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EFFECT OF NON-NEWTONIAN FLUID PROPERTIES
ON PERFORMANCE OF SWIRL TYPE SPRAYERS

ES.A. Salem(l) , B.A. Khalifa(g’ . M.A. Shawqgy
& M.N., Nasr (4)

(1)

SUMMARY:

This paper presents experimental investigation of non-
r ' Newtonian fluid propetties 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 hozzle
diameter, helix angle of the cylindrical block, number of
grooves, concentrations of the non-Newtonian liguid and cone
angle at concentrations = 1000D p.p.m.

The fluid used in water solutions of sodium carboxy -
methyle celiulose (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 empirical
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 liguid.

NOMENCLATURE :
Synbol Quantity Units
3 ' Density Kg/cm3
; Bw Water density Kg/en’
. % /5; Density ratie
- PS Supply pressure me2
P, Static pressure at radius
. (rj in the conical swirl
" champer : N/m2
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Symbol Quantity Units
Q Flow rate~ * °- ™7 lit/sec.
M Dynamic viscosity _ dyne.secn/m2
n Flow index of non-Newtonian fluid
y Kinematic viscosity stokes
j5 inlet ports helix angle with horizontal

line, A )@
o, Cone angle of swirl chamber with horizontal

line ( 3
m Number of inlet grooves.
dn Diameter of spray nozzle mm
X Spray angle of liquid { y©

p.p.m. Part of polymer per wmillion part cof water

by weight,

T Shear stress dyne/cm2

¥ fv/dy Shear strain rate ‘ 1/sec,

1) INTRODUCTION:~-

Non-Newtonian fluids form an extremely wide class of
different substances whose only common features are fluidity
and a failure to obey Newton's law of viscoaityq:n ti/By).
Spraying is one of the flow cases which find wide applications
in industry and agriculture, such as spray drying, spray clean-
ing of various products, insecticidal spraying, agphalt sprayers,
sprinkler irrigation, application of pesticides and fertilizer
25 gprays and other purposes, '

The expierimental investigation were made to estimate the
effect of polymer on the spray angle of liguid, flow rate and
rressure distribution in swirl chamber,

Many investigators treat:d the performance of sprayers using
water such as;
Core & Ranz (1964) (2) and Talyor (1950) (3) treaded the swirling
fiow in a perfectly conical ‘unnel.
Binnie and Co-Horkers (1948, 50,56,57), {4,5,6,7) carried
experiments in swirling water, with a nearly free yvortex tangen-
tial velocity distribution which passed kthrough convergent nozzles.




Properties. M.C.% in water Tap
1% 33 4%
— "
M Qynessec 0.11 | 1.06 2.96 0.01
[8f:1]
o 0.88 | 0.75 0.69 1.00
S gm/em® 1.00 | 1.03 1.04 1.00
2’ stokes 0.1081} 1,03 2.35 D.01
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Fraser (1958) (8) mentioncd that the discharge coefficient
and spray angle depend on the geometry of the discharge orifice.

S.Ahmed (1971) (9) mentioned that the discharge and spray
angle are increased with increasing the nozzle diameter, number

of supply holes and width of swirl chamber.
Lane (1951) (10} studied the atomization of liquid,

A. Gomaa (1978) (11} studied the sprayef in which the flow
wgater® iz unguided free vortex and found that the dimensionless
pressure profile inside the swirl chamber is not effected by the
pressure variation,

He found also that increasing in spray nozzle diameter and working
pressure, due to increasing the spray angle and flow rate.

E. SALEM and S. R1-SALOMOUNI (1976) (12) mentioned that the
rheological properties of C.M.C. solution are;

1t can be noticed from the discused previous work that most
of the work delt with spraying of Newtonian fluid, in spite of
che fact that most of the sprayed solution are non~Newtonian. .
The aim of this experimetnal work is to investigate the

performance of sprayer using non-Newtonian fluids.

The parameters measured arej
19 Rate of flow 2) Spray angle.
3} Pressure profile in conical swirl chamber.

The characteristic parameters of sprayers are function of

geometrical and fluid parameters.
The geometrical parameters affecting the atomization of the fluid

are:
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1) Rate of flow 2} Spary angle.
3} Pressure profile in conical swirl chamber.

The characteristic parametérs of sprayers ace function
of geometerical and fluid parameters.
The geometrical parameters affecting the atomization of the
fiuid are:-
1) Helix angle, shape and number.
2} Spray nozzle diameter and length,
3} Cone angle.

