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A bilayer model proposed in [1] is used to investigate the mechanism of heat transfer reduction of surfactant-
induced drag-reducing channel flow with a constant heat flux imposed on both walls by direct numerical
simulation. In the bilayer model, Newtonian fluid and viscoelastic fluid are assumed to coexist with shear
stress balance satisfied between the two fluid layers. A Giesekus model is used to model the viscoelastic fluid
induced by the addition of surfactant additives. High-order compact difference schemes are applied to
discretize the convective and diffusion terms whereas MINMOD scheme is used to discretize the convective
terms in the Giesekus constitutive equations to enhance numerical stability. The effectiveness of the
surfactant additives at different flow region on heat transfer reduction is investigated.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

It is well known that the addition of a small amount of surfactant
additives into turbulent pipe flow may remarkably reduce friction drag,
increase flow rate and/or decrease pressure drop. The drag reduction
produced by surfactant additives when applied in industry can bring
tremendous economical and social benefits. However, accompanied by
drag reduction, heat transfer of the fluid is also reduced because of
dramatic suppression of turbulence by surfactant additives [2–5]. The
significant reduction of heat transfer rate can affect the efficiency of heat
exchanger and decrease the performance of the heat transfer system and
therefore deteriorate the capacity of the entire system. Efforts should be
made to control the heat transfer reduction appropriately tominimize the
negative effect of surfactant additives. In order to precisely control
turbulent transfer, at the first stage how heat reduction is affected by
additives at different flow region should be understood. It is interesting
not only in terms of scientific research but also from the standpoint of
engineering application.

In 2005 aDNS studyon turbulent heat transfer of a drag-reducingfluid
wasfirst carriedout byYuet al. [6], inwhich a viscoelasticGiesekusmodel
was employed and most of the experimental phenomena were
successfully reproduced. The mechanism of heat transfer reduction in
drag-reducing flow was discussed. Later, Kagawa et al. (2008) [7]
performed a DNS of viscoelastic drag-reducing fluid flow accompanied
by heat transfer at isofluxwall condition. Three cases of high heat transfer
reduction rate were simulated and the effect of surfactant additives at

different rheological parameters was identified. The total thermal
resistance, inverse of Nusselt number, was determined by two compo-
nents calculated quantitatively, which clarified the mechanism of heat
transfer reduction. This kindof analyseswereperformedbyFukagata et al.
(2005) [8] to analyze the contribution of turbulent heatflux to theNusselt
number in turbulentNewtonian channel flow. Through the analyses, they
proposed a strategy examined by DNS for the simultaneous control of
turbulence.

Till now, all the DNS studies on turbulent heat transfer reduction of
drag-reducing flow by surfactant additives assumed that network
structures were formed by surfactant additives existing in a whole flow
region at a same concentration. In fact, the network structures are not
distributed uniformly in an entire flow field, and they are likely affected
by many factors such as shear stress or temperature during their
formation and may have different distributions at different conditions.
In order to investigate the effect of surfactant additives on heat transfer
at different flow regions, we need to establish a model which can
consider thenon-uniformdistribution differenceof surfactant additives.
In [1] a simplified and ideal bilayer model with coexisting Newtonian
and viscoelasticfluidwasproposed to study the drag-reduction features
by surfactant additives. In the present study, we employ the bilayer
model to simulate the turbulent heat transfer of surfactant drag-
reducingfluidflowandexamine theeffectivenessof surfactant additives
to turbulent heat transfer at different flow regions.

2. Physical model

A bilayer model for flow with Newtonian and viscoelastic fluid
coexistence was proposed in [1]. The flow to be studied was a fully-
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