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Diffusion of density current in quiescent water
using 3D CFD model

LEE, GUK JIN

Department of Civil and Environmental Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

The total amount of water resources in Korea is 1,240 hundred million

tons.

Among the total amount, we use 337 hundred million tons(27%) from
lakes, marshes, rivers and underground water. In Korea, there are less
natural lakes and marshes because of igneous rock areas. Moreover, we
have rainy season in summer so the precipitation is not equal at all seasons.

We have to make man—maid lakes and marshes because of these problems.

So, 18,787 man—maid dams, lakes and marshes were built for secure our

water resources. These man—maid lakes and marshes are vulnerable to

vii



self—purification and can make quiescent water. These phenomenon can
occur increment of detention period, thermocline and eutrophication. Also,
internal water circulation is not progressed actively when the quiescent
water is made. We need to find solutions for Anaerobic condition which can
make internal hypoxia level. Because anaerobic condition can aggravate the
water quality. Especially, density layers are happen at some storage
facilities such as 35 hundred million tons in 79 dams, 32 hundred million
tons in 112 reservoirs, 13 hundred million tons in 16 dammed pool

irrigations.

This study use a principle for spread of density layer which are mixed
surface layer and bottom layer. We selected the Test Bed which can happen
density layers in lakes and marshes. And we built 3—dimensional CFD
spread model using density current generator which can circulate 100
thousand tons water a day. That water amount is 1/50 of mean low flow of
stagnant lakes and marshes. We built the Plant and operated in practice and
research the change from water circulation in lakes and marshes DO and
temperature. We analyze the spread performance and calculated using CFD
model. To plan the density current generator, we have to know amount of
surface layer inflow, amount of bottom layer inflow and amount of discharge

water. We can get these basic data from CFD analysis directly or indirectly.

Through CFD interpretation, we confirm 1—2cm level flow is headed
along the density layer in lakes and marshes which has temperature
gradient. We checked the time which the density layer has influenced on the
lakes and marshes when we operate the density current generator in Test
Bed. We knew the time which surface layer's water temperature is same as
bottom layer™s water temperature using the density current generator. That
was occurred during 12—24 hours. In CFD model, it takes 2 hours to finish
the whole hydrologic cycle since the density current generator is operated.

It has 22 hours differences in reality.

It seems to be that the parameter which turbulent flow and hydraulic and

viii



hydrogic in Test Bed is not considered in CFD model.

We have checked the similarity between actual hydrologic cycle by the
density current and result of CFD model . Also we can verify the accuracy

and credibility.

Finally, this CFD model will be the basic theory for treat of thermocline

cause of quiescent water.

KEY WORDS: CFD model, Thermocline(Density layer), Density current generator,

Temperature gradient, DO

X
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Total water resources [Unit: 100 millionm /y]
1,240 (100%)

River outflow volume Loss
723 (58%) 517 (42%)

Sea outflow Utilization of river Utilization of dams Utilization of underground
386 (31%) 123 (10%) 177 (1496_) 37 (3%)

Total water resource utilization

337 (27%)

Water for agricultural use Water for living Channel flow for maintenance Industrial water
160 (13%) 76 (6%) 75 (6%) 26 (2%)

Fig. 1 Water resource in korea
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Table 1 Status of man—maid dams, lakes and marshes
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EFDC Model
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PIV(Particle Image Velocimetry)
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Fig. 9 Diode—pumped solid—state laser and cylindrical lens

PIV(Particle Image Velocimetry) analysis equipment

Fig. 10 Generated laser sheet

PIV(Particle Image Velocimetry) analysis equipment



Fig. 11 Charge—coupled device camera used in this study

(a) Top view, (b) Front view

PIV(Particle Image Velocimetry) analysis equipment
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Fig. 12 Photograph of scaled density current generator model and water tank

Density current generator model size: 1/10

Water tank size(width, length, height): 1,000mm><1,000mm><1,000mm

Operating condition: 60rpm
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QOutlet: turbulent flow(top and bottom)
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Table 2 Summary of test bed
Area(ha) 1,476 Benefit area(ha) 1,293.8
Total
1 2
volume(*1000ton) 8,360 Dead storage(*1000ton) 538
Basin area(ha) 2,590 Dike range(m) 6.0
Average depth(m) 13.0 Maximum depth(m) 29.0
Dike length(m) 227 Dike height(m) 33

Location: korea, chung cheongnam—do, seosan—si, unsanmyeon, g0 pung—ri
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Table 3 Contamination sources of test bed(Pollutant loads)

unit: [kg/d]