The f;ui¢5proéerties and flow parémeters can be;
1) Phjsigal‘ptopértfes of the liguid.
2) Supply pressure.

In this work the effects of geometrical parameters,
fluid parameters and supply pressure on flow rate and spray
angle are investiqated.

2} EXPERIMENTAL WORK!:

The presented experimental work was carried out to study
the spray angle and flow rate through sprayer.

In order td have the necessary data for the analysis the
following quantities were measured;

1) Supply pressure.
2) Pressure distribution on the wall of the conical swirl

chamber .,
3} The fluid spray cone was photographed to estimate the

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

Fig. (1} shows the lay out of experimental set, which
consists of the apparatus, the hydrauwlic circuit angd the measur-—
ing devices of supply pressure and pressura distribution in

conical swirl chamber.

The componanet of apparatus are shown in Fig. (2] and
Fig. (3}).
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Four spray nozzles, diameters (%, 10, 16, 20 mm}, two
helix angles (200, 4001, three numbers of grooves {2, 4, 6)
and three cone angles (300, 450, 6001 were used in this invest-

igation.

3) ACCURACY OF EXPERIMENTAL DATA:

1t is very important to estimate the accuracy of the
measured quantities, in order to make possible cortect analysis
of experimental data.
Relative error in "Q" taking into consideration calibration
error is "8.2%".
For pressure distribution 2%.
For supply pressure 0.12%

For spray angle 1%,

4) EXPERIMENTAL RESULTS, ANALYSIS AND DISCUSSJION:

‘ The experimental results are presented in curves and
tablaes, to give a clear idea about the performance of swirl
spravers when using pon-Newtonian fluld under different Qorking
condition and sprayers geﬁmetries.

4.1) Bffect of concencration of nan»ﬂewtpnian fluid on spray
angle:

The effect of geometrical parameters Gn spray angle is
shown on Flg. (4, 5, 6, & 7} ' :

- Prom Fig. {4), it is clear that the increase in helix angle
ieads to a corresponding decrease in the spray mngle at all :
concentrations since the component of tangentigl velocity af
vortex will decrease, _ R

- Increase of number of grooves leads to decxepsgqu sSpray
angle. Increase of grooves number means wmore flow cross—
sectional area in the cylinder block. At constant supply
pressure the fricticnal losses are more dué to increass of
frictiopal area. This leads to decrease of avaxluble p:essute .

in awirl chamber.

The tangential velocity accorurngry aecreass and hence
the _spray angle decrease.
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From Fig. (@), it can seen that if the supply pressure
increase the spray angle will increase,

Increase of supply pressure leads to corresponding increase
of hydrodynamic pressure in swirl chamber.

Both static and dynamic pressure increases. The increase
of tangential velbecity leads accordingly to increase of
spray angle. .

I1f the diameter of spray nozzle increase, the spray angle

will increase.

When the diameter of spray noztle 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 increase, the yviscosity will
increase and therefore the spray angle will decreasze., The
drag reduction effect will begin to uppear'lt cencentration
of about 20000 p.p.m. and for that reason the spray angle
will increasé again with the concentration 1nq;epse;

The effect of drag reduction is cortinuous up to concent-
ration of about 30000 p.p.m. After that viscosity will increase
again causing the spray angle to decrease,

4.2) Effect of concentration on flow rate:

The effect of geometrical parameters on- the flow rate is
shown on fig (8, 9, 10 & 11}. -

- Pigure (8), shows that the increase in helix angle leads to

-

-

a corresponding increase in the Flow rate at all concentration
due to increase of axial velocity of vortex.

Figure (%}, show that the increase in number of grooves leads
to a corresponding increases in the flow rate at all concent-
ration, since the area of flow increases with number of grooves,
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From figures (12, 13, 14 & 1%) it is noticed that:

The increase of supply pressure leads to a corresponding

in the spray angle up to supply pressure of 13 x 104 mez,
beyond which an increase in the pressure value.does not
greatly affect the spray angle for all the examined combin-

ation of geometrical parameters.

The varition of spray angle with the diameter of spray
nozzle is linear in the region (10<dn<20 mn)} but in the
region (O(dn-(l(} mm) that relation is nonlinear,

The increase in cone angle leads to a corresponding incr-

ease in spray angle.

