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1. Presentation

This supplementary material presents the application of the two-state model to more than 500
concentration profiles from different data sets, comprising smooth chute data from Straub
and Anderson (1958, 74 profiles), Killen (1968, 17 profiles), Bung (2009, 28 profiles),
Severi (2018, 261 profiles), and stepped chute data from Bung (2009, 151 profiles), Zhang

(2017, 6 profiles), and Kramer and Chanson (2018, 34 profiles). A summary of key
parameters is given in Table 1.

In the following, the chute angle (), specific discharge (g), and streamwise location
(x) of the respective profile are indicated in the top left corner of each subfigure, while
the background of the first profile of each series of measurements is shaded in gray. The
parameter x is presented as distance (in m) from the upstream crest for smooth chutes or as
step edge (SE) number for stepped chutes.

Laboratory flows with depth-averaged air concentrations (¢) < 0.25 are dominated by free-
surface instabilities and turbulent waves (air transported between wave crests and troughs),
and an analytical solution for the air concentration (¢) involves the Gaussian error function
[Eq. (2.2); blue lines]. In general, Eq. (2.2) is applicable to flows where the bubbly flow layer
does not protrude to the channel bottom, which holds true for small chute angles (8 < 15°) or
for locations upstream or immediately downstream of the inception point of air entrainment.
For (¢) 2 0.25, air bubbles are diffused deeper into the water column, and the time-averaged
air concentration is described by the two-state principle, involving a convolution of the Rouse
profile and the Gaussian error function with the interface probability [Eq. (2.8); red lines].

1 Email address for correspondence: m.kramer@adfa.edu.au



Table 1: Key parameters of the re-analysed data sets - smooth chutes (upper part) and
stepped chutes (lower part)

Reference Straub and Anderson (1958) Killen (1968) Bung (2009) Severi (2018)

chute type smooth smooth smooth smooth

g (m?/s) 0.13t00.92 0.39 and 0.78 0.07t0 0.11 0.03t0 0.38
0() 7.5t075 30 and 52.5 18.4 10.8

ks (mm) 0.71 0.71 8 1.6t09.5
L chute (m) 15.24 15.24 7.6 8
Bchute (M) 0.46 0.46 0.3 0.8
comment granular roughness granular roughness micro-roughness micro-roughness
Reference Bung (2009) Zhang (2017) Kramer and Chanson (2018)
chute type stepped stepped stepped

g (m?/s) 0.07 t0 0.11 0.14 0.032t00.11

0(°) 18.4 and 26.6 45.0 45.0

h (m) 0.03 t0 0.06 0.1 0.1

ks (mm) 26.8 t0 56.9 70.7 70.7

L chute (M) 541t07.6 1.7 1.7

Bhute (M) 0.3 0.99 0.99

comment skimming flow skimming flow transition + skimming flow

q = specific discharge; 6§ = chute angle; ks = roughness height; 4 = step height (stepped spillways)
Lchute = chute length; Bipye = chute width



2. Smooth chute data sets
2.1. Straub and Anderson (1958, 74 profiles)

©Cmeas — Eq. (2.2) — Eq. (2.8) ‘
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(45) 0 =37.5°
q = 0.69 m?/s
x =13.88m
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x =13.88m
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c c c c
2 2 2
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2.2. Killen (1968, 17 profiles)

|.zmea5 ——Eq. (22) — Eq. (2.8) |

2 D 2 ‘ 2 ‘ 2 ‘
0 =30.0° (2) 0 =30.0° 3) 6 =30.0° 4) 0 =30.0°
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2.3. Bung (2009, 28 profiles)

