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ABSTRACT. — After defining, in analogy with a mixture of continuous media, a system of balance
laws of mixture type, we study the general properties obtained by imposing the Galilean invariance
principle. For constitutive equations of local type we study also the entropy principle and we prove
the compatibility between the two principles. These general results permit us to construct, from a
single constituent theory, the corresponding theory of mixtures in an easy way. As an illustrative
example of the general theory, we write down the hyperbolic system of balance laws of mixtures
in which each component has 6 fields (mass density, velocity, temperature and dynamic pressure,
among which only the last one is a nonequilibrium variable). This is the simplest system after
Eulerian mixtures. Global existence of smooth solutions for small initial data is also proved.

Key worps: Mixture of fluids, non-equilibrium thermodynamics, Galilean invariance, entropy
principle
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1. INTRODUCTION

Several decades ago, Ruggeri [9] studied a general structure in a system of bal-
ance laws compatible with the Galilean invariance. He proved that the densities,
fluxes and productions in a system admit a unique dependence on the velocity
field for any constitutive equations. If there exists natural order in the balance
equations as in the case, for example, of the moment theory associated with the
kinetic equation, the velocity dependence can be expressed in the form of a poly-
nomial. In the same paper, the author also studied the requirement of the entropy
principle for hyperbolic systems with constitutive equations of local type. It was
proved that a perfect compatibility exists between two principles: the Galilean
invariance dictates the velocity dependence and the entropy principle imposes
constraints on the constitutive equations.

In this paper, starting from a single system of balance laws, we define, in anal-
ogy with a simple mixture of continuous media, a system of balance laws of mix-
ture type. Then we firstly adapt the general properties of the Galilean invariance
in a generic system of balance laws with a single constituent [9] to a system of
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mixture type with any number of constituents. The Galilean invariance dictates
the velocity dependence of the field equations for any kind of constitutive equa-
tions and moreover it permits a construction of the resultant fields of a mix-
ture. Secondly, for a system of balance laws of hyperbolic type, we discuss the
consequence derived from the entropy principle and its compatibility with the
Galilean invariance. After the general discussion, we study, as a special case, a
system of balance laws in extended thermodynamics (ET) of polyatomic dissi-
pative gases. In particular, we write down explicitly the hyperbolic system of
mixtures in which each component has 6 fields (ET¢): mass density, velocity, tem-
perature and dynamic pressure, among which only the last one is a nonequili-
brium variable. This is the simplest system after Eulerian mixtures. The main field
for which the differential system becomes symmetric hyperbolic is shown. Char-
acteristic velocities, K-condition and the existence of global smooth solutions are
also discussed.

2. SYSTEM OF BALANCE LAWS OF MIXTURE TYPE

Systems in continuum mechanics represent the balance laws, and under a regular-
ity assumption these are expressed in the divergence form in space-time:

oF OF;
(1) e =P Fi=FuiG,

where the density vector F, the flux vector F;, the non-convective flux vector G;,
and the production vector P are vectors of R" and are expressed through consti-
tutive equations in terms of a field U. The vector v is the flow velocity. For the
moment we consider generic constitutive equations, i.e., the above quantities
may depend on U either locally or non-locally in space and/or in time. Usually
this is a system of balance laws for a single-constituent material like a single
fluid.

In the case of a simple mixture, following Truesdell [17], we usually adopt the
assumption, which is also motivated by the kinetic theory, that the form of the
system of field equations for any constituent is the same as that for a single fluid
except that there appear new production terms due to the interchange of mass,
momentum, energy, and other quantities between constituents. In analogy with
such mixtures, we adopt the following:

DEFINITION 1 (Systems of balance laws of mixture type). A system of balance
laws of mixture type is a system of the form:

OF*  OF*
2 vr i
(2) ot ox

=P 1% F'=F0'+G! (x=12,....n)

where the density vector F*, the flux vector ¥}, and the production vector P* have,
respectively, the same forms as F, F; and P of the single constituent, and are
obtained by the formal substitution of U* instead of U. The new production vector
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f* emerges due to the interchange of the densities between the constituents. The
number of constituents is n.

