i§ E H i 5% 5% iR
IF =

REPORT OF

THE PORT AND HARBOUR RESEARCH
INSTITUTE |
MINISTRY OF TRANSPORT

VOL. 24 NO.2  JUNE 1985

NAGASE, YOKOSUKA, JAPAN




N

™

o

o

wEHEmrsemEsE (REPORT OF P.HR.L)
g24% 2% (Vol.24, No.2) 19854 6 A (June 1985)

H & (CONTENTS)

An Effective Stress Analysis of Liquefaction at Ishinomaki
Port during 1978 Miyagi-ken-oki Earthquake
--------------------- Susumu IAl, Hajime TSUCHIDA and W.D.Liam Finn
Q978FE ER BB O AL 351} BIRICE & OB BIG DR
......................................................... & #£-+H B « W.D. Liam Finn)

TR THHEBE 7 7 » 7 OREWBIT 2 RBRER

(Experimental Study on the Stability of Wave Dissipating Concrete
Blocks against Irregular Waves:-:-+----eee- Katsutoshi TANIMOTO,
Suketo HARANAKA and Kazuo YAMAZAKI)

WhA EOBEEOFEERYE B LIt ERER KT 5 RERADI%E

............................................................ AIL y) . %mﬁg& . ﬂu%—-ﬂa

(Laboratory Study on the Observation Methods of Sediment Transport
as Focussed on Suspension of Sediment above Sand Ripples

....................................... Isao IRIE, Kenji TERASAKI and Kazumasa KATOH)

EROBMUEAR Y An il - SRR O T

........................................................................... AL I - BEILXERG--

(Prediction of the Rate of Sedimentation in Channels and Basins by
Considering the Deposition Process Due to Convective Move of Bed
Materials ...................................................... Isao IRIE, YOShiaki KURIYAMA)

UNRBY — 7 VERBS Iy = 1 X5 — €V O WIS
— W= A AF BT BB 4 E—

............................................................ %%iﬂg . %‘;H%E . %ﬁ—-ﬁ

(Turbine Power of Pneumatic-type Wave Power Extractors Utilizing

Caisson Breakwaters

——A Study on Development of Wave Power, 4 th Report——

-------------------- Shigeo TAKAHASHI, Satoshi SUZUMURA and Kazuyuki MYOSE)

RE_BEEREOBLLBARHE e FH F-BELE— - —FHEA-

(Friction and Entrainment at the Interface of Two-Layered Stratified
Flow ++--eeeeveenees Susumu NAKANO, Hiroichi TSURUYA and Hidehisa ICHINOHE)

123

157

205

239



7. AV I — PHS ETOMBEE e OB - BEEEREA -

(Bond Characteristics of Concrete Overlays
...................................................... Yousuke HAYASHI and Katsuhisa SATO)

8. fARRHLAR kDR OBEIRERE & BT ) REMT

............................................................ s - A - RS-

(Shaking Table Tests and Circular Arc Analysis for Large Models

of Embankment of Saturated Sand Layers:«--c-ctreseeeeee Tatsuo UWABE,
Sosuke KITAZAWA and Norihiro HIGAKI)

9. LWEHEAM FTOERETAHE B2
— Kk OERYV VR VI = v IEOMERME T 5B ER

G, BRRIE D) eeeeeereee FILESS - BEEZ - EHNE - @

(Study on the Wear of Slurry Pipelines (2nd Report)——Field Tests
on Wear Resistance of Large Polyurethane Lined Pipe—
--------------------- Yoshikuni OkavaMa, Kenji HAMADA, Kazuhiro UKEBA
and Yuji NAKAMURA)

275

305

361

4 )



