u' = (0.5285)5/7A a' /A veees (2-22)
Pjn. 0 Pjn 1
ut + 5af = u' + 5;| ‘ -
[RELURE T LU FLPICPE DU C R ICERD
K‘r{li T~ £

L(a-wjix{-ﬂﬂ : 'L<j-4><n-1>‘
’ cenee (2=23)

for left boundary condition,

a(t)

P.n™ 5
J1 A, ¥.a’ c
i lff ij

u' since a'P is knovn.

J1

Note: The usual method of characteristics is used in
qalculating_fransient pressure distribution along
the brakepipe. It®is restricted to a brakepipe

-

-
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N~

without leakage along the length. However, if
, . leakage is. restrictgf‘i to the ends of the pipe,

‘

we can do the calculgtioh by modifying the boundary
' ‘ ,cond\:i;tions. Since the formulation of equations for
leakage along the brakepipe is cumbersome, further -
study on this case is necessary. 'In Appendix B,
) “two computer programs using this method are

A - presented.

<




. A

IR WG kg

.
tont e s 4

AR by L

CHAPTER 3 \

FORMULATION OF EQUATIONS FOR THE BRAKEPIPE MODEL

‘ BY LUMPED MODELING\

|

3,1 INTRODUCTION |
| \

Since the formulstion of '‘equations for leakege

along the brakepipes by the method of characteristics
for large-amplitude signal was cumbersome, it needed to.
apply the method of lumpea modeling. An cxcellent

description of this method is given in Reference (21)'*

Simplified brakepipe model shown in Fig.3.1(a)&(h)
is used to represent the brakepipe by a circuit with a
series of volumes &capacitange) and fluid fesistances.
In a more exact model, fluid inertance will be included.
At present, hovever, inertance is omitted. In appendix B,

1

two computer programs using this method are presented.
|

t

o
!

3.2 MATHEMATICAL MODEL

3.2.1 COMPONENTS

In formulating the‘equations/that describe a

‘physical circuit model, it is imporkant to specify the

i

characteristics of the elements exgressed as the relation

betwveen the through variable and the across variable.

<
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t‘l -59— o ‘ “~
. | ) 5
»; r
) - . The fundamental elements are restricted to resistive type
3 cowponénts and capacitance 6n1y. This model, for fluid
' o components, is complicated by the behaviour of turbulent
S and compressible flow through the pipes. Kwan(3) concluded
. - ¢ “ that linear resistive leakage and a turbulent-compressible
3 _in-line flow component was the best modél to be uged for\_
: = th) resistances. - ‘
rt - N - -
. # The components are: . . N .
) 'A. Series Resistance R_. ;o ' i
y -:‘. N 51 5/ ;
. The nonlinear relation, of the mass f{low rate i,
R .- . ~and pressure difference betweeﬁ ith and i+4§¥'pipes, is
?E ' K presenteds in Refs.(2,3,13) as:- : . .
s : ‘ ] 2 2 ' g 7 ) * h
3 .2 |Pij.q - D -
? tr / mi = l+1K l ' oo ceh (5"1)
; . 1 2 . ' ,
P - \whére K2 = ggg;tant characterizing flow resistance '
S ' {ef1Rr - v ' / ~
. L. = oao’-‘\o\ (3—'2) !
AU 7a’g, | P /
: o £ = friction factor RS SN
f / 1, = length bep&een ith and i+1th pipes /
R = gas tonstant )
, T . = abselute temperature b
. o "’”E//:vdiameter of pipe .

v’

Y

s g e A e o
i

'I

(BpSi), 1"heI'e i= 1,2, .coa’n. Thus’

i
/
’

'8 - gravitational constant o A

Simplifying equation(3-1) if |p;,4- sl € 20kPa’

7 .

\ ’ ’

'

£

.
plsy
y

-
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S = h0 - . .
- . /: b -
o - Ve
<
‘ 2 2, o=
. _ pi.*," = wp& szi(pi+" - pi) A . eveonm (5"58.)
ir or =~ 251'_4?1 (Pitﬁ -, pi) @ | eeees (3-3b)
- vwhere Ei = mean pressure value in brakepipe wit/lliln :
T ith pipe B 3 )
. P; .q= D - :
Hence, miazl——ld%%-jﬂﬁg\\ creee (3=11)
Si :‘ﬁ, N ¢ ' ’ .
. K K >
2 2 ' evece (3-5)
vhere R_.x == = — o \ ' -
S1 2pi+‘1 Pi * Pjyq

\
-+ To linearize the monlinear equation(3-4), thus

R aﬁ]. " + .o
Smi‘= —5'(2‘%?7 a(dpi) ceveos _(_”5'-6)

' where AP; = [Pj 4~ Py

APy = {Pi4q ~ Pyl
Hence K, (d#; - %) = ap; ~‘dpi ' ceaee (3-7)

L

—~——
4

. where Ki = linearized resistance constant

1 _ 2 ¢ Kg__l_Pi - pi.)-']l 5']/2 g (%_8) \
Pjq * P31 ’
B. Shunt Capacitance C; - ) {

" This cdmpqnent is related to compressibility of

fluid. Mass flow through. the cagecitance ici is:
< . 4py ‘
mci = Ci a:T;'-— . eveooe <3—9)-v. A
" vV aa? ' .
where C; = == = ==, , from Ref.(22) Nee- (3-10)
RT 4RT
’ Vi = ‘air volume of brakepipe per’lump : -
" 1 = length of a lump R ~
3 / '
L] | . 0 ' d .

' 4 i .
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Ry
-

,C. Shunt Leakage Regfstance Ry

L]

This is a linear type reéistance. It is based ‘on

the fact that when the pressure ratio of the brekepipe

fressure and atmospheré,(pi/pf) is greater than 2, the
N %

leakage behaves as a choked orifice. The relation between

brakepipe pressure and 1eékage flow is linear.

Y

Leakage resistence R, is:

_Jﬁ/ﬁ 2 )({m)/(i -1

R

3

-

.u...'(3~11a) .

Fog‘alr,j = 4, the shunt leakage resistance w1ll be

> [;_Jt‘f
Ry = 2 :
0.53187C4d ;°N -

where Py = atmospheric pressure

3 2
Aoi= leakage area =1td°i /4 .

8 doi= diameter of leakage orifice
Cd = discharge coefficient
Y = ratio of specific heats )
. 24 F+DA, ‘l
. (pg/P3)"" =(pg/Py )™ 7 7%

G

i
. 3

1/2

Leakage flow through such a resistance is:

¥

\
[ 4

ceans (3—11b5'

;=13 0.5283

12

Pe
imt-¢ 0, 5283
Pl .

-

e (3-12)

0
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3,2.2 TRANSIENT RESPONSE

1

A, Initisl Condition during discharge:-

Since the circuit presentation of the model as

shown in Figure 3.1(b)was nonlinear,it was V€Ty difficult

to obtain a direct and exact 'relationship between supply
source p and the pressure in the last pipe Py with

intermediate /,pressure terms not appearing. Hence a

recursive formula was set up from which normsalized
pressures at each of the nodes (that is, the pressure

distribution?) could be found. ' v W

I3

The pressure source pé was constant. As air was
released from the head-end to the reér-end,_ brekepipe
pressure decreased due to plumbing leakage and resistance

of the brékepipe. ) “g .

. .

The mass flow m; is the sum of all leakage flow.

occuring after ith pipe, that is:
g

n-i+1 p... .
m- = _—Ji_]'" Whel‘e i =’],2’ ‘ol-’n LA A (3-‘13))

) + j: Rj+i
Bubstituting equétion(%—'l}) into equation(3-4), after
so’me‘ factoring, the result is :~ ' -

| 2
~1 p. . .. AR
Z:] ._l-iﬂ.ﬁ.'l_l# ceene (3=14)

X2 s
P = Deon |14 =2 (14
S 2R, ,° 1 P141854541

n
i+ J
as a shorthand notgtion, B; , is defined as follows: -~
. ( Rt

Fore A e e v e et———

e ¥ eaa e sl




B %
1+9° Pitq

exanple:-
' .pi+,'.[+1 - j ( 1" »~_),,.
Pi41 ko1 Piaked

Equation(3-15) can be used to express the ratios of non- |

adjacent pipe pressure as the products of terms. For

' ~

veaes (3=15)

-

coese (3—1@)

Applying gquation(3-15) and (3-16) to equation(3-14), one

gets: . .
. [ i
K N=i+1 h) o R. . 2 .
2Ri+'\ j= 17='1 1+k+1 i+j+1 -
R X J (5"47)

The value of Bi can be calculatéd from Bn %o B,1 if one

specializes Ri from Ri to Rn

one gets:-

K2 - ]
B = 1+—55
aR ) 5
B K- 1+ -—————EKg 1 + El-lﬁl
n-1 2R nn
-1
K R
2 n—-2
B = 1+ - 1
. . n-2 2R n-1 n-1
n-2
* ¥
N ‘
Then the pressure a 'any pipe py;

initial pressure P, asi-

. For, ia,xample, from egn.(3-17)

ceels (3-18a)

veees (3-18D)
2
+ _TRn-e (3-18c) -
L AN
. N

?an-be related to the

}




’
g

o]

- 4y -
» .
- ]
T i
Pi 1
__—/: : ’ LU (3—19)
Po k=1 B

N . .
From the known values of series resistance K2 and the

shunt resistance '*Ri, B.

; can be calculated fron Bn to B,r

Then the pressure dis;tribution along the pipes can be
computed by applying equation (3-'1’7.) to (5-197). If one
specifies the value of Ri these egquations can also be
applied to the case of uneven leakage distribution. In

2 will be very' small, and as a

general, the ratio-K,/2R;
v?esﬁlt, the powers of K‘2/2Ri2 will be second order small.
If this approximation is made, equations(3=17) and (3-18)
can be reduced to a simplified function pgxiticula'rly }

the case oiﬁ,uniform leakage distribution.

i

If KEZ?R].?Q: 0, and R1=R2= ces =Rn, s.ubstitutins

them into equation(3-18), thus:

(3]

K, Co )
Bn = ,] + E'R—E N ceave (5-’1203.)'
! n - & .

eeers (3-20b)

2 " o e ..co ) (3-’200)

U | . ' _ {

‘Bubstitubing equation(3-20) into (3-16) .and relating the

L I

ith pipe and 41st pipe to the last pipe, one gets:

\ \
\
'
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Pi - 1 nny

. s ot e— £ 72 eve e a ""—’l)
. P K K ‘K (3
. 2 [1+ 22H1+ 22(2)2]...[¢+ ——215,(1)2]
- 2Rn ERn 2Rn
p ; _
i;g' = = " enc e (3-22)
n

K . K = K
EH 22}[“* 22@)2]... & 22(n)2]
2r 2| 2R °. 2R_

-y

Again, the same spproximation is applied, and equations

.
a

(3-21) & (3-22) are combined. Thus,

ke K

2 . . .
1+ ~1)(n~-i+1) (2n-2i+1)/6
N 2R2[(n‘ i)(n=-i+1)(2n-2i+1) ]

n ‘ .
= . ceses (3=23)

K
1 +._2_.1_2-2—2 [n(n+’])(2n+'])/6]
n

Py
po

~

. 4 . s .
An approximate normalized form of this equation is given

from Ref’.(}_) as follows:~ =

Pot P 1o (1) | ok
Kg ; = ceees (3=24)
" )(n)

po( 2

2
n

where i = 1,2,...,n and dz% ' i
o

Since p, is defined as supply pressure, p; can be found

accordingly.

. \
During discharging process, bouridary conditions for ° . |

. -

) our brakepipe model will be:

. {

m,= mass flow rate 2t the locomotive.= O o

ﬁln_'_,] = mass flow rate at the n+1th pipe = 0

’ '
L] . . '
o
. e [ e e e = g
, ' Cd
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“w

Note: As the leckage is concentrated in the rear of

the

pipes, rate of pressure drop in the front becomes

smaller. This is a consequence of the fact that

the total leakage flow becomes smaller. For further

' explanation of the above equations, one can refer to

- Aula's thesis(2) and/or Rwan's thesis(3).

B. Trancient state of this model will be:-

Pq R P R p
o--————vvvsv'l 2 —NV\E‘Z? ‘5
, e - .
m,] ' / , &l m2
N
e . Lo

2T Fe

or— ~

The signe conventions of the 4 mass-flows are

v

arbitrary through consistent with what is hapneni}ig

d i'}}ng service or dlscharge. Mass-flow balance is:
h fiy + by + By ‘ ceeer (3-25)

2

.Acct‘frding to equation(3-9), one gets:

(e

-" . 1 . . ‘e . - dp2

pa 'C—— ( -y + oWy + mL‘) » vhere Py= 3=  -....
)

Fro?ﬁ equatlons(5-4) (5 ’IO) and (3-12), one modlfles

-

-E

equh’t10n(3-26a) by substltutlon. Hence,

50 . BT _fpg-p2)+ ﬁpe-p,,) P2 ) )
27 V2 %2V e R

After time increment $t, the pressure Py will be:

Pt + §t) = py(t) = py(t). St

| .

L

(3-26a)

(3~26b)

(3-27)

TR o B g e M AW ety s
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In general, /

9 . , . .
Py =g C -mp+omy g +op )

‘= 1 ¢ - (pi+/|"Pi) N /'(Pi"Pi_'/‘) .
O3 Ret m

p; (£+§8) = p;(£) 7§i<£).5t

. \
WheI‘e 1= 2,5, nca,n

Dy ‘
'ﬁz ) ieaad (3-28)

een. (3-29)

The rate of pressure drop f),] & f’n+'\ at the left- ‘and

right-boundary respectively, is:

- (' 1 pe—p1
p“'- = E-,; ( - Es ) \ eewee (3—30)
vhere C, = C,/2 and R, = ra"gi‘lm X
B 1 {Pnsi™Pn . Ppyq .
| L= . (/ N + ) cemes (3_31)
« n+1 Cn+’| Rsn an , |
w/’"—
where Chp1 = Ci/2 = shunt capacitarce

R in-line resistance

sn
____16£1RT
) '”Cadsgc(pmﬁpn') |
Rn+'l = leakage J.fesistance = R
o y1'/2
- 0.53181C,4




- %8 -

' ?
CHAPTER 4
EXPEEIMENTAL INVESTIGATION AND DISCUSSION ' \
" 4,1 TINTRODUCTION _ /
At first, diaphragm-type electrical pressure - ‘
transducer was calibrated against a manometer (accuracy d i

within +0.1%) amd a digital multimeter was set to
provide 0-10 volt reading to govern the working range | \
of the transducer in later experiments. The sckematic
drawiné; of the calibration set-up and result of this |

calibration are shown in Fig.4.1(a)&(b) respectively.

. '\Befoxje the assembly of thé compfete test set-up,
two types of preliminary experinent were done. These
compared the pressure-flow chéracteristics on pipe-
bend combination and orifices in accordance with the
mathematical déscription given in the previous chapters.
The test set—up and results for brakepipe model will be
given separately in the following sections. Comparisons

| betwveen the experimental and theoretical results will
) ) . ,

then be discussed. . .

Main objective of the investigation is to find

4
the effects of leakage on the time delay'so as to check /

%
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the propagation speed of air ;vave in the brgkepipe model.

~
-

4,2 PRESSURE-FLOW CHARACTERISTIC ON THE PIPE-BEND |
COMBINATTIONS : -/

4.2.41, PIPE TEST SET-UP' ,,f

-

Figure 4,7 shows the schematic drawing of *tHe set~
up. In thls experlment, a regulated supply of eir 552kf”
(80 psig), was passed through a FP-1/4-2C flowmeter and
then to an individual pipe~-bend combination. The pipe-bend
combination basically c&fs’fi_'sted of a galvenized pipe and

a flexible plastic tubing with a cross. The galvanized

f pipe was 3.4m (10ft.) long and 6. 55*’10"5111 (0. ?5111 ) 1n ide -

diameter. This arrangement gave an apper:.mat‘e scale dovm
ratio.of 5:1. The pipes were connected by 0.254m (10in.)
length of plastic tubing in an U-bend with a cross placed
downstreiam ofi the bend. The flow. through the pipe-bend was
varied by a togéle W/;alve placed at the end of the whole
unit. The volume flow measurement lwas read by the flow-
meter ' and was subsequently converted to mass flow by the
menufacturer's flow-conver%ion chart. The pressure drop
betveen the head end and the cross was measured by a

diffferential manometer.’

4,2.2 PIPE-BEND COMBINATION TEST AND. RESULTS

_\ﬂ\ -

_-mnu..www.,.. . e e . P s e
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During this experiment, the head end pressure was
mainfained at 552kPag. Air flow through the combination
was controlled by a valve. The pressure change in the
rear end due to different flow could bp read on the water
‘ manometer. Figure 4.3 shows the difference in the square

b

of non~-dimensional pressure between the head end (L) and
the rear end (R) of the pipe-bend c

bination, that is,
(p% - p%)/p?against the mass-flow, m. The experimental
data varied from one pipe-bend combination to another. - .
The; lowest experimental value of K2 was 1.70%10"xPa®-s2/
‘kgz (8.’!*’106 1bf2—sec2/in4—lbm2) and the highest value
was about 5;78*10’131{Pa2—52/kg2 (18.0*’!06 1bf2—secg/in4—

lbm2). The mean curve was drawn by using the equation(3-2)

with mean KZ‘

Data obtained from 83 di}‘ferent bend pipe-sections

are shown in a form of data distribution chart in Figalhott

-

which ‘1s drawn according to the number of data fell ona ° Y

small ran'ge of pressure difference. It was found that most |

of data fell to region number 2. ’

B

9

With ‘tfle geometric parameters of the pipe, fni‘iction
factor £ ig equal to 0.06, and neglecting the curvatui'e of
the bénd, resistance constant fop the turbulent-compress~
ible flow in the pipe, K,,which is calculated from the
equation(3-2),is 2.52*10" kPa®~s?/kg> (12.0%10° 1b£2-sec?/ *

inq-lbmz). Calculated K2 was agreed well with mean K2.
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4.3 PRESSURE-FLOW CHARACTERISTIC ON THE ORIFICE

4.3.1 ORIFICE'T]Q\ST SET-UP

Figure 4.5 shows the schematic drawing of this
set-up. During the test, the Eif supplied from the air
pressure regulator was'passed through a flowmeter and
a cross. The openings of the cross, perpendicular to the
flow direction were used to m;unt a pressure gauge and a
toggle valve. At the exhaust port of the valve, a pipe-
plug was mounted, and a 'leakage' orifice was formed
by drilling a thin hole through.%he centre of the plug.
The opening facing to the flow direction was blocked b#
a hexagonél plug. The flow into the set-up could be varied
with a regulator and the pressure inside;?he crgss was‘\;)S
iﬁdicated on the pressure gauge. FiZF types of the osifice
(do= 0.330mm, 0.584mm, 0.787mm, 1.%97mm, 1.854mm inside
diameter)‘ which were, used to'model the leakage resistange
weré'examigfd in the followiné section.

”»

~

%.3.2 ORIFICE TEST AND RESULTS
j
|

During the orifice tesf the"

pressure could be 4

changed by theqregulator, and the leaka low frop the

orlflce was indicated on uhe)flurneter. In the case of

L

the re51stance leakage experiment; all orifices of*the

-~

-game diameter yielded pressure-flow characteristics within

[ 4
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y,

I5¢. some typical experimental pressure-flow charseterist- -

ics of the orifices are given in Figure 4.6." The theoret-

ical characteristic calculated from equation(3-11b) with )

®

Cd= 0.82 are superimposed on the above figure. Theory ina
iker’e in good agreement in this ‘case. Thus, the
4

experiment
linear leakage resistance, Ri’ of the orifice with the

b
normalized diameter d_/d= 0.052 was 56. 1%107kPa-s/kg OF

36, 5*10 lbf-sec/ln ~1bm and of the orifice with 4 /d-.292,

L

was 1. 94*405kPa~s/kg or 1. 26*10 1bf-sec/1n ~lbm.

4

4,4 SCALED-DOWN BRAKEBRPE MODEL

N
4,4,17 MODEL TEST SET-UP

& : . .
Figure #.7(a) is a picture of our brakepipe model

along with some measuring equipment and Figure 4.,7(b) is

the schematic drawing. Table of specification is presented

in Table 4.1.The model connected Of 75 pipe-bend combinat-

‘ions; They were connected and mounted parallel to one

another 12.5mm apart. Pressure gauge was used to monitor
the supply pressure. Surge tank was connected to reduce
pressu;e'}iuctuation at the supply. The transducerschave
an accuracy of 0,5% and é'digital multimeter of 0.0Q%

accuracy were used to provide easy read out. ,A//-

Figure 4.8 and Table 4.2 show how 75 pipe-bend

combinations yere connected. Two openings in each cross,
Ve

e e
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FIGég;7a A PHOTO OF BRAKEPIPE MODEL

ET-UP AND DEMONSTRATED IN
UID CONTROL RESEARCH LAB.
CONCORDIA UN1VERSITY.
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TABLE 4.1  SPECIFICATION FOR BRAKEPIPR MODEL

¢

, PIPES ' | o/
Number of hrakepipes 75
Material " Cast Iron ;
‘Length of a pipe ’ 3.05m -5
Inside diameter 6.35x10_;m
Outside diameter ° 9.52x10 “m ‘
Friction factor : - 0,06 3
FITTINGS ' : .
~ Vi 2 . . .
75 Plastic tubes : ) 2%0mm each

15 Crosses \ 4 -

15 Toggle valves
"15 Hexagonal ‘plugs with orifices '
150 Male anq female connectors .

2 .
. OTHER APPARATUS e ' »
d 1 Differential manometer (ﬂ 0-80cm H,0 " A S
3 Pressure transducers electrical type o
3 three-way control valves & one.shuttle valve -
1 Pressure source 0-830kPa
1 Surge tank( steel ) 700 o ¢ |
.1 Pressure chamber( steel ) 1727 g ¢
f 1’%yripochart recorder " ' #—épannel ' "
1 Regulator y ; 0-£90kPa ’ -
1 Flowmeter .7 0-12.5¢c ¢ /se¢ . ! f}
1 Digital muliimeéer &" o 0-10 volts h ’
‘2 Wessure gauges ) ’ 0-690kPa
3 Wooden stands with 25 holes each
0'. y . ‘.
TN~
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4

perpendicular to the'flow direction, were céqnected with
a toggle valve on which an orifice was used to‘simufgte
flow leakage, and a plug to prevent air exhausting from
this opening. On the 1st, 25E§_and 75th pipes, there was
a differential pressure transducer mounted.Pipe pressure
was measured and recorded by 4-channel strip—cpart
recorder. For uniform resistance-leakagé distribution,

15 same-size orifices were used ( in every 5 pipe—bend

combinations ). If no leakage is desired, the toggle

. valve can be shut off in order to block the air flow

‘through the orifice. An 1737 cc(106 cu.in.) air tank was’
R »

locat®d at the front end of the x§§ pipe and was used to
. ; .

store mass of air during discharging process or pressure

reduction. The air flow into the tank was controlled by

a 3-way control valve.