©Cmeas — Eq. (2.2) —— Eq. (2.8) \
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2.4, Severi (2018, 261 profiles)
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x=5.76m x=6.76m x=7.76m x=1.76m
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
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x=2.76m x=3.76m x=4.76m x=5.76m
1 1 ?...o-o‘ 1 1
0.5 0.5 -1 0.5 0.5
0 0 ‘ 0 0
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c c c c
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45) 6 =10.8° 46) 0 =10.8° @47) 0 =108 48) 0 =10.8°
1.5 g =0.25 m?/s 1.5 q =0.25m?/s 1.5 g =0.25 m?/s 1.5 q =0.25m?%/s L
x=0.76 m x=1.76m x=2.76m x=3.76m
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0.5 0.5 - -1 05} -1 0.5
0 0 ‘ 0 ‘ 0
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c c c c
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49) 0 =10.8° (50) 0 =10.8° B o=108° (52) 0 =10.8°
1.5 q =0.25m?/s L5 q=0.25Tm%s ] L5 q =0.25m?/s 1 15 q =0.25m?/s n
x=4.76m x =5.76m x=6.76m x=7.76m
1 1 P—....J 1 ;-.oo.-J 1
0.5 0.5 p -1 05) -1 0.5
0 0 ‘ 0 ‘ 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 : 2 ‘ 2 ‘ 2 ‘
(53) 6 = 10.8° (54) 0 - 10.8° (55) 0= 10.8° (56) 6 = 10.8°
L5 q=0.313m%s | L5 q=0.313m%s ] L5 q=0313m%s | L5 q=0.313m%s ]|
x=0.16m x =0.76 m x=1.76m x =2.76m
| po—ooosnnd | .-—.-oo—ud 1 ..4.-.-0-—4 1
0.5[ 1 osh 1os} 1 os
0 ‘ 0 ‘ 0 ‘ 0
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(257) 0 = 10.8° (258) 0 = 10.8° (259) 0 = 10.8° (260) 0 = 10.8°
1.5 g =0.11 m?%/s 1 1.5 q=0.375m%s 1.5 g =0.375m?/s g =0.375m%/s
K x=3.76 m x=4.76 m x=5.76m X =6.76m
> 1 1 1}
EN
0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1




¥/¥90

(261) 0 = 10.8°
q =0.375m%/s
x=7.76m
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3. Stepped chute data sets

y/¥y90

¥/¥90

¥/¥90

¥/¥90

¥/¥y90

3.1. Bung (2009, 151 profiles)

©Cmeas — Eq. (2.2) — Eq. (2.8) \

: 2 ; 2 ; 2 ;
(1) 6= 18.4° () 6=18.4° (3) 6 = 18.4° @) 6 -18.4°
q =0.07 m?/s 1 LS5 q =0.07 m?/s L.5 q =0.07 m%/s L5 q =0.07 m/s
x =SE13 x =SEl4 x =SEl7 x =SEI18
1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 0 0.5 1
c c c c

q =0.07 m2/s
x =SE29

q =0.07 m?/s
x = SE30

g =0.07 m%/s
x =SE33

(5) 0=18.4° (6) 0 =18.4° (7)o =18.4° (8) 0=18.4°
q =0.07 m?/s L5 q =0.07 m?/s g =0.07 m%/s L.5 q =0.07 m?/s
x =SE21 | x = SE22 x = SE25 | x = SE26
0.5 0.5
0 0
0 0.5 1 0 0.5 1 . 0 0.5 1
c c c c
Q) o=184° (10) 0 = 18.4° (11) 0 =18.4° (12) 0 = 18.4°

q =0.07 m2/s
x = SE34

0.5 1 . .
c c c c
w 2 w 2 w 2 w
(13) 0 = 18.4° (14) 0 = 18.4° (15) 0 = 18.4° (16) 0 = 18.4°
q =0.07 m?/s 41 15 q =0.07 m?/s L5 q =0.07 m%/s L5 q =0.07 m*/s
x = SE38 x = SE42

x =SE37

x = SE41

1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 0 0.5 1
c c c c
: 2 w 2 w 2 w
(17) 6 = 18.4° (18) 0 = 18.4° 19) 0 =18.4° (20) 0 = 18.4°
q =0.09 m?/s 1 L5 q =0.09 m?/s 1.5 g =0.09 m%/s 1.5 g =0.09 m%/s
x =SE17 x =SE18 x =SE21 x =SE22
- 1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 0 0.5 1
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21) 9 = 18.4°
q =0.09 m?/s
x =SE25

