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ABSTRACT 

The hydraulic jump was studied in a trapezoidal channel in which 

the sidewalls were vertical and the water surface and the bottom channel 

were not parallel. The purpose of the study was twofold. 

a. The length and depth characteristics of the hydraulic jump were 

determined for this particular non-rectangular section. 

b. It was found that the hydraulic jump did not occur in a trian­

gular channel. Instead, the transition from supercritical flow 

to subcritical flow was accompanied by a series of large eddies 

on the shallow side. This phenomenon is far different than the 

hydraulic jump in which the transition is accomplished through 

a single breaking wave in which the downstream water surface 

is comparatively smooth. However, if a wall is placed on the 

shallow side and is moved closer and closer to the wall on the 

deep side, a point is reached at which the hydraulic jump will 

form. This limit for the hydraulic jump was determined for 

this particular section. This limit was determined so that it 

can be applied to channels of different cross section and even 

with non-uniform velocity distribution. 

A transition from supercritical flow to subcritical flow was ob­

served in the trapezoidal channel. Observations were made in order to de­

termine the depth and length ratios of the hydraulic jump. Also, the type 

of wave occurring at the transition was observed. A total of h9 such 

transitions wer observed with the variables being the Froude Number 

(1.Û -1F<̂ 2.8) and the channel geometry. The channel geometry was varied 
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in five increments by changing only the distance between the parallel ver­

tical sidewalls. 

The significant results of the experiments are as follows: 

a. The length and depth characteristics of the hydraulic jump in 

this particular channel were similar to those of the much-stud­

ied hydraulic jump in a rectangular channel. 

b. In order for a hydraulic jump to form the lateral transfer of 

momentum through the jump is limited. A generalized parameter 

for measuring this lateral momentum transfer is the ratio of 

the pressure force plus momentum flux downstream in a unit wide 

strip to that upstream from the transition. The value of this 

parameter did not exceed 2.8 when a hydraulic jump was formed. 



CHAPTER I 

INTRODUCTION 

The characteristics of the hydraulic jump in a rectangular channel 

have been well defined by a great number of experimental studies. These 

experiments have confirmed the validity of the momentum analysis for the 

determination of the depth ratio. The other characteristics involving the 

length of the jump were of necessity determined by experiment. The most 

complete detennination of the characteristics of the hydraulic jump in a 

rectangular channel were made by Bakhmeteff and Matzke(l). 

However, the characteristics of the hydraulic jump in non-rectangu­

lar channels have been studied only in a few isolated cases. Lane and 

Kindsvater(2) studied the hydraulic jump in a circular enclosed conduit. 

In these experiments, supercritical open-channel flow was changed to en­

closed flow by means of the hydraulic jump. This study again demonstrated 

the validity of the momentum analysis. Posey and Hsing(3) experimented 

with the hydraulic jump in a trapezoidal channel and found the experimen­

tal results and the results of the momentum analysis to be in agreement. 

They determined the length and depth characteristics and made pertinent 

observations about the jump appearance. 

In appearance the jump in a trapezoidal channel differs from 
the jump in a rectangular channel in that wedge-shaped wings form 
on each side. The wings may meet or be joined by a straight por­
tion. In many of the tests alternate ridges and troughs formed 
in the downstream portion before the full height was reached. 

The length of the jump in a trapezoidal channel is less defi­
nite than in a rectangular channel, and for flat side slopes is 
considerably greater. 



This study was initiated to further investigate the characteristics 

of the hydraulic jump in a non-rectangular channel. The particular non-

rectangular channel was chosen so that the flow cross section was the 

shape of a trapezoid for which the water surface and bottom were not par­

allel. The purpose of the study was twofold. 

1. The length and depth characteristics of the hydraulic jump were 

to be determined for this particular non-rectangular shape. 

2 . It was found that the hydraulic jump did not occur in a trian­

gular channel. Instead, the transition from supercritical flow 

to subcritical flow was accompanied by a series of large eddies 

on the shallow side. This phenomenon is far different than the 

hydraulic jump in which the transition is accomplished through 

a single breaking wave and in which the downstream water sur­

face is comparatively smooth. However, if a wall is placed on 

the shallow side and is moved closer and closer to the wall on 

the deep side, a point is reached at which the hydraulic jump 

will form. This limit for the hydraulic jump was to be deter­

mined for this particular section. This limit was to be de­

fined so that it could be applied to channels of different 

cross section and even with non-uniform velocity distribution. 



