
≔L ⋅30 m≔D 13 mm

≔Q ⋅⋅3.2 10-3 ――
m3

s

≔ρ ⋅1000 ――
kg

m3
≔η ⋅⋅8.55 10-4 ――

⋅N s

m2

≔Re =―――
⋅⋅D ρ V

η
⋅3.666 105

≔R =―
D

2
0.007 m ≔V =――

Q

⋅π R2
24.109 ―

m

s

 From Figuure 3.2:

≔K =⋅⋅―
1

2
ρ V2 ⎛⎝ ⋅2.906 105 ⎞⎠ ――

N

m2

≔f 0.004

≔Aw =⋅⋅π D L 1.225 m2

≔Fk =⋅⋅f Aw K ⎛⎝ ⋅1.424 103 ⎞⎠ N

≔ΔP =――
Fk

⋅π R2
⎛⎝ ⋅1.073 107 ⎞⎠ PaAns: =ΔP ⎛⎝ ⋅1.556 103 ⎞⎠ psi

=ΔP 105.901 atm

Inappropriately assuming laminar flow and usng the Hagen-Poiseuille Eq. gives

≔ΔP (( ,,,,,R η V Q L ρ)) ――――
⋅⋅⋅Q 8 η L

⋅π R4
=ΔP (( ,,,,,R η V Q L ρ)) 16.983 psi



≔ρFe ⋅7600 ――
kg

m3
≔ρA ⋅3320 ――

kg

m3
≔ηFe ⋅⋅6.4 10-3 ――

kg

⋅s m
≔Re 1

Force Balance for the upward migrating Al2O3 particle is f=Fg/AK where

     Fg = ((4/3)*pi*R^3*(pFe-pS)*g and

       f = 16/Re = 16 since Re=1 for max size observing laminar flow

from laminar flow.  Therefore, 16AK=Fg, which is re-arranged to solve for D. 

The unknown V is taken from Re=1=DVp/viscosity or V=viscosity/(p*D). 

Therefore

≔D =
⎛
⎜
⎜⎝
―――――

⋅12 ηFe
2

⋅⋅ρA ⎛⎝ -ρFe ρA⎞⎠ g

⎞
⎟
⎟⎠

―
1

3

0.152 mm



≔R ⋅88.7 mm ≔ρFe ⋅7880 ――
kg

m3
≔ρS ⋅0.5 ρFe ≔V∞ ⋅1.52 ―

m

s≔D ⋅2 R

From the force balance on the steel ball consisting of weight ,W, bouyancy, B, and 
drag, Fk = W - B since Fk operates in the directon opposite the weight but with the 
bouyancy. Therefore, W - B = fAK.  solving for f gives

≔f =―――――――

⋅⋅⋅―
4

3
π R3 ⎛⎝ -ρFe ρS⎞⎠ g

⋅⋅π R2 ―
1

2
ρS V∞

2

1.004 From Fig 3.8 for f=0.5, Re = 100

≔ηS =――――
⋅⋅D V∞ ρS

100
10.624 ――

kg

⋅m s
=ηS 106.241 poise

Proposed is wrong because it ηS
was computed from Stokes Law 
(i.e. laminar conditions Eq (2.121)

≔ηS_Stokes =⋅―
2

9
―――――

⋅R2 ⎛⎝ -ρFe ρS⎞⎠ g

V∞

444.435 poise



≔D ⋅61 mm ≔L ⋅1 m ≔A ⋅D L ≔ρ ⋅8000 ――
kg

m3

≔V ⋅3 ―
m

s
≔K ⋅⋅―
1

2
ρ V2 ≔η ⋅⋅2 10-3 ――

⋅N s

m2
≔Re =―――

⋅⋅V D ρ

η
⋅7.32 105

From Fig 3.9, f =0.3 

≔Fk (( ,,f A K)) ―――
⋅⋅f A K

L
=Fk (( ,,0.3 A K)) 658.8 ―

N

m

=Fk (( ,,0.3 A K)) 45.142 ――
lbf

ft


