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Study on Statistical Analysis of Measured Fluid Leakage Data and
Estimation of the Leakage Rate for Power Plant Valve
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Abstract : High temperature and pressure valves in power plant have been used for fluid flowing and leakage

occurred owing to valve internal damage such as disc wear, crack and inserting of foreign objects etc. in these

valves. Recently, multi-measuring technique applied both ultrasonic and acoustic method have been used for

evaluation of valve internal leakage in order to raise measurement reliability. Therefore, we have performed

various leakage tests using ultrasonic and acoustic measuring system and acquired leakage data for the various

leakage conditions. In this study, we developed the estimation method of regression model through leakage data,

and expectation method for valve opening ratio, which is directly proportion to leakage rate, using the established

estimation model from the measured data, valve size and fluid pressure so as to enhance data reliability. As a

result of this study, it was founded that expectation method of leakage rate by statistical analysis method is

appropriate to valve leakage evaluation.
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Fig. 1 Block diagram of valve leakage test system
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Table 1 Experimental conditions

Parameter Unit Condition
Opening ratio of test 9% 12345
valve(x;)
Valve size (x2) inch 1,2 3, 4
Fluid pressure (x3) bar 10, 20, 30, 40

Opening ratio (x;) =

Valve size )™  System

Fluid pressure (x3) .,

==+ Ultrasonic sensor (L)

-4 Acoustic sensor (A)

ey Mass cylinder (M)
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Table 2 The mean value and standard deviation for

ultrasonic and acoustic measuring data

Method Mean Stapdgrd

value deviation
Ultrasonic measuring data | -0.00312 0.2981
Acoustic measuring data 0.0219 0.3778

Table 2914 B wpep 2ol 253 BA7I7 &
& A7 e AgEs U= FHNM
g Fse Holg AL AT + Aok AA AF

%!

-0.89, 0890, &3 (-
L1s)eltt. d AE A vixddnY fFol
004, 1575) 4 HE3}E A& | =
HlwA F&sla YA ASEE ¢

49544 &

A St

T3]

HAE ¥H NEg (2,), 8B37] (z,),
g (zy)0l AZ719 AZF 45 oud dFS
=2 gt} 93 2y, x,, z; o OIS ASLAE
e} 43 A¥+ Fig. 3, Fig. 4 ¥ Fig. 59 Zo

Ultrasonic measurement Acoustic measurement

2
® &
5 {8 - ® - 3
= 4 - be P 2
2 § ; ! i ] ! '
£ . :
2 . s 2 R B
g -2 : ] e - -
& . . : :
-
= 2
3 2 3 - % 3 2 E B 5
X1
Fig. 3 Dots of measuring error for z,

Ultrasonic measurement  Acoustic measurement

Measuting Error
Q "
L
Lo
& R0
4 ¢ GUNISWINNENIR 3 &
?
& o
+ & DONDNIRE Y
+{ 444 & SUPRIINNING 0 &

1 2 Y 2z

X1
Fig. 4 Dots of measuring error for z,,

Ultrasonic measurement Acoustic measurement

2
°
- &
1 » bd - -
g * & H
=
fer]
= 1
£ S
2 - - . ] s ;
g - & 4 e hd
s
= © s
-
2 :
i E) F) ) £ )

X1
Fig. 5 Dots of measuring error for z;

283 gAY\ &% BAY AZLH Bo
25, 283 9A71% o gAY BF Wua
N )% A GH( )7 ABSE AZ2RY 4
27} ANE AYE BolL Yok 223 GA|9t
5% 94719 A2 AT BEge WuIY] 2
FALA BAG] 09 e Fol AT 1 4E
& 2 F%e vETE Ae BAY £ A

2t AETIol chEt =Y B
283 FA7), $F GAY), OF AZ Azdo

g 194, g SARY 21 e Table 3%

2t Table 39 A2 HEH, &3 37U &
gA71E wAstA 1 A}%?‘{ 735l w3
2R F4e T AT A5 pegkel FdEn

_61_



Table 3 Comparison of regression model perfor-

mance
Measuring method Stage R?(%)
No calibration 99.27
Ultrasonic 1st stage 99.32
measurement regression ]
system i
Multi s‘gage 99.98
regression
No calibration 98.83
Acoustic 1st stage 98.84
measurement regression )
system i
Multi s‘gage 9884
regression
1st stage
Multi-measuring regression 9941
system Multrs‘qage 99.42
regression
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