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1.1 RIeKE

T 2018 ARTE B iy IR 5 B O R K S AT R UK RS IR
G AKAE K RGN Hb, RIRRGOIERGKEE . KNG Fadi KA 5 8 7E 50 /K R 1F
CEE, EB SR, wrBh kK COKRAEsh s m; oK Bt Se e, HE)5 a0 KAl ihsh 81y
FEVEEI A 0 ~10 L/min, W] 45 2 Fr . 00 /KR W 1w ok e AR Wi, HK S840 6.5 m x
0.6 mx0.2 m. JRXIG/KMEICH 0.012 m JEEEHEISAIIE, KRN 0.003 m JEAAHLBEES, K BARMK
JER 6 m, HEEERTIRER R 0 ~20°. & 1 Ak g K fay 1A -
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Fig. 1 Schematic diagram of test flume
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Ry 1A T DN A R E AR A A ASBIETE R RBH 7350, PEARALA R AR 3 TR B 174 [+ -, 7
B T IR S AT /K T ZE B 52 o ARYRIRS FLHER HTRE B4R S N SRR B AP At o DB qul Bt
- Fr B T AR X I SE BRI RS B, AE K RE RS R A 5 YR P (R AR 5 3 1 180 H/KED AR, R RS bRy
0.08 mm, Mk, BRI XHA A, Hi% 120 . 80 H. 40 HKWAE PR A3 E G, Hokk
FERSE k435125 0. 120 mmy 0.180 mm. 0.380 mm. 0.009 mm. % JEH|SERR K ZE038 w0 A B, 50 e
Bk A 30, 6°. 9°. 12°0 15°, HPEEYE S 24 0.052 3 rad. 0.104 5 rad. 0.156 4 rad. 0.207 9 rad. 0.258 8 rad;
BRI T P AR TR X a], PEEBATE TR ¢ 4 0.069 4 L/(s *m) . 0.138 9 L/(s *m) . 0.208 3 L/(s * m) .
0.2778 L/(s*m) . 0.347 2 L/(s*m) . 0.416 7 L/(s*m) . 0.486 1 L/(s *m) f10.555 6 L/(s * m) £ 8 Fif
(I RAR 55 s I B U L Y T 7 v U 1 o 1 T N T N S DR MW 5 2 S b= o e UL S T T e
) BB AR YE T 1.5 m &b, HAIKK A 22, 33 4-4. 5-5 MK E ( LI 1( b)) , 4% Wiim 8] 56 55
1 mo 5SS 35 d, JEHEFTT 200 417855 -
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Fig.2 Schematic diagram of ultrasonic measurement system
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e w=(n-1)/(t, -t H
Wk u=l/(t2—t1) (2)
] h = h, = h, (3)

AP o WA, Hzy n W TRBDEG 1, 08 0 3 152 W o — D0 BT BRI 20, s; o, B —
NI i[9 5 BB 0 W BT RS IO AN, sz ORISR PR IR Z B BE RS, my o 6 0 B TR R O I A
PG IEARBIIETEL, ss Ry by J0 50 0 PR B BERE RIS A FEES . mm.

WA, ARSCRBII) KRR RE R, IF Byl AR SBERAR B KR B2, 582
XN

LIV T = pgls (4)
KR W = pgLSu (5)
AR5 V= u/U (6)
FHR I R H=h/Z (7)

i 7 MBS, Pa; p AUKEYEREE, 1000 kg/m’; g AN, 9.81 m/s’; L R/KIE, m; S MhE
P, rad; W oORKIRINE, W/im®; VRREXTIGHE:; U BB WS, m/s; H AR, Z Ui i F
HIKEE, mm,

