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A caution about sign convention 

In Understanding Rheology (Morrison, 2001) and An Introduction to Fluid Mechanics (Morrison, 2012) 

two different stress sign conventions are used.  In the rheology text we follow Bird, Armstrong, and 

Hassager, Dynamics of Polymeric Fluids (Wiley, 1986) (Π ൌ െΠ෩, τ ൌ െτ෤),), while in the fluids text we 

follow the usual engineering sign convention (Π෩, τ෤).  Any express that contains Π or ߬ is affected.§ 

Π෩ ൌ െܫ݌ ൅ ߬̃ 

Π ൌ ܫ݌ ൅ ߬   (Bird et al.) 

 

߬̃ ൌ ൅ߤ ቀݒ׏ ൅ ൫ݒ׏൯
்
ቁ 

߬ ൌ െߤ ቀݒ׏ ൅ ൫ݒ׏൯
்
ቁ     (Bird et al.) 

 

Force on surface with unit normal  ො݊ and area S: 

ܨ ൌඵ ቂො݊ ⋅ Π෩ቃ
௦௨௥௙௔௖௘

݀ܵ ൌ
ௌ

ඵ ቂ ො݊ ⋅ ሺെΠሻቃ
௦௨௥௙௔௖௘

݀ܵ
ௌ

 

Torque on surface with unit normal  ො݊ and area S: 

ܶ ൌඵ ܴ ൈ ቂ ො݊ ⋅ Π෩ቃ
௦௨௥௙௔௖௘

݀ܵ ൌ
ௌ

ඵ ܴ ൈ ቂ ො݊ ⋅ ሺെΠሻቃ
௦௨௥௙௔௖௘

݀ܵ
ௌ

 

 

 

 

 

 Sorry about that. 
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on inside 

front cover: 
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Total stress tensor Π̃ = −pI + τ̃




Π̃11 Π̃12 Π̃13

Π̃21 Π̃22 Π̃23

Π̃31 Π̃32 Π̃33





123

=





τ̃11 − p τ̃12 τ̃13
τ̃21 τ̃22 − p τ̃23
τ̃31 τ̃32 τ̃33 − p





123

Dynamic pressure P ≡ p+ ρgh

Newtonian
constitutive equation

τ̃ = µ
(

∇v + (∇v)T
)

= µ









2 ∂v1
∂x1

∂v2
∂x1

+ ∂v1
∂x2

∂v3
∂x1

+ ∂v1
∂x3

∂v2
∂x1

+ ∂v1
∂x2

2 ∂v2
∂x2

∂v2
∂x3

+ ∂v3
∂x2

∂v3
∂x1

+ ∂v1
∂x3

∂v2
∂x3

+ ∂v3
∂x2

2 ∂v3
∂x3









123

Total molecular fluid force
on a finite surface S

F =

∫∫

S

[

n̂ · Π̃
]

at surface
dS

Stationary fluid
[

n̂ · Π̃
]

= −pn̂

Moving fluid
[

n̂ · Π̃
]

= −pn̂ + n̂ · τ̃

Total fluid torque
on a finite surface S

T =

∫∫

S

[

R×
(

n̂ · Π̃
)]

at surface
dS

Total flow rate out
through a finite surface S

Q = V̇ =

∫∫

S
[n̂ · v]at surface dS

Average velocity
across a finite surface S

〈v〉 =
Q

S
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Coordinate system surface differential dS
Cartesian (top, n̂ = êz) dS = dxdy

Cartesian (side a, n̂ = êy) dS = dxdz
Cartesian (side b, n̂ = êx) dS = dydz

cylindrical (top, n̂ = êz) dS = rdrdθ
cylindrical (side, n̂ = êr) dS = Rdθdz

spherical, (n̂ = êr) dS = R2 sin θdθdφ

Coordinate system volume differential dV
Cartesian dV = dxdydz

cylindrical dV = rdrdθdz

spherical dV = r2 sin θdrdθdφ

Coordinate system coordinates basis vectors
spherical x = r sin θ cosφ êr = (sin θ cosφêx) + (sin θ sin φêy) + cos θêz

y = r sin θ sinφ êθ = (cos θ cosφ)êx + (cos θ sinφ)êy + (− sin θ)êz
z = r cos θ êφ = (− sin φ)êx + cos φêy

cylindrical x = r cos θ êr = cos θêx + sin θêy
y = r sin θ êθ = (− sin θ)êx + cos θêy
z = z êz = êz

Divergence Theorem

∫∫

S
n̂ · F dS =

∫∫∫

V
∇ · F dV

Stokes Theorem

∮

C
t̂ · F dl =

∫∫

S
n̂ · (∇× F ) dS

Vector identities:

∇ · ∇ × F = 0 (Divergence of curl = 0)

∇×∇f = 0 (Curl of gradient = 0)

∇ (fg) = f∇g + g∇f

F · ∇F =
1

2
∇
(

F 2
)

− F × (∇× F )

∇ · (fF ) = f∇ · F + F · ∇f

∇×∇× F = ∇ (∇ · F )−∇2F

∇ · (F ×G) = G · (∇× F )− F · (∇×G)
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