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ABSTRACT 

Lateral inflow and outflow in an open channel is analyzed using 

the momentum equation and considering changes in the boundary shear and 

weight component in the junction area. The main channel is adjusted to 

have noxmal flow when there is no lateral flow and the variables are 

the slope, the discharge, and the junction geometries. Many runs are 

tested to relate directly the depth upstream from the junction to the 

discharge, slope, and geometry. 

The water surface profile in the main channel and its variation 

with discharge ratios is given for several slopes and junction geometries. 

The patterns of the boundary shear and velocity distribution and their 

variation with the discharge ratios for different junction geometries are 

also shown. The variation of the lateral-flow momentum flux in the 

downstream direction of the main channel, just before entering the main 

channel, is presented for changing lateral flow and main flow. To show 

the relative magnitudes of different terms in the momentum equation, the 

ratio of each of them to the summation of the momentum flux and pressure 

force far downstream is given with their variation with the ratio of the 

lateral flow to the main one. 

It is found that the momentum equation, neglecting the forces 

generated in the junction area, gives ?n accurate description of the flow 

x 
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for low ratios of lateral discharge to main discharge, yet for high 

ratios the lateral-flow momentum flux should not be neglected. The dif

ference between the boundary shear and the normal weight component as 

well as the difference between the actual weight component and the normal 

weight component are relatively small and can be neglected within the 

ranges of this study. Different junction geometries can be advantageous 

when designed for given ratios of lateral discharge to main discharge 

provided the flow ratio does not change excessively for any one 

transition. 



CHAPTER 1 

INTRODUCTION 

Junctions and bifurcations of streams in closed conduits and open 

channels are requisite to flow nettvorks. Pressure and velocity patterns 

in the closed conduits, and depth and velocity patterns in the open chan

nels, are anything but uniform in the regions near these transitions. 

As a consequence, flow characteristics at short distances from the 

transitions arc affected by the mixing or dividing to an extent that is 

not readily apparent. 

The nurpose of this study is to examine the characteristics of 

open-channel flow in a rectangular conduit as influenced by the manner 

by which a particular quantity of water is added to or removed from the 

main flow. Attention herein is directed almost completely to the addition 

of water, the independent variables being the ratio of upstream-channel 

width to downstream, the geometry of the junction, and the ratio of the 

flow rate added to the net downstream flow rate. Plow in the main 

channel is analyzed at three cross sections, one just upstream from the 

junction, one iust downstream and one far downstream, where the flow is 

considered normal. Undergoing special scrutiny are the distribution of 

velocity and the distribution of boundary shear at cross sections just 

downstream from the junction. The effects of these parameters on 

1 
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continuity and momentum-flux relationships are analyzed, and the wisdom 

of applying simplifying assumptions to estimate their values is assessed. 



CHAPTER 2 

HISTORICAL BACKGROUND 

Various phases of the general problem have been investigated by 

many authors. Bouchayer (1925), Gardel (1932), McNown (1D54), and 

Lakshmana Rao, Syamala Rao and Ramaswamy (1967) have published results 

of their closed-conduit studies. In the field of open channels, dividing 

flow has received the greater portion of the attention. Pattabiraraiah 

and Rajaratnam (1960), Thiruvengadam (1962), Law and Reynolds (1966) 

have studied the estimation of lateral outflow, Krishnappa and 

Seetharamiah (1963), and Sridharan and Lakshmana Rao (1966) have applied 

side-weir theory to supercritical lateral outflow, Krishnappa and 

Seetharamiah (1964) have studied the optimum angle of off-take, and others 

have studied sedimentation problems associated with division of flow. In 

all the literature that was persued with regard to the present subject, 

the writer observed that the many investigators, of which those cited 

above are merely examples, did indeed apply the basic concepts of conti

nuity, momentum flux, and energy flux, but they either neglected, 

estimated roughly, or evaluated indirectly the forces developed in the 

region of the junction resulting from changes in boundary shear, pressure 

differences along the boundaries of the lateral conduit, and differences 

between actual depth and theoretical normal depth in the main channel. 

3 
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The direct measurement of boundary shear has been attempted in 

many ways. The technique of using small Pitot tubes was presented by 

Preston (1954), by Bradshaw and Gregory (1958), and by Hwang and Laursen 

(1963). Patel (1965) has exposed some errors in Preston's work, dis

cussing in particular the matter of determining the effective center of 

a Pitot tube resting on a solid boundary. Within the present study, 

boundary shears are measured according to Preston's method, primarily, 

with adaptations derived from the works just cited. The procedure is 

explained in Chapter 4 below. 



CHAPTER 3 

THEORY 

Generally, steady-flow hydraulics problems are solved by means 

of relationships involving mass continuity, conservation of momentum, 

and conservation of energy. Energy relationships are the most complex 

of the three types, especially when the flow to be studied is turbulent, 

for then the complete solutions can be obtained solely when the turbu

lence characteristics within the entire volume under study are known or 

can be estimated with some degree of accuracy. Energy relationships are 

useful, then, almost exclusively for studying flow problems wherein 

variations in turbulence characteristics are minimal from one point in 

a control volume to another. In a problem such as the present one, 

turbulence is generated in the junction area as the lateral flow joins 

the main one. The non-periodic fluctuations of turbulcnce have an impor

tant effect on energy loss, boundary drag, and mixing and so an energy 

balance can be employed merely in the final stages of the analysis to 

determine what losses are sustained in the mixing process. 

However, the continuity and momentum relationships may be uti

lized to advantage here. To satisfy continuity, the rate of inflow at 

any instant must equal the rate of storage plus the rate of outflow at 

the same instant. An understanding of the mean-velocity patterns and 

depths at selected cross sections is sufficient to effect a balance of 

5 
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this relationship. To employ the principle of conservation of momentum, 

one needs the mean-velocity data essential to the continuity balance, and 

same selected cross sections, the boundaries of his control volume. 

These sections are selected, necessarily, so that the data required for 

continuity and momentum balances can be acquired or estimated within 

prescribed limits of accuracy. Finally, one must be able to measure 

or estimate the forces existing anywhere on the boundaries of the free 

body. 

he must know or be able to estimate turbulence characteristics at these 

<D 

PLAN 
(t) 

Y 

\ 

X 
ELEVATION 

Figure 1. Definition sketch 



An infinitesimal .cube of fluid is considered having the following 

properties at its mass center: u, v, w are the velocity components, Gx 

is the weight component per unit mass in the x direction, Tyx and t2X are 

the tangential stresses in the x direction along surfaces normal to the y 

and z axes respectively, p is mass per unit volume, and ox is the normal 

stress in the x direction. When the forces per unit mass are equated to 

the corresponding acceleration for above-mentioned cube, and the cube is 

then extended to a fluid-filled region of volume V as shown in figure 1, 

the following relationship will result: 

jv av = Jv „Gx<.v - /V !£ dV. Jv (!^i • ijsjd, CD 

Since, by definition, p^H. is equal to p(|E • u|i • v|ii + w|E), it can be 

replaced by its more general form 

Du o 3 (pu) + 3 (puu) + 3 (puv) 3 (puw) _ ,3^ + 3(ou) + 3(pv) 3(pw)-. 

