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A Visual Study of the Stratified Flow over a Ridge with a Col

Masakazu TATSUNO, Shiho NAKATSUKA and Koji ISHI-I
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Abstract

A visual study has been made of the stably stratified flows over a ridge model or a ridge with a col. The ridge

model is triangular in cross-section, and the ridge with a col has the same shape as the ridge model but has a col at
the centre of the span. The depth of the col is 1/2H, where H is the height of models. The experiments were
performed by towing models through linearly stratified saline-water solutions. The Froude number Fr (=Uy/NH) was
changed from 0.05 to 1.67 ( and ) , where U, is the towing speed, N the Brunt-Viisila frequency. The streak line
patterns and the streamline patterns around models were visualized by the electrolytic precipitation method and the
neutrally buoyant tracer particles method, respectively. The velocity fields at several vertical cross sections were
obtained by the PIV method. Furthermore, the heights of the dividing—streamline at the windward side of the models
were measured. S

If a ridge has a col, the flow has converged to the col and a strong flow has been generated leeward along the
slope of the col at low values of Fr. When Fr > 0.5, however, the flow converging to the col could not been
observed. In the experiments, the height of the bottom of the col is 0.5H. When Fr < 0.5, the value of the dividing-
streamline height Hs is larger than 0.5H. It will be concluded that when the dividing-streamline height is higher than

the height of the bottom of the col, the blocked fluids converge to the col.

Key words : Stratified flow, Ridge model with a col, Flow visualization

]

IR A B2 ARROMNAICEL T, Bl EFE
B HES 2L —a B ORI REN TS, ZK
T ERTHDEEBADIRBIROBEIZ DOV THELOB
BHRHEEIN TS, Brighton i, FARIERIOE EREK
BEEV, Ok, M, FRELBEIRNOEELHR~
TV 3. Hunt & Snyder?id, #iC L0~ T-BERBR T T
EFNEBRIT HHER CRIAEE > T LB O B
BHOBYORNEEEZRT LTS, 5L, AFizB T
EREAE, VYFU7 77, REFRE, KELKBE
SOFHRLEHREFIAL TS, Castro, Snyder & Marsh?
i, WEAZABORBET MZOWT, TORIEEX.
RO FEICEDET AV EDLVOFHNEEEZRA TS,
BoEFE, AREAEIZIY, 7 LM dividing-

T 17 BRI VRIS A (2002 4E 12 A, HR)ICTHRSE
*1 UM KIS A h 0P e
*2 4 A AZEH (BR)

streamline height (77 IEHEEREX) ZEHHIL T5. FrBHTHR

BEEVODIL, BEREERBERSUEICAD»oTET

BE, —HMoOFILEOTR L&, TR, L

ETTay SR RI~ERNDD., £ DOER L DR

DEEDNTZLTHD. Sheppardi, BEAFIZES>TWLD

HLEEBZONATLIZ, EROOEEEL TATERDS

H LDTE EEBZ SITULERRT VL T RAF —(C

MY THUEDEBHTRNVF —LFOMBRTHIEE .
ROREH/T-. : »

1 h
e[ rdpidrt (D)

TIT U EHHE, o i ERMOBE 2, \ZBIT 555
DEE. g (TENNEE, 1 1ITILOBESTHD. ZOKXT
EH/EIND 2, 73 dividing-streamline height THD. DFY,
z, JOEVMLEBOFEAESRIL. (LDOTR LE#Z 5T ER -



56 RE PR G EROHSIUEET VT EDRERBIRO FIHICER

FNF—HNEL, ILOBEFRTHILILRD. —F . z,&

VEVVLBOGERIZILOTE L2z 52725,
EROLEEARER-, — R ER M OETiE

VOBBIZIE AT, ORI, ROLOIHEZENS.

HYF=-F )

ZZ T, H, IX, dividing-streamline height, F X7V —F
#ThH5.

AT D Castro, Snyder & Marsh®i3, BREAET
dividing-streamline height #&H TV 578, RIEFETHD
L. F—#¥bH720. Snyder et al.¥iX, 4 DK
&£ dividing-streamline height {2V THE4 DERAELT
WA, ThEEAER-CEOTN CTRRITNT, Mk
EBREITV RN,

LZAT, B HDIVNIBOHBILARCERE B X DN
IZDOWTOEBRARTRITHEVENLITHS. bTHic
Saito® S MWEILARDBARD LA CHRESNHPLELAICD
WTEBEMFROBEL TS, ABFFED B A9IT, B0
HHEBEREZ DB O E DB 24OV T
FARDIETHD. FFT, BB BIR T 2 &ML
WMNEEEZRRDILBERBHTHS. BREFNVLE
BOHBLRBET MICONTERETO, TNOLOTEIE
EEHETS.