6. RE_BREEFEHOEI L EE4RNYE

E &

PRO[FHERKE (Bl5an, X 30an, £K3.1m) *AVT TR BHOER YT - 1.
FERMIHOANFE L REMCTAER, ERTAIR ARG ER A EOBEEEE u,e %8
W7 =Y HVRF 2—2 K(=usd/egy) TH—IIREKRIRDZ Lbhot, ¥, REOXE
ERAM K=0.1ThDh, ChPBERCLTARBELTLT A LAEbh Lo,
WEDHHREE CERSHCE, FEA» P LERICE IS5 TRESHBEED = LAERZ
h, BESHOYEBREERIELL,
ChEORBEYAVCTRAEEAGR, AEOXERARVCAE CORTHEROEEX Tk, *h
EROHFEITEMEE L —HL, HEEOZ YA RLAEY, HELEENDROC Edibhols,
(1) FREEAGRE fi 2B o 0ROBER TR, VA/AXH R ERB7L—FR R, ©
BfiLin, 2ok, AEERERCIATRENBETTS,

@ FEOREBALXEZTBRI/— V¥ VH 0. 12 R ODBRTH Y, R k&t dicoh 6,
WS e Em D5,

(B8) AECOBRTREERRERELLATWIIS K BEHVF +— ¥V VB R OZRO BET
s, R 25T 5,

* BEAER KEREE
* BRIGESR XEBWREER

—239—



REPORT OF THE PORT AND
HARBOUR RESEARCH INSTITUTE
Vol. 24, No. 2 (June 1985)

6. Friction and Entrainment at the Interface of
Two-Layered Stratified Flow

Susumu NAKANO*
Hiroichi TSURUYA**
Hidehisa ICHINOEE*

Synopsis

The characteristics of turbulence near the interface, such as the gradient of velocity and .
density profiles, turbulent intencities and entraiment velocities, have been investigated experi-
mentally in a lower two-layered stratified flow. It was found that these quantities non-
dimensionalised by appropriate parameters are expressed universally by ‘Keulegan parameter’
which includes the interfacial friction velocity w#x.

It was confirmed that the non-dimensional velocity profile in which the effective viscosity
was used as a representative parameter collapse a single curve which obeys the linear-law
near the interface and the log-law in the following region.

Interfacial friction coefficient, the‘instability criterion of the interface and the entrain-
ment coefficient were estimated as universal functions of mean flow parameters. It was found
that the interfacial friction coefficient is not a function of only Iwasaki number ¢, but a
function of both Reynolds number R, and internal Froud number F; and is strongly affected
by the interfacial velocities. Furthermore it was found that the entrainment coefficient is a
function of a Reynolds number R, as well as a over-all Richardson number R;x.