I)t 3t 3x 3y 3 z ~ 3t "3"x 3y 3z 

The negative term just above may be dropped, for the expression in paren

thesis is identically zero. If one considers negligible the effect of 

the stress due to linear deformation, the local pressure p may be 

substituted for ax. With these adjustments having been made and the 

resulting volume integrals transformed to surface integrals wherever 

possible by means of Gauss's theorem, a workable form of the momentum 

relationship evolves: 

is- Si miV * Ss * «|ads C2> 

» ! v  w  - Ss  d s  *  f s  ( , y x f i f  *  T 2 x | ^ d s  ' 2 '  
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It must be mentioned at this point that the above equation is derived for 

non-turbulent flow. When turbulence is considered, the velocity u can be 

represented by the summation of the mean velocity u and the deviation 

from the mean u'. If u + u* is substituted for u and then an averaging 

process is performed, equation 2 will result with IT instead of u and 

terms involving u'u' which can be handled as a correction to the pressure 

term, and u'v*, u'w' which are then included in the expression for shear. 

Within the present study, a most advantageous control volume is 

that bounded by the free surfacc, the channel bottom, the walls, and 

three cross sections: two in the main channel, one upstream from the 

junction and other downstream, and one in the lateral channel, each of 

these far enough from the junction that flow characteristics related to 

it are easily described. 

The first term on the left side of Equation (2) may be dropped 

from any steady-flow relationship. The second term must be evaluated 

over the entire surface of the control volume. There is no flow through 

the sides, the bottom, or the free surface of the control volume, so the 

value of the second term is zero on eacii of those surfaces. The lateral 

channel is normal to the main channel in all phases of this study, so 

the velocity component u is zero everywhere on the cross section taken 

within this channel as a surface of the control volume, thus the value 

of the integral is zero there. At the cross sections in the main 

channel both 3v and 3z are zero, so the only portion of the entire 

3n 3n 

f 3 x 
integral remaining to be evaluated is Jg puu—dS. At the upstream 
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section. — equals -1 (considering an outward normal as nositive), at 
# 3n 

the downstream section it equals +1. The integral then becomes 

[/s Pu2dS]upstream - [Js Pu2ds]downstreain. By employing the momentm-

flux correction factor 0, defined by / pu^dS » pgV^A, V being the 
S 

average velocity at a cross section of area A, one obtains 

wherein the terms with subscript 1 apply to the upstream section, those 

with subscript 3 to the downstream section. If one defines the 

'discharge Q = AV, and A = liy, where B is the channel width and y the 

average depth at any cross section, the integral may be shown ultimately 

as 

L pu(u2* + vlL + w|i)dS = P(!~i - • 
S 3n 3n B^yJ 

The first term on the right side, pC>xdV, represents the x-component 

of the body force, for which mass attraction is the only motivating 

phenomenon in this problem. This force, designated henceforth as Fw, is 

a measure of the product of the slope of the channel and the weight of 

f 3x 
the water in the control volume. The second term, - J p—-dS, repre

senting the x-components of the pressure forces exerted on the boundaries 

of the control volume, is identically zero on the sides and bottom of 

the main channel (|£. = o there) and on the free surface (p = 0 there). 
an 

At the cross sections in the main channel and along the sides of the 

lateral channel and the transition, however, 3£ is not zero. The 
3n 
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pressure term, then, is the summation of the x-components of the pressure 

forces along these faces. It will be expressed as 

- 4 • "1 *iy2l B1 * *3®! y3 B3 * FL 

Since yj and y3 have been defined as the centerline depths of their res

pective cross sections, the factors Kj and K3 are introduced to relate the 

squares of the centerline depths to the means of the squares of the vari

able cross-sectional depths. The contributions of the walls of the 

lateral channel and the transition to this term are evaluated and included 

as F^. The third term, jg (Tyx |^- * Tzx expresses the downstream 

force exerted by the actions of the boundary shear stresses (t0) on the 

control volume. The only significant components of this integral are 

h Tyx afr13 alons the bottom and /s tzx °£<is along the walls of the main 

channel. Their sun is represented henceforth !>y the symbol F . 

The steady-flow momentum relationship may be written as 

wlj.ere F represents all forces other than the momentum-flux and pressure 

forces: F = -':To * • -;w. 1" normal open-channel flow, which is 

assumed to exist far upstream and far downstream from the junction, 

(FTQ)n = fw^n* *n t^le juncti°n area and just downstream from it, where 

normal flow does not exist, one may compute (Fxo)n and (Fw)n based on the 

slope, roughness, and flow rate, writing the expression for F as 

F  •  "FTo • FL * F» • t(FTo>„ - «VV) 

F • -"'to - <r,o)n] * ' L • l<Fw^ - F»1 



11 

or finally, 

F . -AFtq + Fl - AFW 

The term AFTQ, called the excess-boundary-shear force, is significant 

only in the junction area and just downstream from it, since its value 

approaches zero except where the flow has a boundary layer which is 

non-normal. It acts in the upstream direction only in this study, for, 

with depths equal or less than normal depths, downstream weight compon

ents are equal or less than normal, and upstream boundary-shear stresses 

are equal or greater than normal. The quantity F., the downstream 

momentum flux of the lateral flow as it enters the main channel, is equal 

in magnitude to the net downstream hydrostatic pressure force on the 

sides of that portion of the lateral channel not included in the 

transition. 

Equation (1) is written for the space between a section just 

downstream from the junction and another far enough downstream that 

uniform flow obtains: . 

* ^ « 2 * , - 1 l r 7 f - ' * ! s r - * 2  ( 3 )  

the subscript £ identifying quantities pertaining to the section just 

downstream. 

Now consider Eq. (1) written across a transition, as before. If 

the velocities and depths at both cross sections are assumed to be 

relatively uniform, then the 8*s and the K's are essentially equal to unity. 



If, in addition, the minor forces (^TO# AFw) are considered 

negligible, which implies that » Bj = B, and that depths are nearly 

normal throughout, Eq. (1) takes the following simplified form: 

Equation (4) is rearranged to yield 

yi3 " q/l + r ̂  " ° 
2 

where q » r ̂ 3 + y 2 an{j r a 2 

Y3 gE2 

When the upstream flow Q^, the lateral flow Q2, and the slope and width 

of the main channel are known, the normal depth y3 far downstream can be 

determined from the Manning equation or by some comparable method. 

