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Abstract In this study, the drag forces on a submerged square cylinder were analyzed using a three dimensional
hydrodynamic model. The numerical results were compared with the experimental results to check the reliability of
the numerical simulations, and the characteristics of the drag forces with the relative depths were analyzed by
analyzing the pressure acting on the cylinder surface, which are normally difficult to measure experimentally. The
numerical results showed that the drag forces acting on a submerged square cylinder originate mainly from the
pressure forces, and component of the shear forces decreased with increasing relative depth. The pressure coefficient
distributions showed that in the case of a low relative depth, a relatively high pressure was formed in the front of
a cylinder, and a relatively low pressure was formed in the rear, which gives a high drag coefficient. In a high relative
depth, the pressure in the front decreased and pressure in the rear increased, which is a similar phenomenon to that
normally observed in two dimensional square cylinder flow. The effect of the static pressure was analyzed and the
surface elevation difference between the front and rear zone of a cylinder has a limited effect on the drag forces.
Finally, the numerical results showed that the drag forces acting on a submerged square are dominated by the dynamic
pressure formed by three dimensional flow and the distribution of local surface elevation.

Key Words : Drag coefficient, Dynamic pressure, Pressure coefficient, Submerged square cylinder, Three dimensional
hydro dynamic model
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[Fig. 2] Computational meshes in a x-y plane
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[Fig. 3] Computational meshes in a x-y plane
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[Table 1] Hydraulic conditions in experiments (Mirei et al.[5])

0,098
0.097

Discharge Depth avgraged Depth Froude No. Reynolds No.
Qu/s) velocity hy (m) (F,) (R) Bed slope
V(n/s) 0 " ‘
Case 1 0.0121 0.498 0.4 0.795 19,909
Case 2 0.0170 0.572 0.05 0.817 22,879
Case 3 0.0189 0.550 0.06 0.712 21,99
Case 4 0.0236 0.600 0.07 0.724 24,000 1/1200
Case 5 0.0311 0.656 0.08 0.741 26,244
Case 6 0.0402 0.74 0.09 0.799 30,033
Case 7 0.0389 0.660 0.10 0.667 26,394
[Table 2] Hydraulic conditions in numerical simulations
Discharge Depth av'eraged Depth Froude No. Reynolds No.
Q (ni/s) velocity hy (m) (F) (R, Bed slope
V (nys) 0 r €
Case 1 0.0121 0.426 0.047 0.625 16,990
Case 2 0.0170 0475 0.060 0.621 18919
Case 4 0.0236 0.542 0.073 0.642 21613 1/1200
Case 5 0.0311 0.615 0.085 0.675 24,502
Case 7 0.0389 0.629 0.103 0.625 25,080
dAehe BF 210 AT v AT A e ok v e ok
oF frAkgE Z2xlo] P ATt L Aot AP 5 9= Fig. 7 TAISE vle} Zo] Agn 4] 477t
S g 27olA RIS Ae FAL FARERE fARHA YER AL dTh Table 3ol41E AdY WS
fol tha vl 9AEle] TRE 4wl wolwx 27 o GAEE A #9loh AN, Ay FudA o
free surface elevation free surface elevation
0.053 0.063
0.050 0.060
0.047 0.058
0.043 0.055
0.040 0.053
0.037 0.050
0.034 0.048
0.031 0.045
(@) case 1 (hy/k = 119) (b) case 2 (hy/k = 149)
free surface elevation free surface elevation
0.078
0.076
0073
0.070 0.082
0.067 0.079
0.065
0.062 0.074
0.059 0.071
(©) case 4 (hy/k = 1.82) (@ case 5 (hy/k = 2.12)
free surface elevation
ol
0.103
0.102
0.100

(e) case 7 (hU/k = 259)

[Fig. 4] Surface elevation distributuios(x-y plane, unit :

0.095
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velocity magnitude velocity magnitude

0.707 0738
0606 0.634

0530
0.406 0.426
0306 0322

0218
0.106 0114
0.006 0.010

(@) case 1 (hy/k = 1.19) () case 2 (hy/k = 149)
velocity magnitude velocity magnitude

0.921

0791
0571 0.660
0.459 0529
0.346 0.398
0.234 0.267
0121 0.136

0.005

(c) case 4 (hy [k = 182) (d) case 5 (ho/k =212

velocity magnitude
0942
0.808
0674
0.406
0272
0.138
0.004

(e) case 7 (h, /k = 259)

