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SUWRY: 

This paper presents experimental investigation of non- 
Newtonian fluid properties effect on performance of sprayers. 

The experimental study includes the measurements of the spray 
angle of liquid, flow rate and pressure, distribution in the 

swirling chamber, at different; supply pressure, spray nozzle 

diameter, helix angle of the cylindrical block, number of 

grooves, concentrations of the non-Newtonian liquid and cone 

angle at concentrations = l0OOb p.p.m. 

The fluid used in water solutions of sodium caeboxy - 
methyle cellulose (C.M.C.) as non-Newtonian pseudo-plastics 

fluids. 
The results of the experimetnal work are presented in curves 

to show the relationship between the different parameters. 

It was deduced, by least squares method,an empirica!. 

formula for spray angle and flow rate which contain the diff- 
erent parameter which has effect on it, namely supply press- 

ure, spray nozzle diameter, helix angle, number of grooves and 
the density ratio of liquid. 

NOMENCLATURE : 

Symbol Quantity Units 
5 ocnsity xg/cm3 

water density Xq/cm 
3 

5 w 
5 1% Density ratio 

Ps supply pressure ~ / m ~  

'r Scatic pressure at radius 

( r )  in the conical swirl 
chamber ~ / m ~  
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Quantity 

Z 
-6 %/ay Shear strain rate 

- .  . . Florj-rate - . . - -  

Dynamic v'iscdsity 

Flow index of non-Newtonian fluid 

Kinernatitc viscosity 

inlet ports helix angle with horizontal 
line. 

Cone angle of swirl chamber with horizontal 

line 

Number of inlet grooves. 

Diameter of spray nozzle 

Spray angle of liquid 

Part of polymer per million part of water 

by weight. 
Shear stress 

lit/sec. 

dyne. secn/m 2  

Non-Newtonian fluids form an extremely wide class of 

different substances whose only cormon features are fluidity 

and a failure to obey Newton's law of visco*ityTm &/ay). 
Spraying is one of the flow cases which find vide applications 
i? industry and agriculture, such as spray drying, spray clean- 
ing of various products, insecticidal spraying, asphalt sprayers, 
sprinkler irrigation, application of pesticides and fertilizer 

as sprays and other purposes. 

The expierimental investigation were m d e  to estimate the 

effect of polymer on the spray angle of liquid, flow race end 
pressure distribution in swi~l chamber. 

Many investigators treat4 the performnce of sprayers using 

water such as; 

Core b Ranz ' 1 9 6 4 )  ( 2 )  and Ti~iyor (1950) f 3 )  treaded the swiriing 

fiow in a peefectly conical iunnel. 

Binnie and Co-Workers (1948, 50,56,57), ( 4 , 5 , 6 , 7 )  carried 

experiments in swirling water, with a nearky free vortex ,tangen- 

tial velocity distribution which p a r f i M  Chrough convergent nozslae. 





1) Rate of flow 2) Spary angle. 

3) Pressure profile in conical swirl chamber. 

The ch~xracterisfic parameters of sprayers are function 

of geometerical and fluid parameters. 

The geometrical parameters affecting the atomization of the 

fluid are:- 

1) Helix angle, shape and cumber. 

2) Spray nozzle diameter and length. 

3) Cone angle. 

The £laid and flow parameters can be; 

1) ~hysical~~ro~erties of the liquid. 

2) Sup2ly pressure. 

In this.work the effects of geometrical parameters, 

fluid parameters and supply pressure on flow rate and spray 
angle are investigated. 

2 )  EXPERIMENTAL WORK: 

The presented experimental work was carried Out to study 

the spray angle and flow raLe through sprayer.. 

In order to have the necessary data for the analysis the 

followinq quantities were measured; 

1) Supply pressure. 

2) Pressure distribution on the wall of the canical swirl 
chamber.. 

3) The fluid spray cone was photographed to estimate the 
spray angle. 

