Microscopic Mass Balance




muce the xy z coordinate system

Introduce a control volume (microscopic system)
of dimensions Ax Ay Az
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Consider the mass that enters and leaves

| _EEE out of the six surfaces of the control volume
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e //
P s Mass Balance on Control Volume:
Mass ., - Mass ., = Accumulation of Mass
Mass in - Mass out in the x direction ot intheyaltection Mass in - Mass out in the z direction Accumulation of Mass

Ve

)Ax Ay = Q(Ax Ay Az p)
Z+Az at

)AyA£+(pVy jAXAZ+(p\/Z

(p\lxx_p\/XHAx y_p\/yy+Ay z_p\lz

AX Ay Az = Constant

)Ax Ay = AX Ay Az %(p)

(9, - P X+Ax)AyA”(pVy =2 jAXA”(pVZ =

y+Ay
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)Ax Ay = AX Ay Az g(p)
Z+Az 8’[

X_,OVX Z_pvz

/('OVX X+Ax)AyAZ+[pVyy_pVy jAXA”(PVz

y+Ay

Divide the whole equation by Ax Ay Az
then take the limit when Ax Ay Az approaches zero

(v,

- PV, MXL(PVy Bl y+Ay]+(PVz V) _2())
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~ Divergence Operator e

0
aIO_|_(’9(IOVX)_|_ (IOVY)_|_6(/0VZ):O
ot OX oy 0z
Velocity vector V = (VX | + vy j-l— Vv, k\)
Dell operator % = Ei‘_l_i ]"_I_ Qk\
ox oy 0z
Divergence V . Vector (Dot product between two vectors)

op
= -0
— (o V)
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Microscopic
Continuity Equation
For Incompressible Fluid

8,0 E a(pvx)+ 6(10\/)/)_'_ a(IOVZ):O
ot OX oy 0z

Incompressible Fluid =» Constant Density

aVx 8Vy aVz
+ + =0
ox oy 0z
V-v=0

For Incompressible Fluid:
The divergence of the velocity is equal to zero
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—— Cylindrical Coordinates

X
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- Spherical Coordinates
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Divergence Operator
in Different Coordinate Systems

oV
Rectangular Coordinates : V-v= OV, e v,
ox oy oz
Cylindrical Coordinates : V.V= EMJA a(rve) - v,
Sl r 06 0z
2 5 aV
Spherical Coordinates: V-v= 128(r Vr)+ 1 8(V95'”9)+ 1 y
e CF rSiné o6 r Sinf o¢
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