Heat Transfer with Viscoelastic Fluids in Turbulent Flow

Ng, Cho and Hartnett (1980) showed that surprisingly long test
sections are required to obtain fully developed heat transfer data
for viscoelastic fluids. Kwack, Cho, and Hartnett (1981) reported
heat transfer data for seven concentrations of Separan AP-273 in
water with a test section length to pipe diameter ratio of greater
than 430. This is sufficient to provide fully developed flow heat
transfer data. Hughmark (1979) considered data for turbulent flow
heat transfer with viscoelastic fluids as an extension of a three region
model for Newtonian fluids. This note revises the prior work using
the recent fully developed turbulent flow data and a recent sug-
gestion by Campbell and Haunratty (1983) for wall region mass
transfer.

NEWTONIAN FLUID MODEL

The three region resistance model for turbulent flow of New-
tonian fluids is:
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Campbell and Hanratty (1983) suggest that turbulent mass
transfer at high Schmidt numbers is controlled by low frequency
velocity fluctuations that contain only a small fraction of the total
energy. Nonlinear calculations resulted in the equation:
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utilizing the limiting value of the spectral density function of 3 for
small frequency, W 4(0). This suggests a two region resistance
model:
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in which equation 1 represents k+w. Hughmark (1971, 1972)
shows:
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for the core contribution so Egs. 2 and 3 can be combined to esti-
mate ktw for heat transfer data. The data of Kolar (1965) for air
and the data for water of Dipprey and Sabersky (1963) and Moyls
and Sabersky (1978) cover the Prandtl number range from 0.7 to
10.3. Correlation of k*y for these data with the Prandtl number
shows:

k+w = 0.0855N 27005

with a standard deviation of 0.0058 for the Prandtl number ex-
ponent. Thus these data show a Prandtl number exponent consistent
with equation 1. Combination of these heat transfer data with the
mass transfer data of Shaw (1977) for the Schmidt number range
of 693 to 37,200 shows by correlation:

k*w = 0.0866(Np, or Ng,)~0.704 (4)
So Eq. 1 appears to apply for Newtonian fluids over a wide range
of Prandt] and Schmidt numbers.
VISCOELASTIC FLUID MODEL
Kwack, Cho and Hartnett (1981) report that concentrations of

Separan AP-273 less than 30 wppm were found to be shear rate
independent. Reduction in drag and heat transfer with fluids of
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5, 10 and 20 wppm then represent a viscoelastic response without
a power-law fluid response. Heat transfer data with 30 wppm and
higher concentrations are not shear rate independent so include
a power-law non-Newtonian response in addition to the viscoelastic
fluid response. Equations 2, 3 and 4 can then be used to calculate
k+w for the 5, 10 and 20 wppm data. Hughmark (1975) suggested
that the wall region frequency is related to the ratio of fz/fy.
Addition of this ratio to Eq. 4 results in the equation:

k+w = 0.0866 %‘E(N pr OF Ng,)~0.704 (5)
N

which shows an average absolute deviation of 7.6% with the 15 data
sets from the 5, 10 and 20 wppm data.

NOTATION
= friction factor

kt = dimensionless transfer coefficient

Ne, = Prandtl number

Nge = Reynolds number

Ng, = Schmidt number

Wg(0) = spectrum of fluctuations of 3 for small frequency
= time varying part of dimensionless normal velocity

Subscripts

B = wall boundary region

C = core

E = viscoelastic

N = Newtonian

T = transition region

w = wall region
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