Videos 10K, L, M – Viscosity, Stokes, and Reynolds Numbers	 Name					
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Whiteboards.
	1. What force is needed to move a 0.85 cm diameter marble through Karo corn syrup at 1.00 cm/s?  η = 2.350 Pa s 
(1.9 mN)
	2. A water droplet has a terminal velocity of 0.00350 m/s falling through air.  What is its radius?  (ignore the buoyant force)
Water: ρ = 1000. kg m-3
Air: η = 1.81x10-5 Pa s 
(5.39 microns)

	3. What would be the terminal velocity of a 8.20 μm diameter piece of basalt silt (ρ = 2920 kg m-3) sinking in water with a density of 1025 kg m-3 and a viscosity of 1.72x10-3 Pa s.  (You can’t ignore the buoyant force on the particle)  What time would it take in minutes and seconds to settle in a test tube that is 5.40 cm tall?
(4.04x10-5 m/s, 22 minutes 17 s – demo centrifuge)
	4. What is the Reynolds number for a ping pong ball going through the air at 5.10 m/s?  Use r = 0.0200 m.  Is the flow around it laminar? (R<1000)
ρ = 1.29 kg m-3
η = 1.81x10-5 Pa s
(7270 – so no)

	5. What is the maximum speed air could move down a 12.2 cm diameter duct and have laminar flow?  (R < 1000)
ρ = 1.29 kg m-3
η = 1.81x10-5 Pa s 
(0.230 m/s)
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Example

Water at 20.°C (n = 1.0x10-3Pas, p=1000. kg m*) flows down an 8.0 mm diameter
glasstubeat 0.120m/s. Calculate the Reynolds number to determine if the flow is
laminar. What is the maximum velocity the water could have and still be laminar? (For
sure... set R=1000)
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Reynolds number — fluid in a pipe
vrp

Inertial Forces
n Viscous forces

R =Reynolds number (unitless!!!!)

n = ViscosityinNsm™ or Pas

p = density of fluid in kg m=

r=radius of object or pipe inm

v = velocity of the object relative to fluid in m/s
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Fp, = Force needed to maintain velocity (N)
n = Viscosity in Nsm or Pas

r = radius of sphere in m

v = velocity of the sphere in m/s
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Example
A person slides a 23.0 cm x 45.0 cm pan over the surface of some
molasses with a viscosity of 8.7 Pas. The molasses is 2.1 cm deep. and
the person applies a pound of force. (4.45 N) What speed will the pan
move across the surface?
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TABLE 10-3

11 3 3 Coefficients of Viscor
Definition of Viscosity Lcodttams otviecosy N
= :
o
MOVINg plale v st e /- inC°)
= Velocity Water (0°)
Fluid = gradient | @)
Stationary plate 100%) .
Whole blood (377) =4 % 10°
Blood plasma (379) =~ 1.5 % 107}

Ethyl alcohol (20°) 12 % 107

v Engine oil (30°)
F = 77A — (SAE 10) 200 % 107
l Glycerine (20°) 1500 x 107
Air (20°) 0018 % 1072
o R Hydrogen (0°) 0009 % 1073
F = Force needed to maintain velocity (N) Water vapor (100) 0013 X 10

1 = Viscosity in Nsm? or Pas T1Pa‘s= 10P = I000CP.
A= Area of plates in m?

| = distance separating plates in m

v = velocity of the plates in m/s

1 Pas = 1000 centipoises (cP)
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Example

A droplet of water mist (p = 1000 kg m™) has a radius of 4.8
microns. What is its terminal velocity as it falls through air
(= 1.8x10° Pa s)? (ignore the buoyant force)

Fp = 6mnrv
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