(22) 0 = 18.4°
q =0.09 m*/s
x = SE26

(23) 0 = 18.4°
g =0.09 m%/s
x =SE29

(24) 9 = 18.4°
q =0.09 m?/s
x =SE30

0.5 1 0.5 0 0.5 1 .
c c c c
: 2 ‘ 2 ‘ 2 ;
(25) 0 = 18.4° (26) 0 = 18.4° 27) 0 =18.4° (28) 0 = 18.4°
q =0.09 m/s L5 q =0.09 m?/s L5 q =0.09 m*/s L5 g =0.09 m?/s
x =SE33 x =SE34 x = SE37 x = SE38

0.5 1 0.5 0 0.5 1 0.5 1
c c c c
; 2 ; 2 ; 2 ;
29) 0 =18.4° 30) 0 =18.4° (Bl)o=184° (32) 0 =18.4°
g =0.09 m?/s L.5 q =0.09 m?/s 1.5 g =0.09 m%/s 1.5 g =0.09 m?/s
x = SE41 x = SE42 x = SE45 x = SE46

0.5 1 0.5 0 0.5 1 0.5 1
c c c c
: 2 ‘ 2 ; 2 ‘
(33) 6=18.4° (34) 0=18.4° (35) 0=184° 36) 0 =18.4°
g =0.11 m%/s L5 q =0.11m?/s L.5 g =0.11 m%s L5 q =0.11m?/s
x =SE19 | x = SE20 1 x =SE23 | x =SE24

0.5 1 0.5 0 0.5 1 0.5 1
c c c c
T 2 2 2
o (38) 0 =18.4° (39) 0 =184 (40) 0 = 18.4°
(37) 0= 178'4 | 1.5 g =0.11 m?/s L.5 g =0.11m?%s L5 q =0.11 m?/s
q=0.11m%s x =SE28 x =SE31 x =SE32
x =SE27 1 1 1
- 0.5 0.5 0.5
‘ 0 0 0
0.5 1 0.5 0 0.5 1 0.5 1
c c c c
2 2
41) 0 =18.4° (42) 0 =18.4° (43) 0 =18.4° (44) 0 = 18.4°
q =0.11m%s L5 q =0.11m%/s L.5 g =0.11m%s g =0.11m%s
x =SE35 i SE36 | X =SE39 x = SE40
-1 0.5 0.5
‘ 0 0
0.5 1 0.5 0 0.5 1 .
c c c c
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(45) 0 = 18.4°
g =0.11 m%/s
x = SE43

(46) 0 = 18.4°
q =0.11 m?/s
x = SE44

@47) 0 =184°
g =0.11 m?%/s
x = SE47

(48) 0 = 18.4°
q =0.11m?%s
x = SE48

. 0.5 1 . .

c c c c

‘ 2 ‘ ‘ 2 ;
49) 0 =18.4° (50) 0 =18.4° B1) o=184° (52) 0 = 18.4°
q =0.07 m*/s L5 q =0.07 m?/s q =0.07 m%/s L5 q =0.07 m/s
x =SE5 x =SE7 x = SE9 x =SEl1

1 1
0.5 0.5
0 0
0.5 1 0 0.5 1 0.5 0.5
c c c c
. 2 . . 2 .
(53) 0 =18.4° (54) 0 =18.4° (55) 0 =18.4° (56) 0 =18.4°
q =0.07 m*/s L5 q =0.07 m*/s g =0.07 m%/s L5 q =0.07 m*/s
x =SEI3 x =SEI5 x =SE17 x =SEI9

0 0
0.5 1 0 0.5 1 0.5 0.5
c c c c
‘ 2 ‘ w 2 ‘
(57) 6 =18.4° (58) 0 = 18.4° 59) 0 =18.4° (60) 0 = 18.4°
q =0.09 m*/s 1 15 q =0.09 m*/s g =0.09 m%/s L5 q =0.09 m?/s
x =SE5 x =SE7 x =SE9 x =SEl1

