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Abstract
The current study describes the use of a mathematical formula based on macro-scale balances to calculate the efflux time 
for gravity draining a Newtonian liquid from a large conical tank through an exit pipe at the bottom of the tank when the 
flow in the pipe line is turbulent. The least amount of time required to drain the tank will be calculated using the efflux time 
equation, which has been modified using experimental data. When the flow is mixed, that is, partially laminar and partially 
turbulent, gravity-driven, and once through the system, the percentage reduction in efflux time that the addition of water-
soluble polyethylene oxide polymer has on drag reduction is displayed. Therefore, the efflux time equation provides the 
shortest amount of time needed to acquire the liquid draining from the tank.

Keywords  Drag reducing agent · Efflux time · Newtonian liquid · Friction factor · Conical tank

Introduction

The chemical industry uses storage tanks with various 
shapes. Numerous factors, such as the necessity for insu-
lation, floor space, corrosion requirements, material costs, 
etc., might affect the choice of a specific tank form. The 
efflux time, very important from a production standpoint 
and in emergency situations, is the length of time required to 
remove the liquid from the storage container (Hart and Som-
merfeld 1995). According to Joye and Barret (2003), when 
a vessel with a large diameter is slowly drained through an 
exit piping system made up of one or more pipes, the flow is 
predominantly laminar in the vessel and is likely to be turbu-
lent in the pipe (Peet and Sagaut 2008; Xi 2019; Choi 1997).

From a practical perspective, the drag reduction impact 
is very intriguing (Subbarao et al. 2011). Adding a small 
amount of polymers to pipes to reduce drag can result in 
considerable cost savings and improved transit efficiency 
for the majority of liquids. In addition to reducing drag, the 

polymer also inhibits heat transfer, which helps to maintain 
low oil viscosity (Vov et al.2005). The addition of polymers 
to oil that is piped from offshore platforms to onshore facili-
ties is an equivalent application (Henoch 2006). In addition, 
polymers have been used in sewage pipelines and storm-
water drains can increase flow rates to prevent overflow-
ing at peak loads; If only relatively rarely use is necessary, 
this might be much less expensive than having new pipes 
installed (Agulilar 2006). Another application is to increase 
the range and coherence of water jets from firefighting hoses, 
but this idea has not been applied very often (David and 
Roche 1999). Torpedoes' drag can be reduced in a military 
use, according to a patent. It has been patented to discharge 
a seawater-polymer solution from the torpedo nose (Wang 
et al. 2011). By improving blood flow via stenotic arteries 
without influencing blood flow through healthy vessels, low 
quantities of polymers may have a medical benefit (Fortuna, 
and Hanratty 1972). Additionally, corrosion is decreased 
through the use of polymers that reduce drag.

In addition to these practical considerations, fundamen-
tal fluid dynamics researchers find the phenomenon of drag 
reduction by polymer additives to be incredibly fascinating 
(Jurban et al. 2006). The fact that such minute modifica-
tions to the fluid can have such a significant impact on the 
flow characteristics strongly suggests the presence of a cru-
cial momentum transmission mechanism that the polymer 
interferes with (Drappie et al. 2006). Therefore, research on 
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polymeric drag reduction can contribute to a better under-
standing of the phenomenon.

Experimental research on the phenomenon of polymer-
based drag reduction has been focused on horizontal chan-
nels and pipelines. Joye and Barret (2003) The majority of 
the described effort focuses on reducing turbulent drag, with 
only a small amount of work reducing laminar drag (Sub-
barao et al. 2013). Some drag reduction is achievable when 
the flow is mixed, that is, partially laminar, partially turbu-
lent, and gravity-driven (Mohamed et al. 2021).

