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Ho KEWRRESREMAE T 6 MEFARAKMT (RS R
Baumer S14, #i/E+0.01 cm) , KALHHERAKFA 15051 4
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USFEARAR AT LS /K 78 BIME 2 2 SR IR &S o K IEL
HH BB AR TR, KSR RT1A+0.1 'Co APRIEKI RS>
R, R EBIEE AL 7m, Rl PIV &3R5 B
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B 1 R A B 6 2 B = o PIV 7R L
T WO AR UL A LA R . 7S B K AT SR Bk
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452 KE D .
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4 | Flowing direction
[ 0|
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“Light sheet Camera . Light sheet
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Laser Laser
a. AL b. IERLA
a. Side view b. Front view
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SRR IBE 2, mo

Note: O is origin of coordinates; x is parallel to flow direction; y is perpendicular
to flume bed and represents distance from measurement points to flume bed, m.
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Fig.1 Schematic diagram of experimental set-up in test section
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c¢. Instantaneous velocnty
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a. Original image
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b. Velocity matrices
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Note: u is streamwise velocity, ms™; v is vertical velocity, m's™.
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Fig.2 Velocity measurement by particle image
velocimetry
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Table 1 Flow conditions in present study
K KR TR AR WE KITH#AE TR i AR PELIR S HIBLS B
Cascs Flow depth  Dimensionless total Slope Hydrauhc- radius Mean ‘{eloc:lt_y Reynolds Froude Camera Camera resoh_ltlon/
(H)/em flow depth (H") (8)/% ®/(10%7m)  (U)/(102m's")  number (Re) number (Fr)  frequency/Hz (5 Z-mm™)
C1 0.49 68 0.20 0.47 15 835 0.68 452 64
C2 0.55 73 0.20 0.53 16 1092 0.85 452 64
C3 0.66 90 0.23 0.63 18 1324 0.79 452 64
C4 0.76 96 0.01 0.72 19 1 466 0.71 452 42
CS 0.83 114 0.20 0.79 22 1985 0.86 452 39
C6 0.94 147 0.23 0.88 23 2120 0.76 452 39
C7 1.02 162 0.25 0.96 25 2452 0.78 452 39
C8 1.10 180 0.24 1.02 27 2877 0.81 452 39
CK 3.20 721 0.20 2.64 46 15915 0.84 208 15

Vi U=Q/(BH), Q W&, m>s': B N/KRESEEE, B30 cm.

Note: U=0/(BH), Q represents flow discharge, m’'s™; B represents the width of flume and B is 30 cm.

2 HR5SH

2.1 HhFSEIFE
2.1.1 Kk &F

R 2 R AR TR KA AR R AR . 3R

FEERNT 2.5 m Z 0, KELIZHT N EE, BlJa RIFRSE 1
10.5m, R, KA. SRS, K
I BB AR AR E BRI BRI KT W] Ay A fE g 1 20 7
JER. SFEIRALRME K AL 3~5 P prAE, AR
BACHIKAME, 581 56
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Table 2 Variation of flow depth measured by ultrasonic-level transmitters along flume
Wk “ EE}\III4<ﬁEE%‘H‘UJ(ﬁiIW_TH%H’»ﬁK‘JﬁT&_ . -
ow depth measured by level gauge located at different positions to entrance/cm

Cases 0.5m 25m 45m 6.5m 8.5m 10.5m Flow depth/em
Cl 0.52 0.50 0.49 0.49 0.49 0.48 0.49
C2 0.59 0.56 0.55 0.55 0.55 0.53 0.55
C3 0.70 0.68 0.67 0.66 0.66 0.65 0.66
C4 0.81 0.78 0.76 0.76 0.76 0.74 0.76
C5 0.89 0.85 0.84 0.83 0.83 0.81 0.83
(@9 1.00 0.95 0.94 0.94 0.94 0.91 0.94
C7 1.08 1.04 1.03 1.02 1.02 1.00 1.02
C8 1.18 1.13 1.12 1.10 1.10 1.07 1.10
CK 3.40 3.28 3.22 3.20 3.20 3.11 3.20