CHAPTER II 

THEORY 

Nomenclature.—The particular non-rectangular section chosen for study is 

shown in cross section in Figure 1* 

r 

FIG. 1 CROSS SECTION OF FLUME 

x 0 • width of channel cross section. 

70

 m difference between the depths of water at the deep 

and the shallow sides. 

y r • depth of water at the shallow side. 

y a v e
 a average depth. 

x s - length of reverse flow at the shallow side of the 

channel. 

x^ • length of reverse flow at the deep side of the 

channel. 

V • mean velocity. 

Q - discharge. 

P+M • pressure force plus momentum flux. 

G = ratio of pressure force plus momentum flux down­

stream to that upstream. 



Y ... P • M/A t To. 

h X o y o / 2 . 

r 
a* yr/yo. 

g = ( 0 / ^ ) 2 / ^ , 

• Froude Number. 

T unit weight of water. 

e mass density. 

acceleration of gravity. 

The subscript 1 is used to denote a section upstream from the wave 

front, and 2 for a section downstream from the wave front. Subscript £ 

means strip. 

Total-Section Analysis.—As in the rectangular channel, the sequent depth 

relationship is determined by a momentum analysis. The following assump­

tions are employed. 

1. A hydraulic jump which is normal to the wall is possible be­

tween sections in which y r is constant perpendicular to the 

flow. 

2. The velocity distribution is uniform. 

3. The boundary shear is negligible. 

The expression for the pressure force plus the momentum flux in a 

section (Figure 1) is as follows: 

P + M - W r V Wol(yr

 + yo/3) + CG2Aoyr + i(xoy0) 

In dimensionless form, 

Y - 0* + 0 • 1/3 + ©/(l + 20) 



From the equation of momentum, (jJ^ (before jump) - ̂  ( a^er jump.) 

Therefore, 

0 X2 + 0± * 1/3 + 9/(1 + 20 x ) - 0 2

2 + 02 + V 3 + ©/(I + 202) 

from an inspection of the expression for 9, it can be seen from the equa­

tion of continuity, that 9 is the same before and after the jump. 

The solution of 02 for given values of 0 i and 9 was performed 

graphically by plotting f versus 0 for the given value of 9. 

A family of curves of ̂  versus 0 were constructed with each curve 

representing a different value of 9. From tnese curves the correct value 

of 02 could be determined for given values of 0^ and 9, since the value 

of ijJ is the same for both the upstream and downstream sections. 

Longitudinal Strip Analysis.--'The pressure force plus momentum flux in the 

strip at a section upstream from the wave is not necessarily the same at 

a section downstream from the wave, because of the possibility of a later­

al transfer of momentum from the deep side to the shallow side of the 

channel. 

If in the strip analysis the ratio of pressure force plus momentum 

flux at a section downstream from the wave to that for a section upstream 

from the wave is unity, we have balance for the strip. If the value of 

that ratio is greater than unity, it means that there is a momentum defi­

ciency upstreamj and if the ratio is less than unity, there is a momentum 

surplus upstream. 

It will now be shown that there is a region of momentum surplus on 

the deep side of the channel (Figure 1) and a deficiency on the shallow 

side. This condition requires that momentum must be transferred laterally 
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across the channel. If the lateral transfer of momentum becomes too large 

it is conceivable that the transfer would be physically impossible. For 

this case the hydraulic jump would not be possible. The criteria for the 

existence of the hydraulic jump is based upon the magnitude of this later­

al transfer of momentum. 

The momentum equation for a strip can be presented in the following form 

A y S " y 

FIG. 2 LONGITUDINAL STRIP SECTION 

ir(yri + y ) 2 + vi 2(y * yri) - ir(yr2 + y ) 2 + V2 2(y + y r2) 

letting V * Q/A-t(l + 20) and dividing b y ^ y 0 , the following expression 

is obtained for the strip 

p * W%70

2 * i<y/yo • 0i)2 + e(y/y0
 + * 20x)2 -

i(y/y0 • fe)2 + e(y/y0 + 02)/(i + 202)2 

For balance 

(P • M) B l - (P • M) s 2 

Letting 

G - (P + M)82/(P + M ) s l M - 1 For balance 

M > 1 For P + M deficiency upstream 

M < 1 For P + M surplus upstream 



From geometry 

y/y 0 - 1 - x/x Q 

Substituting: 