4) Flow rate with the help of an orifice meter. 

Pig. (1) shows the lay out of experimental set, which 
consists of the apparatus, the hydraulic circuit and the ineasur- 

Lng devices of supply pressure and pressure distribution in 
conical swirl chamber. 

The componanet of apparatus are shown in Fig. (21 and 

Fig. (3). 



Four spray nozzles, diameters ( 5 ,  10. 16, 20 INU), two 
helix angles (20°, 40°), three numbers of grooves (2, 4 ,  6) 

0 end three cone angles (30 , 45O, 60°) were uaed in this invest- 

igation. 

3) ACCURACY OF EXPERIHENTAL DATA: 

rt is very important to estimate the accuracy of the 
measured quantities, in order to make possible correct analysis 

of experimental data. 

Relative error in "Q* taking into consideration calibration 

error is "8.2%". 

For pressure distribution 2%. 

For supply pressure 0.129 

For spray angle lo . 

The experimental results are presented in curves and 

tables, to give a clear idea a b u t  the performance of swirl 

sprayers when using non-Newtonian fluid under different working 
condition and sprayers geometries. 

4.1) Effect of concentration of non-Nevtonian f l u i d  on spray 
ansle: 

The effect of geometrical parameters Qn spray angle is 
shown on Fig. (4, 5, 6, 6 7) 

- From Fig. ( 4 ) ,  it is clear that the increase Jn . , h e l i x  anqk 
leads to a corresponding decrease i n  the sprpy &le at all : 
concentrations since the component of tangentf&,~~locity of 
vortex will decrease. 

- Increase of number of grooves lead$ to decrease 'pf spray . . 

angle, Increase of grooves number means more flow cross- 
sectional area in the cylinder block. At constant supply 

pressure the frictional losses are w r e  due to increase of 
frictional area. This leads to decrease of ay*ilable pressure 

in swirl cha!aber. 

The tangential velocity accorasnrgrz aeczecise and hence 
the spray angle decrease. 



- From Pig. (61, it can seen that if the supply pressure 

increase the spray angle will increase. 

Increase of supply pressure leads to corresponding increase 

of hydrodynanic pressure in swirl chamber. 
Both static and dynamic pressure increases. The increase 
of tangential velocity leads accordingly to increase of 

spray angle, - 
- If the diameter of spray nozzle increase, the spray angle 

will increase. 

When the diameter of spray nozzle increase the centri- 

fugal force increases and accordingly the spray angle increases 

at all concentration. 

Concerning the effect of the fluid properties it is clear 

from figures that, the spray angle decreases with increasing 

the concentration up to 20000 p.p.m. after which the spray 

angle increases until concentration of 30000 p.p.m. is reached. 

After 30000 p.p.m. the spray angle starts to decrease 

again. When the concentration increane, the viscosity will 
increase and therefore the spray angle will decrease. The 

drag reduction effect will begin to appear at  concentration 
of about 20000 p.p.m. and for that reason t h d  spray angle 
will increase again w i t h  the concentration increase. 

The effwt of drag reduction is corcinuovs up to Concent- 
ration of about 30000 p.p.m. After that viqcosity uill increase 

again causing the spray angle to decrease. 

4.2) Effect of concentration on Elow rater 

The effect of geometrical parmeters onthe flow rate is 

shown on fig (8, 9, 10 & 11). 

- Pigure (81,  shows that the increase in helix angle leads to 

a corresponding increase in the flow rate g t  .all concentration 

due to increase of axial velocity of vortex. 
>. 

- Pigure (91,  show that the increase in nmber of grooves leads 
to a corresponding increases in the flow rate at all concent- 
ration, since the area of flow increases with nuarbar of grower. 



-169- 

From fryures ( 1 2 .  1 3 ,  1 4  a 15) it is noticed that: 'I 

1) The increase of supply pressure leads to a corresponding 
2 

in the spray angle up to supply pressure of 13 x lo4 N/m . 
beyond which an increase in the pressure value does not 

greatly affect the spray angle for all the examined combin- 

ation of geometrical paraneters. 