Knowing the flow rates and this downstream depth, one can solve Eq. (5) 

to find the approximate expected depth upstream from the junction. The 

worth of.the solution of Eq. (5) depends entirely upon the degree to 

which the simplifying assumptions employed above are indicative of 

actual flow conditions. The justification of Eq. (5) is derived, there

fore, from the assumption of the idealized water surface profile of 

Fig. 2(a) rather than from the actual profile indicated in Fig. 2(b). 

One purpose of this.study, then, is to test the range of application of 

Eq. (5). 



Q, j -X Q3 

PLAN 

ELEVATION 

(a) IDEALIZED 

m 
Q, Q3 

PLAN 

ELEVATION 
(b) ACTUAL (INDICATED SCHEMATICALLY) 

Figure 2. Idealized and actual water-surface profiles 



CHAPTER 4 

APPARATUS AND PROCEDURE 

Two fixed-bed channels and several transition forms were assembled 

to provide selected geometric configurations. Very simple shapes were 

selected in the belief that they are more likely to be reproduced in 

actual practice and may yield sufficient guiding information pertinent 

to more complex shapes which are too numerous to be tested. Two 

additional channels and two pipe lines were used to convey water to and 

from the test area. 

The Main Channel 

The bottom of the main channel is made of a 100 ft. by 3 feet 

by 3-1/2 in. reinforced slab of concrete (see Appendix B for design 

details) on two parallel steel trusses 2 ft. apart carried on two pin 

supports. The first support is located at the upstream end and is fixed 

in elevation while the second has variable elevation and is located 69 

feet from the first one. The sides of the main channel are composed of 

removable panels of 1/8-inch steel sheet, 10 ft. long by 18 inches high, 

reinforced from the outside by steel angles along the sides and steel 

slats vertically. The panels are mounted outside the concrete slab and 

held in place by 3/8-in. steel rods anchored transversely in the slab. 

Across the main channel at the downstream end a frame is attached to 

hold removable vertical slats which restrict the flow, and making the 

adjustment of depth in the channel possible. 

14 
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The Return Channel and Weir 

The return channel is 14-1/2 ft. long, 3 ft. wide, and 2 ft. deep, 

made of 1/4-in. steel sheet. At the downstream end of this channel there 

is a 6-in. deep sharp-edged ventilated rectangular weir made of aluminum. 

The crest of the weir is machined to a thickness of less than 1/16 of an 

inch. To measure the head of water above the weir in the return channel, 

a point gage is mounted two feet upstream and kept there throughout the 

experiment. 

The Lateral Channel 

To lead the secondary flow in and out of the main channel a 

smaller one is used as the lateral channel. It is 12 feet long, one foot 

wide and 2 feet deep, made of steel sheet and steel angles. The lateral 

channel is connected at a right angle to the main one 20 feet from the 

upstream end. 

Geometries of Junction 

For the case of combining flow, the width of the approach channel 

as well as the geometry of the junction are varied by adding transitions 

of different shapes, as shown in figure 3. These transitions are built 

of 1/16-inch and 1/32-inch galvanized metal sheet. In figure 3 

the geometries are assigned identifying numbers, and they are referred 

to by these numbers henceforth. 
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Figure 3. Junction geometries studied 



17 

Instrumentation 

A twelve-inch pipe line, containing a gate valve, is used to 

bring water from a constant-head tank into a 4* x 4' x 6' tank at the 

upstream end of the main channel. A 6-inch line, with a Venturi meter 

and a valve, conducts water from the same constant-head tank to the 

upstream end of the lateral channel. 

The amount of discharge into the lateral channel can be measured 

with a manometer connected to the Venturi meter, and the combined dis

charge is measured with a point gage mounted on the return channel 

upstream from a six-inch rectangular weir. Another point gage is 

mounted on a steel angle extended from a carriage, which in turn rides 

on rails parallel to the main channel. By sliding the gage along the 

steel angle, the depth across the channel can be measured at any 

location. 

A Prandtl-type Pitot tube mounted on the steel angle mentioned 

above is used to measure the velocity at any desired point in the main 

channel. The boundary shear in the main channel is measured with a 

Preston tube after calibrating it in the same channel as described below. 

The depth in the lateral channel is measured with a point gage 

located 6 inches upstream from its lower end. To measure the difference 

in elevation along the two sides of the lateral channel close to the 

junction, an arbitrary procedure is followed: three holes are drilled 

through each side of the lateral channel, with the first pair 3 inches 

from the wall of the main channel, the second pair 9 inches, and the 

third pair 15 inches. Copper fittings are screwed in the holes and 

filed smooth, flush from the inside, after filling them with soft solder 



and drilling 1/16-inch holes through them. Copper tubes are connected 

to the copper fittings at one end and to transparent plastic tubes at the 

other. Each two plastic tubes connected to one pair of holes are held 

vertically adjacent to make the measurement of depth difference very 

simple. 

Procedure' 

The procedure can be divided into two parts: the first is 

related to the study of the depth increase upstream from the junction 

because of the inflow, and the second is concerned with the measurements 

of the several characteristics as influenced by the lateral flow. In 

the following paragraphs the procedure followed for the second part 

will be subdivided for clarity. 

Preliminary Measurements 

Prior to the execution of the main parts of the experiment, some 

preliminary measurements and calibrations were performed. The Rehbock 

formula for the rectangular sharp-crested weir was considered as a 

correct expression of discharge vs. head and the Venturi meter, used to 

measure the lateral-channel discharge, was calibrated against this 

adopted weir formula. The Manning coefficient for the main channel is 

also determined from several runs with different slopes and different 

discharge values for each slope. 

Velocity Profile 

The velocity distributions at certain cross sections in the main 

channel are measured to evaluate the momentum-flux correction factor and 
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also for general information. A regular Pitot tube connected to a 

differential manometer with fluid of 1.2 specific gravity is used. 

Measurements across the channel are usually taken every 6 inches hori

zontally except where velocity varies rapidly and every 0.1 feet 

vertically starting from 0.01 feet from bottom. 

Boundary Shear 

The method suggested by Preston (1954) is used to measure boundary 

shear in this study. A tube with outside diameter of 0.065 inch and 

inside diameter of 0.032 inch is used to measure the total pressure in 

conjunction with another of the same size about half an inch away to 

measure the hydrostatic pressure. The same differential manometer 

described in the previous paragraph is used. This Preston tube is cali

brated in the same channel with normal flow, considering the weight 

component in the downstream direction equal to the shear force. 

Other Forces 

The downstream momentum flux of the lateral inflow (in the 

direction of the main channel) is considered equal to the difference 

between the hydrostatic pressure forces along the two sides of the lateral 

channel close to the junction. The depth on one sides is considered as 

the depth at the centerline of the lateral channel minus half the dif

ference of depth, while along the other side of the depth is considered 

as the centerline depth plus half the difference. This difference in 

depth is measured as it appears in the plastic tubes described under 

"Instrumentation" in this chapter. 