It fhould be noted that,‘besidesfthe physical
configuration, there are some differences between the
actual brakepipe, and the experimental set-up:- In the
anaiytical and experiméntal models, brakepipe leakage
.is concentrated at one point w?ile tﬁe‘Leakage in an
actual freight car is distributed at random; the flow
through the connecting poée of a freight car has morg
restriction than the experimental pipe‘fitting; the
brakepipe in a freight car has some degree of curvature

depending on location of other devices equipped on the,

L3

@
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TABLE 4.2 TUBING CONNECTICN

LEFT-ENDS(L) - RIGHT=-ENDS(R) |

INFUT - 1L, 38L - 39L 'R - 2R 39R - 4OR
2L - 3L 40L - 41L 3R - 4R 41R - L42R

4L - 5L ; 42L - 43L SR ~ 6R 43R - 4LR

6L - 7L L4A4L - 4SL 7R 8R" ° 45R - 4ER

8L - bL .~ WEL - 47L 9R - 10R  L47R - L8R
0L - 11L , 4BL - 49L 11R - 12R  49R - 50R
12L - 13L ' SOL - 5L 13R - 14R  51R - 52R

, ML - 15L l 52L - 53L 158 - 15R 53R - 54R
16L - 17L | S4L - SSL 17R - 18R SSR - S6R
18L - 19L | S6L =~ S7L 19R - 20B 57R - 58R

| 20L - 21L | S8L - S9L 21R - 22R  59R - 5O0R
22L -~ 23L | AOL - 61L 23R -~ 24R  61R - 62R
24L - 25L | 62L - 63L 25R - 26R  63R - G4R
26L - 27L | 64L - 65L 27R - 28R 65R.- 66R
28L - 29L | A6L - 67L 29R - 30R A7R - 68R

_ 0L - 31L | 68L - AL 31R - 32R  69R - 70R
32L - 33L | 70L - 71L 33R - 34R . 71R - 72R
UL - 35L . 72L - 73L ISR - 363 73R - 7UR

| 36L - 37L.‘ 74L - 75L 37R - 38R ,75R - CLOSED
NOTE: .FACH PLASTIC TUBE IS 230mm -~ 250mm LONG.
|
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s
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‘ .
-car; and 'the use of brake cylinder and relay valve in a
real car has been replsaced by 'artifical' pressure tank

and orifices in the experimental model.

Before performing the experiment, all fittings
were checked carefully for plumbing leakage. One tested
iptegrity of the fzst rig, several parameters such as

. brakepipe gradient, plumbing leakage flow rate and rate
of "plumbing leakaéé" pressure drop were considered. One w

regulated the pressure soﬁrce from 345kPa to 759kPa, then

m ésured the pressure difference between the head-end and
DZar—end, air flow rate and plumbing leakage rate. Hence,
Table 4.3 show a set of acceptable criteria on this model.
Since thé'brakepipe gredient was within 5% of the supply

pressure, and the leakage rate was low, one could coentinue

» to perform the following experiments.

4.4,2 BRAKEPIPE MODEL TESTS AND RESULTS

4.4.2.1 Pressure Gradient Test and Result

In the set;up for flow resistance leakage, a smgll
orifice of 0.3%mm in diameter was placed in each cghsé:
fitting with~ the toggle valve. The head-end pnéssure
vas maintained at 552kPar by the regulator. Pressure
differential measurements at every 5 pipe-bend combinat-
ions were mcasured with pressure transducérs, Figure 4{9

shows the.result of the steady state pressure gradient
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TABLE 4,3 MODEL CONDITION FOR PLUMBING

T

SUPPLY BRAXEPTPE PLUMBING PLUMBING
PRESSURE GRADIENT LEAKAGE . LEAKAGE
(kPa) (kPw) FLOW RATE RATE
- - . ) | (¢ ¢ /sec) (kPa/sec)
345 11.7 v~ 42L ' 0.020 |
M ¢
4 ' F
552 23.5 5.23 0hoko
| ]
621 26.9 5.54 0.046
‘ 690 0.4 5-84 0.052
i * E “
| ‘ . B T )
' 759 24.5 6.15 0.059
i a - )

[
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test in this case.

P

lg\?%gi) mentioned thet "towards the rear of the g
gomposite\p\ipe ‘.t:he weighting factor of rear pipes beconmes
significan%z. A rear pipe error g‘n the pipe resistance

\,;_Eonistant KE’ or leakage resistance Ri was weighted and
'the;:efo‘?e its effect was magnified. Any truncatioﬁ exngor
would show up more pronounced in the rear. The.data and

. model diverge gradually( ‘as the pipe posit%on was further
‘from the head end as shown in lief.(é) . In additi&n, one
z;nist recognize that the model was initially calculated‘
vith equal values of R and K2 for each pipe. The data
from R{gures 4.% and 4.6 show that this is. not t’gae cage.
T{lerefore,one app}ied'equat‘ionwﬂ(}) with the irdividual
vla,lues ‘measured for ,Ri and K2 on’each‘pipe and qrific‘e.
From Figm“e 4.9, "resistance leakage" press{ﬁ‘e gradient

™~

curve was drawn according to Tplumbing leakage" pressure« :

D g

gradient curve. Superlmposed on the expem.mental curves

was the result obtalned from .the analyt;cal model.It was

N - found that much closer agreement between expemgnent and
/ -

. A )
theory was achieved. /

\‘, . In order to show hoy the location of legks would

v, - affect the pressire _gistribution, an experiment was
o \ ¥
. e demonstrated as follows:the head.-end pressure was kept

at 552kPag by the regulator; one leakage orifice of

.854mm in dlameter was located, at the flrst cross-f:.’ctins

- ~
. . ’ EN - Ve [ : .
e - " - A
A -~
» v o
X . » . -
s
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N
L a




w7

e

JThen we relocated the 1

b

T - 69 -

along with toggyp valve while other toggle valves were

. b
switched off; pressure differential measurements were

recorded at pipes no.25é:§é no}75 by pressure transiucers.
aﬂage o¥ifice to the second cross
fitting until the fifteen cross ritting and repeated the
above measurement). Hence, légldy-atate pipe pressure
against leak poéi:Lon curves were‘plotxedﬁaa shown in PFig.
4,10. As the locatipn of leaks moved toward the rear enﬁ

of the brakepipe model, the pressure of pipe 25th ‘was

‘increasing while the pressure of pipe 75th was decreasing.

It implied that the concentration of leakage at rear-end
was @more serious in affecting the pressuré distribution

and gradient,

v

4.4.2.2 Pressure Réduetion Test and Result' , ~
. . ™

. At first, all toggle valves were closed. All 75 |
brakopipes vere charged to 552kPag: from an air supply by
the’ regulator while 3-way control valve allowed air flow

only to the brakepipes. The control valve was switpﬁed |

to block. the pressurg;sgpply and to difect ‘air flow .to

' pressurs chamber ‘ through an orifice simultaneouslj.(three

"types of exhaust orifice between thq)chamber and the pipes

L L .
were used, i.e; d,/d= 0.124, 0,22 and 0.292) s

(Sidée it has been Justified in Chaﬁter\ﬂ that the
chamber (or air tank) could represent the relay valve, a

~
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~'begin§iggmgf 10 seconds as illustrated in Figures 4.11

‘prqpented in Section 4.5.1. s -

N . B s -
. . . L O

L% r

S

decrease of the brakepipe pressure at a rate and in an
amount~ sufficient to cause avbrake.applfbétion can be
achieved pasily. Also, the amount of pressure reduction
wés related ﬁolyhe size of air tank and the brakepipe
leakage. o : ‘ ‘ .
in—this exp;Eimant it wgé‘inﬂéresting to pay more
attentiog to fhe pressure drop at the first pipe at the

and 4.12. When exhaust orifice sise (de) was increased

(this is the same as reducing resistance or underdamping),
brakepipe pressure fluctuated rapidly (as an underéhoot).

A sudden turbulent momentum occurred as toggle valve was,
suddenly opened, which made the pressure drop exceeding \\
the amount of pressure Feduction. Owing to higher pressure ,
‘at the rear eﬁd, the backward flow from the red& end to e
the head end reinforced the pressure at the head end. Thus

the head end pressure kept on_ increasing until the chamber

pressure reached a ‘maximum value (same as head end 3

pressure). In Figure 4.1?, time taken for pressure dropped
from 552kPag tq 440kPag at the first pipe was 10 sécénds ,f
%é'the}case of d;/d= 0.22. It was found from .Figure 4;12 ‘
Hat time taken for the last pipe ptédsure reduction from : .
529kfag to 426kPag was  almost the same. Compawative study s
based- on three results as shown in Figure 4.12 will De

~
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NON-DIMENSIONAL GAUGE PRESSURE
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. In order to design
train handling, it is wven

ratio between exhaust are
e

{
the model: exhau&:rific
— ey v
pipe) and cross—sectional

to the above experimental

- N -

jad

y impgrtant to consider area

a of the relay valve Ap (or in

e area Ae between tank and first
area of brakepipe Al. Aécording

results, area ratio (Ae/Al) or

(AE/AI) should be less than 1:25 so that undershoot fluct-

uation would not occug .

. 2
‘ Fote. Ae =‘mde/4 and AE

§.4.2.3 Discharge Test ¢

The¥e were 3 cases

is given in equation(1-3).

3

nd Result

being examined for discharging

tepipes. First, air was released

, k4
through 15 leakage orifices of 0.3Jmm in diameter to the

atmosphere only. Second,|air was exhausted through an
orifice to the tank and through 15 leakage orifices of
0.33mm in diameter to an ambient surrounding. Third, air

was leaked out through dgne leakage orifice of 1.851#mn591n

diameter to the atmosph re.For  the above cases,transient '

pressures at the 1st, 2Hth and 75th pipes were measured
by preésuxje transducers| and were recorded by strip-chart
recorder. '
| Referring to Figures 4.13 a}id“ﬂ-.w, total time
taken for the discharging process was 70 seconds”and

. /
B0 seconds respectivel

« In Figure 4,14, six seconds -
& . . . ¢

o

+ 42 H

and manage for good condition 6f |

t
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\
¢

after discharging, the tank was .charged and had 60% of

initial pipe pressure. When compared with Figuré 4,13,

at the same time, the» brakepipe pressure was 65% of

initial pipe pressure. The discharge time at the head-

end was slightly longer than the one at the rear-end \

under uniform lezkage distribution. Superimposed on the
experimental curves was the result obtained from the

nonlinear brakepipe network model, that is, lumped model- e
ing'. The best-fitting theoretical curve vas based on
isothermal flow assumption rather than polytropical or

5

adiabatical flow.

In Figure 4.15, where different exhaust orifices,
dg s were tested. ‘A significant effect existed when de/d
was greater than 1/5. If de/d is greater than 1/5, then
brake application will be opelf:ated in an unsafe service

since undershoot brakepipe pressure occurred.

“ In order to investipate the effect of_leak location '
along‘thc‘a brakepipes to the discharge time, ':t—he results
obbained in Figure 4.16 provide a valuable supplement to, f
existing practical know-how. If concentration of leakagfa
was placed at the middle of dead-—ende'.d pipeé, thaj:'is,
38th pipe, the discharge time was minimum because a'bhere
was higher propagation speéd. bf air flow from the front

to the middle of the brakepipes. However, the concentéqt—'

-

&4

¥y
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- 4ion of leakage either at hegg—end,or at rear-end would

take longer discharge time g}cause propagation speed of
o .
air <flow was reduced after 6gssing through the plastic

L N
tubes and rough pipes. In this experiment, average

[

discharge times for leskage at the ends and the middle

vere 55 seconds and 38, seconds re§pective1y.
4,4.2.4 Charge Test and Result /.

1. As mentioned in Section 4.4.2.2, pressure of the

Y Y
tank could be measured by pressure transducer. Results o£

" air flow ipto a fixed-volume tank from the braokepipes

I'd

with >lumbing 1eakage’;nd/or resistancé leakage orificés
are 'shown in Ficures ﬁ.17 and 4.18 respectively. In |
formef‘{iéhre, the ﬁaﬁk was acted as an auxiliary re-
servoir which was a stgrage,yolume to rebeivg and store
air for use in applying the*brakepipe reduction. The

_ .
latter figure was atypical feature whereby the emergency

brakepipé reduction was passed rapidly"froﬁ pire to pipe
throughout the brakepipe model since excessive leakage
occurred along -the brakepipes. For exhaust orifice size,

dgéﬁé 0.292, in both cases, rising time was the fastest

one, that is, within 4 seconds in the former case. Tt-was

I d

-

taken more than 16 seconds for de/d= 0.12% with plumbing

léakage only. In Tigure 4.18," it was obvious that long;F*\

(! )
time to rise up to ﬁeak tank pressureée was required as

s




e e s e e N N YT < ——
A - -8
- . e S
L -~ -
» - ¢ ) o . '
‘ -
- - ' -~ i -
R : : S
l.oofp . . ’.
o xS J
. <
- , » .
N
o 3 v
g o
[9)] l -~
Bo.75 '
“ [ W)
| - ¥ /\:ﬂ - ®
A ‘
¢ M A /’-
8
()
.2 !
: g q .
E'*\o,so — * ;
] é R -
¢ I . '
o ) P .
, | . :
] NOTE : EXPERIMENT e
© 0.25/ :
i/ S — 4 /d= 0,292
; /
] . ——dg/d= 0.220
' . L \
* R . r . ——— de/d-‘- 0:]24
. >
; $ T R 0 L . , ‘ . {
f S, 20 40 80 80~ 100
_ TIME, SECONRE
' ) FIG,4.]8 AIR FLOW INTO\AN 1737c ¢ TANK FROM THE PIPES
~ - : - WITH 15 LEAKAGE ORIFICES ALONG BRAKEPIPES .
LONC
- .
L= Y .
. a4 " -
) li 1 -t - * ~
l‘ ' = - ’
- *- e it Rl P e s wgmif r y, -

kg
"
¢
.
-
i

NS




ameodhan i

v

[y

-t

smaller exhaust orifice size was used. Also< higher peak

value was achieved as larger size orifice was put in. By
' /

using 15 ieakage qrifices in this experimental model,one
T

found that the average ratlo of charge timg to dlscharge

tlme was 1:5. . v

S

After discharging process, 3-way control valve vas
switched from exhaust port to supply port. Hence, the
exhaust prifice was blocked and air Supplﬁ was Teopen

4

As air passed through the flowmeter to the.brakepipes,

the brakepipe pressure was built-up again. Ficures 4,19

and 4.20 show the recharge time taken for the brakepiée

ressure returning to 'service' position after full
P

!

discharge, under plﬁmbing leakage and resistaﬁt leakage i
conditions respectlvely "It way worth- to Q\fe that pipe
Fo.] curve was -almost the same 1n both caseg. The time’
taken for pipe No.1 was 35 to 40 seconds. Fipe pressure
at 75th pipe, when oniy plumbing'lea&age existed, could
take 30 seconds to gain 95% of 'serv1ce' pres ure, when

resiskant lealzage occurred,it needed twnce the tlme to
] I

achieve steady state pipe pressure at?BO% t 'seryice’
- - 2 M ‘

1

%

. pressure. . :

4.4.2,5 Evaluation of Time Delay .

This section considers the evaluation of time delay
4

td'('t:di is designatgd.as (Td-Tr)i gn? isiﬁefined as the
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' rtime taken for ghe brakeplpe pressure ‘at ith pipe to- ' s - .

start reductlon _Just after the 51r supply was shut off
and the exhaust orifice was opened Elmultaneously ) RN 4

accordlng to dlffereqt supply pressures, dlfferent leak

sizes, & locations.Simple tests were aclieved and glven"

in Section 4.4.2.5. It was worth to point out tWat the

PN
R ..

. percentage error in avaluating the time delay from the
strip-charts was within:16% due to- 'flat' time-response

as illustrated in Fizure 4.21(a).

There was only one leakage orifice applied‘td the - - \k
40th brakepipe. As tae a1r supply was regulated from'v‘ "
414k Pag to 621kPag, flve ‘different leakage orifices (d )

were tested. The brakepipe pressuré@”ﬁf‘ﬂ:};‘?ﬁﬁﬁ“& 75th
pipes were redorded oy alstrigfchart recorder. Table 4.4
was then set .up. Referring to Figuré 4.21(p), at 552kPag
air supply, time delay fo: 25th and 75th pipes to start
reducti9n.was 0. 27 3econd and 0.78 second respectively

- . L4

while *%he smallest o~1fice 0.33mm in.diameter was used

- and controlled by the. toggle/valve. For leakage orifice

of 1.854mm in diameter, the time delay for 25th and 75th'

pipgs to start reduction was increased to 0.34 second and - ’
1.35 seconds accordingly. When time delay curves were e Y
. - - :

colpared with different size orifices, it was found for
larger diameter of orifice, the curve became more concave. o ,

It implied that larger leak would have longer time delay.

Y . . v

4 BT e B vm e e e
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}\}xm: 4.4 TIME DELAY VS. LEAKAGE ORIFICE SIZE

~SIZE ‘ '
_—— LEAKAGE. ORIFICE DIAMETER, mm
DELAY, SECN\_| 0-330 | 0,584 | 0,787 1,397 1.854
AIR ' | PIEE ' N ‘
suppLY | No.25| ©-29 0.30 0.32 0.36 0.42
AT [ PIPE : .
Wbkra | No.7s| O-82 | (088 | 1008 | 124 | 1.48
7 —
AIR PIPE X
[supeLy | No.25| ©-28 0.29 0.31 0.33 0.37
AT . PIPE :
483“& ] NO.?S 0.80 0'” 1 'OO ?.15 1.38
) L.
AIR PIPE
SUPFLY | No.25 | ©-87 0.28 0.30 0.31 0.34
AT PIPE an :
S52kPa | NO.75| O-78 | O8F | 0.4 1.07 1,25
AIR PIPE .
SUPPLY | N0.25 | O-2¢ | O.8T | 0.29 0.30 0.32
AT PIPE | - ° BE .
" NOTRI~

ONLY 1 LEAKAGE ORIFICE WAS t\PPLIED AND LOCATED

AT "BRAKEPIPE NO. 40

)
75" BRAKEPIPES WERE CONNECTED AS SHOWN IN FIG.4.8

THIS I3 'BASED ON EXP“‘RIMENTAL RESULTS:

H

paen o bonee

-
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4,5 DISCUSSION

-9 -

v
When air Teleased through fifteen leakage orifices
of 0.53mm digmeter along the brakepipes to&the atmosnrere
fime delay for the '753;_@‘ pipe to-start pressure reduction
was 1.50 seconds. If plumbing leakage existed only, then
time delay for th‘e\lest pipe ‘i:o start the reduction wvas
0.80 second . It implied ‘that brakepipe leskage could

cause longer delay time to start pressure reduction.

At 552Pag air supply, only one leakage orificé
of 1.854mm diameter wvas used at different locations,
time delay, t; , against leak location is shovm ‘ﬁin -
Fig.4.22. When leak occurred only at the 75z pipe, it
caused the longest delay time for trekepipe mressure

along the pipes to start pressure reduction.

(
4.5.1 . COMPARATIVE STUDIES ON BRAKEPIPE IODEL
4.5.1.1 Pressure Reduction

Referring to.Fig.4.12 agein, 103kPa pressure

reduc‘gion for brakepipe model was performed by theory

"and experiment. ‘According to these results, it was

found that rate of pressug:*e drop at brakepipe No.1 was

very fast at the beginning go that its pressure wovld
)

drop b%ow the final reduced PTessur, Dy if de/d vas

greater than 0.2 . Brekepipe pressuré, along the model

i

£

z{&
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wou}d have 703kPa reduction unﬁer the condition of small

plumbing leakage.

-

Vhen compaféé two theoretical results with'the
engrimental result,one found the method of character-
listics for large-amplitude signal washmore accurate than
lumped modeliﬁg based on the same computatién time. In
Figure 4,12, mesh size was 30 and number of lumps was 15.
Isothermal pipe flow was assumed for both Qﬁthodé. One
looked at the pipe No.1, the curve obtained from the
methoa of’characteristiés was always slightly abqve the f
éxpefimental curve, while the lumped modeling cur&e wa? !
always béiow'the experimental curve. The maximum discre-
pancy oh brakepipe pressure at pipe Fo.1 between these
twvo meshods and exveriment was +5%-and -9.5% respectively.

In order to improve the results,number of meshes or lumps
should be increased and better numerical techniques on

' computing the differential .equations should be applied.

The charging curve of tank depended on the exhaust .
.orifice size 4, and. brakepipe No.1's pressure. One looked
at Figure 4.12 again, maximum discreﬁancj in tank pressure
was 28%. The charging time of tank according to theory and

experifient was 9.5’seconds and 10.5 seconds respectively.

4,5.1.2 DISCHARGE WITH LEAKAGE ORIFICES '{

In brakepipe model experiment, thg initial static

N
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pressure at pipe Ko.75 was about 435kPag when 15 1eakage
orifices of O.§5mm in aiameter were located along .the
brakepipes. Peécen%age difference in initial brakepipe
pfEssure between using the exact equation(3-19) and
approx1mate equat10n(5 21y was about 5. 5%. Formulatlon
of equatlons by the method of characteristics was hard to

develop for such leskage problem. Therefore, theoreticsal

results were mainly obtained by lumped modeling technique.

In Figure 4.13, the discharge time for pipe No.1

was taken to be 80-seconds and 77 seconds with respect to

14
tVeoretlcal and experimental results. The maxinmum error

in brakeplpe pressure was found to be aboutv 14kPa when
supply pressure of 552kPa wae used It was good enough to
use 15 lumps in this case since the percentage error was

within 6%. —

In Fig.4.14, air, dlscharge to tank through exhaust
orlflce of 1.397mm diameter (de/d 0.22) from leeked
brakepipes. The discharge time was found to be 10 seconds
longer thaﬁ the one without tank. The maximum discrepancy
on brakepige pregsere was about 7kPa when a 1737cc tank
vas used.\It was found that the discharge time for pipes
No.1 and No.75 was 90 seconds and 80 seconds respectiVely. ‘
At the point where the tank pressure was meximum, th’.fate'

of brzkepipe pressuré drop for pipes No.1 and‘No.??/was

\,
+

i
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about 10. SkPa/sec (1. 55p51/sec) and fﬁ 5kPa/sec(1 8psi/s)

respectlvely. .

