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Experimental Evaluation of Supersonic Turbine Characteristic Curveat Full and Partial
Admission in Turbine Test Rig

R. Aghaei tog AM. Tousi

Abstract In this paper, the major reasons for using of partial-admission technique in supersonic
turbines are described. Then, a summary of the design process of supersonic turbine test rig is presented.
Thistest rig is used to produce the turbine characteristic curves. Gasdynamic similarity calculations are
described and the standards for how to install and use the measurement systems in the turbine test rig
have been introduced. The turbine characteristic curves obtained in this work have been compared with
the results of the turbine performance prediction code and the other works. Considering the validated
performance code, the results of the test rig are acceptable. Also, the model turbine efficiency at partial-
admission condition is 20 units less than full-admission condition.

Key Words Supersonic Turbine; Turbine Characteristic Map; Full Admission; Partial Admission;
Turbine Test Rig; Gas-Dynamic Similarity
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Experimental Study of the Roll Forming of PVC / Glass Fabric Composite Laminates
V.Zal H.Moslemi Naeini  A.R. Bahramian  B. Shirani  A.H. Behravesh

Abstract Roll forming of amorphous PVC based composite laminates were studied in this paper for the
first time. For this, [0/90] s and [45/-45] ¢ lay-ups of this composite laminates with dimensions of 80x 12
cmwere fabricated using film stacking and hot pressing processes. The suitable forming temperatures of
the composites were determined and then, the laminates were roll formed at 170 C with a single stand
and also multi stand roll forming process into channel sections. Geometrical defects including warping,
flange waviness and spring back of the roll formed profiles were evaluated. Finally it was concluded that
[0/90] ¢ lay-up resultsin very lower defects in comparison with [45/-45] ¢ lay-up, and also the final stand
of roll forming process has dominant role on the defects of multi stand roll forming.

Key Words PVC Thermoplastic, Composite Laminates, Roll Forming, Geometrical defects.
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Evaluation of Crack Growth Criteriain Functionally Graded Polymer using Finite
Element Method

M. Najimi F. Haji Aboutalebi H. Beheshti

Abstract In thisresearch first, different fracture criteria such as maximum tangential stress, maximum
strain energy release rate, and minimum strain energy density are evaluated. Then, employing the
interaction integral (M-integral) method in a functionally graded polymer, stress intensity factors for
different directions of the crack orientation and mechanical properties are calculated. Applying the
achieved results, the initiation angle of the crack is obtained by the various fracture criteria and
compared with the experimental results existed in the papers. The results reveal that the predicted results
of the maximum tangential stress and the minimum strain energy density criteria are close to each other
but, the minimum strain energy density criterion has better accuracy. Finally, the calculated crack
growth path is compared with the experimental results existed in the researches and the accuracy of the
minimum strain energy density criterion is shown.

Key Words Crack Growth Criteria; Functionally Graded Polymer; Interaction Integral Method; Finite
Element Method
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Numerical Investigation of Wind Effects on the Flame Shape
of Sarkhoon and Qeshm’s Refinery Flares

S.M. Javadi M. Anbarsooz  A. Ghobadi M. Kahrom

Abstract Due to considerable height of the flaring flames, wind speed has siginificant effects on its
flame shape and cause consequent damages. In this paper, the effects of wind speed on the flame shape
and the temperature distribution of the flare wall are investigated using three-dimensional numerical
simulation of turbulent combustion. Results show that at wind speeds higher than 5m/s, the flame lies
over the flare wall causing its temperature to increase. Moreover, as the wind speed changes, the
position of the maximum temperature point on the flare wall also changes, causing the material to
experience fatigue failure.

Key Words Numerical simulation; Flares; Wind effects; Flame shape.
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Experimental Study and Simulation of Tube Hydrofor ming Process of Bi-layer ed
Aluminum-Copper with Axial Feeding

G. Payganeh K. Malekzadeh Fard J. Shahbazi Karami O. Chaeichi Siahkal

Abstract Aluminum alloys, due to their light weight and resistant against corrosion, play a significant
role in aviation and automobile industries. Hydroforming process can be used for the formation process
of Aluminum alloys. In some applications such as in transferring very high temperature corrosive fluids
use of multilayered pipes are recommended. This paper is divided in to two parts: in the first part,
formation process of a two layered isotrope Aluminum-Copper pipe is simulated using a 3D finite
element method. In the second part, to validate the simulation results, an experimental machine of
hydroforming pipe with the capability of controlling the internal pressure and axial feeding is designed
and built. Linear loading curve was selected as the best |oading curve for the formation process based on
a comparison between three different types of loading curves (linear, step-wise, and spline). Also,
comparison between thickness distribution of hydroforming of single layer and two layered pipes showed
that two-layered pipe has more homogenous distribution. According to the results, wrinkles created befor
bulging the pipe playes the role of axial feeding very well and the pipes have better thickness
distribution.Experimental results verified simulation outcome that can be used to predict loading curves
with a reasonable tolerance.