The last force computed is the weight component of the actual 

flow in the junction area and for a short distance downstream. A point 

gage is used to measure the depth across the main channel for a few 

cross sections in the area where the flow is not normal. 



CHAPTER 5 

PRESENTATION OF RESULTS 

In a study of this type, one finds himself at times, considering 

the various characteristics such as depth, shear stress,velocity distri

bution, and momentum flux, for example, as if they were independent 

phenomena, while at other times he assesses them with proper regard for 

their interdependence. The results of the experimental phase of this 

study are presented here in independent categories. Their relationships 

to one another are discussed in the analysis contained in Chapter 6. 

Change in Depth 

The most pronounced change in depth because of the lateral 

inflow takes place upstream from the junction. This increase in depth 

is presented graphically in figure 4, for geometry No. 2, as Ayj/yn 

vs. Q2/Q3 where Ayj is the difference between the actual depth y^ up

stream from the junction and the normal depth ynj corresponding to the 

discharge at that location. The normal depth far downstream from the 

junction is yn, while Q2 and Q3 represent the lateral discharge and the 

discharge downstream from the junction respectively. The measured values 

of y and Q3 are used to determine the Froude numbers as indicated inside 

the circles and a family of smooth curves is drawn. The discharge from 

the headwater tank into the main channel - referred to as Qj - varied 

from 0.0 cfs to 4.6 cfs while the discharge from the lateral channel -

referred to as Q2 - varied from 0.4 cfs to 1.9 cfs. The variable Q2/Q3 
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is usually available when a project is being designed and the ratio Ayj/yn 

is read from the figure while yn and Froude numbers can be determined 

analytically. A comparison between the actual measured values and the 

curves of a simplified analysis is presented in Appendix C. 

Change of Depth for Different Geometries 

In the previous section the case of one geometry and different 

slopes is presented, whereas in this section the results of different 

geometries will be given. The contractions located upstream from the 

junction, as shown in figure 3 for geometries no. 3 to no. 6, provide nar

row approach channels. Since a smooth curve is used to change the width 

of the approach channel, the measured width in the wide part far upstream 

can be used to determine the corresponding depth in the narrow part for a 

constant specific head. In figure 5 the depth in the narrow upstream 

channel is presented as Ayj/yn vs. $2^1' 

Lateral Outflow 

The literature offers many methods to predict lateral outflow and 

it is not attempted to do the same in this study. However, a few runs are 

carried out for constant slopes of the main and the lateral channels. For 

a certain discharge, Qj, in the main channel, the depth of the lateral 

flow is varied and the corresponding lateral discharge is measured. These 

results are given in Appendix A. By injecting dye at the different 

locations and depths in the junction area, it was confirmed that the 

lateral discharge is withdrawn mostly from the low-velocity flow near the 

bottom, which is of importance in sediment transportation studies. 
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Water Surface Profile 

Figures 4 and 5 present the variation of the depth upstream from 

the junction for a large number of discharges, slopes and geometries 

while in this section the water-surface profile is given along the 

whole main channel for fewer runs. Figures 6 and 7 show the variation of 

water-surface profile for geometry no. 2 (see figure 3) with Qj and Q2, 

respectively, while figures 8 and 9 represent the same for geometry no. 4. 

Figures 10 and 11 show the variation of water-surface profile with Qj for 

geometry no. 5 and geometry no. 6 and figure 12 shows the variation with 

Q2 for geometry no. 1. Figures 6 to 12 offer an easily interpreted 

reference for the variation of depth in the main channel. Depth and 

location are expressed nondimensionally as ratios to normal depth far 

downstream and to the width of the main channel, respectively. 

Boundary Shear To 

The Preston tube used to measure the boundary shear is calibrated 

in the main channel, and it is assumed that the properties of the water 

remain unchanged. The results of calibration are given in figure 13, 

and they are used to compute the boundary-shear values. The value of AP 

is the dynamic pressure or the difference in pressure as measured by the 

two components of the Preston tube, while Tq is the corresponding 

boundary-shear stress at that location. The boundary-shear stress is 

evaluated for enough cases to show its magnitude and the trend of its 

variation, as indicated in figures 14 through 24. Figure 14 shows the 

patterns of shear stress along the boundary for a normal flow, a given 

discharge and slope, and for geometry no. 2. Figures 15 and 16 show the 
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boundary-shear stress patterns and their variation with Qj and Q2, 

respectively, for geometry no. 2, and the same is shown in figures 17 

and 18 for geometry no. 4. Figure 19 shows the variation of boundary-

shear stress with distance from the junction in the downstream direction. 

Figures 15 to 19 are used to determine the excess shear force AFTO which 

represents the difference between the actual shear force and the weight 

component of the normal flow. The force AFTO which acts in the upstream 

direction is presented in figure 20 as AFxo/CpTo)n vs. Q2/Q3 ̂ or 8eora~ 

etries no. 2 and no. 4 where the quantity (FT0)n is the normal boundary 

shear force or the weight component of the normal flow for a length of 3B 

downstream from the junction. The relative importance of the excess shear 

force when compared with other terms of the momentum relationship is 

presented in the next chapter. Figures 21 and 22 show the variation of 

boundary shear with Qj for geometries no. 5 and no. 6 respectively. 

Figure 23 shows the boundary shear stress at 3 sections downstream from 

the junction for Qj » 0.00 cfs and Q2 " I*9 c^s» Th*5 case represents the 

highest value of excess shear force for the runs tested with geometry 

no. 2. The lateral flow enters the main channel with a supercritical 

velocity, and standing waves occur as shown in the included sketch. At 

last, figure 24 shows the boundary shear pattern for two different Q2's 

with geometry no. 1. All the boundary-shear-stress patterns presented 

in this section except what is shown in figure 19 belong to a section 

located in the main channel and 2/3 of its width downstream from the 

centerline of the lateral channel. The patterns shown in figure 19 belong 

to sections downstream from the centerline of the lateral channel by 

distances equal to 2/3, 6/3, and 10/3 the width of the main channel. 



The boundary-shear stress is evaluated mainly to find the excess 

shear force which must be included in the momentum relationship for 

accurate analysis. The variation of this stress along the wetted 

perimeter and in the junction area where a lateral inflow meets a main 

one is presented in the figures discussed above because of its rarity in 

literature. 

