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Abstract: Computational fluid dynamics (CFD) method was used to numerically simulate the two-phase flow on
stepped spillways to investigate the initiation mechanism of self-aeration in stepped spillways and clarify the impact of step
length on the self-aeration characteristics of stepped spillways with non-uniform step lengths, including concave, convex,
random, and semi-uniform step length configurations. Compared with the traditional uniform steps scheme, the results
show that both concave and convex configurations prove unsuitable for rapid initiation of self-aeration, leading to a 6. 4%
and 7. 0% posterior shift in the aeration inception points. Although random step configuration promotes the development
of turbulent boundary layers to some extent, the inherent uncertainty in their step length arrangements induces excessive
surface fluctuations. The semi-uniform step scheme can significantly move forward the position of the initial aeration
point (by 18.8%) while ensuring a relatively stable flow state, which has a broader application prospect.
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Fig.1 Schematic of self-aeration evolution on

stepped spillway
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Fig.2 Schematic of computational model
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Tab.1 Geometric parameters of non-uniform

stepped spillways

abr AR A B2 L/m
% ME M BEHL L BEAL 2 BEAL 3 2EEAE
1 1.000  3.875 2.0 2.50 1. 50 1
2 1.125  3.750 1.5 2.00 3.50 3
3 1.250  3.625 3.0 1. 00 1.25 1
4 1.375  3.500 1.0 3.50 2.50 3
5 1.500  3.375 2.5 2.00 3.50 1
6 1.625  3.250 3.5 2.25 1.75 3
7 1.750  3.125 1.0 2.00 2.75 1
8 1.875  3.000 2.5 3.50 2.00 3
9 2.000  2.875 3.0 1. 00 1. 50 1
10 2.125  2.750 2.0 1.50 2.25 3
11 2.250  2.625 1.5 3.00 1. 00 1
12 2.375  2.500 3.0 2.00 3.50 3
13 2.500  2.375 1.0 1. 00 1.25 1
14 2.625  2.250 2.5 3.50 2.50 3
15 2.750  2.125 3.5 2.00 3.00 1
16 2.875  2.000 1.0 2.25 1.75 3
17 3. 000 1. 875 2.5 2.00 2.75 1
18 3.125 1.750 3.0 3.50 2.00 3
19 3.250  1.625 2.0 1. 00 2.50 1
20 3.375  1.500 1.5 2.00 1.25 3
21 3.500  1.375 3.0 2.50 1. 00 1
22 3.625 1.250 1.0 2.00 3.00 3
23 3.750  1.125 2.5 1. 50 1.50 1
24 3.875  1.000 3.0 3.50 3.50 3

V-4 i 1022 1:2.2 1:2.2 1:2
PRUEZE 0.884  0.884  0.846  0.846  0.843 1.022
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Tab. 2 Physical vs. numerical model comparison

of initial aeration point
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Fig.3 Physical vs. numerical model comparison of

initial aeration point (L =1.25 m)
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Fig. 4 Turbulent kinetic energy on uniform

stepped spillways

LA RS GH T RNB L = A,
DL 5, 5 g RS T PR B A B,
DA K3 K DX 58 43 8 430 DXOR 4 8 T 48 XY 43 A
T2 RIS G B & POk A B SR RHIE
SRR 3. BE L KB, W06 15 s X i
46 g 2 B B BOR SR KK
SIEERES LT R SRIE VI R 7 SR WENCR iR BUR [y )
P NT VA 1 e - T o N 17
VBT T 3t A AR S KL 1 4B TR A I 6 B S
Fﬁ%ﬂ?‘t’ti_i S HB I B XM B ) B B B O
SRR (S N o N B N7 S S N I VU R

\ B
R \

/

(a)b£1.25m (b K1.5m (c)b£2.0m
15
20
\-‘id)ﬁ%ZZm (C)JH:Q 5m
(HFK3.0m (2 K3.5m

R s 0650 0075 0.100
5 HAAMBEREBSSHEE
Fig.5 Aeration distribution characteristics of

uniform stepped spillways
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Tab.3 The characteristic parameters of aeration on

uniform stepped spillways
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Tab.4 Comparison of initial aeration point between

uniform and non-uniform stepped spillways

WRAR WhE WHRBER B Has

Bk OTBOREKE AN RSAR KB XK
L/m ho/h SR WAK BEAK BAK  TKE

AR%S WS T, /m B0t D/m
1.25 2.0 10 10 11.19 6.4 8. 00
1.50 2.0 10 10 13.35 5.2 7.95
2.00 2.0 9 9 15. 80 4.0 8. 00
2.20 2.0 9 9 16.72 3.6 7.92
2.50 2.0 8 8 17.75 3.2 8. 00
3.00 2.0 7 8 19. 50 2.7 8. 10
3.50 2.0 7 8 21.35 2.3 8.05
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B /m  HE/m i8S /m

[P 14.56 17.29 1:1.56  16.27 6.4
g 22.00 22.99 1:3.3 21.49 7.0
BB 1 15. 50 17.03 1:2.2 18.56 —8.3
Rl HL 2 15. 95 17.52 1:2.2 18.56 —5.6
FAL 3 15.38 16. 89 1:2.2 18.56  —9.0

FIEE 13,00 14.53 1:2.0 17.91 —18.8
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Fig. 6 Aeration distribution characteristics of
non-uniform stepped spillways
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