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Vector Review
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2. Cross Product
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ĵ

yB

θ

Right Hand Convention



Integral Calculus Review
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1. Gauss Theorem – Divergence theorem
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Integral Review
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2. Leibnitz Rule



Differential Calculus Review
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1. Gradient Operator
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Gradient of a Scalar (i.e., density, temperature,etc)
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2. Divergence
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3. Curl
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4. Laplacian -
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5. Total Differential

Differential Calculus Review



Error Propagation- Functions of more than one variable

Apply Taylor Series to functions of multiple variables, I.e., f(x,y,z)
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Neglecting 2nd order and higher terms, the error in f is:
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Where                are estimates of the error in x, y and z
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In general, 1st order approximation of the error in f is:
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Error Propagation- Reynolds Number Example

ν
UD=Re

Where:  V = average fluid velocity (m/s)
D = pipe diameter (m)
ν = kinematic viscosity (m2/s) water

Estimate the error in Re for the Given data:

6100.1~
1.0~
5.0~

−×=
=

=

ν
D

U

610005.0~
001.0~
01.0~

−×=∆
=∆

=∆

ν
D

U

( ) ν
ν

ν ~Re~Re~Re~,~,~Re ∆
∂
∂+∆

∂
∂+∆

∂
∂=∆ D

D
U

U
DU

( ) ( )( )
( ) ( )6

2666 10005.0
101

1.5.001.
101
5.01.

101
1.~,~,~Re −

−−− ×
×

+
×

+
×

=∆ νDU

( ) ν
ννν

ν ~~~~,~,~Re 2 ∆−+∆+∆=∆ UDDUUDDU

m/s
m

m2/s

( ) 2505001000~,~,~Re ++=∆ νDU

%5.3000,50Re
1750000,50Re

±=
±=

( )( ) 000,50
101

1.5.Re 6 =
×

== −ν
UD


