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Abstract The prediction of heat transfer and pressure drops in the exchanger passages is a clue to the problem
of heat exchanger design. In order to make such predictions for non-Newtonian fluids, it is necessary to know
the relation between the viscous properties of the fluid and the wall shear rate in the duct. This study deals
with the limits of validity of the power law equation. The useful methodology of the present research involves
a consideration of a more general equation which has power law and Newtonian behavior as asymptotes. It is
concluded that use of the power law equation outside of its applicability range can lead to serious errors in
predicting the heat transfer and pressure drops. The present computational results of the friction factors times
Reynolds number for shear-thinning fluid flows in a triangular duct are compared with previous published
results, showing agreement with 0.13 % in Newtonian region and 2.85 % in power law region. These
shear-thinning fluid results also showed the 12% increase of convective heat transfer enhancement compared
with Newtonian heat transfer.
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[Fig. 1] Typical flow curve of a Shear-Thinning fluid
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[Fig. 2] Schematic diagram of triangular duct
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[Table 1] Dimensionless Kozicki coefficients™ for
isosceles ducts

Trlangz@a;;ex angle c1 2
10° 0.1547 0.6278
20° 0.1693 0.6332
40° 0.1840 0.6422
60° 0.1875 0.6462
80° 0.1849 0.6438
90° 0.1830 0.6395
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[Table 2] Data of dimensionless pressure drop
(f = Re,;) with 60 degrees of isosceles apex

og B
- 40|- 3.0|- 20(-10[{ 00 [ 1.0 | 20 | 3.0 | 40
n

1.0 [53.39(53.39(53.39|53.39|53.39|53.39(53.39(53.39(53.39
0.9 |[53.39(53.37(53.21|52.29|49.07|46.06(45.52(45.46|45.45
0.8 |53.38(53.36(53.16|51.62|44.92|39.81|38.83(38.72(38.71
0.7 |53.38(53.35(53.02|49.42|39.62|33.14(33.09(32.98| 32.87
0.6 |[53.38(53.33(52.78|49.16|36.56|29.16(28.0627.94(27.93
0.5 |[53.38(53.32(52.74|47.63|32.54|24.84(23.75(23.63|23.62
0.4 |53.38(53.32(52.51|46.24|29.05|21.24(20.11(19.94(19.92
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[Fig.3] Product of friction factor and Reynolds number (f-
Rey) vs. shear rate parameter (B ) for
shear-thinning fluids in an isosceles triangular duct
with 60 degrees of isosceles apex
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[Table 3] Present and previous data of f - Re 4, for

Newtonian fluid

20 f - Bey, f- R,
(previous)[1] (present)
0° 48.000 48.000
10° 49.896 49.925
20° 51.288 51.354
30° 52.260 52.317
40° 52.888 52.948
50° 53.228 53.292
60° 53.332 53.391
70° 53.244 53.298
80° 52.992 53.047
90° 52.612 52.669
120° 50.976 51.016
150° 48.904 48.953
180° 48.000 48.000

[ 4] 60° HAH HZ} A44E 9EQ 9z {49
f+ Re, &9 30 =249 vl

[Table 4] Present and previous data f - e, for power

law fluid with 60 degrees of isosceles apex

n [+ Re, (previous)[5,6] [+ Re, (present)
0.4 19.197 19.921
0.5 22.866 23.624
0.6 27.161 27.935
0.7 32.206 32.873
0.8 38.140 38.716
0.9 45.126 45.452
1.0 53.357 53.391

3.45

log 5

[O8] 4] 60° XA Wzt 4244 Y E 9] shear-thinning &
Ao s gefuete] tigt FAE 4=9] W3t
((CHF, H)

[Fig.4] Nusselt number (CHF, H) vs. shear rate parameter
(8 ) for shear-thinning fluids in an isosceles
triangular duct with 60 degrees of isosceles apex
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