4.5.2 EFFICIENCY OF METHODS '

4.5.2,1 MESH SIZE, ~ . ° . {
%

*

Referring to Figure 4.2%, it was found thét time

for the last pipe to have 103k Pa reductipn would be

converged to a econstant value while mesh size was mpore
" than 50. It meant that in orderttoqqpow an accuracy. of
Yoy on our numerical calculation, mesh size should be at

least 30. - - ' R b

The CPU( Central Processor Unit ) for éolution of
the hyperbollc partlal dlfferentlal equatlons accordlng

to different mesh 51zes was shown in Flgure 4, 24 It was B

, approximated to be a parabolic curve. It was found
that larger ﬁumber of meshes would have higher ascuracy v
but it wes :&mbersome and very time-consumifg. Under the

.conditions .same length of brakeplpes, same plumblng

<

g:akage and same pressure reductlon, mesh size of 10 was-
used for 103kPa reduction, éPU time was about SQ,sec.,

if we enlarge the mesh size times, the CPU time would

be 8 times more. - .
“ »

4,5.2.2 EFTECT OF LUMPING

When lumping ks based on length each lump is said

Pd

'
- . . . .
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to be identi&él. In order to observe the effect of

'lumplng the 1umped approy1matlon in the. case of 103L*a
reductlon with plumblng leskage only was used Pig.4.25
shovs thé resultf with different lumps. Cleanly accuracy
of the appfoximate solution was imprdved as the ntmber
of lgmps increased. However,\g ‘good approximation with-
a small number of %umps éas desirable. The lumped model-
ing required a largéﬁaumber of lumps to obtain aldynamic
simulation of the brakepipe model. For example, pressure
sec. .

reduction time was 12 seconds for 10 lumps and 17.5 sec.

for 15 lumps while the experimentzl time was 9.5

Tne(CPU time for solGing the lumpgd network‘pipe)
equations is presented in Fig.4.26, the curve is in a&
parabolic form. Yor exanple, CPU time was about 40 sec.
for 5 lumps; if the number of lumps wés ‘enlarged by 3

timéé, the CPU time was 5.times more unfier, the same phy-

- sical conditions. In order to compromise between the CPU.

time and accuracy of the model, minimum numbet of lumps

should be fifteen. o

4.6 SUMMARY
&

”

This chapter is confined to developing ‘and
verifying the two snalytical methods only on a scaledr

down brakepipe experimeptal model. '

Method of characteristics for large-amplitude
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) ‘ signal, ié,ﬁore accurate than lumped modeling when plumbing
E\ leakage occurs only. Howevér,lumped m&deling was préférred
N _ since it was much easier to apply & could investigat% the
effects of leakage.It was found that the percentage error
in the solufion between the cxperiment and analytical ways
was within fﬂO%. In order to minimize its computation time
number of 1uhps should be comproﬁésed,& a better numerical
technique of computing'thé differential equationsgshould
J/) be applied. Also, in orderito show an accuracy of iﬂo% on
' \ nume?ical calculation, mesh size and number of lumps were
at 1e?st 30 and 15 respectively. In this chapter, all the
* best-fitting theoreti&al curve was based on isothermal
) floﬁ*assumption rather than polytropical or adiabatical
flov.It was noted that fluid .inertance was ignored in our
simplified lumped network (therefore, time delay could not

1 be predicted).

Tor the brakepipe. model, resistance congtant Tor
¢ . turbutent-compressible flow in the brakepipe, K2 had a
mean value of 2.62*1013kPa2—52/kg2 which was close fo .
caiculated K. From the resistance leakage experiment,one
obtained the dikcharge coefficient of the 'ar{ifical'
qufices to be obout 0.82MAfter applyiﬁg equation(3-19)
with the individual valyes measured for the linear leakage
resistance Ri and resistance constant K2 on each grakepipe
@ .

o L
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v aﬁdhorifice one found that much Zloser agreement between -

experiﬁent and theor& in pressure gradient was achieved.
5 To desién‘and manage for goo& condition of train handlinéi
\ . it is very important to cénsider aréa ratig between the

\ exhaust aréa of the relay valve (or Dressure chamben in

t -
\ A /

our case) and cross-section area of brakepipe to b# less

L . ) /-
; than 1:25 so that undershoot fluctuation pressure will not
\ | . B
\
' . occur. .
Vo L A )
\ ’ The brakgpipe leaskage tended to accentuatfe the &

.
~

\' ) pressurz;gradient. The prakepipe leakage élso'@éde it
\ longer

thereby, shortening the brakepipe exhaust tTimes %he sizes

fully charge or rechérge the braking system,

. and locations of leakage affected the'pressﬁre grédiént &

\\dlstrlbutlon, and time delay. The larger 1eakace orlflce“/
. \31ze along the braheplpe would have longer tlme delay’ to
: #?art brakKepipe reduction. The toncentratlon of leakage
| au\the rear end did produce the largest preusure gradlent
1p\the brakepipes, an@ the_longeét delay t%me to start
pressure reduction. Vhen exbesé‘leakagé has'developed

within a certain section of the bfakepipe, wrong signals

were \created thereby causing undesirable braking service
or appﬂ;cation.

B
}a\
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CHAPTER 5 .
. .
SIGNAL PROPAGATION VELOCITY ’

5.1 INTRODUCTION .

The study of signa1';¥opagation in a fluid trans-
mission line has been of continual interest since the
early pagﬁ of the n}neteenth century. In' 1808, Young(gé)
found the speed of propagation of an impulse in an elastic
line. The signal propagation speed was defined as anspeed
relative to the observer gt rest with respect to thé line
rather than the speed relative to the fluid flow. After
the development of Navier-Stokes equations in fluid
mechanics around 1850, significant advances vere passible
conquering the fluid as compréssible. In 1878, Xorteweg
(27) investigsted that the radial deflection of a fluid-

filled tube subject to sinuscidal pressure vgriestions

" satisfied the one-dimensional wave equation. The speed

of pressure vwave propagation c¢( also known loosely as

propdéétion velocity and phase velocity ) with flexible

“line éffect was’foundsto be:-

[3]

c .
= Q . { s 000 (5"1)
¢ Kd 1/2 . :

M+ 55)

where s and Ka are, respectively, the fluid sonic speed

B}
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(for\??e<1ossless linez\and bulk modulus of air, and d,e, -

and E are, respectively, the diameter, wall thickness, and
* Young's modulus of the .line. In 1898, Lanb(28) extended

the work of Kortew;g by considering the velocity of sound

/dn a tube as affected by the clasticity of the walls. ~

. Féllowing %ﬁé e&rly)work in fluid transients where
frictional effects were mostly neglected, until the early
part of the twentieth century, attention was tended toward
investigating the nature of the fluid flow within fluid
lines. Goodson znd Leonard(12) discussed'three distinct
line propagation models such as the lossless line; the
line with average friction and no heat tranéfer; ana the
‘circular line with distributed friction and teszt transfer.
Raizada(29) considered the special cese of a fluid line
with finite loss and leckage. He pointed out that the
frequency response of a leakage line had a larger band-
width than thet of a normal leakproof system within
certain limits (that. is, the line would permit no phase
fluctuations). Magnusson(31) derived an approximate
expression for attenuation and phase veloci%y as, functions

P

of frequency in a uniform RLGC transmissien line.
e

. e
In the 1970's, Karam and Leonard(3Q) developed a
> simple, theoretically based time domain model for the
propagation of small, arbitrary signals in a finite,

c1rcular fluid trapsn1581on line which predlcted three
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A
dominent characteristics of the time domain behaviour of -

a line: (1) delay, (2) atténuation( decrease in amplitude
of a propacating step), (3) dispersion( such as smoothing -

or distortion of the leading edge of 7a step input). In

" long fluid lines the delays were roughly of the order of

the transit time for sound wave propagation through the

medium, and\in systems transmitting information or power
at high frequencies such delays caused an instability or
excessive pressure surges. Recently, Watters(25) modified

the Equation(5-1).as follows:-

o . }
Co N .
c = Kad C' ’]/2 esooe (5-2) "“.

(1+ 7 .

4 e

where C' = arbitrary constant
_ %

c, = (Ka/()a)

For the case of thick-walled pipes free to; stress and
strein toth laterally and longitudinally, the value of C!

will be equal to: ‘ !

l]
e
T

fa = density of air, Ka. = bulk modulus of air = absolute

l:(% )+ -2—3(’1+/c)(4+§)] y whereu = Poisson's ;‘atio,

b
h

pressure in brakepipe( for isothermal process ). \ .

Equation(5-2) is used when air velocity changes
suddenly and the brakepipe is relatively lon‘g, the elastic ' ‘-

properties of thick-valled pipe (d/e<40) and air enter

v
Rl YO ——y ve -~




5.2 EVALUATION OF PROPAGATION SPEED IN BRAKEPIPE MODEL )
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r

into the analysis. He pointed out that.the effect of pine
elasticity in gaseous lines was neglig'iblevdue to s‘mh a’}

very large fluid compliance( that is, E>>Ka ). L

In the remainder of this Chapter, the theoretical
and experimental values of propagation speed in brakepipe
model, transient response of brakepipe, and effect of

leakage on propagation speed will be dis“{cussed.

' k!

.,

For the discussion that follows,a one-din;.ehsional \
linearized brakepipemmogel will be used.& series of
finite'ﬁanped parameter elemen‘t;)s with finite loss ang.‘
leakage wvas set up and shown iﬂ Fig;..S.'l'. It was assumed
that (1) the leakage of the air took place uniformly
along the line, & was more or less the kind of leakage
that would take place along a porous tube (plumbing
leakage is negle;:ed), (2) the pressure was uniform over
”c/h'e cross-section of pipe and that the radiail vel‘ocity

is zero, (3) the walls of the brakepipes were to be iso-

thermal and there is no heat transfer between the air

. and walls ofkl:he pipes, (#) there was $mall viscous force

from compressibility and average viscous effect, and (5)

. small amplitude signals were used( for example, density

veriation was small compared. to the average density).
. " J

EXS - —_

. .
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F1G.5.1 ONE-DIMENSIONAL LINEARIZED BRAKEPIPE<§2PEL

Al

For a linear uniform'line, z(s)“is the ILaplace ¢
transform of the series impedence and Y(s) is the Laplace

transform of the shunt _admittance.'One can express Z2(s)

and Y(s) in terms of the line inertance, ref fgégnce,
capacitance, and }eakance, as follows:- K‘“/
z('s.[; SIs+R el (5-3a)
Yy mcsve e (5-3b)
‘vhere s= jw (j= 4CFT w= circular frequency of the wave)
I= 1ine inertence per lump = 4f’a/7td S /4
'ﬁ= llqe resistance per lump o

C= line capacitance per lump (Refer to Sect.3.2.1)

]

\\ G= line leakance per lump

/ N

From Ref.(21), in general, the propagation constant

[’ and.the characteristic impedance Z, are given ifn the ! _

formn:

¥ ' A RS .
e . ' } .
. ' | P
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I (s) =[28) ()] 72
Z,(s) =[Z(S)/¥(S) 172

eeess (5=4).
Ceeee (5-5)

N

rk In the frequency domain (s=jw) the real and

imaginary parts of the propegation constant([?(jw)=d+jp)

are:
d=w_’-’l{ GR' _qy 2144 GR_ 44| %
> ¢ L2 w1 "L T@ uch El (5-68)
{ W [ . 2\ % 1 GR %
- & E 1
f=c weLC G ) 502G )] (5-6b)

-

NOTE: The derlvatlon of Equation(5~ 6) {s presented in
'
Appendix A.

=

The speed of wave propegation(signal propagation
: , velocityy c is defined from Ref.(21,31) as: -. . .

P . \ .
‘ c = w/p ' eeene (5-7)

| .o '
}
)

: To substitute Equation(5-6b) into Equation(5-7), then,
average theoretical propagation speed for this case is:

Cc
0o

& V2. R . _Gy2)k 1, GR '
* »” [? ¥ LC -G+ wC)_} ( "1{]..... '(5-8a)

' » - 3
i From Ref.(31), an approximation for ¢ is expressed as-

§ . c 0O

c Lad
-~ 1 ,R G\2}] !
[1+ -—(—--)J
| 52 L C
. ' 0~ 12\'

Lfg + cj-gf )

(R€ wl; G < wC) we-e. (5<8b)

..;.. (5-8c)

—_

s (R®>wL; G 4| wC)

y (R>wL; G »>wC) -~

\ #
T e LR R X R e S MM s kiR Mt e B A (R v o o .- —— .
d e et sty n e A

. (5-83)

s
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c. =
,& '
. © b ”‘2(“—1‘)] . o P
B { oo .
ra . . _
’ %——v;‘—’--— / , (R®wL; G4uw@) ..... (5-11¢)
v ' : ’
" \/m ¥ 1 ,‘ "» ﬁ
¢, L l
& e - C 3 (RDVL;H 6DuC) ... 5-11«1)
L 0 :
:.E[ v, +f'€.-"] . .
) Y‘ “L ' 0 ’ \‘
. It is 'worth to note that pipe elasticity, friction
and leakage are the major parameters which affect the
propagation speed in the brakepipe.
o 1\ 1
\< To assist in calculating propagation speed in the
brekepipes constructed - of common materials, Table 5.1
»/  _shows the E-values and #-values (Ref-(g_ﬁ))r— 1.
~ / . . .
, ‘PIPE MATERIAL = _E, kPa
) (_ ‘Steel . 2’10x’|02 0.3%0
S . ~~ ' Cast Iron § . 165x10 0.28
’ Copper - ‘ '140x’106 ’ 0.30
ST PVC . 28x107 - 0.45 .

S =5 L AR s gt [T At s - o xw

2 ) . . * —10?...
L ' L 3

_r"f)
Let W, = % = viscous characteristic frequency..... ;(5—9) .
Wy = %“: leikage characteristic ifrequency e (5-10)
° . { .
then tts.Qe Equation(5-8a) will be written as:
. y
c
o)

C=F 1w Wy v
2 v, 2 ¥ YT, 'M 2"L
[%{((TJI) o -ﬂ) +§Y72 W )}% v'v) ’\\{J ¥
cesone (5~41a/

From Rei‘.(ﬂ), c is fewrij;’cen as:

, (REWL; G&uC) ~ vvr. (5-110)

b s i .
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#
- Due to the elastic effect only, we computed the

average theoretical propagation speed in the brakepipe \\

and plastlc tube by us1ng the following data:
PARAMETERS PIPE TUBE

Inside diasmeter, & 6.35mm 6.35mm
Wall thickness, e k 1.5875mm 1.5875mm
Bulk modulus, K, 653kPa(abs) €5%kPa(abs)
Density of &ir, (a . 4, 54kg/m ‘ 4.54kg/m5
Constent fadfor, C' 1.416 1,365
Young's modulus;ﬂE . . 165x106kPa 28x105kPa 5

The avgrage theoretical propagation speeds in the

brakepipe and plastic tube which were obtained from

Equation(5-2) are 379.24m/se¢ and 378.77m/sec respectively.

‘It is noted that the speed of wave propagation ¢ is almost _

the same for différeﬁt pipe materials in the medium of
air. " L

for the brakepipe model, the typical viécous
characteristic frequency (w ) ‘per lump was equal ;o 104Hz
ﬂ(46 érad/sec) and the leakage characteristic frequency(vL)
per lump was about 2. SHaLO 59rad/sec) Using Equatlon W
(5-11a) with different valuei of (w/wv) and (wI/wvl, then
in Figure 5.2a,the normalized signal propagation velocity
(c/co) is plotted against tgg pormalized frequency(w/wv).
For the lossless model (fhat is, wpE W, = 0), the\?elocity
of propagation alwayg equals the speed 'of sound im free

épacé; For the distortionless model (that is,wL/wv =1),

: \.\

~
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the propagation speed slvays equals the acoustic speed of

gound. The friction causes a significant reduction 'in
propagation speed st low frequencies(w/wv<5)/. Effect of
leakege on the propagation speed is shown in Figure 5.2b .
Small leakf (except \'IL/W."VV= 1) caused a{signifigant decreaée
in propagation speed at low frequenci,es(w/\rrvs1). Also,
large leak (wL/wVZ 20) caused a lerge reduction in the

propagation cpeed st any frequencies.

Figures 5.3%a and 5.%b show how the model affects

the pf‘ogﬂagation factor. In Figure 5.3a the ratio of the

propagation attenuation factor to the propagation phase
factor is plotted vs. freguency. Since the phase factor
had a larger rate of ipcrease, the ratio decreased and

14
approached zero at high frequency. When leakage ¢id not

exist, at low frequencies the ratio approached unity. If

leakage exists in the model, the attenuation factor will |

.
.increase vhich is also shown in Figure 5.3b. It implies

that for the transient response of an input signal in
leaked brakepipe, the output magnitude is sn;all enough
not to be visualized (so as to show a longer time‘delay
and lower propagation speed).-It is nécesé’arﬁy to verify
such behaviour, by considering the theoretical analysis
on the transient rJesponse of the brakepipg by a unit step

function of pressure,on the following section.
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5.3 TRANSIENT RESPONSE OF THE BRAKEPIPE MODEL

' ' For a semi-infinite brakepipe, it was ;ept to

use the same parameters in the equ;.valent 01rcu1t of a_n
one- dlmensmnal linearized brakeplpe model which is shown
in Figure 5.1.. Then it was assumed that a semi-infinite
brakepipe was supplied by a unit step-function pressure.
An ixpression for the pressure wag Set up as a function

of x and s, on a line with uniformly distributed and

constant parameters, as folg S / s
P(x,s) = e"xffé (s+p)"=g" ceeee (5-12)

2
s ) ' y
where = 0. 5(5 E) = 0, 5(wv+wL) '
X = location in the-brakepipe . .

The inverse Laplace transform of P(x,s) is
-

derivable by contour integration(32), as i‘gllows( Note: ,

p(x,t) is the inverse transform of P(x?s)): .
v ’Pr AN -
2 ~t I.(q)
-yt o 1
p(x,t)=le ¥ta +0°t J ——eee 47T u(t—’f )
" [ g, ° ! ... (5-13)

where T, = ideal time delay = x/LC-= x/c, ]
2 =2 —
q = /'t - %y y u(t-»td) = step function

14(a) = modified Bessel functiogog the first kind,

@0 k+
firset order - Z ﬁﬂ@_%.__
) k___O(k+'1 Ik!

7

-
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e

TBg,integi‘al in Equationl( 5-13) can be ‘obtgined by using

* numerical means such as Simpson's Rule.

- ” .
An alternate form for Equation(5-13) was !given by

Woodruff(33) as:

Cpx,t) = T (a)s 2603, (0)+ (402-2)n%0,(0)+
| (855-6b)h5J5(q)+(16b4-15%2+2)h"’%(q)+
(32b5-40b3‘+10b)hBJS(q)+(64b6-96bb’+56b2-2)h6
Jg(a)+ (4,28b7-224b5+412b5-14b)h7J7‘(q)+

(2560°-512°4 3200 6407 42)0T g (@) .o . ]

2 . . 4 o8 o o0 (5-’/‘4)
n ¢
vhere 'J.n(q)= g - 1+ = 9 + - q Feoe

32 nl 211 (n¥1) 2 2!(n+‘1')(n+2)

(n —'.= 1,2,5’ ..oo,m)

h = J(cot—x)/(comﬁ-
= Y0
c, = acoustic speed‘oi‘ sound’

The final value of the pressure can be obtained

from the final value theorenm as follows:—

“p(x,00)= rin =T (s ?

s—0

o e-xm co s ee (5"15)

One can be able to plot the normalized, dynamic

'_pressure, p'(x,t), that is p(x,t)/p(x,w), by dividing

Bquation(5-13) with Tquation(5-15). Hence,

' N 5t ' .
B! (x,t)=[e bl 1)/, t 2(1- r)2 t7 511 £(y) dy]u(t—fd)
' o eees (5-’16a)

h,h_?g_‘w;&“i Caah o s “ﬂ“muum
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-

: %2 T
p'(x,t.4) = e'tcm"r ) /2+ t 2(1—r)2étcrn.5 f(y) dy|
d c o~ 1 (5-16b)
"0 a0 e 5" b

vhere tc = thd

r = \-rL/wv
9 )—A&“tc(“r)y/gi[,'(q) e |
y B q ] (y= td ) ‘ . / [
t! = t/:Ed ' N

NOTE: The term "tq+" 'ig used as a value for t in
expression for pressure at the vavefront to indicate
that the value of the function immediately after

the discontinuity is intended.

The unit function in Equation(5-16) sgtates that
no pressure is present at a given location x until ’Ed '

seconds after the transient is ihitiated. A program
which is used for computing p'(x,t) is presented in
Avpendix B. Equation(5-16Y consists of two parts. The

2 .
first is e-tc(’l-r ) /2u(’c—fd). This represents distortion-

propaga;:e with attenuation along the brakepipé. The
second term represents the distortion .component. lNote
that, in a distortionless case,0=0 (or r=1) and the :
second term vanishes. Then, the ideal output is just a

delayed unit step. The departure from the delayed unit

s‘éep‘ 4s the distortion ferm. .

t
—

L2

"The behaviour of the pressure function immediately

o

r .
1 . -
"

, - - - ,—am«ua‘.rwmm a el m.&-’“!‘“ ryt—.
. . .
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. after the v;avé—front arriyal varies with the dimension-
less quantity wL/wv. The. !results of the programme aré '
Iplotted in Figure 5.4 . For more leakage (\-.'L/v:v £a),
the gr;ater the attenuation was found. Thus, it appeared

) that the leakage (and‘ fri ction) affected the delay time
‘ of s:Lg;nal propagation in the brakeplpe Therefore, the

propagatl,on speed wgs found to be less than the acoustic

speed of sound in free space.

It is worth to note-that in the brakepipe model

- the ‘cyp’icél ratio of freqpencies, vJL/v:v, was ablogt 0.02

according to the assumptions prfaser{ted in Sectior;‘ 5.2 .

In igene“ral,‘ 1argei ratio of the frequencies would give
. longer delay time due to the propagation attenuation

‘

factor A . . - o y

Notice in the RLGC cirecuit (distributed model)

that there is a finitel velocity of pfopagdtion of the
' s:.g;nal This is in contrast to the RCG line, where th:Ls‘
type‘ of propagation did not resul®., It vas mentioned in
'Chapter 3, this paradox occurs because fluid ‘inertance.
is ignored. Also, reflections which were omitted in this
séc’tion cah cause & gifi‘erent response but will not alter

the time delay td . “,

f . — R

)

. t

A .
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5.4 EFFECT OF LEAKAGENON THE PROPAGATION SPEED

»

Referring ta~the evaoluation of time -delay described
in Section 4.%.2.5 and Figure 4.2%1a,one can estimate the
experiméntal value of propagation speed cy i‘or’v ith pipe
since the length of brakepip€s between the ith pipe and
the front-end, (li-lo) and p‘ropég«;ation time tdi( similar
to time delay for the brakepipe pressure at ith pipe to

start reduction) were measured. For xe;c.am\ple, only plupbing

leakage cxisted in the experimental model, the propagation:

time for pressure vave transmitting from pipe No.” to pipe
No.75 was about O.<8 second. It implied that an approximate
experimental propagaticn speed at pipéd@.’?S vas 30%m/sec
(about 80% of sonic velocity of =ound in })ipe);, wvhile
there were 15 1e§kage orifices (with O.53mm diaxﬁeter).
Jalong the bra'cepipes, similarly, propaga:cion speed ¢ was

165m/sec( 46% of sornic veloci‘:cy of sound in pipe ).

One converts ' time delay tz; to propagation‘ speed
with such a relation of cs= (li-lo)/tdi, then Table 5.2
is praﬁsi‘ormed from Ta‘ble 4.4, Figures 5.5 and 5.6 from
Figure 4.21b and 4.22, respecti.vely. It was obvious that
transmission speed of air propagation ¢ was less than

acoustic speed of sound Coe

The effect of leakage size on the propagation

speed is shown in Table 5.2 and Figure 5.5 . Yhen one

i

, )
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TABLE 5,2 PROPAGATION SPEED VS. LEAKAGE SIZE

f

SIZE LEAKAGE ORLFICE DIAMETER (mm)
. . (
PEEED 0.330 | 0.584°| 0.787 | 1.397 | 1.854 4
)
Soporyl av | 284 | em | 259 | 229 | 496
AT ’ .
#hkPal g, 30 207 235 199 170
IR . a
SUPPLY| A' | 294 | '2g4 | 266 | 249 | 222
AT :
YIKFal ‘g | 309 | 200 | 2ap | 215 | s
AIR :
SUPPLY{ A' | 305 | 200 | 271 7| pes | oup
pr | : ,
o%2kPai g | 317 | 298 263 | p31 198
ALR l o 4 .
SUPPLY | A' | 317 | 305 | 284 | ovn | 257
AT . :
p2kbal mi | zp5 | os0e | 277 | 2u9 | 209
A

NOTE: (i) ONLY ONE LEAKAGE ORIFICE WAS APPLIED AND
. LOCALED AT BRAKEP1PE NO.40 PF BRAKEPLPE
MODEL. ‘

(ii) INACCURACY ON READLING THE EXPERLIMENTAL
RESULTS DUE TO- 'FLAT' TIME-RESPONSE
GLVEN IN STRIP-CHART. PERCENTAGE ERROR
WVOULD Bl WITAIN +16% IN MOUT CARBLS.
(iii) A' -~ WAVE TRAVELS TROM PIPE A1 TO #25
B' -— WAVE WRAVELS FROM FIPE #1 TO #975.

