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ABSTRACT 

A pipe’s geometry plays a critical role in determining both flow behavior and structural support 

performance, making it an essential consideration in industrial piping design. Among the various 

modifications applied in practice, the expansion U-loop is one of the most significant, as it directly 

influences the pressure losses, flow distribution, and stress conditions. This study investigates the flow 

characteristics of U-loop expansion pipes through a dual approach that combines computational 

simulations and experimental testing. The computational study was carried out using Computational Fluid 

Dynamics (CFD) simulations with ANSYS FLUENT 6.3.26, involving three U-loop models fabricated from 

galvanized iron, with a wall thickness of 1.2 mm. Two of the models featured equal leg heights, whereas the 

third employed an asymmetric configuration, with one leg twice the length of the other. To ensure 

reliability, experiments were conducted under identical boundary conditions at five inlet velocities ranging 

from 5.0 to 7.0 m/s, with each case repeated three times. Pressure taps were strategically installed along the 

loop to measure fluid pressure and obtain a detailed distribution profile, particularly at nodes 1, 3, and 7. 

The results of the simulations and experiments were compared, showing an average validation error of 

only 3%. The originality of this study lies in combining CFD and direct experimental testing on U-loop 

models with varied straight-segment lengths, offering valuable insights into the pressure distribution and 

flow patterns that have not been extensively examined. 

Keywords-U-loop pipe expansion; flow pressure distribution; low velocity; pipe hoop stress; longitudinal stress 

I. INTRODUCTION 

Pipes in fluid systems, especially in the energy, oil, and 
chemical industries, often include bends, such as U-loop 
expansions, which significantly affect pressure distribution and 

pipe stress. Understanding the flow characteristics in U-loop 
pipes is crucial for preventing damage, leakage, or structural 
failure and ensuring a safe and efficient design. As an 
alternative, U-loop expansions help reduce and maintain fluid 
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pressure, although they also influence the pipe stress, pressure 
distribution, and flow velocity. 

Various experimental and simulation studies have been 
conducted to estimate the stress and pressure distribution in 
pipes. For instance, in [1], the stress on U-loop expansion pipes 
for pertalite fuel distribution was estimated using theCAESAR 
II software. The stress was mainly caused by the hydrotest, 
support, and expansion loads. All stress remained below 
standards, confirming that the pipe was safe using both 
computational and theoretical methods [1]. Authors in [2] 
showed that both symmetrical and asymmetrical expansion 
loop designs improve flexibility and reduce stress. Given that 
expansion loops also cause a pressure drop that can increase the 
pump power and operating costs, CFD simulations were 
employed to compare four loop types, evaluating the effects of 
flow velocity, fluid density, and viscosity on the pressure drop, 
as well as their impact on pump power and additional costs [3]. 

Studies on expansion loop configurations, including 
variations in length, shape, and added loops, have investigated 
static pressure and transient effects, such as water hammer. The 
results showed that while longer loops reduced the pressure, 
double or modified loops provided better pressure control in 
limited spaces. An effective design must balance thermal 
expansion and transient resistance for reliable system 
performance [4]. Complementary research using Finite 
Element Analysis (FEA) with displacement loads on anchors 
has identified loop variations that minimize the stress from 
thermal expansion, offering a more efficient design solution 
[5]. 

A safe piping system is critical to ensure reliable operation 
and service life within the design cycle [6]. Permissible stress 
must account for thermal expansion and occasional loads, with 
stress values not exceeding allowable limits [7]. Thermal 
expansion can generate high pipe stress, which can be 
controlled by expansion loops whose dimensions depend on the 
material properties, diameter, expansion, and allowable stress. 
Since no standard definition exists for the loop width (W) and 
height (H), W/H was varied to theoretically evaluate pipe stress 
and safety factors [8]. Further optimization of the loop 
dimensions and supports was performed using ASME B31.3 
design guidelines and CAESAR II for stress analysis [9]. The 
specialized AutoPIPE software was utilized to study rigid and 
flexible configuration pipe systems and validate that the 
stresses in pipes and pump nozzles are within the allowable 
loads [10].  

