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COMSOL

« In the moderate range of 10° < Re < 10°, the drag coefficient remains
relatively constant. This b&trawia heracteristic of blunt bodies. The

flow in the boundary layer is laminar in this range, but the flow in the

separated region past the cylinder or sphere 1s highly turbulent with a
wide turbulent wake.

Uiz Y

There is a sudden drop in the drag coefficient somewhere in the range of
10° < Re < 10° (usually, at about 2 X 10°). This large reduction in C, is
due to the flow in the boundary layer becoming furbulent, which moves
the separation point further on the rear of the body, reducing the size of
the wake and thus the magnitude of the pressure drag. This is in contrast
to streamlined bodies, which experience an increase in the drag
coefficient (mostly due to friction drag) when the boundary layer
becomes turbulent.

(b)

S 6

Fluid Mechanics Cengel & Cimbala

400

200

100

60
40

20
10

4

Smooth cylinder

0.4
02 Sphere _/
0.1
0.06 .
10-1 100 10! 102 103 104 105 106

Re

Re — VavgD 100 % 0.0135
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Shape Effects on Drag  po,

Center

Fp = % pv* Cp A
The shape of an object has a very great
effect on the amount of drag.

: Anallyticall Numericall
Flat Plate Prism y y y

Cd=.295
Bullet

| Cd=1.28 Cd=1.14

Flow

— - F, = 0.111N F, = 0.160N
. Cd=07 to .5

Sphere

D

= . Cd=.045
p VA2 Airfoil
A =frontal area All objects have the same frontal area.

Cd
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1 Force{M} Acceleration distancefzum) |masz |
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23 116.08 11267.24 066 355
24 13556 13547.02 078 437
I5 16730 163235371 0.93 531
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EXCEL 250tums

A B C o E F e H
1 |time(s) Current  |Force(M) |Force(D) |Accelleration |Velocity |distance |distance(sum) [mass
2 0.5000 0.00 0.00 0.00 0.00 0.00 0.00 0.00| 0.010302
3 0.5001 10.03 0.80 0.00 77.25 0.01 0.00 0.00
4 0.50:02 1987 314 0.00 304 .46 0.04 0.00 0.00
5 0.5003 29.51 £.93 0.00 672.82 0.11 0.01 0.01
& 0.5004 38.094 1210 0.00 117455 0.22 0.02 0.03
7 0.5005 48.17 18.53 0.00 1798.52 0.40 0.03 0.06
8 0.5006 57.19 26.17 0.00 254042 0.66 0.05 011
9 0.5007 66.00 35.03 0.00 340046 100 0.08 0.19
10 0.5008 74.61 4545 0.00 441222 144 0.12 031
11 0.5009 83.01 56.70 0.00 5503.58 189 0.17 0.49
12 0.5010 91.20 70.33 0.00 6827.03 267 0.23 0.72
13 0.5011 9919 85.81 0.00 832048 3.50 031 1.03
14 0.5012 107.00 103.86 0.00 1008168 451 0.40 143
15 0.5013 114.60 125.16 0.00 1214926 5.73 0.51 194
16 0.5014 12190 15094 0.00 1465171 7.19 0.65 259
il 0.5015 129.10 186.07 0.00 1806175 9.00 0.81 340
15| 05016 13610 22955 0.00 2228231| 1123 101 241 D:)
19 0.5017 14290 287.60 0.00 27917.15 14.02 1.26 3.67
20 0.5018 14950 37472 0.00 3637378 17.66 158 7.25
21 0.50149 155.80 503.92 0.01 48915.05 2255 201 926
22 0.5020 162.00 72643 0.01 7051379 2960 261 1187
23 0.5021 168.00| 113250 0.02 109930.45 40.59 351 15.38
24 0.5022 173.80| 2001.60 0.03 194292 81 60.02 5.03 2041
25 0.5023 179.40| 376160 0.06 36513299 96.53 7.83 28.24
26 0.5024 184.80| 582740 0.16 56563095 153.10 12.48 4072
27 0.5025 190.10| 275440 0.40 26733095 17983 16.65 37.37
28 0.5026 10.03 0.22 0.55 -3263| 17983 17.98 75.35
29 0.5027 19.87 6.45 0.55 571.90| 179.89 17.99 93.34
30 0.5028 2051 12881 0.55 1244975 181.13 18.05 111.39
31 0.5029 38.94 9722 0.56 9382.36| 182.07 18.16 12955
32 0.5030 10.03 0.27 0.57 -2928( 18207 18.21 14775
33 0.5031 19.87 8.96 0.57 81443 18215 18.21 165.96
34 0.5032 2951 14211 0.57 1373942 18352 18.28 184 25
35 0.5033 3804 4973 0.58 477095 18400 18.38 20262
36 0.5034 0.00 0.00 0.58 -36.35] 183.99 1840 221.02
37 0.5035 0.00 0.00 0.58 -56.34| 18389 18.40 23942
38 0.5036 0.00 0.00 0.58 -36.34 183.98 1840 257.82
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