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upon the geometry of the cross-section of the channel or conduit
entirely, From mathematics, the differential %%— may be evaluated for
a given value of "yn," the water depth. "yn" wi?l always be a positive
value. So the value of "K" will never be negative. Besides at Yo * 0,
K = O, It can be verified, by plotting, that the curves of "K" over
"yn" are certainly in the first quadrant and pass through the origin,

To evaluate the differential gg—, the possible cases will be as follows:

(1) It may always be po:itive for all values of "yn" -~ this is
some type of ascending curve and it may be extended freely as shown in
Figure la and Figure lb. This is the case for ordinary open~channel
sections such as rectangular, trapezoidal, triangular, and parabolic,
etc. or generally as those sections which have the geometrical property
of side walls divergent or in parallel.

(2) It may alwa&s be positive but definitely stop at some point ~-
this is a similar curve to case (1) only it cannot be extended as shown
in Figure 2a and Figure 2b. It is the case for those channel sections
in case (1) which are covered by a flat slab.

(3) It may gradually change from positive, approaching zero as
a iimit ~- this is a special case of an ascending curve, ¥igure 3 shows
this type of curve.

(4) It may gradually change from positive to zero and them to
negative -~ this kind of curve is shown in Figure &4, It is significant
that after some point, as water depth increases the conveyance decreases.

From equation (4), for the same bottom slope, discharge is proportional
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Fig. 4. K vs. y, Curve for the Value of dK/dyh from

Positive to Zero and then to Negative,
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Positive to Infinity and then to Negative.
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In the above equation, "n," "S" and "yo" are known. Then for
a given discharge "(," the value of " ¢ " can be solved and its cor=-
responding depth will be obtained. To solve equation (6) for "o " is
complicated. However, if different values of " ¢ " corresponding to
their depths are substituted into equation (6) respectively, their
corresponding values of "(" will be computed easily. A curve of "Q"
over "yn“ can be plotted. From this curve, if either of them is known,
the other will be read directly. In general application, this kind of
curve is prepared in dimensionless plotting., Many tables of dimension-
less construction in this respect are available from ordinary books on
open channel hydraulics (4,18,10). The dimensionless plotting for
circular conduit flow is that the depth "y" refers to its full depth
"yo." and the discharge "Q" and velocity "V" also refer to its full flow
case under the condition of no pressure head added to the energy
gradient, which means that the flow is merely gravitational in nature.

For the same slope and roughness,

1,486 1/2} 2/3
n SO AORO

full flow discharge Qo = [

part flow discharge @ = [ l:%éé Si/ég] AR2/3
Are/3

Vo = 2
° " R /3
AoRo

&3

likewise V/ VO = 12—27-3-
0
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e x

B=2y, coté

A= Byo(2- (3) cot 6

P,*2y,(cot 6 + (3 cec 6 )

R=[@y,(2- @)cot8] /[2(cot 6 + @ csco )
T=2y (1- (3) cot®

D =@y, (2-0B )[20-06)]
Z =AM = @yi (2-03) cote/][@yo (20 )Yira Q- @il

Fig. 8, Hydraulic Elements for an Isosceles Triangular Section
in Terms of Vo and (3 = Y/yo






18

‘UOT309¢ JBNIUBTI] SOTOVSOST

ST3uUy X93J9) o0f oY} JO SOTISTIS0BIBY) MOTY °6 *S1g

e
]

44

|

g0 20
| 1 l

Q\_\\, %0%\@.‘.,

U

oS-0 = &N& £L
LS1f=Tp xegg — =}

A

2go= Vo
60/ = Ty xepy

1y

- 8-0




Table I. Values of y/yo, Q/Qo and V/Vo for Flow in the Closed
Conduit of Section of Isosceles Triangle with 30° Vertex Angle