(61) 6 =18.4°
q =0.09 m?/s
x =SE13

(62) 9 = 18.4°
q =0.09 m?/s
x =SEI5

(63) 9 =18.4°
g =0.09 m%/s
x =SE17

(64) 6 = 18.4°
g =0.09 m%/s
x =SE19

c c c c
2
(65) 0 =18.4° (66) 0 =18.4° ©67) 6=18.4° (68) 0 =18.4°
g =0.09 m?/s q =0.09 m?/s g =0.11 m%/s 1.5 g =0.11 m%/s
x =SE21 x =SE23 x = SE6 x =SE8
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(69) 6 =75.0°
g =0.26 m*/s
x =SE10

Sl

(70) 0 = 18.4°
q =0.11m%/s
x =SEI12

(71) 0 = 18.4°
g =0.11 m%/s
x =SEl4

(72) 0 = 18.4°
g =0.11 m?/s
x =SE16

2 w 2 w 2 ‘ 2 ‘
(73) 0 = 18.4° (74) 0 = 18.4° (75) 6 =18.4° (76) 0 = 18.4°
1.5 q =0.11m?%s L5 q =0.11m?/s L5 g =0.11 m%s L5 q =0.11 m?/s
x =SE18 x =SE20 x =SE22 x =SE24
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 ; 2 : 2 ; 2 ;
(77) 6 = 18.4° (78) 6 =26.6° (79) 0 =26.6° (80) 0 =26.6°
L.5 q =0.11 m?%/s L.5 q =0.07 m?/s 1 1.5 g =0.07 m%/s 1 L5 g =0.07 m%/s N
x = SE26 x =SE9 x =SE10 x =SEl1
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 ‘ 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 ; 2 ; 2 ; 2 ;
(81) 0 = 26.6° (82) 0 = 26.6° (83) 0 = 26.6° (84) 0 = 26.6°
1.5 g =0.07 m%/s 1 L5 q =0.07 m?/s 1.5 g =0.07 m%/s 14 1.5 q =0.07 m*/s
x =SEI12 x =SEI5 x =SEI16 x =SE19
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2
(85) 0 =26.6° (76) 0 =26.6° (87) 6 =26.6° (88) 0 =26.6°
1.5 q =0.07 m*/s q =0.07 m?/s q =0.07 m%/s q =0.07 m/s
| x = SE20 x =SE23 x = SE24 x =SE27
0.5
0
0 0.5 1

(89) 0 =26.6°
q =0.07 m%/s
x = SE28

(90) 0 - 26.6°
q =0.07 m2/s
x = SE31

91) 0 =206.6°
g =0.07 m%/s
x = SE31

(92) 6 =26.6°
q =0.09 m%/s
x = SE11
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¥/¥90

¥/¥90
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2 2 2 2
(93) 0 =26.6° 94) 0 =26.6° (95) 6 =26.6° (96) 6 =26.6°
1.5 q =0.09 m?/s 1.5 q =0.09 m?/s 1.5 g =0.09 m%/s 1.5 g =0.09 m?/s
x =SEI2 x =SEI5 x =SEl6 x =SE19
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 w 2 w 2 r 2 ,
97) 6 =206.6° 98) 6 =26.6° (99) 0 =26.6° (100) 6 = 26.6°
L5 4=0.00m?s L5} ¢ =0.00m2s L5 4=0.00ms L5} 4=0.00ms
x = SE20 x =SE23 X = SE24 X = SE27
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

(101) 0 = 26.6°
q =0.09 m?/s
x = SE28

(102) 0 =26.6°
q =0.09 m*/s
x = SE31

(103) 0 = 26.6°
g =0.09 m%/s
x =SE32

(104) 0 = 26.6°
q =0.09 m?/s
x =SE35

2 w 2 w 2 ‘ 2 ‘
(105) 0 =26.6° (106) 6 =26.6° (107) 0 =26.6° (108) 0 =26.6°
L5 q =0.09 m*/s L.5 q =0.09 m?/s 1.5 q =0.09 m%/s L5 q =0.11 m?%/s ||
x =SE36 x = SE39 x = SE40 x =SE13
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 w 2 w 2 ‘ 2 ‘
(109) 0 =26.6° (110) 0 =26.6° (111) 0 =26.6° (112) 0 = 26.6°
1.5 q =0.11m?%s 1 1.5 q =0.11m%/s 1 1.5 g =0.11 m%s 1 15 g =0.09 m%/s
x =SE14 x =SE17 x =SEI8 x = SE21
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 ; 2 ; 2 ‘ 2 :
(113) 0 =26.6° (114) 0 = 26.6° (115) 0 =26.6° (116) 0 =26.6°
L5 q =0.11m?/s 1 L5 g =0.11m%s L.5 g =0.11m%s L5 g =0.11m%s
x =SE22 x =SE25 x = SE26 x =SE29
1 1 1 1
0.5 0.5 0.5 0.5




