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Turbulent Diffusion of Heat in Jets of 
Dilute Polymer Solutions 
POLYMER solutions which reduce drag friction have been 
shown1 to have two different physico-mechanical struc
tures; these are characterized by the presence or absence 
of continuum viscoelastic properties. Both types of solu
tion, however, contain coarse viscoelastic par_ticles
associates of macromolecules which are responsible for 
hydrodynamic drag reduction near the smooth surface 
(Toms effect). The effect (positive or ~ega~ive) of polymer 
additives on the development of Karman vortices has 
been shown to depend on the structure of the solution•. 

This work investigates the turbulent diffusion of heat 
in jets of polymer solutions, and shows that the effect of 
polymer additives on jet turbulence dep_ends on the 
structure of the solution. Aqueous solut10ns of poly
ethylene oxide (Polyox WSR-301) and Gu1;1-r gm:1 were 
used in the investigations. Polyethylene oxide e_viden~ly 
forms a continuous fluctuating lattice of polymeric chams 
in aqueous solution, which results in noticeable cont~nuum 
viscoelasticity. Guar gum forms 1:10 such. contm:10us 
lattice in water, but forms separate viscoelastic associat~s 
suspended in the practicall)'. Newtonian _solvei:it. Elastic 
solutions of polyethylene oxide also acqwre this st_ructure 
after being subjected to shear stresses_ for som~ tni:ie. 

Temperature profiles in submerged Jets, flowmg mto a 
liquid at a different temperature, _were measured by _a 
thermocouple mounted in a heat-msulated hypodernnc 
needle 1·4 mm in diameter. The diameter of the nozzle 
orifice was 3· l mm. This method is free from the un
desirable effects, such as screening, which are associated 
with the Pitot tube method for measuring velocity profiles. 
The rate of flow through the nozzle orifice was maintained 
at 5 m/s and the total error in the measurements did not 
exceed 1 per cent. 
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Fig. 1. O, Wat.er; A, elastic solution ofpolyethylen~ oxide, 100 p.p.m.; 
+, solution of polyethylene oxide, 100 p.p.m., bro_ken mto associates by"' 

thermostatic pump; e, Guar gum solut10n, 500 p.p.m. 

The measured difforence, 6T, between the temperature 
of the liquid in the trough upstream of the nozzle exit and 
that in a given point of the jet was related_ to. the_ fixed 
difference between the temperature of the liquids m the 
tank and in the trough, 6T0 , which was 10°-20° in our 
experiment. Fig. 1 shows the distribution of the _value 
0 = !:;.T / 6T O along the jet axis, depending on the dimen
sionless distance to the nozzle X =x/D (Dis the diameter 
of the nozzle orifice). Because solutions of polyethylene 
oxide readily lose their capacity to reduce drag, non
elastic polyethylene oxide solutions were also tested by 
observing the reduction in drag experienced by a rotating 
disk. This reduction was almost the same as in the case 
of a fresh elastic solution. Fig. 2 shows temperature 

1195 

profiles measured along the jet croEs-section at a distance 
X = 20 from the edge of the nozzle. The dimensionless 
radius R = r/D was plotted along the horizontal axis. 
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Fig. 2. Symbols same as Fig. I. 

These measurements indicate that the behaviour of 
submerged jets of polymer solutions depends on the 
physico-meehanical structure of the solution. The jets 
of elastic polymer solutions seem to show more long range 
effects than those of a Newtonian fluid, which indicates a 
decrease in the turbulent diffusion of heat within the jet. 
Alternatively, the jets of non-elastic solutions of poly
ethylene oxide, and of solutions of Guar gum, show fewer 
long range properties and greater turbulent diffusion than 
jets of water. Reduction in turbulent diffusion is usually 
associated with continuum viscoelastic properties of tho 
solution which damp turbulent pulsations; the higher the 
frequency of the pulsations, the greater the damping 
effect. An increase in turbulent diffusion in jets of non
elastic solutions is connected with the presence of particle
associates. Increase in frequency and intensity of the 
Karman vortices and the results given here are evidence of 
the disturbing effect of particle-associates on inertial 
turbulent vortices. This phenomenon is similar to the 
effect of suspended particles on turbulent drag in the 
flow core in a tube. Bobkowicz and Gauvin, who 
investigated reduction in frictional resistance caused 
by suspended particles moving in tubes, have shown3 

that non-concentrated suspensions of nylon fibres cause a 
considerable increase of turbulent mixing in the core of 
the flow . 

Submerged jets of polymer solutions have been studied 
by Gadd4 and White5 • White shows that there is an 
increase in turbulent mixing in the submerged jet of poly
ethylene oxide solution, whereas Gadd reports a reduction 
in the intensity of turbulent diffusion in jets of the same 
solution. The results given here may explain this dis
crepancy: Gadd and White could have used solutions 
which differed in structure. Moreover, White measured 
velocity profiles with a thin Pitot tube, in which screei:iing 
of the opening by associates would make the readmgs 
lower than the actual volocity pressure. 
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