The production term P indicates the source of the dissipative fluxes that appears
also in the single-constituent fluid. On the other hand, f* is the production origi-
nated from the effect of the mixture, such as chemical reaction and diffusion. In
other words, it represents the interchange of mass, momentum, energy and other
fields between the constituents. The system treated as a whole, which takes all
components of (2) into account, must appear as a system of a single material. It
is, however, more complex than (1) because diffusion contributes to the objective-
variables:

0F  0F;
(3) —+—=2;, F=Fv;+%,
ot ox;
n n n n
(4) F=YF, F=>F, 2= P, f* = 0.
a=1 o=1 o=1 a=1

As a consequence of (2),, we have

G = (Fu? +G;)
a=1

with the diffusion velocity u defined by

n
o 0 o, 0
u; = v —v; <E pul-fO).
a=1

As the production vectors f* are not independent of each other due to the last
condition of (4), it is sometimes convenient to consider another equivalent sys-
tem that is composed of global balance laws and the component equations with
indexesbh=1,2,...,n—1:

0T 0F,
0_ + — @’
ot 0x;
®) JF’  OF?
—— L =Pl 1" FP=F"' 4G’
ot ox;

An example: Mixture of Eulerian fluids

Here it is instructive, instead of continuing the general discussion, to give a con-
crete example of the above definition, that is, a mixture of Eulerian fluids. We
start with a single Eulerian fluid that is in the form of (1). The conservation
laws of mass, momentum and energy multiplied by 2 are expressed as
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ap 0
E—i_é‘_x,-(pvl) 0,

(© 2 (o) + e (puy + ) = 0
at pUj 8X,’ pvlvj p y) — ¥

0. 5 g 2
= 2 — 2 2p)v;} =0,
5, (v +2pe) + ox {(pv° + 2pe + 2p)ui}
where p, p and ¢ are, respectively, the mass density, the pressure and the specific
internal energy density, and J;; is the Kronecker delta.

Then according with the definition, the system of balance laws for a mixture
of Eulerian fluids becomes in the form (2):

ap(x 6 o, 0 . o
W—i_&_x[(p vi) = 1%,

a o, o a o, o, 0 o o
(7) 5(/’ Uj)+6_)ci(p Dil)_/+p5ij):mi’

L0 W) 4 2% 4 (00" 4 2% 4 277} =
ot 0x; !

where the quantities with suffix « are corresponding quantities for the
o-constituent, and 7%, m}, and e* are the new production terms that represent
the interchange of mass, momentum and energy, respectively. If there exists no
chemical reaction t* vanishes.

The global system obtained by summing up all equations in (7) is in the form

(3):
op 0
E + a : (pvi) 07
0 0
(8) 5, (PU) + o (poivy — 1) = 0,

0 0
ot (pv* + 2pe) + E{(Pvz + 2pe)v; — 24505 + 2¢;1 = 0,

where the global quantities are given by [12, 14]:

n
p= Z p* : total mass density,
o=1
1 n
9) V= ;Z prv® : mixture velocity,
o=1

n
' =v*—v (Z piu* = 0) : diffusion velocity,
oa=1
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n

tj = — Z( P oy + p uiu}) : stress tensor,
=1
1< o a0 1 o2 . .
9) &= ;Z p (8 + 3 (u*) ) : specific internal energy,
o=1

qi = i{p“ <g“ +%(u“)2> +p°‘}ui”' : heat flux,

o=1

and

We notice the difference between two systems (6) and (8) (in general, between two
systems (1) and (3)) due to the diffusion velocity u”. In the whole mixture of
Eulerian fluids, the stress tensor #; that is not isotropic anymore and the heat
flux ¢; have emerged.

