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Factors affecting hydraulic performance of water-measuring
pillar with round head in U-shaped channel

LIU Ying', WANG Wen-e', HU Xiao-tao', TAN Xiao-fan®

(1 College of Water Conservancy and Architecture Engineering , Northwest A& F University ,Yangling »Shaanxi 712100, China;
2 Puming Street Of fice ,Mianyang ,Sichuan 621000, China)

Abstract: [Objective)] This paper studied the factors affecting hydraulic performance of water-measur-
ing pillar with round head based on the principle of critical flow to improve its application in irrigation areas
of North China. [Method) The hydraulic performance on flow measurement formula, proper throat contrac-
tion ratio,head loss,critical submergence degree, and flow measurement precision of water-measuring pil-
lar with round head with six contraction ratios (¢e=0. 75,0. 70,0. 63,0. 56,0. 50,and 0. 44) in U-shaped
channel was tested based on five discharge rates (Q=0.015,0. 025,0. 035,0. 045,and 0. 055 m®/s) and four
channel slopes (i=1/1 000,1/2 000,1/3 000,and 1/5 000). [Result) There existed a good exponential cor-
relation between the stagnation-point depth of the water-measuring pillar with round head and the dis-
charge with coefficient of correlation of 0. 997. Discharge formulas of four channel slopes were obtained
through the regression analysis of experiment data,the fitted discharge formula which was in line with the
dimension concordant principle met the flow measurement accuracy,and the maximum error between the

measured discharge and the calculated discharge was 6. 79%. When the proper throat contraction ratio was
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within 0. 50 to 0. 70 and the upstream backwater as well as the water head loss was small,it had a high crit-

ical submergence degree of up to 0. 90. [Conclusion) The water-measuring pillar with round head has a

simple structure and can resist sludge plugging, which suits the channels with sediment-carried water in

North China.
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Plane arrangement for the test system of water-measuring pillar with round head
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Table 1 Section parameters of the U-shaped channel
S eyl PETFE / m R /m K /m JKINE 2 /m N oo
Channel Width of Channel Channel Bottom Arc ‘EP‘L‘ /O M\@iﬁﬁ’ ©
. Central angle Camber angle
type channel top depth length diameter
18] 0.53 0.45 12 0.4 152 14
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Fig. 2 Configuration design of the water-measuring pillar with round head
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Table 2 Basic parameters of the water-measuring pillar with round head

T Iﬁliﬁﬁé(D)/mm W 1L L . AR K JE (L) /mm Length of cylinder
Numl Diameter of Throat contraction

amber round head ratios L/D=1 L/D=3/2 L/D=2
1 100 0.75 100 150 200
2 120 0.70 120 180 240
3 150 0.63 150 225 300
4 175 0. 56 175 262.5 350
) 200 0. 50 200 300 400
6 225 0. 44 225 337.5 450
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Fig. 3 Sketch map of flow measurement for the water-measuring pillar with round

head(1—8 are the key measuring points)
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Table 3 Upstream backwater of the water-measuring pillar with round head under different channel slopes (i),

proper throat contraction ratios and discharge rates ()

W 11 W 4 1, — i=1/1 000 — i=1/2 000 S— i=1/3 000
Throat contraction s FEK i i /em s K/ em (o AR /cm
o8 (m? = s 1) (m?® + s 1) (m? «s™1)

ratios Discharge Backwater Discharge Backwater Discharge Backwater
0.015 0. 65 0.015 1.11 0.015 1.08
0.025 0. 86 0.025 0.75 0.025 0. 84

0.70 0.035 1. 09 0.035 0. 89 0.035 0. 96
0. 045 1. 11 0. 045 0. 87 0. 045 1.13
0. 055 1. 26 0. 055 1. 32 0.055 1.58
0.015 1.43 0.015 1. 34 0.015 1.47
0.025 1. 64 0.025 1. 20 0.025 1. 40

0.63 0.035 1.96 0.035 2.03 0.035 1. 64
0.045 2.02 0.045 1. 82 0.045 1. 88
0.055 2.31 0. 055 2.41 0.055 1.91
0.015 1. 88 0.015 1. 64 0.015 2.25
0.025 2.38 0.025 1.61 0.025 2.11

0. 56 0.035 2.69 0.035 2.39 0.035 2.39
0.045 2.83 0.045 2.44 0. 045 2.51
0.055 3.45 0. 055 3.21 0.055 2.47
0.015 2. 80 0.015 2.34 0.015 2.70
0.025 3.955 0.025 2. 36 0.025 2.81

0. 50 0.035 3.64 0.035 2.92 0.035 3. 30
0.045 3.79 0. 045 3. 20 0. 045 3.37
0.055 4.72 0. 055 3.94 0.055 3. 64

gk AR o 0.50~0. 70 I IR 22 B BEXX T LT IRKCKZEA R T 5 em B EOR L N IL AL
AN H BB AR BN REARERITE 5 cm LR SRR DR LN 0. 50~0.70, % T IRIE RN
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Fig. 6 Ratio of the head loss (h;) occupied in upstream total head (H,) to the water-measuring pillar with round

head under different channel slopes (i) ,throat contraction ratios (e),and discharge rates (Q)
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