Flow behavior is important in pipe design and has been 
simulated using CFD to study laminar and turbulent flows, 
velocity profiles, and pressure distributions under varying 
Reynolds numbers, geometries, and boundary conditions. 3D 
CFD models of high-viscosity laminar flow provided consistent 
velocity and pressure drop results [11]. The CFD analysis of 
turbulent flow through a 90° pipe bend using ANSYS Fluent, 
validated by experiments, revealed stronger secondary 
turbulence and a higher RMS velocity near the outer wall, 
peaking at 45° owing to vortical circulation, along with 
increased static pressure and turbulent viscosity at the bend 
[12]. The k–ε turbulence model has also been applied using 
CFD simulations [13, 14]. 

Detecting leaks in oil and gas pipeline networks is 
important for maintaining the efficiency and reliability of fluid 
distribution. It has been shown that pressure is the most 
accurate parameter for identifying leakages in pipes [15]. CFD 
simulations have been employed to study the pressure drop 
caused by leaks in 90° elbow pipes [16] and demonstrate that 
leaks with a high rate or a position closer to the inlet result in a 
smaller pressure drop [17]. Computational analysis shows that 
the piping system is safe because the operational stress has a 

ratio of ≤ 1 to the permissible limit according to standards, with 

two main failure modes, namely continuous stress (primary) 
and expansion (secondary) [18]. Authors in [19] used CFD 
through a modified SIMPLE solver on OpenFOAM, 
emphasizing the leak detection in inclined pipes, where the leak 
rate was influenced by the position and angle of the pipe, and 
was higher at the inlet and on large slopes. Additionally, a 
mathematical model based on dimensionless variables and 
orientation angles was developed to accurately predict the 
location of the leaks. 

Previous research on U-loop expansion pipes has generally 
focused on the pressure distribution, stress, and compliance 
with design standards using computational approaches or 
ASME B31.3 [7]. However, most studies are still limited to 
simple configurations and do not explore the effect of 
variations in the length of straight segments between bends, nor 
do they provide a comprehensive validation between the 
numerical results and full-scale experiments. To fill this gap, 
the present study examines three U-loop pipe configurations 
with varying straight segment lengths between bends through a 
combination of CFD simulations and 1:1 scale experimental 
tests. A comparison of the results provides a more 
comprehensive picture of the pressure and stress distribution, 
as well as practical contributions to the design of more reliable 
industrial piping systems. 

II. METHODOLOGY 

In this study, experiments and computational simulations 
were conducted. The experiments were carried out at the 
Hasanuddin University Fluid Mechanics Laboratory using 
carbon steel pipe specimens with a diameter of 0.50 inches. 
CFD simulations were performed using Ansys Fluent 6.3.26 
software, modeling steel pipes with an outer diameter of 12.7 
mm, a wall thickness of 2.2 mm, and an inner diameter of 8.3 
mm with a curved geometry. Three configurations were tested 
based on variations in the length of the straight segment 
between the four bends, as shown in Figure 1. In the first 
configuration (Type 1), the straight segment before each bend 
was 1 m long with an additional 1 m after the fourth bend. In 
the second configuration (Type 2), the straight segment 
consisted of 1 m before the first bend, 0.5 m before the second 
bend, 1 m before the third bend, 1 m before the fourth bend, 
and 1 m after the last bend. In the third configuration (Type 3), 
the straight segment is 1 m before the first turn, 0.5 m before 
the second turn, 1 m before the third turn, 0.5 m before the 
fourth turn, and 1 m after the fourth turn. The modeling and 
meshing processes were performed using Gambit 2.4.6, as 
displayed in Figure 2. Simulations were performed at five flow 
velocity levels, namely 5.0 m/s, 5.5 m/s, 6.0 m/s, 6.5 m/s, and 
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7.0 m/s, to analyze the flow characteristics inside a pipe with 
an elbow geometry. 

All tests were conducted on a 1:1 scale, such that the 
dimensions of the model represented the actual conditions in 
the field. The flow velocity variations used for the three types 
were 5.0, 5.5, 6, 6.5, and 7 m/s. 

Figure 1(d) depicts eight pressure measurement points 
(nodes) placed along the pipe, numbered 1–8. Nodes 1 and 2 

were placed before the first bend, nodes 3 and 4 were located 
on the vertical segment after the first bend, nodes 5 and 6 were 
located after the second bend, and nodes 7 and 8 were placed at 
the end of the pipe after the fourth bend. All nodes were 
connected to a measuring device to obtain data on the pressure 
distribution of fluid flow. The location markers for each node 
are explicitly demonstrated to clarify the spatial position of the 
measuring points, thereby facilitating the process of identifying 
and analyzing the pressure distribution. 

