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Experimental study on pressure characteristics in stilling basin of stepped spillway
ZH AO Xiang hang, XIE Hong wei, GU Sheng long, HE Ju long, GUO Xin

(School of Water Resources and Electric Power, Qinghat University , X ining 810016, China)
Abstract: To study the pressure characteristics in the stilling basin of a stepped spillway without antt arc, we chose a reservoir
and used the physical model test method to study the pressure characteristics including time average pressure, fluctuating pres
sure intensity, and peak pressure pulsation in the stilling basin of a stepped spillway. The results showed that all the time aver
age pressure was positive in the stilling basin. When the flow regime was skimming flow and transition flow, the time average
pressure became large in the flow im pact area, reaching a maximum of 0. 926 kP a; it reached the minimum in the dow nstream re
bound zone. The time average pressure varied slightly when the flow regime was nappe flow, and increased with the increase of
flow. The variation patterns of the fluctuating pressure intensity and peak pressure were basically consistent. They both ir
creased with the flow on the whole. The maximum value appeared in the flow impact zone. The maximum fluctuating pressure
was 1. 198 kPa. It then decreased gradually in the downstream direction until it became stable. The step size hardly affected the
time average pressure and fluctuating pressure on the floor of the stilling basin. The dominant frequencies of fluctuations in the
stilling basin were 0. 01~ 4 Hz, which belonged to the low frequency vibration and will not endanger the safety of drainage
buildings.

Key words: stilling basin; stepped spillw ay; time average pressure; fluctuating pressure; frequency

BRI IE S 45 A R TR L RORR A — AR RN PUE AL L, TN T R N R TR,
£ 201604 14 :2016:07 11 :2017 0506

: http: //kns. enki. net/ kems/ detail/ 13. 1334. T V. 20170506. 1117. 012. html
: f@_%ﬁﬂﬁ( 1991-), B, WWRFF N, FEMNEKF] LA S HEPEF, B mail: qhuzx h@ 163. com
R (1966-) , 5, TGN, 208, W4, 2 E G KR TR 7 T M AR TAE, B mail: qdxhw@ 126. com

KF TR » 171 ¢



F15% &% 90 - mAAEE AR - 2017 4 6 A

ERA T TR T RERCR A KB IRIE K

T RERBE Y BRSO EBEERE S
BB, & B Qi WU S Y Jrith 7K 27 R AT 7T
B/l Yasuda 2538 3R TR R 060 AN ) 3 v vt
TEYH 770t A KR I35 SR B4 A A0 3830 5 B ARk 30
177 23HT: Meireles 25" Fi) FI 0 45 5F 78 1 A — 3%
JET SR WL 5 7 77 35 v AR AL,
T 5 AR BAAE R0 3 Rl P s o Ak 1) 1 3 K 5 B S
FLEE Y B B s A L it K IR R AT T
A BT 7. GRYBS Wi E B Bl o T K
TRORE Y i JEAR P b T AR IR T KR 2R B R
B, HooKIJREPE 5k el It AP —E 2 5, K™
AERIKSNIE J122 51 T AR Pk 30, 82 5 5 f2
5E, U ELI 2 b KR Y 1) 2 A ST R
NATH T g b AR O SR, AR SOR 4 22
BRI T v, K B =X I U ) ith e o 5 3
177 R 78, BAEN & By i 0 7 it 148 4k
Wit HR S K4

1

ARG A K B S B AR, R B R R 56
Jrd R W R Y it Py SR A 1 AT
T ARG . % T2 ik i O B & BB 7
MR BIIRA fle SR FH I il T A s v T, O HE
SEHERY, GFY BCS T B BT B, RS B R
Bro WY IR AS AR A, A4 =5 ) AR ALLE I 3k AT 15
T, AR RN AL . RGBT LR A 10 40,
B BN E ESE (0= 33.69 °), H R EE A
102 75 em, % 52 5 cm, H 774 50 em, K 10 cm,
IR 5 emo WIRBLATECK 211 3 em, %6 52.5
em, R HCH 82. 5 cm. /KB H R H 11 AH
K 5 m, BN 82 5 em, HA T = A BE
HE, T L R R R, AR A B L 1,
Horr 0. 5 il LR 25 99 77 v S v i RS,
ol FLon I FLIE BR85S A s JL% E 3 i
S EEE(h= 1 5 em, 2. 07 cm, 3 0 cm) , IR 56 558
FEHN0 0043~ 0 027 7m’/(s* m).