N -
\Q RS
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compared with the propagation speed in the case of small-

est leékage orifice diameter and largest ieakage orifice

»

.diameter being used one fbund that the propégation speed

decreased by 10% and 43% for the last brakepipe respect— -

ively. Since only one leakage orifice was located at
brakepipe:No.QO of the breakepipe model, in general, the
lowest propagation speed was existed near to pipe No.40.

If leskage size is large, say de/d:>O;ﬂ, rnore serious

reduction on prdpagation speed occurs-at the rear end.

For instance, when d /d equals to 0.29, the propagation

speed for the last brakepipe . was"'60% of the acoustic

speed of sound. Besides, when brakepipe pressure increased

the »ropazation speed would -

'

of larger tulk modulus of elasticity of air.

e

In'Figure 5.6, the effect of leak location on .
propagation’ speed is presented. When brakepipe leakage did
occur at %Qg head end of the brakepipe;; the propagation
speeds atnthe éipes No.25 and No.75 were 65% and 94%¥
»of the acoustic speed of air respectively; when leagage
occurred at the rear end,dthe propagatipn spegds at the
pipes No.25 and No.75 were 90% and 56%;0f the adoustiq,

}
speed of air respectively. It implied fhat leak location

N -

at the rear end affected the transmis&ion speed of air

propagation seriously. .

increase slightly because
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Summarizing this Chapter, it was found that

leakege (and friction) would cause reduction in th@“

propagation speed for the brakepipe model (although |
experimental results shqwéd a difficulty in finding

an accurate delay time). However, from the

engineering

/

point of view, the propagation 3pqed'c would increase

if (1) the brakepipe leakage particularly for the leak

concentrated in the rear end was eliminated; since it

‘was knovn thatvthe size znd location of the leakage
.- 3

would affect not only the pressure gradient éndfdis—

*tribution but also the propagation speed, it should be

noted that when checking freight trains for leakage,

correction of leskage at the rear of the train would

produce greatér improvement in the propagation speed

than correction of comparable leakage at the head end

of the trainj; (2) the fluid components should be modified

- such that VT, would be clo

\n

se to w_.
-

-

o
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| L
CHAPTER 6

$

- CONCLUSION

6.1 SUMMARY

\

ki

The effects of leakage were demonstrated both by
computer s?mulation and experimenfé on a scaled-dovn
brakepipe model. It has to be pointed out that the fixed-
Yolume pressure chamber could replace pneumatic pressure
relay yalve, which was located at the head end of the,
brakepipe, for an easier way. of experimental testing
procedures. The objective of this study was to provide
a valqable supplement to existiﬁg practical know-how in

« 4 the scaled model of the brakepipe.

A detailed methematical model with computer simulat-

ion for generating pressure distribution fér a scaled~down AN
‘b:hkepipe model was wg&ludeveloped by utilization of lump-

ed modeling. It was a.good, simple approach on finding

dynamic characteristics of the brakepipe., Another methpq :

method of characteristics for large-amplitude signals Qas

v )not greatly used in leakage problem because of difficulty ‘ '

in formulating complex equationé. It was found that the

percentage error in the pressure distributionlbetweeq the

experimental and theoretical results was within +10%. In

-

K

-
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the differential equations should be applied. .
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order to improve the theoretical results and to minimizg
its computatién time, number of lumps should be wisely

compromised & a better numerical technique of computing

t\
o
The location and size of leakages affected not only

tﬁe pressure gradient and distfibution, but also signal
probagation velocity and time deléy. The brakepipe leakage
tended to accentuate the pressure gradient. The brakepipe
leakage also made it longer to fully charge or recharge
the braking system thereby reducing the brakepipe exhaust
time. Ynen excess leakage has developed within a certain
section of the brakepipe, incofrect,signals may be passed
throuzh therefore causing undesirable broking action. The
larger leckage orifice size along the brakepipe ?nd the
concentration of leak at,th%1rear end would have lower
propagation‘speed. Tt was found. that the transmission
speed of fir propagatioﬂ was iessathan acoustic §peed of
sound while brakepipe le;kage (and friction) existed. A
possible rigspn why a significant reduction in propagatior

speed would occur in RLGC brakepipe model was that the

output magnitude of an input signal in transient state

was so small tiSt it gave a longer time delay ( or a T
lower propsgatién speed). c A
- A )

| The ultimate goal of all this research is to find -
the dynamic characteristics of the brakepipe of a train.

-

,\ﬂ
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”

Our “ brakepipe model provided simulation to charging and
S A
discharging processes;in the brakepipe. It should be noted

~ that, besides the physical configuration, there were gome

differences between the brgkepipe of a train and; our
brakepipe model:~ In tﬁé\anél&tical and experiﬁental
models, brakepipe leakage was éoncentfated at one point
while the leakage in an actual freight car is distributed
at random; the flow through the connecting hose of a car
has more restriction than the experiﬁental pipe fitting;
the brokepipe in a freight car has some degree of bend

depending on location of other devices equipped on the

‘car; and the use of relay valve in a real car has been

replaced by pressure chamber and exhaust orifice in our
4

model. This work was felt to be an important step forward

in achieving,the ultimate goal. When such goal is made it

is expected that the difficulties of the railroad workers
‘ y

V

may considerably be eliminated.

6.2 SUGGESTION FOR FURTHER WORK

.

So far the transient brakepipe pressure was found

'satisfactorily with the lumped modeling and was verified

by '‘experiments. But the results for the nonlinear brake-

pipe model indicated that further work should be warranted

therefore, the following suggestions may be considered;:"

\/

—— v




(a)

(b)

(c)

(a)

+I
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a.

*

to include the fluid inertance into the nonlinear
lumped parameter model (in Chaﬁter 3) so as to
show the néture of a delay time in the t;ansient
response of brakepipe pressure. (No time delay is

predicted if the fluid inertance is ignored.)

to modify the method of characteristics for large
amplitude signal by adding the leakage flow
parameter into the characteristic equations such

that any leakage distribution can bi(applicable.

to. extend testing for a greater range of those
physical parameters representing pipe resigtance,

plumbing leakage and brakepipe leskage.

finally, to apply simulation model to real braké-

pipe of a freight train. The test should be directed
to the investigation of the pressure-flow charaqter— -
istics of the brakepipe, hose and leakage. (The
quantity of allowable brakepipe leakage can only

be giwven through the optimization of the automatic

brake system.)
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A.PPEN IX A

DERIVATION 0 EQdAnons

2 n
TO DETERMINE THE SIGNED VAhIABLES AT POINTS L. & R

\ g*f—-i #1 .
‘ [\1 \

R

CLHS— b —<RHSE
' l\Am 7 0 RN e

FIG.A.1' Shoy the characteristic lines & points

For right boundary(R.H.S8.), we consider its
similarity: '

1 [} ] '

u - u a - a '

'L g- .L 'B‘ ! o & o (Ao1)
1p~U 2,-8gp | ‘

?
u's - u
—1L—-—§ = 0 (u'L + a'L)
u -u

L1

. .. (Alz)

:

From equatlons(A 1) & (A.2), we multiply (A. 1) by e
and add into (A 2), then We get:
t

- uB"'e(aBA'—uBA),’ .A .--(Aoa)

lJ.L=
u,'B + 8 YL
At

Ax )
' ! (I L

]
L*'Ua % = U

where 6 =
Y

-

//“'\.\

~ /
/

)




B ditatatint -

', ' ' '
hence, -

] —

’ [} .
-0 o .
a_I'J = u . < e (AJ")
1-87V -~ :
L
For left boundary(L.H.S.), we use its similarity:
' t ] ' . ) ’ ' !
) YR “UYp % -8y ' LY L. (A.5)
LI — = ¥ v ’ .
| Yg = Up 8c = &g ‘ '
~ 4 ' ° ' L'y
Up - 1 ’ ' ) . .
- = 9 (!R - uR) . e o o (A.s)
U, - U ,
i c -~ Us
From equations (A.5) and (A.6), we multiply (A.5) by 8
and add-into (A.G),.?ﬁon‘we obtain —- .
. ] [ TS ] . .
0L Bpt (g ug - a5 up) ,_ TR O
R, 8(uf~ af + aé-vuﬁ} ' ‘ - B
' ' . . .
. up + e YR P .
+ R - "‘ . ) c"‘ ) I\_,'“
where Ié - uhap -ujal oL E J ’ , o V? . ' \

' Vﬁ = u'c- aé + aé - uﬁ

1 . .
al + 6Y ’ : )
hence, aé B ? ‘ Lt (4.8)
. 1 + BVR , ( o
(b) DERIVATION OF EQUARION(3.12) : o
) When air flow through an orifice td atmodphere, Pes and | ‘
e | \ !
the upstieam preasure is Pys the préssure ratio (pf/pi)f ‘
- is less tham 0.5283%, thus, the flow is'aréhoked flow,.

The mass ﬁhrough the orifice will be proportional to the =~ -

|
ﬁ
s
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as
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- .
a
<

o l . -

. .
] o

‘
. . '
.
B L T e ST e e e v ——— . — - e
, l. .

upstreaq[pressure (rrom Ref. (_2))
Kpy Ay N - o

A, =
i f? .

_The factors K & N are given'by:

18, o (en7a-n]72
et o
‘No-1.0 TN :

\1 It Aoi is the effective exhaust area at ith pipe,
) ' . . )

equation (A.9) may be wrltten as: -

pi * Ri mi ‘l” . . v ’ ®e o o (A.10)
whera, resistance Ry = I . L
. ! m’Aoi ,— B -

o3 ) )
(c) TO ESTIMATE VOLUME OF PRESSURE CHAMBER
Ry . A

&

'/f . Assuming isothermal ﬁroceaa,.the initial mass of air

in the braképipe is:

. Pz 1 : ’ = .« oo (A

"% n Rp

and the initial mass of air in the champer is ' . a
Per Ve | T S e . (A.12)

Me1 = © |
n RP : ‘

where subscrlpts, 1: brakepipe & c¢: chamber o »
+ For- steady state, the final mass of air in the
brakeplpe and the chamber is:

‘ ( ) ° ) . v - -
Mop b iy o 2Ee)) . (a3
F = |
: " n RT < ‘ '

‘wheraﬁpF is final pfakapipo pressure and chamber

&

\

Ve

-~
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[ .1
‘From the law of conservation of mass, we get ‘
] ; A
n ) [Mp - "éﬂ - Mg - M11‘ e v o (A.18)
L4 . .
where|gubacript F is meant the final or steady state
during dischargipg process , ¢
By substitution, tHe-equation(A.14) becomes
. g X
. : Apl c Y . e o @ (A.qs)
| - %

whers Apy= Py ~Pip & AP, = Pop - Por

L Thug,rjg gét_!?, siﬁigAVI wés shown. \ ' . N
! l o~ ‘ '
(a) DERIVE DARCY FORMULA: By = flu°/2dg_ . ~
S —
- L " Y N
| | ,
- l ‘ 1 ' —]

FIG.A.2 Pipe flow

Consider a cylinder of flujd (air) of lgngth ltﬁompletely !
£illing the pipe of cross-sgsectional area A and gpvinéﬂwith
. aimean velocity u. ‘ : ) > )
The forces acting on the cylinder are thegforce due to
pressure Fifferunce and the force‘due to frictional

resistance. Since the veiocity is\Eqagtant and there is

no acceleration, the resultant of these two forces in the

. direction of motion must be zero.. ‘ e

‘ Forée due to pressure difference= (Pq‘Pg A.
B 3

«

If q= frictional resistance per unit area at unit vélocity

cm v kb e e, e e R e i L L T
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and the frictional resistance varies as u2.
Frictional res:.stanco/unlt area at u = qu2 .

¢
Porce due to friction on surface of pipe

.o = quPl . .. (A.16)
(_  where P = perimeter of the cross-section ' -
| Force due to pressure difference = force due to friction
(p4=P5) A = G , e e (Ae17)
If‘hla head lost in friction in l>ength 1 '

' P (pl‘-pz)/f «

e ———r

- quPL/pA ! . s . (A.18)

-~

Multiply top\gnd bottom by 25c

\ 'S%T'g

. c
. For A/P = hydraulic radius of pipe = m' ¥
2 ‘
_Z‘h@_d__/"’ - /8 . .« o - £A149)
{

and quc/f is a constant called the dimensionless
coefficient and denoted by A '

v Al u?
1 " T 2g,

3

h

f 1 u2 o -
. e .. (A.20)
T z—g—c—

Note: For steady turbulent compressible flow in pipes
= £/4
where f is called frictional resistance

For mass flow rate g = pAU ‘

denﬂity Fs (p1+p2)/2p l o o (A.21)

where : ’
= gasg constant

P S "0« ambient temperature
1y g, .= gravitational acceleration
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Substituting equations (A.20) & (A.21) in (p4=p,)=ph,,

then we get: 2

o o 11 R m / .+ «» (A22)
P17P2 2 |

d(p4+p,) AR,
.2
hence’ pﬂg_ p22 = K2 m = o o (Aoea)
where K2 = frictional constant
16 ‘11 Rp . ..o . (A28)

2 32
- - a B
Note: Equation (A.24) is derived which is same as eqn.(3-2)

1
]

3}

Using Darcy formula, its defect for estimation of

1

N the loss of head in a pipeline under turbulent

flow condition is:- , - %

It is assumed that. the frictional resistance varied
as the square of the mean velocity(flow) for such

" flow and thus b, = flu2/2dgc , Since hy & u2/2gc
are heads, and 1/4 is a ratio, & f will be a pure
number, ’ £ )

In practice the loss of head *with turbulentkrlow
does not vary as the square of the velocity, but
ésﬂpome power varying from 1.7 to 2.3. Thus f must
'vary 8s some power of the velocity and will not bYe
a constant for a given pipe for all rates of flow.’
Also, the vafue of £ is dependent'on the rgaghnesé
of the pipe surface and may vary for -teep slopes

compared with flat slopes.

P ’ -t 1
¢ . — N " - b im @ e,
- o ey LN

e ! et . Ve g

- R
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(e) DERIVATION OF EQUATION(5-6): .

The propagation constant [’(jw) is

I (Gw) = J(R+ jwL)(G+ JwC) to be transformed into
P(jv)=o(+jﬁ~ ‘ B
where o = attenuation function ‘

@ = phase function

j = /1 -

v = circular frequency of the wave
J(R+ JwL)(G+ JwC) = me(RG/szC-X)-r j(G/wC+R/wL)

Let c, =1//IC =sonic velocity of sound
p = RG/w°LC -1 and q= (G/wC+ R/wL) N

then o + jﬁ w/co(pw;jq))é o  eeve. (A.258)
NN T .
w/c (p +(1 Y*(cos g +J sin 2) sesee (A.25D)
where sin g = [(1- cos E)/2:])é "
cos g = [(1+ cos Qf)/2])é _

hence +3p w/cof(%(p2+q2))é+ g)%+j(%(p2+q2)”- %)”}
eve. (A.26)

' 1(, GR 2. R . G\ %
s e G et B
R

#

&

"

‘ 1( 6 % ‘
== - 1 , ceees (A.278)
A 2{\7 IC }] , | -
q = woe | 28R _1y2, (R , Gy2L¥ _
B = vWeo B\ m s T YT e
e 1{ R }]% ~ ST
o -l ‘ ceesr (4.27b)
*E{w LC ¢

LA I

s

R e TN e e S ———— e o b e
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APPERDIX B

o \ICOMPUTER PROGRAMS
/

INDEX . N\~

B.1 BRAKEPIPE MODEL BY METHOD OF.CHARACTER-
ISTICS -~ A Study on:pressure reduction

B.2 BRAKEPIPE MODEL BY LUMPED MODELING -~
Studies on pressure reduction,
discharging process with plumbing
leskage and brakepipe leakage, and
charging process with plumbing leakage
and/or brakepipe_ leskage etc.

B.3 TRANSIENT RESPONSE OF A RLGC SEMI-INFINITE
BRAKEPIPE WITH A UNIT STEP OF PRESSURE
_BUPPLY -- To show the time delay due to
leakage and friction ,
¢

B.4 ACTUAL BRAKEPIFE ANALYSIS BY THE METHOD OF
: LUMPED MODELING -~ Studies on discharg-

ing air to the tank or thrdugh releay
valve

B.5 ACTUAL BRAKEPIPE ANALYSIS BY THE METHOD OF
CHARACTERISTICS ~- Studies on discharg-
ing air from the brakepipe to the tank .
or through relay velve

B.6 ' RELAY VALVE DETAILED MODEL ~- Fully
nonlinesar system analysis

e SR TR _— ' R W

5

PAGE
s ,‘l"q
Cee. M8
cee 57
es s 159
9 N
cee 164
cee 173
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******************X********************#*********#**************
X . X
X THIS FPROGRAM IS TO SIMULATE THE DYNAMIC CHARACTERISTICS OF X%
X A BRAKEPIFE MODEL ERY USING METHODL OF CHARACTERISTICS FOR x
X LARGE~AMPLITUIE SIGNALS -- A STUDRY ON FRESSURE REDUCTION. X
b & *

o

R e R

OKKAORKK K ACHKKIOK AR IOK A I AR OK AR AOK KK KA K K K K0k KKK A IR KRR dOK XK Kk

DOUBLE PRECISION
DOURLE PRECISION
DOUBRLE PRECISION
DOUBLE FRECISION
DOURLE PRECISION
DOUBLE PRECISION
DIMENSION ARX(101

(4]

UA(2y101) yAA(2y101)sP(101)yPAC101)
YRLIURL»URLYARL » FNyCLy FTLHFC»OTYyEP» DMy FML
YLI»YRISVRIyVULI»URI'ARISULI»ALIF1+F2sPRI
YLRVLRYULRYALRyFTR/C3>»BI,RPL» BPCrAOFyRyE
RTIMEsCyDIPCYRSPRISFPYyC2»QrEL1yBASAREAR3
BRSyBPLL1yBPL2 gFNLCrAQAvF‘R‘rCSrTHETA yDENL1 »C?7
DrARY(3y 101)»KP(3) *

COMMON /BLK1/CDyAREAEPLs BRFCyTHyIIM ¢ :

COMMON /BLK2/ARX
COMMON /BLK3/AMXy
COMMON /BLK4/UAYA
COMMON /BLKS/Ts»My
COMMON /BLK8/KP
COMMON /BLK9/NC

¥ COMMON /BLK10/XFy
COMMON /BLK11/FRy
COMMON /BLK12/C
COMMON /BLK13/FNL
COMMON /BLK15/FPC
COMMON /BLK14/PA
DATA KP(1)/1HL/sK
DATA AMX/100./,AM

- DATA ARX(1)>/0./+A

N~ NUMBER OF MESHES

NI- NUMBER OF ITERATIO
DIA- TANK ORIFICE SIZE
THETA~ SLOPE OF GRID L
FC- FRICTION CONSTANT

P(I)- INITIAL BRAKEFIP
FM(I)- INITIAL FLOW RA
BRFC- CHAMBER PRESSURE
FR- PRESSURE RATIO

TH- AMBIENT TEMPERATUR
UA- VELOCITY OF AIR FL

ACCEPT THE FOLLOW
FOR EXAMPLE: MESH

ACCEPT 101+ MESHsN
101 FORMAT(I3yI4,F5,3

N=MESH-1

M=C1+MESH) /3

~ML=2%M

NP=735

THETA=0,679012345

FL=FLOAT(NP)*10.8

’

ARY '
AMN ’

A

MESH

NF
Q ) N

c
FO2)/1HM/ s KP(3) Z1HR/

N/30./
RY(1,1)/80,/7ARY(2,1)/80./yARY (3,1)/80./

.

NS v

INE

CD- DISCHARGE COEFFICIENT

E PRESSURE
TE

E
ou

ING DATA

=31NI=1500,DIA=0,055 ' ,
I+DIA v

)

7000

.
i . .
.
e i . __J
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B Ik L0AT ()
PRI=0, 3141592454001 . o

G=386.

B3=PRIXD%%x2/4,
AREA=PRIXDIAXX2/4,
VC=104, ,
VL=R3X12,.%FL

F0=80.

FF=0,06 : K ///
FN=FFXPL%&, /T ,
DX=1./FLOAT (N) | —~ .
DT=THETAXDX -

FC=FNXDT

6C=640.104 N N
Q=0. 5282817877000 SN
C=0. 531797514000 . ~

EN=1 +0 f
EP=1,/7, : o
TH=530.

RTN=ENKGCKXTH

BFL=9 . 47001

BPC=1, 47001

RTIME=DTXPL /1100,

XP=POX (VC/ (VCHUL))

C4=BPL~XF

C1=0. 578703704000

CD=0 o 82

C5=(C4/14,7) KKEP

B1=CD¥AREAXC /DSORT ( TH)

H4=2,54924384001

BS=B1%B4/B3

RSPRI=16.KFF XXL¥12 .*GC*TH/(D**S*PRI*PRI*G)

FP=0. 2154171 /FLOAT (N XK3.

AOP=DSQRT(FPXTH/(RSPRIXCXCXCID%CD))
R=DSQRT(TH) / (CXCD¥AOF)
E=2, KRX%2,

INITIAL CONDITIONS
T7=0.0

PA(1)=0,0D00
P(1)=9.47001 -

D0 1 I=2,MESH

I1=I-1 :
IF(I .LE. ML) GO TO 297 .
BI=(1.~(1,~FLOAT(II) /FLOATCNDI¥K3,) /3,
5O TO 296
BI=(1.-(1,~FLOAT(II)/FLOAT (N))%%3.) /4,
P(I)=P (1)%(1.—(RSFRI/E)XFLOAT (N)XX3 . XBI)
PACII=P(1)~P(I)

UA(1y I)=0,0D00

CAA(L XD =(P (1) /14.7) XXEP

CONTINUE

_DEN1=O.0749¥(P(1)/1497)**(5./7.)

FM1=~CDXCXAREAXP (1) /DSART(TH) ’ e -
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ao

47
48
49

50

51

53

55

56

57

76

e LY e Y L e TRy

o v

UA(1,1)=FM1%144,/ (DEN1 33*1100.) 144
AA L1 =CF(1)/14° 7I¥XE

UUL=UACL » 1)%1100.