Velocity Distribution 

To determine the momentum flux at any section, the velocity dis

tribution has to be known. The momentum-flux correction factor 3 is 

determined for the sections upstream and far downstream from the junction 

and found to be less than 1.01. For a short distance downstream from the 

junction, the velocity distribution is far from being unifoxv) and 

consequently $ cannot be considered unity. Figures 25 to 32 show the 

velocity distribution as measured with a Pitot tube for certain runs 

with the corresponding values of 3. Figures 25 and 26 show the variation 

of velocity distribution with Qj and Qj respectively for geometry no. 2 

while figures 27 and 28 show the same for geometry no. 4. The variation 

of velocity distribution with distance downstream from the junction is 

given in figure 29. Figures 30 and 31 show the variation with Qj for 

geometry no. 5 and no. 6 respectively and at last the variation with Qj 

for geometry no. 1 is presented in figure 32. All the velocity distri

butions shown in this section, with the exception of those of figure 29, 

are measured in the main channel and at a distance equal to 2/3 its 

width downstream from the centerline of the lateral channel. The 

velocity variation patterns presented in figure 29 were taken at different 
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locations, as noted in the figure, to show the effect of the distance 

downstream from the junction. 

Other Forces 

Two other forces whicli develop because of the lateral flow are 

Fl and AFW. The symbol represents the difference between the two 

hydrostatic pressure forces along the two sides of the lateral channel 

for (geometry no. 2. For geometry no. 3, F^ is as above plus the dif

ference between yj3 and the sum of yj^j and the actual hydrostatic 

pressure along the downstream side of the transition. For geometry 

no. 4, F^ is the same as for geometry no. 3 plus the difference between 

the momentum flux of the lateral flow, M2, and the component of M2 in 

the downstream direction of the main channel. Immediately downstream 

from the junction and for a short distance farther, the depth is less 

than normal, and consequently the actual weight component in the down

stream direction is less than that of a normal flow. The symbol AL'W is 

used to represent the difference between the actual weight-component 

force and the normal weight-component force. 

The force F^ for geometry no. 2 is presented in figure 33 as F^/ 

P7 vs. Q2/Q3 where P2 is the pressure force, y y~b, at a cross section 

in the lateral channel close to the junction. For geometry no. 4, the 

part o^ F[ generated in the lateral channel is presented in figure 34. 

The force AFW is presented in figure 35 as AFW/(FW) vs. O2/Q3 where 

(Fw) is the normal boundary shear force for a length of 3B. The magni

tudes of both F^ and AFW will be discussed in the next chapter. 
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CHAPTER 6 

DISCUSSION OF RESULTS 

As indicated in the introduction to the previous chapter, a study 

of the various flow characteristics as independent phenomena is generally 

incomplete. Included within the comprehensive discussion below is an 

approximate analysis of the experimental variances and their po-sib.le 

influence on the conclusions ultimately reached. 

Kxcess Shear Force AFT0 

The excess shear force, which is the difference between the 

actual shear force and the weight component of the normal flow, is 

determined and presented in figure 20 of the previous chapter for geom

etries no. 2 and no. 4. For both geometries, AFT0/(FT0)n increases with 

increasing ^2^3 an<* ^e P°i-nts geometry no. 4 are below those of 

geometry no. 2 and, so, two distinct curves are shown. One way of 

determining the importance of the excess shear force is to show the 

error in the calculated depth, using the momentum relationship, due to 

the neglect of this force. Using this procedure, the maximum error in 

depth due to the neglect of the excess shear force is less than 2%. 

This extreme case corresponds to a lateral flow larger than the main 

one. When the lateral flow is smaller than the main one the error is 

in the range of 0.5?i which is of the same magnitude as the error in 
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measuring the depth. .Other methods of determining the importance of the 

excess shear force are presented in following sections. 

Other Forces 

When geometry no. 4 is considered, F^ (including the hydrostatic 

pressure force along the curved surface as in the upper curve of figure 

34) is of the magnitude of P2 and definitely has to be included in any 

momentum relationship to find the depth upstream from the junction when 

the normal depth far downstream is determined. Of more interest, is the 

force of geometry no. 2 as presented in figure 33 and that presented 

in figure 34 for geometry no. 4 which are neglected in most calculations. 

For geometry no. 2 it can be seen that the effect of FL increases rapidly 

as Q2/Q3 increases. For Q2/Q3 " 0.45 the error in calculated depth 

upstream from the junction, using the momentum relationship and the normal 

depth far downstream, is 5% and drops to about 2.5% for Q2/Q3 B 0.33. 

The error caused by the neglect of F^ is almost ten times that caused by 

the neglect of AFtq, which was discussed in the previous section. 

Of the three relatively small forces discussed in this and the 

previous section, AFW is determined to be the least significant. When 

AFW is neglected an error of approximately 0.05 percent is introduced 

into the calculated depth upstream from the junction. This error is 

about one tenth of that introduced by neglecting the excess shear force 

and one hundredth of that introduced by neglecting FL. There is need to 

mention that AFW increases fast as Q2 becomes larger than Qj for geometry 

no. 4 although it is always less than AFTQ. It is also noticed that for 
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geometry no. 4 starts to increase as Q2/Q3 decreases below 1/3 because 

of the geometry of the junction and different geometries are expected to 

have different shapes of curves. 

Summation of the Minor Forces 

Thre three forces discussed in the previous two sections (AFTq, Fl 

and AFW) tend to cancel each other when combined in the momentum relation

ship. The forces AFTO and Fw are in the upstream direction while is 

in the downstream direction when the main channel is taken as a reference. 

It is found, within the ranges of this study, that F^ is approximately 

ten times AFTq and hundred times AFW and so the accuracy of determining 

the depth upstream from the junction using the momentum relationship is 

enhanced by considering F^ even if AFxo and AFW are neglected. The force 

F^ is the easiest to measure and adequate information may be assembled 

with relatively simple experiments. Figure 36 shows a comparison 

between the measured and calculated depths upstream from the junction 

for geometry no. 2 taking the minor forces into consideration. In these 

calculations, the depth far downstream from the junction is used in the 

momentum relationship. 

The Momentum Equation 

All the forces included in Eq. 2a and Eq. 3 have been presented 

separately in the previous chapter. They are measured directly and 

independently for corresponding discharges, slopes, and geometries. The 

measured values are substituted in Eq. 2a and the sum of each of the two 

sides is given in a table form in figure 37 for geometries no. 1 and 

no. 2 and for equation 3 in figure 38. Also a graphical representation 
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Figure 36. Graphical comparison between the calculated and the 

measured depth upstream from the junction for 

geometry no. 2 
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is shown in these figures to show, by a glance, how well Oqs. 2a and 3 

are balanced. It should be noted here that in computing the pressure 

term for the section just downstream from the junction, the depth is 

measured every 6 inches across the channel and a numerical integration 

is used. In most of the cases thie ratio of the actual pressure to the 

pressure computed using the depth at the centerline did not vary much 

from unity while in extreme cases it varied by as much as 5 percent. At 

last, in figure 39, the relative values of the momentum-relationship 

terms are shown graphically. 

