Objectives

1. Basic introduction to vector and tensor.

2. Continuum mechanics.
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Pzz DPay Paz Vg 9/0z

P= Pyz DPyy DPyz|, V= [VUy], Ve = 8/6y

Pz Dzy Pz Vs 9/0z
Alternatively, we can do the math in index notation:

vy % ov,

Vr-v:akvk:—+ =+
Ox oy 0z
UpUp  Ugly Vg
VV =00 = |VyUp  Uyly Uyl

VUp  UxUy VU,
Operation on pressure tensor:
L (Paw + Pay + Pu2)
Vi P =0kpr = F(pyz + Dyy +pyz)
5z (D2 + Doy + D2)
k and [ can be x, y, z as we have three directions.
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Finally, we have the dydiac product.
0
vv : Vv = 0000 = Z Z vkvl&vk
k=x,y,z l=x,y,z
And it is a scalar.

Three fundamental laws:
1. Mass conservation.
2. Momentum conservation.

3. Energy conservation
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Mass Conservation

= ot
_ [ 9p(x,t)
dt Jy ot dr

Applying divergence theorem:

—/er - (pv)dr

op

Then, we have:

©Chi Pui Jeremy WONG



Momentum Conservation

mv:/ p(r,t)vdr
1%
dmv Opv

a )y ot

Then we get:
dp
Vot

dr = —/ Vi - (pvv + P)dr
1%

B
—i—pa—;,—i—vvr-(pv)—i—pv-vrv—i-vr-P:0

ov
P ot
Define the material derivative as £ % + vV,

Dt —
Dv
~ 4V, -P=
th+ 0

+pv-Vev+ Ve -P=0
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Energy Conservation

2 B ~
\%

pv? .
:—/ Ve (—=—v+q+vVv:-P+pEv)dr
\%

2
Then we get:
ov OFE v? - Op pv? ~
— 4 — — + E]— e (— P+ pEv) =
plv at+at]+[2+ ]atJrV (2v+q+v +pEvV) =0

v?  ~770p Dv
[5+E} [a—l—vr-(pv) —i—pv-E—Fer.P

DE
r-° P: r _— =
+Vy-q+ Vv—f—th 0
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DE
r° P: r _—
Ve -q+ Vv—l—th 0

We can see the origin of the dydiac product term more clearly
by writing V, - v - P in index notation.

Vi (v - P) = 0wrpr = viOpi, + priOyvr, = vVe : P+ P Vv

where we have assumed tensor is symmetrical that py; = pi-
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