A conical tank, Newtonian liquid (PEO solution), and 
an exit pipe are all part of the experimental setup used for 
this work. The conical tank's base is where the exit pipe is 
attached. The height of the liquid in the tank, the concentra-
tion of PEO solution, and the length of the exit pipe are all 
operational considerations, have an impact on the efflux time 
and % Drag reduction. The efflux time for various polymer 
concentrations has been calculated using a mathematical 
equation for conical tanks has been developed (Eq. 14).

Materials and methodology

Experimental apparatus description

In Fig. 1a conical tank with a known diameter is placed atop 
a stainless steel structure. A mild steel pipe with a known 
diameter (d) was welded to the structure and employed as 
an escape pipe in the middle of the tank's bottom (Li et al. 
2008). The liquid was drained from the tank using a gate 

valve (GV), which was situated alongside the control valve 
at the base of the exit pipe. To function as a level indication 
while the tank was being drained, a clear plastic tube (L) 
was put within. Four exit pipe lengths of 1 m, 0.75 m, 0.5 m, 
and 0.25 m were employed in the tests, and two tanks with 
diameters of 0.28 m and 0.25 m. Experiments were carried 
out using pipes with diameters of 0.004 m and 0.006 m, 
respectively. To determine the draining pattern and efflux 
periods, additives containing polyethylene oxide (PEO) in 
varying quantities were used. The efflux times have been 
measured with a stopwatch with a 1 s precision.

Synthesis of drag reducing agent

Polyethylene oxide (PEO) having a molecular weight of 
1,00,000 was supplied by Shiv Shakti Group, Gujarat. The 
PEO stock solution was created using the technique outlined 
by Subbarao et al. (2011). 10, 20, 30, 60, 65, 70, and 75 
PPM solutions were created by diluting the prepared stock 
solution. The conical tank was filled with the pre-blended 
solutions and exit pipe assembly, and the processes listed 
below were employed to calculate the efflux timings.

Efflux time measurement for a single exit pipe 
both with and without polymer

The gating valve at the exit pipe's base was closed, allow-
ing the exit pipe to fill the tank with water/polymer solu-
tion up to the level of the tank and at a specific concentra-
tion. The author must immediately start a stopwatch after 
opening the bottom Gate valve to gage the draining time. 
The tank liquid level indicator displays the drop in liquid 
level inside the tank. The measuring time was reflecting 
the liquid level in the tank’s known decline. The reading 
was taken up until the water level, which was 0.02 m just 
above the tank bottom, reached the intended value. The 
experiment's efflux time was marked as tact, repeated the 
experiment several times to ensure uniformity and repro-
ducibility. The aforementioned experimental process was 
performed with various tank dimensions and outlet pipe 
lengths.

Tables 1 and 2 provide a summary of the equipment 
information, the variables covered with and without poly-
mer solutions for various tank diameters, and the specifics 
of tests utilizing single exit pipes with 0.004 m and 0.006 m 
diameters.

Development of mathematical model

The mathematical equation of efflux time for conical tank 
has been developed using the below Fig. 1.

The above illustration demonstrates how a conical 
tank is connected to an exit pipe to drain the solution. It Fig. 1   Conical tank with exit pipe
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also specifies the length and diameter of the exit pipe, as 
well as the tank's liquid at its highest point, among other 
details (Paschkewitz et al. 2004). A Newtonian liquid was 
poured into the tank, and a quick-opening gate valve was set 
up at the bottom of the pipe to allow the liquid to be drained 
from point 2.

Calculating the efflux duration and the pattern of liquid 
drainage from the tank, excluding the pipe, is necessary.

From mass balance,
Rate of mass inflow (1)—rate of mass outflow at (2)—

rate of mass accumulated

Here W1 = 0, then

Mtot Total mass of liquid in the tank.
Writing the Bernoulli theorem between points i and ii

Since the tank top and bottom are open to the atmos-
phere, P1 = P2.

d

dt

(
M

tot

)
= −W1 −W

2

d

dt

(
M

tot

)
= −W

2

(1)
P1

�
+

V2
1

2
+ gZ1 =

P2

�
+

V2
2

2
+ gZ2 +

4fLV2
2

2d

V1 = 1 (The liquid is draining with lower speed; there-
fore, it is steady state).