2 RS
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YT KT NT , AKIRZS 5 KA A A WA L K Wi g IRSE %, xR AE K 15 AR iR I, TRk
P & A 2 A KA 1) IR 5 B B 1, REAS S VR Sy i 8, SRR MR . #E k. =0.080 mm, S =
0.052 3 rad, ¢=0.277 8 L/(m *s) &M F, LL4—~4 Wil MH, Z=1.321 mm, U=0.212 m/s, WA 7=
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0.678 Pa, W=0.144 W/m®; JEIKERE, [ Wi B K AR BRI RE RN WAk, 25 45 FLBR i i 1 fe KA
@, Hh,H1.707 mm, uw50.417 m/s, 7 /0.876 Pa, W #0.365 W/m*; J5#eiy) Jy3aim-h 1.3 4%, Kk
VIR R 2.5 f% o i nT DLTR X KA 52 , U sl AR AE LIS 3.
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Fig.3 Roll waves phenomenon under k£, =0.08 mm condition
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Fig.4 Waveform changes along the path
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®1 AEEE. AEREFHTHEEE Hz
Table 1 Frequency of roll waves under different roughness and unit discharge
[Ty PR
(Lem™es7h) 0.009 mm 0.080 mm 0.120 mm 0.180 mm 0.380 mm
0.069 4 0.701 0.895 0.927 0.976 1.116
0.1389 0.715 0.922 0.991 1.093 1.284
0.208 3 0.904 1.006 1. 060 1.141 1.373
0.277 8 0.996 1.029 1.143 1.313 1.510
0.347 2 1.139 1.140 1.364 1.701 1.607
0.486 1 1.290 1.425 2.025 2.925 1.951
0.5556 2.335 2.615 2.772 4.265 2.006

MR 1 AT, AR R SE I R i . HS/NREAA L, RygE T, R KRt 7S =
0.052 3 rad. k., =0.009 mm F T, M4EATEEM 0.069 4 L/(s * m) #4/1%] 0.208 3 L/(s * m) B, $iZd
JIE R 0.203 Hz; 24BAGEFEM 0.347 2 L/('s + m) 3405 0.555 6 L/(s * m) B, SRE{E K 1. 196 Hz;
JEHE R S5.9 % . SRR, X 0] e L E R A IR BOK IR IR S 1 ¥E N, AEAR VR A E A A B i
K, Zeat 55 Wik i 7R I AR B S B SAb R VR I R B B, BLR VR I I KB, MRS . eAh, M
RIS IR v AL, TR MUGABCEON R, TR RGNS .

A, VRIS S RS B A T RS . 7E S =0.052 3 rad. ¢ =0.277 8 L/(s * m) 544 F, k., =0.009 mm
Bf, $%°40.996 Hz; k, =0.120 mm B}, $5i%41.143 Hz; k. =0.380 mm A}, J5i%k1.510 Hz. S¥FJFA,
— 51, X AT RERRE R R IR BE G, MK TRE , RIER BB, HAREE: I —
JrTE, HE4 T, REEBME SIFERA G, BEEMIEINEE KRR K IR A B Rt BUiR
RAENEERE, MFEE A BIREH A BT ERX, R .

F24HMT ¢=0.069 4 L/(sm) i, NFEMBEE. GEPAME T BMRME. MR 2 A, AR EE AR Ay
SR . 78 ¢=0.069 4 L/(s *m) . k,=0.009 mm 24 F, HEBEM 0.052 3 rad #5115 0. 258 8 rad A}, i
M 0.701 Hz /0% 1. 887 Hz. SR, X AIHEZRESAEORNT, =W /K i m i 53 J3 3 m, —J7 K
I, B AR R ELAE I X, SEPH IR, KIRZ I ST, RIER B REAS, S —
DI, KIRAZ B IK S g, Wik R AERXIER, RAFEIRNE .

K2 TEME. WK THREME Hz

Table 2 Frequency of roll waves under different roughness and energy slope

e/ e

mm 0.052 3 rad 0.104 5 rad 0.156 4 rad 0.207 9 rad 0.258 8 rad
0.009 0.701 0.924 1.295 1.511 1.887
0.080 0. 895 1.024 1.271 1.363 1.718
0.120 0.927 1.104 1.333 1.446 1.858
0. 180 0.976 1.224 1.426 1.570 2.068
0.380 1.116 1.624 1.737 1.984 2.350

2.3 RS R

BRSO LT IO , STV SV S k5, ORI T BT R A 2 M
VXK RO, DI T AR VLRI — SRR T M P S il T RIFURBRE A PF i AFX I RO
YR T B 02 (L
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(a) £=0.080 mm

(¢) £=0.380 mm
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Fig.5 Relationship diagram of rolling wave velocity and relative wave velocity with energy slope and unit discharge