¥/¥90

¥/¥90

¥/¥y90

y/¥y90

y/y90
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(117) 0 = 26.6°
q=0.11 m2/s
x =SE30

(118) 0 =26.6°
q =0.11m%/s
x =SE33

(119) 0 = 26.6°
g =0.11 m%s
x =SE34

(120) 0 = 26.6°
q =0.09 m?/s
x = SE37

(121) 0 = 26.6°

(122) 6 =26.6°

(123) 9‘: 26.6°

(124) 0 = 26.6°

L5) g=0.11m%s g=0.11m%s L5| g=0.11m%s L5 4=0.07m%s
x =SE38 x = SE41 x = SE42 x =SE4
1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 0.5 0 0.5 0 0.5 1
c c c c
2 w w 2 w 2 w
(125) 0 = 26.6° (126) 0 =26.6° (127) 0 = 26.6° (128) 0 =26.6°
L5 q =0.07 m%/s q =0.07 m*/s L5 q =0.07m%/s L5 q =0.07 m*/s
x =SE5 x =SE6 x =SE8 x =SE10
1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 0.5 0 0.5 0 0.5 1
c c c c
2 ‘ ‘ 2 ‘ 2 ‘
(129) 0 =26.6° (130) 0 =26.6° (131) 0 =26.6° (132) 9 =26.6°
1.5 g =0.07 m%/s q =0.07 m?/s 1.5 g =0.07 m%/s L5 q =0.07 m*/s
x =SE12 x =SE14 x =SEl6 x =SE18
1 1 1
0.5 0.5 0.5
0 0 0
0 0.5 0.5 0 0.5 0 0.5 1
c c c c

(133) 9 =26.6°
L5} 4 =0.09m%s

(134) 0 = 26.6°
g =0.09 m?/s

(135) 0 =26.6°
g =0.09 m%/s

(136) 0 =26.6°
g =0.09 m%/s

| x = SE4 x =SE5 x = SE6 x =SE8
0.5
0
0 0.5

(137) 0 = 26.6°
q =0.09 m*/s
x =SEI10

(138) 0 =26.6°
q =0.09 m*/s
x =SEI12

(139) 0 =26.6°
g =0.09 m%/s
x =SEl4

(140) 0 - 26.6°
q =0.09 m?/s
x =SE16
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(141) 0 = 26.6° (142) 0 = 26.6°
q =0.09 m%/s . q =0.09 m2/s
x =SEI8 x =SE20

(143) 0 = 26.6°
g =0.11 m?%/s
x =SE5

(144) 0 = 26.6°
q =0.11m?%s
x =SE7

¥/¥90

. 0.5 1
c c c c
2 ‘ 2 ‘ 2 : 2 ‘
(145) 0 = 26.6° (146) 0 =26.6° (147) 0 = 26.6° (148) 0 = 26.6°
L5 q =0.11 m?/s L5 g =0.11m?/s L5 g =0.11m%s L5 g =0.11 m?%/s
3 x =SE9 x =SElI x =SEI13 x = SEI5
> 1 1 1 1
=N
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 2 2

(151) 0 =26.6°
g =0.11 m%/s

(149) 0 = 26.6°
q =0.11 m?%/s

(150) 0 =26.6°
q =0.09 m*/s

§ ! x =SEl17 ! x =SEI9 1 x = SE21
PN
0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1