At any height h, Z1 = Z2 + h + L.
These values are substituting in Eq. (1)

The above equation can be written by the assumption of 
constant friction factor:

Applying mass balance equation

In the above equation, density (ρ) is constant.
From Fig. 1,

The above “r” value insert in Eq. (6)

Conduct the integration on L.H.S and R.H.S

At t = 0, H = H and at t = t, H = H1.

(2)g(h + L) =
V2
2

2
+

4fLV2
2

2d

(3)g(h + L) =
V2
2

2
× (1 + 4fL∕d).

(4)V2
2
=

2 × g × (h + L)

1 + 4fL∕d

(5)V2
2
=

√
2 × g × (h + L)

1 + 4fL∕d
.

(6)d

dt

(
1

3
�r2h

)
=

√
2g(h + L)

1 + 4f (L∕d)
× �

�

4
d2.

r

h
=

R

H
,

(7)r =
h × R

H
.

(8)d

dt

(
1

3

(
h × R

H

)2

h

)
= −

√
2g(h + L)

1 + 4f (L∕d)
×
d2

4
,

h2 ×
dh

dt

R2

H2
= −

√
2g(h + L)

1 + 4f (L∕d)
×
d2

4
,

(9)h2 ×
dh√
h + L

= −
d2

4R2
× H2

�
2g

1 + 4f (L∕d)
dt.

(10)∫
h2√
h + L

dh = −∫
d2

4R2
× H2

�
2g

1 + 4f (L∕d)
dt.

Table 1   List of experiments performed in the absence and presence 
of polymer additives for 0.255 m and 0.28 m dia. tank and 0.004 m 
dia. single exit pipe

S. no. H, m L, m A1/Ap

1 0.30
0.28
0.26
0.24

0.25, 0.50, 0.75 and 1 0.0043

2 0.30
0.28
0.26
0.24

0.25, 0.50, 0.75 and 1 0.006

Table 2   List of experiments performed in the absence and presence 
of polymer additives for 0.255 m and 0.28 m dia. tank and 0.006 m 
dia. Single exit pipe

S. no. H, m L, m A1/Ap

1 0.30
0.28
0.26
0.24

0.25, 0.50, 0.75 and 1 0.000017

2 0.30
0.28
0.26
0.24

0.25, 0.50, 0.75 and 1 0.000024
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Using integration to the equation's LHS (11),

Substituting these values in the above Eq. (12)

(11)

H

∫
H1

h2√
h + L

dh = −

t

∫
0

d2

4R2
× H2

�
2g

1 + 4f (L∕d)
dt.

h + L = X

h = X − L

dh = dX

(12)

H

∫
H1

h2√
h + L

dh = −

H

∫
H1

(X − L)2√
X − L + L

dX,

H

∫
H1

h2√
h + L

dh =

H

∫
H1

(X2 + L2 − 2XL)√
X

dX

H

∫
H1

h2√
h + L

dh =

H

∫
H1

(
X2

√
X
+

L2√
X
−

2XL√
X
)dX

H

∫
H1

h2√
h + L

dh =

H

∫
H1

(
X2

X
1∕2

+
L2

X
1∕2

−
2XL

X
1∕2

)dX

Substituting Eq. (13) in Eq. (11),

The equation (xv) has been written in the form of dimen-
sionless as,

H

∫
H1

h2√
h + L

dh =

�
X2.5

2.5
+ 2

√
XL2 −

2X3∕2L
3

2

�H

H1

H

∫
H1

h2√
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dh =

�
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2.5
+ 2L2

√
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2X3∕2L
3

2

�H

H1

H

∫
H1

h2√
h + L

dh =

�
(h + L)2.5

2.5
+ 2L2

√
h + L −

4

3
(h + L)3∕2L

�H
H1

(13)