4(1 - x/x 0 + jZfi)2 + 0(1 - x/x 0 • 0i)/(l + 2 0 x ) 2 -
i(l - x/x 0 + 0 2 ) 2

 * 0(1 - x/x 0 + 02)/(l • 2 0 2 ) 2 

Q „ 1(1 - x/x Q * 0 2 )2 ^ 0(1 - x/x 0 * 02)/(l » 2 0 2 ) 2 . 
i(l - x/x G + 02)2 * 0(1 - x/xo + fa)/(I + 20x)2 

The parameter G resembles the shape parameter H used in boundary 

layer studies. The value of G is a measure of the momentum defect at any 

longitudinal strip, and the value of H is a measure of the momentum defect 

within the boundary layer. However, recent studies{h) indicate that the 

criterion for boundary layer separation may be better expressed by the 

value of the rate of change of H rataer than the commonly used value of 

H. Extending the resemblance further, it would seem that either the val­

ue of G or the value of 2G/2>{x/xQ) might be valid measures as to whether 

a hydraulic jump is possible. 

The maximum value of G occurs at the shallow wall, where x/x 0 • 1. 

Gm . j 0 2

2 • 002/(1 * 20fe)2 

i01 2 • © 0 i / d + 20 x)2 

The value of G versus 0 for different values of 9 are shown in 

Figure 3. 

In a similar fashion 

-3 G/3(x/xQ) 



The values of ^ G / ^ X / X Q ) ^ ^ m ^ are pi 

for different values of 8 on Figure U. 

In both the diagram of Gm and 7)G/2)(x/x0) 

are plotted versus values of 0^ 

rx 0 - 1 are shown the 

values corresponding to the test runs. The test runs were accomplished 

at five different widths of channel or at five different values of 

y p i / y p i + yo« 

The value of this parameter YTI/YTI * 7o ^or a rectangular cross 

section is unity. In this case, the jump is always possible and the ratio 

G is 1, that is, there is a pressure force plus momentum flux balance in 

each longitudinal strip. For a triangular section the value of 

^rl/yrl * v o I s zero, no jump is possible, and undulating waves and eddies 

on the shallow side are presentj the corresponding maximum value of G is 

infinite which means that there is a pressure force plus momentum flux de­

ficiency upstream and which cannot be supplied, making impossible the for­

mation of the hydraulic jump. 

The theoretical values computed for the ratio Gm and plotted in 

Figure 3 are always greater than unity which means that there is a momen­

tum surplus on the deep side of the channel and a deficiency on the shal­

low side. 
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CHAPTER I H 

EQUIPMENT AND INSTRUMENTATION 

Waves were induced into a channel of varying depth in the cross 

section, the shape of which is shown on Figure 1. 

The experimental investigation was performed in a flume eighteen 

feet long and three feet wide with vertical side walls and sloping bottom 

in the cross section (three horizontal to one vertical.) The flume was 

resting on ten legs, each one of which has adjustment screws for use in 

leveling the flume. The flume was leveled to a horizontal position with 

aid of a surveyor's transit. Figure $ is a photograph of this flume. 

Water for the test runs was supplied from a constant head tank. 

The inlet was always the shape of the channel cross section. This 

was accomplished by fitting streamlined, hand-carved, wooden blocks into 

the pointed edge of the originally triangular inlet. The maximum depth 

of the opening was 0.1+0 feet and the maximum width was 1.20 feet. 

In order to obtain nearly uniform velocity distribution, the fore-

bay side of the opening had one-quarter rounds with one and half inch ra­

dius. Also, for the same purpose, two vertical walls in the forebay at 

both sides of the inlet, a cylindrical screen and four vanes were used. 

In order to secure uniform depths upstream from the wave, a cover 

plate with three suction lines was used. This cover plate which provided 

an enclosed inlet was six inches wide and had a sharp edge at its down­

stream end. 

The wall on the deep side of the flume was fixed in position. The 

wall in the shallow side was eight feet long and was movable so that the 



FIG. $ PHOTOGRAPH OF APPARATUS 
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channel width could be changed. 

A weighing tank was used to measure the discharge. 

Water depths were measured with a point gage mounted in a movable 

bridge. 
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CHAPTER IV 

PROCEDURE 

Experimental Procedure.—A wave was induced in the flume as closely as 

possible to the cover plate at the inlet by changing downstream 

conditions• 

The discharge was measured by means of a weighing tank and an elec­

tric stop clock. 

Water depths to the nearest 0.001 foot were measured with a point 

gage mounted on a movable bridge. This bridge was carefully leveled at 

preset stations both upstream and downstream from the wave. 