Key Words Tube hydroforming; two-layer connections; loading curve; thickness distribution; Finite
element simulation
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Boundary Condition Identification of a Clamped Beam in the Flexible Support

H. Jalali F. Noohi

Abstract Mechanical structures usually contain joints or boundary conditions which affect their
dynamic characteristics. Dynamic modeling of mechanical structures depends upon precise modeling of
joints or boundary conditions. In this paper identification of boundary conditions of a clamped beam in
flexible (non-rigid) support is considered. An identification approach for support parameters is
introduced based on using natural frequencies. Smulated and experimental case studies are used to show
the applicability of the introduced model. The results show the accuracy of the proposed method.

Key Words Boundary conditions; flexible support; Parameters identification
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Numerical Investigation of Flow Induced Sound Around a Square Cylinder
at Various Incidence Angles

M. Mohamadrezaei A.A. Dehghan A. Movahedi

Abstract Flow characteristics and sound pressure level in the acoustical far field and on the surface of
a square cylinder at incidence are investigated for six angles of attacks. Flow around square cylinder is
modeled using large eddy simulation method. The flow simulation is conducted using fluent commercial
software. The results of the present study showed good agreement with the available experimental results.
The minimum of drag coefficient, mean and root mean squared (rms) value of lift coefficient, and sound
pressure level in acoustical far field occurred at 13° angle of attack which is due to the lowest values of
fluctuating lift and drag forces at this angle of attack. The induced acoustic field is due to the fluctuating
lift force acting on therod.

Key Words Square cylinder; sound pressure level; turbulence; large eddy simulation.
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Variable Damping in Geometric Nonlinear Plate Bending Analysis using Dynamic
Relaxation M ethod
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Abstract The main purpose of this paper is the nonlinear analysis of bending plates with the finite
difference. Based on the variable damping, the dynamic relaxation technique will be utilized. In order to
achieve proper convergence, the velocity, kinetic energy and two successive displacement ratio criteria
are used. For various bending plate samples, the results of constant and variable damping are
compared. Numerical examples show that the variable damping is better than the constant damping.
However, author's scheme reduces the number of iterations and the time duration. The finite difference
method is very sensitive to the choice of some factors. A dlight change in the amount of these parameters
will increase the number of iterations and the time duration. Moreover, sometimes the solution
procedure is divergenced. Another goal of this article is presenting a brief review of the dynamic
relaxation approach in solving the bending plates.
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Improvement of Stability Transformation Method for First Order Reliability Analysis

B. Keshtegar

Abstract The stability transformation method (STM) of chaos feedback control is a simple and efficient
approach to implement the convergence control of the first order reliability method (FORM). The
robustness and efficiency of the STM are depended on selected parameters of this algorithm such that
involuntary matrix and step size in structural reliability analysis. When involuntary matrix and step size
are inappropriately selected, the STM iterative formula can be prematurely and slowly converged. In this
paper, the STM scheme was improved based on a simple dynamical step size and the involuntary matrix
equals to unit matrix. The proposed dynamical step size can be computed using the new and previous
results of the FORM iterative formula. The efficiency and robustness of improved STM was compared
with the STM and finite-step length methods from five numerical and mechanical examples taken through
the literature. The results impales that the improved STM not only ensured the numerical stability of
nonlinear mechanical problems but also is more efficient than the STM to approximate the failure
probability.
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Parallel Thomas Approach in Computational Fluid Dynamics
with GPUs- Lid-driven Cavity

P. Akbarzadeh H. Mahmoodi Darian M. Nazari M. Souri

Abstract In this paper three algorithms of Cyclic-Reduction, Parallel-Cyclic-Reduction and Parallel-
Thomas are introduced to solve the Tridiagonal system of equations using GPUs and the effect of
coalesced-memory-access and uncoalesced-memory-access to global memory are studied. To assess the
ability of these algorithms, as a case-study the simulation of the lid-driven cavity flow have been
compared to the results of Runtimes and physical parameters of the classical Thomas algorithm, executed
on CPU. The maximum speed-up of these algorithms against CPU runtime is about 4.4x, 5.2x and 38.5x,
respectively. Also, approximately a 2x speed-up achieved in coalesced-memory access on GPU.

Key Words Parallel Thomas approach; Parallel Processing; Tridiagonal system of equations; Graphic
Processor; Cyclic Reduction algorithm
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5- Boundary conditions

To satisfy equilibrium equations in each grid node,
boundary conditions should be considered. In other
words, compatibility relations should be satisfied in
addition to the equilibrium equations for structural
analysis. Compatibility relations are obtained from
boundary conditions. These equations can be written
according to displacements or forces. In general,
compatibility relations consist of two parts. One of them
is displacement's boundary conditions, while the other
one is the force's compatibility relations.

If displacements of nodes are specified, their
equilibrium equations are ignored in the system. In other
words, DR relations are not written in these nodes. For
example, equilibrium equations are not written in simple
and clamp supports. The support displacements are
considered by this method.

