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Abstract : Piping systems comprising pumps and valves are essential in the power
plant, oil, and defense industry. Their purpose includes a stable supply of the working
fluid or ensuring the target system’s safe operation. However, piping system accidents
due to leakage of toxic substances, explosions, and natural disasters are prevalent In

addition, with the limited maintenance personnel, it becomes difficult to detect,
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isolate, and reconfigure the damage of the piping system and recover the unaffected
area. An autonomous recovery piping system can play a vital role under such
circumstances. The autonomous recovery algorithms for the piping system can be

divided into low-pressure control algorithms, hydraulic resistance control algorithms,
and flow inventory control algorithms. All three methods include autonomous
opening/closing logic to isolate damaged areas and recovery the unaffected area of
piping systems. However, because each algorithm has its strength and weakness,
appropriate application considering the overall design, vital components, and operating
conditions is crucial. In this regard, preliminary research on algorithm’s working

principle,

its design procedures, and expected damage scenarios should be

accomplished. This study examines the characteristics of algorithms, the design
procedure, and working logic. Advantages and disadvantages are also analyzed
through simulation results for a simplified piping system.
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Rupture Detection
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Fig. 2. Operation procedure of low pressure control algorithm,
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Table 1. Priority design example for LPC algorithm
Priority Closing valve candidates
Priority #1 Valve #1, Valve #3 30 sec
Priority #2 Vlave #2, Valve #4 55 sec

Delay time
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where R, = hydraulic resistance, Pa/gpm®
P;, = down stream pressure, Pa

Q@ = flow rate, gpm

FAl A slid AFolA 9 T FF= o]
o] o] BaEFE= oz AHogh) AHkE o
vl S ASshke A2 AA7F ofga AS &2
=7k ok olo] frAlAR el ZIukete] THEo R &4

ol .

LI

NAE ddsh= Alo] dareES Hé‘j4 =T
HEE SAstL 4 2= FoH= HE2Rol A o]
&5t sl Ao = 7meoif Joh= 1WA
o TG
1 2 1 2
Pyt pghat5pva=Pptpghpt 5 pvp @

where P = pipeline pressure, Pa
v = fluid velocity, m/s
p = density, kg/m® h = height, m

g = acceleration due to gravity, 9.81m/s”
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Table 2. Closing timing design example for HRC algorithm

val Pump 1[sec] Pump 2[sec] Total[sec]
Ml ew cew | aw | cew | ow | cow
Valve 1 1 4 3 2 1 2
[40] [10] [20] [30] [40] [30]
Vave 2 | 2 3 4 1 2 1
alve [30] [20] [10] [40] [30] [40]
Valve 3 3 2 1 4 1 2
alve [20] [30] [40] [10] [40] [30]
Vave 4| 4 1 2 3 2 1
alve [10] [40] [30] [20] [30] [40]
P1
(a)

Rupture Detection

(b)

After 40 Seconds
(CW) V1 closed

P1

(c)

After 40 Seconds Vi V2
(CCW) V2 closed
V3, V4 restored

V4 V3

Open Valve
:;} Rupture N Normal Condition

Open Valve
Disabled Condition

N Closed Valve M

Fig. 3. Operation procedure of hydraulic resistance control
algorithm,
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Fig. 4. Operation procedure of flow inventory control algorithm,
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Table 3. Specification on simplified piping system

Component Parameter Setting
Layout Size 2 mx1 m
Inner diameter 100 mm
Laminar fr@cti.on constant 64
Straight (Darcy friction factor)
Roughness 0.046 mm
Pipe Pipe wall type Rigid
Elbow Inner diameter 100 mm
Inner small diameter 100 mm
Expansion Inner large diameter 250 mm
Vertical diameter 260 mm
Opening time 3 sec
Flow discharge coefficient 0.7
Valve type %ﬁcevzgi on/off
vae Motor driven Type
Actuator type : 30 sec for fully
valve open
Inner diameter 100 mm
Pump type Centrifugal type
Flow rate 0.2 m*/min
Puep Impeller | Rotational speed 2950 rpm
Outer diameter 166 mm
Reservoir Fluid volume 1000 m’
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Fig. 5. Piping system model (a) schematic simulation model,
(b) details of simulation model and (c) simulation model.
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Table 4. Closing timing re—design example for HRC algorithm
as pump #1 operation

Ve | Pump dlsec] | Pump 2fsec Totalsec]

CcwW ccw CwW ccw CcwW ccw
vave l oy opg © o | o
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Table 5. Summary on simulation results of autonomous piping system recovery algorithm

1-D fluid analysis and simulation conditions

Algorithm Component 1 Pump, 1 Rupture
) Performance
LPC algorithm - Unrecoverable
Recovery time
) Performance Recoverable
HRC algorithm :
Recovery time 125 sec
Performance Recoverable
FIC algorithm -
Recovery time 36 sec
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