Journal of University of Zakho, Vol. 3(A) , No.1, Pp 153-163, 2015

[image: image1.png]


[image: image45.png]—_— ante





[image: image46.jpg]


SURFACE ROUGHNESS EFFECT ON DISCHARGE COEFFICIENT OF COMBINED CYLINDRICAL WEIR GATE STRUCTURE
Shaker A. Jalil1 and Safa S. Ibrahim2

1Assistant Professor, Water Recourses Engineering Department, Faculty of Engineering, University of Duhok, Iraq
2Assistant Lecture, Petroleum Engineering Department, Faculty of Engineering, University of Zakho, Iraq
 (Accepted for publication: May 18,  2015)

ABSTRACT:
The aim of this research is to investigate the effect of surface roughness on the performance of weir and gate. An experimental study in a laboratory ﬂume is carried out to study flow over and under cylindrical weir gate in combined structure as flow measurement device. Four models having different diameters were tested in a laboratory flume. In each model, the surface was roughed four times. The results of the test show logical negative effect of the increase of surface roughness on the performance. The performance of the combined structure improved with decrease ratio of roughness to the upstream head (Ks/H) and with the increase of the total head to the diameter of the weir (H/d). Empirical relations were obtained to estimate the variation of discharge coefficient (Cd) in terms of some dimensionless parameters. Within the limitations of the present experimental work an equation to predict the discharge is proposed with R2 of 0.936. Finely the contribution of the gate increases relative to the weir when the surface roughness increases.
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1. INTRODUCTION

T

he most common and important water measurement structures that used for controlling, adjusting the flow in irrigation channel and diverting the flow from a main channel to a secondary channel are weirs and gates. One of the weirs demerits is they need to be cleaned of sediment and trash periodically. Sluice gates are used extensively for flow control and water measurement for long time. One disadvantage of the gates is they retained the floating materials. In order to maximize their advantages, weirs and gates can be combined together in one device, so that water could pass over the weir and below the gate simultaneously. One of the combined weir-gate structures is cylindrical weir- gate structure. Regarding the form of the combined cylindrical weir-gate structures, it has some advantages including easy design by using commercial pipes, sediments and floating materials flow, high flow discharge coefficient than other replaceable structures and its being economic and combination of those structures in one device can minimize the disadvantages of separate use of each device. The performance of the combination has been studied by many investigations, Negm et al. (2002) presented the effects of hydraulic and geometrical parameters, viscosity and surface tension in the combined flow over rectangular weirs and rectangular gates with sharp crested. They found that the trend of variation in sloping bed cases was similar to that horizontal bed. Hayawi et al. (2008) studied the characteristics of free flow through the combined triangular weir and rectangular gate. They found that the values of theoretical discharge was inversely proportional to the geometrical dimensionless parameters and directly to distance between the bottom of the weir and the upper edge of the gate. Hayawi et al. (2009) investigated the coefficient of discharge (Cd) for a combined rectangular weir with semi-circular gate. They found that the average value of (Cd) was equal to 0.695. Also, obtained that the value of (Cd) increase with the increases of the distance between the weir and gate opening with average value of (Cd) 0.74. Jalil and Sarhan (2013) studied the flow over a sharp crested weir and under gate in combined oblique structure as flow measurement structure. They found that the value of [image: image2.png]


 range from 0.403 to 0.623 with different effect parameters. Masoudian et al. (2013) experimentally studied the effects of canal size on discharge coefficients of cylindrical weir-gate by used two flumes. They found that the value of ([image: image4.png]


) in large canals were (0.75 to 1.05) more than in small canals ([image: image6.png]