UUM=UA(L » M) %1100 . X -
PFC=FEFC-14,7 '

FPL=F(1)>—14,7-PA( 1)

FPM=P(1)~14.7-PA(M)

PPR=P(1)—14,7-PA(MESH)

C7=((P(L)=XI"/14.+ 7)¥KER

FRINT THE HEADING

TYFE 4B

TYPE 47

FORMAT(15X s 'HETHOX OF CHARACTERISTICS FOR LARGE- AﬁPLITUDE)
TYPE 48

FORMAT(13Xy '*********************************************)
TYPE 49yFL .
FORMAT(1SX W IURING FRESSURE REDUCTIONy 2 vF4.0r 7 FT. PIPE’)
TYFE 5QrR )

FORMAT(1S5X s ’MESH SIZE=’» I3’y ' v 1 X+ ’LIFIRST PIPEY /
17MIPIFE NO. 23y “»’RILAST PIPEs )

TYFE 51 A
FORMAT(1SXy"UIVEL.OCITY OF ﬁIP FLOWy F! FRESSURE’)

TYFE S2yDIA

FURMAT(IS‘(!'NITH TANK UF\I\FTCE DIAMETER= ‘yF5.3» INCH" )
TYFE 83

FORMAT(15X s ‘UNIT CONVERSION!IPST=6894N/SQ.H.r 1FT/SEC=,3M)
TYFE 57 '
TYPE 55

'FORMAT(6X » ‘TINE’ r7Xr'F‘(L) y7Xr'F‘(M)’r7Xy’P(R> 97Xy

17 PPC/»7Xy UL) 77Xy "U(MY ) o

TYFE 56

‘FORMAT(6Xr’(SEC)’,18Xv’F IN (FEIG) 22Xy ’U IN (FT/SEC) 7).
TYFE 57

FORMAT (X 2 e e e e e e et e e e e
T e e e e )

TYFE 74, TT#FPLIPFM yF'F'RyF'F'C:UUL;UUM
FORMAT(AX rFé+2y5X 2 Z(F6. 22 5X)13(F6.2,5X))

NC=1

TRANSIENT RESF’ONSF

TIME TAKEN FOR FL.LOW OF AIR

DO 3 JT=1sNI

T=LT¥PLXFIL.OAT(JT) /1100, c "
LEFT BOUNDARY NODIAL PODINTS ’
YRL=UACL» 2)%AACLy 1)-UACL » 1) XAMCL ¥ 2)

VRL=AA(T » 1 )-UA(Ly 1 )4+UACL » 2)~AACL s 2)

 URL=(UACL » 1)HTHETAXYRL) / (1, +THETAXVRL )

ARL=(AACL » 1) HTHETAXYRL) / (1, 4THE TAXVRL)
FTL=FCXURL XDARS (URL)

C2:=URL-5 » XARL-FTL

FNLC=1.0D00

cAaLL FLOW

DPC=RTNXDMXRTINE /UC

RPC=BFC+DFC -

PEC=BPC~14,7

IF(FPC .GT. (80.—XF)) BFC=C4

PR=EFC/BFL 5

et L T DUV G e




111

—

CIF((1.-FR> JLT. O.) PR=BFL/EF

IF (FR +EQ. 1,0D000) GO TO 999
IF(FPR 6T« Q) CALL FUN

-AAA=(~5, +DSART (25 « ~4, XBSKC2KFNLC ) )/ (2, ¥ BSKFNLC)

BPL 1=(AAAXX7)X14,7

BPL=BPL1

PR=RFC/BPL )
IFC((1.~-PRY .LT. O.) FR=BFL/RPC

IF(FR .LE. Q) GO TO 111
CALL FUN

AAA=(-3, tIUSORT(IS o 4, HRGXK C2IKFNLT D ) /(2. R BITHFNLE)
BFL2=(AAAXXT)%14,7

BPL=DSART ( BPL1XEPL2)

IF(T .GT. 8, .AND. EPL .LE. C4) RPL=C4
AA(2y1)=(BPL/14.7 ) XXEP

UAC2,1)=5.%AA(2y1)+C2

INTERIOR FOINTS

D0 4 MX=2sN
YLI=UA(LyMX-1)¥AA (1L MX)-UA (L HX) RAATL s MX~1)
YRI=UA(LyMX+1)XAA (1 MX)~UA Ly MX) XRAA(L MX+1)
VLI=UA(LyMX)+AACL y MX)-UAC1yMX-1) —~AA(1yMX~1)
VRI=AA(1yMX)-UACL s MX)+UACT yMX+1) —AA(LsMX+1)
ULI=C(UACLy MX)+THETAXYLI) / (1. 4THE TAXVLI)
ALI=(AA(1y MX)-THETAXYLI) / (1. 4THETAXVLI)
URI=(UA(LyMX)+THETAXYRI) / (1.,+THETAXVRI)
ARI=(AA{1l s MX)+THETAXYRI) / (1., +THETAXVRI) -
F1=FCXULIXDAERS(ULI)

F2=FCXURIXDARS(URI)

AA (2 MX) =+ 1XWLI-URI+S. X CALI+ARI ) +F2~F1) -
IF(MX GE+ 3 +AND. AA(2,MX) JLE. C7) AAC(Z2,MX)=C7
UAC2MX) =, SX(ULIH+URI+S. X (ALI-ARI ) -F2-F1)

CONTINUE ,
RIGHT BOUNIDIARY NODAL POINTS
UA(2/yMESH)=0,0 :

YLR=UA(Ly N KAA(Ly MESH)-UA (1, HESH ) XAA (LN
VLR=UA(1,MESH)+AA (1, MESH) —UAC1 /N> —AA(1 s N
ULR=(UA(1yMESH)+THETAXYLR )/ (1, +THETAXULR )
ALR=(AA(L s MESH)-THETAXYLR ) /(1,+THETAXVLR)
FTR=FCKULRXDABS (ULR)
C3=ULR+3: XALR-FTR

AA 2y MESH) =C3/5.

IF (AA(2/MESH) LT+ C7) AA(2/MESH)=C7
PRINT THE RESULTS

KT=JT/(NI/100)

IF C (NI/100)XKT-JT) 80,81,80

NC=NC+1

PRINT THE RESULTS

CALL OUTP

TRANSFER OF GRID FROM THE PREVIOUS RESULTS

[0 S5 K=1,MESH e
AACL s K)=AA C24K) i

UAC1,K)=UAC2,K) | b .
AA(2yK)=0.0 .
UAC2,K)=0.0 d
CONT INUE ‘ ) %
CONT INUE ' '
DO 22 JJ=NCsNI

T=DTXPLXFLOAT(JJ) 71100,

DO 33 I=1,MESH

145
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22

" PR=BPC/BPL

T e ey VB g

AA(2, I)=AACL 5 I) .

UA(25 1)=0,0

CONT INUE

CALL OUTF

CONT INUE

TYPE . 57 .
CALL FLOTXY
STOP .

END . ,

SUBROUTINE FLOW .
DOUBLE PRECISION AREAyEPL»BFCiDsDM»0QsCIFR
COMMON /BLK1/CDsAREA ¢ BFLYBPCyTHy 1M
COMMON /BLK11/PRyQ  *

COMMON /BLK12/C :
COMMON /BLK13/FNLC :

P=BPL

0=C

IF(1.—~FR) 12,2

F=BPC ‘

PR=BFL./RPC

D=-C

D=DXFXKAREAKCD /DSART ¢ TH) -
IF(PR .LE. Q) GO TO 22 |

IF(PR .GT. Q) CALL FUN )
D=DXFNLC -

DM=D ' . .
RETURN '

END

SUBROUTINE FUN

DOUBLE PRECISION CF1sCF2/FyFNLCYAS B

COMMON /BLK11/FRyQ :

COMMON /BLK13/FNLC .

DATA CF1/0.285714286D00/yCF2/3.863925445000/

F=0,0

A=FRXXCF1

B=AXA

A=A-B v
IF(A +GT, 0.0D00) F=CF2¥BXDSQART(A)
FNLC=F .

RETURN

END .

SUBROUTINE FLOTXY

. DIMENSION ARX(101),ARY(3,101),KP(3) yKPT(101)

COMMON /BLK2/ARXrARY
COMMON  /BLK3/AMX»AMN,

COMMON /BLK&/KPT N

COMMON /BLKZ/IyIFLAG
COMMON /BLK8/KFP
COMMON /BLK9?/NC
COMMON /BLK1O/XP/NP

4
XSCALE=(ARX (NC)-ARX(1))/100., -
PLOT THE RESULTS .
TYPE 93 ‘ o '
FORMAT (1H1,37Xy 'BRAKE FIPE PRESSURES V3, TIME/)

.
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100
10

101

23

102
24
20

10

20

147

Y I ‘

TYFE 924NP ~
FORMAT C1H ,37X s WBING PRESSURE REDUCTION,f » I3¢ - =\
1'-PIPE ,SCALED DOWN MODEL') ‘

TYPE 95 '
FORMAT ( 1H .37x,'|_: PC(LYy M PCHIy RS PRI

YHIN=AMN

YSCALE= ( AMX-AMN) /100,

00 10 I=1,3 ‘
TYFE 100, AMNy ¢ ¢ ANMNFYSCALEXLX1O o) 7l= Y AMX » KP (1)

FORMAT C 4XvF7, 25 10(3X»F7,2) 92X » A1
CONTINUE ‘ 2 =~
MNP=1 ~
- DO 20 II=1,101
I=11-1

- IFLAG=I/10%10

CALL COOFRT B

MXSC=INT C(ARXCMNP)-ARX (1))/XSCALE+.5)

IF(I JNE. HXSC)> G0 TO 21 .

Do 22 L=1,3 - '
IYFT=INT C(ARY (L yMNP)~YMIN)/YSCALES,S)

KPT(IYPT)=KP(L)

CONTINUE .
MNP=HNP+ 1 :

CONTINUE )

CIF(IFLAG JEQ. I) GO TO 23

TYPE 1015 (KPT(I ) vI=15101) -
FORMAT (8X»101A1 ) '

GO T0 24 . : ,
CONTINUE  ~ ~ X
XX=ARX ¢ 1) +XSCALEXI :
TYPE (102, X4s (KPT(I)y1=1101)

FORNAT(F8,2/101 A1)

CONTINUE

CONTINUE

RETURN

END

SUBROUT INE COOFRT

DIMENSION KPT(1O1) : '

COMMON /BLK6/KP'T ‘ ‘

COMMON /BLK7/Iy IFLAG

DATA K1/1H /1K2/1H./1K3/1He/ s KA/1H./ s KS/1H. /

LFLAB=0 ‘ /
KK=K1 .

KPT(1)=K2

KPT(101 ) =K2 o

IF(IFLAG .NE. I) GO TO 10

KK=K4

IF(I JEQ. 0 ,0R. I .EQ. 100) KK=K3
KPT(1)=KS S
KPT(101 ) =K5

LFLAG=1

CONTINUE :

DO 20 J=2r100 _ |

KPT () =KK '

IF((J-1)/10%10 LEQ. (J—1)) KPT CJ)=K4

IF(LFLAG .E0. 1 JAND, C(J-1)/10%10 .EQ. (J-1)) KPT(J)I=KS
CONTINUE: ‘ .
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RETURN
END

SUBROUTINE oun':-/

NOUBLE PRECISION UA(Zv101);AA(2:101);PM101)
DIMENSION ARX(101),ARY (3,101)

COMMON /BLK15/PPC

COMMON /BLK2/ARX s ARY

COMMON /BLK4/UAsAA
COMMON /BLKS/T» M » MESH 1
COMMON 7/ EBLK9/NC , , i
COMMON /BLK16/FA

M -
PPLE(AAC2 9 1)%k7—1,)%14 . 7-PA(L)
PPM=(AAC2 s MIKX7 =1 ,)%14 . 7~FA(M)

PPR=(AAC 2y MESH) XX 7-1, )X 14,7-PA { MESH)
UUL=UA{2 s 1)X1100, » ;
UUM=UA(2 » M)X1100.,

" TYFE 669 T sPPLyFPMsFPRy PR, UUL » UUN
FORMAT(AX vE4. 255X s3(F6. 2 5x>.3<F6
ARX(NC)=T
ARY (1/NC >=PFL
ARY (2)NC ) =FFM .

ARY (3/NC ) =PFR -t
RETURN : :

END
X IS

2/5X)) (

0!




MLEIE % T e

COoOO0o00NNNoNNN0N0NNNNNNN00N0NNoNRRNO0D0N0CONO00 M0

<.

B.2
AR AR RKAOORRRRRR
JOB BY " MR, ANDREW HD» CONCORDIA GRADUATE 1981

O S 100 6ok 200 e i o g 00t St St S Pt e st B S i B St S e 1l it S S ek s e i 8 2t S Mt St G2 T St (o B Ghn e dr e s e et |

USE FDF-11 MINICOMPUTER AT FLUID CONTROL CENTRE.

--—..—..--——._..—.... o e bas e oain e e Gwm e s ot o e S b Samt s ek (et Somd Samn So S S ke e M i ok e b e g

THIS FROGRAM IS TO GCOMPUTE PRESSURE DISTRIERUTION
. ALONG A SCALED DOWN BRANEFIFE MOUEL RY MEANS OF
LUMFED MODELING. THIS MAIN PROGRAM CAN RE USED
FOR ANY NUMBER OF LUMPS. IT CAN ALSO BE AFFLIED
TO DISCHARGING. OR CHARGING , PROCESS, WITHOUT OR
WITH LEAKAGE AND TANK COMBINATION» SINCE IT IS
CONTROLLED BY INPUT. DATA. THIS SIMULATION MODEL
WILL THEN BE AFFLIED TO ANALYSE SOME DYNAMIC
CHARACTERISTICS OF ACTUAL BRAREFIFE OF A FREIGHT
-TRAIN BY ‘SLIGHTLY MODIFYING THE ROUNDARY LAYER
CONDITIONS AND 'CHANGING THE\VALUES OF DIMENSION.

HRRIORRRKARRAOKRKRICRIRR A AR KRR KKK KKK KA K AR KK KK

LUMPED PARAMETERS

AO-LEAKAGE ORIFICE AREA .o
BPL~BRAKEPIFE FRESSURE '
BPT-TANK PRESSURE .
CD-DISCHARGE CONSTANT

CAP-CAFACITANCE OF PIFE COMPONENT
D-INTERNAL DIAMETER OF FIFE

"DIA-DIAMETER OF TANK ORIFICE

DT~-TIME INCREMENT .

FF-FRICTION FACTOR OF THE BRAKEFPIPE MODREL
G~-GRAVITATIONAL CONSTANT

GC-GAS CONSTANT

L~LAST LUMF/PIFE

NL-NUMBER OF LUMFS M . -

PR-FRESSURE ‘RATIO | .
Q-CRITICAL PRESSURE RATIO ‘
R~LEAKAGE LINEAR RESISTANCE

RP-FRESSURE RATIO ‘

RSL~BRAKEPIPE LINEARIZED RESISTANCE '
RSPRI-RRAKEFIFE NONLINEAR RESISTANCE

TI.-TOTAL™LENGTH OF FIPES+TURES - : .
TO-AMBIENT TEMPERATURE s
VC-VOLUME OF TANK AS PRESSURE CHAMBER

VL-TDTAL VOLUME OF -PIFES+TUBES

XP-PRESSURE REDUCTTION - . ' T,

DOUBLE PRECISION P(2y76)yR(78)rRS(75)sDF(76)
DOUBLE PRECISION FM(75)yRP»XsPI(76)yFPA(74)

DOUBLE PRECISION PRI»As»VsCAPsRSPRICyRyFNyDP1,0FPI
DOUBLE PRECISION BPL+BPTyDyDM:Q,PR»RSL

DOUBLE PRECISION CF1,CF2,FrFNPTsAl1sH1

DIMENSION PP(764)rARX(S1)sARY (3,51) 1 KF(3)

- COMMON /MAY1/AA BPLyBFTyTO»IM "

COMMON /MAY2/FR+Q

— Ay . O M - - [
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MMON /MAY3/C
OMMON /MAYA/FNPT
COMMON /MAYS/ARXsARY®
COMMON /MAY&/7AMXs AMN
COMMON /MAYZ7/KPsNP
DATA KP(1)/1HL/yKF(2)/1HM/ sKP(3) /1HR/

ACCEPT 101,A0«NL»DT»DIA,VC
FORM@T(F11.10+12,F5.33F5,3+F4,0)
IF(A0 .EQ. O. OR. VO JEQ. 0.) GO TO 355

C ACCEPT THE FOLLOWING DATA

ARX(1)=0,
AMX=100,

AMN=0 .

-

B

=3860
C=640.
> 0=330.

- FF=0,06

TL=730.%1.08
0=0.5282817877000
C=0.53179751 4100

c OONSIDER ISOTHERMAL PROCESS N=1.0 .

C

0 OO0 00

. XP=POXVC/(VC+VL)

XN=1.0 ~

RTN=XNXGCXTO
EL=TL/FLOAT (NL)

D=0,25 :
FRI=3.141592654000 -
A=(FPRI¥DIXX2) /4.
AA=(PRIXDIAXX2)/4,

V=AXEL %12,

S

VL=NLXY

FO=80.
CAP=V/RTN

L=NL$1 . F . :

M=L/3 : ,
ML="#M .
RSPRI=16. *FF*&L*lZ.#GC*TO/(D#*S*PRI*FRI*G)
FP=6.382729E-05 ;

<

CONSIDER SQUARE-EDGED ORIFICE

—~

CD'0¢8“

CDNSIDER PLUMBING LEAKAGEr FUT AO=A0P ¢

A0

ﬂ .

c

AOP~SGRT(FP&JO/(RSPRI*C*C*CD*CH))

IF(AO .LE. AOP) AMX=85, ' AR

IF(AD LE. AOP) AMN=40.
D0 30 I=1,2

00 40 J=1sL

P(I!J)=000

CONTINUE .

. CONTINUE LT Xl

C INITIAL CONDITION . -

150

-8

b d

|
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c

15

"_[=?.O
(171)=9,47001
BPL=P(1,1)

IF(BFL .LE, 1.4705n61) TYPE 209 ' T
IF(BPL JLE. 1.4705D01) GO TO 777 ‘
BPT=1.47001 '

FA(1)=0.0 ) Lt

C THITIAL FIFE PRESSURE

297

299
298

‘ C PRINT

. II=I-1

0 3 I=2yL !

/
"FPT=BFT-14,7

PI(1)=9,47001 )
00 10 I=E:L ‘
R(I)=DSART(TO)/ (CXCOKAOP)

E=2 . XR(IDIXX2.

IF(I JLE. ML) GD TO 297 . T
B=(1.-(1,-FLOAT(II)/FLOAT(NL))*%3.)/3.

GO TO 296 AR ’ '
B=(1,-(1,~-FLOAT(II)/FLOAT(NL))¥X3.)/4. : ' .
PICI)=PI(1)%(1.~(RSPRI/E)XBXRFLOAT (NL)XX3,)

CONTINUE ,

10 3\£§§.L
PACT)=PT(4)~FI(I) ‘

NTINUE

R(IN=DSART(TQ)/ (CkCIXAQ)

E=2, kR (I)%X2.,

II=I-1 '

IFCI +LE. ML) GO TO 299 -
B=(1.-(1.~FLOAT(II)/FLOAT(NL)Y%X%X3.,)/3.

G0 70 298 . :
B=(1,—(1.,-FLOAT(II)/FLOAT(NL) 1 %%2,3)/4. ’
FCLyId=P(1y1)R (1, ~(RSPRI/ZE)XBXFLOAT (NL)X%3,) .
CONTINUE ~ o

PP1=F(1,1)-14.7-PA(1) a o

© PPM=P(1sM+1)~14,7-PA(M+1)
‘PPL=P(1yL)~14,7-PA(L) d

ARY (1,1)=PP1 .
ARY (25 1)=PPM

ARY (3 1)=PPNL

THE HEADING . .
TYPE 150 . . .
TYFE 205 - g . .
TYPE 151 '

TYPE 205

TYPE 210

IF(AD .GT. AOP ,AND. DIA EQ. 0.) GO TO 310
IF(AO0 .LE. AOP .AND. DIA .GT. 0.) GO TO 3i1
IF(A0 .LE: AOF .AND. DIA'.EQ, 0.) GO TO 6664
TYPE 199 ’

TYPE 196sVC

TYPE 195,DIA S . , :
TYPE 200540, TL . : : .
TYPE 204 /) -

. : ' . 3 —
7, \ P y S

«
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TYPE 210 ‘ .
TYPE 203 e
TYPE 198sMsNL .
TYPE 197 : .
TYPE 203 oo .
GO TQ 401 :

310 TYPE 199 -
TYFE 200,405 FL '
TYPE 206 ;
TYPE 210 :

+  TYPE 204

TYRE 170»MsNL
TYPE 171
TYPE 204
GO TO 401 _ .

311 TYPE 160 -

-+ TYPE 207
TYPE 161,TL"
TYPE 1965VC
TYPE 195,DIA . -
TYPE 210 /
. TYPE 203
. TYPE 198sMrNL

TYPE 197 ; '
TYPE 203 ;oo

401 IF(DIA .EQ. 0,) GO TO 300 : '
IF(AO GT.~AOF) A0=0.00013 ' o )

a
»

TYPE 201+ TrPPLyPPMyFFLsFFT
GO TD 301 .
300 TYPE 172y T+PP1yPPHsPPL
c ‘ . *
C TRANSIENT RESPONSE Y R
301 NI=INT(50/DT)
NP=1 . :
DO 12 JT=1,NI » / \
T=DTXFLOAT(JT)
C CONSIDER R(I) AS LEAKAGE RESISTANCE I , ‘ , S
DO 14 I=2,L , :
v IF(P(1»I) ILE. 1.,4702001) P(1r1)=1,4701001
RP=14,7/P(1+1) . : - y
MF(RP JLE. Q) GO TO 7 ' ,
FN=DSGRT ¢ (RPAX(2//1,4)~RPXR(204/1,4) ) /6 + 6979599530-02) -
. GO TO 8 \ L - , o
7 FN=1,0D00 ‘ ’ '
8 R(I)=DSART(TO)/ (GXCDXAO
14 CONTINUE |

c
c CONSIDER Qscx) AS Fchﬁxon RESISTAN
. 1 K=1yNL * ]
RS(K)=RSPRI/(F(1:K)+P(1vK+1))

-11 ° CONTINUE
C .
c LEFT BOUNDARY .

DP1=P(1,2)-P(1s1) - ‘ L

Sa




iﬁ\. ‘ 13

IF(DP1 JGT+ 0.0) FM(1)=DSGRT(DP1/RS(1))

IFCDOPL JLT. 0.0) FM(l)z—DSGRT(~DP1/&9(13)
IF(DIA .EQ. 0,0) GO TO 500

FNFT=1,0000

CaLL FLOw

C FRESSURE CHANGE IN IANKs DFT

C "PRESSURE CHANGE IN BRAKEPIPE, DP \\\

700

140
501
c

DFT=KRTNXDMXDT/VC '

BPT=BPT+OPT™

IFC(BPT LE. 1.4702D01) BPT=1,4701DOt
PFT=RPT~14.7 .

