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HYDRAULIC MODEL EXPERIMENT ON TIDAL
CURRENT AT NAGOYA HARBOR (2)

by Dr. Sci. Haruo HIGUCHI and Kozo H. YOSHIDA
Synopsis

In 1959, an abnormal storm-surge, which was caused by the so-called ‘‘Ise-Bay
Typhoon’, attacked the coasts along Ise Bay and brought huge damages to Nagoya
Harbor and its vicinity, which lie in the inner part of the bay. Since then, a plan of
breakwater construction for prevention of storm-surge damage has been proposed at
Nagoya Harbor, and its works are now under construction. At the same time, the
reclamation works inside the breakwater are also in course of construction. It is
supposed that various hydraulic phenomena in this sea area will be changed more or
less after completion of these plans. Among them, the phenomenon concerning tidal
current has been treated in our experiments.

In order to investigate the behaviors of tidal currents in this sea area after con-
struction of the breakwater and the reclaimed lands, hydraulic model experiments have
been carried out in laminar regime. The entire Nagoya Harbor, its adjacent sea area,
and tidal rivers have been reproduced in the model with fixed-bed. The horizontal
scale of the model is 1/700 and the vertical one is 1/500, which were decided by the
law of dynamical similitude for hydraulic models involving tidal motion previously
proposed. Semi-diurnal tides of 24 minutes period and tidal currents have been re-
produced by the use of a pneumatic tide generator automatically controlled. Water levels
in the sea area and tidal rivers, current velocities at two harbor entrances, and tidal
current patterns have been investigated in two geographical features.

After these experiments it has been clarified that: -

Concerning the current velocities at two harbor entrances, their maximum values
appear when the tidal curves cut the mean sea level at both flood and ebb.

As to the spatial maximum current velocity Uwma, at the harbor entrance, the
observed values nearly agree with the theoretical ones deduced from condition of
continuity, which are

—Unaz _ =, HS
mETTC T 2C A(T/2)

where Uma, is the spatial mean velocity at the cross section of the harbor entrance, C
the discharge coefficient for the harbor entrance, H the tidal range, S the water surface

area inside the breakwater, A the cross sectional area at the harbor entrance, and T
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the tidal period.
Therefore the larger the tidal range is, the larger the water surface area inside
the breakwater is and the smaller the cross sectional area at the harbor entrance is,

the larger the spatial maximum current velocity at the harbor entrance becomes.
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Fig. 1 Diagram for determining the scales of laminar tidal model expressed
with use of maximum current velocity (Upmaz) as a parameter
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Table 1 Hydraulic factors in prototype and model
Horizontal scale : 1/700, Vertical scale : 1/500, Time scale : 1/31.3
Scale Prototype Model
Distance 1/700 10 km 14.3 m
Depth 1/500 16 m 3.2cm
Tidal range 1/500 2.6m 5.2 mm
Tidal period 1/31.3 127 25m 23.8 min
Current velocity 1/22.4 1 knot 2.3 cm/sec
Water surface area 1/4.9%10° 100 km? 204 m?
Sectional area 1/3.5%10° 10* m? 286 cm?
Discharge 1/9.27 %108 10* m3/sec 1.081/sec
3. % B B ®
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WK TH B (Fig. 2 2o Table 2 KIEM L BRIOKER & FTo sk, KB, BRI, HBEN, X
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Table 2 Water surface area

Prototype (kmi) Model (m?)
Case-D Case-C Case-D Case-C
Inside the Sea 40,32 61.21 82.29 124.92
breakwater Rivers 9.95 9.9 20.31 20.31
Total 50.27 71.16 102.60 |, 145.23
Outside the Sea I 141.25 141.25 288.26 288.26
breakwater Rivers 70.86 70.86 144.61 144.61
Total ‘ 212,11 212.11 432.87 432.87
Sum Total ‘ 262.38 283.27 535.47 578.10

Table 3 Data of the tidal rivers

Prototype - Model
Distance AverageiAverage ‘Water | Distance Average%Average ‘Water
from the |river {slope surface | from the river  slope surface
river width of area river width lof area
mouth river-bed, mouth river-bed
(km) | (m) C(km?) | (m) | (m) | (m)
. . ) 1/5000, 1/3570,
Kiso River 34.03 820 ‘ 1/2500 41.27 48.61 1.17 1/1790 84.22
Nagara River 24.17* 545 | 1/5000 | 13.39 34.53* | 0.78 | 1/3570 | 27.33
Ibi River !
Lower reach ‘
from the 6.00 1000 . 1/10000 : 5.93 8.57 1.43 | 1/7140 | 12.10
confluence
Upper reach
from the | 28.74 440 1/5000 | 10.13 41.06 0.63 |1/3570 | 20.67
confluence .
Shonai River 24.34 190 }%gg 5.55 | 34.77 | 0.27 %ﬁﬂé 11.33
Shin-Kawa River | 29.94 g5 | V20| 209 | a7 | o2 | VT8 610
Tempaku River 12.27 100 i;ggg 1.41 | 17.53 | 0.14 %%8 2.88

