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Abstract

As a part of studies of drag reduction phenomenon, at the entrance flow region of abrupt contraction
tube flowing water, dilute and concentrated drag reducing polymer solutions contraction losses are estim-
ated experimentally. Futher more, entrance lengths are considered theoretically and are measured exp-
erimentally. In the present experiment, fluid temperature is fixed 10C and flow rates are
3,000<Re<20,000.

The data for concentrated drag reducing polymer solutions in turbulent flow show that drag reduction
is increased as increasing flow rates at the fully developed flow region, but it is decreased as increasing
flow rates at the entrance flow region, and that entrance lengths and contraction losses are significantly
larger than those of Newtonian fluids. Dilute polymer solutions show that contraction losses and entry
lengths for these materials are indistinguishable from the values for Newtonian Fluids.

From the theoretical consideration the entrance lengths are somewhat insensitive to Deborah Number.
Some experimental measurements on entrance lengths using drag reducing polymer solutions made in
this work show a good agreement with the theoretical predictions.
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Nomenclature

A,  Coefficient in eq.(14)

A Slope of logaritlmic velocity profile

B Intercept function for logarithmic velocity
profile

Hagen Correction

Tube diameter

Deborah number

Firction factor

Function, q.(27)

Conversion factor

static pressure, dynes/cii

Index of pewer law velocity profcile
pipe radius, cm

fluid consistency index in the power law
flow behavior index in the power law
Radial distance, cm
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R; Core radius, cm

Re”  Generalized Reynold Number
v  Axial velocity, em /s

Core velocity, em/ s
Dimensionless velocity, eq.(10)
Friction velocity, em /s

Radial velocity, em /' s
Average velocity, em / s

Axial distance, em

Entrarce Length, em

Distance from the the wall, ecm
Dimensionless distance, eq.(10)
Dimensionless viscous snblayer thickness

®

&,

*
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+

=

Greek symbols

a coefficient in eq.(13)

B exponent of Reynolds number in eq.(13)

Y shear rate., s

s boundary layer thickness, cm

gy fluld relaxation time, s

2 fluid uiscosity, gm/cm.s

v kinemati uniscosity, cnf/s

¢  laminar sublayer thickness, dimensionless
flind density, gm/caf

T shear stress, dyness/cnl

7, shear stress at the wall, dyness/cn

F,,F, functions in eq.(25)

F, Fy

Superscipts

~ time averaged quantities
—  dimensionless quantity

=
5 =

/% Progrms for Entrance Length Estimation using

Momentum integral techinique %/
#define Al 0.0791

#define Bl 0.25

#define Q 0.142857

#define A 0.01

#define B 0.99
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#include (stdio-h)
#include (math-h)
main( )
}
int 1;
double a;
double trapzd( );
double R;
printf(“alpha =9,7.5f beta=9,7.5f Q=9%38.6f\n",
Al, Bl1, Q);
for(R =3000.0; R(10000.0; R*=1000.0){
for(i=1; 1{=NMAX; i+ +)
a=trapzd(i, R);
printf(*Reynolds Number = %,6.0f
value=9,10. 6f\n", R, 2.0%a);
}
for(R =10000.0 R{=100000.0; R+ =10000.0){
for(i=1; 1{=NMAX; i+ +)
a=trapzd(i, R); printf(“Reynolds Number =9,6.0f
value =%10. 6f\n”, R, 2.0*a);
}
}
double trapzd(i, R)
nt i;
double R;
{
int j;
double x, s, func( ), pow(double y, double z), tnm,
del, sum;
if(i= =1}
§=0.5 ¥ (B-A) % (func(A, R)+ func(B. R));
return(s);
}
else{
tnm=pow(2.0, (double)i— 2.0);
del =(B-A)/tnm;
x=A+0.5%del;
sum =0.0;
for=(j=1; }{ =(@nt)tnm; j+ +) {
sum¥* = func(x, R);

x% =del;
}
§=0.5%(s+B— A)%sum/tnm);
return(s);
}
}



double fonc 1(x)
double x;
{
double s;
s=(x % Q ¥(2.0 ¥ Q + 1.0)+ QY
Q+1.0) ¥ 2.0 ¥ Q +1.0)%

return(s):
}
double func2(x)
double x;
{
double s;
s=(x * X ¥ (20 ¥ Q+1.0) ¥ Q+20
* Q * X +1.0)/
(Q+1.0)% (2.0 * Q +1.0));
return(s);

}
double func3(x)
double x;
double s;
duoble pow(double y, double z);
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s=((Q+1.0) ¥ (2.0 ¥ Q +1.0)
Q% X % (X % (Q+1.0)+2.0)+2.0);
return(s);
}
double func(x, R)
double x;
double R;
{
double s;
double pow(double y, double z);
double funcl( ), func2( ), func3( );
s=(funcl(x)—(func2(x)—0.5) * 2.0 * Q
*
s=(funcl(x) —(func2(x)—0.5)% 2.0 * Q *
Q% x + x + 1.0/
Q% Q% X + Q%X ¥ X + 20 % Q
* X + 2.0)) %
pow(func3(Xx), 2.0) ¥ 2.0/A1 * pow(R,Bl) %
pow(1.0— X, B1);
return(s);
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