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2. Fluid Transients 2| &

2.1. Hydraulic Transients (Hydraulic shock)
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2.2 Thermal Shock (Steam Hammer)
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(EX: Fluid Transients in System, E. Benjamin Wylie, Victor L. Streeter -1993)
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Control Volume
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Momentum/s in ! Vo [ % ApA Momentum/s out

PAVG Yot dav :—» (p + Ap)A(Vy + AV)2

a8 2-3
(EX: Fluid Transients in System, E. Benjamin Wylie, Victor L. Streeter -1993)

&l 2-3(b)0llAl ZAL M&(Control Volume) LIE 2| 5% HZ(Momentum Change)S
=5t

A(a—V,)At

v [(p+Ap)V, +AV) - pV, ]

ZAME LHES| 25T HE 2ot HiatA TN 25 A2 FEotH
—ApA = A(@a—V)[(p+Ap)V, + AV) = pV, ]+ (o + Ap) ANV, +AV)? — pAV

EYEES HAZ N800 AANA Uel 2Y EEMES FLoHH

PAV, —(p+Ap)A(V, +AV) = Ala _Vo)At&(;O +Ap) - p]

L = Mass Density of Fluid

Ap = Incremental Density Change
g = Acceleration of Gravity

y = Specific Weight of Fluid

A = Cross-Sectional Area of Pipe



V, = Initial Flow Velocity

AV = Increment of Flow Velocity

a = Wave speed

SEY YHAL DYBE YHAS B0 Yo 12 2,

Ap = —paAV
o|f Ap = pgAH 0|22 Q|42 (2-2) Aut 0] Fa| & == UL}
AH = _3AV
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fIoA FE=E SAZ2 Joukowsky Equation SE= Basic Equation of Water Hammer 2t11
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1+ (KE)(2))

L = Mass Density of Fluid

K = Bulk Modulus of Elastcity
E = Modulus of Elasticity

D = Pipe Diameter(inside)

e = Pipe Wall Thickness

a = Wave speed
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4.3 Pipeline Movement and Vibration

Fluid Transients Of O|3h Wi L 242 43 A HpEAo] BHEsh S(stress,
strain)i} FES Q% & 4+ UCh E3 N BT 5 51F MBS 0|42 b
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4.5 Low Flow Velocity

O|ZAE Slurry Line O 2 Motz dMO0Z H|Z L IX|(Solid) £&0| &S0
Hi2o| 8t3l(Blocking)2 FEUE &= ALK

4.6 Reverse Flow

Transients Flow O 2|3t % &F(Reverse Flows)2 EI2| 7| (Pump Sealing, Brush Gear)
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6.2 Accumulator
MFotet ZEHEO|A BO| AMESH= FX|O|CH 2= 37| HHQb O SARSICE Cf
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s

—_

Ao

Accumulator = Transients Flow O 2|siiA & E0| M5 Al 220 ¢=g|0f
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Cob &3 ASIE 0|2 SHCt Accumulator ] EX 2 CHE ZHX[0f H|BIO] 3 7|7t H]
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Displacement Pump)2| s HHE AL Al EET 7HE 2N EX[5t= A0l &
om ZQ H{TOl AL ST JbR 2FMSI0] M| siof S}

El

=)

6.3 Pressure Relief Valve

Pressure Relief Valve = Transient Flow O] 2|5} Hiist aiME=S o HHHE X|I=E
Ioto 2 A Hij2tA 0| HMotE YHO|MoE 4SSt AS WX|SHe HY

Pressure Relief Valve AX| A| &= %Xﬂ% St (Drainage)= OI%?_F 2|7t 7Hs K|
§

Relief Valve & LH&S2 HiZA 2 01%%*-?— = J(1|3._
kK| QLO{OF SIC} Pressure Relief Valve 2| AF2 A| Folgt ML Hz= J|ZHX| 0

=
o5t HWMSHE Fluid Transients Ol = ZOHAO[X| 2 £ oS 2 AL Fol|of

St
Relief valves Process control valve
[ Y

Blowdown
line

Supply line

—p

A

y

?] (_’ Blowdown vessel ' 3
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P A AT A Ay AV AV AN A v ar ar )

~

Figure 1.24 A pressure relief system protecting a reaction
vessel. -
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232 XXl (High Pressure Rating Piping Components)& At&3%t= Zi0|Ch d2|1 2
t EE%¢ Hl& X|X| Z(Anchor)2 €X|5t= ZAO|Ct. gLt Hij2to] FHe2| Hig
(Pipeline)0|t{ Z7| FX} H|E R SIEZ, MY HE7 &4 ER5HC.

Fluid Transients 2 X| CHMOo = &7|0M 7|=2t A (0| S(Water) O|& H{ZO|A AtE
T|= Surge Shafts(12 6-6), One-Way Surge Tank(ZLZ 6-7), Air Release / Vacuum
Breaking Valves(1Z 6-8)50| U2 O|F TXl= 37|12 FE2 & StAL Cf7|0
= BE0| etz MR st Fofet #0| Qlahdo] dot fHME 0|5 St= HiEtA
SHAZ| AL HEo HEEX

C
o
Zote Chaet d#ol ALt

I

o
o= FHZoL oleo: HZol = FH=S
A

(Damping Device)E ot0f #EO| 543 HIA|FA

shaft

Reservoir Gravity fed line -

Treaument” D557~ Pump
works station

jgure 1.2 A surge shaft on a gravity fed line to a
treatment works. A pump station draws its supply from an
intermediate reservoir and discharges it to a line protected by
an air vessel.

Refilling
line
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Air release
Pressure valve

regulating Risin

Check

valve
Submersible . M The com-
pump bination of air release and

pressure regulating valves
may be used to suppress
high pressures on start-up of
deep-well pumps
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ML oLt A= Computer & 0|83t $X|o|A WOl EHsl || UCH SESH HY
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Method) 52 O|23l0] Programming & ZHO=Z ZtZt £X|siA dteof| et ZCH

2 7M1 ol sMe MAYEECE Vi HE CHYSH Software Package =0 MEO0|1
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