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Feasibility Study of the Capacitance Method for Wetness Measurement
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ABSTRACT: At the same temperature and pressure, the
dielectric constant of water is much greater than that of steam.
When the wet steam flows by the capacitive sensor, the sensor
capacitance changes with the steam wetness. The relative
capacitance change is related to the steam wetness, regardless
of the sensor geometry. The relative capacitance change caused
by the steam wetness change was calculated, the effect of the
salts contained was discussed. As manifested by the results of
calculation with the steam pressure lower than 15MPa, the
derivative of the sensor capacitance with respect to the steam
wetness increases with the constant steam wetness and the
increasing steam pressure, and increases with the constant
steam pressure and the increasing steam wetness. According to
the calculation results and several application backgrounds of
steam wetness measurement, the feasibility of the capacitance

method for steam wetness measurement was studied.
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Fig. 1 Schematic of the capacitance method
JIT U 28 P B A FR AR 28 b K I Jot & oy
PSRN Yis NS = AN 5 & W
m
Y — W
m, +m,
UMy myJ3 33 s 28T 7Kg 0 TR MK 251
R o
OB
Y=1[1+(ow/pv)(Vw/Vy)] (2)
s VA SRR K ARV ok B AR
VAR po Al oy 70 33 A MR DR LKA
VRN ZR VIR 2
U SRS AR 7R 28V B K T o B AR AR B L

x100% (1)

A=V /(Vy+Vy) (3)
MV, Vy=A/(1-2), ARARQ)T#
Y=(1-A/[1+(pw/pv—DA] “4)

5 W i 28 VP IR 7K A 38 5 A3 AR AE 28R N
FRIL R, fR¥ELichtenecher/2y s, Wi 25 VA 255
AERS A HL R B e T LA ER R 20k 43

g2 =28l +(1-2)el? (5)
e e AR s ) W 2P MR K PR i e
MR o I TR EL
il I35 (5 AT A5 2
A= =) (el — &) (6)
Ha (6N (4) AL AT 43

(8‘;/2 _ge1/2)
(/o —D+e =8 p,  p, ?

b R AR (O (Y M K
C=beg, 3
s CONHIAHE: b Ay L SRS 45 AT G
YT RAZER UL AR AR, A ECN
Cy=hs, )
B @A O)RNAK () 13 BIE R A

AR, /i
[€l* —(Cg,/C,)"*]

- 10
(P /P, —Drey —&p,/ p, (o

2 BEAMERHESERSH

2.1 JKFIKFESHII R ERE
R R R, AR A e RN

N Eyw ~ Ewen
Fu = o +1+4nzz'2f2 (1n
s eg WAKAE— MR T DS ARG syl
TETFRINHE T A BE LG sbigm e PSR,
FRAE SCHR[1617] &0 2z BOBCREZh 1070, B)I
4P PIOBCRSCN 10770, 1 H RS A I e A
T g 3 T ) R 9 PR ) R R R A N
R, BIRGRAET 10MHz, BIf %02
AT 10" BAR 1+’ PPEEARSM T 1, AT
FIINZ o Wi ERAE G eg=g,, T IAED B
BANKGEMEGL R, KA B HOT LU E A
WHORACK: . AR SCHR[17-1977T %0, HORN/K 2611
S H B T e G A R ROk T
TIAPWS—1997 4E7KRIZK 281 i 36 i A
FL RO ROl
8:1+A+5B+(9+2A+188+A%40AB+9B2V5

12
4-4B (12)
AFIB HLAR 2 g, B
3 2
M g,kT
3

B:lo \INe72) (14)

3Mg,

A KPR ZE 25 s NaoA B AR A4 2 5t
a P PR E eg WA E R p AT
BRI M4 EE/R T fE; g A Harris-Alder Ao
VAT B KR 7K Z8 0 & F AR A Fi i 2 B
W IR i, wlE 2 fros.
A DL H AR ZK ORI R K 280 A v B2
SRR, BRI Rt s ) (R 38 AR AN K (AR R A



%23 M A RS

AR

MRV AT YERT A 29

HIFIK AR

HFI7K

TR AFS A H 5 2

0 5 10 15 20
p/MPa

2 iAFNKFNIAFAKZESEX B EHREE BT
Fig. 2 Dependence of the relative dielectric constant of
saturated water liquid/vapor on the pressure
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Tab. 1 Tolerance of steam impurities in utility boilers

HIIE S/ w(Na)/ W(Si0,)/ w(Fe)/ w(Cu)/
MPa (ngked  (ugkg)  (ugkg)  (ugke)
<5.88 <20 <20 5.88 <15

5.88~18.62 <10 <20 <20 <5
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Tab. 2 Tolerance of steam impurities in industrial boilers
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Fig. 3 Dependence of the relative capacitance change
on the steam wetness
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Fig. 4 Dependence of the derivative of the capacitance
with respect to the steam wetness on the absolute wetness
(at 0.5 and 1 MPa respectively)
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