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Summary

The purpose of this study was to investigate and compare flow discharges of rectangular,
V-hotéh_ and trapezoidal types of cutthrooat flumes; and the published data for trapezoidal
parshall flumes,’® And the trapezoidal cutthroat flumes were also compared in their
accuracy of discharge [measuréments for various convergence ratios in the inlet section
and divergence ratios m the outlet section, '

" Five flumes were- studied, and -all the flumes were 45cm long with flat-bottom and were
“made of well-finished transparent acryl plate of 3mm thickness. One rectangular, one V-
notch and three trapezoidal types were numbered 1 to 5 as :shown in Fig. §—1.

The measured depth of water was ranged from 5 to 20cm.

The results obtained in this study are summarized as - follows:

1. The géneral discharge equations for tested prototypes are listed for freé flow in
‘Table[y —1 and for submergence flow in Table [J—4,

2. In both free and submerged flow, the accuracy of the discharge formula obtained
by this test is highly significant at 1% level as shown in Table IV—2 and Table [y —6,

The accuracy of diSharges measured depends upon the convergencé and divergence ratios
in the trapezoidaﬂ types: the less the ratios of convergence 'as well as. divergence, the
-lower the accuracy. ' '

3. Submergence ratios tend to increase in' the order of flume number except flume No. 4.
This implies . that trapezoidal cutthroat flumes are more acceptable than rectangular or
V-notch ones for free flow.

4. The transition submergence for the trapezoidal Parshall flumes ranges from 80—85
per cent, which is slightly higher than the tested flume. However, the trapezoidal cutth-
roat flume No. 5 has higher transition submergence ratio, ranging from 73—78 per cent,
than other trapezoidal ones. The difference between the trapezoidal Parshall flumes and
the trapezoidal cutthroat flumes in transition submergence seems small enough to be
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ignored .in their field use.

5. Trapezoidal cutthroat flume is simple and economical to construct in existing open-

channels whose shapes are generally trapezoidal. In order to obtain the' best rating

accuracy, flume No. 3 among the tested trapezoidal types is recommended, because it

shows the highest accuracy for both free and submerged flow,
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-~ Flume ; i )
Description of sizes | ..l ..| L | B |W | F | R | H, | U,|Low
m} (deg.—Wx L) jm‘ -1 }m’ -1 l cm i‘cm | cm J’ cm l cm } cm | cm j cm | Remarks ‘
1 l‘?Odeg.ScmxASm ]31 61]45!151 5‘ 5’15;22[30‘30
2 | 45deg. Ocmx 45cm ]2 41 i 45] 15 | o.| 45i 60 | 31 $ 30| 30
* | | i H
T ) range
3 |45deg. Semxasem [ 3:1]6:1| 45 15’ 5] 5ol eof 31| 30] | :
- - J =5~20cm
4 | 45deg. 7.5cmx45cm | 4:1 [ 021 ! 4515 ) 7.5 {52.5 60’ 3 | 30} 30
5 | asdeg.oemxasem | 5:1]10:1) 45| 15| 9| s4| co) a1 | 30| 0|
Fig. [ —1 Dimensions of cutthroat flumes used in experimental desing.
@Flume No.2 : V-notch cutthroat flume, B—15 ] R BREEAT BTEARFT KEBRE

cm, W—0cm, L—45cm, f{|& 718> (88)~1: 1.
(3Flume No. 3: ## cutthroat flume, B—]5cm,
W—5cm, L—45cm, SS—1: 1, '
@Flume No. 4: B cutthroat flume, B—15cm
W~—7.5cm, L—45cm, SS—1:1
@®Flume No. 5: $F cutthroat flume, B—15cm,
W--9cm, L—45cm, SS—1:1,
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Table [—1. Testing instruments used in this experiment.
Items 'Instruments of water measurement
V-notch weir, Venturi meter, Water tank, stop watch

Water Depth

Hook gauge, U-tube manometer.

Midget current meter.

|
Discharge ‘
|
Velocity 1

Channel

] Movable open-channel of length 9.6m, width 0.6m height 0.6m.
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Table f —2. Comparison of discharges
measured by current meter

to those by V-notch weir.

