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Summary

In the scope of this study, main pipe of the diffuser, risers, ports, internal and external
environments forming the discharge system which is used in application are modelled by
Finite Elements Analysis (FEA) program to obtain discharge and structural behaviour. The
last two spans of the system (20 m) and four ports on these spans are investigated. While the
diameter and geometry of the risers and ports remain constant, the diffuser pipe is modelled in
three different ways. These are constant sectioned (Model 1), contracting with sharp edge
entrance sectioned (Model 2) and gradually contracting sectioned (Model 3) respectively.
Among them, only Model 1 is treated as Single Degree of Freedom (SDOF) system and it is
simulated by FEA to verify FEA solver in the first place. After structural suitability is
confirmed, rest of the models are analysed to determine reaction forces and stresses. The
discharge is performed as unsteady external flow as well as steady external flow assumption
which is widely used in external flow model in the literature. The discharge analyses are
performed in two different ways to verify FEA program. Iterative method is accompanying to
FEA program. As a result of this study, proper model for structural and discharge behaviour
and external flow effects on discharge velocities are obtained.

Key words: submarine outfall; external flow; internal flow; fluid structure interaction;
Finite Elements Analysis

Nomenclature

A (L? Cross section area

Ce (1) Jet contraction coefficient

Co (1) Drag coefficient

Cm (1) Inertia coefficient

Co (LTH Velocity of sound in salty water
D (L) Diameter

d (L) Water depth
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Introduction

Young modulus

Force

Friction losses

Gravity

Wave height

Total head

Moment of inertia

Internal force

Port number

Stiffness

Diffuser length

Wave length

Mass

Total number of risers
Pressure

Flow rate of total discharge
Flow rate of port

Wave period

Time

Fluid velocity component at x direction
Average fluid velocity
Fluid velocity component at y direction
Fluid velocity component at z direction
Displacement of diffuser
Velocity of diffuser
Acceleration of diffuser
Geometrical head

Port parameter

Griineisen ratio

Specific weight

Slope of the Us—Up curve
Square of natural frequency
Dynamic viscosity

Poisson ratio

Natural frequency

Shape function

Mass density

Local losses

FSI Analysis of Submarine Outfall

During the last few decades, production of hot salty water (brine) in the world has
increased abundantly due to rapid increase in various industrialized and mining processes.
Submarine outfall diffusers occupy 41 % of total brine disposal capacity due to high dilution
capabilities [1]. Besides, submarine outfall systems and diffusers are mostly used in many
industrial applications from jet engineers to manifold and air conditioning systems [2-6].

Gradually contacting and constant sections are widely implemented in main pipe design
of diffusers. Different geometries can be used in ports together with diffuser pipes. In addition
to these section types, contracting with sharp edge entrance sections are generally used in
buried diffusers [7-9]. Different geometries can be used in ports as well as diffuser pipes.
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Duckbill valves and bell mouthed types have even broader rang in submarine outfall design
[10, 11].

Internal and external hydraulic characteristics must be taken into account while
determining the diffuser geometry. However, it is known that internal flow in liquid-filled
pipe systems is not steady. It is generally assumed as steady by treating internal flow in
submarine outfalls. Discharge velocity varies with ambient pressure and offshore environment
flow parameters (velocity, pressure etc.) which are time-varying unlike usage in wide range of
diffuser applications. This assumption makes the calculation simpler. According to literature
survey, it is stated that turbulence effects are negligible except water hummer situation in
discharge systems. It is known that effective and controlled usage of submarine outfalls can
prevent systems from water hummer effects. Both uniform discharge distribution along the
diffuser and preventing salty water intrusion are the most important conditions for discharge
systems. Turbulence effects are said to be not effective on these conditions by references [7-9,
11-13].

Submarine outfall models are composed of fluid and structure domains that interacts
each other. Fluid-structure interaction (FSI) techniques are commonly implemented to model
dynamic behaviour of both fluid and structure [14-17]. FSI analyses are including
Computational Fluid Dynamics (CFD) to realise the fluid flow (CFD). In this day and age,
however there are many experimental techniques, an alternative method is provided by (CFD)
because experimental setup is extremely expensive and laborious and down-scale models are
not accurate enough at times [18].