 0.55 to 0.9) which can be as a result of surpassing effects of walls, canal size, surface tension and viscosity on discharge coefficient in small canals since the ratio of boundary layer thickness to the canal width in small canals was considerably more than the ratio in large canals and whereas, the amount of flow velocity in boundary layer was low, led to reduce discharge coefficient. Severi et al. (2013) performed the effect of vertical movement of cylindrical weir-gate on free flow hydraulic. Experimentally resulted that the gate opening changes has inverse effect related to discharge coefficient, so that the maximum and minimum discharge coefficient were visible in cylindrical weir and cylindrical gate, respectively. Furthermore, in a constant diameter and constant discharge, discharge coefficient changes had an increasing process by the decreases of the gate opening height. Besides, in a constant discharge and gate opening height, discharge coefficient decreases with increase in the structure diameter. Khassaf et al. (2013) investigated the coefficient of discharge and characteristic of free flow for a combined weir (have two rectangular notches with trapezoidal notch between them) and semicircular sluice gate. The results show that the values of (Cd) range from (0.358 to 0.426) with an average value of (0.392). On the other side the effect of surface roughness are studied by numerous research on different hydraulic structure, such as, Othman et al. (2011) and Ghobadian et al (2013) studied the effect of size and surface roughness of cylindrical weir. Mohammed et al. (2011) studied the effect of bed roughness of free overfall in a rectangular channel with different bed slope. Jalil et al. (2014) investigate the effects of surface roughness sizes on the discharge coefficient for broad crested weirs. 
Previous studied sources the discharge coefficient of combined weir-gate structure usually expressed for a smooth case. Therefore, the main objective of this investigation is to study the effects of different diameters and surface roughness on the hydraulic characteristics of the combined cylindrical weir and gate structure. 
2. THEORETICAL BACKGROUND

The conservation principles of the energy and continuity can lead to the theoretical base of the free flow over weir and under the gate as two parts of the hydraulic flow measurements structure. Theoretically if no energy lost, a well-known equations for evaluating the discharge over the weir and under the gate can be presented as in Equations (1 and 2) respectively, the overall discharge of the structure is the addition of the two equations which presented in Equation 3. Figure 1 shows the definition sketch for the flow with the geometric parameters.
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Figure 1. Combined weir gate structure
Where: Qth = discharge passing over the weir and under gate (L3 /T),
Qw= discharge passing over the weir (L3 /T),
Qg= discharge passing under gate (L3 /T),
H = upstream head (L),
d= diameter of the pipe (L),
h= head depth of water over the weir (L),
a= gate opening (L),
B = weir and gate length (L), and
g = acceleration due to gravity (L/T2).
The proportion of the actual to the theoretical values of discharge is well known as coefficient of discharge (Cd), then the actual discharge of total structure can be written as in Equation 4.
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Where: Cd = coefficient of discharge.
The actual value of discharge is affected by all the factors imposed in the flow phenomena. This coefficient simulates the effect of all factors entering the physical process of flow. Based on Equation 4 and used the dimensionless parameters introduced by earlier studies, the following wide function relationship can be written as in Equation 5.
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Where: Ks= roughness size (L),
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R

= Reynolds number, and
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W

= Weber number.
The values of Reynolds number and Weber number are not affected due to turbulent flow and neglecting surface tension. Equation 5 can be written as
[image: image14.png]()




3. EXPERIMENTAL WORK
The models of study were made from plastic pipes have four different diameters (d = 4, 6.3, 9, and 11 cm). Each model was roughed four, three models were roughed by uniform aggregates of size 2.36, 3.35, and 4.75 mm, and the fourth model left as it is a smooth plastic, see Figure 2. The experimental investigation was carried out in a horizontal flume of working length 2.4 m, having a rectangular cross section of 0.25m height and 0.075m width. The depth of flow was measured, using point gauge with venier scale reading to 0.1 mm, at center line of flume. The flow rate was measured by a volumetric tank. Details of the experimental program are shown in Table 1.

Figure 2. Cylindrical weir-gate structure model

Table 1. Details of the cylindrical weir-gate structure models tested during the experimental program
	Models
	Diameterd (m)
	State of Surface  Ks (mm)

	1
	0.04
	Smooth

	
	
	2.36

	
	
	3.35

	
	
	4.75

	2
	0.063
	Smooth

	
	
	2.36

	
	
	3.35

	
	
	4.75

	3
	0.09
	Smooth

	
	
	2.36

	
	
	3.35

	
	
	4.74

	4
	0.11
	Smooth

	
	
	2.36

	
	
	3.35

	
	
	4.75


4. RESULTS AND DISCUSSIONN
The data collected from the tests of the four structural diameter sand two roughness are presented in Figure 3, which shows the comparison between the smooth surface of the cylindrical combined structure and the rough surface of Ks=4.35 mm. It is clear that the total discharge flowing over weir and under the gate is increase with the total head. The effect of surface roughness is also clear, it can be notice that for a certain total head and pipe diameter the total discharge is more for the smooth, so the head increase with increase of surface roughness (Ks) for a certain value of discharge. This increase in head caused by the head loss due to increase of friction force.
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Figure 3. Variation of the discharge with total head for different pipe diameter and roughness
The experimental data is presented in Figure 4, which shows the effect of structure diameter on the discharge for all surface roughness heights (Ks). It can be pointed that there is a slight decrease in discharge value with the increase in surface roughness for large pipe diameter, while the effect of surface roughness seen to be more effective for the small pipe diameter. 
[image: image16.wmf]0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