If load's value is specified in the boundaries, their
effect should be considered in the equilibrium equations.
These loads are called forces compatibility. In the finite
difference procedure, the solution process is performed
in two steps, which are the overall and exact approach to
satisfy boundary conditions. At the first stage, problem
is solved without force compatibility conditions. Force
compatibility conditions are applied at the second step.

There are two methods for establishing force
compatibility conditions. At the first technique, the
specified boundary forces are directly applied to
equilibrium equations of adjacent nodes. Another
method is alteration force conditions with equivalent
displacement relations.

6- The F factor

In this section, various bending plates are analyzed. The
F factor is changed from 0.1 to 3. The variable damping
is used for all samples. Note that the constant damping
does not cause any change in the results. The
convergence criterion is the velocity error, and the DR
iterations are stopped when the velocity is less than 10~
in X, Y and Z directions.

Numerical samples show that the following value can
be used to estimate the F factor based on the plate
deflection in the large-displacement theory. If the ratio
of deflection to the thickness is less than 1.5, F=2-3. For
the ratio between 1.5 to 2, F=1.5-2 and for the ratio
greater than 2, F=0.5-1.

7- The constant and variable damping
Here, the constant and variable damping are compared.
Previous samples are used. The convergence criteria
utilized in this study are the velocity error, kinetic
energy error and the displacement ratio of the two
successive iterative steps. For the velocity error, DR
iterations are stopped when the velocity is less than 107
in X, Y and Z directions. Based on the previous section,
the F factor is set 0.75. In this paper, the numbers of
total iterations and total analysis duration are compared.
Numerical results show that the variable damping
decreases the number of iterations and analysis time

based on the velocity convergence criterion. The
samples utilized in this study were ordinary plates in
which the analysis duration is reduced 10% by using
both the variable damping and the velocity criterion. If
the plate’s geometry is complex, this 10% reduction is
very beneficial and significant.

8- Conclusion

The finite difference approach doesn’t require the
employment of stiffness matrix, element force vectors as
well as assembling process. These are the advantages of
finite difference procedure to other methods. Therefore,
the number of iterations and the duration of analysis
decrease. Moreover, computers with low processing
power can be used. The finite difference scheme with
the DR process is used to analyze geometric nonlinear
bending plates. The fictitious mass is calculated by
Cassell and Hobbs’s method. Both constant and variable
damping is assumed in this study. The damping is

estimated by ¢, =m, (F)". A value was determined for

F so that the convergence criteria is satisfied. It is worth
emphasizing that the convergence rate is dependent on
the load value and mesh, in addition to F. Results show
that the convergence is satisfied for any load with fine
mesh and F=0.75. In small-displacement theory, F factor
can be chosen very greater than 0.75 so that the
convergence rate increases.

Furthermore, samples were analyzed with the constant
and variable damping by F=0.75. Three criteria for
convergence of the variable damping method were
utilized by the authors. These are the velocity error,
kinetic energy error and the displacement ratio of the
two successive iterative steps. The velocity criterion was
applied for the constant damping. The loads were
applied into forty increments. The previous increment
results were used to increase the convergence rate. The
allowable error was obtained by a trial-and-error
process for the kinetic energy criterion and the
displacement ratio of two successive iterative steps so
that the deflection at the maximum load equals to the
deflection based on the velocity criterion. Numerical
results show that the proposed algorithm reduced the
number of iterations and the analysis duration. The
minimum decrease was 10%. Hence, it is recommended
that both the variable damping and the velocity criterion
be applied in the DR procedure with the finite difference
scheme. Moreover, it was concluded that the
displacement criterion had the minimal effect, and the
answers were the worst ones.
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Variable Damping in Geometric Nonlinear
Plate Bending Analysis
Using Dynamic Relaxation

M. Rezaiee-Pajand’, H. Estiri’

1- Introduction
Bending plate structures are important in mechanical
and civil engineering. Therefore, a great deal of research
has been done to describe their behavior. Moreover,
closed-form and numerical solutions are proposed for
these structures.

The analysis of elastic plates with large deformations
is very complicated and there are a few approaches for
finding an exact solution. Numerical and approximate
solution procedures have been developed for large
displacements with the increasing processing power of
modern computers. One of these tactics is called
dynamic relaxation (DR). This method employes the
Second-Order Richardson approach. This scheme was
developed by Frankel. The static equilibrium equations
are converted to a fictitious dynamic system in this way.

In this study, geometrically nonlinear bending analysis
of plates is performed using DR and finite difference
methods. At the first stage, the damping factor is
obtained so that the convergence is achieved. It should
be added that in the common DR formulation, the
damping is constant in the DR iterations. Here, the
variable damping is used. In this kind of damping, the
constant mass and the variable mass are applied. The
constant mass does not change during analysis, while the
variable mass is updated at each iteration. In many
problems, researchers applied the velocity criterion for
the convergence of the plates' analysis by utilizing the
DR and finite difference. Based on the velocity criterion,
the structure will reach a static equilibrium if the
velocity is less than the allowable error in the DR
iterations. In this paper, three criteria are used to stop the
analysis; the velocity, the kinetic energy and the
displacement ratio of the two successive iterative steps.
Afterwards, a comparison study is performed between
them.