In this study, firstly three different diffuser models which are widely used in
applications have been investigated in terms of structural behaviour to determine the
sufficient one. After performing structural analysis, effects of changes in diffuser pipe
geometry and ambient surrounding diffusers on discharge velocity are investigated. For this
purpose, as it is seen Figure 1, three different diffuser pipe sections are modelled; such as
constant (Model 1), contracting with sharp edge entrance (Model 2) and gradually contracting
(Model 3) respectively.

@ Model 1
Il Model 2
] Model 3

Fig. 1 Diffuser geometries

All sections are modelled interacting with flow domains. FSI calculations of diffuser
and internal-external flows are performed by using ABAQUS FEA program. Structural
modelling of diffuser is performed by ABAQUS/Explicit and internal-external flow
modelling is created ABAQUS/CFD simultaneously. While the structural verification of FEM
is determined by SDOF model [19, 20], CFD results are confirmed by computing energy and
continuity equations given by Eqns. (15, 16) [7]. Flow domains consist of internal and
external flows. Internal flow is modelled to be steady. Linear Wave Theory is used to simulate
unsteady external flow. Wave is occurred in intermediate water depth region according to
wave parameters. As it is stated in [21], underneath the free surface, wave-induced pressure

69



Engin GUCUYEN, R. Tugrul ERDEM, FSI Analysis of Submarine Outfall
Umit GOKKUS

oscillations reduce with depth below the free surface. Since the diffuser is in the sea bottom,
effect of free surface is ignored in the transition regions as mentioned in most of the studies in
the literature. External flow is separately modelled as steady besides unsteady flow. In this
manner, the steady flow assumption, as performed in previous studies, changes the flow
characteristics according to unsteady flow that will be revealed.

2. Methodology

In the scope of this study, it is aimed to perform computer aided numerical FSI analysis
of submarine outfall diffusers under internal and external flows. The fluid part of the analysis
results are compared with iterative technique that is based on the equilibrium of pressure at
the same point obtaining from different points. The comparison is made for all geometric
models for both conditions; steady and unsteady outflow. The structure part is compared with
SDOF. The solid models under consideration consist of three different diffuser geometries.
These are compared by considering reaction force and stress values. All geometries are
transporting internal steady flow interacting with external flow. In contrast to previous
studies, external flow is modelled not only steady but also unsteady. Mentioned diffusers are
discharging salty cooling water with the flow rate of 0.173 m®/s, having the same density with
ambient to sea. Linear Wave Theory is charged to model unsteady external flow. Ambient
flow parameter effects on effluent flow parameters are determined by modelling external flow
in two different types.

2.1 Modelling of diffusers

Two-span diffuser with 20 m length (L) is modelled with ABAQUS/CAE [22]. Fixed
supports with a length of 0.40 m are used. Vertical ports having 1 m length are placed as the
distance between them to be 5 m. The diameter and geometry of the risers and ports of the
diffuser remain constant. However, the diffuser pipe is modelled in three different ways.
While diameter of the two-span main diffuser pipe is 0.50 m in Model 1, diameter of the main
pipe (D) is 0.50 m in the first span and 0.40 m in the second span in Model 2 and beginning
diameter of the first span in 0.50 m and ending diameter of the second span is 0.40 m in
Model 3. Diameters of the risers and ports are taken as 0.13 m in all models. Bell mouthed
ports are also implemented in this study. Pipe thicknesses of the models are 0.01 m.

The material for the models is steel, with Young modulus (E) of 2.1x10% N/m?2, Poisson
ratio (v) of 0.30 and mass density (ps) of 7850 kg/m®. The models are divided into small
elements in finite elements method to perform and analyse the complex models. 10-node
modified tetrahedron elements (C3D10M), which are compatible with contact problems, are
utilized in analyses. Distances between meshes are taken as 0.01 m on ports and riser which is
the same value of wall thickness, and 0.05 m on diffuser pipe. Smaller values than these
values cause duration and volume problems. Ultimate mesh structures and port numbers of
models are presented in Figure 2.

mfixed supports

Fig. 2 Mesh structure of port and diffuser pipes
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2.2 Modelling of internal and external flows

CFD based analysis is implemented by Finite elements method (FEM) [22]. The
physical features of finite elements that are supported by CFD technique extracts the
equations of motion reduce to incompressible Navier-Stokes equations given by (Egns 1-3).
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u, v and w are the velocity, gx, gy and g, are gravitational components at the x, y and z
directions respectively. pf is the mass density, w is the dynamic viscosity and p is the pressure.
Turbulence terms are ignored as well as former studies [23-27].