*) The distance from the confluence
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FiI—12 m, FIROEMI—12 m, FEEXHHRO % ¥ C, EROKEREIL 71.16km? TH 5,

fors, BECIIHERIEDORER T 578, Photo. 1 CRDIA X 51 1.43m fRAWTFZOH
B e ZHTERC Tkm XS TAEMETH 5,

—_— 6 —



352 AP KPR 6 5 (FE.38.7)
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(b) & B & Fig. 4 Sectional diagram of model break-
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Table 4 Cross sectional area of harbor entrances below
N.P.+1.4m (M.S.L. at Nagoya Harbor)

-~ 100.00 -

J Cross " Cross
entrance B NBhom " | sectional sectional
| width (prototyte) | (model)
bp (m) hy (m) Ap (m?) | Am (cm?)
Main-entrance 350 16 i 6589.3 188.3
12 i 5237.3 149.6
400 16 | 7459.3 213.1
12 ' 5907.3 168.8
500 16 ' 9199.3 262.8
12 [ 7247.3 207.1
Sub-entrance 50 7.5 824.7 ‘ 23.6
200 7.5 2159.7 61.7
300 . 7.5 3049.7 | 87.1
Total 350450 TDA 16,7.5 7414.0 211.8
4004200 TDB 16,7.5 9619.0 274.8
500300 TDC 16,7.5 12249.0 350.0
350450 TCA 12,7.5 6062.0 173.2
400+200 TCB 12,7.5 8067.0 230.5
500+ 300 TCC 12 7.5 10297.0 294.2
EREEEY 2o OB Fig. 5 WRT IFunomn B o
X5 ThHBo CHME 20m, HE2m, HiF2m e |
DLERE, 75 Or—Y FTrv~—, ¢100mm D A
EEABATEN, 3 LOABREEE (ERN g, Ve

R 0%, REIEEET, B L UUKALREHED) M bRt T
Whe ZhLHIC XD TKENICERDBHOKAE
AR ELDENTED, ZOKEXRRERIC Lo
TR LES KERO #FIL 2R\ 4.0~0.1 e

— : . Fig. 5 Schematlc d:agram of pneumatic tide
cm, A% 1~60 min BETH S, generator and automatic control

system
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Photo. 2 Record of water levels
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ance in the flood tide
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Photo. 4 Record of tidal current pattern
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DXL, EEl%Y Fig. 3 RERTGRIh X Sd#El, (Case-C), FEEOERYTa2ol, iR A
WO 3 EHOMA LRI OWTERL72o ok, BIOMOEA 350m (F) & 50m (B, 500m
(F) & 300m G OFE, FIVEIRXHDY XA 350m OFAK, BFIRERKORERED

R L2 RE Lo
Table 5 River discharge
| Prototype Model
Observed peak Estimated Observed peak Estimated
discharge high-wa ter discharge on high-water
on Sept. 27, discharge Sept 27, discharge
1959 959
Qpobs. (m3/sec) Qpest. (ma/sec) Qmobs (l/sec) Qmast (1/sec)
) e
Kiso River 7490 12500 | 0.808 i 1.349
Nagara River 6192 4500 0.668 0.485
Ibi River 3238 7000 0.349 0.755
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Fig. 8 Water levels in the sea area
(Case-C, b=500+300m)

Fig. 7 Water levels in the sea area
(Case-D, b=500-+300m)
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Fig. 9 Water levels in the tidal rivers Fig. 10 Water levels in the tidal rivers
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Fig. 11 Water levels in the tidal rivers Fig. 12 Time history of water levels and

with discharge current velocities at the harbor
(Case-C, b=500+300, M.S.L. entrances
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Fig. 15 Maximum current velocity pattern in the ebb tide
(Case-C, b=500+300m)

Fig. 16 Tidal loci (Case-C, b=500+300m)
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Table 6 Harmonic constants of tides in the model rivers

Nkt | g @ ® ® ® ®

\Constant
. H/2 H/2 H/2 H/2 H/2 /2 k
Component . | écm) ) | em) & [ @m) O |m) & | my & |(m) &