The relation between diameter of gpray hozzle and discharge
isstraight line in the recion 1@ mmggdn*QZQ mm.,
In region (dn<;10mm} the relation in nonlinear.

From table (1), the discharge will be nearly c¢castant for

different values of cone angle.

4.4) Pressure profile in the swirl chamber:

1)

2)

3}

The pressure inside the swirl chamber is nearly constant
at different value of {r) for a certain concentration (Fig.

{16}).
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

{(I1) & Fig (17)}.
The pressure at each radius inside the swirl chamber is

nearly constant at the different number of grooves and cone
angle table (II} (The increasing of (m) leads to increase of

frictional area and decrease of velocity, which seem to give

a constant pressure drope;.

-
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The pressure inside the swirl chamber at constant radius,
is nearly constant at different values of concentration

(Fig. 18).

The previous discussion showes that the performance of
swirl type sprayer is function of many parameters. An em-
pirical formula for the performance of sprayers is of great .
importance to those concerned with design and or selection

of swirl type sprayers.

1t was deduced, by the least square method, an empirical
formula, for spray angle and flow rate, which contain the
different parameter which has an effect on it, namely, helix
angle, number of grooves spray nozzle diameter and supply
pressure in addition to the rheological properties of fluid.

It can be seen that the empirical formula is in good agr-
gement with the experimental data. The deviation of calculated
from the empirical formula and the experimentél is within
7.7% for the spray angle and 10.15% for the flow rate.

CONCLUSIONS ¢~

From the analysis of the experimental data and the discussions
the following conclusions can be deduced:~
1) The spray angle was found to increase with the increase
of spray nozzle diameter, cone angle, supply pressure. The
effect of rheclogical properties of the fluid on the spray
angle is some what complicated, since at low concentration
of polymer the spray angle decreases till a minimum value at
concentration about 20000 p.,p.m. At concentration between
20000 p.p.m. and 30000 p.ﬁ.m. the spray angle increases reac-
hing maximum value very near to that of pure water. At con~ -
centrations more than 30000 p.p.m. the spray angle re-
decreases, This may be explained by the drag reducing .
effect of polymer concerning the number of inlet ports and
helix angle, the increase of each leads to decrease of spray

angle.
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The spray angle can be predicted from the empirical formula,

g - -
X . 0132 (957,50 o~ - 943.33) a0-8% 022 o.az/P 0.414
s v 3 n 3
8
No= {92.2 54— - 89.846) 1. & £1.02
92.2 5~ ) .gswg,
N = (19.52 2 - 15.2) 1.03-5;-2— <& 1.04
W S ™ '

Where, 10 mm "~<~.dn .,<\20 Tt

p_ is in (a/m%) d_ is in (sm)

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. The concentration ratio in~
crease leads to very small, even negligible increase at very
small, even negligible increase at very small coﬁcentration‘
followed by a small decrease of flow rate at higher concent-~
rations, but below 10000 p.p.m. The rate of decrease of flow
rate increases from 10000 to 20000 p.p.m., reaching minimum

value.

The flow rate begins to increase from 20000 p.p.m. to 30000
p.pP.m,, where it reaches its maximum value, which is very near
to its value in case of pure water.

Rather increase of concentration above 30000 p.p.m.leads to
increase of flow rate.

This complicated behaviour 15 connecred with the drag reduveing
effect o! the polymer.

The discharge can be obtained from the empirical formula:

1073 3 — _8.28 1,6 . 0.14
Q === (42.68 ‘f; - 40.732) yp_ A a." B
. <
% = 3.5 E— - 31.66 poig - & t.o2
w SN
<
M= 47 —— - &8 1.03\'§~§m\<§1.64
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where 5 mm dn 20 mm

3

Ps is in ;N!mz) dn is in  {mm)

Q is in (lit/sec.}

For all concentrations the pressure inside the swirl
chamber is nearly constant at the different value of
swirl chamber radius and different number of grooves.
The increase in helix angle and diameter of spray

nozzle and decreasing in supply pressure lead to a corr-
esponding decrease in the pressure inside the swirl

chamber.

6) RECOMMENDATIONS:~

Numberof inlet ports is of a great importance in -case of

1)
high flow rate however, this will affect the spray angle.

2) To realise the highest spray angie a4 combination of small
helix angle, small number of inlet ports, big cone angle
and big diameter of spray nozzle,
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