A £ 2 S Tt ¥ SN ka3
558, Y5 T 7 R RSO FR A e AT B —HE AL, U AT
Hi'5 AMEL 1~ 11. I35 58 SR F W k&, ik
) sl & AN 2 e A o [ K R B A I ) DIB00 &
ST Hith KA FNAL B, ARG KA AR 50 Hz, K
FEMRIRG A 0. 02 s, RAE SECH 4 096, K FF I 18] Jy
81. 92s. ZiG KREHIE, N A Matlab 1 53K M4

172+ KFIE#MR

A5 P AR EEL P22 380 A 3 0 9t K K 3 s i, 75 210K
TLhk sh 5 s B A

1 ( :cm)
Fig. 1 Schematic diagram of model test( Units: cm)
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Fig.2 Development of time average pressure along the stilling basin
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Fig.3 Development of time average pressure along

the stilling basin at different step heights
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Fig.4 Development of fluctuating pressure intensity along the stilling basin
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Fig. 5 Development of fluctuating pressure intensity

along the stilling basin at different step heights
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Fig. 6 Development of peak fluctuating

pressure along the stilling b asin
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Fig.7 Probability density distributions of fluctuating pressure

ASCE K T4 BEARR R 5 7 1k, 6 & By i
IR A S SN B 79t s R E4T T 8.
FER I, TETEAT KU A K AR, IS B8 7R 7K L
Py ARG G0, W I — N, Bl E IR e
HEINRER, B TE T U BRIX B AR M, Bl iR
TR RISE N TR /N, Y& K IR, T St i 34 R v
FEAR AN, BB i A3 i 3K, 50 60 R
~F, 98 it YT 3 R SRR A AN K . ik Bh R o iR R AN
WA T YRR AR A IR AR AR — 3, 7 /K It v o Ak
(A 2) 3k B B AR, MKk Bh g5 KON 1. 198 kPa,
B 5 VETREE TR DS, ol TR e, Bk LR Lk
TR BN TTEG K o S RS, TN kSl &
SERARAL AN Y it JEC AR I A 2 BT R s K BLAR
TRH 2, 2 ¥ 77t P e AN X3, RN SR 4. 3
JIM P KR RS AEA 5% Q 01~ 4 Haz, JRAKATHR
B, H MR 5 A S bR HE M IE A 0 A, 102w 4 o
A, AN 20t MK AR A LRI IR

(References) :

(11 3Z5a . & B RS TS A 7K DR PE A Btk R[] . K T3 R
H22 3], 1998 (4), 86-95. ( Al Ke ming. Hydraulic characteristics
and design application of stepped chute spillways [J]. Journal of
H ydroelectric Engineering, 1998, (4) : 8 95. (in Chinese) )

[ 2] BoesR M, Matos J, Ohtsu I, et al. Hydraulics of skimming flow
on modeled stepped spillways [J]. Journal of Hydraulic Engr
neering, 2000, 126( 12) : 947-954.

[3] FelderS, Chanson H. Energy dissipation down a stepped spillt
way with norr uniform step heights [ J]. Journal of Hydraulic

E ngineering, 2011, 137(11) : 1543 1548.

[4] Boes R M, Lucas J, Hager W H. Aerated flow characteristics of
skimming flow over stepped chutes [J]. Journal of Hydraulic
Research, 2013, 51( 6) : 735 736.

[5] Gonzalez C A, Chanson H. T urbulence and cavity recirculation
in air water skimming flows on a stepped spillway [J]. Journal
Hydraulic Research, 2008, 46( 1) : 65 72.

[6] Kiyoumars R, Samira A, Farzin S, et al. Modeling energy dissr
pation over stepped spillways using machine learning approa
ches [J]. Journal of Hydrology, 2014, 508:254 - 265.

[7] BB il M. S kobX & o s L w25 o
FERETUL]. B4 B ARBHEAR, 2015, 33( 2) : 36 41.
(CHU Duarrduan, LT Ke ye, XIE Hong wei. Mean pressure on
stepped overflow dam at high altitude area [ J]. Journal of
Qinghai U niversity: Natural Science Edition, 2015, 33( 2): 36
41. (in Chinese))

[8] fhF, Ei e R, 55 Birbh dmdtE A R L sewr e ).
JIK2 23R TRE RS 0R, 2012, 44(5): 2429. (WU Ping,
WANG Bo, CHEN Yurliang, et al. Energy dissipation of
skimming flow over stepped chutes with different slopes [J].
Journal of Sichuan University: Engineering Science Edition,
2012, 44(5): 24 29. (in Chinese))

[9]  #asfi, XU, sKovik, &6 m iEdhom X & B Ut 3K 704
PERF A ] KILRMEBEBE ], 2015, 32(10): 3842. (YANG Jt
jian, LIU Harr sheng, ZHANG Weifa, et al. Hydraulic charac
teristics of a stepped spillway at high altitude [ J]. Journal of
Yangtze River Scientific Research Institute, 2015, 32( 10): 38
42. (in Chinese))

[10] EARRE, SRR, 2550 . Bbh Myt iE i mE S BUIR KRB [T].
JKFIK HRE H 32 JE, 2008, 28 (6) : 89-94. ( WANG Cheng en,
ZHANG Jiarmin, LI Guiji. Trends of current research on
the stepped spillway [J]. Advances in Science and Technology
of Water Resources, 2008, 28(6) : 89-94. (in Chinese))

[11] HEET, ZHEE—, 2@, % 6 P Qi g gk K i
fel J]. K 3h )1 %0 5 5 e A 8, 2004, 19(1): 114 119.
(TIAN Jiar ning, IWAO Ohtsu, LI Jiarr zhong, et al. Energy

KF TR » 175 ¢



F15% 2590 H - @ AAE AHFH - 2017 F 6 A

[12]

[13]

