CHAPTER IV

RESULTS AND DISCUSSION

The characteristics of flow in constricted parallel ducts
with the 14:1 aspect ratio rectangular duct were carried out

using an experimental investigation for various flow levels in

the laminar range up to ition Reynolds number. Three

ratio of free-flow area to a of the constriction, o's,
(which are 1/4, Ated. The ratio of the
constriction lengt o=hyd i s L/Dy was also varied

from 2 to 100. s iner can dually increased by
changing the rate g ‘ rin on the constricted
parallel ducts 5 successively carried
out with an increme £ -:~' e Results are
presented graphica 17, covering laminar
and transition flow sponding tabulated results
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L.,1 Long Constriction '4‘3“

is devoted to. th ion and pressure drop,

i .
while the secondflection is concerned with the loss coefficients

and friction facto#
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contra ion, abrupt expansion and skin frlction in constriction

duct respectively. This information was deduced from working graphs
in which the static pressure distribution along the hydrodynamic
.development length and the fest section including exit section was
plotted for each of the data runs. The maximum value of L/Dy (which
is 100) was herein considered to be long constriction duct.

typical working graph is presented in Fig.4.11 (the graph is for

g = 1/4, L/Dp = 100 and Re = 1420). In this figure, the static
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pressure,P* is plotted the ordinated, where P* is the pressure at
axial station x. Note that for the fluid flow studies, the axial
co-ordinate, denoted by x, is equidistant with the constriction
length,L when it is measured from the upstream face of the
constriction that the flow separation is initiated, avoiding the
negative value. The x coordinate is illustrated in Fig.4.8. It is
seen from Fig.4.11 that the pressure distribution upstream and
along of the constriction is linear, indicating hydrodynamically
developed flow. Furthermox ,‘!ﬁ tream of the constriction,
after a region of readjtu ,’?s developed conditions are

restored as witness i r he pressure distribution.

Straight lines we through the upstrean,
constriction and

in Fig. 4.11,

re data: As illustrated
.to x = 1 and 2 to give
the pressure tha at station had fully
developed lamina respective parallel
ducts (i.e., in thé 2 lcel ofh striction). The upstream,
constriction and downgtream (e trap ons yield different
pressure, as can ' 4 he differences between
the upstream and cor ;tj:'_u:ﬁlfﬁ ween the constriction and
downstream are the net‘gf__sgr‘_ Bs AP, and APy, respectively,

due to the pre ﬂﬁ le the pressure loss,

2 giction. It is the net
result of all pre sure-rel Sses, including acceleration

and deceleration, separation and reattachment, dissipation in the

reclrculatﬁg(iz S)Tﬂ jedevelopment of flow.
is prlmarlly an 1ne ial loss, it is natural to
refer_ i eloc obtain a
AL VR I YAk LY NAX ] iy

the sé&tlc pressure distribution along mid-channel will now be
presented in terms of the dimensionless variable defined as
P'gcba/pvz. Since P* and (b5/Pv2) are constants for a given data
run, the axial distribution“of this variable is a true reflection
of the behavior of the ‘pressure itself. The pressure results to
be presented are for Re about 1500 and various oand L/Dh. The
dimensionless pressure distribution for ¢ = 1/4 -and L/Dy = 100,

is already available in Fig. 4.11 when reference is made to the



25

right-hand ordinate; the distribution curves for o = 1/2 and 2/3
are respectively presented in Fig. 4.12 and 4.13. It is seen from
these figure that the effect of pressure change, at the
constriction entrance and exit, took place only at a very short
distance compared with the constriction length. The experimental
results obtained here agree quite well with analytical result,[ 3],
Fig. 4.13a.
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where, AP; = sdTeé Yoy Aue’ dden contraction,

AP; = ’ .7’ *'f; udden expansion,

AP = ﬂﬁ p due to flow friction inside the

vV = on duct,

Bc =

P', AP and APy fenseach area matio are presented in table A to

¢ ana 1000 WS B HADS: w220 110t 12

table A to Cylin Appendix A The table contains results for three

area \lﬁ Zij}tqbiﬁ ﬁ Reynolds
numbeaﬂq;a m IIELT ﬂtained are
also plotted in Fig. 4.10. The figure shows the variation of Ke
and Kg with the area ratio, o, for various Reynolds number up to
2000, i.e., Re = 200, 500, 1000, 1500 and 2000. The results for
higher Re obtained through extrapolation are also included in
transition regime. The numerical results, [1,3], for K, and Kg
are shown in Fig. 4.10a for comparison. The agreement of both
curves is remarkably good. The Fanning friction factor, £, found

to be about 24/Re, agree with those results published.
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The "critical' constriction length, L,, is obtained from
the Fig. 4.14 and is found to be,

Lo/Dy = C Re+ %"

where L, is defined as the minimum constriction length beyond

TP .

which the loss coefficients remain constant, and the range of C is
from 0.7 to 1.0, all within the range normally analyzed from the
trend of the data in Fig. 4.14. The average of C is 0.87.

