

















Figure

Co1
2.1
2.2°
2.3

2.4

2.5

3.1

3\- 2

3.3

4.1

4,2

'LIST OF FIGURES

¢ .
Schematic of the Air Brake Pipe System “. ., .

Train-line Laboratory Model e e e

Train=-line Mathematical Model at Tj oo o o

Numerical Simulation of,Eqns (2.8) and (2.9).

(a) Differential'.Equa\tiqn B

+

(b)‘ Difference EquatiO’n . . . . L] . e . . .

Rear—end Pressure Tran51ent Response s e
" (a) Charglng e e et s e se n e e e e
(b) Discharging .

[ ] - . . L) . . . L . . . L] 4

Rear end Pressure Transmnt Response \. . e
(2) No Leakage Train-line . C e e e e e e
(‘b) Leakage Train-line . . . . . . .. . ..
Steddy-state - Pressure Distribution

(Experimental and Theoreticaly) . . ‘. . . . .
(a) Different Leakage Location (S=2.59) . .

'(b) Different Leakage Size (III) . . . . . .

.of the Train-line .

Steady-state Velocity
(Theoretical) . . . .
(a) Different Leakage
(b) Different Leakage

Pressure Gradient and

'
® &s o . » . . -

Distribution

* e . . . . . . . . . .

LOCatiOI’l (S= 2-5%) e e°

Size (III) & . .. . .
Inlet Flow Behaviour

Illustration
Behaviour of

for the Rear-end Tran31ent
the Train-line ™ ., . . . . . .

(a) Pressure . .5 . b v v v e bt e e e e e e

(b) VEIOCitY‘ « s e e 4 s e « s e e v e e * »

Rear-end Presssure Transient Regsponse due
Dry Charging . Test (Experimental and
Theoretical) . . . .

(a) Different Leakage Location (S = 2.5%) . .
(b) Different Leakage Size (III) . . + + o .

. ” . L . L] L . L] L4 L] .

A\

- viii

24
28
28
28

4o
40
4o

41
41
41

48
48
48

52
52

—

C”

57

63
63
63

65
65 .
65









































































































































































- 68 - .

) 3= the difference between PN,j+1 and the
\xﬁPN,J decreases -
One can also make the same observations for the discharging
and the recharging tests. For the same pressure amplitude
at e;e head-end and the same leakage size and location, the o
recharging test result is compared with the discharging test

result. This comparison shows that the recharging

steady-staté'}ime is greater than the discharging time.

Fig. U4.5b shows tﬂe transient response of the in=line
velocity of the last section, U (1-é,'P),'for the
discharging teet. It 1s noticed that the direction of L
velocity changes (opposing motion) only if tpe leakage size |
is less than a certain minimum yalue. This minimup leakage
size for the model under study is 1.6%. This phenomenon may

have some effect on the propagation speed , V , which is

discussed in Sec. (4.5). ‘ 8
\ - | ‘
The theoretical result of the Jeloéity is verified , !

experimentally on the train-line laboratory model as shown
in Fig. 4.63 But, due to the difficulty in measuring
velocity inside the pipe of 6.4 mm (1/4 in) diameter, the
pressure betwe n two neigTboring points along the last
section was pe sured to determine the velocity, assuming
phﬁtlthe flow throughg&&e rear-end of the line to be
laminar. The relation between velocity and pressure

difference § is U (1-—N, Tj) = 0.3786 ’ (4, 1)
. )
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