[14]

[15]

[ 16]

dissipation in nappe flow on stepped spillways [J]. Journal of
Hydrodynamics A, 2004, 19(1): 114 119. (in Chinese)) DOI:
10. 3969/ j. issn. 1000 4874.2004. 01. 019

D, IR, VEMEN, 55 578 B R B R E 15 KR
FOEREF BT )] . KRR, 2009, 20( 1) : 63 68. (PENG
Yong, ZHANG Jiar min, XU Wer lin, et al. Calculation of aer
ated water depth and energy dissipation rate of a pre aerator
stepped spillway [ J]. Advances in Water Science, 2009, 20
(1):63 68. (in Chinese)) DOI: 10. 3321/j. issn: 1001-6791.
2009.01. 010

ORI B, R, S TR RERORTE TR KR AR
R SR [ )], 7K ik AR, 2012, 31( 1) : 146 150.
(HUANG Zht min, ZHONG Yong ming, ZHU Hong hua, et
al. Research and application of technology of stepped energy
dissipators in the hydraulic projects of Guangdong province
[J]. Journal of Hydroelectric Engineering, 2012, 31(1): 146-
150. (in Chinese))

TRACH, R, TR, 55 Y BT RIS YRR R U T e A
WAL 1. K W 3R, 2014, 33(5): 9398, (ZHANG
Qiryue, FENG Yuan, ZHANG Luo, et al. Numerical simula-
tion on Y-shape flaring piers and stepped spillway combined
with flow field [J]. Journal of Hydroelectric Engineering,
2014, 33(5): 93 98. (in Chinese))

Yasuda Y, T akahashi K, Kobayashi J, et al. The effect of aer
ated inflow on characteristics of hydraulic jump in a sloping
channel [J]. Journal of Hydraulic Engineering, 2002, 46: 601-
605.

M eireles I, Matos J, Falco de M J. Pressure head and residual
energy in skimming flow on steeply sloping steped spillways

[C]//In: TAHR, 31th Congress. Korea: Seoul, 2005: 2 654-2

[17]

[ 18]

[19]

[20]

[21]

662.

BOCAL, B, XK E. Wb S SN B8 R SR 0 A A
RE K T S BE U T[] KB 1 %7 5 i B A 48,
2012,27(4):442-448. (WEI Werrli, Lyu Bin, LIU Yur ling.

Numerical simulation of flow on stepped spillway combined
with flaring gate piers and stilling basin [J]. Journal of Hy-
drodynamics A, 2012, 27(4) : 442 448. (in Chinese)) DOL 10.

3969/ j. issn1000- 4874. 2012. 04. 011

SL 155- 2012, /KL ( % #) # AR e R A [ S]. (SL 155-

2012, Test regulations for normal hydraulic model [S]. (in
Chinese) )

SRR, TR, B, S BRI B8 Tl X 3K
FR S AR S pumh B SR R 2 ] . FE KL S5 K AR, 2015,
13(6): 1118 1123. ( WU Zhi yuan, ZHANG Jiar rong, CU I
Zhao, et al. Distribution of time averaged dynamic water pres
sure and abrasion resistance in the impact zone of bottonr flow
dissipation with step down floor [ J]. Soutlrto North Water
Transfers and Water Science & T echnology, 2015, 13( 6):

1118 1123. (in Chinese)) DOI: 10. 13476/j. enki. nshdqk.

2015.06.021

Kfiks, X805, B, . T JRI0E J1 10 B m0ih 5 S e db st
PRI J]. KR K R4 3k R, 2012, 32(6): 4245. (LU
Yang, LIU Huar fang, JIN Jin, et al. Study on calculation of
energy dissipation ratio and optimal design test of stilling ba
sin with T-shape baffle [ J]. Advances in Science and T echnot
ogy of Water Resources, 2012, 32(6): 42 45. (in Chinese))
DOI: 10. 3880/ j. issn. 1006-7647.2012. 06. 011

Ohtsu I, Yasuda Y, Takahashi M. Discussion of onset of skinr
ming flow on stepped spillways [ J]. Journal of Hydraulic Exrr
gineering, 2001, 127(6), 522 524.

(L% 1257)

[15]

[16]

EFEE. b5 /N Ll X IR 37 R A R iR BRI AR
BT D] b 5 A E MK & (dER), 2014, (WANG Ze
long. Numerical characteristics of the geothermal field and
formation of the thermal groundwater in the Xiaotan gshan ar
ea of Beijing, China[ D]. Beijing: China University of Geoscr
ences, Beijing, 2014. (in Chinese))

Holzer T L. Elastic ex pansion of the lithosphere caused by
groundwater depletion| J]. Journal of Geophysical Research,

176 = KFLE#HR

[17]

[18]

[19]

1979, 84 (89) : 4689 4698.

Timoshenko S, Goodier J N. Theory of elasticity[ M]. New
York: McGraw- Hill, 1951.

Birch F S. Compressibility elastic constants in hand book of
physical constants [ M |. Coloradan: Geological Society of A-
merica, 1966.

Gutenberg B. Internal constitution of the Earth[ M]. New
York: John Wiley and Sons, 1951.





