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ABSTRACT

This paper presents an experimental study of the characteristics of Non-
Newtonian fluids flow thorugh different diffuser geometries. The main
geometrical studies were ; the diffuser expansion angle and the diffuser
length. The overall area ratio for all diffusers tested was kept constant
during the experiments. A capillary tube viscometer was used for measur-
ing the rheological properties of the Non-Newtonian C.M.C. soclutions.
These properties are; the flow behaviour index and the consistency coef-
ficient. The effect of these rheological properties on the static pres-
sure rise coefficient, for different values of the diffuser inlet Reynolds
number, was investigated. The results indicate that the concentration of
the polymer solution, the flow Reynolds number, and the diffuser geometry
have an effect on the diffuser performance.
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r 1. INTRODUCTION

The study of Non-Newtonian fluid flow through pipes with variable cross-

section is of paramount importance in numerous engineering applications.

Especially those fluids which are handled on a large scale in many indus-
tries such as; petroleum; paints, paper and palymerccnversion.

The behaviour of Non-Newtonian fluid flow through pipes with constant
cross-section has previously been studied Ly (1,2,3 . Experimental studies
[4 ]have been made for determining the discharge ccefficient of orifice
Non-Newtonian flow meter mounted in a straight circular pipe. Astarita

and Peluso (5] measured excess pressure drops for laminar flow of Non-
Newtonian liquids, both weakly and highly elastic. Their results show that,
the dimensionless pressure drop is inversely proportioral to the Reynolds
nunkter, the ccnstant of proportionality being & function of the flow

index. Kato and EShibanuma (6 ]made an expeimental study on divergina &nd
converging flow of dilute polymer solutions. They used polyethylene

oxide (PEO-18) and pclyacrylamide (AP-30) in water as polymer solutions.
The main okjactive af their experiments was te investigete the drag
reduction phencmenon in three tapered tukes. They found that in a ccnver-
ging flow, a remsrksble drag reduction such as a pipe flow is not reccg-
nized. In a diverging flows they found also that with an increase in

the ccncentration to 100 ppm pressure reccvery beccmes smaller than water
flow alore. The effect of drag reducing additives upon the flowwith pre-
ssure gradient (positive end negative) has keen studied by El-haroun (77 .

From the above literature review, it is clear that the kehaviour of Non-
Newtonian fluid flow through diffusers needs further analysis. The main

object of the present investigation is to determine the effect of poly-

mer concentration, the flow Reynolds number and the diffuser gecmetry on
the behaviour of Non-Newtonian fluids flow through difrusers.

NOMENCLATURE

Static pressure loss coefficient ( AP / p1 Vf)

0O
el

Diffuser diameter.
2 Consistency coefficient.
z Diffuser length
5 Flow kehaviour index
Volume flow rate
3 Reynolds nunlker
Fluid velocity
Pressure head difference ketween the inlet and outlet cross-sections
of the diffuser.
Pressure difference ketween the inlet and cutlet cross-
sections of the diffuser.
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: Half angle cf diffuser
ol Fluid density.

SUBSCRIPTS

1 = Ccnditions at diffuser inlet.
2 3 Conditions at diffuser outlet.

2. APPARATLS AND MEASURING TECHNIQUES

1_?chematic diagram cf the test rig is shown in Fig. (1).The test fluid
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G&ows from the upper mein tank (1), (1x1x1m). to the cverflow tank (2),

(0.5 x 0.3 x 0.4 m) which is used to ensure a ccnstant head allover the
expeiments. The test fluid flows from the cverflow tank (2), through the
test section, to the ccllecting tank (5), (1.5 x 1.5 x 0.5 m). The flow
rate is changed by using the ccntrol valve after the test section. A
centrifugal pump (6) is used for 1lifting the testing fluid to the upger
tank.

2.1 Test Section:

Five circular diffusers, Fig. (2), are used &s a test section. The
detailed dimensions of these diffusers are indicated in this figure.

The rressure difference ketween inlet and cutlet cross sections of diff-
users was measured, using U tuke manometer (4); Fig. (1), at different
flow rates and for different values of C.M.C. ccrncentrations.

2.2 Measurement of Rheclogical Properties of The Non-Newtonian
Fluid:

To measure the rheclogical prorerties (consistency ccefficient "K" and
the flow index "n") of the carboxvmethyl cellulose (C.M.C) sclution, a
capillary tube viscometer was used.

3. RESULTS ANLC DISCUSSION

The working fluids used in the experimental work were water as the
Newtonian fluid and different concentrations of carhoxy-methyl-cellulose
(C.M.C) solutions (10000, 20000, 30000 and 50000 F.P.m) as the dilatant
Nor-Newtonian fluidssDegradation of polymer solutions and time effects
were nct determined as effective parameters due to high stakility of

the peclymer solutions.