' Current
__meter | 9 |0, 10./0,x
R R e

h

Remarks
<m

3.4 2210 296 301 5 98.3
7.5 37.5 2,087 2,121f 34| 98.6
1.6 46.4] 6,126 6,232 106  98.3
14.1] 50.8 9,89010,096| 206  98.0
17.5 56.116,80217,233 4311 97.50f 9/
21.4] 61.8)27,723128,551| 828  97.1/=97.4%
24.5. 65.838,367339,718] 1,351  96.6
28.0 68.152,60755,260) 2,652 95.2

Average%

V,=Velocity by current meter.
Q.=Discharges by current meter.
Q,=Discharges by V-notch weir.
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V. #8
1. ams8&

P flumeo) 4 Zo] mE3F REIAE KEF
o WLE Vo G LHAEH)T WEHA
E oz 9y gES 4§ & Yok

Flumeo] 4 #EEs ®AS S KES 2
8o Biksr] Sotd flumes] 24 LHIKEY
H H,/LE 0.4LLF olelop™atm= o] @l B
Ha g4 MED KES BEE scmiE 20cm7t

ZE8

Tablelf —1. Equations for free flow of
) the cutthroat flumes.

Fl \ lafion.
tame | Bauation (@7 enysee) | Sorlafion
1 Qs,=109.365H, ! 0, 994%*
2 Qs,= 14.08 H, =7 0., 987%*
3. | Q= 65.24 H, 28 0. 981%*
4 Qf,= 82,51 H, *-°u 0. 977%*
S Qs;=131.22 H, =218 0., 974
201k o fiume o ;
Sobp s 1 0l
%05 Al
S & " AD.5 |
@ 0.4 :
Y /
?0‘3 . 2 e
-~
3 Z
Q IV -
ML LT05 0 0] 0 S0

" waterdepth, Ha cm

Flg. V1. Cahbratlon curues for cutthroat:
flumes: under free flow -conditions:

Table [y —2, Analysis of variance for free flow.
" Flume No. | S. V. d. f. S. S. | M. S| F ratio

Total 5 0.390268 ‘ o

1 Regression 1 0.377779 0.377779 121.00537721. 20
Error . 4 0.012488 0.003122.
Total 5 1.563928 ‘ e

2 Regression. 1 1. 506062 1.506062 104. 110>21. 20
Error 4 0. 057865 0.014466
Total 5 1.052957 "

3 Regression 1 1.011891 1.011891 98, 562>21.20
Error 4 0.041066 0.010266
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' Total | 5 1.019555 o
4 Regression ) 0. 959401 0. 959401 63.798521. 20
Error ! 4 0. 060154 0.015038
Total 5 0. 881657
5 Regression 1 0.814651 0. 814651 48, 632321, 20
Error : 4 0. 067005 0.167512

Note : **......Sipgnificance at 1% level.
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‘Table f—3. Ratio at observed criteal dep-
th(H,) and computed critical
depth(H,) in the throat section
for different values of upstr-
eam depth (H,)at flume No.3.

H, cm i H, cm ‘ H./cm ' H//H, | Q cm®/sec
520 s 5.07| 6992 1854
8.1 7.98 7.87 | 0.986: 4537
1.3 11.15 10.93 0.980 | 8739

. 13,8 13,67 13.34 0.976 14443
17.2 17.05 16, 61 0.974 22034
20. 4 20, 21 19.64 0.972 31673
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O flume No.1 X flume No. 4
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H " : observed critical depth

Fig.[f—2. Ratio of actual critical depth &
computed oritical depth for di-
fferent values of Ha
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Table [y —4, Equations for submergence flow of the cutthroat flume.
Flume No. i Equation (Q, cm®/sec) Correlation coefficientr
[
Q, =Q\(H,—H;)" -
? ‘ =121 (= logs)-oe ~0.98%
Q,,=2u(H,—Hy)*4 - -
2 Gop=4. 098(=1logs)-2® —0.985
: Qu=Qis(H,~H,)?om _ -
3 ’ Qi':,=21.933(_1ogs)~1-azv 0,978
- Q, =Qu(H,~H ) - K,
4 Q. =47.379(~logs)1:80¢ } —0.971
Q,s=Qun(H~H,)t8 -
g TAN=N. 231(—-]ogs)“ 8% —0.968

Table [f —5, Submerged discharge(Q,;) table
as H,—H,=1.0 under submerged
flow of flume No.3. )

