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Em(alr'icallﬂ or ‘03 low order dpproximations to Quid dtjnamlc:.% it 1o known
that €or Ia':BQ o\:ﬂec‘rs ot h'Bh sPeed 0 not verﬂ dense fuids one has

Drag Force
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Drag force Fp is proportional to the square of the speed of the object. Mathematically,
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FD=§C,S'AU ,

where Cis the drag coefficient, A is the area of the object facing the fluid, and p is the density of the fluid.
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Ty is proportional to v

cml\j an a(aproximaﬁon —- em(a'tr'\cal fact -- reﬂnaluléﬂmél....



Object C
Skydiver (horizontal) | 1.0
Circular flat plate 1.12

Object C
Airfoil 0.05
Toyota Camry 0.28
Ford Focus 0.32
Honda Civic 0.36
Ferrari Testarossa 0.37
Dodge Ram Pickup 0.43
Sphere 0.45
Hummer H2 SUV 0.64
Skydiver (feet first) 0.70
Bicycle 0.90
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Terminal velocity - markhrasai
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we. look at {ree fall in ﬂravl’ra’rlonal Lield

Newtons second law:
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Mo =m‘:—iﬁf = —WI9 T Ty

\£ the o‘cﬁec‘r reaches a constant veloc't’r\j (terminal ueloc"ﬁrﬁ)
then 2
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markhrasi -- tferminal ue.locl’ra
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For small seherical ob;)e_c’r at low 5§:€ed in dense €uid

Stokes’ Law

For a spherical object falling in a medium, the drag force is
Fy = 6xarnu,

where ris the radius of the object, 5 is the viscosity of the fluid, and vis the object’s velocity.
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T, 1s proportional to v

P!Sa‘\n, an approximation fo fuid dtjnamlca - empirical law
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Equation of motion -- 'nnJre&ra’r'ton -- solution

e

—

us‘nn3 the coordinat 333+€m in the

Flaure:
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use the equation ok motion
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we can £ind the terminal veloc‘tf\j when dv/dt = o

Q = WB—E‘Q‘\) (/U‘: ij

note how it increases with m and 9 ‘uncreaginﬁ, but decreases as b increases,
very plausible behavior,

We can use separation of variables
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only v and only t
constants



\nitial values:  v(t=0) = o 3( t=0) = o
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WSS in (%B = Ln(o)- \r QDB

to obtain
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take exponential of both sides
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we see two characteristic scales:
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and indeed @
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Y= Vr

and we note that the dimensions add up
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