L.,2 Short Const

The pres

constriction will

Loss Coeffi

Experimental’ 1 sﬁfgggﬂi"' »t econstrictions were obtained
el )
for the loss coeffici@ntsy K . s Fanning friction factor, £

T

In computation these vali y same long constriction case.

The values of loss ceefﬁxﬁﬁéﬁ}{‘

given in the far

ad Fanning friction factor are
dtween the values of long

and short ducts L coprection factor for

contraction coef ‘ciene, C Ty :‘pan81i; coefflclent Ce and for

Fanning friction fg or, C¢, WhiﬁP are defined as follows:

ﬂwsmaw WIS

K = Co.Kg ¢ ceenreegyreesea(k5)

awm\mmu MINYIaY

Here, K and K, are the loss coefficients and f denotes the
Fanning friction factor for flow through parallel ducts with a
long constriction. Both K, and Kg are determined from Fig. 4.10.

f corresponds to that for flows through parallel ducts with aspect
ratio 14:1 and is equal to 22/Re by evaluating from Fig. L.og.

The correction factor C,, Coq and Cg, derived from the computations,
are plotted against By in Fig.l4.14, where By defined as (Re.Dh/L)1/3

01/“. From inspection of the Fig.4.14, reveals that they are unity
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when BF € 2.25, approximately, the criterion for a constriction

to be hydrodynamically long. Short constriction satisfies the
condition of BF > 2.25. The correction factor in Fig.4.14, inwhich
a dashed line has been faired through the data points, can be

expressed in the form of

C=aBF+b -o.oo-o.oo.o--o(’+06)

in which a = -0.25, 2/3, 0.125 and b = 1.5, =0.5, 0.73 for Ce,
Ce and Cg, respectively. lﬂ

‘ rlection factor results from
/’ d by solid line in Fig. L.14,

92, GLk@Biand b = 1.684, -0.782, 0.725
for C;, C¢ and Cg,

@ti ly% first to the comparison

of analysis and ex %y L, they agree quite well for
BF £ 2.25, the ou ¢

The discrepanc

Bunditkul's analysis

and obtain a = -0O.

ct of the variation of

fluid properties rmore, the deviations

may probably be c ors occuring during
calibration of errors being the fluctuations
in observations w igid resu t differed from experiment

to experiment. The %&Eﬁﬁf' be due to an effect of duct

corners at the upstreaﬁiﬁ%&ﬁ?

_ S A TSN

really sharp é:lassumdﬁ’fﬁ?ﬁhg because of the method of
\

Qe constriction which were not

construction. iF ----------- 1t 1s important ‘%0, observe that an error
should be due t EI
ut providing numerical

> the eff
|| -
not treat the d:lt of 14:1 aspect ratio
results for, the dfie% of infinife’ aspect ratio. Hence the disparity
1o soneurdé| 54.0) 1) Wb Fonld oF NS Mibodos 1/
| A .

ides since Bunditkul did

In order to ascerfain wheth®&r there is iblereffectw;}_‘aﬁu‘
AL KL DIKTE Il LT fo o e
for_cd}rection factors, Cg, Cq and Cy against Bp with Re < 1600.

It is readily seen that the experimental results obtained fit in
perfectly with those found from numerical analysis [2,3]. Thus it
may be concluded that, beyond Re 1600, experiments performed were
in the transitional range and the flow was not a perfect laminar.

As a consequence, a deviation of experimental data from numerical

prediction took place, as already shown in earlier Fig. 4.1L4,
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Pressure Distributions and Pressure Drops

Measurements of axial pressure distribution for short
constriction are the same long constriction case and are presented
in Fig.%.15 to 4.17 for emall L/Dy by corresponding By as
aforementioned. All of the pressure distribution have similar
shapes. The pressure drops slowly in the fully developed duct
flow upstream of the constriction and then precipitously due to

acceleration of the fluid when passing through a constriction.

he duct cross section.

