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3 Balance equations

3.2 Balance of mass

total mass m of a body B

mi= / dm (3.2.1)
B
mass density
. Am dm
m = / odV (3.2.3)
B
mass exchange of body B with environment m*** and m"°!
e = /_rndA ol — /_RdV (3.2.4)
ob B

with contact mass flux r,, = r - n and mass source R

3.2.1 Global form of balance of mass

“The time rate of change of the total mass m of a body B is
balanced with the mass exchange due to contact mass flux
m*" and the at-a-distance mass exchange m"°.”

Dym = m*™ + m" (3.2.5)

and thus

Dt/_pdV:/_rndAJr/_RdV (3.2.6)
B B B
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3 Balance equations

3.2.2 Local form of balance of mass

modification of rate term D; m

Dﬂn:t»/pdvgﬁﬁ/ﬁmpdv (3.2.7)
B B
modification of surface term ms**
e — /_rn g ey / rond A SR / div (r)d V (3.2.8)
OB OB B
and thus
/Dm&hi/&ﬂﬂdv+/RdV (3.2.9)
B B B

for arbitrary bodies B — local form of mass balance

Dio = div (r) + R (3.2.10)

Classical continuum mechanics of closed systems

in classical closed system continuum mechanics (here), r =
0 and R = 0, such that the mass density p is constant in time

Dip(x,t) =0  p=p(x) = const (3.2.11)

typically r # 0 and R # 0 only in bio— or chemomechanics
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3 Balance equations

3.3 Balance of linear momentum

total momentum p of a body B

p = / Dtudm:/_vdm:/_pvdv (3.3.1)
B B B

momentum exchange of body B with environment through
contact forces f*" and at-a-distance forces fV°!

sur . _ tO_dA vol = / bdV 3.3.2
f /azs" f g (3.3.2)

with contact/surface force t, = o' - n and volume force b

3.3.1 Global form of balance of momentum

“The time rate of change of the total momentum p of a body
B is balanced with the momentum exchange due to contact
momentum flux / surface force f*** and the at-a-distance
momentum exchange / volume force f*°.”

Dip = o + fol (3.3.3)
and thus
Dt/_pvdV:/_tgdAJr/_de (3.3.4)
B B B

3.3.2 Local form of balance of momentum

modification of rate term D; p

D;p = D, / oody Bied / Di(pv)dV (3.3.5)
B B
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3 Balance equations

modification of surface term f5*"

foue /_tUdACaihY/_m.ndAGa:“ss /_div(Ut)dV
0B B B
(3.3.6)

and thus
/_ Di(pv)dV = / div (¢)d V + / bdV (33.7)
B B B

for arbitrary bodies B — local form of momentum balance

Di(pv) =div(c') +b (3.3.8)

3.3.3 Reduction with lower order balance equations

balance equations are typically modified with the help of
lower order balance equations

Dt(p’()) :’UDtp—l—th’U:diV(U't)—l—b (339)
with balance of mass multiplied by velocity v

vDip=ovdiv(r)+ovRy=div(v®r) —Vo-r+9R,
(3.3.10)

local momentum balance in reduced format

oDw=div(ec'—Vo®r)+b+Vo-r—ovRy (3.3.11)
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