* Member of Hydrodynamics Laboratory, Marine Hydrodynamics Division
** Chief of Hydrodynamics Laboratory, Marine Hydrodynamics Division
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3 39.95 25.0 10.37 | 3.00 | 0.0104 1.07 5.15 0.317 1 2. 74 13.5 3.04 10.5 0. 327
4 49. 85 25.0 10.35 | 3.00 | 0.0106 4,11 5.76 | 0.346 | 2.68 14.6 2. 37 13.3 1.34
5 49. 85 25.0 10.35( 3.00 | 0.0106 5.83 5.76 | 0.346 | 2.68 14.6 2. 37 13.3 1.91
6 49. 85 25.0 10.35 | 3.00 | 0. 0106 6. 31 5.76 | 0.346 | 2.68 14. 6 2.37 13.3 2.06
7 60. 10 25.0 10.42 | 3.00 | 0. 0105 7.85 6.28 | 0.377 | 2.68 16. 1 2.00 17.3 2. 82
8 70. 10 25.0 10.19 | 2.80 { 0.0102 | 10.5 6.94 | 0.376 | 2.42 16.5 1. 38 19. 4 3.88
9 59.95 24,9 10.33 | 2.86 | 0. 0106 7.25 6.33 | 0.368 | 2.59 15.5 1.81 16.7 2.52
10 70. 15 25.0 10.37 | 2.94 | 0.0109 | 8.92 6.82| 0.394 | 2.59 16.2 1. 60 19.4 3.22
11 70. 15 24.5 10.19( 2.88 |1 0.0110 | 11.4 6.94 | 0.376 | 2.40 15.1 1. 40 17.1 3.90
12 30. 00 24,5 10.48 | 3.00 | 0.0120 | 0.909 4. 41 0.283 | 2.82 10.4 | 4.25 6.40 | 0.214
13 46. 10 24,5 10.46 | 3.00 | 0. 0120 2.36 5.48| 0.339|2.74 12.5 2. 68 11.0 0. 667
14 43. 10 24. 8 10.46 | 3.00 | 0.0120 1. 83 5.30 | 0.331 (277 12.2 2.90 10.3 0. 505
15 34.90 24, 8 10.50 { 3.00 | 0.0120 1. 28 4. 75 0.304 | 2.83 12.2 | 3.69 7.97 | 0.324
HE-2(b) RAEHREOMELEE (5 —AB-1)
4n H, hs 2 v |10 T us | R . . =
Runt ccm) | Cem) | Cam) |10°¢ (em¥s)| (em) |Cem/s) |Ceam/s) |Cam)| 1O Re | Box | 10°K ux /v
1 11. 05 21.0 10.60 | 1.02 | 0.0135 1. 96 2. 65 0.184 | 2.80 5.50 | 3.99 4.61 | 0.267
2 9.00 21.0 10.65 | 1.02 | 0. 0131 1. 43 2. 38 0.168 | 2. 84 5.16 | 5.02 3.64( 0.184
3 7.05 21.0 10.65 | 1.03 | 0. 0126 1. 60 2.11 0.150 | 2.86 4,78 | 6.51 2.67 | 0.191
4 8.95 21.0 10.60 | 1.03 | 0.0125 1.91 2.381 0.167 | 2.82 5.38 | 5.01 3.71 | 0.256
5 20. 00 21.0 10.60 | 1.03 | 0.0124 4.92 3.56| 0.23712.72 7.82 1 2.16 10.6 0. 940
6 21.00 21.0 10.60 | 1.03 | 0.0124 5.05 3.65 0.242 | 2. 71 7.99 | 2.05 11.3 0. 984
71 21.95 21.0 10.60 | 1.03 | 0. 0123 5. 82 3.73 | 0.246 | 2.70 8.21 | 1.96 12.0 1. 16
8 24, 05 21.0 10.60 | 1.03 | 0. 0123 7.78 3.91 0.254 | 2.68 8.53|1.77 13.3 1. 61
9 25. 05 21.0 10.60 | 1.03 | 0.0123 8. 26 3.99 0.258 | 2.67 8.67 | 1.70 13.9 1.73
10| 26.10 21,0 10.60 | 1,02 | 0.0123 9.14 4,07 0.262 | 2.66 8.81 | 1.60 4.6 1.95
11 28. 05 21.0 10.60 | 1.02 | 0. 0123 11. 4 4.22 1 0.269 | 2.64 9.06 | 1.48 15.7 2.49
12| 30.05 21.0 10.60 | 1.00 | 0.0123 10. 3 4,37 0.274 | 2.61 9.28 |11.34 17.0 2.29
13| 32.05 21.0 10.10 | 1.00 | 0.0123 11.1 4. 51 0.280 | 2.59 9.50 | 1.25 18.1 2.52
14 | 33.90 21.0 10.65 | 0.98 | 0.0123 10.2 4.62 | 0.285 | 2.59 9,73 11.17 19.7 2.37
15 37.15 21.0 10.70 | 0.98 | 0.0122 13.3 4. 81 0.295 | 2.58 10.2 1.07 21.9 3.22
16 | 39.50 21.0 10.50 1 0.96 | 0.0122 17.2 5.06 | 0.288 | 2.42 10.0 | 0.890, 20.8 4.06
17 33.75 21.0 10.85 1 0.93 | 0.0122 15.9 4. 52 0.290 | 2.68 9.95|1.20 21.9 3.78
18 22. 60 21.0 10.60 | 0.91 | 0.0122 9 .34 3.79 0.245 | 2.67 8.29 | 1.66 13.5 1. 87
19 18. 20 21.0 10.60 | 0.91 | 0.0122 6.32 3.40( 0.225 (2. 72 7.57 1210 10.5 1.17
20 14. 80 21.0! 10.60 | 0.92 | 0.0122 3.72 3.07 ) 0.207 | 2.75 6.92 | 2.64 8.11 | 0.632
21 11.55 21.0 10.70 1 0.92 | 0.0121 2.27 2.68 | 0.188 | 2.83 6.28 | 3.55 6.11 ] 0.353
22 8.70 21.0 10.65 1 0.93 | 0.0122 1. 64 2.34| 0.1651 2.84 5.44 |1 4.73 4,05 0.222
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fi®-2(c) REFESOMELR (y —AB-I)