3. GALILEAN INVARIANCE

It was proved [9] that the Galilean invariance of a system of balance laws (1)
results in explicit dependence of the densities, the fluxes and the productions
on the velocity. In fact in [9] it was proved that, if we split the field such that
U = (v,w), where v is the velocity € R® and w corresponds to the other objective
fields € RV 3, there exists an (N x N)-matrix operator X(v) such that:
F(v,w) = X(v)F(0,w),
(10) Gi(v,w) = X(v)G;(0,w),
P(v,w) = X(v)P(0, w).
The operator X(v), which determines the velocity dependence of the fields, has
the following feature:

X(a +b) = X(a)X(b) = X(b)X(a),

and is expressed as an exponential matrix:

1,
X(v) =er" =T+ A'v, + EA'AAUFUS + .

with A" being three (N x N) constant matrices such that
A'A*=AA") Vros=1,2,3.

Usually there exists a natural order in the balance laws. For example, in the
moment theory, the densities are tensors with increasing number of index. In
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such a case, the matrix X is sub-diagonal and the matrices A" are nilpotent of
order m, where m denotes the largest tensorial order. In this case the matrix X is
polynomial in the velocity [9].

By Definition 1, the left side member of a balance-law system of mixture type
has blocks, each of which corresponds to a constituent and has the same structure
of (1). Therefore this system is also Galilean invariant:

F*(v*,w*) = X(v*)F*(v* = 0, w"),
(11) G/ (v, w”*) = X(v*)G/(v* = 0,w"),
P*(v*,w*) = X(v*)P*(v* = 0, w?),

As a consequence, we have also
(12) fr (v, w*) = X(vHf*(v* = 0, w”).
Now we want to prove the following theorem:

THEOREM 1. The global system (3) is also Galilean invariant with the same
matrix X(v):

(13) Gi(v,w) = X(v)%:(0,w),

where W denotes objective quantities that are, in general, different from w, and the
global intrinsic density, flux and production are given by:

n

F(0,w) =) F'(v' =u",w"),
=1

(14) %G,(0,W) =Y F/(v* =u*,w"),
oa=1

P0,W) =Y P*(v* =u",w"),
o=1
PrROOF. From (4) and (2), we have
F (%) = 3 F(V, W),
o=1

(15) Gi(v, W) = Z[Fa(v«,wﬂu? + GH(v, W),

=1

P(V,W) = Z P*(v*, w").
o=1
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Evaluating (15) at v=0 we obtain (14). Taking into account (15) and the
property:

X(v*) =X(v+u*) = X(v)X(u”*) = X(u*)X(v),

we obtain, from (11) and (12),

F*(v*,w*) = X(V)F*(v* = u*, w"),
G/ (v, w*) = X(v)G](v* = u*,w"),
P*(v*, w*) = X(v)P*(v* = u*, w?¥),
(v, w*) = X()f*(v* = u*, w*).

(16)

Then (13) is obtained, and the theorem is proved.
In the case of Eulerian mixtures we have

1 0 0 0o 0 O
X(V) = Uj 5]‘]( 0 s A= 5]-,, 0 0
U2 Zl)j 1 0 Zéjr 0

It is easy to obtain the global fields (9) by applying the general expressions (14) to
the present case.

4. ENTROPY PRINCIPLE AND MAIN FIELD
4.1. Entropy principle

Until now we have studied the Galilean invariance for arbitrary constitutive
equations, local or nonlocal, and, as a consequence, for parabolic or hyperbolic
systems. From now we consider only local constitutive equations, i.e., we assume
that the densities, fluxes and productions depend on the value of the field U(x, ¢)
in the present position x and at the present time ¢. In this case the constitutive
equations must be compatible with the entropy principle that requires that every
solution of the system of balance laws plus the constitutive equations satisfies a
supplementary entropy law with non-negative entropy production:

oh  Oh;
—_— —=>>0: | = i i
FEE=E2 0 h=hvto

where /1, ¢, and X are, respectively, the entropy density, intrinsic flux and produc-
tion of the whole system and are velocity independent. The restriction that all
thermodynamic processes satisfy the entropy law is expressed by introducing the
main field U™ as follows [9, 14]:

oh ol o (FF O L.
E+a_x1_2 ZU ( + 5 P—f).