[Fig. 5] Velocity distribution in water surface(x-y plane, unit : m/s)

velocity magnitude velocity magnitude
0707 0738
0,606 0634
0506 0530
0.406 0426
0.206 0218
0.106 0114
0,006 0010
(@) case 1 (hy/k = 1.19) () case 2 (hy/k = 149)
velocity magnitude velocity magnitude
0921
0791
051 0.660
059
0.346 039
0.267
0121 0136
0,005
(c) case 4 h[)/k =1.82) (d) case 5 (h[]/k =212)
velocity magnitude

0922
0.808
0674
0540
0406
0212
0138

() case 7 (hy/k = 259)

[Fig. 6] Velocity distribution at the center (x-z plane, unit : m/s)
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[Table 3] Comparison of water surface elevations at the center

Maximum water level minimum water level Maximum water level Average
Case h / k h[) in front of cylinder in rear of cylinder in rear of cylinder water level in
name 0 (m) Location ‘Water Location Water Location Water downstream
(m) level(m) (m) level(m) (m) level(m) (m)
Experimentzl case 1 1.00 0.045 -0.002 0.053 0.071 0.034 0.423 0.050 0.048
results case 4 175 0.065 -0.031 0.071 0.071 0.048 0172 0.073 0.067
case 7 250 0.101 -0.031 0.105 0.121 0.093 0.270 0.112 0.107
case 1 119 0.048 -0.029 0.053 0.039 0.034 0.001 0.047 0.043
Numerical case 2 1.49 0.060 -0.030 0.063 0.051 0.045 0.081 0.059 0.057
results case 4 1.82 0.073 -0.919 0.076 0.065 0.059 0.152 0.077 0.070
case 5 212 0.085 -0.891 0.089 0.086 0.071 0.202 0.090 0.082
case 7 2.59 0.104 -0.905 0.107 0.090 0.095 0.209 0.107 0.102
AEE HAA Fo LA, A w2 A T WHE FF R FAE A Hed ol g A
o mwsg Aolz W A 59 0 A4 £9= 2 WS Ho] BUAG dolmx o) gala Th
oh 2Apha Qlom] WA ARe vhae] Aol F ek @ A £US 2ASHE Aol WA ek X Re)
WAEE 71 apolgro] AR = Frh AN O R HFe & Ak FUS AFo] HAst= 53] & AFolAE
2 st 498 vuy A Relsa 99 & FHEe) 47 20S Neumam 2702 Hgstel f
T AUtk AL dlolgz o tiaiA vhge doieilel tigh =
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x(em)

[Fig. 7] Comparison of water surface elevations at the
center
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[Table 4] Comparison of drag coefficients 3 o] s Saaract
Relative Reynolds Drag
Case depth No. coeff.
/b | (B) | (Cp 4.1 M £A0| T2 2reimt FMoto| Wat
CEO1 19,070 2682 -
) ALZF A 219 =l ol 3l % Ho A A
CE2 100 19362 2%l 2 A-dg el Zgehs b e A 34004 A
CE03 20500 2118 &9 Az} 2o] A (Dol i AT = glon o=
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5 Al Z=A) 2 oldHyl lHEo X1H e
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CE06 150 21956 145 Table 59} 2t} & AFE A 549 Z7lo wiek 7
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[Fig. 8] Drag coefficients with Reynolds No. [Table 5] Ratio of pressure force and shear force
"(l;;)tal Pressure Shear % of % of
Case ho/ k : a force force pressure | shear
Stad b EAd H A E)Ir\lc)e (N) (N) force force
St st E
4. g8 Hst 54 &4 casel | 119 | 0152 | 0157 00018 | 9889 L1l
case2 149 | 01645 0.1627 0.0018 9890 110
b A molsk ATE o] fate] SE Exo YBA cased | 182 | 01639 | 0162 | 00017 | BB | 107
- - _ ased 212 | 01905 0.1837 0.0018 99.05 0%
= = &8 28 EXO BAFArL Alse] AL caseo
“ﬁ—oﬂ LL}‘_ el o o= v‘E—'o]—ME]—' = U,] Ca case? 259 | 01770 0.1754 0.0015 914 0.86
o= thkg S g 9, 9, A 55 435
Ak 2k ol o] dolA AE gk A 0] of - }
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