Internal and external flows are created in the same geometry as shown in Figure 3.
Three different fluid domains are created as diffuser models, based on the diameter of the
diffuser sections. The dimensions of the domains are 25 m in the direction of diffuser, 1.5 m
perpendicular to diffuser direction and 20 m in vertical direction (d) for all solid models.
Domain sizes are determined in accordance with diffuser geometries and the conditions are
citied from [23-27]. The detailed explanations about these conditions are given by mentioned
references.

EOS material is utilized to model fluid with velocity of sound in salty water, c,2=1560
m/s and the constants (x, 70) are equal to zero. x is the slope of the Us—Up curve and 7o is the
Griineisen ratio. The properties of salty water are used to model internal and external flows at
temperature of 20 C° with mass density (pf) of 1025 kg/m*® and dynamic viscosity (u) of
0.0015 Ns/m?.

7+ External flow
= Internal flow
# FSI surface

Fig. 3 Fluid domains Fig. 4 Ports mesh structures and node numbers
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FC3D4 (4-node modified tetrahedron) typed members which are proper for FSI
problems are used in the analyses. Distances between meshes are taken as 0.01 m on ports,
which is the same value of wall thickness, and 1 m on the rest of the geometry as presented in
Figure 4 for Model 2. In Model 1, 23125 nodes and 105102 elements, in Model 2, 22895
nodes and 103897 elements and in Model 3, 24053 nodes and 109152 elements constitute the
domains. The analysis is performed by an applied boundary condition on diffuser pipe as the
fluid inlet velocity of 0.956 m/s corresponding to flow rate. Simultaneously, equation of
velocity that represents the Linear Wave Theory is applied to outlet domain, is given below.

u_ﬂgcosh[Zﬂ(erd)/ (I c 2r  2rm

"L cosh(zzdil,) L T Y )

In this paper, employed parameters are taken into account respectively: water depth (d)
is 20 m, wave period (T) is 8 s and wave height (H) is 2.50 m. Wave length (Lw=95.72 m) is
calculated by considering these parameters. Following this, steady external velocity (u=0.5
m/s) which is introduced to outlet domain to observe external flow effects on discharge
velocities.

2.3 Modelling of FSI

The first step of FSI problem is tasked to determine the contact surfaces as seen in
Figure 2. By determining the contact surfaces, where the forces are transferred from fluid to
structure and deformations are transferred from structure to fluid is identified. Structural and
fluid equations are solved independently. Finite Elements program employs Eq. (1-3) for fluid
solver to obtain pressure forces. Subsequently, the (Eqg. 5) is used to obtain displacement
values by Explicit analysis in which the values are transferred to fluid by FSI technique.

m¥ XM |=(F=1")] ®)

In (Eq. 5), m" is the mass matrix, X is acceleration, t is time, F’ symbolizes external
applied load vector transferred from CFD, I’ is internal force vector which is occurred by
stresses in the elements. The equations of motion for the body are integrated due to equations
given below.

. . At -
T ®
2 2

XN(i+1) :XN(i)+At(i+1)X(Ni+g) (7)
2

XN and X" are degree of freedom, (N) of displacement and velocity components in the
(Egns. 6-7) respectively. The nodal accelerations are calculated by using (Eg. 8).
X.('\il) =(m™ ) (R’ -1) (8)

Velocity and displacement values can be obtained after determining accelerations.
Modal analyses are also performed simultaneously to find natural frequencies beside explicit
analysis. The finite element of the model is given by the matrices in (Eq. 9).

[k]{X}=A[m]{x}=0 ©)

Where A is square of natural frequency [28]. Lanczos Method is utilized solving
matrices [21]. In this paper, the analyses are completed by 2e™ time increment for 8 s and the
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structural results are verified by SDOF model. In addition to this, CFD results are verified by
iterative method.

2.3.1 Verification structural model using SDOF model

In this section, Model 1 is selected to check on FSI results. For this purpose, mentioned
model is modelled as SDOF model. Maximum displacements and modal behaviour of FSI

model is compared with SDOF model. Equation of motion of SDOF model is given by (Eq.
10).

20 ) B 20 ) 20 1 7ZD2
mj V/(Z) dz X(t) +| El J‘l//(”z) dz X(t) = J‘[EprDDu(t)‘u(t)‘-l_pf CM Tu(t) l//(z)dz (10)

0 0 0

In (Eg. 10), I is moment of inertia and #(z) is shape function given below. The right
side of (Eqg. 10) which is given in parenthesis is Morrison Equation that is used to represent

externally applied wave forces. Force components include the force coefficients as Cp is 2.40
and Cw is 0.70.

