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Study on key influencing factors of drainage efficiency of street inlets
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Abstract ; In order to study the influence of road slope (1% —2% in cross slope and 0.3% —5.0% in longitudinal slope) and runoff of
0-70 m*/h on the inlet efficiency, tests were carried out on a 1 : 1 platform. Experimental results show that the inlet efficiency
decreases with the increasing of flow rate as well as the longitudinal slope. However, when the cross slope increases 0. 5% , the
efficiency increases about 10% . In addition, experimental data were fitted with the orifice equation. Comparison was conducted
between the fitting formula and previous empirical formulas, and the results show that the proposed formula gives better results on the
standard flat-grate street inlet. Based on the fitting formula, a new method for the street inlet design is proposed for the future urban
road construction and formulas for determining the inlet spacing are deduced, which were adopted for the optimal design of inlet
spacing.

Key words: street inlet; inlet efficiency; inlet spacing; road engineering

B B K R R K HEZK 2R GE A 2 B 73, 2 S TR I A B T AT R K 8 R 205 B R )
IR T PR UK R, RS AR BT RIS (FK F1 (168518 ) ) &t Bk F Atk RE 7 538 3 e W
K R IRAE P A 5%, DRIHOH K 11 A9 25 O B — (BN RS I BT A5 22, T GB 50014—2006
CEAMIRBEHHEY 0K B AL AN B, AL oK 1 A R PSS F 25 ~ 50 m, 45T
I, 30 DD AN AR 20 A 2R T K T RAR BT, LA e AR I T N i e A

Wong"* Z5 1 T RIZK F bR 08 S AR i i T B BB 2 I B 6 R B T 2 RS EL %
BRI A B R O ARSI 345 1 R K 100 DA 2803 0 000 5 32, M4 U 420 W 7K B R BT 728 0 3y i

EETH . ZHE BIARARE (1908085QE211) s 2 #m B AR AW FE 5 H (KJ2020A0664 )

EE B B (1986—) , L, m g TR, i+, =N FE i TR AFSY, E-mail : duanyy@ hfuu. edu. cn

BIEEE . HI(1984—) , 55 RIBSE 01, Wi, FENSH A HK S MATFSY, E-mail : guoshuai@ hfut. edu. en

SIRARST . Bl fe 5800, FERNE 5. I BK TN /K DR AR OGS M R R DT TS [ ] iR 224l ( BARRHER) ,2022,50(1) :7-12.
DUAN Yuanyu, GUO Shuai, WANG Qiuping, et al. Study on key influencing factors of drainage efficiency of street inlets[ J]. Journal
of Hohai University ( Natural Sciences) ,2022,50(1) .7-12.



g IR PR S SO RS w0

T AT, R A& 2 gl S TR BB, Spaliviero 557 Fl Gomez 55 43514
A TR E S0 SRR IR GE Q,/h 19ER, Kemper %538 iR 5045 145 74 20T 7K
1 A% 15 o 95 A KB 0 R LR B K BRAR I R i, BRILZ 80, Li SR SE T RIK
FIE TR A L TP FLARSEXTHERACR AR, X T [ SR SCERR i 2230 283X, [ Nk BeA 2EA T ik
B Ry ABARXT FK VAT T 9T A AR A1 S T IR R T T R K I AR S A e R
WIS F , FEFTBUE R TR 9T 1 B T RUK R E SRR K DA B BE A G &R . /AT S i 4347 T
G B JRE TR 7K AR B R G B0K, S5 A R BITHE. | 25 T I R A SR RN RR 7 1A L ] 2
AP OE R, P4 T B IR IR R HE RO AR 55 ) FVACETASAD T e 214 i T 5 B 008 AR R /K
H AR R A B AR 4598, SR, F AT P9 ke = n] DUORS B 3350 K R RecR 2 3
ASCLACHIZK I (168518 ) ) Hr AYBRERIP- SR K ORI FEXT R IR B4 B FIAR I 0 SR A 52
Wi, HETFL A R EE SR ISR TR AR, [R5 E AR P 250 A AT, BT AR B,