/Y, (4 TR

.0100C . 20549 .00408
.02000 « 31729 .01256
.03000 . bol7s .02392
. 04000 47770 03745
. 05000 54045 . 05269
. 06000 «59543 . 06930
.07000 64421 .08703
.08000 .68788 .10565
+09000 .72725 .12501
i | . 76294 14495
+11600 « 79543 «16537
«12000 82512 .18614
«13000 .85232 .20720
+14000 87732 .22845
.15000 « 90034 .2Lo84
«16000 .92157 «27131
«17000 94118 «29280
+ 16000 « 95932 .31422
19000 .97611 33568
o2 . 99167 .« 35700
.21000 1.00610 . 37819
+22000 1.01948 « 39922
« 23000 1.03189 42008
«24000 1.04340 . 44073
«25000 1.05409 46116
« 26000 1.06399 48135
« 27000 1.07318 «50128
«26000 1.086168 « 52094
«29000 1.08955 « 54031
o3 1.09683 «55938
+ 31000 1.10355 57614
« 32000 1.10974 « 59659
« 33000 1.11543 61471
« 34000 1.12065 63249
« 35000 1.12544 64994
« 36000 1.12980 66703
« 37000 1.13%76 68377
+ 38000 Ls 15755 .70015
« 39000 1.14058 .71617
b 1.14347 .73182
« 41000 1.14604 74710
42000 1.14829 76200
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Table I. (Continued)

v A v

. 43000 1.15025 .77653
. 44000 1.15193 . 79068
. 45000 1.15334 .80kLkL6
. 46000 1.15450 01784
. 47000 1.15540 .83085
. 48000 1.15607 LB8L3Lo
. 49000 1.15652 .85571
.5 1.15675 86756
. 51000 1.15676 .87902
. 52000 1.15658 .89010
+ 53000 1.15620 « 90080
. 54000 1.15564 .91111
. 55000 1.15450 .92103
. 56000 1.15399 « 93057
. 57000 1.15291 +93973
. 58000 1.15166 9851
. 59000 1.15026 .95690
.6 118872 . 96492
.61000 1.14702 + 97256
.62000 1.14519 . 97982
.63000 1.14321 . 98671
. 64000 1¢18133 .99322
.65000 1.133888 .99936
.66000 1.13652 1.00514
. 67000 1.13404 1.01054
.68000 1.13144 1.01558
.69000 1.12873 1.02026
07 1.12590 1.02457
.71000 1.12297 1.02853
.72000 1.11993% 1.03213
.73000 1.11679 1.03538
. 74000 1.11355 1.03827
."75000 1,11021 1.04082
. 76000 1.10677 1.04302
.77000 1.10225 1.04488
. 78000 1.05962 1.04640
. 79000 1.09591 1.04758
.8 1.09211 1.04843
.81000 1.08823% 1.04894
.82000 1.08426 1.04913%
.83000 1.06021 1.04899
. 34000 1.07608 1.04853
. 85000 1.07187 1.04775
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Fig. 10, Shock-Wave Front,















34

wave of a small amplitude in water at any depth (Figure 13) is

ca—g—é%tanh-z—-;-r-l 27)

For -i-\—- < 2, tanh-a-}\r-l 2 1, and since %- =g

e s 1/5-%- (28)

This applies for deep-water waves. It can be seen that the
celerity depends on the wave length only. Surface waves in the ocean
belong to this category,

Where " A\ " ig moderately large compared with "y," tanh é{gez approaches

A

c= Ve’ (29)

This is the well known equation for celerity of long waves of
small amplitude, also known as shallow water waves. It can be seen
that the celerity depends on water depth only. Open channel waves belong
to this category. In uniform channels of any section

C = 1/5);: (30)

D, = A/T = mean depth

Shallow Water VWaves

From the previous discussion, it is realized that the shallow=
water wave equation, ¢ = ¢/E§: applies strictly to waves of small
amplitude. However, it is sufficiently accurate for nearly all cases,
except when the wave is almost large and steep enough to form a breaker.