The recovery ceaseswwhen t A i11ls the entire cross
section, and there
redevelops and con

the fully develope

L ‘ L *
contraction and . 4 dete , loss coefficient, Ko

rt constriction using

factor, £* is also d ~”-'~5: ydrodynamic entrance effect

is exhibited as a pres-‘;, immediately downstream

x/L_= A8yt
effect appear ;;7’5“*ﬁ“ S -H-"uu:~ --------- diately upstream from
the exit, x/L ‘
of Bunditkul [2,3]. The onset o e lin
signalling redcveLp ent of flow, occurs at about 3D from

downstream Wﬁw Elx{}ftﬁvelopment appears to
, especla

from the inlet, while the hydrodynamic exit

~&.ee with the analysis

r pressure variation,

be remarkab in view he severe disturbances

that a e fllct th )i E]i ﬁ atio. As the
constﬁc ? 'ﬁq ﬁ ;1 Hs at the
entranéL and ex1t reduce in magnitude. :

4.3 Qualitative Comparison

Visualization of flow in parallel ducts with abrupt
contraction and expansion is shown in Fig.4.1 through 4.6, for
L/Dy, = 5, 0 = 1/ and various Re. The pictures were visualized
by continuous dye injection through the ducts. The dividing
streamline is clearly seen along the constriction with the

separation point and recirculating flow regions. Considering all



29

pictures, there are three recirculating flow regions; the first

at the concave corner, the second on the constricted or step
surface and the third behind the constriction or steps. The

three regions are separated by a dividing streamline. Fig.4.1
shows the streamline passing through the constriction and parallel
the duct, Figs. 4.2, 4.3 and 4.4 present a dividing streamline,
smooth curves of streamline and profile of streamline before

entering the constriction, ctively while Figs. 4.5 and 4.6

reveal the recirculatirx s at back corner and on the

step or constricted . vena contracta'), respectively,

with a dividing s w @sults by Bunditkul [2,3]
c N e

for flow in a du tion and expansion at
Re = 600, L/Dh =

comparison, as

”n; ted for qualitative

ture is generated by
computer graphic olation and smooth
curve fitting. recirculating flow

regions at front the constricted surface

with a dividing st f these pictures, reveals

good qualitative ag men ison between analytical
il;;-:
results for flow and t&gsggf” obtained by flow visualization.

’ as”employed to examine
loss coefflclentj and or ir&arallel ducts with
abrupt contractlorkand expans:.o The loss coefficients (K and

Furtheﬁ comparisons between experimental and analytlcal results
of loss coefficients for long constriction are shown in Fig.4.10
and Fig. 4.10a. Inspection of these figure.reveals that the

trends of curves are somewhat similar except for the values of Kg,
which are lower and Kc; which are higher, than analytical results,
(1,3]. From the correction factor figure, Fig. 4.1%, it is seen
that very good quantitative agreement is evident at small value

of BF or long constricted duct case. Data points of Ces Ce and Ce
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indicate a tendency toward intersection at about Bf =72.25,

although the values of these correction factor differ from that
obtained by the numerical analysis of Bunditkul[2,3] when By > 2.25,
or short constricted duct case.

AUEINENINYINS
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Fig. 4. Y = ?f 'cﬁfon for o = 1/4, L/Dh =0
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Fig. 4.2 Dividing curves of streamline before passing through

the constriction for o = 1/4, L/Dh = 5, Re = 1500.
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ﬂbrough the constriction

Fig. 4.4 Profile of streamline before facing the constriction

for 0 = 1/4, L/Dy = 5 and Re = 1500.



Fig.
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6

dck-corner for o = 1/4,

Recirculating region on the constricted surface

for o = 1/4, L/Dy = 5 and Re = 1000.
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Fig. 4.9 Friction factor, f versus Re (without constrictidn)

TAWHPLBEE:




0.2

0.0

=2

o UL ‘wﬂ\mwmn

Re=200

500
1000
1500

2000

3000

3000
2000

1500
1000

500
200

1.0

Fig. 4.10 Loss coefficients K. and K, versus area ratio o
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(---- Kays' semi-gmﬁim‘ca] result for laminar flows). [3]
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1 Experimental result
4 5= 1/4 Bunditkul's analysis
o o= 1/2 - [243]
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Fig. 4.14 Correction factor for loss coefficients and Fanning
friction factor for flow through constricted parallel
duct.
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Fig. 4.14a Correction factors for loss coefficients and Fanning
friction factor for flow through constricted parallel

duct~ with Re < 1600
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