1 REGXIE SR

1.1 {BFEE

P R RE A A BRI - G ] 1 s, BRUGE IR 1 2 1 A iR, K 12 m 58 3 m i
1 0.5 m, IKHEH— 28 10 mm BY7KPRRD I, T /K 1 8 55 22 e 70 IR B 1 Bl 0 10 m AL, B —BEE 12 m
B& 6 m ZKYIEFEAY—2F, T T TRREIR T E B P ILTEFE R 0% ~5% B3 FE R 0% ~10% , 507K i =
THRAE R 6 m AU /KARHRAL | I FEAE S KA LA S AR 35 5 b S it 1 ASEADLIE % {1 ASE4DLIE B 1Y)
K22, H gk 2 R0 T 4A 25 1 — 3, 5T 5 HE W MK AL R 7K FH 2R SE3 R KA 35
MK IR ILE 2, BIFFLE AR 0. 153 m* , JFFLFEN 54.2%

g ARG
o B
2AT
| ] | ] | Ty
[q\]
[ J [ J J
[ J [ ] J
of | I ] ] ]
w)
< ] [ ] [ J
[ ] ] J
[ I I ]
[ ][ ] [ J
750
1 RKEEE B2 WMAKOZEZ(EAL:mm)
Fig.1 Test platform Fig.2 Grate cover of street inlet (unit: mm)

1.2 Rt E
IS LLE B S, JEBREYE S, AR E Q, MIRA & R5EIX 3 AR ZE XK TSGR g2, GE

PRON BEDERE I BUE S % CJ) 37—2012¢ Sl i i TR 1% £1 RBITR
T ) e ARG A RE T R R OO, 45 A0 AU T4 Table 1 Test conditions
AR E W BUETERE 0 ~70 m*/h, R TBERA /% So/%  Q/(m-h)
_4850(1 + 0.846lgP) 1 7 0.3 1.5 10 ~60
- 0. 896 (1)
(t+19.1) 2 7 0.7 1.5 10 ~60
Ao g HFEMIRE  mm/min; P A Z W EIH, a0 HFFE i 12 ;g 12 Z~;g
FR T B, min 5 14 3.0 1.5 5~70
b7 126 4UARTE TGRS, Wk 1, Hir 7% 6 14 40 1.5 570
1.2 47 T8 WRAEREIE N 10m*/h P53 ~1046 ] " 00 b el
e N 8 14 1.0 1.0 5~70
14 A0, it 2R 5 m®/h, 9 14 20 10 570
10 14 2.0 2.0 5~70




EARE ] Beba s, 45 GH B R K H R AR OCHER i R R WFAE 9

2 HREE

2.1 RBERSH

TR 7K T P 38 2050 23 2 R /K I AL O B 5 FR K T R AR T A A3 L
Q _0Q.-0,
) )
2. Q,, KRR K A AL B8 (PT23 SAm  itK e AL T oK i) 5 0, R FRUK B BT AR i, mP/h; QR
B K I A 3

FEANTRIIE B Z5 AT, WK A I AR B AR i de AR A AN T 3 o .t BT 3 W DL (R R
NS T (Q,=5 m*/h) K R BCRAENS K F] 100% ; 4200 O MR AR A, 24 S, =2.0% .S, =
2.0% FR S m*/h 3 INE] 70 m*/h B MRACEM 100% F AL BEIRE 75% . B3 (a) 1Y 3 SR &
EASIR] RS RAC 0 w) XE R 7K E A BOBOK TS S I AR, RN 1. 0% 28 K 2. 0% B, [A]— I i &
IR ACR A1 K 209% |, SRS M 1. 0% 383 1. 5% B, HACR YK BEE R TN 1. 5% 38hn% 2. 0% i1
DL AEREEN 1. 5% B K I AT RACR O A BRI (L (70% ~100% ) o FIE 3(b) AT 40, [ — i, Ak
160.3% ~5. 0% ZEALIT | MR AR A FI XS 2462 1 10% | SR S IR R SRR A e, A4
USRI KN AR SO Gy ], JHL 2 B A 5 M TR K T A R T K R R i il KR

E =

100 ¢ - — Se=1.0% 100 S1.203% ——S1.=0.7%
90+ . ‘c\.\ —— Sc¢=1.5% 90 | x —— Azl/:l.oi/b - Azwl/ii.gz//b
" Sc=2.0% e o1=3.0% TToL=alw
e sor \. \.\o\ 80 | % = 51=5.0%
S ool Nl Tl S
X \_\ \'\.\. ) 70+ :
60 e " T S S
50} e W 60 \‘1§.’
40 T N 50 L L M A L )
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Q,/(m3-h71) Q,/(m3-h1)

