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Wanda 4 Gas \

 Transient phenomena in gas systems
* Abrupt
 Wave phenomena
* Non-isothermal processes
« Convection, expansion, conduction

* Applications
* Gas wells
> Choke valve break out
> Blow out
* Pneumatic systems
« Air conditioning systems

Deltares



Wanda 4 Gas

* Pipeline
 Valve

e Compressor
 Reservoir
 Checkvalve
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Wanda 4 Gas

Pipeline model |

« Conservation of mass iz op ., P +p0"V: 1 (4,V ¢
C\ ot O X ox ¢, T\ D A
e Conservation of momentum p ﬂ+V oV +§P:—4TW—pgSin9
ot OX O X

« Conservation of energy pC, LIV N U 0 VG e M
ot O X ot O X D A

 Equation of state P=ZRpT

« Wave speed C=yZkRT

«  Wall friction t, = f gv V|

e Heat conduction
¢ = L; (Ta — T)
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Wanda 4 Gas
Valve model |

8 unknowns PV, oo T, BV, p, T,
Conservation of mass PN — pY, =0
Conservation of momentum W (= p,AV,) = AY/XPp,

- Discharge coefficient A =7.6x107C,

- Pressure ratio X=(R-R)/R
: X 1
» Gas expansion fact. Y =1- Yoiiew =1——— F =k/k. =k/1.4
3FkXT tical 3Fk k air
V. V.,
Conservation of energy (CpTl + é} - [CpTz + 72} =0
Equation of state P=ZRpT
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Wanda 4 Gas

Validation example: shock tube

Two tubes with different initial pressures and temperatures are
separated by a membrane

Membrane breaks

5 5
° ° ° c
P1 P2
ip: 1 (barg) ip: 0.1 (barg)
it: 75 (°C) it: 5.7 (°C)
l: 10 (m) | 10 (m)
r: 1.001 (kg/m3) r: 0.125 (kg/m3)
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PIPE PL PIPE P2 PIPE P1 PIPE P2
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[0} T T T y T T y
0 T é 0 1I4 1I8 0 2 10 12 14 16 18 20
X-distance (m) X-distance (m)
___ Labels e Press. min —e— Press. max — Press. 0.00750s —— Labels —e— Densitymin —e— Density max Density 0.00750s
PIPE P1 PIPE P2 PIPE P1 PIPE P2
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— Labels —e— Velocity min —e— Velocity max —— Velocity 0.00750s —— Labels —e— Temp. min —e— Temp. max ——— Temp. 0.00750s
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Wanda 4 Gas

Vertical loop of 4 tubes (side view)

Left tube Is heated, right tube is cooled
First a expansion-compression flow sets in
Afterwards a circular convection develops

P2

Example: free convection |
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Temperature (°C)

Wanda 4 Gas

P2 1.00

1.00:

1.002

1-

0.99

~ 0.996

8 0.9947

o 0.992

5 E

2 0.999

j< ]

a 0.9887

0.9861

0.9844

0.982

0.985

0.9784

-t .. .. ‘T T rr—TTTrrTTTrrr Tt
1 2 3 4 5 6 7 8 9 10
P4 Time (s)
— Pressure NODE A — Pressure NODE B — Pressure NODE C — Pressure NODE D
100§
] S o—~——
907
803
703
603
504
40
30
203
0{
L T S A L L | L T L
2 3 4 5 6 7 8 9 10

Time (s)

— Temperature NODE A — Temperature NODE B — Temperature NODE C — Temperature NODE D
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PIPE P1 PIPE P2 PIPE P3 PIPE P4
PIPE P1 PIPE P2 PIPE P3 PIPE P4 11
1.0063 10
1.004
1.002 — 90
e 80
0.998 g 70
S 0.996- o 607
£ 0.904] ER.
= & 50
= 0. 992—E Q 201
2 0997 £ ]
£ 09887 = 30'5
0.9867 20
0.984 1
0.982
0.987 1
0.9787 T T T T
1 I I I I 5 10 15 20 25 30 35 40
0 5 10 15 20 25 30 35 40 S-distance (m)
S-distance (m)
Labels —e— Temperature min —e— Temperature max
Labels —e— Pressure min —e— Pressure max Temperature 0.30000s
Pressure 0.30000s
g PIPE P1 PIPE P2 PIPE P PIPE P4 13 PIPE PL PIPE P2 PIPE P3 PIPE P4
7 ]
1 1.25]
63 1
5{ 1.2
7 4 & 1.15]
E ] 1 ]
£ 3] ) .
2 ] < 1.1
8 2] > ]
g ] @ ]
1] R 5 1'05:
1 a ]
A R 1
] / 0.951\
-2 ]
= . . . . 0]
0 5 10 15 20 25 30 35 40 T Y Y u
S-distance (m) 0 5 10 15 20 25 30 35 40
S-distance (m)
— Labels —e— Velocity min —e— Velocity max —— Velocity 0.30000s

—— Labels —e— Density min —e— Densitymax ——— Density 0.30000s

Expansion en compression after 0.3 s Delta res



Wanda 4 Gas

PIPE P1 PIPE P2 PIPE P3 PIPE P4 PIPE P1 PIPE P2 PIPE P3 PIPE P4

Velocity (m/s)
Temperature (°C)
o
?