¥ z =1.09sin 0.07z+0.02 +0.14sin 0.12z+42.95 (11)

Y(z2), given by (Eqg. 11), should satisfy the geometric boundary conditions, #o= ¥"(0)=0,
= ¥’ 1=0. The final equation of motion of 1-DOF model is obtained by determining shape
function as given in (Eq.12).

157230X , +476356X , = F, (12)

In the equation above, F) is resultant applied force that is extracted by computing right
side of (Eq. 10). Time varying numerical value of F is presented by Figure 5.

1600 A
1200
800
400 H
0]

-400
-800
-1200
-1600 - . ! ‘ : !
0

Applied load (N)

2

4
Time (s)

Fig. 5 Resultant applied load

In this paper, Runge—Kutta method is performed to solve (Eqg. 10) via [29] under dynamic initial

boundary conditions for t=0 X=0, X, =0. This method evaluates the simple relationships given
below at the beginning, middle and end of each overall time step (At) [30].

X(ty=m (F(t)_kx(t))r Xtrat = Xt + XeAt, Xigpar = Xt + XAt (13)

After time varying displacement function, Xy, is derived. So, time and location varying
displacements can be obtained by multiplying Xq with %. Natural frequency value (a) is obtained
from (Eq. 14) where k and m can be described as stiffness and mass.

K
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2.3.2 Verification CFD model using iterative method

Hydraulic analysis, which is based on the energy and continuity equations, is carried on
simultaneously by FEM program. In this analysis, well known Energy Equation given in (Eq.
15) is utilized. p, V, 0, , y and ht represent pressure, velocity, gravity, specific weight,
geometrical head and total loses respectively.

Pai Vi Paics Vgid
d,| + d,l +y| — d,l l+ d,l 1 +y|_l+ht (15)
7y 29 /4 29

This equation is implemented from end to beginning of the diffuser starting with the
nodes i and i-1 in the same streamline. Designation of the node numbers which are utilized in
analysis is seen in Figure 4. In this method, energy equation is applied between the two
successive nodes (i and i-1) along a streamline following the diffuser pipe centreline and
between nodes where one is on the diffuser pipe centreline (i) other one is in the same
streamline on the port. In this way, it is aimed to obtain the same value for pressure (pdi).

Energy equation is applied along a streamline following the diffuser pipe centreline
results in (Eq. 16).

Pgi = Py |_1+pfg(yd i1 yd|)+2'Aﬁ|1 [Z_‘iqkj 2'%,1 (Z_‘iqkj +h 4 (16)

In (Eq.16), A is cross section area and q is flow rate of port. Diffuser pressure (pa,i)
equals the sum of upstream the port/riser branch with the known downstream diffuser
pressure (pd,-1), the known static pressure difference due to the elevation difference, the
dynamic pressure difference and the known losses occurring in the main diffuser pipe. The
losses are divided into friction losses (f) that are calculated Darcy Weisbach Equations via
Moddy Diagram and local losses (&) like bends and diameter changes or the passage of a
branch opening. In this study, the elevation differences equal to zero due to zero bottom slope.
Total losses between mentioned nodes are given as fallows.

P i 2| Mg 1 Lyia,
ht—dd - 2 (éqkj |:Z]_AH,1] (é:dllj dl—lj Dd|_1JJ:| (17)

The pressure value (pqi) can be found by writing the Energy Equation between node (i) and one
in the same streamline on the port contacting the ambient. It is given by (Eq.18).

Py = Pa; +pfg(ypyi —Yq; )+—2( a;q; )y - (quj +h_ dp (18)
A

2(C,;A,;)

Pressure in diffuser pipe (pq,i) equals to sum of the upstream diffuser pressure with the
ambient pressure (pa,i), the static pressure difference due to the elevation difference between
diffuser centrelines and port centreline, dynamic pressure difference between the diffuser and
one single port and the losses occurring in all pipe segments between these points. C¢ is the jet
contraction coefficient given by (Eq.19) for bell mouthed ports.

3/8

S 3 ETSEN 8

The total loses (ht.ap) between mentioned nodes are given below.

