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Abstract- The aim of this study is to evaluate the effects of valve angle and fluid velocity on pressure drop in pipe flow using
ANSY'S Fluent software. Flow analyses were conducted using Taguchi L8 orthogonal array with two control factors. The valve
angle in the pipe was chosen as the first control factor, while the fluid velocity was selected as the second control factor. The
optimum levels of each control factor and its effect on the results were determined using Signal-to-Noise ratio analysis. The
significance level and contribution rates of each control factor on the responses were determined using analysis of variance. As
a result of this study, the increase of fluid velocity and valve angle causes an increase in pressure drop. Maximum pressure and
velocity changes were observed on the valve. It was determined that the effect of the fluid velocity in the pipe on the pressure

drop was lower than the effect of the valve angle.
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1. Introduction

Fluid control has an important effect on in-pipe flows.
Valves are installation elements used to control fluids. Valves
can be considered in two categories as hydraulic or pneumatic
according to the application area. There are also pressure,
directional control and on/off valves. Valve systems can be
used to transfer fluid at desired speed and pressure values. The
velocity of the fluid can vary with the angle of the valve. The
valve also changes the flow rate as well as the fluid pressure
in the pipe. In the literature, there are scientific studies
involving many in-pipe flows [1-10]. Transient pipe flow was
evaluated using numerical and experimental methods [11].
The effects of the open and closed state of the ball valve on
the in-pipe flow were investigated [12]. The impacts of
pressure surge on pipe flow using valve was analysed [13]. In
a solid-gas pipe flow, an axial flow controlling valve was
analyzed and the surface erosion behavior on the valve was
investigated [14]. The optimum conditions for valve control
system in the water distribution network was evaluated [15].
As can be seen from the literature review, there are many
studies that include in-pipe flow analysis. However, there is
no study based on different valve angles and fluid velocity

using the Taguchi method and ANSYS Fluent software. Thus,
a study that includes statistical and Fluent analyzes together
will contribute to the literature.

2. Materials and Methods

In this study, water-liquid was used as fluid. Each pipe
was made of aluminum material. As technique, Taguchi
method was used. Statistical analyses were performed in
accordance with this method. ANSYS Fluent analyses were
conducted using L8 orthogonal array. This array has two
control factors. The first control factor is valve angel while the
second control factor is fluid velocity. The first control factor
has four levels while the second control factor has two levels.
The control factors and their levels were presented in Table 1.

Table 1. Control factors and levels

Control Svmbol Levels
Factors y 1 5 3 4
Valve A 15° - = | 2=
Angle
Fluid
Velocity B 0lm/s | 0.3m/s | - ;
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Taguchi method has different quality characteristics. To
found the maximum pressure drop in pipe flow based on valve
angle and flow velocity, “larger is better” quality methodology
in accordance with Taguchi method was applied. Equation
with this quality methodology was shown as [16].

(S/N)yp = —10.1log (n—12(yi2)—1> (1)
i=1

where, n is the number of flow analyses in a trial and y;
shows it data noticed. Statistical analyses regarding Taguchi
method were carried out using Minitab software.

3. ANSYS Fluent Analysis

In ANSY'S Fluent analysis, a straight pipe with a diameter
of 100 mm and a length of 2000 mm was used. Aluminum was
chosen as the pipe material.

Water with a density of 998.2 kg/m® was used as the fluid.
The width of the valve placed in the pipe is considered as 10
mm and its length as 100 mm. The fluid enters the pipe from
the left side and exits from the right side.

Pipe geometry and fluid flow direction were demonstrated

in Figure 1.
% I'Ak
/ h

a) Pipe geometry

Vinlet Voutlet

b) Fluid flow direction
Fig. 1. a) pipe geometry, b) fluid flow direction

K-epsilon realizable was used to be viscous model. In
solution technique, coupled schemed method was selected.
Turbulent kinetic energy and dissipation rate were chosen to
be second order upwind.

In initialization approaches, hybrid initialization
technique was achieved. Pressure drop data in pipe flow were
calculated using surface integrals.

Faced average for response was nominated to be report
type. In mesh operation, element size was taken as 2 mm for
each analysis. The pressure drop was calculated according to
Equation 2.

AP = Ppjer — Poutlet 2

where, P1e¢ 15 used as fluid inlet while P, ¢ is utilized
as fluid outlet. The difference of these values shows the
pressure drop in the in-pipe flow.

4, Results and Discussion

Fluent analyses for “higher is better” quality characteristic
based on Taguchi method were conducted L8 orthogonal array
with two control factors. Each analysis was performed in
accordance with pressure drop in pipe flow. ANSYS Fluent
data obtained according to ANSY'S Fluent were converted to
SIN ratio values. Pressure drop and S/N ratio data were
illustrated in Table 2.