Waves and pulsations continued sometimes for a considerable dis­

tance below the jump with the result that the measurements of the down­

stream depth were difficult. In order to overcome the inaccuracies due 

to these conditions, ten to eleven depth measurements were made in each 

cross section. A good average was expected from these measurements. The 

upstream depths were also measured at ten to eleven points in the cross 

section. 

Lengths of the reverse flow at both sides of the channel were meas­

ured. The length of the reverse flow zone was measured as the distance 

from the wave front to the downstream point where all entrained air bub­

bles are moved downstream. The lower end of the jump cannot be precisely 

determined. 

In running the tests, five different channel widths were used; 

1.10, 1,05, 1.02, 1.00, and 0.90 feet. Each of these channel widths was 

tested at nine or ten different discharges. 
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Analytical Procedure*—The water surface profile upstream from the wave 

was irregular. This profile was adjusted by plotting the measured depths 

at ten or eleven different points in the cross section and drawing a hor­

izontal line which compensated for the irregularities of the profile. 

The average depth at both sections upstream and downstream from the 

wave were computed as the average between the depths at the shallow and 

the deep sides at the corresponding sections. The same average depth up­

stream from the wave was used in all cases for a given channel width. 

The velocities were computed by dividing the discharge by the cross 

sectional area of the channel. The momentum correction coefficient for 

the velocity was assumed to be unity. Only slight errors are to be ex­

pected from this assumption, because of the provisions made at the inlet 

in order to get a nearly uniform velocity distribution. The Froude Number 

at the upstream section was computed by using the mean velocity and aver­

age depth of the section. 
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CHAPTER V 

DISCUSSION OF RESULTS 

The purpose of the test runs was twofold. First, the characteris­

tics of a breaking wave, hydraulic jump, in a particular non-rectangular 

channel were to be determined. Second, a criterion was to be determined 

for the existence of a hydraulic jump in a channel of any shape or veloc­

ity distribution* 

Two different types of flow were observed. The first type consists 

of undulating waves across the channel and eddy currents on the shallow 

side, A well defined second wave was always observed with this type of 

flow, A sketch of this type of flow is shown in Figure 6a and 6b. The 

second type consists in a wave perpendicular to the channel cross section 

which can be called a hydraulic jump; no second wave was observed. This 

type of flow is also sketched in Figure 6c and 6d, 

The criteria used in analyzing the two types of flow observed was 

that a certain lateral transfer of momentum is required in order to obtain 

a perpendicular wave5 in case this lateral transfer of momentum cannot be 

supplied, no hydraulic jump is possible. 

Five runs were made. Runs number 1 and h were of the first type 

of flowj runs number 2 and 3 were of the second type; run number $ was in 

the limiting condition. 

The channel width for runs number 1 and h was 1,10 feet and 1,0£ 

feet respectively. For Froude Numbers smaller than about I.83, the wave 

did not extend across the entire cross section of the channel and non­

breaking waves were observed in the deep side. Since the non-breaking 



- x * /Von />r<it?Ji/rip 

oi) P a r t i a l b r e a k i n g W a v e 

c c 

b) Wave 

TYPE OF PLOW ( Bunt W* I a n oi N° 4) 

ri&. 6 

a t N E C Q L C L O W S K C T C U 
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wave is very long, this wave influenced the upstream depths on the deep 

side. There was no reverse flow in the deep side. A sketch of this flow 

condition is shown in Figure 6a. For greater Froude Numbers, the wave 

went across the entire section of the channel. The depths upstream from 

the wave were the same for all tests with Froude Numbers greater than 

about 1,83. This flow condition is shown in Figure 6b, 

No jump was possible for these runs. This means that a greater 

lateral transfer of momentum was necessary in order to get a perpendicular 

wave or what can be called a jumpj in other words, the lateral transfer 

of momentum required is greater than that which can be supplied, hence the 

jump is not possible. 