M.S.L. >

NP.+14m Semi- |3 007 000177 16.8 — —0.123 20.90.056 100.00.058 123.2
AN ) .0lo. ) . .90. .000. )
Quarter- |y 607 _39 600.056 —97.4 —  —0.027 -109.60.016 19.40.014 50.4

diurnal | | \

_ \
N.P.+3.4m 'Sﬁ?‘rﬁal 0.313  0.00.263 ——5.8‘0.037 103.40.225  9.20.136 65.20.139 93.3

|
’ | i

Quarter- ‘
diurnal |0.028 132.710.035 23.80.011 166. 7‘0 033 43.10.031 103.1j0.031 164.1

\ |
FREFEELTWAS, FOEEMIFNEEEBELRVOTHRINCAE {/eoT\\b, SHITEERE
DEECIDHEDTHHd0

73, Case-C BT, ¥:HEE 515 LR, KB/, BRI, BENOZ)NERB/IDOHER
Fh2BEOERYEXHEAO0, @ OO 3HSERKTFDEEKA NP.+1.4m 250K AR
Table 7 C7=7o ZDHE, OTRHLTHEEHWVIEDbII), @B IVDTIXREALEIIED DR
fsiolce RECOKRM EARL BFHEBINATOKRM—REMEY AV TR DXCHETS &, FEER
BB BT AHE TR, $R, 2R, BESRBrE - CthZh 6.6 m, 7.8m, 7.7mk/ch, *f, &
BEEKKEOMETE, ThZhs.om, 6.5m, 10.1msiss, chHDHEEERTELNIEE Y KT
LEEETH B Ebvbohbo THIXFNIADOHLNEY BECERTHIE —KI®D 2 ENTEETHS
50

(d) FEREEnMOTEAE

Fig. 12 1% Case-C LBV CEEE A 52 B OYFIROREEG, @It 5KALE B RNMOREHR
HEHEHLLELDOTHBH, ZhIREBEKMOFTIREERHB LIRSS, WEDOHFILEF S5 Tk
, P LEBATWAZ Evbhbo KELETEE PERITEESZER L UL, 1/4 B GAHER
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Table 7 Water level elevation in the model rivers, when both tides and
river flow are reproduced

Tidal glzzg:lt)ion above M.S.L. Remarks
range at®
H (cm) l
ggjﬁ”e‘i 0.582 | 0.527 ‘ 1.069 | 1.293 | Flow in Kiso, Nagara and Ibi Rivers
discharge on 0.547 0.149 | — — | Flow only in Kiso River
Sept. 27, ‘
1959
Estimated 0.562 0.637 | 1.462 | 1.059 | Flow in Kiso, Nagara and Ibi Rivers
high-water
discharge 0.537 | 0.516 ‘ 1.575 — | Flow only in Kiso Rever
i

THhBEEIRTUBER, £505 BHE LT IRBHER ERMRIC—BT5 &R 2iche & ORITEE
REDHELELLRDR, ZOMKBLTL, 4% LR LATRERSR V. L Linhih, K&
W B UKA BRI R ) 5 Bl IS B RS Bl B & 5 TH B0 D, DEFRBRBFHRTO
BATCROERNL, TORBEOBINCETEL, ChERAMEEAL LD TH 5.
COXSRLTELRL BIERMANMoORARESY Fig. 13 RL1c. K¥, TDA kiU TDC ix
ZThZh Case-D BWTHBRHNMOEEThLHh 350m (F) & 50m (&) , 500m (F) &300m
(B oBEaxFEbL, Fi, TCA, TCB, XUV TCC i1 FhFh Case-C KB\ T BOMOEATH
Zh 350m (FE) &50m (B , 400m (E) & 200m (B, X 500m (F) & 200m (F) OFE
*FEbHLTW5, Fig. 13 HhOLBEAREFEIISEDBERCKREL LB Z b he Ticbh, (1)A—DE
ek TUib i LEEOEEORE W BE, (2) BRO KEE AKXV B§ (EBETERORD
%, (3O ERENNOMERO/NIVEE (FAOROKE) o ZhbIZOED L STHHETE S, T
B, IO L5 RERTIIEHBOEMZIIE LA L EL LWL D, JIFHIZ2E L ENKER & Oy
FHKEN 1/2 AL wEoReHAT I icih, LichoT, EEOREWRE, ¥, BHO
KEFERRZWEE, HADTEKEI EMT 50T, ~EREARNEERETOKER 175D, i
B, b, OB RTHHENERTIOTH D, ¥, HAMEHMADL THKELN—E, Tib
B, REN—ETDH, HADOKEEL/NE L tul, AECHOEOMENEATEIOTH S,