2- The dynamic relaxation method
Dynamic relaxation is one of the explicit methods to
solve a system of simultaneous equations. In this
process, a fictitious mass and a fictitious damping are
added to static structural equations to obtain the
following fictitious dynamic system:

[M1n{>"<} +[c]n{>‘<} SRR oo )
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The terms M and C are the fictitious mass matrix and
the damping matrix, respectively. Both are diagonal.
The displacement, velocity and acceleration are
demonstrated by X, X, and X, correspondingly.
Moreover, the number of iterations is denoted by n. The
stiffness matrix; external internal load vectors are shown
by S, P and £, respectively. To solve Eq. (1), the inertia
and damping forces should become zero.

In the DR approach, the velocity variations are
assumed to be linear and the acceleration is supposed to
be constant for each time step ¢. Thus, the following
equalities can be obtained for the iterative relations of
this tactic by using central finite differences:

1
2 oml ot T2 oM
Xi =—21=" Xi + ; -f") )
2m” +Cit" 2m” +Cht"
u u
1
n+—
: )

X?H = Xin + thrl Xi , i=12,..,ndof

3- DR and bending plates

In this section, the DR finite difference formulas are
obtained for geometric nonlinear bending plates. For this
purpose, equilibrium differential equations, the strain-
displacement relation, the curvature-displacement
relation and internal forces' formula are applied. It
should be emphasized that the middle surface has a
strain in the large-deflection theory in contrast to the
small-deflection theory. Eq. (4) shows the velocity for
each degree of freedom.

(a@_ﬂ“ - 1+1c; {(1 G {aa_(:jh ! V; (£0 )} @

Here, the equilibrium differential equation at o
direction is shown by E£Q, . The symbol a can be u, v and

w, which are displacements in X, Y and Z directions,
respectively. The in-plane displacements are denoted by
u and v. Moreover, the lateral displacement (deflection)

. .oyt
is w. Furthermore, C) = 2”
m

a

, in which the termc, is

damping factor.

4- The DR Stability

Stability of dynamic relaxation iterations depends on the
estimation of appropriate mass and damping matrices. In
this research, the absolute values of the stiffness matrix
entries in a row are calculated and summed to find the
nodal mass in each iteration. This summation is
established by two parts. One of them is constant during
the analysis, whereas the other one should be calculated
in each iteration. The in-plane forces' sign plays an
important role in the numerical stability of sum of
entries in the out-of-plane equilibrium differential
equation. In other words, the stiffness is decreased if the
in-plane force's sign is minus.
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The SPL directivity patterns investigations show that
for 0° angle of attack the sound pressure level has
maximum value at the 0° and 180° directions and
minimum at the 90° and 270°. The sound pressure field
is shaped by the Aeolian tones that is related strongly to
the lift fluctuations of the bluff body. For sound field
that is generated by the lift, the sound waves radiates at
+90 directions in respect to the free stream. The sound
pressure level originated due to the lift fluctuation at
three values of far field distance and for Reynolds
number of 5000 and 45° angle of attack is plotted in
Figure 4.

—a—— Re=5000,d=0.5m

— A0
0=45 ——A—— Re=5000,d=1m

6(deg) o

180
Fig.4. directivity patternsfor Re=5000 at 45° angle of attack

Sound pressure level on the surface of a square
cylinder at incidence are also investigated for six angles
of attack. The results show that the SPL on the surface is
not so correlated with the Reynolds number. The
minimum sound pressure level on the surface occurs at
13° angle of attack, the same as the sound pressure level
in the acoustical far field. Fig.5 shows the Sound
pressure level on the rod surface for Reynolds numbers
of' 46000 and 69000 for 13° angle of attack.

105 a=1%

—A—— Re= 46000
— —e— — Re=69000
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Fig.5. Sound pressurelevel on therod surface for Reynolds
number s 46000 and 69000 at Angle of attack 13°
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4- Conclusion
In the present study flow characteristics and SPL in the
acoustical far field and on the surface of a square
cylinder at incidence are investigated for six angles of
attack. Flow around square cylinder is modelled using
large eddy simulation method. The flow simulation is
conducted using Fluent commercial software. The
results of drag coefficient, mean and root mean squared
(rms) value of lift coefficient, and sound pressure level
in acoustical far field compared with the numerical and
experimental results data from the literature. The results
of the present study show good agreement with the
available experimental and numerical results. The trend
of SPL variation was in agreement with the other
investigations and minimum of both rms of lift
coefficient and SPL occurred at critical angle of attack.
It is noticed in the present study that Fluent
commercial software cannot correctly evaluate the
sound pressure level over the surface of a solid body.
Hence, by capturing the pressure fluctuations on the
surface, sound pressure level in the near field could be
calculated by different equations which is used in
Fluent. Numerical simulations showed a good trend of
variation for sound pressure level (SPL) in acoustical far
field. The sound pressure level predicted by numerical
simulations has less than 10% difference with the
published experimental results. The minimum of sound
pressure level occurred at 13° angle of attack which is
consistent with the fluctuating lift force acting on the rod
which in turn generates the acoustic field. The
turbulence level of the flow depends on Reynolds
number. By increasing the Reynolds number, the sound
pressure level also increases. Although the cost of this
numerical simulations by LES (Large Eddy
Simulation) is considerably higher than RANS
(Reynolds Averaged Navier-Stokes) methods, but its
predicted flow characteristics as well as far field SPL
agree well with the available experimental results.
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Numerical I nvestigation of Flow I nduced
Sound Around a Square Cylinder at
VariousIncidence Angles