The values of Gm and 3G/<D(x/xft) . for test number 1 and h 
° |x/x0 » l 

can be seen in Table 1 and Figures 3 and k» 

The channel width for runs number 2 and 3 was 1,00 feet and 0,90 

feet respectively. For Froude Numbers smaller than about 1.83* a well de­

fined jump in the shallow side and undulating waves in the deep side were 

observed. Here again the depths upstream from the wave at the deep side 

were altered. There was no reverse flow on the deep side. This type of 

flow is shown in Figure 6c. For greater Froude Numbers, a perpendicular 

wave across the entire section of the channel was obtained, (See Figure 

6d.) 
A s a perpendicular wave was possible, the conclusion is that the 

lateral transfer of momentum could be supplied for these cases. The val­

ues of Gm and DG/3(X / X 0)|^ ^ i are also shown in Table 1 and Figures 

3 and l*. 
By means of Figure 3. it was found that the channel width should 

be 1.02 feet in order to cover the range of values of Gm between those 
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TABLE 1 

^1 Gm -2)GA>(x/x0) y r L / y r i + yro 

at x /x 0 • 1 1.39 2.0 14 .0909 4a 1.58 2.6 21 .0909 4B a 1.75 2.8 24 .0909 4c • 1.54 4.0 >60 .0468 a 1.73 4.7 >60 .0468 IB b 2.07 2.8 18 .1169 5E 2.15 2.9 19 .1169 5f b 2.27 3.0 20 .1169 5g 2.37 3.0 .1169 5h b 2.00 3.1 .0909 4d b 2.59 3.2 22 .1169 5i b 2.72 3.2 23 .1169 5J 2.19 3.5 31 .0909 4e 2.34 3.5 32 .0909 4f b 2.49 3.7 34 .0909 4g b 2.67 3.8 36 .0909 4h 2.75 3.9 36 .0909 4i b 2.84 4.0 37 .0909 4J b 1.88 5.3 >60 .0468 J 2.08 5.5 >60 .0468 id • 2.25 5.9 >60 .0468 IE b 2.44 6.3 >60 .0468 IF b 2.67 6.7 >60 .0468 1G b 2.72 6.9 >60 .0468 IH : 2.85 7.2 >60 .0468 11 ': 2.97 7.5 >60 .0468 U c 1.39 1.4 2.7 .2208 3A c 1.59 1.4 3.6 .2208 3B 1.78 1.6 4.3 .2208 3C c 1.34 1.8 7.5 .1351 c 2.59 2.0 9.2 .1351 2B :.: 1.44 2.1 12 .1169 5A 1.70 2.2 11 .1351 2G 0 1.58 2.4 13 .1169 53 - 1.98 1.8 5.0 .2208 3D d 2.10 1.9 5.7 .2208 d 2.21 2.0 6.3 .2208 3F 2.32 2.0 7.0 .2208 3G 2.41 2.0 7.5 .2208 3H d 2.49 2.1 7.7 .2208 31 
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TABLE 1 (Continued) 

Type of Run 
Wave 3Px Gm 3G/3(x/x0) y r l/y ri + y r o No. 

at X / X Q * 1 
d 1.89 2.U 10 .1351 2D 
d 1.73 z.h 

r-l .1169 5c 
d 2,09 2.5 lit .1351 2E 

2,23 2.6 .1351 
d 2.31 2.6 • .135 L 2G 
d 1.91 2.7 : 7 .1169 5D 

2.ii6 2.7 16 .1351 2H 
2.58 2.8 16 .1351 21 

d 2.65 2.8 17 .1351 2J 
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corresponding to runs number ii and 2. 

The channel width for run number $ was 1.02 feet. The tests made 

with this channel width were very sensitive. 

The corresponding values of Gm and ̂ G/D(x/x0) > are also 
( x/x0 * 1 

shown in Table 1 and Figures 3 and k* 

As the condition for the formation of the jump is approached, the 

values of Gm and DG/c)(x/x0)j . ^ decrease. Because this point is not 
Ix/Xq • x 

well defined, it is not possible to give an exact value of (in or 
, _ corresponding to the limit for the formation of the x/x 0 - 1 

i is between In and la.9 (Figure 6c) 
X / X q * X 

DG/^)(x/x0) 

jump. 

From the observations made and with the aid of the corresponding 

diagrams, the limiting value of Gm for the formation of the jump (Figure 

6d) for Froude Numbers above 1.83 can be given as 2.8, and that for 

2)G/2)(x/x0) . between 17 and 18.ii, and the values for Froude Numbers 
X / X q * l 

smaller than 1.83$ the limiting value of Gm is between 2 and 2.4 and of 

DG/2(x/x0) 

Within the range of the experiments, no noticeable change was found 

between the theoretical curve of IF-, versus v2ave/yiave ̂ o r a rectangular 

channel and those for the different channel width testedj the values of 

versus y2ave/yiave ^ e s ^ runs were compared with the theoretical 

curve for a rectangular channel. These values are shown in Figure 7. All 

values are practically on the same straight line, even for the cases where 

no jump was obtained. For Froude Numbers smaller than about 1.83* non­

breaking waves on the deep side were obtained. This value of the Froude 

Number is very close to the theoretical limiting value of 3F^ • 1.73 for 

the undular and direct jump conditions in a rectangular channel. 



tbN yr, / y r , * y r < 

F I G . 7 - O V r C D G t DEPTH B G T I 0 4 Q ( F U N C T I O N 
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Thus, it appears that the value of the Froude Number slightly less 

than 2,0 can be taken as the limit between the breaking and non-breaking 

wave regardless of the shape of the channel. 