502 T. ARIMA ET AL.

As a consequence, the following relations hold:

dh=>"U" -dF*, dh;=) U™ dF},
o=1 =1
(17)
=Y U" (P*41") >0,

=1
and therefore, choosing as field variables F*, we obtain

Oh
U”=_—..
JF”

On the other hand, the total specific entropy density s = /1/p is assumed to be
the sum of the specific entropy densities of the constituent s*, that is,

(18) h:ps:ih“:zﬂ:p“s“.
a=1 a=1

The entropy density of a constituent 4#* = p*s* is a concave function of the den-
sities F*. As the sum of concave functions is also a concave function of the whole
system, the entropy density / is a concave function of F* (« = 1,..., N). Because
of this, the original balance laws could be transformed in a symmetric form with
respect to U’*. In fact, by introducing the four potential:

h':zn:U’“-F“—h, h;:iU’“-F“—hi,

o=1 =1

the original system (2) can be put into the symmetric form:

” o' ou” o*h! ou'f
Z( + i ) — P* _~_fac.
oumou’t ot - oumoU”? ox;

p=1
4.2. Main field corresponding to the fields {7 ,F}

Instead of the system in the form (2) we can use the system in the form (5), which
is sometimes more convenient to deal with. Therefore we have now another main
field corresponding to the fields {%,F’}. Let {V’,V"*} denote such main field.
Following the procedure above, we can also express the entropy density, instead
of (17);, as follows:

n—1
dh=V'dF + Zv’b dr’.
b=1
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By comparing this with (17);, we obtain
(19) V/ — U/n V/h U/h U/n.
Therefore it is possible to determine {V’,V’*} from the given U’ of the single-
component fluid. The residual inequality is also expressed, instead of (17)s, by
{V/,)V"} as

n—1

(20) =V .2+ VP +1) >0
b=1

5. COMPATIBILITY BETWEEN GALILEAN INVARIANCE AND ENTROPY
PRINCIPLE

Following the procedure given in [9], it is possible to verify the following Galilean
property of the main field:

(21) U™ = U"X(v),

where, from now on, the hat indicates a quantity evaluated at zero velocity
(v =0). Thanks to (21) and (17) with (16), we obtain

dh = ZU dF”,
o=l

(22)
dp; = U™(dG] + u] dF* + F” duy)
a=1
with constraints
Z Ij/acArFoc _ 07

=1
ZU’“A’ (G7 + uk") = (h ZUF) "

Similarly, if we adopt the main field corresponding to the system (5), we
have

V =V'X(v), V?=V"*X(v).

Then we obtain
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n—1
dh=V'dF + > V" d¥’,
b=1
(23)

n—1
dp; = V'd% + Y V"(dG + u} dF" + F du))
b=1

with constraints:

n—1
VAZF +) VAF =0,
b=1

n—1 n—1
VNG + Y VIG! + ) = (h-V'F — 5 Vo
b=1 b=1

From (19) and by comparing (22) with (23), we obtain the relationship between
the two sets of intrinsic main field:

‘}/:: ijﬁ
V/b _ Ij/b _ Ijm.

These results were obtained firstly for an Eulerian mixture in [13].
Finally, the residual inequality is also expressed in terms of the intrinsic main
field:

n—1

T=VP+> VPP +£) >0.
b=1

To sum up, we have proved that there exists perfect compatibility between the
Galilean invariance and the entropy principle also in the case of mixture. As seen
above, the first dictates the velocity dependence in the balance laws and the sec-
ond is the restrictions for obtaining the true constitutive objective equations.