2. RBEELHX

EBRIL, X 40cm, 8 40cm, BX 6m DO RHAE T
b/, Figl KEBREBOEMERLYRT. TNV, B

tank A(salt water)  tank B(water)

stirrer stirrer

L

=g

tank carriage
rail O O g

HH

)

stratified flow

28cm  base plate —| model

4B

Fig,1 Schematic diagram of the experimental
apparatus.
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Fig.2 Examples of density profiles in the tank.
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Fig.3 Test models. (a) Ridge model, (b) ridge with a col, (c) diagrammatic view of the ridge with a col.

Dimensions are in cm.
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(a) Fr=0.108, Uy=0.44cm/s, K=14.76.

(b)Fr=0.409, U;=1.67cm/s, K=3.80.

Fig.5 Bird’s eye view of the flow over the ridge model.

(a) Fr=0.200, U;=0.82cm/s, K=7.92.

(b) Fr=0.577, Uj=1.25cm/s, K=2.76.

Fig.6 Vertical cross—sectional view of the flow over the ridge model.
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{c) Fr=0.409, U=1.66cm/s, K=3.89, te=bs.

(e) F1=0.932, U=1.45cm/s, K=1.71, te=2s.

i

73, te=ds.

(B Fr=1.72, U=2.66cm/s, K=0.928, te=2s.

Fig.7 Streamline patterns in a vertical cross—section at the center of the ridge modwel.
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Fig.9 Bird’s eye view of the flow over the ridge
with a col.
Fr=0.107, U;,=0.44cm/s and A=14.8.

Fig.11 Top view of the flow over the ridge
with a col.
Fr=0.107, {,=0.44cm/s and K=14.8.

(a) Z/ H=0.5.

Fig.10 Bird’s eye view of the flow over the

ridge with a col.
Fr=0.402, U;=0.85cm/s and K=3.99.

Fig.12 Top view of the flow over the ridge
with a col.
Fr=0.402, U;=0.85cm/s and K=3.99.
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(b) 2/ F0.6.

Fig.13 Top view of the flow over the ridge with a col.
Fr=0.508, U;=1.12cm/s and £=3.13.
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(a) Ridge region at Y=2H, te=8s.

(b) Col region at Y=0, te=8s

Fig.14. Streamline patterns in vertical cross-sections at £r=0.0514, {,=0.212cm/s and A=31.0.

(a) Ridge region at Y=2H, te=4s.

(b) Col region at ¥=0, te=4s.

Fig.15 Streamline patterns in vertical cross—sections at £r=0.0975, {},=0.402cm/s and AK=16.3.

(a) Ridge region at Y=2H, te=4s.

(b) Col region at Y=0, te=4s.

Fig.16 Streamline patterns in vertical cross—sections at Fr=0.202, U;=0.833cm/s and K=7.89.
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(a) Ridge region at Y=2H, te=2s.

(b) Col region at ¥=0, te=2s.

Fig.17 Streamliine patterns in vertical cross—sections at Fr=0.423, U;=1.0lcm/s and K=3.76.

(a) Ridge region at Y=2H, te=4s.

(b) Col region at Y=0, te=4s.

Fig.18 Streamline patterns in vertical cross—sections at Fr=0.582, {/=1.28cm/s and A=2.74.

(a) Ridge region at Y=2H, te=2s.

(b) Col region at ¥=0, te=2s.

Fig.19 Streamline patterns in vertical cross—sections at Fr=0.990, {=1.49cm/s and A=1.61.
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(a) Ridge region at Y=2H, te=4s.

(b) Col region at Y=0, te=4s.

Fig.20 Streamline patterns in vertical cross—sections in a neutral flow. {j;=0.980cm/s and K=0.
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(a) Ridge region at Y=2H.
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{b) Col region at Y=0.

Fig.21 Velocity vector maps at Fr=0.426, U=1.0cm/s and K=3.73.
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(b) Col region at ¥=0.
Fig.22 Vertical profiles of the values of U/}, and U,/ U}, at Fr=0.107.
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(a) Ridge region at V=24,

{(b) Col region at ¥=0.

Fig.23 Vertical profiles of the value of C{(/ U, at ,FFO.426.
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Fig.24 Vertical profiles of the value of U/}, at Fr=0.509.
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Fig.25 Vertical profiles of the value of U/l at Fr=0.98.
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Fig.26 Vertical profiles of the value of U,/ in a neutral flow.
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'Fig.27 Vertical profiles of the values of U,/ U, at X/L=1.0 and ¥=0.
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Fig.28 Maximum values of U,/U, on the vertical lines at X/L=1.0 and 1.5 for the ﬁdge region.
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