 

(a) Type 1 with two turns and straight segments between turns. (b) Type 2 with three turns and straight segments. 

(c) Type 3 with four turns and additional straight segments at the beginning. (d) Eight pressure measurement points (TP 1–8). 

Fig. 1.  Dimensions of each U-loop expansion pipe model showing: (a) Type 1 with two turns and straight segments between turns, (b) Type 2 with three turns 

and straight segments, (c) Type 3 with four turns and additional straight segments at the beginning, and (d) Eight pressure measurement points (TP 1–8). 
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Fig. 2.  Computational meshing of the U-loop pipe expansion. 

The boundary conditions in the simulation were determined 
based on the flow modeling requirements in the pipe and were 
adjusted to the parameters used. Details regarding the boundary 
conditions applied are presented in Table I. 

The hoop stress (σh) equation was used to analyze and 
determine the stress characteristics acting on the pipe wall 
owing to the internal pressure. It is expressed by [20]: 

σ� =
� �

� �
     (1) 

where p is the internal pressure, D is the pipe diameter, and 
t is the pipe wall thickness. 

Meanwhile, the longitudinal stress (σl), which is the axial 
stress acting along the pipe axis due to internal pressure, is 
determined by [20]: 

σ
 =
� �

� �
     (2) 

TABLE I.  BOUNDARY CONDITIONS OF EXPANSION U-
LOOP PIPE MODEL 

Boundary conditions Type Value 

Fluid (water) properties 
Density 779.1 kg/m3 

Viscosity 0.0005088 kg/m.s 

Inlet Velocity inlet 5.0, 5.5, 6.0, 6.5, and 7.0 m/s 

Outlet Pressure outlet  

Model Wall  
 

III. RESULTS AND DISCUSSION 

The computational results for the pressure distribution were 
obtained by applying the same treatment to five levels of the 
water flow velocity (V): 5.0, 5.5, 6.0, 6.5, and 7.0 m/s. The 
computational results for Types 1, 2, and 3 are presented in 
Tables II, III, and IV, respectively. Based on the computational 
simulation results in Tables II-IV, the maximum pressure drop 
between the inlet and outlet sides of the water flow in the U-
shaped expansion pipe, ΔP=P1-P8, is 95,621 Pa for Type 1 and 
V = 7.0 m/s, while the smallest pressure drop is 60,668 Pa for 
Type 2 and V = 5.0 m/s.  

TABLE II.  COMPUTATIONAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 1 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 1 

Flow 

velocity, V 

(m/s) 

Pressure distribution at each elbow, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 80619 66578 54454 48413 38289 34248 29124 18083 62536 

5.5 92149 77339 62909 58099 43670 38860 34430 21620 70529 

6.0 103878 88286 71511 65919 49143 43551 36776 25184 78694 

6.5 114977 101445 81850 75318 55722 49191 39595 28064 86913 

7.0 130332 112976 90910 83555 61488 54133 42066 34711 95621 

TABLE III.  COMPUTATIONAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 2 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 2 

Flow 

velocity, V 

(m/s) 

Pressure distribution at each elbow, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 74001 63335 55778 43001 32001 28334 21000 13334 60668 

5.5 83673 71295 60782 49404 36269 31891 23135 15756 67917 

6.0 94931 81802 66287 56158 40772 35644 25386 20157 74773 

6.5 106006 92139 76670 62803 45202 39335 27601 23734 82272 

7.0 119886 104160 82257 70531 50354 43629 31177 29451 90434 

TABLE IV.  COMPUTATIONAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 3 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 3 

Flow 

velocity, V 

(m/s) 

Pressure distribution at each elbow, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 76605 71898 58484 50777 39656 35949 18121 15414 61191 

5.5 86493 82127 68394 58028 44930 40563 20099 17732 68761 

6.0 98863 89738 75490 66366 50993 45869 22373 22248 76614 

6.5 109976 95007 81149 75220 57433 51504 22787 25858 84118 

7.0 124663 104885 91330 84553 64220 57443 30333 31555 93108 
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Figures 3-5 present the relationship between the pressure 
distribution (P) and each measurement point position at the 
elbow (TP), with a similar characteristic pattern in all types of 
U-Loop expansion pipes being observed. The pressure 
decreases gradually from TP 1 to TP 8. The same pattern is also 
noted when the velocity varies. 