6. ET¢ POLYATOMIC GAS MIXTURE

The system of balance laws of ET¢ mixture belongs to the form (1) with

p 0 0
_ pui _ | (p+)gy |0

(24) F= pv? + 2pe » Gi= 2(p+Mv; |’ b= 0 |’
pv® +3(p +10) 2(p + My, Py

where IT denotes the dynamic pressure [3, 2, 1, 10]. In this model, the shear vis-
cous stress and the heat flux are neglected.
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According with Definition 1, the system of balance laws of ET¢ mixtures is
given in the form (2) with

p* 0
B — P;“? Gr— | P19
pr(v*)? +2p%* |7 2(p* + 1)} |
(25) P (") + 3(p* 4+ I1%) 2(p* +11%)vf
0 ¥
P = 8 ;= "Zf
Pj w’

The global system is in the form (3) with

p 0 0
PU; —t,'j 0
F = G = 7 —
pv* + 2pe ’ —2tyv; + 2q; 0
pv2+3(p+10) —2t;v; + 20; 2

We notice that there appear (i) the global stress tensor t; = —(p + I1)d; + oy
where p is the total pressure, IT is the global dynamic pressure, and o is the
global deviatoric shear stress tensor, (ii) the global heat flux ¢;, and (iii) a new
global quantity Q; with the same dimension as ¢;. The explicit expressions of
these quantities will be given below.

6.1. Galilean invariance of ETs mixture

From (10) and (24), we obtain

I 0 0 0
B vj 6jk 0 0 B
(26) X(V) = 02 20/ 1 0 y P]] = P]].
v? 2v0; 0 1

Then, using the result (14), we obtain the expressions of the global quantities:

ty = Z{p‘u“u“ +(p* + I1*)0y},
= *%l// —P= ;(H“ +%p“(u“)2),

n
gy = Lijy = — Zp“u?iu;;,
=1
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n

l o o o L0 o o o
%=Z{§p (*)* + p*e* + p* + 11 }ui,

=1

_ . 1 o/, 02 5 o o o
0= > {50 + 37 11 s

o=1

where the total pressure p is defined as follows:

p=> r"
o=1
For production terms, we have
P*(v,w*) = X(v)P*  f*(v,w*) = X(v)f*
that imply

Py=Pj =%, m'=ivim’,

(27) o ~o2 S o Ao o ~o 2 ~ 0 Ao
e*=1t"v"+2m*-v+e*, ow*=7""+2m” v+ o*

From (4);, we have

(28) ir“:Zm“:Z *=0, Zy=)Y_ Pj
oa=1 oa=1 oa=1

a=1

which, by taking into account (27) and (26),, are equivalent to

n n n n
E ¥ = E m”* = E e’ = 0, P]] = E 9]}.
a=1 a=1 =1 =1

In the present case, the system (5) becomes

op  Opup 0
ot 0xy, -
opv;  O(pvjvg — ti)
L TR )
a T o ’
o3 pv* + pe 0 1
(29) %—l—a—m{(zpvz—l-pe)vk - tkjvj—l-qk} =0,
0 0 .
a{pv2 +3(p+ID)} + a—Xk{[pv2 +3(p + I)Jox — 21,507 + 20} = P,
opt ophvy 40

ot Ox
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aﬂbvzb J bbb b NS U — b | b,
——+—{p"vv) + (p” +117)0) } = m; 4+ 1"v;,
ot Oxy,

O P + 2pb?) +

° L {(p0o")? + 20" + 2pP + 2117l

axk

2
(29) ="+t +om’ -,

0 0
G ") 430"+ I} 2 {0 (0) 7+ 5(p" + ) Jof)
=P+ &’ + %0 +2m’ -v.
6.2. Entropy density near equilibrium and main field in ETg mixture

To avoid complications, we study the system near equilibrium where we can
adopt linear constitutive equations with respect to the dynamic pressure. In this
case, starting with the results of a single constituent [14], we obtain for each
species:

(30) h* :po«sg _\I;m(poc’Soc)(l—loz)27
where s is the specific entropy density in an equilibrium state, and

1

o __

with the absolute temperature of the a-constituent 7% and

(32) r=p(3- ;’—) —ppE >0,

= (2. n-(5).