Q

a

c

t

 

 

(

m

3

/

s

)

H  (m)

d=0.04 m

d= 0.11 m

Smooth

smooth

Ks=2.35 mm

Ks=2.35 mm

Ks=3.35 mm

Ks=3.35 mm

Ks=4.75 mm

Ks=4.75 mm


Figure 4. Variation of the discharge with total head for different roughness
The calculated value of discharge coefficient (Cd) in Equation 4 was studied with the dimensionless parameters in Equation 5. It is clear that the value of (Cd) decreases with the increase of roughness (Ks) for a fixed value of (h/H) and increases with the increase of the diameter of the cylindrical combined structure as shown in Figure 5.  It can be also noticed that for a fixed value of surface roughness the rate of changes in value of (Cd) depends on the value of the diameter.
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Figure 5. Variation of the discharge coefficient and h/H for different Ks
In addition, the value of the coefficient of discharge increases with the increase of (H/d), the rate of change in value is also depends on the diameter, the negative effect of the surface roughness on the performance of the structure by reducing the value of (Cd) is also can noted in Figure 6.
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Figure 6. Variation of the discharge coefficient and H/d for different Ks

The collected experimental data of sixteen models and the geometric parameters are used to calculate the dimensionless parameters in Equation 6. The calculated discharge coefficient (Cd) from Equation 4 varies in the range from 0.4616 to 0.7876, with Standard Error 0.0067091 and Standard Deviation 0.0867006,as shown in Table 2 with other parameters which they have highest significant correlation with the independent variable (Cd). The highest negetive Pearson Correlationis Factor 0.913 between the (Cd)  and (Ks/a) at the 0.01 level (2-tailed). 
Table 2. Descriptive analysis of the calculated coefficient of discharge 
[image: image19.wmf]
The facilities built in the features of SPSS 17(statistical software package) are employed to get statistical analysis and mathematical relations between the variables. The regression has been used to find correlation models between the dependent (Cd) variable and the independent parameters in Equation 6. The models studied include 18 mathematical relations of three type’s models, linear, square and power. The best and simplest forms of equations were the linear models; they have the highest coefficient of determination reaches to 0.940. Nonlinear Regression shows that the square and power models haven’t very high value of R2 as the linear models, the highest power equation has R2 is equal to 0.731. To show some of the models, 9 models have been chosen Table 3
Table 3. The regression models analysis
	No.
	Equation
	R2

	1
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	0.418


The first four equations in the table have R2  more than 0.9 and have the simplest form. These equations have been found by stepwise linear regression of the dependent variable (Cd)  with all twelve independent dimensionless variables in Equation 5. The first linear equation in the table can be sugested  to calculate the discharge coeffecient for rough combined hydralulic structures, which based on stepwise method of including independent variables in model to determine statistical significance predictors of the higher correlation in the matrix at confidence level of 95%. After including seven independent variables the Adjusted R square is equal to 0.937 and standard Error of estimate equal to 0.0364, this relation is presented in Equation 7.
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The statistical analysis output details for the proposed Equation 7 are shown in Table (4 to 6). 

Table 4. Stepwise regression analysis
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Table 5. Stepwise regression analysis
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Table 6. Stepwise regression coefficients
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The sugested coefficient of discharge in the formulations above based on the assumtion that the same discharge coefficient for the weir and the gate, but the  flow in this combined structure is composed of two parts, each of them performs on its phenomena of flow. Within the limetation of this experimental work , the contribution percent of weir and gate in the tatal discharge  can be found by linear regression analysis. The model of the relation is pesented in Equation 8. 
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= percent of theoretical flow under gate, [image: image37.png]


= percent of theoretical flow over weir and F = interaction factor which is a function of structure geometry. The model summary and ANOVA of regression analysis for the experimatal measrements are shown in Table 7, while the coefficients in Table 8.
Table 7. The regression models analysis for Equation 8
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Table 8. Coefficients for models in Equation 8
[image: image41.wmf]Standardized 

Coefficients

B

Std. Error

Beta

Lower 

Bound

Upper 

Bound

1

H/d

.608

.010

.976

58.100

.000

.587

.628

H/d

.754

.013

1.211

58.011

.000

.728

.779

ks/H

-10.004

.740

-.282

-13.511

.000

-11.465

-8.542

2

a. Dependent Variable: F

b. Linear Regression through the Origin

Coefficients

a,b

Model

Unstandardized 

Coefficients

t

Sig.

