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Modeling Paddlewheel-Driven Circulation
in a Culture Pond

Yun Ho KANG

Yosutech, Yosu National University Business Incubator,
Yosu 515-749, Korea

Paddlewheel-driven circulation in a culture pond has been simulated based on the depth integrated 2 dimensional hydrodynamic model.
Acceleration by paddlewheel is expressed as shaft force divided by water mass discharged by paddlewheel blades. The model has been
calibrated and applied to culture ponds as following steps:- i) The model predicted velocities at every 10 m along longitudinal direction
from the paddlewheel. The model was calibrated comparing the results with the measured values at mass correction factor a and
dimensionless eddy viscosity constant y, respectively, in a range 15~20 and 6. ii) Wind shear stress was simulated under conditions
of direction 0°, 90° and 180° and speed 0.0, 2.5, 5.0 and 7.5 m/s. Change rate of current speed was <1% at wind in parallel or
opposite direction to the paddlewheel-driven jet flow, while 4% at orthogonal angle. iii) The model was then applied to 2 culture
ponds located at the Western coast of Korea. The measured and predicted currents for the ponds were compared using the regression
analysis. Analysis of flow direction and speed showed correlation coefficients 0.8928 and 0.6782 in pond A, 0.8539 and 0.7071 in
pond B, respectively. Hence, the model is concluded to accurately predict circulation driven by paddlewheel such that it can be a
useful tool to provide pond management strategy relating to paddlewheel operation and water quality.
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Fig. 1. Schematic diagram of culture ponds.
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Fig. 2. Front view of paddlewheel (unit: cm).
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(a) front view (b) side view

Fig. 3. Blade and hub of paddlewheel (unit: ¢m).
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i) Hi2tgolof ofst R&E3E=
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Hdigko] ¥+ 7L 2t 2.5, 50 L2 7.5m/fs Al 7t
A ALE AASYY. 4 Afd A FFe FA7 EE QoY)
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Table 1. Sensitivity analysis of « (unit: m/s)

Distance (m)
0 10 20 30 40 50

Surface 025 011 006 0.03
Measured Middle . 027 012 006 004
Bottom . 026 011 005 002
Mean . 026 011 006 003
1 126 094 077 071 052 043
5 057 049 034 030 019 015
. 10 040 035 023 019 012 010
Predicted

(@ 15 033 028 019 017 011 009
20 028 023 018 012 011 0.09
25 025 021 017 013 0I1 008
30 023 020 015 013 010 008

A AXHAL GF GANM A HA APBEARE AR oF 15
2028 AA}TA, FALAHRET vE 12, 3,6, 129 182
FRA pol gi¥ NAZE 4o By FA2EH Ay
F&TZE sl A%E Table 29 APsgch 484 o7}
159 209 9, y= 6 271X A9t 5 M A 5
HAE Yyl 2 99 gEL B wiE) 433 Folg
veElRY a8y 4943 20mE 71F2E 0m AdqHE B
2R FA 223 20m FolMe BESFEG T 2A AN

HAY (Fig. 4).

Table 2. Sensitivity analysis of a and y (unit: m/s)

Distance (m)
0 10 20 30 40 50

a Y

12 033 0.28 0.19 0.17 0.11 0.09
3 032 0.23 0.15 0.13 010 008
15 6 031 0.18 0.12 0.09 0.05 0.03
12 0.29 014 007 004 002 00!
18 027 0.11 0.05 0.02 0.01 0.00

12 028 0.23 0.18 0.12 0.11 0.09
3 028 0.20 014 011 009 007
20 6 027 0.16 0.10 0.08 004 002
12 0.25 0.12 0.06 0.03 0.01 0.01
18 024 010 0.04 002 001 0.00
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Fig. 4. Comparison of the measured (surface, middle and bot-
tom) and predicted velocities along longitudinal direc-

tion from paddlewheel (A-a=15, y=12; B-a=20, y=
12; C-a=25, y=12; D-a=15, y=6; E-a=20, y=6).

Table 3. Change rate of velocity at various wind speeds com-

pared to those without wind effects (unit: %)
o Wind speed (m/s)
Direction
25 5.0 75 mean
0° 0.76 091 099 0.89
90° 0.57 1.86 3.85 2.09
180° 029 0.57 0.65 0.50
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Fig. 5. Flow vector diagram with no wind (cross: paddlewheel,
maximum velocity: 0.28 m/s).
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Fig. 6. Flow vector diagram with wind speed 7.5 m/s at direc-
tion)90° (cross; paddlewheel, maximum velocity: 0.28
m/s).
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Fig. 8. Comparison of flow direction between the measured
and predicted at pond A with 4 paddlewheels opera-

tion.
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Fig. 9. Comparison of magnitude of velocity between the mea-

sured and predicted at pond A.
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Fig. 10. Predicted circulation vector diagram for pond B.
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Fig. 11. Comparison of flow direction between the measured
and predicted at pond B (unit: degree).
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Fig. 12. Comparison of flow speeds between the measured and
predicted at pond B.
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731 & 4 Joh fFF2FL AFoy AW AFFzd dAAE
AAJAY f45E 2R3 A 4 A (Price et al, 1973;
Shell, 1979). 28U £ dFdMe SHE %S ¢4 JAA
A7 ERsle By AFow 4P n, #E5R&H XA E
3 FFEAAS oF ANAAY. FFRAATE £ dTNA
AL ANFQeH, #E5A87F AAY BF0] £ol3A & 7
& u)s afFoR ALY £ Sl AV B RRAWA &
Aste EAE, ¢Fs ol dw a2z o2 A AL o
G Az GFAUA 24 Fol B B3¢ A4S FALY
oA geatA AFE £ dde FHol Utk WAEAHAA o
15~20 Atol7k A2d Aoz veign. 18y £A2F 2
7t AgZE7tel we o ¢ F3A #Bise AETEE ALA
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2 23 A Reynolds $3& Boussinesq ZAIZ XA %7 o
2o, £ad o8 dAe BRT dRENE AL J@ge
o Aol WEvta AR AT HE, two-equation ZHO] zero-
equation Edo] H|3| A4tu]go] E TF AYE FPo] 2A
2on Bad v gloy, ¥ 2o AHR AL K& A
#S 93l two-equation EHE ol &sor & Aoz AZHIG
(Rodi, 1983).

vigo] A% AGans Agste{d A5 vide] Pgko| £
ek gAY Autdgd A9 fE&Este 1% oo, &4
| o SAE AEF 9o Yoz FHHE 47 TS
e vtgo] gl A9 fArEHA Yetstth 2eu vidol A
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bottom (b) layers of gyre.
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