The inequality (32) guarantees the concavity of 4* in (30). And, as the overall
entropy / is the sum of 4#* as shown in (18), /1 is a concave function and has a
maximum in equilibrium. Therefore the system can be put in a symmetric form
in the main field. We denote the main field associated with the system (25) as
follows:

Ut = (0, AL D).

Taking into account that, for a fixed o, the main field are those for a single con-
stituent system and that, for ETg, these were already calculated in [3], we obtain

Nmi_ga (Uoc)2 3 o0 oo aZg_p_g oo
1= =t e e o ) = @ (3 ) e,
A i ocp_g_% A T
Af =t 2U.<p“ S e,
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- 1 pl
Iua _ _I__;\Pocl—[oc7

27>  p
P 2
M A ) i
¢ 3

Let
V' = (4, AL1,0), VP =00 A ub ),

be the corresponding main fields with respect to the equivalent system (29).
From (19), we obtain

L= A=Al u=p", (="
ﬂbz/{b—in, Af’:[\ib—[\?, ﬂb:/jb—/j”, Cbng—gn'

The explicit expression of these are as follows:

2
g" (") 2 22 pl
)= — I N R By AN/ c P VO
Tn + 2Tn +{pn <p,0p pee ) (U ) (3 pn) ’

A; = v 27" (p_s - %)Tnnn7

— 2t (5
K=5r +i—§\lmn",
2
(=3,
a2 =g (St - ot - w0 (G- 2 peee

2
gn (Un) 2 n.n n.n n\2 2 pg nyn
-9 il . . Z_Pe) Ly
{ G S+ o o) = 2 (- ) ,

b n
Ab—_ LY _ U?’(&_%)\pbnb _ {_U_i_ Qvln(p_f_g)\pnnn}’

[ Tb l pb 3 Tn pn 3
1 pb 1 pr
b bytbh nyyn
- i Legrpy —( —“PH),
K 27b +pb 27" +pn
2 2
b byth nytn
— Sy —(——‘P I )
¢ 3 3

The residual inequality (20) is now given by

—_

=

(34) s (A2t + Alimd + pbeb + 700+ PREY) + Pyl > 0.

1

S
I
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According to the single constituent ET¢ theory, the linear constitutive equation
for the production term for a constituent o is given by [14]

DO 3 o

Therefore, from (28)3;, we have

Pll = _ZI%H[X?

where 77 is the relaxation time of the dynamic pressure of a constituent a. These
relaxation times are positive. Taking into account that

n—1 n o
PEb + Pyl =23 —(I1%)? > 0,

because 7* > 0 and W* > 0, and that the inequality (34) should be satisfied inde-
pendently from the production terms, we have the remaining inequality:

n—1

=) (AP + Alml + pte + 7" > 0.
b=1

This allows us to express the production terms by the main field as follows:

n—1

fb = Z((pbcic + ﬁbcﬂc =+ ybcfc)7

¢

n—1

~bh AC
m, *E Wpi s
C

n—1

&P = " (Byehl + Oelt” + 15L°),

c

(35)

n—1

ﬁb = Z(ybcic + Kbc‘/zc + wbcéc)ﬂ

C

where the matrix

Ppe ﬂ be Vbe
ﬂ be Gbc Kpe
Ybe Kbe pe

and . are positive definite. If these coeflicients are given, the system is closed.
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6.3. Characteristic velocities, K-condition and existence of global smooth
solutions

Let IV and 0U be, respectively, the generic characteristic velocity and the right
eigenvector of the hyperbolic system (1). For a single constituent of ETs, in par-
ticular, these quantities are evaluated in Chapter 14 of the book [14]. Therefore,
according to the structure of the mixture-type system of balance laws given by
Definition 1, the characteristic velocities and the right eigenvectors for a mixture
have the same expressions as those of the single constituent except for the change
of the field: U — U*. Then we obtain the following two kinds of waves with
a=1,...,m