(a) RFEBEHTFRHERACE (S1=2.0% ) (b) AFEHIF AMFTACE (Se=1.5%)
3 MAAMREERERENTL
Fig.3 Variations of inlet efficiencies with runoff

2.2 HIEME
TEIE BB 0 5200 T TR 7K 1 855 b 0 A A% dak A B
HEA L 4, FIK A1 shn, 4 h Irbs 2 8B Ik 4
AN b R RE T B ERAE A KRETRE , WO AR It B i
I SEBE (W>>h, W=h/S.) o FZHRR R GWA

A A gk R B4 ERENE
_ (nQ,) 3/85(;3/8 (3) Fig.4 Gutter cross section
0. 655L3/16

SHES T AR T Ao W K 026 S FLME R, 497 A L 0 R 2P0 nT L s 3 R AR I K 1 3
(X (4)) MM E e AR (X (5)),2(5) i —FHEE 2S5 C,
Qim = COAO@ (4)
Ci4, “/ZE (n0Q,) 3/165(:3/16SL o
Q.
Koo n A BORRE R EGA, B RAL TR, m® 5 C, . C, .C AR REL,
PR Y EEARARG) IR C, R C 5 Q, X, HXRWK 5, HEIS /LUED ¢ 5 Q, BA
R AAISCNE , Pise by TR P/ UL 4 B REAL A (R 1 PS5 5.6.7.10) 1 € M2 (HAE 10% LA,
FHFEAR LR T B 6 T ¢ B93ME , A S Q, BB CR 45 R ILIE 6, KRB R
C=230"" (6)

E =

— CQH—O.8I3SC0.I87SSL—0,094 (5)



10 WK E el (AR RS R ) 55 50 &

(Si,Sc):
== (1.0%, 1.0%) (0.3%, 1.5%)
—— (1.0%, 15%) —+(0.7%,1.5%)
—— (2.0%, 1.0% ) —+—(3.0%, 1.5%) . SRR

401 (2.0%, 1.5%) ——(4.0%, 1.5%) 20r — HERE

35f —— (2.0%, 2.0%) ——(5.0%, 1.5%) ast

30t é‘ 30t

ol %/?%;’ 251

S 20t = é S0t

151 J/ﬁ% 15t

10f #~ 10f

5F S5t

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

0./ (m3-h™")
5 XWCHESQ, XR

Fig.5 Relationship between measured C and Q,

DUIAR RS K Y E Rl
E = 2 30 —0‘2395 0‘18755 -0. 094

(7)) WAL E EER RN E AR M, ﬁxmmiw&iﬁéﬁ%m{ﬁ KT,
R (7)) HOERRTE B S, =1.5% .S

L E BT S S MEAT 5 R

L SCIME (S1=1.5%,

100 1 o SZIME (S1=0.8%,
L - HRAE (S1=1.5%,
90 L\ HHEE (51=0.8%,
S 80 |
T
60 |
50 T
0 10 20 30 40 50 60 70
Q,/(m3-h™")
(a) T)BIRAE
— BB A5

Hrp

IR
Gomez 55 I AW (9) .

_ 69
AO.75f
L. 6 HRKEFLE L SHGA, HE T,

Sc=12%)
Se=1.7%)
Sc=1.2%)
Sc=1.7%)

E=102.7 -

Ee6 CHSEMESHMNERNXILL

Q,/(m3-h7")

Fig.6 Comparison of measured C and predicted C

c=1.2%F1S,=0.8% S,

40

o ST
--3¢ (8) HEME
— = (9) HEM

Q.
h

0 02 04 06 08 10 12

Q,-h™'/(m2-s™)
(b) K@M O

E7 RES5ITERSE E B3ttt

Fig.7 Comparison of E by formula calculation and experimental measurement

AR TR K TR ORI 2 a2 KO S E B A AU

(nl +1)0.19 (nl +1)0A()7 (nd +1>0.15

E

1.9884%4

m?;p AALBRA  n, ny g S0 BRS 5 B G 5

Qa -B

=4 (57)

/\I:Fl A:

p0.19 (TL' + 1)04088 (nl + 1)0407 (nd + 1)0.082

A L AR SR m WO RK ST FE 1, m

M(8) K (9) iR Bt s, 2R WA 7 (b) .

