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Abstract-Heat transfer rn~s~~en~ are reported on beterog~eous and homogeneous drag reduction 
systems. The heterogeneous drag reduction is caused by injecting concentrated polymer solution into 
turbulent pipe flow. The heat transfer reduction in heterogeneous drag reduction proves to be equal to the 
reduction of the radial momentum transfer. The experimentaf evidence suggests that it may be possible to 
achieve considerable drag reduction in supply lines to heat exch~gers~thout dim~ishing the heat transfer. 

Reynolds number based on the physical 
properties of the solvent; 
polymer concentration averaged over 
the tube cross section calculated from 
the rates of flow of water and conccn- 
trated polymer solution; 
pressure drop; 
heat transfer coefficient based on the 
logarithmic-mean temperature-differ- 
ence; 
drag reduction is calculated from 100 x 

(AP, - &,,)/AP,; 
heat transfer reduction is calculated 
from 100 x (h, - ~~~)/~~. 

Subscripts 
N, (Newtoni~) is used for the measure- 

ments with pure water; 
dr, is used for drag reduction measurements. 

INTRODUCTION 

CONTINUOUS injection of concentrated polymer 
solution into turbulent pipe flow provides an 
effective and convenient mean to obtain large 
degrees of drag reduction, both at very low 
concentration levels and at relatively low Rey- 

nolds numbers. This kind of drag reduction is 
caused by the presence of a long polymer thread 
which is formed during the injection process 
[l, 21. We shall call this kind of drag reduction, 
heterogeneous drag reduction and drag reduc- 
tion caused by a homogeneous polymer solu- 
tion, homogeneousdragreduction. Experimental 
evidence is available (a detailed set of measure- 
ments will appear in the doctorate thesis of the 
first author [2]) that the thread or thread-like 
structure is still intact after a length equivalent 
to 1000 tube diameters. 

Literature [3] reports that in homogeneous 
drag reduction momentum and heat transfer 
are affected in different ways. A possible explana- 
tion might be that in homogeneous drag reduc- 
tion the heat transfer is affected by the changed 
nature of the tr~sition layer due to both the 
change in momentum transfer and the presence 
of polymer molecules in the viscous zone and the 
transition layer. In our previous article [I] we 
made the assumption that the polymer thread 
will affect first of all the large eddies. This 
means that the polymer thread will influence 
both layers via the decreased (radial) momentum 
transfer only. Now, if the analogy between heat 
and momentum transfer applies in this situation, 
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the heat transfer will decrease like the momen- 
tum transfer. 

HEAT TRANSFER MEASUREMENTS 

The experimental set-up consists of a tube-in- 
shell heat-exchanger equipped with copper- 
constantan thermocouples to measure the mlet 
and outlet water and steam temperatures as well 
as the temperatures on the outside wall of the 
tube (Fig. 1). Uniform heating is obtained by 
condensing low pressure steam. The tube is 
fabricated from copper and has an o.d. of 
10 mm and an i.d. of 8 mm. The heat exchanging 
section of the tube is 1.04 m long. A small 
injection tube is soldered into the entrance sec- 
tion and two pressure taps are fitted just before 
and after the heat-exchanging section. Tap 
water is pumped once-through by a centrifugal 
pump from a supply vessel. Flow rates are 
measured in the supply line with a Fischer- 
Porter turbine flow meter, pressure drop 
measurements are made with a Texas Instru- 
ments servo precision pressure gauge. We 
supply the concentrated polymer solution from a 
constant discharge displacement pump. 

Introductory measurements gave reasonable 
agreement between the measured heat transfer 
and the heat transfer calculated from the 
accepted correlations. The average value of the 
three measured wall temperatures was used in 

calculating the heat transfer coefficient based 
on the logarithmic-mean temperature-difference. 
We measured the heat transfer together with 
the pressure drop at two Reynolds numbers as 
a function of the polymer concentration 
(averaged over the tube cross section), by 
injecting a 5000 ppm Separan solution (Separan 
AP 30 is a polyacrylamide made by Dow) at 
various injection rates. The results are given in 
Fig. 2. Considering the inherent spread in heat 
transfer measurements, the results are very 
satisfactory. Within the experimental error the 
heat transfer reduces like the radial momentum 
transfer. We also made some heat transfer 
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FIG. 2. Results from heat transfer and pressure drup 
measurements in a heterogeneous drag reduction system at 

two Reynolds numbers. 
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FIG. 1. Experimental set-up for heat transfer and pressure 
drop measurements on heterogeneous drag reduction. 
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m~urements in homogeneous drag reduction. 
The results are given in Fig. 3. The heat transfer 
values tend to be a little lower than the drag 
reduction values. 