It must be now clear that the momentum relationship including the 

minor forces as presented in equations 2a and 3 Rive accuratc predictions 

about the flow at one cross section if the other is known. For this to 

be possible, one must be able to estimate the minor forces acting between 

the two sections considered. This study offers the answer for only a 

limited range of discharges, slopes and geometries. Within these limi

tations, figures 20 and 35 give the values of the excess boundary-shear 

and the excess weight-component forces when Eq. 3 is to be applied. 

When the momentum relationship as expressed in Eq. 2a is to be used, 

figures 20, 33, 34 and 35 can be used to predict AFTQ, FL, and AFW. 

This study also sheds some light on a point which can be of great 

interest in the field of sediment transportation. Figures 15 to 18 and 

21 to 23 give the variation of boundary-shear stress across the channel 

for different geometries and discharges. These figures indicate that 

deposition may take place at certain locations and serious scouring at 

other depending upon the natures of the bottom and side material. The 

actual boundary-shear stress can be determined from the figures, and by 
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the use of existing relationships the bottom and side material can be 

chosen. Although this study offers answers only within limited ranges, 

the extrapolation of these results or using them as a guide is believed 

to lead to approximate values of the minor forces which render Eqs. 2a 

and 3 more accurate than if all these forces are neglected. This study 

shows that geometry and the ratio Qj/Q3 have the greatest effect on the 

deviation of the flow from normal, and the reader should be able to see 

these effects from the results as presented. The deviations become more 

pronounced as Qj/Qj decreases for the abrupt entry of geometry no. 2. 

When Qj/Q^ is equal to the ratio of the narrow approach-channel width to 

the width of the downstream channel, vanes as shown in geometries no. 4, 

S and 6 help greatly to normalize the flow. As Qj/Q3 becomes smaller or 

larger than the above mentioned ratio of widths, the deviation from nor

mal flow increases. 

Experimental Errors 

In this and the following paragraphs, the expected error in the 

measured quantities will be given with the method of determination. As 

mentioned in Chapter 4, the discharge is measured by a rectangular weir 

at the downstream end of the return channel. Twenty-seven random 

discharge value are also measured by a Venturi meter and plotted as 

discharge value when measured by weir against discharge value when 

measured by Venturi meter. The maximum ratio of any vertical or hori

zontal deviation to the value is considered the maximum expected error 

expressed in percent and the average of the ratio for all the points is 
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considered as the mean error. According to this definition and method, 

the maximum error and the mean error in discharge measurements are 4 

percent and 1 percent, respectively. 

The magnitude of the errors in depth measurements depend on the 

roughness of the water surface and so the adoption of one maximum pos

sible error value can be misleading and exaggerated. Before figures 4 

and 5 were drawn, y^ and y$ had been plotted against Qj for a given Q2 

and slope of the main channel and the values, as read from a fitted 

curve, were adopted for further calculations. Using the deviation of 

the points from the fitted curve the same way as in the case of the 

discharge, the values of the maximum error is 2 percent and the value of 

the mean error is 0.7 percent. 

The error in boundary-shear measurement is estimated from the 

Preston tube calibration curve in figure 19. Using the same method as 

that for discharge, the maximum expected error is determined as 5 percent 

and the mean error as 1.5 percent. 

When graphical integration is applied, the velocity profiles, as 

presented in the previous chapter, give the same discharge measured by 

the weir. In this sense, there is no error in velocity measurements 

while in reality a region of certain velocity may be in great error while 

another region compensates for it by being in error but of different sign. 

Since the velocity measurements are of the same nature as those of the 

boundary shear, an error of the same value can be assumed. 

In this final paragraph, an estimate of the effect of an error in 

a certain measurement on another value is summarized. As indicated above, 



the error in measuring the depth does not exceed 2 percent and for this 

value in the main channel the error in Q (using the Manning formula) does 

not exceed 3 1/3 percent. For the same error in depth measurement in the 

return channel, the corresponding error in Q is 3 percent. The Manning 

factor n is found to be invariant for varying depths, and the weir 

formula is accurate for the lowest discharges in these experiments. 



CHAPTER 7 

CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE STUDY 

Conclusions 

1. The excess boundary-shear force AFxo caused by the lateral 

flow is very small compared with other terms in the momentum equation, 

and consequently it can be neglected in depth calculations. When AFT0 

is neglected, the error in depth for the cases presented does not exceed 

1 percent except for the extreme case; when = t!ie error is 2 

percent. When sediment movement is considered, the boundary-shear 

profile becomes extremely important. In some cases of the runs tested, 

the shear at certain locations is more than four times the averap.e shear 

stress for normal flow. 

2. The excess weight-component force, AFw, is very small and 

can be neglected for all practical purposes. 

3. The momentum flux F^ in the downstream direction of the 

lateral flow is small compared to other terms of the momentum equation 

for small values of Q2/Q3* and it can be neglected. For these cases 

the simplified momentum equation (Eq. 4 in Chapter 3) is reasonably 

accurate to determine the depth upstream from the junction. For the 

cases within the range of this study and with high values of the 

error in depth when F^ is neglected is as high as 5 percent. 
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4. When the ratio Q2/Q3 is expected to be constant, or 

approximately so, widening the channel downstream from the junction and 

adding vanes make the lateral flow blend smoothly with the main flow, 

lower the depth upstream from the junction, and reduce the values of 

excess boundary-shear and excess weight force (see figures 5, 20 and 

35). 

Recommendations for Future Studies 

Accurate slope measurements are extremely important for a study 

of this nature. In the case of elevated structures, carried on trusses, 

changing air temperature or changing angle of sun rays can alter the 

slope and consequently the values depending on it. For an extreme 

case, the difference between normal depth with all parts of the main 

channel in the shade and with the bottom half of the truss in the sun, 

on a hot summer day, was found to be 2%. 

When an expansion of the main channel at the junction is being 

studied, the.narrow upstream part must be long enough for an approximate 

normal flow to develop. In this study, the depth in the narrow part was 

determined using the measured depth upstream from the transition and the 

energy relationship assuming zero loss. 

The width of the lateral channel, for this study, was one third 

that of the main one. When high values of lateral discharge in the sub-

critical range are desirable without having excessive depth, the widths 

of the two channels must be approximately equal. 



APPENDIX A 

TABLES OF EXPERIMENTAL DATA 

TABLE 1. DEPTH AND DISCHARGE DATA 

a. Slope of main channel = 0.0004 

Bottom of main channel is 14.5 inches above bottom of lateral channel 

no transition. 

Qj(cfs) Q2(cfs) y2(ftO 

0.00 0.67 0.296 

0.08 0.67 0.307 

0.22 0.67 0.350 

0.44 0.67 0.397 

0.69 0.67 0.452 

1.10 0.67 0.525 

1.53 0.67 0.614 

2.13 0.67 0.710 

0.00 1.07 0.391 

0.23 1.07 0.450 

0.43 1.07 0.494 

0.66 1.07 0.542 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) y2(ft.) 