74



FSI Analysis of Submarine Outfall Engin GUCUYEN, R. Tugrul ERDEM
Umit GOKKUS

P00 Y[ ai foiiboii | A[ 1 friibvis

Diffuser pipe, riser and port are parameterized by d, r and p respectively in equations
above. The same pressure value must be obtained from (Eq.16) and (Eq.18) separately.

Therefore, the two equations are equalled to each other. New equation obtained from this
Pt Adia” =1 AL di-Lj
i
ambient pressure is modelled for both dynamic and static conditions contrary to previous

operation is given by (Eq.21).
Gi = " n
LY foiilpii) < 1 friileii
+ i I 10 b IV IR Y N P gD
Ceifp; jz=:1[Ap,i,J ][ép"” D j ] j:iAr,i,j ][5”” Dri ]
studies. Equation of pressure for Linear Wave Theory is given as fallows.

i 2 n
2 S 1 & Ly
f(pd,i_l— pa,i)+2g(yd,i_1—)’p,i )+{Z Qk] { 5+ z[éfd,i-l,j + i1 Dd" L) ]]
= (21)
2
ai 1S a parameter with «i = 1/(number of ports at a riser at position i). In this study,

T T
Pa :pfg? (Zﬂ'd] COS[_X_?tJ (22)
cosh| ——
Ly,

In this study, (Eg.21) is computed [29] for total head. First estimation is used as a
starting value and further iterations lead to the final value. At the first port/riser on the
seaward side (i=1) an initial discharge q, is estimated, for example q,= Q/N with Q=total

discharge and N=total number of risers. (Eq.16) then allows to calculate the first internal
pressure of the diffuser Py The further discharges q, until q,are calculated by using (Eq.21).

A final application of (Eqg. 16) allows to calculate Py the necessary pressure at the

headwork to drive the system. While the internal steady flow is conveyed to unsteady
ambient, the internal flow pattern is disrupted and becomes unsteady. This situation induces
velocity dissimilarities. As a result of this study, the quantities of these dissimilarities are
determined and time varying discharge velocities are obtained in the end.

3. Results

The study includes evaluations of ABAQUS-SDOF to determine structural behaviour
under unsteady external flow and ABAQUS-MATLAB iterations to obtain discharge
velocities of submarine outfall diffusers under unsteady and steady external flows. Both fluid
and structure results can be obtained from ABAQUS/FSI analyses. Equation of motion of
SDOF system is evaluated by Runge—Kutta method. Thus, maximum displacement value on
the main pipe is given Table 1. Similar values obtained from finite elements analysis are also
given in the same table. In addition to displacement values, first natural frequency values are
comparatively presented in Table 1.

Table 1 Structural results of FEM and SDOF for Model 1

Method Max. displacement (m) |1% Natural frequency (s™)
FEM 1.69x1073 1.94
SDOF 1.64x1073 1.87
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After one of the FEM structural results are verified, all FEM models are comparatively
investigated in terms of VVon-Mises Stresses and reaction forces. Visual presentations of the
results are given in following figures. As it is presented in Figure 6, maximum value of VVon
Mises Stress reaches the limit of 1.98x10” N/m? on Model 1, 2.77x10” N/m? on Model 2 and
3.04x107 N/m? on Model 3. According to the reaction forces, it can be said that maximum
value on Model 1 is 1.03x10% N, on Model 2 is 1.70x10® N and on Model 3 is 1.56x10° N.

3, Mises 3, Mises 3, Mises
(Avg 75%) (Avg 75%) (Avg 75%)
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Fig. 6 Stress distributions of models
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Fig. 7 Reaction forces of models
Node varying discharge velocities on the pipe axis at certain nodes (i-1, i, i+1, i+2) are

obtained by ABAQUS via FSI as shown in Figure 8 for Model 2. These discharge velocities
are converted to average ones to compare the analysis results each other. Same outputs are
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computed in iterative manner by using [29]. In this case, average discharge velocities on the
ports are obtained. In Figure 8, lines in sinusoidal form, given by Eq. legends, are derived from
iterating the (Eqg. 21). However, the other ones are derived from FEM program. Node numbers on
ports of Model 2 are seen in Figure 4. Velocity values are given in Figure 8 in accordance with these
nodes.
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Fig. 8 Discharge velocities of Model 2 for unsteady external flow

Internal flow vectors of Model 2 are seen in Figure 9 by wiev-cut tool of FEM program.

