ENE 327— Pumps and Compressors

WEEK 12: MATHEMATICAL TERMS

MATHEMATICAL TERMS:

e Derivatives:

> Full E——
dx

- The derivative of u w.r.t. x, where u = u (x)

ou

> Partial -
Oox

- The derivative of u w.r.t. x, where u =u (X, y, z, t)

DN ON .
» Substantial —=—+u.VN
dt ox

At this point it is possible to define an extensive property, N in terms of its

corresponding intensive property, 7 as below:

N:Jndm

where mg is the mass of the system.

Since dm=pd¥ | then

N= Inpdv
Vs



with Vv being the volume of the system.

e Vector differential operator

» The gradient: Consider é(x,y,z,t) a scalar field

The gradient of ¢is defined as:

V§:%i+%j+%
ox oy~ Oz

which gives a vector field.

> The divergence:  Consider V(x,y,2,t)=Ui+Vj+Wk avector field

The divergence of V is therefore:

V.V:8U+8V N ow
ox oy Oz

> The curl: The curl of 17 is

= (oW oV ). (oU ow ). (oV oU
VxV= ——|i+| ——— |j+| —— |k
oy 0oz 0z Ox ox Oy

e Definitions - Rectangular coordinates:

Vf = gi+gj+gk
ox 0oy~ 0Oz

04
V.A = o4, +—=+ 04,
ox oy oz
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VXA = 04, 04, iy 04, 04, i+ y 04, i
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VPA = VPAi+VPA,j+ViAk

e Identities:

> The curl: The curl of 17 is

VxVxA = V(V-A) - VA

(A-V)B = | 4, 9B, +A4 9B, + A4, 9B, i
ox oy Oz

. OB OB OB

+l A —+A4,—+4.—=|j

T ox T oy 0z

+| A4, 9B, + A 9B, + A, 9B, k
ox 7 oy Oz

[Vfde = | fda
I(VxA)dr = —ISAxda

where S is the surface which bounds volume t