 

 

Fig. 3.  Computational results of P against TP of a Type 1 U-loop 

expansion pipe with varying V. 

 

Fig. 4.  Computational results of P against TP for Type 2 U-Loop 

expansion pipe with varying V. 

 

Fig. 5.  Computational results of P against TP for Type 3 U-Loop 

expansion pipe with varying V. 

The ΔP values for the three types at each flow velocity are 
compared in Table V. From Table V, it is evident that for all 

flow velocities, Type 2 exhibits the smallest pressure drop, 
whereas the largest pressure drop occurs in Type 1. This 
indicates that to mitigate water flow pressure, Type 1 is the 
most suitable for application, followed by Type 3, and finally 
Type 2. Figure 6 illustrates the relationship between ΔP and V 
for each type of U-Loop expansion pipe. In general, the 
characteristic pattern is similar for all types of U-Loops, where 
the ΔP increases with increasing flow velocity. The 
computational results in Table V and Figure 6 also indicate that 
there are variations in the amount of pressure drop at the same 
velocity for each type of U-Loop. For example, at a V of 7 m/s, 
the ΔP is 95,621 Pa for Type 1, 90,434 Pa for Type 2, and 
93,108 Pa for Type 3. These findings reveal that the pressure 
drop is not only influenced by the number of elbows but also 
by the distance and configuration of the positions between 
elbows. 

TABLE V.  COMPUTATIONAL RESULTS OF PRESSURE 
DROP FOR THE 3 TYPES OF U-LOOP EXPANSION PIPES 

AND VARYING FLOW VELOCITY 

Flow velocity, 

V (m/s) 

Flow pressure drop, ΔP (P1-P8), Pa 

Type I Type II Type III 

5.0 62536 60668 61191 

5.5 70529 67917 68761 

6.0 78694 74773 76614 

6.5 86913 82272 84118 

7.0 95621 90434 93108 

 

 

Fig. 6.  Computational results of ΔP against five levels of V for each type 

of U-loop expansion pipe. 

The results of the pressure distribution experiments were 
obtained by applying five water flow velocity levels: 5.0, 5.5, 
6.0, 6.5, and 7.0 m/s. The experimental results are presented in 
Tables VI-VIII for Types 1-3, respectively. The maximum 
pressure drop between the inlet and outlet sides of the water 
flow in the U-shaped expansion pipe–loop pipe was 92,000 Pa 
for Type 1 and V = 7.0 m/s, whereas the smallest pressure drop 
ΔP was 59,000 Pa for Type 2 and V = 5.0 m/s. 

TABLE VI.  EXPERIMENTAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 1 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 1 

Flow 

velocity,  

V (m/s) 

Pressure distribution on each side of the elbow inlet and outlet, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 78000 65000 53000 47000 37000 33000 28000 17000 61000 

5.5 89000 76000 61000 57000 42000 37000 33000 20000 69000 

6.0 99000 87000 70000 64000 48000 42000 35000 24000 75.000 

6.5 112000 99000 80000 74000 54000 48000 38000 27000 85000 

7.0 125000 110000 89000 82000 60000 53000 41000 33000 92000 
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TABLE VII.  EXPERIMENTAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 2 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 2 

Flow 

velocity, V 

(m/s) 

Pressure distribution on each side of the elbow inlet and outlet, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 71000 60000 52000 42000 31000 27000 20000 12000 59000 

5.5 80000 70000 59000 48000 35000 30000 22000 14000 66000 

6.0 91000 80000 65000 54000 39000 34000 24000 19000 72000 

6.5 102000 91000 75000 61000 44000 38000 26000 22000 80000 

7.0 115000 102000 81000 69000 49000 42000 30000 28000 87000 
 

TABLE VIII.  EXPERIMENTAL RESULTS OF PRESSURE DISTRIBUTION IN A TYPE 3 U-LOOP EXPANSION PIPE WITH VARYING FLOW 
VELOCITIES 

Type 3 

Flow 

velocity, V 

(m/s) 