M. Mohamadrezaei', A.A. Dehghan?, A.Movahedi’

1-Introduction

Flow around bluff bodies such as cylinders in cross-flow
is intrinsically unstable. Flow instability leads to
fluctuations in the aerodynamic forces. In most cases
this phenomenon is dominated by periodic vortex
shedding which produces a whistling sound. Design of
mitigation measures for noise generated by these bluff
bodies requires fundamental understanding of the
mechanism of sound generation.

Numerical simulation of turbulent flow is complicated
and there is a relation between turbulent flow and
acoustic field. The literatures contains few numerical
studies reporting solving the details of the turbulent flow
and the effect of angle of attack on the sound generated
from flow around bluff bodies, specially square cylinder.
In the present study flow characteristics and sound
pressure level in the acoustical far field and also on the
surface of a square cylinder at incidence are investigated
for six angles of attack.

2- Geometry and Computational grid

The schematic of 3-D geometry and computational
domain are shown in Fig. 1. Parameter D is rod width.
The boundary conditions include the no-slip wall
conditions on the edges of the cylinder and a uniform
inlet velocity from the left face of the domain and zero
gauge pressure at exit and up and down faces.

Ay

> = o
Z
D
L i ‘/L' L=12.5

xp, = 10D

Xup = 15D " Xaoun = 40D

Fig.1. Computational domain

3- Results

The time averaged velocity magnitude in face z = 0 for
13° angle of attack shows that flow separation occurs on
the front edges and reattachment of the flow occurs on
the lower face of the rod. Due to flow separation and
reattachment at 13° angle of attack, this angle is named
critical angle. (Fig. 2)
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* Ph.D. student, Department of mechanical engineering, Yazd
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When vortex shedding occurs; the acoustic noise
originated by lift and drag fluctuations. The rms value of
the lift coefficient variation at different angle of attack
for three Reynolds numbers shows that it follows the
same trend as the mean lift coefficient and drag
coefficient. The rms of the lift coefficient decreases
from a high initial value at 0° angle of attack to
minimum value for critical angle of attack. The rms of
the lift coefficient decreases from a high initial
value at 0° angle of attack to minimum value for
critical angle of attack and increases afterward.

Fig2. The time averaged velocity magnitudein face z = 0 for 13°
angle of attack

According to results obtained in this study and
previous ones, the Strouhal number depends on the
angle of attack. The behaviour of Strouhal number as a
function of angle of attack show the same trend as rms
value of lift coefficient for all Reynolds numbers. The
Strouhal number increases with angle of attack from 0°
to 13°. The maximum value of Strouhal number is
occurred in 13° angle of attack and decreases as angle of
attack increase from 13° to 45°.

The sound generated by air flow around the square
cylinder shown in Fig. 1 is measured by two receivers.
The Receivers positions are (0.21m, 0.55m, Om) and
(0.21m, —0.55m, Om). It follows the same trend as the
lift fluctuations. Sound pressure level (SPL), at various
angles of attack for three Reynolds numbers is shown in
figure 3.
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Fig.3. Far field sound pressurelevel for different angles of attack
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[D(w)]{c} =

[ - k, A3 k, Cy 0

A ] {c} : {0} w2

—cos(AL) sin(AL) cosh(AL) sinh(AL)|)Cs 0
—sin(AL) —cos(AL) sinh(AL) cosh(AL)1\C, 0

where k; = ];—"IV and k, = % By solving characteristic

equation, i.e. |D(w)| =0, natura frequencies are
obtained. In the following an identification approach is
proposed using [D(w)]. First one can write [D(w)] as,

D(w) =D (@) +K; (13)

K; may be expressed as Kj=kjuyvy +Kpupvy
where,

1 0 0 1
01 -1 0

u vy u, V,]=

[U1 vy uy vy 00 0 1 (14)
01 0 O

By substituting natural frequencies w;,j =1,2,..,n
in equation (13) we have,

D(w;) = Ds(w;) + ksusvl, s=10r2 (15)

Based on characteristic equation |D(w;)| = 0 which
will results in the following equation in term of
unknown parameters of boundary condition,

Py, k) = Py (kD) = |Bs(w;)] (1 + kevI D(w;) us) = 0
j=12.,n,s=1or2 (16)

The boundary condition parameters can be
identified by solving above equation.