¥
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Fig. 9 Internal flow vectors of Model 2 for unsteady external flow

Having the similar results for velocities shows that uniform discharge between ports are
satisfied. This situation shows that the diffusers work sufficiently. Average discharge
velocities are presented in Table 2 and Table 3 from FEM program and iterating the (Eq. 21)
for different geometries where the external flow is unsteady and steady.
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Table 2 Average discharge velocities for unsteady external flow

Discharge velocities | Discharge velocities of | Discharge velocities of
g of Model 1 (m/s) Model 2 (m/s) Model 3 (m/s)
8- | Jterative FEM Iterative FEM Iterative FEM
i-1 4.53 4.55 4.51 4.52 4.52 4.53
i 4.55 4.56 4.53 4.54 4.54 4.55
i+1 4.56 4.57 4.56 4.58 4.55 4.58
i+2 4.59 4.60 4.61 4.62 4.59 4.60
Table 3 Average discharge velocities for steady external flow
Discharge velocities | Discharge velocities of | Discharge velocities of
g of Model 1 (m/s) Model 2 (m/s) Model 3 (m/s)
Q- | Ilterative FEM Iterative FEM Iterative FEM
i-1 4.54 4.56 4.53 4.54 4.53 4.56
i 4.56 4.57 4.54 4.55 4.56 457
i+1 4.58 4.60 4.57 4.60 4.57 4.59
i+2 4.60 4.61 4.63 4.64 4.62 4.63

4. Conclusions

In this study structural and discharge behaviour of submarine diffusers are investigated
simultaneously by FEM Program via FSI. Three different structural models (Model 1, 2, 3),
used in applications are utilized when examining the models in terms of geometry. Von-Mises
stresses and reaction forces are studied in terms of structural behaviour to indicate the proper
model. At the same time, these models are analysed for discharge velocities under steady and
unsteady external flow conditions. Unsteady flow is characterized by Linear Wave Theory.
Analyses are performed by FEM Program (ABAQUS). Verification of structural results of
FEM is confirmed by SDOF model. Subsequently FEM/CFD results are confirmed by
iterating the (Eq. 21).

FEM/Explicit solutions of Model 1 differ from the approximate solutions obtained from
Runge-Kutta method. In this study, it is observed that displacement and first natural
frequency values differences are not exceeding 4.16% and 3.91% respectively. The values
would be different if another shape function satisfying the boundary conditions was chosen
instead of the one given by (Eg. 11). After FEM solver is examined through Model 1, all
models are analysed. Minimum values of Von-Mises stresses and reaction forces are obtained
from Model 1. On the other hand, Von-Mises stresses reach maximum values on Model 3.
While stresses are concentrated at the pipe-riser connections and supports for Model 1 and
Model 2, stress propagation is observed for Model 3. Unlike stress results, maximum reaction
force occurs on Model 2 where pipe connection is sudden. Reaction force reaches maximum
value at sudden contraction zone in Model 2. According to both the stress and reaction force,
Model 1 is the safest one among all. Comparing to other models, the most impractical model
for FEM solvers is Model 3 due to consisting of more nodes and elements and the most
sufficient for fabrication is Model 1 due to having the simplest geometry.

The second purpose of this study is to determine the effects of variation of external flow
and structural model on discharge velocities. External flow is modelled under two different
conditions as steady and unsteady. Uniform discharge distribution along the diffuser and salty
water intrusion conditions are said to be provided by reference to the results.
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Different ports which effect the discharge velocities were examined in previous studies.
In this study, it is aimed to expose whether discharge velocities are effected by diffuser pipe
geometries or not. According to structural models, the results are said to be unvaried
apparently. Geometric structure of the diffuser pipe has no effects on the discharge velocities.

Compability of CFD and iterative analysis is observed in Tables 2 and 3. In case of only
discharge velocities are needed, iterative technique would be sufficient due to taking less time
than FEM program. FEM program shall be performed when visual results are need as it is
seen Figure 9.

As a conclusion, it is suggested to model diffuser main pipe as constant sectioned
according to presented results of this study. In terms of fluid results, it is observed that
unsteady external flow has no significant effects on discharge velocities. Although,
remarkable effects are not detected, in the sense of water hammer effects the unsteady flow
shall be taken into account. Whether unsteady flow causes water hammer effect or not shall
be examined in forthcoming studies. Finally, in cases that do not require detailed analysis of
external flow shall be studied as steady flow.
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