WE, W5 LTV AR TREERELLI Vb DL L, EROKMIVW AT TR ET
THLDEL, 2o, WEOKMIWELVEZNTH S LRETIVE, BFERE R OBMimc >\ CP
LB BB ATE Unee REROBENBOX¥D L 5FRb IR0

Tngee T v IS e

o, H BERNOWERE, S IIEPKER, A XBERWMoER, T 3EA#oBtho, Fig. 131
BIFBERI 6.1) RCELIND Unee XRLELDTH Do L 252, EERIIFEBROMEEEIC
~BECKARIN D DTIEIe L, MWL & OEEI X b FOENECBIT L BOCEFTE N BB TTH B, WE
LR B A e 8 2B AKEX A L b0 TH b, Fih, HEEETHD2H, HEHFA SEAK
HLELZLRBDT, (5.1) RKTELONBKETEMEL D DARELLDITTHDo TORKITIOE
Db bitwnay, fokziE, BRI AR X 2FEFHENBOREREIET TRHbIND &
ThE, RKEIFHDMOBGAIE Unaz 1Z20EF DL 5CEDLLTHIVDTHS 5,
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Umz=% ................................................................................. (5.2)

ZZe, CRENEOEEFEETHS, Fig. 13 KiZC=0.6 5 IV 0.7 OFBEDORAWME Uner DEY
PR TR LI WBHMEIAEZ OBRBIEVX 5 THAHH, S rctAE0#ZE H B/ WHERIK,
OB LEENRDEANRE LIS, ZOEEREOWTIL, e/ NEBKE (B310m, E#5m) THL
W% b ol BRI ERIC O W TER OB OELX o, ORI Fig. 18 DX 5THb. 0
Rz X %&, BEDWOWEBREL Reynolds i X h L L T %%, FEEHROBEC S & OBRNIE
Luw&Thid, iidoERRERMNCE2E¥D L 5 HIATE S, Tibb, FXEREOBEI/ NI
BAIIBD M OMEINE VD, Reynolds Bav & {ERE C /03 v RARRBEIHEREC

CHHBITHEEL DN DD, BEVNRTITKRE 10— —r T r——
<70, EROERAIELRBDTHA S HEMREIL ¢ b=s00"
BEBRHIZ LR D00, TNEHLOHROWERE osf ]
HHOERBRTRD T, (56.2) R X W BLIBELHEH
L RHETH oL IDOTE DL 5 B HORNSY *°l = {
FRDD D ENTEBH, DML TLE FH%E oa s i
FTH Do "~ o :sa“
Fig. 13 #3EL < UL, BRWIRS & S & CIXBIn 5 02| o 308
DERFESARL D, BEOHIWEIKEWC Ehtb ‘ e 30
MBS, EOBAERFHT, ©hbSEiET~XMNE e e 2 4 se0
THbo Re

I HOERNSERIC KT AEAYHET ST T Fig. 18 Variation of discharge coeffi-
BB5, ERI s\ Th, B LA CRES iR ST cient at the harbor entrance

with respect to Reynolds number

i, ERECHEBREHRXET 250 cREOHA
BB BBRARENEE TE DD TH B2, 2D LS LFROEAFAMNLWDOT, FALILOREDS &
KWINEFHEELTThER b5

DX 5T KRB BTRA T OHEY R T 200 HE L L CHRBRT % BEEEN ELD
N, ZHEEHEROBROENCERILEWAWAHDERMREFTA TV BT E S, BilRD X 5Btk
BT (5.2) RTHELEDZ LIXEROBRELNC D% d LEMCR VT BROBALABLT
B R B R ORI AR D b D & T, REORKHEL

Uymar= Umgar Ulyma +** e+ s resrserertneteniatittiiiiiaisitatititireiaietieninenes (5.3)
Cr

TELINBZERICH, T2, Upnar 3L Unpnae 12 FRERIFEE I L OB -COB R N i 3
BBERTETH D, Uparr 3 X Cr 1 FRERIFI &R & 0B D OB IOV TS L AR
BAWES L OB RRCHRBREOH TS %o Unter & Unmaz REHTH D05, FREOBEAIERYRD
BB, G RHETHE IV LRI Do BRI TOMPTORREREL Fig. 18 KRTI5T 20
FRCHBRBANBOBAIHITE (Re= TP =2~3x100 it, BEO WA 30 5 FRHHE
Cn=0.6 DRETH D, —7, REUOHAMT I 2MEBRE Cpr 2V LKBTH%SA, Fig. 18 LRI
RIEBROMEC X DHEETRE, Cp=08 BELHEEI RS, LAAoT, FEEERE ORBHRERD
ik G=133 BELih, EROBEDMICIET 5 RAMENSERAMOMHELHEETIH/ O, T
bbb, 1/C:=075 BEREG2IUISLVe TOX5 L HTREOMEEHRETS &, KEo#Xc
R BHEAWEE LT Table 8 OFOHEEME (1) O 5nfErE SR 5,