H

∫
H1

h2
√

h + L
dh

=
⎡

⎢

⎢

⎣

(H + L)2.5 − (H′ + L)2.5

2.5
+ 2L2(

√

H + L −
√

H′ + L)

−1.33L
[

(H + L)3∕2 − (H′ + L)3∕2
]

⎤

⎥

⎥

⎦

(14)

0.4
[

(H + L)2.5 − (H′ + L)2.5
]
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√

H + L −
√
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− 1.33L
[

(H + L)3∕2 − (H′ + L)3∕2
]

= d2H2

4R2

√

2g
1 + 4f (L∕d)

× teff

(15)
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{
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]
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√
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√
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−1.33L
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]

}

×
4R2

√

1+4f (L∕d)
2g
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√

1 + 4f (L∕d)
2g

⎧
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⎨

⎪

⎪
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(
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L
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(
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L
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√
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−
√

1 + H′

L

)
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[

(
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L
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−
(
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L
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⎫
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⎪

⎬
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⎪

⎭
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Results and discussion

The differences between theoretical and actual values are 
expected because the experimental results are based on 
fluid motion inside a conical tank with an unstable state 
condition. As a result, analyses of theoretical and experi-
mental values are conducted. In the following sections, 
efflux times were calculated using Eq. (16) and compared 
with the experimental values. Also, the effects of vari-
ous variables like the liquid level in the tank’s height, the 
length and diameter of the exit pipe on the efflux time are 
discussed.

Comparison of efflux time data

While calculating the friction factor term (Subbarao et al. 
2011) and Reynolds number (3000 to 3 × 106) ranges are 
applying in the Eq. (16) to get the efflux time.

where Re = DV2 exp�

�
.

V2 exp is attained using the measured experimental data

It is assumed that the liquid in the tank has a given density 
and viscosity to be 1000 kg/m3 and 10−3 kg/m·sec, respec-
tively. Using Eq. 18, the Reynolds number in the pipe was 

teff = 4R2

d2
( L
H

)2
√

1 + 4f (L∕d)
2g

( L
G

)

⎧

⎪

⎪

⎨

⎪

⎪

⎩

0.4
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(
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L

)2.5
−
(

1 + H′

L

)2.5
]

+ 2

(
√

1 + H
L

−
√

1 + H′

L

)

−1.33

[

(

1 + H
L

)3∕2
−
(

1 + H′

L

)3∕2
]

⎫

⎪

⎪

⎬

⎪

⎪

⎭
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D2
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�
L

H

�2
�

L

2g

√
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⎧
⎪⎪⎨⎪⎪⎩
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��
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H

L
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−

�
1 +

H�

L

�2.5
�
+ 2

��
1 +

H

L
−

�
1 +

H�

L

�

−1.33

��
1 +

H

L

�3∕2

−

�
1 +

H�

L

�3∕2
�

⎫
⎪⎪⎬⎪⎪⎭

(16)teff =
( L
H

)2D2

d2

√

(

1 + 4f L
d

)

√

L
2g

⎧

⎪

⎪

⎨
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1 + H′
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(
√

1 + H
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√
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[

(
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(
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L

)3∕2
]

⎫

⎪

⎪

⎬

⎪

⎪

⎭

(17)f = 0.0014 +
0.125

Re0.32
(Known as Drew correlation)

(18)V2 exp =
[(

�

3
r2 × H −

�

3
× r1

2 × H1
)
∕
[
�

4
d2tact

]]

computed, and it was discovered that the flow was turbulent 
(Peet et al. 2008).

Friction factor (f) and V2expvalues are inserted in eqn. 
(xvi) to attain at teff. The mathematical equation of efflux 
time was validated with experimental values of tact and teff, 
respectively. Table 3 represents the efflux time comparison 
of different exit pipe lengths with respect to D = 0.28 m and 
d = 0.004 m (Sommerfeld and Stallybrass 1992).