2.1.2 R i# LEBROR T Nezu 25115 3 (177K B 52 250090 5 O 2 148

Kl 3 BT A& LIRS s oA, B 3a N SEBR IR
THACERZE, M C1 % CK 41K, Re $8HN, I &I th iz
FAFEE, WEAR K, RN C1 & CK AR i £kt
FRORAR T 2% o SAyidh—20 Uk W I Bl o A R R, 1 3b
s AT ENWHITEECE L A, @l ) iH5E
HEBEBEAE weJS AR E] 0 A T AR R R & 4L IR R 3 A
B, BB C1AMEAMK IR R85 5 AN AL, B

2, ANEERR . XA X . CK 35
Nezu MG BIR oA AR BN & R A UCGRER ) 7]
FEVE R AERATE . AR E I R UK IR R, L
PRI, S A7 B0 L w'=y", FRZNFEEIRZ!,
HiE 3b Jrm 2R A R 2 M E D y' <100 SRT, A
X ITAG, WER o S5IRK BT 2R G i 25
i 5, AN PR A2 A 7K B SR T ) A R

ZH¥K Cases

—_
(=1

o
o0

o
o

HHXF /K P Relative flow depth

50
VR AR % Streawise velocity/(102 m-s™)
a. WLHEE LR
a. Velocity profile
T Re NEHWH, BOFHLITR Re HIMAITT T
Note: Re is Reynold number and black arrow indicates the increase trend of Re.
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b. Normalized velocity profile
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Fig.3 Distribution of time-average velocity

Nezu ZENEH2Y '>30 B, RIS E5
Fi AN u'=2.421ny " +5.28, R TH L x=0.412. 4 y™>30,
ARG CKZH VG073 B r i 2 R 7K B IR 35t Fon £t
AIRIHZ C1~C2 7 HHs milh /R IR 7K B IR 2R
WX E A, T C3~C8 (% m AN A2 Z
B, ERERKIWE. SEOZAEMREA: D BT
HIEZM S RKHRZRMEA Z R, FI R 5
L LK o MIEUE AT BE S HOK IR ZRMAR, SFEAR
BRIG B 25 AN . Nezu Z5MS B U 2) HZFK
TR, PRI 5 /K T 2 (8] TR R /0 TR] L oy A 375 i A
T AFAE 52 BT 7K THT 52 1 #AS S5 35 R X 3, AT AS RE
SE S PATAE TR T 0] B AR X 4

2.1.3 FEREMTHELS

Bl 4 ZooR 7L AN [ (1 KSR Al . B 4 T
SRR RS RI ) PIV ZER K B R 35 I b 43 3 51
DB - ARG h K2 O S E B W 5 P IR R W L I
DT AR o RS [ A3 7 T RN 2K Bl o P O AL, 7
JEFR I TE R A ) KB SR R TR, 1
AR A KB RN T IR L, BEE KRN,
T A A KT 2 it 2 5 R OK IR ZR LI it 2602 0
o WTLAHUL, BEEKRZE DR, RN
A PRTH A A7 B 258 S IRK R R E &, T,
HERCRENEOKIIRZR. B 5 2R T ERHNE
VERL IR A . Nezu S5EMWAIHERERIT, ST RTH 4 I



13

Wy BPEEaE . T2 W ek B i i 2 o B T

171

PRS2 REMEAE IR 25, T 24300 15 PR T A9 A HL I R 4 o
Ry SEMSRE S, SRR R M. |
K5 AT, KRB, DR BE SR E S, 2R
PEAE 2 2 i M iR i % s BEAE IR IS N, K&

2 ¥k Cases

Bl 5 B, SRV 3 BT & bR,
FOABHAE K IR AISE I, 5214 7 5 A 7D 90 B AR R )N
B8 KR e — D8N, B 45 05 5 IR K IR KR —
, WA EALE y/ H~0 2172728,

