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Fig. 1 Layout of plunger control valve and testing instrument at surge tank of Baocang canal
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Fig.2 The flow coefficient-opening characteristic curve of

K,/(m3sh'kPa %)

plunger control valve
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Fig. 3 The flow-opening characteristic curves of plunger control valve

under different pressure differential conditions
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Fig. 4 The cavitation coefficient-opening characteristic curves of

plunger control valve

u
175 /dB (A)
[eelesleclecleiloblefelelsNoNoNoNoNaNeNoNoNo ol ol el
PRW AN OO—NWRANAICOOO— WA
— T

10 zb 36 4b sb 6b 76 sb 9b 160
H I BE /%
B s ERAEREXEELAIGESFERErZ%

Fig. 5 The noise-opening characteristic curve of plunger control valve

under the maximum pressure differential condition

HITE 4, (8] 5 RTRD, SRR T TRT AR IR R A S84
T ZR R L R R 1] O RS g o, B
W TR TS 22— WAEOL R, BT 1P B O i

PRER R, I I 1] G T P R G, S SO TR
P REREAR . T TAE IR R R 25 52.3 my il T
i 1.84 m/s i, FEAR R ORI 95 dB(A), FT L
] 1 e 7 4o K

RO I 1 R T R O A K T R AR, i
TR ] A BB AR R E L OB I TR B A
HHEAT THARBOR . il ik, s w4k
K Bk 28858k (EN-JS 1030), M 213 R FH A 45 49
XS5CrNi18(1.430 1) o &I [k 3t 45 424 ol s Bk ™ s 425
T HO TR BE, T T4 36 S Zeak ) o Dl A i
)T MR T T i R 2 e A A IR HEA T A
1) o A
33 RNZESHEHL

Il 4. &5 bk ml 6, 8 I 8 s 1R vk 2 8 8
Mg 7 o ) 7 P R A 34 K, A i 1R I T R T
iz, o R R T R, T KM | YRS
MG, Fe T IR AR 1 ORI, R R 4 e 1 4 1) i FH
FEfT o PRI, VRV R BE R B T s
YT 78 2R R B /N TR AR R AL, ik
B 1) e K22 52.3 mo il O # i T 058 R
PR BAE N AR T ORI R 5 hIE 2 AT %,
O] 58 20 R BCN 0.18, MR 7347, 4
BUAEAE R I TG AP i R 8, A BT T 2

B ERSHACA R (5) 545 i 1] A H
FEH=2.17 m. TR & B U, U R
AL IR B R, A B KA LA T
W 1T A R s AR AR (6) BRI A5 1 B 1] 11 %2
BV =13.83 m,

S VR T R 1 e A A S B L, T —
G, WD B R R E N 12.92 m.

3.4 R ITILG MR

W ia A g W Al B 1 A TR T
i, TZ VI W T BEAE 42.2% ~ 57.5% 54T, 52
i PR 2.10 ~ 3.16 m/s. [®1] 7 o R FORIHE
5 SET L2 2. 1T R AR T 4 5 5
AT L LI 6.

H2 2 FIEL 6 T, (1T HF BETE 45.3% L) b ik
R BCEIE S HE AR R 22 FE£15.1% LAY, H
W 1T BEAE 44.4% VLR I, 3 B 2 B0sc il {8 5 B e
THEAEA X R ZER K. RSB ]s17
AR, B IR T 90 dB(A), FR 3l i Bt A /N [l
A, il TR FHER

KA TAEFR 1149 -



21 % B ol ARG ARABHCFHEO

2023 £ 12 A

*2 ARBEERRERBGHES TNENEEE

Tab. 2 Comparison of plunger control valve flow coefficients between designed values and measured values
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transform infrared spectroscopy (FT-IR) to understand the influence of microstructure on macro strength.

Results showed that the strength of materials was most affected by the content of waterglass, less by the catalyst,
and least by the PAPI. When m(PAPI):m(waterglass):m(catalyst)=20 : 20 : 1, the strength of the curing body and
stone body reached 49.5 and 16.5 MPa, respectively, which is superior to other similar products. Further
microstructure analysis demonstrated that the surface of the modified polyurethane was uniform without obvious
fine crevices, and the phases in grouting materials were interconnected with each other. The characteristic
absorption peak near 1 050 cm ' gradually increased with the increase of waterglass content, indicating that —NCO
reacted with the activated silanol generated from the hydrolysis of waterglass. Inorganic Si—O bond was introduced
into the polymer chain segment and formed a stable inorganic-organic interpenetrating network structure, which
further improved the compressive strength of the material.

In this research, polyurethane was modified by cheap waterglass. This not only reduce the cost but also improve
the compressive strength of materials, which is expected to expand the application scale of polyurethane in the water

plugging and reinforcement engineering of broken surrounding rock during the construction of the headrace tunnel.

Key words: headrace tunnel; polyurethane; waterglass modification; chemical grouting material; compressive

strength
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Hydraulic characteristics test of plunger control valve

ZHANG Yanzhong, GENG Yunsheng, WANG Zhibin
( Hebei Water Conservancy Planning & Design Institute Co., Ltd, Shijiazhuang 050021, China )

Abstract: Plunger control valves are widely applied in water diversion projects, and thus the design of hydraulic
characteristics of valves becomes important. Flow path optimization and simulation calculation are two hydraulic
characteristics of valves that are mostly studied, while the research on valves setting elevation is scarce. Therefore, it
is necessary to optimize the hydraulic characteristics of the valve's internal flow path, determine the reasonable
setting elevation of valves, and eliminate cavitation and vibration during valve design.

This study focused on improving the operating conditions of valves and determining the reasonable setting
elevation of valves, to prolong the service life of valves. The mechanical criterion of hydraulic turbine cavitation
was utilized, and the formula for calculating the valves setting elevation was derived. In addition, the hydraulic
design of valves was verified by collecting the operating data of the in-line valve and drawing the flow coefficient-
opening characteristic curve of a real hydraulic turbine, which was later used to guide the field operation.

The results show that the measured flow coefficient is consistent with the designed curve when the opening of
the valve is above 45.3%, which verifies the correctness of the hydraulic design of the valve. However, in the small
opening section of the valve, the deviation between the measured flow coefficient and the designed curve is slightly
larger. In the field test, the valve runs smoothly, and the noise is less than 90 dB (A), with the vibration fluctuating
in a small range.

The safe and smooth operation of the valve is ensured by optimizing the hydraulic design of the valve and
determining the reasonable setting elevation of the valve. The cavitation, vibration, and noise of the valve are
reduced, and the service life of the valve is extended. In addition, the field test of valve performance further verifies

the rationality of the design of hydraulic characteristics of valves.

Key words: plunger control valve; hydraulic characteristics; cavitation coefficient; installation elevation; test

analysis
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