(i) Contact waves:
V =uv,

where v} = v* - n with n being a unit normal vector to the wave front. In this
case, dp*, ovy, op* are arbitrary. Then, for any o, the contact wave has
multiplicity 4, and Jv) =0, 6I1* = —dp*, where v} denotes the tangential
velocity;

(i) Sound waves:

V=v, + éip._,_ry.
3 p

In this case, for arbitrary dp*, we have

(36) ovt = tm(y[3EEIY O e PN (PPAIEY gy - s
3 px /)o: poc
where I'* is given by (32).
Concerning the qualitative analysis, there exists a particular rule called
K-condition or genuine coupling condition, which was firstly given by Shizuta and
Kawashima in [15] (see also [§]).

DEerFINITION 2 (K-condition). A system (1) satisfies the K-condition if, in the
equilibrium manifold, any right characteristic eigenvectors oU are not in the null
space of VP, where V = 0/0U:

(37) oP|, = (VPoU)|; #0 VYoU # 0.

For dissipative one-dimensional systems (1) satisfying the K-condition, there
exists the following global existence theorem by Hanouzet and Natalini [6]:

THEOREM 2 (Global existence). Assume that the system (1) is strictly dissipa-
tive, a concave entropy exists, and the K-condition is satisfied. Then there exists
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0 > 0, such that, if ||U(x,0)||, <6, there is a unique global smooth solution, which
verifies

Ue C°([0,0); H*(R) n C'([0, 0); H'(R)).

This global existence theorem was generalized to a higher-dimensional case by
Yong [18] and successively by Bianchini, Hanouzet and Natalini [4]. Moreover
Ruggeri and Serre [11] proved that the constant equilibrium state is stable.

We now study the case of ET¢ polyatomic gas mixture. As only the last
component of the production P is non-zero (see (24)3), the K-condition (37) for
a single constituent is satisfied if 6IT* # 0 in equilibrium (I1* = 0). This is true
for both contact waves and for sound waves (see (36) and the inequality (32)
due to the concavity condition for (30) with (31)). In a mixture, the K-condition
becomes

5P|, + 6%, # 0.

This is satisfied because the first term is non-null since it is non-zero for a single
component and moreover we notice that of*|, # 0 by simple calculations using
(25)4, (35), (33) and (36).

Therefore the K-condition for a mixture is satisfied. Then, as we have proved
before the concavity of the entropy (see Section 6.2), we have reached the follow-
ing theorem:

THEOREM 3. The ETg mixture system (29) is symmetric huperbolic in the main
field components and has global smooth solutions for all time, which converge to
the equilibrium one provided that the initial data are sufficiently smooth according
to the assumptions in Theorem 2.

7. CONCLUSION

Following the idea of Truesdell, we have defined a system of balance laws of mix-
ture type, which is constructed by the system of a single constituent. For this kind
of system, we have studied the Galilean invariance, which not only dictates the
velocity dependence in the field equations but also permits us to identify the
global quantities of a mixture. Consequence of the entropy principle was also dis-
cussed in general by proving how it is possible to construct the main field of a
mixture starting from the main field of a single constituent. If the system of a
single constituent has a convex entropy, the system of mixture type preserves the
convexity and is symmetric hyperbolic. As a consequence, we have a well-posed
Cauchy problem and there exist global solutions for smooth initial data. The gen-
eral theory was tested by constructing, in a simple and direct way, the system of a
mixture of polyatomic gases that have a unique dissipative nonequilibrium quan-
tity, that is, the dynamic pressure.

In the following papers, using the present model of ET¢ mixtures, we will
study some intriguing problems: (i) shock wave phenomena [16], (ii) the parabolic
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limit of the present theory using the procedure of the so-called Maxwellian Itera-
tion 7). The comparison between the present theory with the previous Eulerian
mixture theory [12, 5, 14] will also be made.
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