Table 1. Results for ANSYS Fluent and S/N ratio analyses

Results
Test | Design Control Factors | Pressure S/N ratio
Drop 1 (dB)
A B AP (Pa)
1 AiB; 15° | 0.1m/s 3.457 10.7737
2 AiB; 15° | 0.3m/s 24.368 27.7363
3 AxB; 25° | 0.1m/s 8.321 18.4037
4 A:B> 25° | 0.3m/s 62.627 35.9352
5 AsB; 35° | 0.1m/s 22.880 27.1893
6 AsB2 35° | 0.3m/s | 181.705 | 45.1874
7 A4B; 45° | 0.1m/s 49.628 33.9145
8 A4B> 45° | 0.3m/s | 427.715 | 52.6231
Overall Mean (Txp) 97.588 -

The visual values of the analysis results in Table 2 are
shown in Figure 2.

In Figure 2, the red areas show the maximum affected
areas depending on the fluid velocity and pressure values,
while the blue areas are determined as the minimum affected
areas. Also, Figure 2 shows that the maximum affected areas
occur above the valves. As the valve angle increases, the
pressure increases.

To see the impacts of valve angle and fluid velocity on
pressure drop in pipe flow, statistical method based on
Taguchi L8 orthogonal array was used. According to Taguchi
method, the average value of ANSYS Fluent data for each
level of each control factor in accordance with S/N ratio was
calculated and the results were schemed as impact of control
factors and contour plot of pressure drop in Figure 3.

As Figure 3a, increase of valve angle and fluid velocity in
pipe leads to an increase at the pressure drop. This is because
the increase in valve angle is due to resistance in the fluid flow
in the pipe. In addition, as the fluid velocity increases, the
pressure change will change as the resistance in the pipe may
increase. Figure 3b shows contour plot of pressure drop based
on valve angle and fluid velocity in pipe.

As can be seen in these figures, the increase in the levels
of both control factors increases the pressure drop. Figure 3b
supports Figure 3a.
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1. Velocity Contour

2. Velocity Contour

3. Velocity Contour

4. Velocity Contour

5. Velocity Contour

6. Velocity Contour

7. Velocity Contour

8. Velocity Contour
Fig. 2. ANSY'S Fluent results for L8 orthogonal array

Table 3. ANOVA result

Analysis of variance (ANOVA) was performed at 95 %
confidence level for determining of effective control factors
were tabulated in Table 3.

As can be seen from ANOVA result, valve angle has
41.79 % effect while fluid velocity has 31.79 % effect on
pressure drop in pipe flow. P value of each control factor was
higher than 0.05. Since the analyzes were performed at the
95% confidence level, the control factors do not have a
significant effect on the result depending on the P value (0.05).

1. Pressure Contour

2. Pressure Contour

. Pressure Contou

4. Pressure Contour

5. Pressure Contour

6. Pressure Contour

. Pressure Contour

8. Pressure Contour

Seq

Adj

Source | DF sS MS F P Effect
A 3 | 61573 | 20524 | 1.58 | 0.358 | 41.79

B 1 | 46838 | 46838 | 3.61 | 0.154 | 31.79
Error 3 | 38943 | 12981 - - 26.43
Total 7 | 147354 - - - 100.00
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In order to determine the optimum levels of each control
factor, the average values of ANSYS Fluent results and S/N
ratio for each variable in accordance with the various levels at
the pressure drop in pipe flow were calculated based on
“higher is better” quality characteristic. Responses for
ANSYS Fluent and S/N ratio data were presented in Table 4.
As can be seen from response table, optimum pressure drop in
pipe flow was achieved by using the fourth level of valve
angle and the second level of fluid velocity. The rank and delta
data show that the valve angle has the extreme influence at the
pressure drop in pipe flow and is followed by fluid velocity.

Control Factors

Valve Angle Fluid Velocity

334

304

Mean of SN ratios. n (dB)

T T T
15 25 35 45 0.1m/s 0.3m/s
Levels

Signal-to-noise: Larger is better

a)

Contour Plot of r vs A; B

b)
Fig. 3. a) impacts of control factors for S/N ratio data and b)
contour plot of pressure drop

In order to find the estimated optimum result, the most
suitable levels of control factor were selected. These values
were calculated in accordance with “higher is better” quality
characteristic and were given in Table 4.

Table 4. Response table for pressure drop

The values at the highest level for mean based on ANSYS
Fluent data were obtained from this table. The estimated mean
of pressure drop in pipe flow can be calculated as [16].

tap = Ay + By — Tap (3)

where, the overall mean (T,p) Was solved as 97.588 Pa.
This value was calculated in accordance with Taguchi L8
orthogonal array with two control factors in Table 2.

A, = 238.67 is the average data of pressure drop in pipe
flow for ANSY'S Fluent data at the fourth level of valve angle
and B,= 174.10 is the overall value of pressure drop in pipe
flow for ANSYS Fluent data at the second level of fluid
velocity.

Based on these values, p,p is calculated as 315.182 Pa.
ANSYS Fluent and estimated results for pressure drop in pipe
flow were listed in Table 5.