The results had shown an excellent agreement between 
teff and tact. This shows that the friction factor equation was 
successfully represented the experimental efflux time data 
with a maximum deviation of 1% for all exit pipe lengths.

Following observations can be made from a careful exam-
ination of the data.

•	 The efflux time was increased when the pipe length was 
increased.

•	 The efflux time was reduced when the liquid level in the 
tank’s height was reduced.

•	 The efflux time equation is in good agreement even for a 
shorter exit pipe length of 0.25 m. Hence, the assumption 
of fully developed turbulent flow in the pipe is justified 
in  the  case of a conical tank with an exit piping system.

The trends are same for other diameters of tank and pipe 
as well as for other exit pipe lengths and shown in the fol-
lowing Table 4.
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Variation of H/L vs efflux time

Asstated in the following efflux time equation by Subbarao 
et al. (2011), is employed in Eq. 16 to determine theoretical 
efflux time. The plot of H/L vs. efflux time for a tank witha 
diameter of 0.28 m and an exit pipe length of 0.25 m is 
shown in Fig. 2. In the current study, it is assumed that the 
viscosity and density of liquid water are equal to 0.001 kg/m/
sec and 1000kg/m3. All of the situations under considera-
tion have computed Reynolds numbers that are > 2100. The 
author represents the efflux time varies linearly with H/L 
ratio within the range of variables covered. The trend was 
similar for other exit pipe lengths as shown in Fig. 3.

Variation of 1 + 4fL/d vs. liquid height in the tank (H)

The plot of 1 + 4fL/d vs liquid height in the tank (H) for a 
0.28 m dia. tank and a 0.25 m length of exit pipe is shown in 
Fig. 4. The plot suggests the variation of the friction factor to 
be negligible with a change in liquid height in the tank. This 
also justifies the mathematical Eq. (18) was derived under 
the premise of a constant friction factor. This is additionally 
confirmed by the following plot of 1 + 4fL/d vs H (Fig. 5), 
but for an exit pipe length of 0.5 m.

The contraction coefficient value provided by Joye and 
Barret (2003) is affected by the exit pipe’s diameter, accord-
ing to the difference between 4 mm exit pipe and 6 mm exit 
pipe experimental and theoretical results, which is valid for 
average Reynolds numbers > 4200.

Tank draining pattern

The Figs. 6 and 7, the liquid level in the tank varies with 
regard to time. The figure, according to the author, displays 
a trend toward slow decline because of the conical tank's 
tapering cross section. In relation to the tank's exit pipe 
length, the efflux duration likewise varies (0.25–0.50 m). As 
the liquid flow level changes, so does the tank's radius and 
its height as per V =  �

3
× r2 × h . Equation 16, is regarded as 

the friction factor equation at polymer concentrations of 10 
ppm since it agrees well with the friction factor equation.

Effect of polymer additives on drag reduction

Polymers are said to function better in turbulent environ-
ments than in laminar ones (Snelling 2006). The current 
analysis demonstrates that the drag reduction is created 
between the turbulent flow in the exit pipe and laminar flow 
in the tank (Moin et al., 2004; Peet et al., 2008). The author 
looked into this situation because using polyethylene oxide 
polymer solutions significantly reduces drag. According to 
Mohammed et al. (2021), polymer additives have an impact 

on how liquid drains from tanks. The optimal polymer con-
centration for reducing drag is examined and given below.