RE—REEESEORN L BAHSE

102/ 52

U

R

4h H, hg 2 v Uy . 2 =
Runl () | Cam) | Cam) [19°¢ {Cam¥/s)] Cam) |Cem/s) {Cam/s) |Cam)| 10°Re | Rux | 1OK juxt/p¥fs
1 16. 10 21.0( 10.20{0.99 | 0.0117 3.37 3.32| 0.223 [ 1.85 5.25 ] 1.62 9.71 | 0.641
2 12. 05 21.0] 10.201 0.99 | 0.0118 2.26 2.871 0.199]1.91 4,66 ] 2.24 6.88 | 0.381
3 19.95 21.0| 10.30|1.00 | 0.0117 5.98 3.66| 0.246 | 1.87 5.8611.37| 13.0 1.26
4| 30.00 21.0| 10.20]0.990.0117| 12.3 4.54 | 0.267 | 1.60 6.22 | 0. 757 16.8 2. 81
5 27.10 21.0| 10.20(0.94 | 0.0117 15.3 4. 31 0.258 | 1.63 6.01 | 0.809( 15.9 3.37
6 24.90 21.0| 10.30(0.93 { 0.0117 15.0 4.09] 0.260| 1.76 6.15| 0.958 16.4 3.33
7 23.15 21.0 10.30 | 0.91 | 0.0117 11.7 3.95 0.253 | 1.78 6.01 | 1.02 15.6 2.53
8 21.25 21.0| 10.30]0.89]0.0117 8.31 3.78 | 0.246 | 1.81 5.8411.10 14.6 1.75
9 18. 25 21.0 10.30|0.91 | 0.0117 5.86 3.50| 0.235|1.87 5.6011.36 12.6 1.18
10 14. 25 21.0 10.30 1 0.93 | 0.0117 1. 72 3.10 0.216 | 1.94 5.14 | 3.83 4.54 | 0.317
11 10. 10 21.0| 10.30(0.93|0.0117 1.99 2.61 | 0.188 | 2.01 4,47 | 2.69 6.20¢ 0.319
12 6. 55 21.0| 10.30|0.9310.0118 1.43 2.10| 0.155 | 2.06 3.66 | 4.26 3.48| 0.188
13 17.90 21.0] 10.30}]0.93 ( 0.0118 4.39 3.47 | 0.235|1.88 5.53 | 1.42 12.0 0. 873
14 22. 10 21.0| 10.30]0.93]0.0118 6. 04 3.86| 0.25111.81 591 1.11 14,7 1.29
15 24. 90 21.0| 10.30]0.93]0.0118 8.29 4,09 0.260 1} 1.76 6.10 | 0.958 16.3 1.82
16 | 27.25 21.0| 10.30(0.93]0.0118 8.96 4.28 | 0.266 | 1.72 6.22 | 0.853 17.4 2.02
17 32.05 21.0] 10.30}40.93]0.0118| 16.9 4.64 ] 0.274 | 1.62 6.39 | 0.686] 19.1 3.93
f1&-2(d) REESOHEKER (r —AB-ID
4h H, hs o v 102’\/? U Ux R -2 2 =
Runt cm) | Cam) | Cam) |10 ¢ [Cam¥/9)| Cam) {Cam/s) [Cam/s) [(am) | 107 Re | Rix 10K \ux g/
1 20. 00 21.0| 10.26|0.90| 0.0120 8. 49 3.68( 0.251]1.84 5.63 | 1.19 15.0 1.78
2 11.90 21.0 10.26 {1 1.01 | 0.0122 2.29 2.84| 0.210(1.99 4.63|2.44 7.65| 0.394
