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Results  are  given of a study of the effects of organic additives on the hydraulic res i s tance  
and heat t r ans fe r  in turbulent flow. 

The reduction of hydraul ic  res i s tance  in pipe lines is of well known importance.  Such reduction is 
found not only when solid par t ic les  (i. e. flowing suspensions) are  added to a homogeneous phase but also 
with solution of organic additives. 

The lack of semi-quant i ta t ive  theory of the effects of such additives on frictional res i s tance  and 
heat t r ans fe r  has led to extensive experimental  work to determine both the average  and fluctuating pa ram-  
eters  in turbulent flow conditions [1-10]. 

Experimental  data f rom numerous sources  allowed qualitative analysis  of phenomena in turbulent 
flow with very  low concentrations of organic additives. Using semi -empi r i ca l  theories  of homogeneous 
turbulence and assumptions f rom the experimental  resul ts ,  various authors have obtained equations for 
the averaged velocities and frictional res i s tances  which agree  well with the experimental  data [8, 9, 11, 12]. 

Noting the great  theoret ical  and pract ica l  value of the phenomenon being considered,  and some dis-  
crepancies  in the published data, the present  authors have fur ther  studied hydrualic res i s tance  and heat 
t r ans fe r  with a selection of organic additives. 

The additives tested were polyethylene oxide (PEO), polyacryl ic  amide (PAA), various alcohols 
(glycerine, propyl and polyvinyl alcohol), polyisobutylene, poly- N- (N-phenyl)-vinyl naphthylamide (PPVNA 
with cyclic s t ruc tu res .  The proper t ies  of additives a re  given in Table 1. 

Tests  of the effects of these additives were car r ied  out sys temat ica l ly .  A regular  non-symmet r ica l  
2 • 3 matr ix  was used. The two factors  which were optimized were the additive concentrat ion and the 
flow tempera ture .  Adequate data for r eg re s s ion  analysis by stat is t ical  methods were obtained. Hence 
for P A A  with molecular  weight of 12.9" 106 

tj = 24.85 !- 2.725x 1 -  2.159 x 2 -  9.67x~ , 

y' -:= 42.67 -',--3.1.41 --3.35x.,- 14.36xi, 

where x 1 is the additive concentrat ion;  x 2 is the flow tempera ture .  These equations show that for  all the 
additives, the variat ions in hydraulic res i s tance  and heat t ransfer  with additive concentration are  quad- 
ra t ic  and with t empera tu re  they are  l inear.  

Labora tory  experiments were made using a cylindrical  heat exchanger with electr ical  heating. The 
test  sect ion consisted of copper pipe ,~ 18 • 2 mm with an ups t ream stabilization length of 60 d iameters .  
The stat ic  p r e s s u r e  loss was measured  with a two-fluid U-tube manometer .  The flow rate  was de ter -  
mined by measur ing  the volume for a given t ime.  The tempera tures  of the pipe wail and the flow were 
measured  with differential  chromel- -a lumel  thermoeouples  and an M 95 millivolt meter .  The Reynolds 
numbers  were in the range 8 �9 103 to 6 �9 104. The test  section formed part  of a closed loop apparatus in 
which the inlet t empera tu re  was maintained constant.  A centrifugal pump was used for circulating.  
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Fig. 1. Efficiency of additive ac-  
tion on pH of the medium: XB, 
hydraul ic  r e s i s t ance  coefficient 
for pure solvent; Xp, hydraul ic  
res i s t ance  coefficient for po lymer  
additive solutions:  1) polyethy- 
lene oxide; 2) polyacrylamide .  

P r o v i n g  tests  were made with distilled water without addi- 
tive. The resul ts  agreed well with established data for fr ict ion 
coefficient and heat t rans fe r .  

The variables  in the test  p rog ram were the ftow rate,  the 
type and concentration of additive organic (pH 3 - -  13) and inlet 
t empera ture .  

The optimum concentrations were determined in each case.  
The grea tes t  reduction in hydraulic res i s tance  and improvement 
in heat t r ans fe r  were obtained for PEO (for Re = 20000 = constant, 
Cop t = 0.006 weight %, the res i s tance  was reduced by 39% and 
the heat t r ans fe r  reduced by 65%). Other authors observed 
g rea t e r  reduction up to 80% [13]. The l e s se r  reductions repor ted  
here  can be explained by a g rea te r  ra te  of breakdown of the PEO 
molecules  in the pump. 

The tests  made with PAA of molecular  weight 12.9 
�9 !0 s and less confirmed that it too reduced the hydraul ic  r e s i s -  
tance and the heat t rans fe r .  