Table 3   Comparison of efflux time for different exit pipe lengths in 
case of D = 0.28 m, d = 0.004 m

S. no. L, m H, m tact, sec teff, sec %Error

1 1 0.30 390 389 0.257
2 0.28 382 381 0.2617
3 0.26 376 375 0.2659
4 0.24 370 369 0.2702
5 0.22 366 365 0.2732
6 0.75 0.30 366 365 0.2732
7 0.28 360 355 0.2778
8 0.26 352 346 1.7045
9 0.24 340 337 0.8902
10 0.22 328 327 0.3048
11 0.5 0.30 320 319 0.3125
12 0.28 330 326 1.2121
13 0.26 319 316 0.9404
14 0.24 310 305 1.6129
15 0.22 295 294 0.3389
16 0.25 0.30 300 297 1.0101
17 0.28 290 287 1.0344
18 0.26 280 276 1.4285
19 0.24 267 265 0.7490
20 0.22 260 254 1.1811

Table 4   Comparison of efflux time for different exit pipe lengths in 
case of D = 0.255 m, d = 0.004 m

S. no. L, m H, m tact, sec teff, sec %Error

1 1 0.30 387 386 0.2584
2 0.28 380 379 0.2631
3 0.26 373 373 0
4 0.24 368 367 0.2714
5 0.22 365 363 0.5419
6 0.75 0.30 359 353 1.6713
7 0.28 349 344 1.4326
8 0.26 338 334 1.4792
9 0.24 326 325 0.3067
10 0.22 319 317 0.6296
11 0.5 0.30 335 324 0.2985
12 0.28 318 316 0.6289
13 0.26 310 303 2.2580
14 0.24 300 293 2.389
15 0.22 290 282 2.7586
16 0.25 0.30 301 294 2.3255
17 0.28 290 284 2.0689
18 0.26 275 273 0.7272
19 0.24 265 262 1.1320
20 0.22 258 252 2.3255
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Fig. 2   Variation of H/L vs Efflux time for D = 0.28 m, L = 0.25 m

Fig. 3   Variation of H/L vs Efflux time for D = 0.28 m L = 0.5 m

Studies on tank draining pattern

The Figs. 8, 9 are represents the variation of liquid level in 
the tank drained with respect to time both with and with-
out polymer solutions. The efflux time was calculated with 
respect to increasing in the polymer solutions level in the 
tank as well as variation of the diameter of the tank (D = 
0.28 and 0.255) and length of the exit pipe. The author 
observed that the draining pattern was varied while changing 
the liquid level in the tank and concentration of the polymer 
solutions (Reischman et al. 1975). This agrees well with 
the friction factor Eq. (16), so equation xvi is accepted as 
the friction factor equation for polymer concentrations of 
10ppm.

Influence of polymer concentration

The addition of polymer (PEO) showed the effective drain-
ing of solution by reducing the efflux time. The choice of the 
polymer is based on the observation that it is highly soluble 
in water. To evaluate the optimum concentration of polymer 
solution, efflux data were obtained for 10, 20, 30, 60, 65, 70 
and 75 ppm shown in Figs. 10, 11.

The efflux time was decreased due to the increment in 
polymer concentration from 0 to 65 ppm. On further incre-
ment of polymer concentration from 65 to 75 ppm, the efflux 
time was increased due to the fact that the polymer became 
more viscous at 70 ppm and at 75 ppm. Thus the optimum 
concentration of polymer was found as 65 ppm (Viachogian-
nis and Hanratty 2003).

The above figures show that for a 4 mm exit pipe diam-
eter, the efflux time (or drag) decreases with increasing 
polymer concentration, reaches its lowest point at 65 ppm 
and then rises as the concentration is raised to 70 ppm. As 
a result, it can be deduced that the optimal concentration 
occurs at 65 ppm and a 4 mm output pipe diameter. Addi-
tionally, the plot demonstrates that increasing the diameter 
of the exit pipe to 6 mm, there is little difference in the efflux 
time. It might be inferred that polymers only affect the con-
traction point. The following figure illustrates the trend for 
tanks with a 0.32 m diameter. Consequently, it may be said 
that the ideal concentration in instance.