Table 5. ANSY'S Fluent and predicted results

Optimal ANSYS Predicted .
Set Fluent Result Residual
A4B> 427.715 Pa 315.182 Pa +112.533

S/N ratio (dB) Mean (Pa)
Level
A B A B
1 19.26 22.57 13.91 21.07
2 27.17 40.37 35.47 174.10
3 36.19 - 102.29 -
4 43.27 - 238.67 -
Delta 24.01 17.8 224.76 153.03
Rank 1 2 1 2

The residual value depending on the results was found to
be 112.533. This result is seen as about 26.43 % difference
and this value was calculated as a result of ANOVA. Hence
the accuracy of the ANOVA result was supported.

5. Conclusion

This study deals with the investigate the effects of valve
angle and fluid velocity at the pressure drop in pipe flow using
ANSYS Fluent software and Taguchi Method. ANSY'S Fluent
analyses were conducted using L8 orthogonal array with two
control factors. The first control factor was selected as valve
angle while the second control factor was assumed as fluid
velocity. The effect and optimal levels of control factors were
found using Signal to Noise ratio analysis in accordance with
“higher is better” quality characteristic while percent
contributions of control factors at drop pressure in pipe flow
were calculated using Analysis of Variance. To see the
pressure change of the fluid in the pipe, contour plot was used.
According to this study, increase of valve angle from 15° and
45° and fluid velocity from 0.1 m/s and 0.3 m/s in pipe flow
leads to the increase of pressure drop. The optimal levels of
valve angle and fluid velocity in pipe flow were found to be
the fourth level and the second level, respectively. Effects of
valve angle and fluid velocity were determined to be 41.79%
and 31.79%, respectively. The residual value depending on the
ANSYS Fluent and predicted results was calculated be
112.533. The highest and lowest velocity and pressure
changes were observed around the valve.

References
[1] B. Eckhardt, T.M. Schneider, B. Hof, J. Westerweel,

Turbulence transition in pipe flow, Annu. Rev. Fluid
Mech., 39 (2007) 447-468.

76



INTERNATIONAL JOURNAL of ENGINEERING SCIENCE AND APPLICATION

S. Evran, Vol.6, No.3, September 2022

[2] A. Bergant, A. Ross Simpson, J. Vitkovsk, Developments
in unsteady pipe flow friction modelling, Journal of
Hydraulic Research, 39 (2001) 249-257.

[3] M.V. Zagarola, A.J. Smits, Mean-flow scaling of turbulent
pipe flow, Journal of Fluid Mechanics, 373 (1998) 33-79.

[4] K. Avila, D. Moxey, A. De Lozar, M. Avila, D. Barkley,
B. Hof, The onset of turbulence in pipe flow, Science,
333 (2011) 192-196.

[5] P.K. Swamee, A.K. Jain, Explicit equations for pipe-flow
problems, Journal of the hydraulics division, 102 (1976)
657-664.

[6] M.O. Carpinlioglu, M.Y. Giindogdu, A critical review on
pulsatile pipe flow studies directing towards future
research topics, Flow Measurement and Instrumentation,
12 (2001) 163-174.

[7]1 M. Shockling, J. Allen, A. Smits, Roughness effects in
turbulent pipe flow, Journal of Fluid Mechanics, 564
(2006) 267-285.

[8] J. Peixinho, T. Mullin, Decay of turbulence in pipe flow,
Physical review letters, 96 (2006) 094501.

[9] B. McKeon, C. Swanson, M. Zagarola, R. Donnelly, A.J.
SMITS, Friction factors for smooth pipe flow, Journal of
Fluid Mechanics, 511 (2004) 41-44.

[10] M. Hultmark, M. Vallikivi, S.C.C. Bailey, A. Smits,
Turbulent pipe flow at extreme Reynolds numbers,
Physical review letters, 108 (2012) 094501.

[11] A.S. Elansary, M.H. Chaudhry, W. Silva, Numerical and
experimental investigation of transient pipe flow, Journal
of Hydraulic Research, 32 (1994) 689-706.

[12] B. Cui, Z. Lin, Z. Zhu, H. Wang, G. Ma, Influence of
opening and closing process of ball valve on
external performance and internal flow characteristics,
Experimental Thermal and Fluid Science, 80 (2017)
193-202.

[13] B.T. Lebele-Alawa, F.E. Oparadike, Analysis of the
effects of valve propagated pressure surge on pipe
flow, Engineering, 3 (2011) 1098.

[14] S. Zheng, M. Luo, K. Xu, X. Li, Q. Bie, Y. Liu, H. Yang,
Z. Liu, Case study: Erosion of an axial flow regulating valve
in a solid-gas pipe flow, Wear, 434-435 (2019) 202952.

[15] P.W. Jowitt, C. Xu, Optimal Valve Control in
Water&#x2010;Distribution  Networks, Journal of
Water Resources Planning and Management, 116 (1990)
455-472.

[16] P.J. Ross, Taguchi Techniques for Quality Engineering,

McGraw-Hill International Editions, 2nd Edition, New
York, USA, 1996.

77