The following are those waves occurring, generally, in shallow water.
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‘Table II, The Observed Discharges and Slopes

|

i

Channel Flow in the Tri
2-Inch Orifice Plate

Conduit for a

for Maximum Open

i So ‘\F’: b L < Ye J c/ Yo
(in.) (cfs) (in. (yc/6.75)
3 0.00100 0.03163 4,20 0.211 3,23 0.479
2 0.00200 0.04472 4,50 0.227 3,28 0.486
3 0. 00300 0.05478 4,90 0.238 3.39 0.502
b 0.00390 0.06245 8420 0.242 3,43 0.508
5 0.00480 0.06929 5.40 0.250 3.50 0.519
6 0.00600 0.07746 5.80 0.260 3,59 0.532
7 0.00650 0.08063 6.10 0.267 5,66 0.542
8 0.00650 0.08247 5.80 0.260 3,60 0.533
9 0.00700 0.08367 6.05 0.265 3.64 0.539
10 0.00727 0.08526 6.10 0.267 3.64 0.539
1) 0.00760 0.,08718 6.20 0.268 3.67 0.544
12 0.00780 0.08832 6.30 0.270 2,69 0,547
13 0.00800 0.08946 6.40 0.273 3.71 0.550
14 0.00813 0.09017 6.45 0.275 3.73 0.553
15 0.00853% 0.09236 6.60 0.278 3.75 0.556
16 0.00880 0.09381 6.75 0.280 3.77 0.559
4y 0.00887 0.09418 6.80 0.282 3.79 0.561
18 0.00900 0.09487 6.80 0.282 3.79 0.561
19 0.00947 0.09731 7.10 0.268 3.84 . 0.569
20 0.00950 0.09747 Ty 0.288 3.84 0.569
21 0.01000 0.10000 7.30 0.293 3,88 0.575
22 0.01037 0.10183 7.40 0.295 3.90 0.578
23 0.01067 0.10330 7.65 0.298 3.92 0.581
2L 0.01133% 0.10644 7.80 0.303 5479 0.588
25 0.01181 0.10868 8.00 0. 308 L,01 0.594
26 0.0123% 0.11104 8.30 0.314 L, 06 0.610
27 0.01300 0.11402 8.50 0.318 4,09 0.606
28 0.01373 0.11705 8.80 0.324 o1k 0.613
29 0.01447 0.12124 9.10 0.330 4,20 0.622
30 0.01527 0.12357 9.60 0.340 4,26 0.631
21 0.01607 0.12677 10.10 0.350 4,33 0.641
32 0.0163% 0.12779 10.30 0.353 4,35 0.644
33 0.01700 0.13039 10.40 0.355 4,37 0.647
3L 0.01790 0.13379 10.80 C.363 b, 43 0.656
35 0.01880 0.13711 11.20 0.372 4, 49 0.665
36 0.01977 0.14061 : - 11.75 i/ Oy 388 4.56 0.676
237 0.02093 O.14467 32,05 0.338 4,60 0.681
38 0.02100 0.14491 12.20 C.389 4,61 0.663
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Table II. (Continued)
S «{52 Mano. Q yc/yo
(in.) (cfs) (yc/6.75)
0.02230 0.1493%3 12.90 0.401 4,68 0.693
0.0233%3% 0.15275 13.14 0. 405 b.71 0.698
0.02L467 0.15707 14,00 0.420 4,80 0+ 74%
0.02567 0.16022 14.50 0.427 4,84 0717
0.02600 0.16125 14,55 0.428 4,86 0.720
0.02760 0.16613% 14,90 0.434 4,88 0.723
0.02850 0.16882 15,50 0.443 4,93 0.730
0.02927 0.17109 15.90 0. 449 4,96 0.735
0.03000 0.17322 16.00 0.450 L,97 0,736
0.03133 0.17701 16.85 0.462 5.03 0.745
0.03200 0.17889 17,20 0. 467 5.06 0.750
0.03280 OcI8LAL 7 17.85: 0,408 5.09 0.754
0.03320 0.18221 17.92% 0.475 5.10 0.756
0.03350 0.18303% 17.95 0.477 Sl 0.757