He | He | s |(—log)! Qu
4,89 3. 89 i 0.80 I 0. 09938 2,472
8,12 7.12 ‘ 0.876 | 0.05707 ; 4,988
11,14 ‘ 10.14 Q.910 ' 0. 04085 | 8,350
13.94 12.94 0,928 ! 0.03233 ] 12, 444
16.95 15.95 0.941 ‘ 0..02641 | 17,550
20,16 19.16 0. 950 ; 0, 02209 | 23,900

§ |
Tables N —4 % N—504 log S %ol 7I8E

()2 3 A2 #kik7l 2F 1L 0L2Te[7] s Eo]
- QY EKEE 25 0.80 Al 80%LIEUE ¢
4 vk =% Table V—5e] @wAkH(S)7F BN
TE (—logSel & FEA, Qs EMEH 7
< BEMRRE 1Y, 700a=0.917404 r=0.
968~0.98501 2.2 Qe FEY HEHS 2d F
A

ol HE SHSHE T BRE Table V—60l
Aot 7tk Table N—6l4 F9  w4e R
flumeo] ZF 120,999~262.663284 1% EEK
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Fig. IV-3. Typical plot for developing.

submerged flow coefficiemt and
,Submerged flow expoment.
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Table [J—¢, Analysis of variance for submergence flow.
Flume No. S.. V. , d £ | S.S. i M. S. F rasio
Total 5 0.301333 '
ok
1 Regression 1 0. 295911 0. 29591 218.384>21.20
Error 4 0.005422 0. 001355
Total 5 1, 437579 -
2 - Regression - 1 1. 416016 1. 416016 262.663>21,20
Error 4 0.021564 0. 00539 )
“Total 5 0.767566
L od
3 Regression - 1 0.7506795 0.750679 177.983>21.20
Error 4 0.016871 0.004217
Total 5 0. 699788 "
4 Regression 1 0. 480193 0. 680193 319.212>21. 20
Erorr 4 0, 019545 0. 004886
Total 5 0, 665521 .
*'
5 Regression - 1 0, 644224 0. 644224 120, 999>21. 20
Error 4 0. 021297 0. 005324 ‘
() **.........significance at 1% level v
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Fig. =4, Effect of suhmergence: on the
discharge relationship.
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ol ¥ gHEEd A9 REY KEF ded,
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BHIEFYH K&k A By, K3
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w EBBEMI A #Eki B BEB#KLE <
ofo e}, o= S5k BAAZERI Bk
3% £z ¥ HEES MAESIReH, 2
#&Re Table N—7q4 s 2},

Table N——7 Submergence ratio under the
flow conditions. -

\Flow Free flow[ Transition 1Submergence
Flume No.\| - submergencm flow
1 Below 0. 55/ 0.56~0.40 | Over 0.4]
2 0.61{0.62~0.69 | ~  0.70
3 0.70] 0.71~0.75 0.76
4 0.67) 0.68~0.75 | 0.76
5 0.72] 0.73~0.78 ' 0.79

Tl EHEMC A #KikE &% cutthroat flume

q] 7 9 Skogerboe, Hyatt‘ Anderson ¥ Egglestori ‘

o] k¥ BBWAKHIF 0.60~0.65 HEHof, o

2Bl A e 0.56~0.602.24 K#EZ ddt =

1966%E <] Robinson!®o] 58% 4} 47 Parshall flume
of el fEEZ1E717F 111012, throatige] 0.12

“m, throatfe] 0.30m, flumes] ZFo] 1.20mAw]

ERIKEZE-0.80~0.859 tﬂ Hesked,
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of ERS B
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et Z Efhe flumed throatffs)d Brkskz
AES) HER, AR MRAe] weh el z=
Fojt}, ol 47 cutthroat flumes] A= S=
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0.70 LI E, #&% cutthroat flumeo] 4] = flume No,
3, No. 4614 S$=0.75 LI E, flume No. 5014 S=
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Y OEAHE &E 301, 6. 12 & B4 cutthroat
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73 2 steh

4) ER®IKLE §7% Parshall flumeo} .q. 80~
0.8591d) H3d & cutthroat flumegs) flume
No. 3, No. 4, No. 5,7} &% 0.71~0.75, 0.68~
0:75,.0,73~0.7824 L5 & g Hd F3oh
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