It follows that the optimum concentration for polymer 
solutions depends only on the tank's diameter has no bearing 

Fig. 4   Variation of 1 + 4f L/d vs liquid height in the tank (H) 
(D = 0.28, L = 0.25 m)

Fig. 5   Variation of 1 + 4f L/d vs liquid height in the tank (H) 
(D = 0.28 L = 0.5 m)
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on the outflow pipe's diameter, either the length of the 
exit pipe or the height of the liquid in the tank. However, 
the tank's diameter, initial outflow rate, tank liquid level 
height, and exit pipe length all influences the polymer drag 
reduction.

 Calculation of % drag reduction

The difference in frictional pressure drop of solutions in the 
absence and presence of drag reducer along a pipeline seg-
ment at a constant flow rate can be yield quantitatively an 
expression for drag reduction as reported by earlier investi-
gators (Sommerfeld and Stallybrass 1992; Virk 1975).

where ΔPf ,untreated refers to pressure drop in the absence 
of polymer and ΔPf ,treated refers to pressure drop in the pres-
ence of polymer.

In terms of friction factors, this can also be written as 
Jones and Moddock (1969)

where funtreated and ftreated refer to friction both with and 
without polymers.Even though both are same for dilute solu-
tions, they were different for concentrated solution is likely 
become visco-elastic (Toonder 1995).

The below equation is defined as on the basis of % Drag 
reduction and efflux time (Kostic 1994):

Efflux time measured based on treated and untreated of 
polymer are referred as teff,untreated and teff,treated.

%DR =

[
ΔPf ,untreated − ΔPf ,treated

ΔPf ,untreated

]
× 100

%DR =

[
funtreated − ftreated

funtreated

]
× 100

%DR =

[
teff,untreated − teff,treated

teff,untreated

]
× 100 The calculated values of percentage of drag reduction are 

shown in Tables 5 and 6, respectively.

Fig. 6   Variation of tank level with respect to time (D = 0.28  m and 
L = 0.25 m)

Fig. 7   Variation of tank level with respect to time (D = 0.28  m, 
L = 0.5 m)

Fig. 8   Variation of efflux time with level of the liquid in the absence 
and presence of polymer concentration variation used for D = 0.28 m, 
d = 0.004 m and L = 0.75 m

Fig. 9   Variation of efflux time with level of the liquid in the 
absence and presence of polymer concentration variation used for 
D = 0.255 m, d = 0.004 m and L = 0.75 m
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Conclusion

The summary of present work has been illustrating that 
experimental works were conducted in gravity-driven flow 
systems to obtain the data on efflux times while draining 
a storage tank filled with water and water-soluble polymer 
solutions. The following conclusions have been drawn based 
on the experimental data analysis obtained from the drag 
reduction and efflux time calculations, absence and presence 
of polymer additive:

•	 The draining pattern of polymer contained liquid was 
found to be relatively faster than absence of polymer. 
Mathematical expression was used for evaluating the 
efflux time.

•	 Polymer solution concentrations reduce the drag in once 
through flow system.

•	 Friction factor equation closely approximates the experi-
mental values of efflux time data.

•	 For effective draining of tank solutions, an optimum con-
centration of polymer (PEO) was found to be 65 ppm.

•	 The author observed the gradual increasing of efflux time 
with an enlarging of the exit pipe length and increase in 
tank diameter.

•	 And also observed the gradual reduction of efflux time 
with an enlarging of the exit pipe diameter and increase 
in liquid level in the tank’s height.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40808-​022-​01518-z.

Data availability statement  The present work differs as compared to 
the below mentioned works in geometry selection, polymer selection 
(Polyethylene Oxide), modeling of the conical tank, fluid flow and fric-
tion factor calculations, etc. The author conducted the detailed study on 
“Development of Mathematical Model for Efflux Time in Conical Tank 
using Polyethylene Oxide as Drag Reducing Agent” and influences the 
various parameters on drag reduction coefficients by changing the tank 
size, exit pipe length, various exit pipe diameters and various polymer 
concentrations, etc.
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