Pressure distribution on each side of the elbow inlet and outlet, P (Pa) 
ΔP 

(P1-P8) 
Elbow 1 Elbow 2 Elbow 3 Elbow 4 

1 2 3 4 5 6 7 8 

5.0 74000 68000 57000 49000 38000 34000 17000 14000 60000 

5.5 83000 81000 67000 57000 43000 39000 19000 16000 67000 

6.0 93000 88000 74000 65000 49000 44000 21000 20000 73000 

6.5 104000 91000 80000 74000 56000 50000 22000 21000 81000 

7.0 118000 102000 90000 83000 63000 56000 30000 29000 89000 
 

Figures 7–9 show the relationship between P and TP for 
various flow rates and types of U-Loop expansion pipes. In 
general, the characteristic patterns obtained are similar for all 
pipe types, namely the pressure value decreases gradually from 
TP 1 to TP 8, and decreases further as the water flow velocity 
decreases from 7.0 m/s to 5.0 m/s. 

 

 

Fig. 7.  Experimental results of P against TP of Type 1 U-Loop expansion 

pipe with varying V. 

 

Fig. 8.  Experimental results of P against TP of Type 2 U-Loop expansion 

pipe with varying V. 

Table IX presents the ΔP of the water flow through each U-
loop expansion pipe for each flow rate. Type 2 exhibits the 
lowest pressure drop, whereas Type 1 displays the highest 

pressure drop. Thus, Type 1 is the most effective in reducing 
the water flow pressure, followed by Types 3 and 2. 

 

 

Fig. 9.  Experimental results of P against TP of Type 3 U-Loop expansion 

pipe with varying V. 

TABLE IX.  EXPERIMENTAL RESULTS OF PRESSURE DROP 
FOR THE 3 TYPES OF U-LOOP EXPANSION PIPES AND 

VARYING FLOW VELOCITY 

Flow velocity, 

V (m/s) 

Flow pressure drop, ΔP (P1-P8), Pa 

Type I Type II Type III 

5.0 61000 59000 60000 

5.5 69000 66000 67000 

6.0 75.000 72000 73000 

6.5 85000 80000 81000 

7.0 92000 87000 89000 
 

Figure 10 shows the relationship between ΔP and V for 
each type of U-Loop expansion pipe. In general, the 
characteristic pattern is consistent across all U-Loop types, 
where the ΔP value increases as the flow velocity increases 
from 5.0 m/s to 7.0 m/s. The experimental results shown in 
Table IX and Figure 10 also reveal differences in pressure drop 
at the same velocity for different U-Loop pipe types. For 
example, at a V of 7 m/s, ΔP is 92,000 Pa for Type 1, 87,000 
Pa for Type 2, and 89,000 Pa for Type 3. These findings 
confirm that the pressure drop is influenced not only by the 
number of elbows, but also by the distance and configuration of 
the position between elbows. 
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Fig. 10.  Experimental change of ΔP with V for all types of U-Loop 

expansion pipes. 

 

Fig. 11.  Distribution of experimental and computational P relative to TP at 

V = 7 m/s for all types of U-Loop expansion pipes. 

Figure 11 portrays the pressure distributions obtained from 
the experimental and computational results at a flow velocity of 
7 m/s for each U-loop expansion pipe type. Both exhibited 
similar trends, with an average difference of approximately 4%, 
and the computational values were consistently higher than the 
experimental ones at all the measurement points. 

Figure 12 shows the ΔP obtained from the experimental and 
computational results versus V for each U-loop expansion pipe 
type. Both methods displayed similar trends, with average 
differences of approximately 3%, while the computational 
values were consistently higher than the experimental ones. 

 

 

Fig. 12.  Distribution of experimental and computational ΔP against V for 

each type of U-Loop expansion pipe. 

Figures 13 and 14 show the relationship between the hoop 
stress drop (Δσh) from the experimental and computational 
results with respect to the V for each type of U-loop expansion 
pipe. The results indicate that the characteristic patterns for 
each U-loop type are similar, with Δσh increasing from 5.0 m/s 
to 7.0 m/s. The hoop stress reduction values at each water flow 
velocity level were the highest for Type 1, followed by Type 3, 

and the lowest for Type 2. This characteristic pattern aligns 
with the experimental pressure reduction patterns at each 
velocity level. 

 

 

Fig. 13.  Distribution of Δσh with V for all types of U-Loop expansion 

pipes. 

 

Fig. 14.  Computational results of Δσh with V for all types of U-Loop 

expansion pipes. 