FR=BFT/RPL

IF((1.,~-PR) LT+ 0.) FR=BPL/BPT
IF(FR .GT. Q) CALL FUN

TP (1)=(~FM(1)+0M) /CAP

P(2y1)=P(1y1)~ nr<1>*nT

BPL1=P(2,1) .
BPL=EPL1

PR=EFT/BFL ' L -
IF((1.~FPR) LT, 0,) PR=BPL/BPT

IF¢FR ,LE. Q) GO TQ 700

-CALL FLOW

IF(DIA .EQ. 0.0) DM=0.0

DP(1)=(-FM(1)+DM) /CAF .
PC2y1)=P(1;1)-0P (1)%DT .
IF(DIA JEQ. 0.0) GO TO 501

BPL2=P(2y1) Xy
BPL=DSART (BFL1XRFL2)

P(2y1)=BPL

IF(T .LE. 18) GO TO 501 ,

IF(AO0 ,LE. AOP .AND. TIIA .6T. 0.) GD TO 140 '
G0 TO 501 .
IF(P(2+1) 6T (PP1-XF+14.7)) P(2+1)=PP1-XF+14.7

CIF(P(2y1) JLE. 1.,4702D01) P(2,1)=1.4701D01

,

C INTERIOR BOUNDARIES

¢ c -
C RIGHT

)

D0 13 I=2sNL
DPI=P(1sI+1)~-F(1y1)

’ I

IF(DPI +GT, 0.0) FM(I)= DSGRT(DPI/RS(I))

IF(DPI +EQ., 0.0) FM(I)=0.0

CIF(DPI JLT. 0.0) FN(I)=-DSORT(~DPI/RS(I))

DPAD)=(-FM(I)+FHM(I-1)4+FR (L1, I)/R(IDI/CAP
P(2yI)=P(1,1)~-DP(I)XDOT ,
IF(F(2,1) JLE. PA(I)+1.4702D001) P(25I)=1,47010014+PACI)
CDNTINUE )

BOWNDARY
RSL»Z.*DSQRT(RS(NL)*DABS(P(erL) -P{isL)))
DP (L) =DF (NL)XR(L.)/(RSL+R (L))

P2y L)=P (1o L)-DP(L)XDT

IFCP(25L) WLEe PACL)+1. 4702D01) P(2sL)=1, 4701D01+PA(L)
IF(AQ0 ,LE. AOP .AND. DIA .GT. 0.0) GO TO 141

7 | ;

153
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141

C .

C FRINT
502

600

81

999

400
c
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GO TO 502
IF(P(2sL) .LE. (PPL- XFP14J§)) F(2rL)=PPL~-XP+14.7~
THE RESULTS
FFP(1)=P(2+s1)-14.7-PA(1)
FP(M+1)=P(2yM+1)-14.7-FA(M+1) B
FRL)=F(2y1.)~14.7-FA(L) ”

RT=JT/(NI/50) ‘ N

IF(T .GT. 1.5) GO TO 600 "
TT=DTXFLOAT(JT)X10.

IF(TT «EQ. INT(TT)) GO TO 999

IF ((NI/S0)KKT—JT) 80,8180
NP=NP +1 B

Aék{NP)=T " N
ARYN1»NP)=FF (1) :

ARY (25 NF)=PP(MEL) -~

ARY (3¢ NP)=PP(L)

IF(DIA .EQ. 0,0) GO TO 400

TYFE 201»TaPF (1) yFP(M+1)»yFF(L) #PPT
GO TO 80

TYFE 172yT+PP (1) PF(M+1)yPP(L)

C TRANSFER AND UPDATE THE RESULTS

80

20
12
150
151
140
161
171
170
172
204
205
196
195. =
v 197
198
199
200

201
202
203
206
207
208
209
210

DO 20 I=1,L ‘ .

FClsI)=F(2y1) ' , -
F(2,I)=0.0 :
CONTINUE - ‘
CONTINUE ’ ) '
FORMAT ¢1HO)

FORMAT (15Xy “METHOD OF LUMPED MODELING’)
FORMAT (15X» “RESULT ON ERAKEFIPE MODEL )

FORMAT(15Xy WITHOUT LEAKAGEs FOR ‘F4.0r’FT. PIPES )
FORMAT (15Xy "SEC’ 16X» 'PSI‘ »&Xr 'PSI‘ v&6Xs 'PSI’)
FORMAT (17X T/ v 7Xr ‘FP1* 96Xy 'P* yI256Xr P4y 12)
FORMAT (13XsF 6.2 3XsF5. 294Xy F5,2y4XrF5,2)

"FORMAT (15Xy / —————— e e )

FORMAT (15X y @ =i e e e e e e e )
FORHAT(lSXr’DISCHARGE T0 ’'sF4, Or'CUuIN. OF  TANK?) - -
FORMATC(15Xy“WITH ORIFICE SEAT DIAMETER =‘+F5.3s INCH’)
FORMAT(15Xy "SEC  y6Xy 'FSI »6Xs 'PSLI’ s &X v ‘PSI v &Xy/PSI )
FORMATC(17Xr T/ »7Xr "FPL1  vbXy P’ 9 12946Xy "F " yI2s7Xs 'FT’)
FORMAT (19X "RESULT ON UNIFORM LEAKAGE DISTRIRBUTION’)
FORMAT(AXy 'WITH LEAKAGE AREA OF “+F8.62’SR.IN, »1Xy,
1/ON EACH LUMP OF ‘»F4.0y'FEET PIPES’)
FéRHAT(13XrF5.¢v4X F5.2s4XyF35. 274XrFuo?v4X1r5oQ)
FORMAT (15X WRONG DATAr» XXXTRY AGAINXXX’)
FORMAT (13X p & = e o o o e e e e e )
FORMAT 19Xy “DURING DISCHARGING PROCESS’)
FORMAT (15Xy DURING PRESSURE REDUCTION’)
FORMAT (15Xy “NO CHANGE IN PRESSURE, MODIFICATION IS NEEDED’
FORMAT (15X, THIS IS A CHARGING PROCESS,ADJUST FROGRAM’)
FORMAT (1H ) ‘

CALL PLOTXY
GO TO 777 Ve
TYPE 202




666
777

a0 Oann

AA-DRIFICE AREA
 ItPL-BRAREFIFE FRESS UhF .
BPT=TANK FRESSBURE
"TO-AMBIENT TEMFERATURE

— 3 e ot e

,
GO TO 777

TYFE 208 ;
STOP

END * J

SUBROUTINE FLOW

. A
DOUBLE FPRECISION ArBFLEPT»DrDM»GsCrPRyPYFNPT
COMMON /MAY1/AAsBPLsEBPT»TOYDM )
COMMON /MAY2/FR»Q

COMMON /MAY3/C : g

COMMON /MAYA/FNFT

CD=0,95
P=EFL
FR=EFT/BFL
n=C (“
IF(1.-PR) 192,2

P=BPT : ‘

FR=BFPL/BFT \ -
D=-C

D=DXFXAAXCD/ISQRT(TO)

IF(PR .LE. Q) GO TO 22

IF(PR .GT. Q) CALL FUN

D=DXFNFT

DM=D

RETURN

END

SUBROUTINE FUN -

C PR-PRESSURE RATIO

“~

onocaonon

DOUBLE PRECISION CF1,CF2,F»FNPTsAL1»PRyB1
COMMON /MAY2/FR»Q )

COMMON /MAY4/FNPT

DATA CF1/O.285714286ﬁ00(rCF2/3.8639135465quX\

F=0.,0

Al=PRXXCF1

R1=A1%A1l

Al=Al1-R{

IF(Al .GT. 0.0) F=CF2XB1XDSART(A1)
FNPT=F ~

RETURN A

END

SURROUTINE PLOTXY

ARX-INDEPENDENT VARIARLE
ARY-DEFPENDENT VARIABLE
AMN-MINIMUM DEPENDENT UARIABLE
AMX-MAXIMUM DEPENDENT VARIABLE

DIMENSION AﬁX(Si)rARY(3151)rKP(3)rKPT(51)‘

ERE e
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O

93
94

95

100
10

101

23

102

24

PR

COMMON /MAYS3/ARXrARY
COMMON /MAY&/7AMXy AMN

COMMON /MAY7/KF ¢ NF
COMMON /MAY8/KFT
COMMON /MAY9/IyIFLAG

XSCALE=(ARX (NF)-ARX (1)) /750
PLOT THE RESULTS

TYPE 93

FORMAT(///+ 15X+ 'BRAKE PIPE PRESSURE VS, TIME’)
TYFE 94 )

FORMAT (15X y 7 —mim e e ‘ )
TYPE 95

FORMAT(1H »15Xr‘L? PC(L)» M -P(M)y R: P(R) y/)
YMIN=AMN ' ‘

'YSCALE=(AMX-AMN) /50.

10 10 I=1,3 ¢

TYFE 100, AMNy ( CAMNHYSCALEXLX10.) yL=174) r AMX» KP(I)
FORMAT (AXsF7.2»5(3XsF7.2) »2XrA1)

CONTINUE

MNF=1

PO 20 111,51

I=11-1

IFLAG=1/10%10

CALL COOPRT

MXSC=INT( (ARX{(MNP)—ARX (1)) /XSCALE+.5)

IFC(I NE. MXSC) GO TO 21

PO 22 L=1,3

IYPT=INTY (ARY (LyMNF)~YMIN) /YSCALE+, 5)
KPTCIYPT)=KFP (L)

CONT INUE - .

MNP =MNP+1 ‘ .

LCONTINUE

IF(IFLAG .EQ. I) GO TO 23
TYPE 101, (KPT(I)sI=1,51)
FORMATSBX»51A1)

GO TO {4

CONT INUE

XX=ARX (1)+XSCALEXI

TYPE 102¢XXs (KPT(I)»I=1551)

* FORMAT(F8.2y51A1)"

CONT INUE ' -
CONTINUE : , >

RETURN
END

SUBROUTINE COOFPRT

DIMENSION KPT(31)
COMMON /MAYB/KPT
COMMON /MAY?/1:IFLAG : Y.

¢ ‘ °
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DATA K1/1H /+K2/1H./+/K3/1H./»KA/1H./»KS/1H./

LFLAG=0
* KK=K1 ¢

KPT(1)=K2 -

KET(51)=R2

IF(YFILAG NE. I) GO TO .10

KK=K4 / .

IF(Y .EQ. 0 .OR. I JEQ. S50) KK=K3

KPT(1)=KS .

KPT(51)=K5

LFLAG=1 ,

CONTINUE

DO 20 J=2,50

RET(J)=KK

IF((J-1)/10%10 EG. (J-1)) KPT(J)=K4

IF(LFLAG ’ﬁf’ 1 +AND. (J-1)710%10 EQ. (J-1)) KPT(J)=KS

CONTINUE .o l

RETURN .

END
FROGRAM

~

COMPLETED XXXXKX

-

. a L P W
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USE PIDF-11 MINICOMFUTER AT FLUID CONTROL CENTRE.
______________________________________________ N

THIS FROGRAM 1S TO COMFUTE FRESSURE DISTRIERUTION
ALONG THE ACTUAL BRAKEFIPE OF A FREIGHT TRAIN RY
MEANS OF LUMPED MODELING. IT CAN RE APPLIED TO
DISCHARGING THE AIR TO THE TANK OR THROUGH RELAY
VALVE .
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DOURLE PRECISION F(2»51¥yR5(50)»DF(51)

DOUBLE FRECISIQN FM(50)sRPyRESFNFT

DOUBLE PRECISION FRIvAvUrCAFyRSPRIvaFN:DPIrUPI
DOUBLE PRECISION BPLBFT»DsIMsQsFR

NOURLE FRECISION BFL1-BPLZ»TO

DIMENSION PP(51)

COMMON /SMAY1/AAyBFLBFTyTO,DM

COMMON /SMAYZ2/FRsQ

COMMON /S5MAY3/C

COMMON /SMAYA/FNFT

C LET A0 BE LEAKAGE AREA AND ASSUME ALL A0 ARE EQUAL
C SET DT AS INCREMENT OF TIME

C CONSIDER NL. AS NUMBER OF LUMFS

C VC IS VOLUME OF TANK AS PRESSURE CHAMEER \
C DIA IS NIAMETER OF TANK ORIFICE

ACCEFPT 101»NL,»OTyIIASVC
FORMAT(I3sF6.4:F4,2+F6.0)

C ACCEFT THE FOLLOWING DATA

G=386.,

GG=640. .
T0=530., ’ )
FF=09Q2

TL=7500.,

Q=0.5282817877000

C=0.531797514000

C CONSIDER FOLYTROPIC FROCESS N=1.3

XN=1.3 i

RTN=XNXGCKTO : .
EL=TL/FLDAT(NL)

D=1,25 .
PRI=3.141592654000
A=(PRIXD¥X2)/4. '
AA=(PRIXDIAXX2) /4,

U=AXEL X12.

VL=NLXV

FO=80, A
XP= PO*UC/(UC+UL) ‘
C4=94,7-XF

CAP=U/RTN . ;
L=NL+1 =

M=L/3 .

et e e e o s—

160

~ B




-~

I(‘.

N

A

J O e T AL T e - W e et

161

RSPRI=16 . XFFXELX12,XGCXTO/ (NXXSKPRIXPRIXG)

C INITIAL CONDITION

C AT TIME ZERD

10

311

300
301

T=0,0
no 10

F(1,1)=9.47D01

I=1sL

CONTINUE

BPL=P
IF (BP

IF(BPL .LE,
BPT=1.

(1+1)
L

47001

FPPT=BPT-14.7
PP1=P(1r1)~14,7

PPM=P(1yM+1)-14.7

y PPL=P(1,L)-14,7
TYPE 205

TYPE

151

TYPE 205
TYPE 210

TYPE

160

TYPE 207 XP

TYPE

&
IF(DIA .GT. 0,) GO TO 311

TYPE
TYPE
- TYPE
TYFE
TYPE
TYPE
TYPE
GO TO
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE
TYFE
GO TO

161, TL

162
163

210

204

170

171

204

300
194,VC
195y INTA
163
210 -
203

198

197

203

+LE. 1.4703001) TYPE 209 ;
1.4705D001) GO TO 7277 ’

)

201 TsPPLsPPMeFPLPPT

301

TYPE 172y TyPP1,PPMyFPL
C TRANSIENT RESFONSE

NI=IN
IF (XP
Do 12

T=DTRFLDAT (JT)
LTy 3:1) GO TO 82

IF(T

T(70/DT)

+LEs 10.) NI=INT(40/DT)

JT=1 s NI

i

¢ CONSIDER RE A5 EXHAUST VALVE RESISTANCE @
A WNE. 0.) GO TD 124

IF (DI
PD=P(
IF (PD
IF ((P

IFC(PD JLEs 0,50)

1,1)-C4

BT+ 1.2) A0=0,03984
0 .LE. 1,2)

+AND. (PD ,6T. 0.50)) GO TO 120
+AND. (PD .GT. 0.40)) G® 7O 121 ‘




]

123
112

7
8

124

IF((FD +LE. O.40) AND, (PD .GT. 0.30)¥ Go_TO 122
IFC(PO LE.. 0.30) +AND, (PO .GT. 0.0)) GO TO 123

IF(FD JLE. 0.0) AO=1./10.%%8

GO TO 112 \
A0=0.0008%FI11+0.03885

GO TO 112

A0=0,005%FI+0.03675

GO TO 112

AD=0.0175%F0+0,03175

GO TO 112

AD=0,1233%PD

RF=14,7/P(1rs1) )

IF(A0 .EQ. 0. ..OR. VC .EQ. 0.) GO TO 555
IF(RP .LE. Q) GO TO 7 '

-

FN=DSQART( (RPXX(2./1+4)-RPX¥(2.4/1.4))/6.6979599530-02)

GO TO 8

FN=1,0D00
RE=DSQRT(TO)/(CXAOXFN)
GO TO 125

RE=10,%%1G.

" C CONSIDER RS(K) AS FRICTION RESISTANCE CONSTANT

")

11

125

DO 11 K=1,NL
R3(K)=RSPRI/(F(1yK) FFP(1sK+1))

* CONTTNUE

C LEFT ROUNDARY

t

300

700
501
€' INTERI

DP1=P(1,2)~P(1,1)
IF(DFL +GT+ 0.0) FM(1)=DSARTC(OP1/RS(1))
IF(DP1 JEQ. 0.0) FM(1)=0,0

IF(DPL LLT. 0,0) FM(1)=-DSART(-DP1/RS(1))
IF(DIA .EQ. 0.0) GO TO 500

FNFT=1,0D00

CALL FLOW

DPT=RTNXIMXDT/VC

EFT=BFT4+DFT

IF(EPT JLE. 1.4702D01) EPT=1,4701D01
FPT=EPT-14.7 '
PR=BPT/BPL -

IF((1.~PR) +LT. 0.) FR=BFL/BPT

IF(PR .GT. @) CALL FUN
DP(1)=(F(1y1)/RE-FH(1)+DM) /CAF
P(2y1)=F(1y1)~DF(1)XOT

BPL1=F(2,1)

BFL=RPL1
PR=BPT/RPL

IF((1.~FR) .LT. 0.) PR=EPL/BPT i
IF(PR .LE, Q) GO TO 700 '
CALL-FLOW

IF(DIA .EQ. 0.0) DM=0.0
DP{L)=(FP(1y1)/RE~-FM(1)+DM)/CAP S )
F(2:1)=P(1y1)-DF(L)XDOT , -
IF(DIA .EQ. 0.0) 6O TO 501

BPL2=P(2s1)

BFPL=DSART (BPL1ARFL2)

P(2s1)=BFL )

IF(F(2y1) GT. (PP1=-XP+14.7)) P(2y1)=PP1-XP+14,7
OR BOUNDARIES .-

DO 14 YI=2,NL * P

(S

P st i by Sy PR [
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C RIGHT

82

83

e el e

163

DPI=F(1,yI1+1)~-P(1,1I)

IF(DOPL GT, 0.0) FM(I)= DSGRT(DPI/RS(I))
IF(OPT JEQ. 0.0) FM(I)=0.0

IFCDFI LT, 0.0) FM(I)=-DSQRT(~ DPI/RS(I))
"DP(I)=(-FM(I)+FM(I-1))/CAF :
P(2yD)=F (1 D ~DP(IIROT

IF(P(2yI) JLE. (PEM-XP+14.7)) P(2
CONTINYE -
ROUNDA
F(2,L)=P(2
IFCP(2sL)
GO TD 502
. IFCT NE. INT(T)) GO TO 12 C.
IF(DIA .GT., 0.) GO TO 83 ?
TYPE 172+ TyFFP1+yFFMsFPL

GO TO 12

TYPE "01,T.PP1,PPM,PPL.PPT

GO TO 12

yL)=PFL-XF+14.7

yNL)

JLEs (FPL=XP+14.7)) P(2yL)=FPL-XP+14.7 | .

q + € FRINT THE RESULTS

502

400

99

20
12

150

151

160

161

162

163

-170

w171

472

204 -

205
194
\ 195
197
198

) 201
' 202
203
204
207
208

S 209
| 210

4 555

FP(1)=P(2+1)-14,7
FRUM+L)=P(2/M+1)-14.7 : o
PPCL)=P(2sL0-14,7 - o .
IF(T ,NE. INT(T)) GO TO 99 . -

IF(DIA .EQ. 0.0) GO JO 400 ) )

TYFE 2011TrPP(1)yPP(M+1)rPP(L);PﬁT a L

60 TO 929

TYPE 172,TvPP(1);PP(M+1)vPP(L)

C_TRANSFER AND UPDATE THE RESULTS R " !

DO 20 I=isL : ‘ R , -
P(151)=P(2y1) .

F(2,1)=0,0 A : N I
CONT INUE ‘ LT . u
CONTINUE » X : ‘
FORMAT (1HO)

FORMAT (15X, “METHOD OF LUMPED MODELING- )

FORMAT (15Xy ‘RESULT ON ACTUAL BRAKEPIPE’)
FORMAT (15X, WITHOUT LEAKAGE» FOR ‘sF5.0s’FT. 150~-CAR TRAIN’)
FORMAT(15Xy “WITH CONTROL VALVE AT THE FRONT END‘)

FORMAT (15Xy “UNIT CONVERSION-- 1 PSI=6H93N/S5Q.M.r 1 FT.=0, 3F0

" FORMAT{17X» T’ 97X+ "P1796Xs "F30’ y3X» 'P1507)

FORMAT (15X y 'SEC y6X» ‘PSI‘ y&Xy 'PSI  y6Xy'PSI’) .
FORMAT(13XsFéb+193XsF5.274XsF5. 2,4x,F5.2>
FORMAT(15Xy ¥ =~~~ et e o o e ‘)

\FQRMAT<15xy'$1~~ ———————————————————— Yy
FORﬁh?LlSXr'DISCHARGE\TQ,’yFé Oy “CU.IN, OF TANKZ).L
FORMAT(15X7+WITH TANK ORIFICE DIAMETER =‘yF35. 3, INCH’)

FORMAT(15Xy *SEC’ y&X s ‘PSI* y6Xy ‘PSI’ v6Xs "FPSI‘ 16Xy 'PSI{)

FORMAT(17Xs “T'97X» "PL’ 96Xy ‘P50 s6Xs 'P150* 27Xy "FT’) . -,
FORMAT(13XsFS,1vaAXsFS.274XrFS5.294XsF5.294X»F5.2) S
FORMAT(15Xy ‘WRONG DATAy XXXTRY AGAINXKX’) - “y
FORMAT (13X»’ S

FORMAT(15Xy ‘DURING DISCHARGING FROCESS’) .

FORMAT (15Xy "DURING *,F3.0y‘~PSI PRESSURE REDUCTION’) :
FORMAT(15Xy NGO CHANGE IN PRESSURE, MODIFICATION IS NEEDED’) * !
FORMAT(15Xy THIS IS A CHARGING PROCESS»ADJUST PROGRAM’) |
FORMAT(1H ) . o . i

-G0 TO 777 . : v

TYPE 202 ' ° .

. - e . el . —— S M*k 5
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. IF(AL BT, 0.0) F=CF”*81#DSGRT(A1)‘ . el
"FNPT=F | - : o

END . .

.6Q TO 777 . .

TYFE .208
STOP .
END . L
SUBROUTINE FLOW

DOUBLE PRECISION AyBPtvbPTrD;DHrGyCrPRvaFNPT
COMMON /SMAY1/AAsBPLyRPT,TO» DM

COMMON /SMAY2/FRyQ \ . (
COMMON /SMAY3/C o ‘
COMMON /SMAYA4/FNPT | L .