1.08 1.07 0.621 

1.54 1.07 0.702 

2.04 1.07 0.779 

0.00 1.36 0.456 

0.22 1.36 0.507 

0.64 1.36 0.590 

1.67 1.36 0.766 

2.20 1.36 0.841 

Slope of main channel = 0.0004 

Geometry no. 2 in figure 3 

Qj(cfs) Q2(cfs) yi(ft.) y2Cft.) 

0.00 0.41 0.182 0.182 

0.26 0.41 0.261 

0.69 0.41 0.347 0.371 

1.14 0.41 0.433 0.445 

1.72 0.41 0.536 0.540 

0.00 1.13 0.384 0.210 

0.21 1.13 0.429 0.210 

0.52 1.13 0.480 0.210 

0.96 1.13 0.556 0.613 

1.52 1.13 0.646 0.655 

2.40 1.13 0.765 0.780 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) yi(ft.) y2(ft, 

0.00 1.52 0.462 0.261 

0.23 1.52 0.510 0.261 

0.58 1.52 0.569 0.261 

1.05 1.52 0.651 0.625 

1.64 1.52 0.738 0.710 

2.54 1.52 0.857 0.843 

Slope of main channel = 0.0007 

Geometry no. 2 in figure 3 

Qj(cfs) Q2(cfs) yxCft.) y2(ft. 

0.00 0,42 0.185 0.105 

0.07 0.42 0.203 0.105 

0.18 0.42 0.220 0.105 

0.52 0.42 0.272 0.105 

1.14 0.42 0.356 0.357 

1.82 0.42 0.446 0.451 

2.67 0.42 0.550 0.558 

3.50 0.42 0.643 0.658 

4.30 0,42 0.736 0.746 

0.00 1.19 0.359 0.227 

0.19 1.19 0.391 0.227 

0.79 1.19 0.480 0.227 



75 

TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) Y2(ft.) 

1.67 1.19 0.590 0,571 

2.76 1,19 0.708 0,709 

3.92 1.19 0.840 0.863 

0.00 1.90 0.490 0.323 

0.53 1.90 0.549 0.323 

1.15 1,90 0.615 0.323 

1.96 1.90 0.705 0.323 

2.62 1.90 0.777 0.754 

3.46 1.90 0.867 0.852 

d. Slope of main channel * 0,00016 

Geometry no. 2 in figure 3 

QiCcfs) Q2(cfs) y^ft.) y2(ft.) 

0.00 0.93 0.300 0.230 

0.22 0.93 0.331 0.247 

1.07 0.93 0.419 0.375 

2.17 0.93 0.522 0.508 

3.37 0.93 0.622 0.630 

4.57 0.93 0.717 0.737 

0.00 1.38 0.389 0.318 

0.35 1.38 0.431 0.328 

1.07 1.38 0.500 0.378 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) yi(ft.) y2(ft») 

2.17 1.38 0.599 0.570 

3.29 1.38 0.691 0.668 

4.56 1.38 0.783 0.777 

0.00 1.90 0.477 0.385 

0.35 1.90 0.517 0.395 

1.05 1.90 0.583 0.423 

2.15 1.90 0.678 0.675 

3.27 1.90 0.769 0.788 

e. Slope of main channel » 0.0006 

Geometry no. 2 in figure 3 

Qj(cfs) q2(cfs) yjCft.) y2(ft.) 

0.00 0.73 0.262 0.169 

0.20 0.73 0.297 0.169 

1,10 0.73 0.415 0.518 

2,22 0.73 0.540 0.534 

3.22 0.75"" 0.640 0.651 

4.42 0.73 0.753 0.774 

0.00 1.26 0.377 0.240 

0.34 1.26 0.420 0.240 

1.24 1.26 0.523 0.240 

2.61 1.26 0.663 0.673 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

Qj(cfs) Q2(cfs) yi(ft.) 

3.76 1.26 0.773 0.784 

4.74 1.26 0.866 0.873 

0.00 1.90 0.492 0.327 

0.10 1.90 0.504 0.327 

0.93 1.90 0.596 0.327 

2.02 1.90 0.705 0.720 

3.21 1.90 0.813 0.828 

4.30 1.90 0.904 0.919 

f. Slope of main channel * 0.0008 

Geometry no. 3 in figure 3 

Qj(cfs) (cfs) yi(ft.) 

0.00 0.73 0.292 0.166 

0.21 0.73 0.324 0.166 

1.09 0.73 0.437 

2.25 0.73 0.570 0.476 

3.40 0.73 0.697 0.569 

4.63 0.73 0.837 0.649 

0.00 1.26 0.420 0.260 

0.34 1.26 0.456 0.260 

1.21 1.26 0.544 0.260 

2.35 1.26 0.656 0.560 



TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) yi(ft.) 

3.50 1,26 0.770 

4.77 1.26 0.900 

0.00 1.90 0.540 

0.40 1.90 0.587 

1.23 1.90 0.665 

2.24 1.90 0.760 

3.45 1.90 0.862 

4.75 1.90 0.970 

Slope of main channel *> 0.0008 

Geometry no. 4 in figure 3 

Ql(cfs) Q2(cfs) yi(ft.) 

0.00 0.73 0.100 

0.23 0.73 0.196 

1.09 0.73 0.374 

2.22 0.73 0.548 

3.41 0.73 0.702 

4.60 0.73 0,840 

0.00 1.26 0.153 

0.39 1.26 0.290 

1.22 1.26 0.447 

2.33 1.26 0.607 
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TABLE 1. DEPTil AND DISCHARGE DATA, Continued 

QjCcfs) Q2(cfs) /jCft.) y2(ft-) 

3.47 1.26 0.745 0.713 

4.74 1.26 0.879 0.77S 

0.00 1.90 0.200 

0.35 1.90 0.330 

1.22 1.90 0.493 

2.25 1.90 0.645 

3.45 1.90 0.793 

4.77 1.90 0.924 

h. Slope of main channel = 0,0008 

Geometry no. 5 in figure 3 

QjCcfs) Q2(cfs) yi(ft.) y2(ft.) 