4-Identification Using Simulated Results

A beam structure having rectangular cross section is
modelled and analyzed in ANSYSin order to obtain its
natural frequencies. By substituting natural frequencies
in equation (16) and solving it iteratively, the
parameters of the boundary condition are identified.
The variation of objective function and support
parameters during identification are shown in figure 2.
The identified parameters are k,, = 5.829 X 10° N/m
and kg = 175.229 Nm/rad. The natural frequencies
are compared in table 1.

5-Identification Using Experimental Results

In this section a steel beam as shown in figure 3 is
considered. The natural frequencies are measured by
doing experimental modal analysis. A measured FRF is
shown in figure 4. Using the natura frequencies in
equation (16) the boundary condition parameters
are identified as k, =7.983 x10°N/m and
kg = 4060.7 Nm/rad. Figure 2 shows the objective
function and support parameters during identification.

In table 1 the experimental and identified natural
frequencies are compared.

6- Conclusions

In this paper boundary condition parameter
identification of elastically supported beams were
considered. An identification approach was proposed
based on using the natural frequencies in characteristic
equation. The applicability of the proposed method was
verified using simulated and experimental results
which indicates acceptable accuracy in identification.

10°

P&l

40 a5

30 35 40 a5

10%

5 10 15 20 25 30 35 40 as
Iteration No.

Fig. 2. Variation of objective function and support parameters,
simulated (0), experiment (o)

Table 1. Comparison of identified results with simulated and
measured natural frequencies

1% mode 2nd 3 mode 4m
mode mode
Simulated 24.41 227.80 694.73 1384.9
Identified 24.40 230.43 670.24 1234.8
Error (%) -0.02 1.16 -3.46 -10.41
Measured 52 329 924 1832
Identified 52 331.29 913.27 171.04
Error (%) -0.01 0.69 -1.16 -6.64

Fig. 3. Modal test set up

edzsne (Logheg)
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Frequency (Hx)

Fig. 4. Measured FRF
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Boundary Condition Identification of a
Clamped Beam in Flexible Support

H. Jalali', F. Noohi?

1-Introduction

Boundary conditions play a key role in dynamic
response and modal characteristics of mechanical
structures. Since modeling and dynamic analysis of
real structures containing real boundary conditions and
joints is a difficult task to do in structural dynamics, it
is important to have accurate dynamic models for
boundary conditions and joints. Many methods
proposed for identification of joints or boundary
condition parameters in the past. It is worth mentioning
that having an accurate physical understanding of the
structure is vital in successfully using the identification
methods.

Identification of joints and boundary conditions
parameters has been studied and many methods have
been proposed including the model updating based
methods. In this paper identification of stiffness
parameters of boundary conditions are considered
using simulation and experimental results. Dynamic
modeling of a beam containing elastic boundary
condition is constructed in order to extract its
characteristic equation. An identification method for
boundary condition parameters is proposed using the
characteristic equation. First, the accuracy of the
proposed method is verified using simulation results.
The natural frequencies and estimations for stiffness
parameters of boundary conditions are obtained using a
FE model. Using the natural frequencies in the
proposed method the boundary condition stiffness
parameters are identified and are compared with the
estimated values. Next, experimental results are used
for identification of the boundary condition parameters.
In the next section the problem statement is described.

2- Problem statement

A beam-like structure with rectangular cross section
which isfixed by aflexible support in one end and free
at the other end is considered (Fig 18). The stiffness
parameters of flexible support change modal
characteristics like natural frequencies and mode
shapes of the beam. Therefore, using of experimental
or simulation modal characteristics and employing an
identification approach the stiffness parameters of the
support can be identified. In mathematical modeling
shown in Fig 1b the beam section is considered using
Euler-Bernoulli beam theory and the elastic support is
represented by two lateral and torsional springs which
are the equivalent stiffness of the elastic support. Their

'Corresponding Author: Associate Professor, Department of
Mechanical Engineering, Arak University of Technology,
jalai@arakut.ac.ir

M.Sc. Student, Department of Mechanical Engineering,
Arak University of Technology

stiffness coefficients affect the dynamic characteristics
and natural frequencies of the beam.

Beam

Flexible Support

Fig. 1. (a) Beam with elastic support, (b) its mathematical

representation

o

3-Dynamic Modeling

The dynamic modeling of the structure which will be
used in natural frequency calculation is presented in
this section. The equation governing free vibration of
the beamiis,

%w

*w _
EIW'F,DA 722 =0 (1)

where w(x, t), E, |, p and A are respectively lateral
displacement, modulus of elasticity, cross sectional
moment of inertia, density and cross sectiona area.
The boundary conditions are,

3
EI=S0] k()] mp = 0 @)
x=0

%2w(x,t) _ aw(x,t) _

El oz ey kg ox Ny 0 3
02w (x,t)

E[? Y=L =0 (4)
3w(x,t) _

El ot e, = 0 (5)

k, and k,, are stiffness of the boundary condition.
By considering the free vibration response as w(x, t) =
Y(x)sin(wt) — Y(X) and w are respectively mode
shape and natural frequency- and substituting it in
equations (1-5) one obtains,

