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Forces in Fluids ' Enrich

A Wing for All Circumstances
A wing is an example of an airfoil. An airfoil is a shaped surface designed to

proviie lift. As Figure 1 shows, there are many different shapes of airfoil'

Wh"t-r engineers d"ecide what shape to use in an airplane, they must think

about two factors:

Lift :  The upward force caused by the pressure on the_top side of the wing

being lower than the pressure on the bottom side of the wing'

Drag The air friction on the wing as it moves through the air'

In general, an airfoi l  with a more sharply curved YPpet surface creates more

li f t .  Unfortunately, i t  also creates more drag, which slows the airplane down'

A less curved upper surface produces less l i f t ,  but has less drag. When

taking off and landing, during which it  is moving relatively slowly, an.

a i rp l ine needs a l l  the l i f t  i t  can get ,  but  is  not  as hampered by drag.  At  fa : ; ter

spreeds, reducing clrag is more important.

l f  you have f lown in an airplane, you may have noticed that various f laps

cxte'nd from the front and back edges of the wing. The pi lots use these f laps

to charrge the shape of the wing for various f lying condit ions. At takeoff and

i l r rc l ing,  wi th  the f laps extended,  the a i r fo i l  is  more curved ( l ikc 'F igure 1a) '

At  fast  cru is ing speed,  wi th  the f laps pul led in ,  i t  is  f la t  and smooth ( l ike

Figure 1c) .
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Fhling Lninnls also chnnge tlte shapes of their nirfoils to mect diffe rant

t:ii 'crtirtstLtrrccs. A bnt's rtrittg is madc of skin strcf clrcd across its lortg nrnt ntttl .fittger
bt'ttras. Bt1 utrling its fingers, a bat controls the shape of its nirfoil. Tlrc quastiorts

bcloiu rcfcr to the cross scctions of the bat's wing in Figure 2. Anxuer thcrrt ott tt

s4)tlrotc slrcct' 
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L. Would a bat use airfoil a, b, or c when coming in to land? Why? ,*', 
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Whichof the threea i r fo i l smigh tabat .usewhi lechas ingafas t i " |e ; i ; f f i '
s t r a i g h t f l i g h t ? W h y ? C . a l t . ' . ' . , | ) " | , | ' ' i , , . . . , 7 , - . r ./ - '
Wlr ic lr  air foi l  might a bat use in f l ight of  average speed? Why{ '  te>s-( -  ' - ( . /  y 'h,-  4 *o' ' icy '

What do you think would happen if the bat were to hold one wingin 2"-'( r'ss r' 'f !

shape a and the other in shape c at the same time? Explain.

5. Why do you think the bat would probably not hold its wing in shape d

while f lying? i n t 1 o , - e  / , ' F /  ) - k -  f l e
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