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Heat transfer and flow resistance characteristics with drag reducing
nanofluids in circular tube
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(School of Energy and Power Engineering, Northeast Dianli University, Jilin 132012, Jilin, China)

Abstract: Drag reducing nanofluids can reduce flow resistance and enhance fluid convective heat transfer. In this
study, the convective heat transfer coefficient and flow resistance coefficient were determined experimentally at
the Reynolds number of 4000—16000, with 0—0.5% mass fraction of graphite multi-walled carbon nanotubes,
A1,03, Cu, Al, Fe,O3, and Zn nanoparticles added into a concentration of 100—400 mg * kg_1 cetyl trimethyl
ammonium chloride (CTAC) drag reducing fluid. The ratio of the two fluids and preparation method were
examined and the overall performance on convective heat transfer and flow characteristics was evaluated. The
results show that the drag reducing fluid forming by sodium salicylate, CTAC and deionized water presents certain
stability and significant drag reduction characteristic. At the drag reducing fluid concentration of 200 mg * kg™, the
drag reduction performance is the best. Graphite nanoparticles give better overall performance in enhancing
convective heat transfer and reducing flow resistance among the nanoparticles. At 0.4%(mass) of graphite
nanoparticles, the overall performance factor K is five times that with deionized water, presenting the best heat
transfer and drag reduction characteristics, so it has good application prospects. Finally, a correlation is obtained
by fitting the heat transfer and flow resistance of the drag reducing graphite nanofluid in circular tube, which is in

good agreement with the experimental values.
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Table 1 Physical parameters of various nanoparticles
Properties Cu Al AL O3 Fe O3 Zn Graphite ~ Multi-walled carbon nanotubes
average particle size/nm 40 40 20 40 40 40 10
purity/% 99.9 99.9 99.99 99.9 99.9 99.9 98
colour purple brown black white red brown black black black
shape sphere sphere sphere sphere sphere sphere cylinder
density /kg * cm™ 8900 2700 3900 5240 7140 2180 1300
specific heat capacity /T * kg™ « ‘C™' 390 880 1300 720 380 710 510
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Fig.2 Nanofluid settlement observations
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Table 2 Laboratory instruments and uncertainty

Instruments Uncertainty/%
thermal resistance 0.5
differential pressure transmitter 0.5
rotameter 0.5

*3 ZRTEREATHEE

Table 3 Experimental variables and uncertainty

Variable Uncertainty/%
friction factor, f 1.7
heat transfer factor, & 8.6
Reynolds number, Re 1.1
Nusselt number, Nu 11.5
tube diameter, d 0.1

tube length, / 0.1
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