3 5 —~DDHEDHHIIO2ED L 5 ThH b, PESRHBEDINC BT 5 HAMEC S35 DX B 0 Mok &
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Table 8 Estimated maximum current velocity at harbor entrances

Run Experimental | Reduced Estimated Corrected Estimated | Estimated
value value value (I) value value (1) value (III)
(cm/sec) (knot) (knot) (cm/sec) (knot) (knot)

TDA 8.0 3.48 2.61 |65 | 2.8 2.6~3.5
TDB — — - ’ 5.5 . 2.36 —
TDC 5.6 2.43 1.82 ! 4.6 . 2.00 1.8~2.4
TCA 13.3 5.78 4.33 10.3 4.47 ‘ 4.3~5.8
TCB 10.3 4.48 3.35 8.1 3.52 | 3.4~4.5
TCC 8.4 3.65 2.73 ‘ 6.7 2.91 | 2.7~3.7

BALFOBBEE C LD C ALE2bRBMN, ZO5LKHEE A X Table 1 KRELK X5/l
RTEHIA WAL LEERE C OHERTE2ERB LTI bisw2, ZoHE, RERKLCA L
WHRBDOBTEL EE2DRBDT, FRMOWMERE C OFVEZOMER A OBVCKEENLB T
ENTEDLTHA S0

Dz Enb, FREEA L ORDHIC BT AMEREOKEY C-=1.33 L+hiE, BERHONEEA
OBEMOBEND RTAI DI TCB OFEEINEIX TCA wlHYT5 E8mTHD, TCC OERMN
T CB YT HERTH S L\ 2 b Fig. 13 25KREEEOEZE (Hr=0.52cm) 3% RRIc G
BHEATE Unae 2FAIY, hzitiic s v, BRMOSMER A 2#E 2 >T Kicid5 Fig.
19 DX3kicbo £2C, RIEAEBRC C=133 £ L, FRIZThBIPEMOMERS 1.33 f5icinol b E D
&, $7cbb, TDA OEREDHHHYIC TD A ODELEHMHIEME L CTRAL, ThiIEHFRLE
UCHERE L 72fE2% Table 8 OFOHEEME () THbD. MOFE AR L CHEE (1) 2¥55h 5,

cm/ssec c%ec
Case —D 2 Case—C
310 |- 310
E E
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Fig. 19 Relation between maximum currest velocity Umags and cross
sectional area A at the harbor entrances

RO 2ODHEEMEL, Fig. 19 DEBOARY — 1 hbiE—RTHIXIUHHAD LD THSHL, EE
ik Table 8 iRl 7o X 5 /e Blbh, HEME () OANBETFRELLDOTWE, ZhbDfEIRER
ERTHRMERBEORETIC 555035 51IH 0 T, EAC KT 2 FEABDFEXERA ZLEiesiz
», COHEEHFECALELRRBERROL C BBV EWTH B0 LEEEILE /A, KERBRELIX
tWbDEBibhb, LnLiedin, C<l E3ELLIRVAID, REDLDIE C=1~133 LTk
%2 bh?b Table 8 ODFOHTEME () PEECAEZOVBEHTHE 5,
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(e & R
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6. & ¥ v

Hl BRI B R S, ERET T AER LSS, B X O & T O mE T i SER
LB B OMBIIRM DT, WP, Hitd L OREBZN O ORI, BB nific st 5 5
RIGE, BIV, ERE IO OWA L ThLh 3SEEOBAEOIFBCH LT, KEHR 1/700, HE
#ER 1/500 ORI X > TNz WRIEOWTIE, EREENIL I ERIATOWRLOTLEITH
DHTIRVD, KROBROEDZ LABE LN D,

(1) F¥B#EE 5288, WEREDECEE 5 BATEIRM MBI T EE K YT 5 & 2 Bb
N, BT (5.2) RTERLED Z Db Lo, RA—DEBCILE L ks gy,
HOKEELAREWZE, T, BIOMOKEBEIVNIWIZE, BREENRAZ V.

(2) FRCOP R NI R\ T ORAFHEIL A2 Table 8 DHEEE (1) OBE LD T
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