3.1 Effect of Flow Behaviour Index "n"

Figs (3 and 4) show a representative selectiorn of the measurements of
the pressure difference ketween inlet and cutlet cross-sectiong at
different flow rates. The measurements were taken for water (n=1) and
for different concentrations of C.M.C. (different values of n). The
effect of flow kehaviour index "n" or the roct of pressure difference
head is shewn in these figures. From these figures it can ke seen that
the total pressure difference increases with the increase cf polvmer
cencentration (increase the value cf n) and volume flow rate. This
meens that the diffuser losses decreases when the polymer ccncentration
increases. From Fig. (3) it is clear that after n= 1.104 (ccncentration
20 000 p.p.m.) , there is a reduction of diffuser pressure defference.
This is due to an increase in the fluid viscecsity and ccnsequenly the
risistance to the flow increases. Shibanume and Kato[iéJ found that the
Folymer reduces the skin friction and in the same time enhances the
separation and mekes it occur at early cross-sectior cf the diffuser.
As the separation increases the diffuser losses are increased. Fig. (5)
shows a result for the diffuser No.1, whick has a kig engle &and smell
length as it is ccmpared with the cther diffusers. For this reason,

it is clear from this figure that, there is a reduction in the gressure
difference Letween the inlet and cutlet cross-segtiorns. This is due

to the seraration which takes place early (@ = 12 in this case).

These results are ccnfirmed ty El-haroun [7], who studied the effect of
drag reducing additives on the flow with positive cr negetive pressure
gradient.
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3.2 Effect of Volume Flow Rate

The effect of changing the volume flow rate (Raynclds nunker) on the press-
ure difference Letween the inlet and cutlet cross-sections of the tested
diffusers is shewn in Figs (3-7). Higher values of pressure difference

are cbtained with higher flow rate which was expected duve to the increase
cf the fluid velocity. Blso it is clear from these figures that the value
ch%h or CP increases with the increase of volume flow rate.

3.3 Effect of Diffuser Gecmetry

The main gecmetrical parameters tested here were; the diffuser ex-
pansion angle and the diffuser lenaqth, see Fig. (2). The cverall area
ratio is equal to 2 for all diffusers. Figs (6 and 7) illustrate a selec-
tion of the experimental results showing the variation of static pressure
rise ccefficient Cp with the diffuser inlet flow Reynclds nunker (Re_ ).
The values of Reynolds number, for the cese cf Non-Newtonian flow, were
calculated ecccrding to the following relation;

ﬂ. V1.d1
Re1 R SIS S el s 5
K(8.v./d )"
1 1
The measurements were taken for n = 1.104 and n = 1.303. It is clear

that the static rressure rise ccefficient increases as the inlet Reynolds
nunker increases. This is due to the increase of volume flow rate. The
curves have the same trend for all rested diffusers. From these figures
and with the help of Fig. (2), it is noticed for each value c¢f G and n
that the pressure rise coefficient decreases as the diffuser expansion
angle increases. This is due to the separation which takes place at

early cross-section of the diffuser, as was discussecd in subsection 3.1.
In general : , from these figures it can ke seen thet, the poor
performence of the 120 half angle diffuser (diffuser No.1) is attributed
to the fact that the diffuser separates badly at this range cf Reynolds
numker. For all the ccernfiguratiors tested, the 4  half angle diffuser
(diffuser JNo.5) has the greatest pressure rise coefficient, whilst the
12° half angle diffuser (diffuser No.1) has the lowest pressure rise coef-
ficient.

4. CONCLUSIONS

The Non-Newtonian fluid flow through diffuser with different georetries
has been studied experimentallyv, for fluid flow Reynolds number range
fromwr 5000 to 21000 and polymer ccncentration from 10000 to £0000 p.p.m.
The major conclusions and the results of this study are summarized kelow:

1. For diffusers having an expansion half angle less thsan cr equal
to 100, the pressure difference ketween the inlet and cutlet cross-
sections of the diffuser increases withothe increase cf polymer
ccncentration. On the other hand for 12 half angle diffuser, this
pressure difference was found to decrease with the increase cf
polymer concentration.

2. Higher values of total pressure rise through diffusers are cktained,
for all values of polymer concentrations, with higher values of volume
flow rate.

3. The static pressure rise ccefficient increases as the Reynolds numkter
L increases. Also for all values of ¢Q and n tested, the static pressure
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rise coefficient decreases as the diffuser expansion angle increases.
For all the configurations tested, the 4 half angle diffuser has

the greatest pressure rise ccefficient, whilst the 12 half angle
diffuser has the lowest pressure rise ccefficient.

4. For the Reynolde numter range (12000<Re_ , & 21000) cousidered, the
diffuser performapnce deteriorates with an increase in the inlet flow
Revnclds nunber. In Fig. (6), for example, taking the case of n=
1.104, k = 0.0084 and earea ratio 2, by varying Re1 from 12000 to
21000, the following variations in Cp occur

(a) For the 4° half angle diffuser, Cp increases from 0.65 to (C.68.
(b) For the 6° half angle diffuser, Cp increases from C.6 to 0.65.
(¢) For the 8° half angle diffuser, Cr increases from (.56 to (.6.

(d) For the 100 half angle diffuser, Cp increases from 0.315 to
0.34.

(e) For the 120 half angle diffuser, Cr increases from 0.23 to
0.26 .

It should be mentioned that there iszno unique relation-ship ketween

the Reynolds numker and Cp = OF/ £ v%) and those values given skove are
merely for illustration . This conclusion has been previously achieved
bv Livesey, et.al (BJ , for air flow through ccnical diffusers. The
Fresernt investigation proves this conclusion in the cese c¢f incompress-
ible Non-Newtonian fluids flow through diffusers.
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FIG(1) A SCHEMATIC DIAGRAM

OF THE TEST RIG.
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3 96 53 27 70 54 8" 20

4 128 | 43 | 27 |70 | 54 | G 220

5 193 43 27 70 54 | 4 (20

FIG (2) DIFFUSER GEOMETRY
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