Pollution load Life  Stockbreeding Industry Farming Land Landfill Total

Yong_hgeon 18.185  18.480 0 0 43.355 0 80.02
Gopung—ri 12.754  301.745 0 0 19.862 0 334361
BOD Wonfzieong 11.934  203.512 0 0 26.226 0 241672
Wau—ri  10.987  198.622 0 0 16.958 0 226567
Total ~ 53.86  722.359 0 0 106.401 0 882.62
YO““ihgeon 5.000 4.088 0 0 41.923 0 51.011
Gopung—ri 3.507  75.379 0 0 16.900 0 95.786
T-N Wonfzieong 3281  52.885 0 0 21.678 0 77.844
Wau—ri  3.021 45475 0 0 14.629 0 63.125
Total  14.809  177.827 0 0 95.13 0 287.766
YO““ihgeon 0.543 1.264 0 0 2.961 0 4.768
Gopung—ri 0.381  32.049 0 0 1.176 0 33.606
T-pP Wonffong 0.356  21.024 0 0 1.570 0 22.95
Wau—ri 0328 14471 0 0 1.054 0 15.853
Total  1.608  68.808 0 0 6.761 0 77.177




Table 4 Contamination sources of test bed(Discharge loads)

unit: [kg/d]

Pollution load Life  Stockbreeding Industry Farming Land Total
YO““ihgeon 4148 1.663 0 43.355 49.166
Gopung—ri 1.346  27.833 0 19.862 49.041
BOD Wonﬁzfong 4.052  18.823 0 26.226 49.101
Wau—ri  4.339  17.876 0 14.629 36.844
Total  13.885  66.195 0 104.072 184.152
YO““ihgeon 4432 0981 0 41.923 47.336
Gopung—ri 3.109  18.334 0 16.900 38.343
T-N Wonﬁzfong 2.705  12.875 0 21.678 37.258
Wau—ri  2.623  10.914 0 14.629 28.166
Total  12.869  43.104 0 95.13 151.103
YO““ihgeon 0.447  0.095 0 2.961 3.503
Gopung—ri 0.314 2425 0 1.176 3.915

T-P Wonffong 0.293 1593 0 1.570 3.456

Wau-ri  0.270  1.085 0 1.054 2.409
Total  1.324  5.198 0 6.761 13.283
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Fig. 14 Mesh of density current diffusion in test bed

(a) Depth mesh of test bed
(b) Surface mesh of test bed
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Fig. 15 Change of iso—surface in hourly variation

Model setup: discharge rate 100,000 ton/d, Velocity 0.02™%)
Executing time change (a) 10min (b) 20min (c¢) 30min (d) 40min
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Fig. 16 Change of temperature in hourly variation

Model setup: discharge rate 100,000 ton/d, depth 5m
Executing time change (a) 30min (b) 60min (¢) 90min (d) 120min
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Fig. 17 Change of Dye in hourly variation

Model setup: discharge rate 100,000 ton/d, depth 5m

Executing time change (a) 30min (b) 60min (c¢) 90min (d) 120min
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Fig. 19 Velocity distribution of temperature difference in top and

bottom(casel)

Model setup: discharge rate 100,000 ton/d, time 60min
Temperature (a) TH=10C, TL=8T

(b) TH=20C, TL=8T

(¢) TH=30C, TL=8T
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Fig. 20 Velocity distribution of temperature difference in top and
bottom(case2)

Model setup: discharge rate 100,000 ton/d, time 120min
Temperature (a) TH=10C, TL=8T

(b) TH=20C, TL=8T
(¢c) TH=30C, TL=8T
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Fig. 21 Temperature distribution of temperature difference in top and
bottom(casel)

Model setup: discharge rate 100,000 ton/d, time 60min

Temperature (a) TH=10C, TL=8T
(b) TH=20C, TL=8T
(¢) TH=30C, TL=8T

¢/Collection
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Fig. 22 Temperature distribution of temperature difference in top and
bottom(case2)
Model setup: discharge rate 100,000 ton/d, time 120min
Temperature (a) TH=10C, TL=8T
(b) TH=20C, TL=8T
(¢) TH=30C, TL=8T

¢/Collection
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Fig. 23 Dye distribution of temperature difference in top and
bottom(casel)

Model setup: discharge rate 100,000 ton/d, time 60min

Temperature (a) TH=10C, TL=8T
(b) TH=20TC, TL=8T
(¢) TH=30C, TL=8T
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Fig. 24 Dye distribution of temperature difference in top and

bottom(case2)

Model setup: discharge rate 100,000 ton/d, time 120min

Temperature (a) TH=10C, TL=8T
(b) TH=20TC, TL=8T
(¢) TH=30C, TL=8T
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Fig. 25 Dye distribution of hourly variation to density current generator

Model setup: discharge rate 100,000 ton/d, depth 15m
Time: (a) Omin (b) 60min (c) 120min
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Fig. 26 DO distribution of hourly variation to density current generator

Model setup: discharge rate 100,000 ton/d
Time: (a) Omin (b) 60min (c) 120min
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Fig. 27 The result of CFD velocity contour when the temperature gradient is

not existed

Model setup: discharge rate 100,000 ton/d
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Fig. 28 The result of CFD velocity vector when the temperature gradient is
not existed
Model setup: discharge rate 100,000 ton/d
Mixing ratio = 1 : 1
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Table 5 Specification of density current generator