* Cl o C2 oC3 aC4 v C5 © C6 ac7 >C8 o CK —— Xifik[17] Reference[17]
1.0 . 10F s
208 2 0.8F
z z
=} =}
= =
206t 2 06}
g g
Z04r 2 04p
= 0.2 = 0.2+
0 0 L L I
1.2 1.6 2.0
TeAE A 1) 25 B ik T AN 1 1) 25 5 i
Dimensionless streamwise turbulent intensity Dimensionless wall-normal turbulent intensity
a. JC AN I ) 35 Bl S U /KR S AT RFAIE b JG A 171 25 30 5 S K TR S AT RFAE
a. Distribution of dimensionless streamwise b. Distribution of dimensionless wall-normal
turbulent intensity along flow depth turbulent intensity along flow depth
B4 FHRALKRESH
Fig.4 Distribution of turbulent intensity along flow depth
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Fig.5 Distribution of dimensionless Reynold stress along
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Logarithmic law of shallow water flow by using diagnostic function

Yang Pingping'?, Zhang Yushan'?, Li Rui**, Zhang Huilan®*, Wang Yungi**

(1. School of Karst Science, Guizhou Normal University, Guiyang 550001, China; 2. State Engineering Technology Institute for Karst
Desertification Control, Guiyang 550001, China; 3. Three-Gorges Area (Chongqing) Forest Ecosystem Research Station of Ministry of
Education, School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 4. Chonggqing Jinyun Forest
Eco-System Research Station, School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: Shallow water flow is a special type of open channel flow, where the fluid behaves with a free surface in a canal.
The flow depth of shallow water flow is extremely thin, and even reaches several millimeters. At present, there is no obvious
evidence that the logarithmic theory is suitable for shallow water flow, even though it is widely used to describe velocity
profile for open channel flow. The reason is that the viscous and inertia force exert no significant influences on shallow water
flow, due to extremely thin flow depth. It is necessary to clarify the presence of the region without influenced by viscous and
inertia force. The present study aims to analyze the velocity characteristics of shallow water flow, thereby to verify logarithmic
law using diagnostic function. The Particle Image Velocimetry (PIV) with high resolution (64 pixels/mm) was also used to
measure flow fields. Eight conditions of shallow water flow were surveyed (flow depth ranged from 0.49 to 1.1 cm and
Reynolds number ranged from 835 to 2 877), and a deep-water open channel flow was considered as control group. The
statistical parameters were measured, including the velocity distribution from flume bed to free surface, streamwise and
wall-normal turbulent intensity. Logarithmic theory was also explored, such as the diagnostic function, Karman constant, and
scope of log-law region. Results showed that: 1) From the transition region, dimensionless streamwise velocity of shallow
water flow deviated from the logarithmic law, which was used in deep-water open channel flow. The streamwise turbulent
intensity of shallow water flow was larger than that of deep-water open channel turbulent flow, while the wall-normal turbulent
intensity was smaller than that. The turbulent intensity of two flows gradually overlapped with increasing flow depth. The
characteristics of Reynolds stress showed that the region influenced by viscous force became smaller as the flow depth
increased. 2) There weren’t strict horizontal lines in the diagnostic function curves, implying that there was no strict log-law
region in shallow water flow. However, an approximate line was obtained in the diagnostic function curves for the extremely
shallow depth (flow depth not less than 0.53 cm), when the dimensionless flow depth was larger than 10, indicating the
logarithmic law was basically suitable for this region. Simultaneously, the Karman constant was at the range of 0.2 and 0.3.
There was a region without influenced by viscous force and inertia force away from flume bed, due to the weakness of inertia
force. In the flow depth larger than 0.53 cm, the diagnostic function curves became fluctuate due to the inertia force,
particularly in the regions with dimensionless flow depth larger than 10. An upward trend occurred near the free surface, where
firstly decreased and then increased to the maximum, finally decreased to the minimum. 3) The log-law region appeared in the
scope between the maximum and minimum for the actual application of shallow water flow, although there was no strict
log-law region for a certain tilt of diagnostic function. The extreme value of Karman constant increased with the increasing
Reynolds number, indicating no stable Karman constant for shallow water flow. In addition, the scope of log-law region was
not stable. As the Reynolds number increased, the scope of log-law region would be expanded. This present study can be
benefit to further understand the characteristics of shallow water flow, thereby for the theoretical investigation of shallow
water flow using particle image velocimetry.

Keywords: flow velocity; particle image velocimetry; canals; shallow water flow; Karman constant; diagnostic function;
logarithmic law