0 

0 
Ue = 61000 

0. Heat transfer 

0 Drag 

c, pm 

FIG. 3. Results from heat transfer and pressure drop 
measurements in a homogeneous drag reduction system at 

two Reynolds numbers. 

DISCUSSION 

Comparison of the homogeneous measure- 
ments with literature values is difficult since 
most of the reported measurements deal with 
much more concentrated solutions or with 
different kind of polymers than we used. How- 
ever, in most of the reported measurements the 
reduction in heat transfer is larger than the drag 
reduction. The fact that the analogy between 
momentum and heat transfer in heterogeneous 
drag reduction appears to hold seems a strong 

indication of the correctness of our assumption 
that the boundary layer is influenced only via 
the decreased momentum transfer. However, 
extensive measurements are required to give 
conclusive evidence. 

We have demonstrated [2] that transition of 
heterogeneous drag reduction into homogene- 
ous drag reduction within one system is possible. 
Since at low Reynolds numbers the homo- 
geneous drag reduction is negligible and, con- 
sequently, the heat transfer is unchanged, the 
injection technique may offer an interesting 
application in large heat transfer systems. If 
we take for example a heat transfer system con- 
sisting of a long supply line and a heat transfer 
system consisting of a long supply line and a 
heat transfer section, injection of concentrated 
polymer solution effectively reduces the pres- 
sure drop in the supply line; destroying the 
thread at the beginning of the heat transfer 
section can result into a non-drag reduction 
situation, which means non-reduced heat trans- 
fer. 
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TRANSFERT THERMIQUE DANS UN SYSTEME HETEROGENE A REDUCTION DE 
TRAINEE 

RhomLOn rapporte des mesnres de transfert thermique sur des systemes fi reduction de trainee hetero- 
genes et homogenes. La reduction de train&e heterogene est due a I’injection dans l’tcoulement turbulent 
en conduite dune solution de polym&e concentrke. La reduction du transfert thermique dans le cas 
dune reduction de trainee h&&og&ne est 6gale a la reduction du transfert radial de quantitk de mouvement. 
L’evidence exprkimentale suggere qu’il serait possible d’obtenir une reduction considerable de trainee 

dans des canalisations des khangeurs de chaleur sans diminuer le transfert the~ique. 
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WARMEUBERGANG IN EINEM HETEROGENEN SYSTEM DER 
WIDERSTANDSVERMINDERUNG 

Zusammenfassung-Es wird iiber Messungen des Warmeiibergangs an heterogenen und homogenen 
Systemen der Widerstandsverminderung berichtet. Die heterogene Widerstandsminderung wird durch 
Einspritzen einer konzentrierten Polymerlosung in eine turbuiente Rohrstromung erreicht. Die 
Reduzierung des Warmetibergangs bei heterogener Widerstandsminderung erweist sich genau so gross. 
wie die Reduzierung des radialen Impulsaustausches. Das Experiment ergibt die Moglichkeit. eine 
merkliche Widerstandsminderung in Zuftihrungsleitungen zu Warmetauschern zu erreichen ohne 

Verminderung der tibertragenen Wit-me. 

CHB?KEHHFi .~IOFOHOrO 

WTepOreAJJbIX J1 TOMOIY'HHMX CPIC,TeMikS CIJLi7SWHEIFI ~OOOJ3OrO COnpOTAB.WHIIR. rPTepOreHHOe 

CHHH(eJILfP COnpOTJ4JJJIeHWI AOCTJIJYLPTCFJ JJ'fTeM IJOAaWi KOHI~eHTpHpOBaHHOJ'O JJ~IOIIMepHOi-0 

paCTJJOpa B T)'pr'iyneIITHhIir nOTOJ E H Tpyrie. Omnbn3aevx, YTO y,veHbmemIe nepeHoca Tema 

np" reTepOreHHOM CFJIIlfFeHHH fOnj'lOTJIBJIeHI4fJ paRHO )'MeHbIJIeHHJO paAAanbHOr0 IIepeJJOCa 

JEoxwwTBa ~13nw~Jrr~. :')JFcney)JJaIerrTa,bHan nposepKa noHa3a;ra. wo vow10 ,?ocTnvb 

:JHa'llITe;IbHO~O ~MeHhJIleJIJIH ('OJIpOTJIB~PHIIff B nO~aJOQJ,X Tpy6OIIpOBOaaX TPJUIOO6MeJJHJI- 

IiOn. HP rHnHiaR nepeHoca TeIIza. 