S e S

a1 g SO

A Y o R B 2 P, e S, RGeS0 o L R0 i R Doy S G W . Sl

The first trough is about 5.85 inches deep in all the

cases (or the first lowest water depth before the stand-
ing waves)



Table III, The Observed Discharg
Channel Flow in the Tri

3-Inch Orifice Plate

es and Slopes for Maximum Open
angular Conduit for a

Run So vgz Mano. Q Ya yc/yo
(in.) (cfs) $iB.) (yc/6.75)
1 0.00100 0.,03163 0.80 0.223 3,24 0. 480
2 0.00150 0.0%874 0.82 0.225 3.26 0.483
3 0.00200 0.04472 0.84 0.230 1% § 0.490
4 0.00300 0.05478 0.92 0.240 3,40 0.504
5 0.00400 0.06324 1.00 0.252 3,52 0.521
6 0.00500 0.07071 1.05 0.260 3.60 0.533
7 0.00600 0.07748 1:26 0.265 3.64 0.539
8 0.00700 0.08367 2,720 0.275 379 0.553
9 0.00800 0.08944 3.25 0.280 3.77 0.559
10 0.00900 0.09487 %.35 0.295 3,90 0.578
11 0.01000 0.10000 1.40 0.300 3.94 0.584
12 0.01100 0.10488 1405 04305 3.98 0.590
13 0.01200 0.10954 1.50 0.310 4,02 0.596
1k 0.01300 0.11402 1.55 0.315 4,06 0.601
15 0.01400 0.11832 1.65 C.330 4,18 0.619
16 0.01500 0.12248 1.75 0.335 L, 22 0.625
17 0.01600 0.12649 1.85 0. 345 4,29 0.636
18 0.01700 0.13039 1.95 0. 5% L.37 0.647
19 0.01800 0.13417 2.05 0.365 L, 4L 0.658
20 0.01900 0.13784 2.15 0.370 L, 47 0.662
21 0.02000 0.14142 2425 0.380 4, sk 0.673
22 0.02100 0.14492 2.35 0.390 4,61 0.683
23 0.02200 0.1483%2 2.45 0. 400 4,67 0.692
24 0.02300 0.15166 24595 0.410 L.74 0.702
25 0.02400 ~ 0.15492 2.65 0.1415 4,77 0.707
26 0.02500 0.15811 2,75 0.425 4,83 0.716
27 0.02600 0416129 2.85 0.430 4,86 0.720
28 0.02700 0.16432 2.95 0.435 4,89 0.724
29 0.02800 0.16733 3.05 0.440 L, g2 0.729
20 0.02900 0.17029 3,15 0.455 5.00 0.7
21 0.03000 0.17321 3,20 0.457 5.01 0.742
32 0.03100 0.17607 3,25 0.458 Skt 0.7k2
33 0.03%200 0.17889 235 0.465 505 0.748
34 0.03300 0.18166 3,45 0.475 5.10 0.756
35 0.03400 0.18439 3,55 0. 480 e P 0.759
26 0.03500 0.18708 3.60 0.490 T8 by 0.766
37 0.03600 0.18974 3,70 0.495 5+80 0.770
33 0.19235 3.80 0. 500 S5s22 0.773

0.03700

e
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Table III. (Continued)

Run S \[E; Mano. Q Pa yc/yo
(ins) (cfs) (in.) (yc/6.75)

39 0.03800 0.19494 %.90 0.505 5.25 0.778

o) 0.03900 0.19743 4,00 0.510 5.26 0.779

4 0.04000 0.20000 4,10 0.515 5.29 0.784

Lo 0.04150 0.20372 4,23 0.525 5.33% 0.790

Lz 0.04220 0.20543  4.30 0.530 5.35 0.793
Remarks: The first trough is about 5.85 inches deep in all the cases

(or the first lowest water depth before the standing waves)
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