LO. 179
WO. 394

B =1.346

(7)

=1, 7% HATHALE, A5 R ILE 7 (a),

(8)

SRR

(9)

A& 7(b) AT, 20(8) 7E Q,/h < 0.5 m’/s Bf , 15 B RACR 5 SEMME T s 24 Q,/h> 0. 5 m’/s B,
TRkt R, 2(9) M EEH THE 0, /h>0.3 m*/s HITEN (24 Q. /h<0. 3 m*/s B, 2 (9) T E ¥k

T 100% )

A, XTHEE 7 (a) FIEL 7 (b) X FE 2 BrRmiK e K 7(a) WG

R (8) MILA M EHEE R =0. 853, X(9) Y R =0. 881, =X (9) =X (8) HAF&

S AR )RR
B (R*=0.99) i = T 7(b) s {HXF



EARE ] Beba s, 45 GH B R K H R AR OCHER i R R WFAE 11

FHAFE AT A D FE C RAMBVTEN T, 3 (9) 7T R REUS T E,
3 WM/KOFfEEEE

ZEA BT R vE RSB UMK VR S R S (7)) ST A i A A LA SR AR K O 7E 2
= FEIR RIS EIE 5B R | HEER R (9) B B TR,

MK I BEA RCHEK B 38 SORAETTT 2 5N B R R CR R T — e (5 (R 45 50 2, v 50% ~
70% ) , WA XT RN ZK FHHHRRRSCR (400, 25 MK e el R

1g2.3 + 0. 18751gS. - 0. 0941gS, - IgFE,
0 < s - 2 qqoiinj
L= 0.239 (10)
l qeW,
i-1
Hrp Q; =qpW,L, + Z ‘I§Di,'Aij + 2 (1 - E.)OQ,
k=1

Ei — 2 3Ql -0. 239SC0. 1875511704 094
S0 M5 § AT O IR m®/hs B RS § AT T BT e, L, s & R K 11 i
BRI, m s W, A B SEE A m o KBTI B M 0, A, SP IR i SRR I I BT
BB W, LR AT R RO L,
FRAR DL - B 5t A WK A VB RN, S 7 38 3 0 I Kk 1 78 B R, K
0
L=(L, +L, +--+L,)/n (11)

4 % it

a. /K FHER SR Z AR o B I 05 i, Bt DA 3B TR A0 7 140 18 R Il /) , Bt 30 114 38 R i 6 K
o 3243 i FIVRE I 1 5 i O 4 2

b. 45452 TAX G0 HRA R, IR K D AR AR | 4 MR SRS A= A Y
MR RECG K D ERFAAR R A O S R AIE R 0.3% ~3.0% R 1.0% ~2.0% I, ZBUEILFA
SRR

c. AU TR SRR A R, 25 I T K D A BRI RE Ao 7 v s TR R S B T B b AR TR
Ui, T 7K R TR 55 B, ACTE T Wi B0 FRT /K F AR NS | 2 SRR 3 P HE K RIOR

SE .

[ 1] hae N RILFNE (5 A & e, MIZK 1 (16S518) : GIBT—1404[ ST, dbat . sh - i ftid: ,2016.

[2 ] P N RICANE AR5 R & . MK BRI GB 50014—2006[ S ] . b5 EEESR Tolk i ittt 2016.

[ 3] Zesikhp Belfss IR, 45, FE T Infoworks TCM Y fiY MURY I 23 18 A2 TSI SSORIPAG [ 1], DI R =254 ( A 48R
f%) ,2020,48 (5) :398-405. (LI Yongkun, XUE Lianging, DI Suchuang, et al. Evaluation of runoff reduction effect of typical
sponge measures based on Infoworks ICM model[ J]. Journal of Hohai University ( Natural Sciences) ,2020,48 (5) :398-405.
(in Chinese) )

[ 47 Ehnpg, 37 25m, 5. 5T DEM Wi 5 0 sl KRR AE SR IO I (). 0 R 27244l ( FEARRL 4R ,2018,46
(5):390-394. (WANG Jiahu, LIANG Juping, LI Li, et al. Deriving and application of the catchment characteristics for urban
flood point based on DEM[ J]. Journal of Hohai University ( Natural Sciences) ,2018,46(5) :390-394. (in Chinese) )

[ 5] WONG T S. Kinematic wave method for determination of road drainage inlet spacing[ J]. Advances in Water Resources, 1994,
17(6) :329-336.