CD=0,.80 J

P=BPL :
PR=BPT/BPL"
p=C~ ‘
IF(1.-PR) 1+292 o - - } o
P=BPT . , ' .
PR=BPL/EPT S

D=-C ' M
D=DXPXAAXCD/DSART(TO) :
IF(PR..LE. @) GO TO 22 %
IF(PRy.GT. Q) CALL FUN . ;
DDAFNPT : . : “ L
DM=D , i ) \ '
RETURN | ‘ : b
END : |
SUBROUTINE FUN ,
DOUBLE PRECTSION CF1;CF2:F:FNPT:A1:PR;BI

COMMON /SMAY2/FR»Q :

COMMON /SMAY4/F NPT

DATA CTF1/0.285714284D00/sCF2/3.8639135465000/ -

F=0.0 ‘

A1=PRIACF1 ' . ‘
Bi=A1x%Al

A1=A1-Bl

RETURN . o
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% ACTUAL CASE x

x

DOUBLE FRECISION UA(2y101),AA(2y101)

E PRECISION YRL»VURL» URL;ARL;FN;CI;FTLvFCrDT
DOYBLE PRECISION YLI»YRISVRISVLIJURI»ARIYULISALI/FLsF2
< LE PRECISION YLRsVLR ULR»ALRYFTR+C3sFD

B.5

*f&*t*tt*x**x**x*t

DBUBLE PRECISION CC»CyCAVG,»EQC,EQCC,EQCAVyDRELC
DOUBLE PRECISION C2»ArBNAAA»AREA»G1 262,63

DIMENSION ARX(101),ARY(3,101)sKP(3) ~

COMMON /BLK1/C2,A»B
COMMON /BLK2/ARX»ARY
COMMON /BLK3/AMX s AMN
COMMON /BLK4/UA»AA .
COMMON /BLKS/TyM»MESH
COMMON /BLKS8/KP

COMMON /BLK9/NP

" COMMON /BLK10/AAA

COMMON /BLK11/IDPsNC

COMMON /BLKIQ/YI;YZ!AREA:C4rCI
~DATA KP(1)/1HL/KP(2)/1HM/ +KP(3)/1HR/’

DATA AMX/80./

DATA ARX(1)/0,/+ARY(1+1)/80./+ARY(2

ACCEPT THE FOLLOWING DATA
ACCEPT 101,MESH,IDPsNI»AMN
FORMAT(I3+I2,145F3:0)
N=MESH-1
M=(14MESH)/3

NC=150

HETA=0.7333333
L=FLOAT(NC)%50.
FF=0.02
FN=FFXPLX12./2.5
DX=1,/FLOAT(N)
DT=THETAXDX

FC=FNXDT
€1=0,578703704D00
C4=94.7~FLOAT( IDP)
AREA=1.22718443D00
AE=0,03984
A=1.2720173456789D00 A
B=1.30501234546789100
INITIAL CONDITIONS
P0=80.

TT=0%
Do.1 I== r2
po 2 J= ESH

UA(I!J)ﬂO 0 .
AACT,J)=1304896577000 f

CONTINUE - . .

CONTINUE A

‘ Uﬁfivl)ﬂ-Cl*ﬂA(l-l)*hE/ﬁREA

UULlUﬁ(ivl)*llooo

v ut

.

£

LN

165

P

r1)/80./+ARY(391)780./

-~




49
48
20

a5

56

57

76

120

121
122

123
111

" 166

, UUM=UA(1rM)%X1100,
UUR=UA(1,MESH) %1100,
TYPE 48 s
TYPE 49,IDP,NC
FORMAT (35X» ‘DURING ‘»12»’-PSI B.P, REDUCTIONs’ »I3y‘~CAR")
TYPE 48
FORMAT(35X;'****tx**t**t#***#*****************tt*#**** ) ;
- TYPE S0sN 3
FORMATC1H »4Xs'MESH SIZE=‘,12,%’+1Xs 'LIFIRST CARr ‘v
1'MIONE-THIRD OF TRAIN» “» RILAST CAR» ¢» USVELOCITY OF AIR")
TYPE 57 '
TYPE S5 ) )
FORMAT (6X» “TIME’ v 18Xy ‘PCL) " 111Xy P(M)  » 11%s 'P(R) /s 11X »
17UCL) 11Xy ‘UMD * o JAX» “UCR) /)
TYPE 56
FORMAT(6X» 7 (SEC.)’ 23Xy ‘P IN (PSIG)’»31X»’U IN (FT/SEC)’)
TYPE 57 ,
FORMAT (4Xs/ . ____ e e e e

*

TYPE 762 TT»PO»PO»PO»UUL s UUMYUUR
FORMAT (4X»F6.2y15X+3(F7. 4r8X)13(F7,2,8X)) :
NP=1
TIME TAKEN FOR FLOW OF AIR> b
PO 3 JT=1,NI ‘ -
T=DTXPLXFLOAT(JT)/525.
IF¢(T .LT. 3.1) GO TD 82 .
LEFT BOUNDARY NODAL POINTS .
YRL=UAC1s2)XAA(1r1)-UACL s 1)XAACL+2)
VRL=AA(1+1)~UA(1s1)4UA(L1y2)+AA(1Y2) ‘
URL=(UAC1»1)4+THETAXYRL)/(1.+THETAXVRLY
ARL=(AA(1r1)+THETAXYRL) /(1 .+THETAXVRL)
FTL=FCXURL%XDABS (URL ) \
C2=URL~-5.%ARL-FTL
PD=14.7R(AA(1,1)XX7)~-C4
IFCPD GT, 1.2) AA(211)~~CQ/(CI*AE/AREA+q.)Mj
IF((PD .LE. 1.2) .AND. 4LFD .GT. 0.50)) GO TO 120
IF((PD LE, 0.50) .AND., <(PD .GT. 0.40)) GO TO 121 ~\\
IF((PD .LE. 0.40) .AND. (PD .GT., 0.30)) &GO 70 122 A
IF((PD .LE. 0.30) .AND. (PD .GT. 0.0)) GO TO 123
IF(PD +LEw 0.0) AA(2,1)=(C4/14.7)%%K(14/7,) :
GO TO 112 ‘ ‘
X1=0.0008
Y2=0,03885 S ‘
60 TO 111 . . “
Y1=0,005 ¢
Y2=0.03675 ' :
60 TO 111 ‘ o I
Y1=000175 * ) )
X2=0.03175
GO TO 111 v
Y1=0.1233 o
Y2=’000 . 1_ ’ } o
CALL ROOT \ ' )
AA(2+1)=AAA o ) /f» o ¢t
UA(2r1)=4C245.XAA(291) ' : :
INTERIOR POINTS ° ‘ ,//
,D0 4 MX=2/N .
*YLI=UACL s MX=1)%AA( Ly MX)=UA C1,MX) XAA( Ly MX~1)"
YRI=UA(1'MX+1>tA®(1rﬂX)—UA(leroxAntlvﬂX+}}
H |




82
81

84

80

Y

. C#A

" IF(CC .GE. B) GO TO 13 S S
. IFTCC +LE. A) GO TO 14 * C - »

ALI=(AA(1)MX)-THETAXYLI)/ (1 ., 4THETAXVULI) - 167

URI=(UA(1,MX)+THETAXYRI)/ (1. +THETAXVRI) -

ARI=(AA(1sMX)+THETAXYRI)/ (1 ,+THETAXVRI)

F1=FCXULIXDARS(ULI)

F2=FCXURIXDARS (URI)

AAC2yMX) =, 1X(ULI-URT+5 .k (AL T+ARI ) +F2-F1) .

UAC2,MX)=.5K(ULI+URI+5.X(ALI~ARI) ~F2-F1) .

CONTINUE p

IF(14.7X(AAC2,MIXX7) LT, C4) AAC2yM)I=(CA/14,7)%%X(1,/70) °

RIGHT BOUNDARY NODAL POINTS .

UA(2sMESH)=0.0’

YLR“UA(lyN)*AA(I,HESH)-UA(I;HESH)*AA(in) - c

ULR=UA (1yMESH)+AA (1 » MESH) ~UA (17N> —AA(1/N) o :

ULR=(UA(1,MESH)+THETAXYLR) / (1.+THETARVLR)

ALR=(AA(1yMESH)~THETAXYLR) / (1, +THETAXVLR)

FTR=FCXULRXDABS(ULR) - :

C3=ULR+5.XALR-FTR ) , ,

AA (2, MESH)=C3/5,

IFC14.7%(AA(2,MESH) XX7) LT. CA> AA(2/MESH)=(CA/14.7)%X(1,/7)

PRINT THE RESULTS X

KT=JT/(NI/100)

IF((NI/IOO)*KT-JT)\80v81780§

NP=NP+1 . )

IF(T .GE: 3.1) GO TO 84

UAC2y1)=-C1*AA(2+ 1) XAE/AREA

CALL OUTP

TRANSFER OF GRID FROM THE PREVIOUS RESULTS

IF(T .LT. 3.1) GO TO 3 ’

DO S K=1,MESH -

AACL Y K)=AA(2,K) ) .

UAC1 s KI)=UA(2yK) N Y '

AAC2sK)=0,0 =

UA(2,K)=0,0

CONT INUE :

CONT INUE \ 5

TYPE 57 - '

CALL PLOTXY"

STOP

END &

SUBROUTINE ROOT

DOUBLE PRECISION CC» C+CAVG » EGCrEACC sEQCAV » DELC

DOUBLE FRECISION CZ’AvB;AAArAREArGerZvG3 ' : ¢

COMMON' /BLK1/C2/AsB ‘

COMMON /BLK10/AAA . o

connou /BLK12/Y11Y2,AREASCASCL . § 44
G=Y1%14,7XC1/AREA f

GP=G1XC4/14,7 , '

GB=Y2%XC1/AREA : | .

D Lc=1.55555nj0° ) |

EQC=G1ACK%B+ (5, -G24GIIXCHC2 " y

IF (EGCXEGCC) 8+5,7 . ‘
AAA=CC -
RETURN ‘ \\\\ . . . S

]
P

CC=C+DELC ‘e ‘
EQCC=G1¥CCRXGH (5, ~G2+63) ¥CCHC2 - \>'w

P

Okt s aoh,




L. .

10

11
12

13

14

93

94

P2

95

100
10

CAVG=(C+CC)H/2.0D00
EMAV=C1XCAVGXX8+(5 . -G2+G3) XCAVGHC2
IF(EQCXEQCAV) 19,129
C=CAVG -
EQC=EQCAV
GO TO 11
CC=CAVG
EQCC=EQCAV
CONTINUE
AAA=CAVG
RETURN
hAaA=B . .
RETURN .

© AAA=A
RETURN

. END &
SUBROUTINQEE;UTXY

DIMENSION (101):ARY(3:101)1KP(3)rKPT(lOl)
COMMON /BLK2/ARXsARY
COMMON /BLK3/AMX)AMN
COMMON /BLK&6/KPT . y

. .GOMMON /BLK7/I,IFLAG .

.~~~ COMMON /BLKS/KP N
COMMON /BLK9/NP ;ﬂ
COMMON /BLK11/1DP,NC

XSCALE=(ARX(NF)~ARX(1))/100.
PLOT THE RESULTS

TYPE 93

FORMAT (1H 37Xy ’BRAKE FIPE PRESSURES US. TIME")
TYPE 24 :

FORMAT (37X 2/ e e m ) "

TYPE 92+IDPsNC ]
FORMAT C(1H »37X» ‘DURING ‘¢12vs’-PSI B.P. REDUCTION»
1/-CAR TRAIN’) ) B
TYPE 95
FORMAT C1H +37Xy’LS PCL)» M$ PCM)» RS P(R) %)
YNIN=AMN
YSCALE= (AMX~AMN) /100 '

DO 10 I=1,3 |

TYPE 100sAMN» ¢ (AMNAYSCALEXLX10.) sL=1»9) s AMX s KP (1)
FORMAT C(4X,F7.2510(3XsF7,2) 12XrA1) -
CONTINUE .
MNF=1

D0 20 I1=1,101

I=11-% -

IFLAG=T/10%10 -

g CALL COOPRT S

3 MXSC=INT((ARX (MNP)~ARX (1)) /XSCALE+.5)
IF(I .NE. MXSC) GO TO 21

‘

pg 22 L=1,3 ,
IYPT=INT ((ARY (LyHNP)-YMIN) /YSCALE+.5) 2
KPT(IYPT)=KF (L) SR
CONTINUE . : :
MNP=MNP+1. - .
CONTINUE , . .
s to
5 ' >/

N

’3 I3y

a

3

«
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3 / ' 101

' A I 23

N 102

- 24

20

) ~— . 10
20
[
Y
b - 1
' .Y
/

IF CIFL ? EQ; 1) GO TO 23
TYPE 101, (KPT(I),I=1,101) ,
FORMAT (8X/101A1) .
GO TO 24 : \

- CONTINUE ‘ ~

XX=ARX(1)+XSCALEXI

TYFE 102 XXy (KPT(I)sI=1,101)
FORMAT(F8.2,101A1) .
CONTINUE ®

'CONTINUE

RETURN
END { o
SUBROUTINE COOPRT -

DIMENSION KPT(101)

COMMON /BLK&/KPT

COMMON /BLK?/1yIFLAG

DATA K1/1H /+K2/1H:/sK3/1H./ K47 1H, 77K/ 1H./ .

LFLAG=0
KK=K1

KPT(1)=K2

KPT(101)=K2 ~—
IFC(IFLAG .NE. I) GO TO 10 :

KK=K4

IF(I .EQ. O .OR. I .EQ. 100) KK=K3

KPT(1)=KS .

KPT(101)=K5 N : : :
LFLAG=1 -

CONTINUE

DO 20 J=2,100 , 4
KFT(J)=KK : ‘
IF((J-1)/10%10" .EQ. (J-1)) KPE(J)=K4

IF(LFLAG .EG. 1 .AND. ¢J-1)/10%10 ,EQ. (J-1)) KPT(J)=KS
CONTINUE

RETURN R

END ,

SUBROUTINE OUTP

DOUBLE FRECISION UA(2.101>.AA(2.101>

# DIMENSION ARX(101)sARY(3,101).

COMMON /BLK2/ARX s ARY . ' N

-

COMMON * /BLK4/UA s AA ' ’ %
" COMMON /BLKS/Ty»MesMESH /

COMMON /BLK9/NP

PPL=(AAC2y 1)RX7~1¢)X14,7
PPM=(PAC2 s M)XX7~14)%14,7

PPR=(AA (2, MESH) XX7-1,)%14,7
UUL=UA(2y1)%1100.,

M=UA(2sM) %1100,
UUR=UA (2 MESH) %1100,

TYPE &&1TsPPLsFPMyPPRyUUL UMy UUR
FORMAT (4XrF6, 20 15X 3CF7 . 498X) 1 T(F7,2/8X)) '

ARX (NP =T "y
ARY (1 NP )=PPL ”
ARY (2y NP )=FPN ; -
ARY (3, NP )=PFR ‘ .
RETURN : a ‘ Ce
END . ‘ ‘ T o :P ‘f
[ ' - ' o {“
' ' : ‘\\w‘ ﬂ9“(’ o
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R SRR g s T T SR ) N

aaoocoOoOodannn

101

. RTN=ENXRXTH . .

(2] . - 170

THIS FROGRAM IS TO CALCULATE THE DYNAMIC CHARACTERISTICS |
OF A "BRAKE PIFE(TRAINLINE) BY USING THE METHOD OF CHARACT -
ERISTICS FOR LARGE-AMPLITUDE SIGNALS.

AR OK KoK K KRk K 0K K K K X
X X
XMODIFIED AFFROACHY.
X X
KKK KKK KKK KK K KKK

DOUBLE PRECISION UA(2,101),AA(2,101)

DOUBLLE PRECISION YRL sVRLrURLsARL»FN¢C1+FTL+FCyDT+EP+DN

DOURLE PRECISION YLTs»YRIyVRIYVULIsURIsARIyULIyALT»F1,F2

DOUBLE PRECISION YLRsVLRsULRrALRyFTRs»C3yAREAyBPL » BPC

DOUBLE PRECISION RTIME,C»DPCsVCsVLyC2+QsB1yB2yB3sB4

DOURLE FRECISION BS»BFL1)BPLZ/FNLCrAAAYPRCS

DIMENSION ARX(101)rARY(3y101),KP(3)

COMMON /BLK1/CDyAREAsBPLyBFCyTHsDM

COMMON /BLK2/ARXrARY

COMMON /ELK3/AMX s AMN ‘

COMMON /BLK4/UArAA e

COMMON /BLKS/T)MsMESH .

cozggg /EBLK8/KP . L
COMMON /BLK9/NP \ ¥
COMMON /BLK10/IDF»NC - 3 .J a -
COMMON /BLK11/FR.Q . -
LOMMON /BLK12/C :

COMMON /BLK13/FNLC

COMMON . /BLK15/PPC

DATA KP(1)/1HL/yKP(2)/1HN/ s KP(3) /1HR/

DATA AMX/80,/ , )

DATA ARX(1)/0./+ARY(1y1)/80./1ARY(2y1)/80.7/sARY(3+1)/B0,/
ACCEPT THE FOLLOWING DATA

ACCEPT 101,MESHsIDP»NIANN

FORMAT(I3» 12y 14,F3,0)

N=MESH-1

M=(14+MESH) /3 " e

NC=150 o/
THETA=0.733333
PL=FLOAT(NC) %50,
FF=0,02 . .
FN=FFXPL¥12./2.%5 : 0
DX=1./FLOAT(N) \ - . ‘.
DT=THETAXDX . = x
FC=FNXDT , o N
R=640.104 " , & ’ .
R=0.,5268281.7877D00 L : -

C=0. 531797514noo : , v
EN=1.3 o S L
EP=1./7. - ' | A
TH 5300 y . s < '
AREA=4, 7087385210~ 02 ,/

BPL=9, 47D01 ° Voo R "
BPC=1, 47001 C S
RTIME=DTHPL /1100, ¥ | o :




77

N

CA=BPL~FLOAT(IDF) \
C1=0,578703704000 - -
Cr=0,82

VL=1,104466167D05

VC=ULXFLOAT(IDP) /(C4~14,7)

CS5=(CA/14,7)XXEP

TYPE 77CDVC ’ .

FORMAT (4Xs 'CD=" yF4,2y5X, ‘UC=" sF7.0s *CU,IN. *)
B1=CDXAREAXC/DSGRT(TH)

B2=6.355357469D-06 4
B3=1,22718463000

B4=2,15535712000

BS=B4XB1/(B2XB3X1100.%12,)

INITIAL CONDITIONS ‘

PO=80., ; H -
TT=0,0 7 .

DO 1 I=1,2 ..

DO 2 J=1,MESH

UACI»J)=0.,0 . : .
AA(I,J)=1,3048946577000 » :

. CONTINUE

CONTINUE ) |
UACLs 1) S B5KAACL » 1) KX2 j
UUL=UAC1» IX1100. ,

UUM=UAC(1yM)%X1100.

PPC=BPC—-14,7

TYFE 48 °

TYFPE 49+ IDFPsNC ’ ,
FORMAT (35Xy 'DURING 'r12v’—F‘SI R,P. REDUCTIUNr’rNr'-'CAR‘)

" TYPE 48

FORMAT(35X;’***#****#*#****#**tt**t#************t***** )
TYPE SOsN

FORMATCIH »4Xy ‘MESH SIZE='yI3y v 9iXy LIFIRST CARy ’»
17MIONE-THIRD OF TRAIN» ‘»’RILAST CAR» ‘1/USVELOCITY'

1 ’P!BRAKE FIFE PRESSURE’) .

TYPE 57 ( X o -
TYPE 55
FORMAT(éXy'TIME’,18X7'RAL)’v11Xr’P(M)’,11X;'P(R)"11Xv

17 PPC’/p 11Xy 7UCL) 511Xy ‘U(MI 7D

TYPE 56

FORMAT (X’ (SEC.)’y35X» ‘P IN (PSIG)’»31Xs,’U IN (FT/S8EC)’)
TYPE 57

FORMAT CAX 1 ¥ o e e e e e e e e e e —
s S S She e e e s S 2 2t e e S s 50 2 S B 0 0 S S e s Bt e e e ‘)
TYPE 76» TTrPOyPOyPOsyFPC y Uy UUM . )
FORMAT(AXsF6425 15X23(F7.4,8X) v 3(F7,2,8%)) « . - T

1

NP=]

=y
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§ i
TIME TAKEN FOR FLOW OF AILR. ) '

DO I JT=1»NI | '
=DTXPLXFLOAT(JT) /1100, ’
IF(CT LT, 3.4) GO|T0 82 . ) i N

< LEFT BOUMDARY NODAL FOINTS .
¥RL=UA(12)XAA(15 1 )~UACLy 1)XAA(L »2) o N
VRL=AA(1y 1)-UA(1»124UA(Ly 2)-AA(L »2) -

URL=(UA(1 » 1)+THETAXYRL) /(1 .+ THETAXVRL)

ARL=(AA(1 » 1) 4+THETAXYRL) /¢ 1 . #THETAXVRL) v o,

F TL=FCXURL XDABS(URL ) .

C2=URL~5 . XARL~FTL

FNLC=1.,0000 _ . =
CALL . FLOW - o
DPC=RTNXDMXRTINE/YC . v 2
RPC=RFC+DPC .

PPC=RPC-14.7 I

IFCFPC «GT. (B0.,~FLOATCIDF))) BPC=C4 ;
PR=BPC/BFL Y - - .
IFC(1.~PR) LT. O+ PR=BPL/EPC s

IFCFR +6T. Q) CALL FUN ‘ ’ ° :
AAA=(-5,+DSART(25 . —4. KRSKC2XFNLC ) ) /(2 KBSKFNLC)

KPL1=(AAAXXT7)%14.7

BFL =BPL1

PR=EFC/BPL .

IF((1.~PR) .LT. 0.) FR=EPL/BFC

IFCFR .LE. @) GO TO 1i1 \
CALL FUN %
ARA=(~5,+DSORT(25 . —4, XRSXC2XFNLE ) ) /(2. XBSXFNLE) |
BPL2=(AAAXXT7)H14.7 .

BPL =DSQRT ¢ BPLIXRPL 2) ,

IF(BFL .LT. C4) BPL=C4. , -

AA (2,)1)=(BPL/14.7 ) XXEP .

UAC2,1)=5 « XAA(2, 1) 402 . '

INTERIOR POINTS -

DO 4 MX=2+N

YL I=UACLy MX—~1)KAA € 1 sMX) ~UA (1sMX) KAA(L yMX—1)

YRI=UACLy MXF1)XAAC Ly MX) ~UACLINXI XAA(L MX+1) <

VL I=UACLs MX)+AACT » MX)~UAC 1 »MX~1)—AA(1sMX~1)

VRI=AAC1y MX)~UACLy MX)HUAC T »MX+1) ~AA(LyMX+1)

T ULI=(UACL y MX)4THETAXYLI) /1 +THETAXVLI) \
ALI=(AAC1 » MX)=THETAXYLI)/ (1,4 THETAXVLT). o
URI=(UACL » MX)4+THETAXYRI )/ {1 4 THETAKVRI) ' )
ARI=(AA(L » MX)+THETAXYRI)/ ¢ 1 THETAXVRI)

F1=FCXULIXDABS(ULT )
F2=FGXURIXDABS(URI)> ~ | ' o
AA C2pMX)=. 1X(ULI~ URI+J.*(ALI+ARI)+F”~F1) . y )
‘IF(ZA(Z:MX) LTy C5) AA(RyMX)=CS : : )
UA C2MX) = o SKCULTHURIHS *((—\LI ART) ~F2-F1) i : Q
CBNTINUL _ .
. . ’ -
- . . \
" . ) o !
P M Yo .
.P‘ﬁ K i ra
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81

84
BO

“ 173

' RIGHT BOUNDARY NODAL POINTS

UAC2/MESH) =0.0

"YLR=UA(1» NI XAA( 1y MESH)~UA ( 1 yMESH ) XAA(1yN)

VLR=UA(1 yMESH)+AA L1 yMESH) ~UACL1sN) ~AACL N>
ULR={(UA(1y MESH)+THE JAXYLK > / (1, - THE TAXVLR >
ALR=(AA(1yMESH)~THETAXYLR ) /(1 +THETAXVLR
FTR=FCXULRXDABS(ULR »

C3=ULR+5. XALR-FTR
AA( 2 yMESH) =C3/5.

IFCAAC2/MESH) LT. CS5) AAC2/MESH) =C5
PRINT THE RESULTS
KT=JT/(NI/100)

IFCCNI/Z100) XKT-JT) 80,8180 . T
NP=NF+1 - P
IF(T JGE. 3.4) GO TO 84
UAC251)=-RSKAA(2y 1) %k2
CALL OUTP . .