FH TS AT, I A P B P 0 S R pR SO AR Y n L AR R 5 2 A . #E k. =0.080 mm. S =
0.052 3 rad 5044 F, MBAFE0E M 0.069 4 L/('s * m) BAMZE]0.555 6 L/(s * m) B, JEHM0.251 m/s H4Hn%)
0.504 m/s, X ZE R u = 0.631 ¢"*, R* =0.983; [N M 0.069 4 L/(s + m) 543
0.5556 L/(s*m) B, AHXFHHM 3.16 J/b3] 1.54, HER NV = 1.256 ¢, R =0.981. @xt/rara]
FSIESR FT Sl B P B Y1101 B e v N | M= R bk s B 1 R el o 2 (AR 3V 9 O NS A B =
B, X AT AR B/, BSE i s R BOK RGN, R 7 AR m sk g VR Ik ss . 55 7 B4R FH AR XT3
SR, BT A N, RIS N R N 2R RO, M IR B RN, BT S 0
RO KR AT, AKRREER, BRI 281 0¢ R vk P 2B 7 F 5 X, BE A3, KikE T
A, RIS, PR T, A T 1

WAL, b T H RS BE A B s, XTI R 2, FE S=0.104 5 rad. ¢=0.208 3 L/(s * m) T.{%L
T, BEEEM 0.009 mm 4 A1E] 0. 120 mm B, M 0.561 m/s Ji/0 3] 0. 452 m/s, AHXFHEH M 1. 75 303
2.300 RIS THDRE B XS $47 30 A 400 i) P %o Ok S g 4 R L 5 R R A VR T R AR AR £ 5 ) R
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B, AR X e R i 33 P 308 I ol 2, R R O ) RO 85 R A, R Xl g i e 33 P 348 o a3 1) R
(e, 75¢=0.0694 L/(m *s) 2/, S=0.052 3 rad A54LF] S =0.258 8 rad i}, L)k, =0.380 mm Jy 57,
JNBERETR, k. =0.009 mm B, AHXFE M 3. 15 W0 F] 2.27; k, =0.120 mm B, AHXF )% 3 3. 88 I/ F|
3.41; RBEFET, k,=0.380 mm B, AEXTHEER M 3. 67 BEhNE 5. 23, R H R, 3R] A8 A2 PRk Bl A 3 1 3
T, KR R A3 TR, SO ik T A A AR S G R e, SR RERE RS I, R #R G BH ) 3
I, S R R R AR SR A BE R A GG N, SR AT A X IR 1 AR A AR A R
2.4 EE5HEMES
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Fig. 6 Relationship diagram between roll waves height and relative wave height with unit discharge and energy slope
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JEZAET, BHREMIGN, AT g sk B i As g8, SORERE ST, AR e 3 ik 3l 2 2 s s /b 1Y
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XPKURISE AR B, D855 T I = KRB SE IR , ANFEREYE M 0.052 3 rad B, PAGEJIH K 0.069 4 L/(s * m)
M, BEEEH0.009 mm. 0.080 mm. 0.120 mm Af, HARXFPEHE 4504 2,42, 3.16. 3.88, A% & 43
W 1.04, 0.71. 0.55.
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Influence factors of hydraulic parameters of roll waves in overland flow"
MENG He', ZHANG Kuandi'?, WANG Jingwen'

(1. Key Laboratory of Agricultural Soil and Water Engineering of Ministry of Education in Arid Areas,
Northwest A&F University, Yangling 712100, China; 2. State Key Laboratory of Soil Erosion and Dryland
Farming on the Loess Plateaw, Northwest A&F University, Yangling 712100, China)

Abstract: In ascertain the evolution process and generating mechanism of roll waves, the variation rules of hydraulic
parameters of roll waves under five kinds of roughness, five different energy slopes and eight unit discharges was stud—
ied by using a fixed bed test and ultrasonic measurement technology. The results showed that at the fixed section, the
wave velocity increased as a power function with increasing unit discharges, while the relative wave velocity exhibited
an opposite trend. The wave height and relative wave height first increased and then decreased as unit discharges in—
creased. With the increase of roughness, wave velocity decreased while relative wave velocity increased. However,

the wave height and relative wave height both decreased with an increasing roughness. The influence of energy slope
on roll waves was also related to roughness. Under a small roughness, the wave velocity increased as a power function
with the increasing energy slope while the decreasing power function between relative wave velocity and energy slope
was found. Wave height first increased and then decreased while the relative wave height increased continuously.

However, under a large roughness, the relative wave velocity increased and the wave height remained stable during
the whole process with an increasing energy slope. In contrast, although the relative wave height increased first but
this trend became less obvious and the height even decreased as energy slopes increased. Therefore, taking into ac—
count the influence of average hydraulic parameters were taken into account when adopting the relative wave velocity

and relative wave height, which could better reflect how various factors affected the evolution process of roll waves.

Key words: overland flow; roll waves; relative wave velocity; relative wave height; evolution
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