[ 6 ] US Department of Transportation. Urban drainage design manual , hydraulic engineering circular No. 22[ R]. Washington D C;
Federal Highway Administration,1996.

[ 7 ] SPALIVIERO F,MAY R,ESCARAMEIA M. Spacing of road gullies hydraulic performance of BS EN 124 gully gratings and kerb
inlets[ R]. Oxfordshire, UK:HR Wallingford ,2000.

[ 8 ] GOMEZ M,RUSSO B. Methodology to estimate hydraulic efficiency of drain inlets[ J]. Water Management,2011,164(2):



12 WK E el (AR RS R ) 55 50 &

81-90.

[ 9 ] KEMPER S,SCHLENKHOFF A. Experimental study on the hydraulic capacity of grate inlets with supercritical surface flow
conditions[ J]. Water Science and Technology,2019,79(9) :1717-1726.

[10] LI W H,GEYER J C,BENTON G S. Hydraulic behavior of storm-water inlets[ J]. Sewage and Industrial Wastes,1951,23(1) .
34-46.

[11] CASSIDY J J. Generalized hydraulic characteristics of grate inlets[ J]. Highway Research Record,1966 ,123.36-48.

[12] ESKENAZI E. Laboratory study of absorbed runoff flow by different gutter grating systems [ C]//Proceedings of the third
International Conference on Urban Storm Drainage. Goteborg, Sweden : Chalmers University of Technology, 1984 .77-86.

[13] TOWNSEND R D. Laboratory tests on the influence of grating pattern on street inlet hydraulics[ C] // Canadian Society of Civil
Engineers Annual Conference. Hamilton, Canada:Canadian Society of Civil Engineers, 1984 .685-693.

[14] MUSTAFFA Z. An experimental investigation of the hydraulics of street inlets[ D ]. Edmonton, Canada; University of Alberta,
2003.

(15 ] XUFRR, B0, 3045, 47, IRl E B /K FOBOKEFSE[T]. 47K3K ,2016,52 (48] 1) :12-16. (LIU Leibin, HUANG Ou,

GUO Lei,et al. Research on hydraulic performance of urban road gully[ J]. Water & Wastewater Engineering,2016,52( Supl ) :

12-16. (iin Chinese) )

SRE NARE XSk, 5. BT B OK O E ST, 4hKHEAK,2017,53(5) :4447. (GUO Lei, LIU Senyan, LIU

Leibin,et al. Research on hydraulic performance of urban road gully[ J]. Water & Wastewater Engineering,2017,53(5) ;44-

47. (in Chinese) )

(177 F/N6, BN . 18 B I o B HE K RO S ma iF o [ 7. 4 7K HEJK 2018 ,54 (3) :9-15. ( LIANG Xiaoguang, CHENG

Songqing. Study on the infulence of roadway slope on pavement drainage[ J]. Water & Wastewater Engineering,2018,54(3) :9-

15. (in Chinese) )

BRI S5, S, Bl . T 400 3ol i B R K TR RS []. P E 4K HEDK,2019,35(11) £ 135-138. (CHEN Guofen,

GUO Shuai, DUAN Yuanyu. Interception rate of road rainwater inlet in a sponge city[ J]. China Water & Wastewater,2019,35

(11):135-138. (in Chinese) )

(197 rhAe N RIEFNEE G RN S (3. IRTTE M TR SO CJJ37—2012[ S]. dbat. \PIEEES T 1 Akt 2016.

[20] MUSTAFFA Z, RAJARATNAM N,ZHU D Z. An experimental study of flow into orifices and grating inlets on streets[J].
Canadian Journal of Civil Engineering,2006,33(7) :837-845.

[21] LEE S,NAKAGAWA H,KAWAIKE K,et al. Study on inlet discharge coefficient through the different shapes of storm drains for

[16

[

[18

[

urban inundation analysis[ J]. Journal of Japan Society of Civil Engineers,2012,68(4) :31-36.
[22] RUBINATO M,LEE S,MARTINS R, et al. Surface to sewer flow exchange through circular inlets during urban flood conditions
[J]. Journal of Hydroinformatics,2018,20(3) ;:564-576.
(ks A 91:2020 - 10 -27 - 4t BB F°)



