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A copcpod in a speed burst of U.% m 5 -5 30 |
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Frcure 5.5. Patterns of How behind a circular cylinder. Note the ab-
sence of vortices at low Reynolds numbers in {(a) and the constriction of
the wake between (c) and (d). This last change is concomitant with the

drop in drag coefficient—the great “drag crisis”—at Reynolds numbers
between about 100,000 and 250,000.
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Cat ‘ Cat

sphere 0.47 Q :
hollow 0.38 hollow 1.20
hemisphere half-cylinder e

cylinder 12137

flow :"_ hollow 1.42
15 hemisphere half-cylinder

solid 0.42

hemisphere

solid 1.17 5
hemisphere l long, flat plate  1.98

F1cuRre 6.4. Drag coefficients, based on frontal area, for a variety of
three-dimensional bodies and two-dimensional profiles at Reynolds num-
bers between 10% and 106. All the data may not be precisely comparable
due to variations in the experimental conditions. '

half-rectangular 1.55
solid
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0 0.05 0.1 0.15 02

drag coefficient

Ficure 11.4. A polar diagram for an airplane wing. The lift coefhicient
is plotted against the drag coefficient, both referred to plan form area
and usually with different scales, and the angles of attack are noted on
the curve. Any line that passes through the origin is a line of constant
lift-to-drag ratio. The one tangent to the curve gives the maximum ob-
tainable ratio, and it touches the curve at the angle of attack that gives
that maximum ratio.

hollow 2.30 50
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on of leaves in high winds: (a) tuliptree or

Ficure 6.9. The reconfigurati
ifera); (b) black locust (Robinia

yellow poplar (Liriodendron tulip

pseudoacacia).

Fict ari

. ;;JRI;: 6.10. Marine macroalgae that reconfigure in flow. From left to
e T e o 2 5 . !
vight: Nereocystis, Postelsia, Laminaria, Hedophyllum.



o
.
o
&
&
o
a
5]
S
E
=
£
: !
(=%
.-
0.2 T T T
j4 8 12 16 20

speed, m/s

Frcure 6.7. Speed-specific drag (fraction of maximum) versus speed
for a small branch of a loblolly pine (Pinus tueda). For speeds above 6 m
sLE=—113.

Re or
System Speed Range E Source of Data
Bluft body <l.0 —-1.00
Bluff body 1000—200,000 0.00”
Flat plate, parallel to flow 10-1000 =0.60 Janour 1951
Flat plate, parallel to fow 1000-500,000 —-0.50
Streamlined body, laminar flow 1000-500,000 —0.50
Cylinder, axis normal to flow 20-120 ~0.29 White 1974
Hedophyllum sessile (alga) 0.5-2.5 m/s =112 Armstrong 1989
Nereocystis luetheana (alga) 1.3—-2.0 m/s -1.07 Koehl & Alberte 1988
Sargasswm filipendula (alga) 0.5~1.5 m/s —1.47 Pentcheff (pers. comm.)
Laminaria (alga) on mussels 0.12 to0 0.62 m/s ~1.40* Witman & Suchanek 1984
Macroalgae, marine ca. 2.5 m/s -0.28 10 ~0.76 Carrington 1990
Red algae, freshwater 0.2-0.75 m/s -0.33 10 —1.27 Sheath & Hambrook 1988
Pinus sylvestris (pine) 9-38 m/s —~0.72% Mayhead 1973
Pinus taeda, 1 m high 8-19 m/s -1.13 Vogel 1984
Pinus taeda, branch 8—19 m/s -1.16 "
Quiercus alba (white oak), leaf 10-20 m/s +0.97 Vogel 1989
Quercus alba, clustered leaves 10-20 m/s -0.44 "
Other broad leaves & clusters 10-20 m/s ~0.20t0 —1.18 " N
Ptilosarcus gurneyi (sea pen) 0.11-0.26 m/s -1.14 Best 1985
Pseudopterogorgia (gorgonian) 0.13-0.35 m/s —1.66 Sponaugle & LaBarbera 1991
Abietenaria (hydroid) 0.025-0.40 m/s —1.28% Harvell & LaBarbera 1985
Acropora reticulata (hard coral) 1.5-3.0 m/s +0.26* Vosburgh 1982
Various limpet shells 0.15-0.45 mf/s 0.0t +1.2 Dudley 1985
Epeorus sylvicole (mayfly larva) 0.4-1.2 m/s +0.28* Weissenberger et al. 1991
Simulivm vittatuwn (blackfly larva) 0.1-0.7 m/s —0:64* Eymann 1988
Locusta wagratoria, antenna 20-120 -0.56

Gewicke & Heinzel 1980

NoTe: Asterisks indicate my calculations from published graphs.




| Ficurk 7.3. Streamlined organisms in a flow that goes from left to
right; (a) a crayfish going rearward in 2 rapid escape; (b) a large aguatic
beetle; (c) a pelagic fish such as a tuna; and (d) a baleen whale.

Re

Fleas

Ctenophthalamaus 65-205

Hystricopsylla .
Fmir Yy, Drosuphila virilis 300
Locust, Schistucerca gregaria 8000
Marine 1sopods

Idotea wesnesenski 2700

ldutea Tesecala 5500
Dytiscid beetles

Acilins sudcatus 8600

Dytisens marginalis 15,000

Tadpole, Rana catesbiana
Frogs
Hywenochirus boettgert
Rena pipiens
Crabs
Cuallinectes supidus
Cancer productns
Ducks, various underwater
Cephalopod, Nautilus
Falcon, Falco peregrinus
Fish
Trout, Satms gairdneri
Mackerel, Scomber
"
Saithe, Pollachius virens
Penguin, Pygoscelis papua
Marine mammals

Sea lion, Zalophus californ.

Scal, Phaca vitidina
Human, swimming

Nove: The reterence areas vary among the sources: { = frontal; w

volame2s,

1000-2500

1500-8000
17K-40K

10,000
10,000
420,000
100,000
380,000

50K—200K
100,000
175,000
500,000
1,000,000

2,000,000
1,600,000
1,600,000

C(I

0.96
1.02
1.16
1.47

0.03
0.055

0.28
0.3
0.36--0.74

0.11-0.24
0.05-0.06

0.3
0.35
0.028
0.48
0.24

0.015
0.0043
0.0052
0.005
0.0044

0.0041
0.004
0.035

Area

.

W
v

W

b3

w
w
w

Sowrce

Bennet-Clark & Alder 1979

Vogel 1966
Weis-Fogh 1956

Alexander & Chen 1990

"

Nachtigall 1977a

"

Dudliey et al. 1991

Gal & Blake 1987

"

Blake 1985
Lovvorn et al. 199]
Chamberlain 1976
Tucker 1990a

Webb 1975

"

"

Hess & Videler 1984
Nachtigall & Bilo 1980

Feldcamp 1987
Williams & Kooyman 1985

”

= wetted; p = plan form; v =



Us

Uw R torque/r

loniue/r

(a) propeller blade (b) windmill blade

torque/r

torque/r
(c) helicopter blade (d) autogyro blade

Froure 12.4. Four kinds of moving airfoils, analyzed as in 12.1. U, is the
wind component induced by the action of a helicopter blade as it pushes
air downward; U, is the wind component due to the descent of the auto-
gyro. Other symbols are the same as in 12.1. Variables in quotes refer to
the earth rather than the airfoil, and the desirable components of the re-
sultants are boxed.