AL I L L L UL L oL, UL L P

T T T T T
5 10 15 20 25 30 a5 20 0 5 10 15 . 20 25 30 35 40
S-distance (m)

S-distance (m)

Labels —e— Temperature min —e— Temperature max
Temperature 6.30000s

Convection after 6.3 s

PIPE P1 PIPE P2 PIPE P3 PIPE P4

L~ i

— Labels —o— \elocity min —e— Velocitymax —— Velocity 6.30000s

PIPE P1 PIPE P2 PIPE P3 PIPE P4

Velocity (m/s)
L L W UL L L. T WL LA L

Temperature (°C)
o
?

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
S-distance (m) S-distance (m)

Labels —o— Velocity min —e— Velocity max Velocity 20.00000s

Labels —e— Temperature min —e— Temperature max
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Convection after 20 s



Wanda 4 Gas R e
Example: HIPPS calculation |

Oil well with Choke valve, pipeline network, and transportline

Choke valve breaks out
HIPPS valve closes in 2 seconds

{ o=»} { o=} { o} §{ o+ %
E F G H I

of o5} {osy
C D
WellTube B sectiel sectie2 sectie3 CHOKE sectieda  Venturi sectiedb  HIPPS
@ )
RSVOIR o] (<o o e o
e
G M L K
A sectie6 ROV4 sectiebb sectieba
N PLANT
G
oo} = o5} — s =5 of esto Y
(0] P Q R S T
T1 S1 T2 S2 T3 S3 T4
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Wanda 4 Gas
Example: HIPPS calculation |

280-
260~
240-

220

Pressure (barg)

= = )
A O o0 o
2..2.2..7

120-

100~

1300 1400 1500 1600 1700 1800 1900 2000 2100 2200
S-distance (m)

—— Labels —e— Pressure min —e— Pressure max —— Pressure 1.000s
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Example: HIPPS calculation |

Velocity (m/s)

100
90-
80-
70-
60°
50-
40°
30-
20-
10-
0-
-10°

-20-

—
1300

e e B —— E—— e
1400 1500 1600 1700 1800 1900 2000 2100 2200

S-distance (m)

—— Labels —e— Velocitymin  —e— Velocitymax —— Velocity 1.000s
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Example: HIPPS calculation

250_'“““‘ﬁﬁﬁﬁ““‘ O 0000000000000
240-
230—5 doccscoce
220
210
@200—;
8 190
o 180
5 170—2'“““'“““’“““"»«“0““
g__" 160—;
150-
140- 0000800009000 000000000000 0000000000000 0009
130
120 H —
110—5 ‘WWW
1840 180 | 180 1900 1920 1940
S-distance (m)

—— Labels —e— Pressure min —e— Pressure max —— Pressure 0.091s
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Example: HIPPS calculation

(o) (]
AR
Iy

1

\l
?

Velocity (m/s)
N a1 (o))
2.2, 7
— >

|
C
:

:nmml I 00000 vw I I I Drm T “p

1840 1860 1880 1900 1920 1940
S-distance (m)

N
@

=
?

?

—— Labels —e— Velocitymin  —e— Velocitymax —— Velocity0.091s
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Wanda 4 Gas
Example: HIPPS calculation |

250 pesee PPN $o00 00 oo
240-
230- §o00000000000 00009
220—;
210-
@ 200—; |
g 190- —
v 180
& 170—:% o0
(/) -
L 160-
D_ -
150—;
140—; 0000000000000 00.0 000000 00 00 00 O
130—;
120-

L[ |reepepepe—————————

1840 1860 1880 1900 1920 1940
S-distance (m)

<+— 90000 0000000000000 0000000¢

—— Labels —e— Pressure min —e— Pressure max —— Pressure 0.171s
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Wanda 4 Gas
Example: HIPPS calculation |

250 pesee PPN $o00 00 oo
240-
230- §o00000000000 00009
220—;
210-
@ 200—; |
g 190- —
v 180
& 170—:% o0
(/) -
L 160-
D_ -
150—;
140—; 0000000000000 00.0 000000 00 00 00 O
130—;
120-

L[ |reepepepe—————————

1840 1860 1880 1900 1920 1940
S-distance (m)

<+— 90000 0000000000000 0000000¢

—— Labels —e— Pressure min —e— Pressure max —— Pressure 0.171s
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Example: HIPPS calculation

75 p [+

70 LR {
65 uf

= 40;:::: ........... 000000000000000P

S I -

10-|%ee00c0cca

1840 1850 1860 | 1870 1880 1890 1900 1910 1920 1930 1940
S-distance (m)

Labels —e— Temperature min  —e— Temperature max
Temperature 0.171s
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