Y'(x) =AY (x) =0, A* = pAw?/El (6)
EIY"”(0) + ko, Y(0) =0 7
EIY” (0) — keY'(0) = 0 (8)
EIY"(L) = 0 9)
EIY"'(L) = 0 (10)

By solving eguation (6) the mode shapes are
obtained as,

Y(x) = C; sin(Ax) + C, cos(Ax) + C5 sin h(Ax) + C, cosh(2Ax) (11)

The mode shape defined in eguation (11) has to
satisfy equations (7-10). By substituting equation (11)
into equations (7-10) a set of algebraic equation is
obtained as follows.
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loading curves (fig.3). An insignificant leakage at tube
ends will cause dropping the internal pressure and,
process failure. Isolating tube ends is provided via rings
of polyurethane. Interna pressure of 700 (bar) is
introduced by the manual pump. The internal pressure of
the forming container is displayed by the barometer
installed on the manua pump. The axial feeding levels
and simultaneous progress of punches are controlled by
the hydrolic circuit. Ohmic rulesinstalled on each punch
will detect their displacements and the values are
compared to each other by the electronic board which
controlled by LABVIEW.

Fig. 3. General view of the tube hydroforming machine.

5. Resultsand Discussions
In this section, simulation results of the dual-layer
hydroforming process are analyzed and compared at
different loading curves. Single-layer and dual-layer
hydroforming are also compared. Likewise, simulation
results will be benchmarked with experimental data.

5.1. Linear loading curve
In this case and without applying any axial feeding, the
maximal thinning of the aluminum tube is equal to
57.1% and 49.25% for the copper tube. It is evident that
due to the fast thinning, the tube fills the die by a less
pressure compared to when the axial feeding impedes
the fast thinning. To reduce the thinning, axial feeding
curves are equally introduced to the tube ends. However,
since the axial feeding prevents the fast thinning, the
required pressure for filling the die at each axial feeding
value will be different.

6. Conclusion

In this paper, aluminum-copper tube hydroforming was
studied by a finite element simulation. Also tube
hydroforming in various loading paths was performed
using a setup designed for this process. Concluded
remarks of this simulation and experimental study are as
follow

1- The linear loading curve with axia feeding of 6 mm
and final pressure of 28 (MPa) leads to the maximum
thinning of 9.3% and 7.5% for aluminum and copper
tubes, respectively. While increasing the axial feeding
up to 3 mm and decreasing the thinning, the required
pressure for filling the die corners are raised.

2- The minimum thinning among the loading
curves is associated with the stepwise loading
curve (5.6% and 7% for the aluminum and copper
tubes, respectively) but there is a high fluctuation
in the middle thickness of tube. Also the eliminated
wrinkles at the calibration stage play a key role in
the tube thinning.

3- Results show that the pressure calculated from
analytical relations are much higher than the required
pressure for forming the corners so that the calibration
pressure was found as 140 (MPa) based on analytical
relations, but the needed pressure in measurements was
28 (MPa) (fig.4).
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Fig 4. Stepwise loading curve.

4- The perfect sample in experiments was provided by
using the linear loading curve. Axial feeding of 5.5 mm
was applied at both sides of tubes and the maximum
internal pressure of 280 (bar) was exerted on two tubes.
The maximal thinning in the simulation for aluminum
and copper tubes was 11.5% and 9%, respectively. Also
the sample results are presented in Table 1. The
discrepancy  between  experimental results and
simulations was 4.3% which is an acceptable level.

Table 1. Comparison of experimental and simulation results.

The maximum difference between experimental 0747
results at a given point (mm)

The measured thickness at that point (mm) 1.72
The maximum error of the simulated process with 43
respect to the experiments (%)

5- Experimental results show that the most important
reason for tube bursting is the lack of applying a proper
axial feeding at the internal pressure introduced to the
part aswell as not following the loading curve.
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Experimental Study and Simulation of Tube
Hydroforming Process of Bi-layered
Aluminum-Copper with Axial Feeding
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K. Malekzadeh Fard®, J. Shahbazi Karami*

1. Introduction

Tube hydroforming is a process in which tubular
sections of different geometries are produced from base
circular tubes. At recent years, the use of hydroforming
products in aircraft and automotive industries have been
increased due to their advantages over products of
conventional processes. Advantages of this process
include an integrated product, reduced weight, high
toughness and structural strength, lower-cost tools, less
demand of additional treatment, and high dimensional
precision. Tube hydroforming can be defined as a
process which is started by a straight or bended tube.
Then tube ends are isolated and the tube is formed into
the die-cavity as a result of the internal fluid pressure
(Fig.1). Water is usualy used with an anti-corrosion
complementary for applying an internal pressure.

The main success of the hydroforming process is
mostly dependent on material characteristics of the tube.
Properties such as composition, type of the weld, tensile
strength, yield extreme, flexibility, and anisotropy
should be determined before the process. In this work,
aluminum according to the A1050ASTM standard for
the outer wall and copper according to the 11000
ASTMC Standard for the inner wall were chosen.
increasing the friction coefficient, which is dependent on
materia of the external tube and die wall, resultsin local
decrease of the tube wall thickness at the corner aress of
hydroformed parts which in turn leads to early choking.
Therefore, measurements performed during the friction
moderation cause an improved operable and reliable
extension of the process.