21 The varition of spray angle with the diameter of spray 

nozzle is linear in the region (10<dn<20 m) but in the 

region (Ofdn<10 mm) t h a t  relation is nonlinear. 

3 )  The increase in cone angle leads to a corresponding incr- 

ease in spray angle. 

4) The relation between diameter of spray nozzle and discharge 

isstraight line in the reqion 10 m<dn<20 mm. 
In region (dn(lOnm) the telation in nonlinear. 

5 )  From table ( I ) ,  the discharge will be nearly constant for 

different values of cone angle. 

4.4) Pressure profile in the swirl chamber: 

1) The pressure inside the swirl chamber is nearly constant 

at different valse of (r) for a certain concentration (Fig. 

(16)). 

2) The increase in helix angle and diameter of spray nozzle 

and decreasing in supply pressure, leads to a correspond- 
ing decrease in the pressure inside the swirl chamber (table 

(11) 6 Fig (17) I .  

3)  The pressure at each radius inside the swirl chamber is 

nearly constant at the different number of grooves and cone 

angle table ( I ? )  (The increasing of (m) leads to increase of 

frictional area and decrease of velocity, which seem to give 

a constant pcessure drope). 
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The spray angle can be predicted from the empirical formula, 

3 3 
N = (19.52 - - 15.2) 1.03GSy 4 1.04 

5 w 

Where, 10 mm <dn 4 2 0  
2 fs i s  in (N/m ) dn is in (mu) 

2) The flow rate was found to increase with the increase of 

spray nozzle diameter, number of inlet ports, helix angle, 

cone angle and supply pressure.   he concentration ratio in- 
crease lepds to very small, even neqligible increase at very 
small, even negligible Increase at very small concentration 
followed by a small decrease of flow rate at higher concent- 
rations, but below 1000a ?.p.m. The  r a t e  of decrease of flow 
rate increases from 10000 to 20000 p.?.m., reaching ninirsum 
value. 

The flow rate begins to increase fron 20000 p.p.m. to 30000 
p.p.m., where it leaches its maximum value, which is very near 

to it8 value in case ot pure water. 

Rather increase of concentration a w e  30000 p.p.n.leads to 

increase of flow rate. 

This cong'licsted hi-:iav!ouc i..: connwte2 with the L'rbg reducing 

effect o! the polymer. 

The di:icharge can t. obtained frcst che empiricbl formula; 



i Where 5 nun < I n  20 mm 

3)  For a l l  c o n c e n t r a t i o n s  t h e  p r e s s u r e i n s i d e  t h e  s w i r l  

chamber is n e a r l y  c o n s t a n t  a t  t h e  d i f f e r e n t  v a l u e  of 

s w i r l  chamber r a d i u s  and d i f f e r e n t  n u i b e r  of g r o o v e s .  

The i n c r e a s e  i n  h e l i x  a n g l e  and d i a m e t e r  o f  s p r a y  

n o z z l e  and d e c r e a s i n g  i n  s u p p l y  p r e s s u r e  l e a d  to a  c o r r -  

e spond ina  d e c r e a s e  i n  t h e  p r e s s u r e  i n s i d e  t h e  s w i r l  

chamber.  

1 Numb+roE i n l e t  p o r t s  is  of a i m p o r t a n c e  i n c a s e o f  

h i g h  f l o w  r a t e  however, t h i s  w i l l  a f f e c t  t h e  s p r a y  a n g l e .  

2 )  To rea1i : ;e  t h e  h l g h e s t  s p r a y  a n g l e  a  combina t ion  of small 
h e l i x  a n g l e ,  s m a l l  number o f  i n l e t  p o r t s ,  b i g  c o n e  a n g l e  
and b i g  d i a m e t e r  of  s p r a y  n o z z l e .  
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