Figure 15 illustrates the hoop stress reduction (Δσh) versus 
the flow velocity (V) for each U-loop expansion pipe. The 
experimental and computational results displayed similar 
trends, with an average difference of approximately 4%, while 
the computational values were consistently higher than the 
experimental ones. 

 

 

Fig. 15.  Experimental and computational hoop stress reduction (Δσh) with 

V for all types of U-Loop expansion pipes. 

Figures 16 and 17 display the longitudinal stress reduction 
(Δσl) versus the flow velocity (V) for each U-loop expansion 
pipe. Both the experimental and computational results 
exhibited the same trend, with Δσl increasing from 5.0 to 7.0 
m/s. Type 1 showed the highest values, followed by Type 3, 
and Type 2 demonstrated the lowest values, which is consistent 
with the pressure reduction patterns. 
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Fig. 16.  Results of experiments on longitudinal stress reduction (Δσl) 

against V for each type of U-Loop expansion pipe. 

 

Fig. 17.  Computational results of Δσl against V for each type of U-Loop 

expansion pipe. 

Figure 18 shows the longitudinal stress reduction (Δσl) 
versus the flow velocity (V) for each U-loop expansion pipe 
type, with the experimental and computational results 
exhibiting similar trends. The average difference was 
approximately 4%, with the computational values being 
consistently higher than the experimental values. 

 

 

Fig. 18.  Longitudinal stress reduction (Δσl) from experiments and 

computations with V for each type of U-Loop expansion pipe. 

Figures 19 and 20 show the hoop and longitudinal stress 
distributions obtained from the experimental and computational 
results, respectively, for the U-loop expansion pipe at a flow 
velocity of 7 m/s. Both methods showed similar trends, with 
the average stress values differing by approximately 3%. In all 
cases, the computational results were slightly higher than the 
experimental results at the same measurement points. 

 

 

Fig. 19.  Distribution of hoop stress (σh) from experiments and 

computations  relative to TP for each type of U-Loop expansion pipe at a 

velocity V = 7 m/s. 

 

Fig. 20.  Distribution of σl from experiments and computations  relative to 

TP for each type of U-Loop expansion pipe at a velocity V = 7 m/s. 

Figures 21-23 present the static pressure contours for Types 
1-3 U-loop expansion pipes, respectively, at a water flow 
velocity of 7 m/s. The pressure drop at each elbow exhibited 
the same pattern for each type; however, the largest pressure 
drop occurred on the outlet side or elbow 4 of Type 1 pipe. 
These contour results are consistent with both the experimental 
pressure drop and the computational results. 

IV. CONCLUSIONS 

This study presents the computational and experimental 
results on the characteristics of water flow in U-loop expansion 
pipes, focusing on pressure distribution, circumferential stress, 
and longitudinal stress. Three types of U-loop models were 
tested with flow velocity variations from 5.0 m/s to 7.0 m/s. 
The results show that an increase in flow velocity results in a 
greater decrease in pressure, circumferential stress, and 
longitudinal stress in all types of U-loops, with Type 1 showing 
the greatest reduction compared to Types 3 and 2. The 
validation between the computational and experimental results 
showed a consistent pattern with an average difference of 
approximately 3%, where the computational values were 
slightly higher than the experimental results. 

The knowledge gap addressed by this research is the limited 
number of studies that simultaneously analyze the pressure 
distribution and structural stress response in U-loop expansion 
pipes. The main scientific contribution of the present work is to 
provide a new understanding of the direct relationship between 
the flow characteristics and structural stress changes, which 
was validated through a combined computational-experimental 
approach. The novelty of this study lies in the integrated 
analysis of pressure and stress in a single system, which has not 
been widely studied because most previous studies have 
focused on only one aspect. 
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Fig. 21.  Static pressure contour of Type 1 U-Loop expansion pipe at a water flow velocity of V = 7 m/s. 

 

Fig. 22.  Static pressure contour of Type 2 U-Loop expansion pipe at a water flow velocity of V = 7 m/s. 

 

Fig. 23.  Static pressure contour of Type 3 U-Loop expansion pipe at a water flow velocity of V = 7 m/s.
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A strong consistency between the computational and 
experimental results is demonstrated, confirming the reliability 
of the combined approach. In addition, the superior 
performance of the Type 1 configuration in reducing the 
pressure, hoop stress, and longitudinal stress provides a solid 
reference for optimizing the design of U-loop pipes to improve 
the flow efficiency. 
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