In Figure 8, the two types of flow (undulating waves or hydraulic 

jump) are well differentiated. Values of x s/y r2 - yrl above eight corre­

spond to undulating waves and eddies on the shallow side. When a jump was 

obtained, the value of x s/y r2 • yrl w a s never greater than eight. The 

maximum values obtained by Mr. Bakhmeteff and Mr. Matzke(l) for the 

length over the height of a jump in a rectangular channel are shown in 

dotted line in Figure 8. The value of this ratio is about eight in a rec­

tangular channel. 

When no jump was obtained, the length of reverse flow on the shal­

low side increases as the channel width increases; the limit will be when 

the channel cross section is triangular, the length of reverse flow on the 

shallow side being infinite; a fact which was proved experimentally. For 

the jump condition, the length of reverse flow on the shallow side was 

practically the same for all runs (Figures 8 and 9.) 

The maximum values of the ratio of the length of the jump over the 

depth upstream from the jump for a rectangular channel obtained by Mr. 

Bakhmeteff and Mr. Matzke(l) are shown in dashed lines on Figure 9* The 

average value of this ratio is about five. 

The length of reverse flow on the shallow side for a non-rectangu­

lar channel is smaller than the length of the jump in a rectangular chan­

nel for Froude Numbers smaller than 2.8, as can be observed in Figures 8 

and 9» Hence, for Froude Numbers smaller than 2.8, a hydraulic jump in 

a non-rectangular section seems to be more effective as an energy 
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dissipator than that in a rectangular section. 

It can also be observed in Figure 9 that the length of reverse flow 

in the deep side increases as the width of the channel decreases. This 

is due to the fact that the influence of the sloping channel bottom be­

comes less as the width of the channel decreases; the limit will be when 

the length of reverse flow becomes equal in length at both sides of the 

channel, which is the case in a rectangular channel. 



CHAPTER VI 

CONCLUSIONS 

1. Depending on the value of the Froude Number, the flow in a non-

rectangular channel can be divided into two types. When the Froude Number 

is smaller than about 1,83, partial breaking waves are obtained; and when 

it is greater, breaking waves across the entire section of the channel are 

observed. 

2. The theoretical limiting value of W\ - 1.73 for the undular 

and direct jump conditions in a rectangular channel is very close to the 

value 3Fi m 1.83 obtained for this particular channel. Thus, it appears 

that the value of the Froude Number slightly less than 2.0 can be taken 

as the limit between the breaking and non-breaking wave regardless of the 

shape of the channel. 

3* In a rectangular channel the Froude Number is sufficient to de­

scribe the type of wave, since only two types are possible; the undular 

and the direct jump. Ln a non-rectangular channel an additional division 

is necessary, since two completely different phenomena are possible; the 

type of flow consisting of undulating waves and eddy currents in the shal­

low side, and that which can be called a hydraulic jump. The line of de­

marcation between these two types of flow is given by either the value of 

G or the value of 'dG/d(x/x0) at the shallow side. The condition for the 

formation of the jump was found to be: 

Gm < 2.8 oG/d(x/x0) ^ xn - 1 < 18.U 



Ii. When &n is greater than 2.8, the length of reverse flow in the 

shallow side increases rapidly as the deviation from the rectangular shape 

becomes marked; being infinite when the channel is triangular. 

5. The length of reverse flow in the deep side is always smaller 

than that in the shallow side and increases as the channel width de­

creases. The limiting condition is obtained in a rectangular channel 

where the length at both sides of the channel is the same. 

6. The length of reverse flow on the shallow side for a hydraulic 

jump in a non-rectangular channel ( 3?^ > 1.83 and (Mi< 2.8) is smaller 

than the length of the jump in a rectangular channel. 

7. The conclusions Number 5 and 6 indicate that a hydraulic jump 

in a non-rectangular section is more effective as an energy dissipator 

than one in a rectangular section. 
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