0.00 0.66 0.040 0.200 

0.37 0.66 0.202 0.200 

1.11 0.66 0.360 0.329 

2.20 0.66 0.527 0.426 

3.20 0.66 0.663 0.480 

4.21 0.66 0.787 0.522 

5.11 0.66 0.896 0.538 

0.00 1.40 0.084 0.307 

0.34 1.40 0.237 0.307 

1.09 1.40 0.388 0.307 

2.18 1.40 0.568 0.307 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

Qx (cfs) Q2(cfs) yjfft.) Y2(ftO 

3.12 1.40 0.700 0.581 

4.11 1.40 0.812 0.640 

5.19 1.40 0.917 0.696 

0.00 1.79 0.092 0.362 

0.37 1.79 0.244 0.362 

1.05 1.79 0.385 0.362 

2.15 1.79 0.580 0.362 

3.07 1.79 0.713 0.362 

4.08 1.79 0.833 0.676 

5.14 1.79 0.936 0.717 

i. Slope of main channel • 0.0008 

Geometry no. 6 in figure 3 

QjCcfs) Q2(cfs) yjCft.) y2(ft.) 

0.00 0.65 0.103 0.188 

0.51 0.65 0.324 0.188 

1.35 0.65 0.617 0.188 

2.44 0.65 0.911 0.188 

0.00 1.34 0.068 0.290 

0.45 1.34 0.332 0.290 

1.29 1.34 0.618 0.290 

2.41 1.34 0.912 0.290 
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TABLE 1. DEPTH AND DISCHARGE DATA, Continued 

Qj(cfs) Q2(cfs) YjCft.) y2(ft«) 

0.00 1.79 0.054 0.369 

0.57 1.79 0.337 0.369 

1.33 1.79 0.617 0.369 

2.35 1.79 0.911 0.369 

i. Slope of main channel = 0.0005 

Geometry no. 1 in figure 3 

Ql (cfs) Q2(cfs) yi(ft.) y2(ftO 

1.40 0.20 0.270 0.260 

2.60 0.37 0.440 0.430 

4.10 0.58 0.587 0.570 

5.30 0.75 0.655 0.630 

1.20 0.12 0.290 0.280 

2.00 0.20 0.440 0.430 

3.80 0.38 0.612 0.600 

5.83 0.58 0.750 0.730 

1.05 0.08 0.348 0.340 

2.30 0.17 0.515 0.510 

3.40 0.25 0.624 0.620 

5.60 0.41 0.775 0.770 



APPENDIX B 

DESIGN DETAILS 

Although some of the structure details are not directly related 

to the study, it is believed future users may be interested in the 

structural strength of the channel. In this section the details of 

the rcinforced concrete bottom of the channcl and the bond between the 

bottom and the steel truss are presented. 

The reinforced concrete slab and the steel truss holding it form 

a composite truss having their relative horizontal movement prevented. 

This is accomplished with epoxy resins pads quarter inch thick placed on 

the ground clean surface of the steel truss with one inch pebbles par

tially submerged about one inch apart. The contact area between the 

pads and the steel is determined such that to resist shearing stress when 

the channel is full of water and considering the shearing bond between 

the pads and the steel as 200 pounds per square inch. The amount and 

spacing of reinforcing steel in the concrete slab is shown in figure 40. 
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APPENDIX C 

COMPARISON BETWEEN SIMPLIFIED ANALYSIS 

AND MEASURED VALUES 

In this section, a comparison between the measured values used 

to plot figures 4 and 5 and the values obtained by using the simplified 

analysis is presented. The points in figures 41 and 42 correspond to 

the existing measured values. In the simplified analysis, the forces 

AFTq, Fl, and AFW (FL is as defined on page 55) are not included. 

For the simplified analysis, Eq. 4 is used for geometry no. 2. 

This equation can be reduced to 

QK2 . <2Fs2 * i)cxi/y3) - Ci/Vn5 ,61 

V zFz2 

which corresponds to the curves in figure 41 and the top curve in 

figure 42. For geometry no. 3 the first term on the left side of Eq. 4 

must include the width of the approach channel instead of B which 

changes the left side of Eq. 6 to (B/Bi)(Qj/Qj)2. Finally, for 

geometries 4, 5, and 6, the momentum flux of the lateral flow is 

considered in the downstream direction of the main channel and is 

included in the simplified analysis which changes the left side of 

Eq. 6 to (B/B^CQ^Qj)2 • [B/(B - B1)](Q2/Q3)2 
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In general, there are three values of (yj/yj) that satisfy Eq. 6, 

one negative (physically impossible) and two positive, one corresponding 

to subcritical flow in section 1, the other to supercritical flow there. 

The solid-line portions of the curves plotted in figure 42 for geometries 

4( 5, and 6 indicate the solutions of Eq. 6 for which the flow at section 

1 is subcritical and the assumption yj • y2 is reasonable. 

As Q2/Q3 approaches either zero or unity, the assumption of equal 

depths at sections 1 and 2 is not reasonable, and this constraint causes 

Eq. 6 to be without real positive roots there. In addition, for high 

values of Q2/Q3 in geometries 4 and 5, and for low values of Q2/Q3 in 

geometry 6, flow at section 1 must be supercritical to yield jp3 - 0.5, 

a situation not included in this study. Thus the curves are discontinued 

as shown, the solid-line portions indicating the range of applicability 

of the simplified analysis for the geometries and Froude number under 

consideration. 
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: Figure 41. yj/yj vs. Q2/Q3 anc" Fr°ude number for geometry no. 2 
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Figure 42. vs« Q?/Q3 ̂  Froude number for different geometries 



LIST OF SYMBOLS t 

Symbol Definition 

Subscript 1 refers to quantities upstream from the junction 

Subscript 2 refers to quantities in the lateral channel 

Subscript 3 refers to quantities far downstream from the junction 

Subscript d refers to quantities just downstream from the junction 

Subscript n refers to quantities of normal flow (Q2 * 0) 

Subscript x refers to quantities in the x direction 

Subscript yx refers to quantities in the x direction and along a plane 
normal to the y axis 

Subscript w refers to weight (Fw:weight component force) 

No subscript refers to quantities far downstream from the junction 

A area 

a acceleration 

B width of main channel 

b width of lateral channel 

d distance along the wetted perimeter with origin at 

centerline 

F force 

F^ pressure force in the downstream direction due to different 
depths along the sides of the lateral channel 

Fw weight component force in the downstream direction 

F Froude number 

FTq boundary shear force 
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Symbol * Definition 

G body force 

g gravitational acceleration 

k ratio of the means of the squares of the variable cross-
sectional depths to the square of the centerline depth 

M momentum flux (except in F • Ma; M is mass) 

P hydrostatic pressure force 

S q surface 

t time 

u, v, w velocity components in the x, y, and z directions 
respectively 

V average velocity 

V volume 

x, y, z the Cartesian coordinates 

X distance along the centerline of the main channel with 
origin at centerline of the lateral channel and considered 
positive in the downstream direction 

y depth 

$ momentum flux correction factor 

V weight of unit volume of water 

A or d difference (AP or dP: difference in pressure) 

a normal stress 

3 mass of unit volume of water 

t shear stress 

t0 boundary shear stress 

fji Dx derivative, partial derivative, and total derivative of 
at* TP Dt * with respect to t respectively 
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