These tes ts  showed that effects were dependent on molecular  weight of the PAA and that, when this 
weight was increased  with the concentrat ion kept constant, the reductions in both heat t r ans fe r  and hydrau-  
lic res i s tance  were fur ther  increased ,  These resul ts  a re  in agreement  with others [12, 13] showing that for 
a given additive the improvements  are  proport ional  to the product of the concentrat ion and the molecular  weight 
ra ther  than to the concentrat ion alone. (With Re : 20000 for molecular  weight 12.9 �9 106, Copt = 9 �9 10 -3 
weight %, the hydraulic res i s tance  was reduced by 27% and the heat t ransfer  by 46% and for molecular  
weight 4 .7 �9 106, copt = 4.7 �9 10 -3 weight % the hydraulic res is tance  was reduced by 21% and the heat t ransfer  
by 39%.) 

In tes ts  of PEO and PAA in acids and alkalis,  it was shown that when pH value increases  f rom 7 to 
10 the effects of the PEO decreased  sharply and when the pH value was 12 the effects have fallen almost  
to zero.  These  effects were g rea tes t  in acid conditions. Figure 1 shows the contrast ing behavior of PAA. 

Tests  were also made to determine the influence of t empera tu re  on the PEO and PAA additives. It 
was found that the reduction in hydraul ic  res i s tance  by PEO fell with increasing tempera tu re  to almost  
zero  at as low a t empera tu re  as 60~ PAA is however less influenced by tempera tu re  and the maximum 
tempera tu res  at which its effects a re  still appreciable are  dependent on its molecular  weight. 

Tes ts  with poly-N-(N-phenyl)-vinyl  naphthylamine (molecular weight = 2000) show that this too r e -  
duced the hydraul ic  r e s i s t ance  and heat t r ans fe r  (Re = 20000, Copt = 0.16 weight % the reduction in hy- 
draulic res i s t ance  was 27% and the reduction in heat t r ans fe r  was 38%). These reductions cr i t ical ly de- 
pended on the concentrat ions.  

It was therefore  decided to check if any of the additive was being adsorbed on the pipe wails by 
analyzing the solution before and after  tes t s .  Specially prepared  sample plates of the same  mater ia l  as 
the pipes were also placed in the floW. After  the test ,  any additive adsorbed on these plates was desorbed.  
The changes in concentrat ion in the solution were determined spect rophotometr ica l ly  using a "Spectromom 
203" instrument .  

Other tests  were made of the effects of PAA, PEO and polyisobutylene in organics (kerosene TS-5, 
t r a n s f o r m e r  oil and glycerine) which all showed reduced hydraul ic  res i s t ances .  In glycer ine  (PAA of 
molecular  weight 4.7 �9 106, with Re = 12000, Copt = 5 �9 10 -3 weight %) the reduction in hydraulic res i s tance  
was 23%, in kerosene  (PAA of molecular  weight 4.7-  106 with Re = 38000 Copt = 3 �9 10 -3 weight %)the reduc-  
tion in hydraul ic  res i s t ance  was 15%. 

For  large  Reynolds numbers  (above 40000) with PAA solutions an increase  in hydraul ic  res i s tance  
was found compared with the res i s t ance  of pure solvent. This corresponds  with the beginning of normal  
res i s t ance  to flow as confirmed [12] but is not in good agreement  with experimental  data [13]. (Polyiso- 
butylene in t r a n s f o r m e r  oil at Re = 12000, Copt = 2 �9 10-3% reduced the hydraul ic  res i s tance  by 18%, heat 
exchange by 25%.) 

F rom tes ts  with alcohol additives, it was established that as the number of carbon atoms in the chain 
increases  (from 3 to 1000) the hydraul ic  res i s tance  dec reases .  PVA (with Re = 20000, Cop t = 0.1 weight 
% reduces  the res i s tance  by 23~/0 propyl alcohol (Re = 20000, Copt = 1 weight %) increases  hydraulic 
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resis tance by 10%. In tests of the influence of hydroxyl groups inthe alcohol molecule it was shown that 
change in the number of such groups from one in propylene to three in glycerine results in increasing the 
hydraulic resis tance and heat t ransfer ,  propylene (Copt = 1 weight % ) increases the hydraulic resis tance 
by 10% and glycerine (Copt = 1.1 weight %) increases it by 30%. 

These effects of spiri t  additives, in particular of glycerine can be explained by the s tructure of the 
water. Additives in the flow produce increased "strueuting" of the water, i . e .  thickening and increased 
viscositY, the latter resulting in increased hydraulic resis tance [14]. 

Some of the additives tested are  now being further investigated for industrial use. 
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