Section Specification

Weight 5.5Ton

Mixing ratio Surface(3): Bottom layer(1)

Discharge location 5m
Meterial SS400
Painting AFS
Riser pipe Max. 9m Min. 4m
Motor Power control: ~ 5kWh
Discharge rate ~13,000 ton/d
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Fig. 29 Density current generator body

(a) Pipe contraction (b) Pipe expansion
Pipe length 5mX3set
Applicable depth: 10~20m
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Table. 6 Power consumption and electric power supply

Section Power  Produce power Preference items
Motor ~bkW - Inverter speed control system
Lift ~18.65kW - Solar Concentrating
Solar power/ i i
P KW oKW Stationary type 6kW, Suntracking
control 6kW, Storage battery
Diesel
~0.5kW 20~24kW
generator

Solar panel

Inverter
[200W*60EA] Terminal Transformer
Density current-

box & 220v/380v i
o s Y i Charger generator
[ o] AC Load
] 1 > -

—
D D G l
I 1 |
1 1 | DC Load pe
i
Diesel
Solar tracker generator
system

[20kwW]
Battory Rectifier

Fig. 30 Power supply system of test plant

Electric power supply: solar panel — battery charge — inverter — motor drive
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Fig. 31 Ballast tank sectional view

Big ballast tank 4set, Small ballast tank 4set, Total 8set
Form: Streamlined form

Buoyancy: = 100Ton
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Table 7 Ballast tank size

Section Leg(large) Leg(small)
Major axis length[mm] 3,600 3,000
Shorten axis length[mm] 2,400 2,000
Surface[m'] 6,755 4,691
Circumference[ mmmm| 9,516 7,930

Big ballast tank 4set, Small ballast tank 4set, Total 8set

Form: Streamlined form

Buoyancy: = 100Ton

Table 8 Specification of pontoon

Section Specification
Type Ballast Tank
Size 12m*x12m (Unit Size 4m><8m)

Total displacement
Unit amount
Unit weight

Total weight(4 Unit)
Material

Painting

99ton

4Units

10ton

41ton

SS400

AFS
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Table 9 Specification of lift

Specification

Section
Load capacity 7.5ton
Min" height 1,600mm
Stroke 8,100mm
Power 3phase*380V
110V

Operate power
Table size 6,400W = 4 ,500L MM
Hyd' cylinder @200 — 2EA MM

Lifting time 270 sec
Hyd' power unit 15HP * 4P * 20.4 L/min
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Fig. 32 Pontoon

(a) Unit assembly diagram (b) Cross sectional diagram (c) Ass’y
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Fig. 33 Solar panel

(a) Stationary type (b) Suntracking type (c) Ass’y
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Fig. 34 Lift

Function: rising(lowering) to density current generator

Capacity: weight 7.5ton, height 8m
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Fig. 35 Density current generator plant

(a) Solidworks CAD program 3D image (b) Density current diffusion plant
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Fig. 36 Density pattern of test bed

Thermocline range: 3m~12m seasonal variation characteristic

Temperature range: 4~23TC



Fig. 37 Sampling point of test bed

100m Sampling interval: L1 ~ L3, L11 ~ L13(green line)
150m Sampling interval: L4~L7(bule line)

200m Sampling interval: L8~L10(brown line)
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Table 10 Analytical items and instruments

Analysis items

Analysis equipment

Method of analysis

Temperature
DO
U-52
Turbidity Field measured value
pH
Transparency Secchi Disc
Chl—a Spectrophotometer absorption photometry
SS AR2140 GF/C

Measurement method: clearance of one metre(depth of water), 13 point

3.3.3 A %A}

129 79~89 7o R AS5ARY 7t A FEEAE BVFe st ol
7 A 7IZbE 129 39649, 7§ 7I1zbS ‘139 39~69= Table 117
2ol A7 "xZFo] WHAste ZS gelsiH, 11d 1S 3tdY. Fig. 382
e F34x 715 A7 To 74 DO Howsts 243 syt U Zo)
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Table 11 Operating time to density current generator(2013)

Section April May June Total
Operating days 5 9 12 26
Total operating time 24 20 88 132




Section Pre—operation(2012) After—operation(2013)
£
March §
3
(ST N * S N - N TR A N © B &)
T
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a.
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i
May §
8
i
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Fig. 38 The transition of DO in test bed

Density current generator operation before—and—after
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Fig. 39 The transition of DO and temperature in test bed

(a) DO, (b) Temperature

Condition: density current flow of 100,000ton(1day)

Data measurement time: 1lset 12h * 4set
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Fig. 40 Outlet mesh and analysis of turbulence

(a) Outlet mesh (b) Outlet turbulent flow
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