95.0% Confidence 

Interval for B


The obove analysis shows that contribution percent of the theoratical flow is different. The relation which give an idea on the contribution percent is presented in Equation 9 and 10. It can be also notice that contribution of the gate increase with the increase of roughnessas shown in Figure 7.
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Figure 7. Relation between weir and gate discharge for different roughness’s
5. CONCLUSION

The effect of surface roughness on the performance of flow over rounded weir and under gate in combiened structure was studied  experimantaly. From the statistical analysis of experimental data the following conclusions may fixed with in the experimental limetation: 
1. The performance of the combined structure affected negativity with increases of surface roughness, Cd decreases with increase of Ks/H
2. The value of Cd increases with the increase of H/d for constant (Ks) and decreases with the increase of h/H
3. The value of Cd range from 0.4616 to 0.7876. 
4. Within the limitations of the present experimental work a discharge prediction Equation 7 is developed with mean percent error of 0.036 %.
5. The contribution of the gate increases with increase of roughness, percent contribution is 49.8% for the weir while for the gate 67.7% from its theoretical discharges.
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ثوختة
مةبةست ذ فىَ فةكولينَىَ كارتيكرن زفربونا رويىَ لة سةر بيرابوون (أداء) منشئى ثيكت ديَت ذ بةنداو ودةرطةه. كو بة رةنطةكىَ ثراكتيكى هاتية ظةكولين ل كةنالةكىَ لابوريدا بوَ ريظةجوونا ئاظىَ لسةر بةنداوكا ولبنىَ دةرطاك بةشيووةكى بازنة هاتية دامةزراندن كو كار دكت ل  ئاميَر كيَشان تةسريفى. جار نمونة ذ تيريت جياواز د هاتية تاقيكرن دناظ جووكيَن تاقيكرنى َ .روى هةر نموونةكي ز فان نمونا جار جارا هاتية زظركرن. ئةنجاميَن تاقيكرنيَت  ئاشكرا كر كو كارتيَكرنا نةريىَ ل زيدةبوونا زفربونا رويىَ دطةل بةجىَ هيَنان بنةجه. ثيرابون منشئى زيادبت دطةل زيدةبوونا ((Ks/H ئو كيَمكرنا (H/d). هاوكيَشة بنجينةيى ب دةست ظة هاتن بوَ دياركرنا جياوازى ل نرخىَ نةطورىَ تةسريف . ل ناو سنورىَ كارتيَكرنا ثراكتيكيا دناظ ظةكولينىَ هاتية ثشنيار كرن بو هاوكيَشا ثيشبينىَ بو نرخىَ نةطورىَ تةسريف دكةل R2=  0.936,  بدوماهيك كو بةشداربونا دةركةى زياد كة ريذةىَ بةداوكانيَ بن ئاو دكةل زياد بوونا روىَ زفربونىَ.

الخلاصة:
الهدف من هذا البحث هو دراسة تأثير خشونة السطح على أداء المنشأت المتكونة من الهدار والبوابة . إجريت دراسة تجريبية في قناة المختبرية على جريان فوق هدار دائري وتحتها فتحة ببوابة دائرية الشكل في منشأ مشترك يعمل كجهاز لقياس التصريف. تم اختبار أربعة نماذج مختلفة أقطار في قناة  مختبرية،  ولكل نموذج تمت تخشين السطحة أربع مرات. بينت النتائج اختبار تأثير سلبي منطقي لزيادة خشونة السطح على الأداء.اثبت ان أداء المنشأ يتحسن بانخفاض قيمة النسبة التي يمثلها خشونة السطح الى الحمولة الكلية في مقدمة المنشأ (Ks/H) مع زيادة قيمة النسبة بين الحمولة الكلية مقدم المنشأ الى القطر المنشأ (H/d) .تم الحصول على علاقات تجريبية لتقدير تباين في قيمة معامل التصريف Cd مع معايير عديمة الواحدات. في حدود العمل التجريبي الحالي تم اقتراح معادلة للتنبؤ عن قيمة معامل التصريف ذا معامل التحديد R2= 0.936، كما تم تشخيص زيادة مساهمة بوابة في التصريف مقارنة بالهدار عند زيادة خشونة السطح. 
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