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In this paper, important results in fluid mechanics obtained by Green and
Rivlin (1956), Ericksen (1956) and Jones (1961) have been derived using
Seth’s method.

INnTRODUCTION

Seth (1965, 1970) has stressed the importance of constructing generalized
measures with parameters to be adjusted inconformity with experiments.
Kachanov (1962) has suggested such a procedure for explaining the rapid
propagation of cracks. Seth has constructed a generalized measure to in-
vestigate the elastic-plastic deformation, creep and other irreversible pheno-
mena ete.

MAarHEMATICAL FORMULATION

In fluid mechanics we use the well known measure
28,7 = ugj—*—u” (I)

u; being the velocity vector. This can be generalized in the form

et —-ocﬂ g——l
f ()t (1—2meg)”  [1—(1—2mey)n/2]% 1 dey. .. (2)
Writing o = 1, # = —1 and integrating we obtain
eM = (1/mn)[1—(1—2mey)n'?]. ... {3)

Writing # = 2 in eqn (3) we get the ordinary measure
eg-‘ = €4 (4)
In eqn. (2) if we put £ = —1 and » = 2 and integrate, we get the measure
for power law fluids in the form
eff = ek e (5)
Writing &« = 1, #= —1 and » = 0 in eqn. (2) we obtain logarithmic
measure corresponding to Henckys’ measure in the form
e = —In(1—2meg)/2m. .. (6)
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Frow or Fruips THROUGH NON-CIRCULAR TUBES

In these problems we assume the velocity components in the form

9, =0, v, =0 and v; = 2f(z, y)

(7)

where the axis of the tube is taken along the z-axis. Referring to the principal

axis (@', y',2’) the principal strains éan be derived in the form
ey = V(2+1)
&y = — V(A
==y =0 where f,=% 5,7

xy vz

Now the generalized components are given by

ek = (1mm)[1—(1—2m/(f3-+f2)n2] |
62‘;} = (1/mn)[1—(1-+2m/(f2-H2)n/2)

M M M
e..—¢e,, =€, =0,
yz zz xy

If these components are referred to the original axis we get

J;erfz — (1 —2m/(f24-F2)n2— (14 2m/(f24-f2))n/2]

= m%—y—) [2— (L= 2m /() — (L 2/ ()]

e = (1/2mn)2—(1—2m/ (3T (L4 2/ f2+ )]
Sl 2= (=2 (BT — (14 2me /(24 f2) )
X

2mn(f2+f2)
eM fy[ 1+2m\/(f2 fz))"/2 (1— 2'm,\/(_f2+f2) yn/2]
2mnn/ (FE1-12)
o — Ll 2my/ G — (L —2m/(F4 )]
= 2/ (FET7)

STRESS-STRAIN RELATIONS

(11)
(12)
(13)

(14)

(15)

The relation between the stress tensor 74 and the generalised strain rate

measure is taken in the form

Tiy = —pdy-+0elf

(16)
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where p is the pressure, 8;; is the kronecker delta and 6 is a function of the
flow invariants

Writing n = 2 in eqns. (10) to (16) we obtain

Substituting » = 4 in eqns. (10) to (15) we obtain
e = —mfy, efl = —mf}, e = —m(f2-+17) 1 a8)
18
ey = —mffy, e =f, ="/ J

Using (18) in (16) we get
Toe = —p_mﬁff, Tyy = —p—‘mef&% 1
Tzs = —p—mﬁ(fﬁ+f§), Tey = —mgfmfy ‘L .o (19)
J

'Tyz == ny, sz = Ofﬂ't
In the above formulae if we simply write

m = —y/f. ... (20)
we find the following results.

= —p+Yfi Ty = —D+YI}
Tz = ‘P+¢(f§+f3): Ty = 1/’farfy’ - (21
Tyz = 0fy» Tex = 6far

The above results agree with the results obtained by Green and Rivlin
(1956). They have taken the stress-strain relations in the form

T(BE

Ty = —p&i,-+ﬁei,-+z/feikek,- (22)
where 6, Y are polynomials in the invariants.
If we take
m = —fo(l,, L;)[fiIs. I5) . (28)
where I, = 0 and I, = —(f%4-f2) we obtain the results of Ericksen (1956).
If we merely write
m = —27[y ... (24)

we get the results of boundary layer equations in non-Newtonian fluids in-
vestigated by Jones (1961),
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For n = 6 we easily obtain
Tae = —P—2mOf3, Ty = —p—2m0f;
Toz = —P—2mO(f3+f3), T4 = —2mOf fy
Tyz = Ofy[4m¥(f24-13)[3+1]
Tow = Of [4m*(f2-+13)[3-+11.

|

. (25)
|
J
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