3| 28.00 21.0 10.81 | 0.81 | 0.0122 17.5 4.13| 0.308]2.10 7.12 1 0.975 30.3 4,42
4| 28.00 21.0| 10.811]0.86 | 0.0122 17.2 4.13| 0.312]2.12 7.20 1 1.05| 29.7 4. 41
51 31.90 21.0 10.80 1 0.93 | 0.0122 | 20.6 4.42 | 0.329)2.10 7.5910.979] 32.1 5.56
61 22.90 21.0| 10.3810.86 [ 0.0122 17.6 3.89| 0.267 | 1.87 5.97 | 1.04 18.6 3.86
7 17. 05 21.0| 10.38]0.91]0.0122 14.3 3.36| 0.245]1.98 5.46 |1 1.57 | 13.5 2.87
8| 21.10 21.0| 10.38]0.91]0.0122 15. 4 3.74 ] 0.264 | 1.92 5.88 | 1.23 16. 8 3.33
9| 26.30 21.0| 10.60 ] 0.82 1 0.0122 16.7 4,09 | 0.290(1.97 6.60 | 0.948 24.9 3.97
10| 15.25 21.0 10.23 | 0.91 | 0.0122 6. 59 3.22 | 0.227]1.89 5.00 | 1.62 10.8 1. 23
11 10. 95 21.0| 10.29]0.91 | 0.0122 2.53 2.72 1 0.202 ] 2.01 4,47 | 2.43 7.59 | 0.419
12 8.05 21,0} 10.29]0.92 ] 0.0122 1. 69 2.33| 0.177 | 2.05 3.92 | 3.41 5.07 | 0.246
13 5.30 21.0} 10.29]0.92]0.0122 1. 11 1.89 | 0.147 ] 2.09 3.2415.28 2.88 | 0.134
14 10. 05 21.3 10.41 ]| 1.01 ] 0.0124 1. 99 2.57 1 0.202 ] 2.15 4.46 | 3.22 6.73 | 0.324
15 12.00 21.3 10.41 ] 1.01 |} 0.0124 2.39 2. 81 0.218 | 2.13 4.82 | 2.66 8.46 | 0.420
16| 14.10 21.3| 10.41]1.010.0124 3.54 3.05| 0.23312.10 5.15|2.24 10.3 0. 666
17 16. 05 21.1 10.31 | 1.01 | 0.0124 5.10 3.28| 0.24011.98 5.23 | 1.82 11.2 0.985
18| 18.10 21.3 10.41 | 1.00 | 0.0124 6. 51 3.45| 0.257 | 2.04 5.68 | 1.68 13.9 1. 35
19| 20.00 21.3 10.40 | 1.00 | 0.0124 8.54 3.63| 0.266 | 2.01 5.88 | 1.49 15. 4 1.83
20| 21.95 21,1} 10.31]0.99 | 0.0124 9.36 3.84| 0.267 | 1.89 5.8411.241 15.8 2.02
21 24. 65 21.2}1 10.31]0.97 ] 0.0125 14.2 4,071 0.276 | 1. 84 6.00 [ 1.06 | 17.8 3.14
22| 26.45 21.3 10.41 | 0.94 | 0. 0125 15.7 4,17 0.288 | 1.90 6.33(1.00| 20.7 3.62
23| 27.70 21.7 10.71 1 0.90 | 0.0125 17.9 4.151 0.313|2.14 7.10 1 1.09 | 27.8 4,48
24 | 24.90 21.5| 10.51]0.84]0.0126 ] 15.0 4.01 | 0.284(1.97 6.2811.01 | 22.2 3.39
25| 20.25 21.3| 10.41]10.82]0.0126} 12.0 3.65| 0.259|1.95 5.64|1.17| 17.1 2. 47

—2713 —





