This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

s, STEVEN M. CRAMER Separation Science and Technology

Publication details, including i ions for authors and subscription information:
SPARATIONSCIENCE [ tprrovwer informaworld comamppftitle-comtentotisronins — o
AND TECHNULUGY Note on Nonisothermal Flow in Field-Flow Fractionation
— .| Gerald Westermann-clark?

* DEPARTMENT OF CHEMICAL ENGINEERING, CARNEGIE-MELLON UNIVERSITY,
PITTSBURGH, PENNSYLVANIA

To cite this Article Westermann-clark, Gerald(1978) 'Note on Nonisothermal Flow in Field-Flow Fractionation', Separation
Science and Technology, 13: 9, 819 — 822

To link to this Article: DOI: 10.1080/01496397808057129
URL: http://dx.doi.org/10.1080/01496397808057129

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496397808057129
http://www.informaworld.com/terms-and-conditions-of-access.pdf

14: 05 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 13(9), pp. 819-822, 1978

NOTE

Note on Nonisothermal Flow in Field-Flow Fractionation

GERALD WESTERMANN-CLARK

DEPARTMENT OF CHEMICAL ENGINEERING
CARNEGIE-MELLON UNIVERSITY
PITTSBURGH, PENNSYLVANIA 15213

Myers et al. (I) derived an expression for the velocity profile of a fluid
flowing under an applied pressure gradient between parallel flat plates
separated by a small distance 4. The coefficient of viscosity (u) was
allowed to vary between the plates, say, as the result of a (linear) tempera-
ture gradient established by controlling the temperature on each plate
to a different value. In this note an error in their hydrodynamic analysis
is corrected, and sample calculations are given to demonstrate the possible
quantitative effect of this error on the fluid velocity profile.

For an incompressible Newtonian fluid flowing steadily in the x-
direction (parallel to the plates), with both the fluid viscosity (1) and
velocity (v) varying only with position between the plates (y), the correct
form of the equation of motion is (2)

d| dv|l _dP _—AP i

|\ | T T L @
the pressure gradient being constant because v is only a function of y.
Equation (1) is different from the incorrect equation of motion used by

Myers et al. (see their Eq. 6), and here lies the source of their error.
The solution of Eq. (1) with no slip boundary conditions, v(0) = v(h) = 0,
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where the constant C, is given in the Appendix and g, is the fluid viscosity
at y = 0. If the viscosity is constant at u, for 0 < y < A, then Eq. (2)
reduces to the parabolic velocity profile of plane Poiseuille flow (2).

Let the plates at y = 0 and y = & be fixed at different temperatures
T, and T,, respectively, and assume 4 is small compared to the length
of the plates so that the temperature gradient is constant between the
plates. (The thermal conductivity of the fluid must be temperature inde-
pendent for this linearity as well.) Myers et al. assume that fluid viscosity
varies exponentially with temperature:

= py exp (4/T) 3

Since the temperature profile T(y) is linear, the variation of fluid viscosity
between the plates is

po=p, exp [Co/(1 + Cay/h)] @

where the constants C, and C, are given in the Appendix. Substitution
of Eq. (4) into (2) yields

—~AP
v = ( L ) exp (C){[L]e, 7 — Cyll,1e,59} )

The notation 7], represents two cumbersome integrals evaluated between
a and b, and the function ¢(y) and constant C, are also given in the
Appendix. The function Ei(—q), which appears in I, and I,, is the ex-
ponential integral function (3). The position of the maximum in the
velocity profile is

[I] q(h)
Ymax = [Ij]zzq(h) = C4 (6)

Equations (5) and (6) correspond to Eqgs. (13) and (14) in Myers et al.,
and Tables 1 and 2 contain numerical comparisons between these equa-
tions. For several values of uo/u(h) and C,, values of y_,, and the ratio
v'/vp were computed, where v’ is the velocity at y = 4/2 computed from
either Eq. (5) here or Eq. (13) in Myers et al. vp is the velocity which
would be obtained in plane Poiseuille flow (u = u, = constant), again
at y = h/2. These tables indicate that y,,, and v'/vp are influenced much
more by the ratio of viscosities at the two plates (ug/u(h)) than by the
dimensionless temperature difference across the plates (C;). Disagreement
with the work of Myers et al. stems from two sources: (1) the form of
the equation of motion used by them is incorrect; and (2) the present
derivation refrains from using a truncated series, which they used (their
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TABLE 1

Position of Maximum Velocity (yma../#) versus Ratio of Viscosities (uo/u(h))
and Dimensionless Temperature Difference (Cs)

82i

Ymaslh

Holu(h)® Cs Here (Eq. 6) Myers et al. (Eq. 14)
1 0 0.500 0.500
1.11 1 0.508 0.508
1.65 0.5 0.540 0.531
2.46 0.25 0.573 0.546
2.72 1 0.575 0.581
2.72 0.5 0.579 0.561
3.32 0.4 0.594 0.568
4.48 1 0.608 0.617
7.39 1 0.639 0.649

20.09 1 0.690 0.701

@ u(h) is the viscosity at y = & (see Eq. 4). The dimensionless viscosity parameter
C is related to (uo/u(h)) by (uo/u(h)) = exp (C;) exp (—Cz/(1 + C3)). The

parameter f§ in Myers et al. equals

(C2C3).

TABLE 2

Velocity at Midpoint between Plates (v') versus the Ratio of Viscosities (¢o/u(/))
and Dimensionless Temperature Difference (C3)°

v'fvp
wofu(h) Cs Here (Eq. 5) Myers et al. (Eq. 13)

1 0 1 1

1.11 1 1.06 1.11
1.65 0.5 1.31 1.47
2.46 0.25 1.58 1.80
2.72 1 1.77 2.95
2.72 0.5 1.71 2.22
3.32 0.4 1.87 2.46
4.48 1 2.34 5.39
7.39 1 3.08 10.21

® vp is the midpoint velocity if the viscosity were constant at uzo. The ratio v'/v, is

independent of plate separation (/).
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Eq. 10) in approximating the temperature-dependence of viscosity. The
importance of these errors depends on the details of the separation process,
but it seems prudent to use the exact solution presented here in the analysis
of data from field-flow fractionation.

APPENDIX

"
j‘ Ho V¥ dy*
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Cz = A/TO
Cs = (T, — TH)/T,

C, =

ty = Ho exp (—C)

.
10) = 157¢

C.hle ¢ q(y)
I, =—2—[fq— + Ei(—q)]

C3 Cx
B (o I
Acknowledgments

The author thanks Professors Howard Brenner and John Anderson
and Dr. Christopher Reed for their helpful discussions.

REFERENCES

1. M. N. Myers, K. D. Caldwell, and J. C. Giddings, Sep. Sci., 9(1), 47 (1974).

2. J. Happel and H. Brenner, Low Reynolds Number Hydrodynamics, Prentice-Hall,
Englewood Cliffs, New Jersey, 1965, pp. 27 and 34.

3. W. H. Beyer, Standard Mathematical Tables, 24th ed., CRC Press, Cleveland, 1976,
p. 442,

Received by editor February 16, 1978