TRANSFER DF GRID FROM THE PREVIOUS RESULTS
IFCT JLT. 3.4) GO TO 3 g
DO S5 K=1,MESH , _
AA(L rK)=AA(2K) \
UACL »K)=UAC2¢K)

‘AAC29K)=0,0
UAC2,K)=0.0 :
CONTINUE _ , ' o
CONT INUE . o
TYPE 57 : :

CALL FLOTXY
STOF
END
SUBROUTINE FLOW .

DOUBLE PRECISION ﬁREA;BPLﬁ;D;DM;Q:C;PR
COMMON /BLK1/CDyAREAEPLsBPCyTH)IM —

COMMON /BLK11/PR+Q .
COMMON /BLK12/C
COMMON /BLK13/FNLC 8
P=BFL - -
PR=BFC/BFL _— -
D=C v

IF(L.~PR) 192y2 ’ ' . -
P=RPC . '

PR=BFL/BPC ,

_D=-C ' " -y
D=DXPXAREAXCD/ISURT ¢ TH) . _ ;
IF(PR JLE. @) GO TO 22 %
IF(FR 6T, Q) CALL FUN N *

D=IIXFNLC y _ , .
DM=D L . . o A Q .
RETURN. L - . , ) ~
END A - | ‘
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PROGRAM RZILAY (INPUT»OUTPUT)
\

o e A wn A, e e o e o e

BRORRHHLRERIRRINBDHOLRIJIBBLONTIDO0Q2%200D 50000 DB UAGBNBIRY

——— s v mtm—— e am——.t -~ am—

101

Bho s

26~C BRAKE VALVE POATION-~ RELAY VALVE DETATLED MODEL-~

FULLY NONLINEAR SYSTEM ANALYSIS,

-

*
&

BB BIREBBTAIBENLIRABRBIDBSIBIR T IO0ENI2 PN D BRI R RNINGSE

LUMPED=PAIMETERS )

P1~PRESSURE IN OUTER DIAPHRAGH CHAMBER -
P3=PRESSURE IN OUTPUT CHAMBZR
P2-PRESSURE IN INNER DIAPHRAGM CHAMBER
PA-AMBIENT PRESSURE

TPISINPUT TPRESSURE "

PM-SUPPLY PRZISSURE

Al=EFFECTIVZ AREA INPUT ORIFICE
A2-EFFECTIVE AREA SUPPLY VALVE
A3-EFFECTIVE AREA FEEDBACK ORIFICE
A4-EFFECTIVE AREA EXHAUST VALVE

RE-EFFECTIVE AREA DIAPHRAGH
V1=VOLUME OUTER DIAPHRAGM CHAMSER
VB-VOLUME OUTPUT CHAMBER

vZ2-VOLUME INNER DIAPHRAGM CHAMBER @
" XO~NEUTRALIPOSITION OF DIAPHRAGH

XM<HAXTMUMI DIAPHRAGH DISPLACEMENT

OO0 N0NON0ONONODOAODODOO

X2=-DIAPHRAGM DISPLACEMENT TO OPEN SUPPLY VALVE

IM=MASS OF DIAPHRAGM ASSENM3LY

REAL IMsN
DIMENSION AMN(4) s ANX(4)

X1~DIAPHRAGN DY SPLACEMENT T0 OPEN EXHAUST VALVE

DIMENSION T(10) o DZ(107 » PRATISY v AUXTY 6y 11T

COMMON DP110PByDP2»DRV] yDRV3, DRV2yDV1 ¢+ DV2yDX e DU

COMMON Pl sPBsP23RVIIRVBIRV2 V] rVZ'XvU.
COMMON TLlsTBaT2e TArTIoTHyPALPT 2PHaV3
COMMON Al sA29A3 9 A4AE

COMMON CK1+CK24CK3yIMyFK1sFK23FK3IFH

‘COMMON” XO3XMy XT3 X23Ry Ny TT7JT

COMMON FK11,FK21 +FK31

COMMON 'KP (4) 9 ARX (101) g ARY ({42101 ) sNpPyNV
EQUIVALENCEI (2(1) P}l 4 tDZ(1),D>1),
EXTERNAL FCTaOUTP ‘

ACCEPT THEFFILLOWING DATA

. KP{1)=1HA

KP(41=1HD

"KP(2)=1HB

KP (3)=1HC '
-

X =,155

X0=,155

XM= 358

X1=.13T . - .
X2=.185 . L . !

-




e . U 0,
/ i e C !
@ - Al:ll.ha-‘_n3

=

- "‘"‘”“"“*'Aaao‘.
{A3%9,81Ew)
AdED ,
AE 2483

¢
¢ SPRING CONSTANTS
2SR R o § 1 - DY '
CKBQIQ.
, CK3=908
| : .FK1136.693
' T FK21=5,89
FK§1=302933

~

b S

e e e . etv—. . Wmlma s e Amnl e e —m S4s  Medess mr o em lees e e e oA

VOLUME
N1=13,
vBa5,
V2210,

-y ey

o

C "PRESSURE
PASl4 T
PI*70
PHa114,7
PIapI & PA
Plspa

paspA ™
pasdA

¢ TENPERATURZ)
TA=530,
5 TI=TA

- -y g S s S . ot e

T T Mg

. : Tls7A
R T83TA
. - T297A

¢ nﬁss OF AR

RE‘ 409104
: A : RY1aP1OY1/(RTL)
N RYBap3%V3/ (R TB)
RV2sp2#V2/{R* T2}

i g T M= 101
T 152,07 35w
. IT=0
. . JTa0
NP=(
NVY34
NDIN=10

.

v ts iy e

NSTEPS =300
RTIHE“I .25‘

’ o

L
‘ vl‘ei;,

S S - o AL UG & b b2t b~

DO 3 I=1wNDIW:
DZ“"’ERHT

—— e

0

N 1SSV SR S SN

v’

i

§TT T T TERWTA) -/FLOAT(NDIM) T T T T T e e e e

PO U



i % 476'

PRMT (1) =0, ‘ ' .
PPHT())"thNL ) . _ 5
PR“:{4)31n’FLUA|(VSTEP:)Q—M“WM»”~'"w‘wh TrTTTmTTm T e
PRMT (4) 251 | ‘ ’ '

e by o S OPs - emers e ar m e

c
"PRINT 7

T FORMAT (1HY9///)

c

A A Ay e 4 Ee w4 i ket WS S e WA@Y v h o awy Sem Uamtmpes o @pmrmmtan q

e TPRINT HEADINGY T
c

PRINT B
B FOQ“AT(IB‘,“R:SU'WS FOR NEGLECTING TtHPgRﬁTJR’ CHQVG;:v’)
PRIN
. AFpﬂ“gl(LHQ}?:a*TZM:‘SEC!“NEI(pJIG) PLIPSYB) Pﬁffé;?{"_
Tttt TT o I “RtiNcH) U‘XN/SEC)“’/)

c '
g CALL! HPCG(PRMT2ZoDZoNDTH) XHL FvFCT'OUTP,QUX} ; L

C % _ .

©AMX(1)=100, : o
LARX2Y=d00.
TAMA(3)Y=100, . ' : '

AHX(Q’*.OS ° o

) “AMN(1) =D, , '
"' : AHN(?)JD. . ’

" ANN(3)=0, S | ‘ S

RHN“" ‘3"05

— i 4 o ——— s i - - .od te e @t KNe o tmmmme i Sy o v et S rer s e gt | S v B e G MO & e An S o o B MW mem e

CALL PLorxtAqx,anf-Ann.Aax,xéomv’~#> .

) ) STOP .’ : . . , , , : Y
‘. END ~~ . S R T . ‘ . ‘ °

cmar 1T e sv e . - - e et e it i mama e peagtuh g e s —— - e e e b oa— gl o S bmes »




SUBROUTINEI FCT(T22:+D2) 4
COMMON DP1»D°3,0P29DRY)HDARVBE,DAY2yDY1DYR29DXsDY )
COMMON P19PBaP2,RVISRYBIRV2aVIVZaXyU |
COMMON T1oTBT2oTAsTIoTHIPAWPIIPNYY3 . )
COMMON AlsA29A3» A4 AE
. COMMON Ciﬂ.9C)\)9C'(3aI"l,FnlgFKZyFr(3)FH 4 ‘
COMMON XDpXMyR1sX2oRINITHJIT >
COMMON FXIL1oFK21»FK3)
COMMON KPR) 2 ARX(I01) JARY (A3101I0NRyNY
REZAL IMeN o : '
DIMENSION Z(1),0Z(1)

SPRIMNG FORCES: .
IF(X~'0001) 19&12
X=°. : ‘

U=AMAXT(0, U, ’ " \
FKIaFKI1+CL1#¢X1oX)

"FK22FK21e0A28 (XeX0) A

FK3=0, - |
Aﬁ=0'

AS22, 262*(XI-X) : . : °

DIAPHRAGM ASSEMBLY

FM3 (P1~P2) PAERFK1~FK2+FK3
FHaAMAXLI (D49 FM)

DUSFM/IM

DR=U

60 TO 600~ T T —”_“*‘" T e 'w«:"“
IF(X=X1) 1001004200 : L : .
A220, n ,

AB32,2420(X1>X) \ ,
FKI&rhll*CK& (XIwX)

- e

Gt s o e =k emn

W v e e

o~

SreMs casw W oman e . ewe

. q-qu

FR2AFKRISCKEH w0y~~~ T T T
FK3=d, , o :

FHa (PlaP2) BAESFKI=FX2wFX3 7

DUxFH/IN =, ‘
DX=y’ o [ ‘

60 TO 500 . o ' '

N

e s . A i s e Gn Wt s At -
r— s o e s g o e e —— e = 4 = A+t me e at — -

200
300

\

- 500

o

Ll rx;arxalocxa»(x-xaa

Ir(X—nZ) 3009300:400 h
A2=20, ) ‘ o . -

Aba0. L e X

FiK1=0, '

FKe=F KBI*C\’(Q"LX-AO) L _ S S
TFK3a05 . ‘

FH=(P1-PR) PAEAFKI~FK2nFK3 . '

pUsFM/IN v - .

DXay N ) : . <
GO TO 600 o .

c Ll - S e e e e s 4 g memieseaeentpon = e o pe e om .._.---...-_....:.. .l.._lf.‘.-....._..'..’-.. .
TTTR00 T IR (XwAM) 50005105510 = ¥ o o

K21, 7342 (XeX2) ; , ' ‘ )
Ab=nQ, . Y :

thuﬂn : ¢ - 3
FKEOrKalocKZﬁ(x~303 {
)':-
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. T - APPENDIX C '
S T

DYNAMIC CHARACTERISTICS OF THE RELAY VALVE -

'
-

»

Since we know the static charaq‘geri’stics of the
relay valve as described in Section 1.2,we then set-up |
a mathematical model of this relay valve in a non- \
dirﬁension‘al fox:m based on the assumption of polytropic’

. charging and dischargingl, as follov?s:- .
In the case of . the outer dla'o"lragm chamber, the time rate
-of change of pressure Pq is due to mass flow rate m,‘ .

through the input orifice and the time rate of change. of .

z* volume v,. Thus, ' “

¢ »
4y

dp.* nd. do R (R
,’]= ==1 1 —- ncAu ._a-.’] .
3= v, o - ne . -

* ]

Similarly, the time rate of change of pr’essure P, in the
inner diaphragm chamber is due to mass flow 1"&\1:9?212 N
through the feedback orifice and the time rate of change

of the time rate of change of v_olume Voo Thus,

o n92 d"‘g + negn 2o ... (02)
TV 4 V2 -

For the orakeplpe chamber, the time rate of change of

pressure pp is due.only %o the net efflux of air inta

that volume. Hence,

de . neB du}B ¢ . ’ . R - ® o (005)

d.'r". vadt < - . ) .
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+ dm

xer = 1(85upyPg 8 05) - ‘(“e'PB'PQ’E’B'ea)‘
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Th; volumes of the outer and inner diaphragm chéam-

be;"s are'modulated'by fhé diaphragnm ’assembly. Thus,

av )
i ."o . (q."*)

I m o L
dv - , , s
1:2 =-cou . R (C.5)

The equation of motion for the diaphragm assembly
is obtaine;‘l“by equating mass Iy times acceleration to the

sum of all ‘external forces acting on it. Therefore, h

du.. ] '
T = °4(P1“P2)"fk1‘ 2 T3
where £, 4= co( x1\+ x,‘-x) ; O<x

N

X4

1

Il\

‘ sz- 02( 12 + X~ x) 1k <

k3' °6( 15 + X=- xa) iXo £ X1
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exhaust ‘valves are given as follows: . v T , /
.o rJ ,

&y = ¢ (¥4-%) |
) whe]:!e'c5 = 2.5‘12 dEX'H/ AeN < ‘

a constant Supply pressure Py=100psig( 620%Pag ). As the .

. ) ‘I;. —— o T i“.‘,.._._.w D
-~ e 1‘87 - ‘ . .
:Xi : ( : . g - 4
xi = Yl-d- .l \ . 6
U, __ : + ) |
‘g, = y i ) 4
i XM 27 M ’ . .
X ”K-R-j'-r—f~ v
} . . ’ ¥ B ¢ ¢ . : r"
Ao Pr _ - o o |
C,] = ” . . - . .
Co = G S | R \
2" ot C
h' fck2 M ’\) \ -_"_ ’ . ' - )
oo . ' “ . .. . ' "‘
P b~ A o '
,5‘ RR [T -Cp oLy C L
1% R R -

dx . , - .
v = % _ | 4 o , -
i . 'The effective areas a3 and a, of the supply and

a3 = &5 (%~ X,) T RN (R S I | h

; 0<xex, - - -~ (0.8

8 = 2.5 4%/ A
“w T R . “
Figure C.1 shows a typical set of results obtained @

from the“matherﬁat'ical model subject to the application of

- a step increase in inf)ut pressure PI='7Opsig( 484kPag ) & :
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i pd =0.0%sec. is reached at‘ghlch the supply valve opens and

. iy q89 ~

outer diaphravm'chamber pressure Py inrreases, time delay

the pressure Py in the brakepipe chamber begins to increase.

The rate -of 1ncr§ase of PB is directly proportional to the -

effective area A3 of the supply valve and the supply

prqes e PM. ‘Since the supply pressure PM is constant the
initifal oscillatory behdviour in Pp can be attrlbuted to

the motion of the dlaphragm assembly whlch dlrectly

‘tontrols the effective area A5 of the supply valve. It is

'a fact that th assembly moduléfes the Pkiw areas of the
@uppli val&e apd.the exhaust valve in response Eg change
in the nét pressure fofce(Fq-F25. The ratezof change of
pressure Peris directly proportional to the feedback
orifice area Aa.and brakepipe pressure PB. The outer
diap?fggm chamber pressure reSponse: Pq, iskalmost ident-
ical to the brakepige pressure response, PB, except for
the initial time deiay. The entire charging process takes: .
az;loximately 1.15 seconds,§0 reach steady state, with

’zerq load flow. Under these conditions, the delay time is

négligibl&:&mmpared to a 10% settling time ts=d.855ecg

Except for the initial delay time, brakepipe pressure Py

1s equal to outer diaphragm chamber pressure P,. At the
initial stage of charging process, the displacemeht of
the diépﬁragm assembly has a sudden, negative value

N\
]




v

" because there is a pressure difference (Pq-P2)=4.8kPa(O.7
4 ’ . ; > ) - . .
psi) required to overcome the combined force (F£E+Fk3)
' . [N / .
L vhich is cause%ﬁgﬁ the diaphragm assembly spring and the

supply valve spring.

Figure Cz'igdié;tes that the complete discharging
process takgs approximately 2.2 seconds from steady state

pressure to ambient pressure, with no load flow. The rate -
“ ,

of pre&sure drop,de/dt, in the brakepipe chamber has the

L

fastest response than the outer pressures P, and P,

o ‘ ‘because the rate of decreage of Pp is directly proportional
\ , to, the effective area'A4 of the exhauéh valve and the
brakepipe pressure Pé. Before the end of discharging
process, amplitude of the displacement of the diaphragm |
assembly.increases as the output pressure decrpases. Also, .
the | frequency of the diaphragm,assembly decreases aslthe

&

" output pressure decreases,

! .o R

~
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. »  APPENDIX D

Vo

PREDICTION OF BRAKEPIPE PERFORMANCE OF A TRAIN

. : l P .
Pressure distributipn along the breskepipe‘in a

150-car train is determined by method of characteristics

for Lg{§e~amplitpde sipnals and lumped modeling. FigpreQ )

D1-to D4 show & train of 150-car, 15.1m per car, with

-~

~
'brtgepipe length of 2286m on which a brakepipe reduction

of 41kxPa and 103kPa with relay valve and with ;&essure~
chamber regpectlvely had been performed. We assumed that
there vas(about 2 Beconds response time taken for -the 1st
car te start to applx since it required such a time .to

. , /
equalize the pressure at the outer diaphpagm chamber

‘ Q. .y -, ) '
through the equalizing raserg01; after the engineman moveq

\

the bpeking handle to a certain position. It has to be

pointed ,out that aléhough a significant diffeﬁence in

’

brakeplpe pressure exlﬁted between Car 1 and Car 150

pressures at Car 50 and Car 150 were sllghtly different

\
as were the_lntermedlate cars detween Car 50 and Car 150.

The time for the last car to start was the same for both

Erakoplpe reductions on 8 train of the same length. Thl

‘time requlred was independent of the extent of the reduct- .

ion since it was related to the quick service function of

*

the control valves on the cars. ot

L]

When compared/with the“%rakeﬁipe pressure at Car

P ramhee ral v 1

4




P

N g oo
s - 1—93 -.\ ‘. ,
\ 1
.A\ h— ? ) l
™ ) N . |
& ® i
. . ’ \\’ .
A - oo
§ ) / ~ A .
‘6/00 B ) & ((\~ L 7 :
' _"'\ |
'\ ~
\
- .
o
[} °
n-l .
o
[
_ﬁ" 550
o [
oL
m {
g
[« N
o )
a1}
L
%
& 500 —_ )
/ . " ) N |
. ‘ . %
NOTE: SOLID|LINE FOR VALVE
. . \ DASHED LINE FOR CHAMBER
450 |~ . rs .
: USE METHOD OF CHARACTERISTICS
¢ MESH SIZE =50
. : >, |
45 "(l/’? 1 5 1 .
°%3 20 40 60 80
TIME, SECONDS .
FIG.D]° BRAKEPIPE PRESSURE WITH B.P.=552kPag DURING
4]kPa B.P. REDUCTION;, ]50-CAR TRAIN , )
. ) .
"_)/‘, A ' : v i
. A , A
1
- e e . ( \ N et e

\




v R :' . .
'
’ / . . N
» R - 194 -
. v
. . A Ky . . .
. “ . i

- ’ . »
; ! . 1 !
! - v -

» “
n M L f .

H . 5 N A i . . - ' N
: 600 ‘ . i R
x, . N - 2 2.
, o -
1] '
L3 z - "'
4 v oo . "\ .
o . 4.
{
0 N
é}.
. . 5 ‘
1 \, m K]
L &
o H |
. ‘ § f
' S ot
_” - 500 P~ P [N
. \
* ¥
- : - _ NOTE:SOLID LINE FOR VALVE
s ) DASHED LINE FOR CHAMBER
’ : . d NUMBER OF LUMPS= 25
. i
' 450 . ' . . . ..
) '. - . .
' . » . T - ety
\ #‘ - -~ a ]
) -
) - : b | i ,
}; - : 4000 .= 20 40 60 80 »
i . | TIME, SECONDS .
. 77 FIG.D2 BRAKEPIPE PRESSURE WITH 552kPag DURING 4]kPa
| ", T B.P. FEDUCTION, ]150-CAR TRAIN BY LUMPED MODELING
| T .
: [ .
i T e . * - ,
. . Jo
rﬁ hd ‘ N - -
.4 | R
o ) . e Mgt o e seoaebon o s Lo -;“-...\....L - n ‘ PR Y e "

I S U W S



/ . oL W
SRy v o ave by

' X ’‘ . /
» T, £ . -
- < - < 1235 - . .
s . / - '\ N x
‘ - ¥ . » .
[y ' '“ )
N
o
f” . ' \/ t
) Pd
\ ’ N s
600 ~ ‘ . - . |
\ i N?E:SOLID LINE FOR }.IALVE ,
* / . 'DASHED LINE FOR CHAMB .
" MESH SIZE= 5b
. . N . R H
o . )
~ ‘U a
- A
M
. o, .
A *550 v ’
& ;
m -
m ¥
. .
[a?)
h ' t
a.. H
i)
al]
<. f ‘
‘ g
m . !
500 Ny
vy {
[
¢
- . i
N - ’
450 ",
. - !
. \
\
L} \ a
. * J
! ! 1 1 k! 2
- 400, 20 40 60 80 : C
' TIME, SECONDS ' .
° . FIG.D3 BRAKEPIPE PRESSURE WITH B.P.=552kPag DURING B o
- }03kPa B.P. REDUCTION, ]50-CAR TRAIN BY ’ N {
| ] METHOD OF CHARACTERISTICS
g - ]
) N ! - . !
‘ 4
Y - ;‘ ’




. “

. N
i
!
{
A

N .
t f

.
i
.
i

.
V)
-
»
!
1
M 1
i .
4 .
¥
-
.

.

ki
3
)
4
|
i
3
.

{
i \

e gy San A s W

— v oy . . "
’ ) . \
- 196- - o
: $
. i ~ - “
v, °
P .
. t ~ * ,' ‘s
' ¢ L
. . v 4 ! -
600 r A ) 3 y . »
L ~ NOTE:SOLID LINE FOR VALVE & - .
' ‘ DASHED LINE FOR CHAMBER
, \ o , NUMBER OF LUWPS= 25
g | , | S
o ) , ' )
. »
& - 4
2 ' |
Aero CAR) S0 . p
A N
¢ B
g .
%
@ b ™
500
* Y
¥ :
) ?
14
* 450
1
' » *
. L : 1 | | -
. 4 AR
‘ 00 5 v 20 40 60 , B0
~ TIME, SECONDS - . . '}
FIG.D4 BRAKEPIPE PRESSURE  WITH B.P,.=552kPag DURING ]03kPa
’ B.P. REDUCTION, ]50-CAR TRAIN ¢ LUMPED MODELING
l v
. { ‘
S o . ‘

N - ' S e e aointe g AN " . S



4 A | en g

. satlsfled.
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¥§O for both pressure reduction between the Pppllcatlon of

. relay valve znd pressure chHamber, 14 vas found that they

were matched closely for both énalytical methods. The

maximum pressure discrepancy at Car 1 was 1.3kPa and 3.5

“kPa refpectively for 41kPa and 103k Pa reductiod. Ve

“concluded that the appllcatlon of the pressure chumber vas
A , ).

r

F

d/) Référring to fipure DS,“;parging curves of pressure
chamher for 41k°a and 103kPa redﬁct;on we;e shown. It took
about ‘25 secqnds or the chamber with volume of 4. 67(10)
& ¢ charging up to 511 kPag and about 65'geconds “for .
chd$m1ng up tp 449%Pag. The results from both analytical

2

methods “rere in good agreeienéﬁ
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