3.2. Zhang (2017, 6 profiles)

©Cmeas — Eq. (2.2) —— Eq. (2.8) |

2 : 2 ‘ 2 ‘ 2 ‘
(1) 6 =45.0° ) 0 =45.0° B)o=45.0° 4) 0=45.0°
1.5 q =0.143 m?/s L.5 q =0.143 m%/s 1.5 g =0.143 m?/s L5 q =0.143 m%/s
K x = SE6 x =SE7 x =SE8 x =SE9
= 1 1 1 1
PN
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 ‘ 2 ‘
(5) 0 =45.0° (6) 0 =45.0°
L5 q =0.032m%/s L5 q =0.143 m%/s
53 x =SEI0 x =SEll
= 1 1
=N
0.5 0.5
0 0
0 0.5 1 0 0.5 1
c c

29
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3.3. Kramer and Chanson (2018, 34 profiles)

® Cmeas —— Eq. (2.8)

2 ‘ 2 ‘ 2 : 2 ‘
(1) 6 =45.0° ) 0 =45.0° (3) 0 =45.05° 4) 0=45.0°
L5 | 4 =0.032m%s L5 ¢ =0.032m%s L5 | 4=0.032m2s L5} ¢=0.032m%s
x =SE4 x =SES5 x = SE6 x =SE7
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
c c c c
2 ‘ 2 ‘ 2 : 2 ‘
(5) 0 =45.0° (6) 0 =45.0° (7) 0 =45° (8) 0 =45.0°
L.5 q =0.032m%/s L5 q =0.0324 m?/s L5 q =0.032m%/s L5 g =0.032 m?/s
x =SE8 x =SE9 x =SE10 x =SElI
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1

c c c c

9) 6 =45.0° (10) 6 = 45.0° (11) 6 = 45.0° (12) 6 = 45.0°
g =0.043 m%/s L5} 4=0.043m2s g =0.043 m%/s S| g =0.043 m¥s
x = SE4 1 x =SE5 x = SE6 x =SE7
0.5
0
0 0.5 1

(13) 0 =45.0°
q =0.043 m%/s
x =SE8

(14) 0 =45.0° (15) o =45.0° (16) 6 = 45.0°
q =0.043 m%/s . g =0.043 m?/s . q =0.043 m%/s
x =SE9 x =SE10 x =SEl1

0 0.5 1

c c c

ol

2 : 2 w 2 ‘ 2 :
(17) 6 =45.0° (18) 6 = 45.0° (19) 0 =45.0° (20) 6 = 45.0°
L5 q =0.054 m?/s 1.5 q =0.054 m?/s 1.5 g = 0.054 m?/s 1.5 q = 0.067 m?/s
x =SE9 x =SE10 x =SEl1 x = SE4
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0 0.5 1 0 0.5 1
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21) 9 =45.0°
q =0.067 m%/s
x =SE5

Sl

(22) 9 = 45.0°

q =0.067 m%/s
x = SE6

(23) 9 =45.0°
g =0.067 m%/s
x =SE7

(24) 9 = 45.0°
q =0.067 m%/s
x = SE8

2 ‘ 2 ‘ 2 - 2 ‘
(25) 0 =45.0° (26) 0 = 45.0° 27) 0 =45.0° (28) 0 =45.0°
L5} ¢ =0.067 ms L5} 4 =0.067 m%s L5 | 4 =0.067 m2s L5) g=0.11m%s
x =SE9 x =SE10 x =SEll x = SE5
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0.5 0.5 1
c c c c
2 ‘ 2 ‘ 2 ‘ 2 ‘
(29) 0 =45.0° (30) 0 =45.0° (B1) 0 =45.0° (32) 0 =45.0°
1.5 q =0.11 m?%/s L.5 q =0.11m%/s 1.5 g =0.11 m%s L5 q =0.11 m?/s
x = SE6 x =SE7 x =SE8 x =SE9
1 1 1 1
0.5 0.5 0.5 0.5
0 0 0 0
0 0.5 1 0 0.5 1 0.5 0.5 1
c c c c
2 ‘ 2 ‘
(33) 6 =45.0° (34) 9 =45.0°
1.5 g =0.11 m%/s 1.5 q =0.11m?/s
x =SE10 x =SEl1
1 1
0.5 0.5
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