2. Process Simulation

In order to acquire a proper loading curve for deforming
the dual aluminum-copper tube, it is needed to assess the
tube deformation at the time of applying forming forces.
By observing the created deformation in the tube,
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“Faculty of Mechanical Engineering, Shahid Rajaee Teacher
Training University (SRTTU), Tehran, IRAN

loading curves are varied such that a perfect part is
produced. Since it's difficult to anaytically achieve this
am, a finite element method was used. Tube
hydroforming is classified as the metal plate forming. It
is suggested in ABAQUS manual that if the thickness to
the whole structure index ratio isless than 0.1, the object
can be modeled as a cortex. Since multi-task elements
are suitable for modelling large membrane strains in the
cortex, element AR as one of the multi-task elements
was chosen for modeling the plate.

— —
P.'.—.—
- Upper Die
_4/ PP

Tube
Sealing punch

Lower Die

Fig. 1. Schematic of tube hydrofor ming process

3. Loading Curves

In linear loading curve, the final pressure is increased
without using the axial feeding until die corners become
totally full. After identifying of the required pressure for
filling the die corners, different values of axial feeding
were employed simultaneously with applying pressure
in order to lessen the thinning (fig.2).

24 4 —#-Internal pressure

-=-Axis feeding

Pressure/MPa
[

Ot b v O AR G
Axis feeding/mm

L

S = kW B b oy a0

o
=}
g

Time/s

Fig. 2. Linear loading curve.

In stepwise loading, axial feeding is not applied at
the beginning of the process. At the end of process when
the calibration pressure is used for filling the corners,
the effect of axial feeding is insignificant and its value
does not changed.

4. Experimental Setup
Tube hydroforming machine was designed and
developed with the capability of utilizing different
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temperature, it produces a higher temperature region on
the flare wall. As the wind speed changes, the position
of the maximum temperature on the flare wall is also
changed which can cause significant thermal stresses
and also possible fatigue damages. Fig. 7 shows a
damaged flare of thistype in the refinery.

a4
386
358
330
302

Fig. 2. Flame shape and the temperature distribution of theflare
wall at wind speed of 2 m/s.

Fig. 3. Flame shape and the temperature distribution of theflare
wall at wind speed of 5 m/s.
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Fig. 4. Flame shape and the temperaturedistribution of theflare
wall at wind speed of 10 nv/s.
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Fig. 5. Flame shape and the temperature distribution of theflare
wall at wind speed of 15 nv/s.

Fig. 6. Flame shape and the temperature distribution of theflare
wall at wind speed of 30 m/s.

5- Conclusions

In this study, the wind effects on the flame shape and
also the temperature distribution of the Sarkhoon and
Qeshm refinery are studied numerically. The governing
equations of the turbulent reacting fluid flows are solved
using the commercial software Fluent, where the RSM
turbulence model is used for considering turbulence
effects. The beta-PDF model is used for considering the
turbulence effects on the rate of chemical reactions and
the DO model is used for considering the radiation heat
transfer. Results show that as the wind speed increases,
the maximum flame temperature decreases. However,
the flame bends towards the horizontal direction and
gets closer to the flare wall. The variations of the flare
wall maximum temperature and its location at various
wind speeds, leads to significant thermal stresses and
possible damage of the flare.



Journal of Applied and Computational Sciencesin Mechanics, Vol. 28, No. 2, 2017.

Numerical Investigation of Wind Effectson
the Flame Shape of Sarkhoon and Qeshm’s
Refinery Flares

M. Anbarsooz?
M. Kahrom*
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1- Introduction

Combustion flares are widely used in oil and gas
refinery units in order to burn the unwanted and unused
gases. Due to high volumes of the flares feed gases and
also the large heights of the flares (even more than 100
meters), appropriate way of providing the combustion
air and air-fuel mixing, have significant effects on the
flare combustion efficiency and pollutants emissions.
One of the main affecting parameters is the wind speed
a the site, where the flare is mounted. As the wind
speed increases, not only the combustion efficiency of
the flare decreases, but also the flame lies on the flare
wall and results in increased temperature of the flare
wall. Repeated occurrence of this phenomenon can lead
to severe damages in the flare wall, as has been observed
in Sarkhoon and Qeshm’ s refinery.

In this study, a CFD simulation of the Sarkhoon and
Qeshm refinery flare has been performed with special
focus on the wall temperature distributions at various
wind speeds. The main novelty of the present study isin
two fold: a) the simulations are performed at real
dimensions, while al the previous studies have been
performed on the laboratory scales, b) temperature
distributions in the flare wall have been determined at
various wind speeds.

2- Governing Equations and Solution Procedure

The governing equation of turbulent reacting flows are
solved using the Fluent commercial software for the
steady-state condition using the pressure-based solver.
Reynolds-averaged equations are used to consider the
turbulence effects. The numerical results obtained using
the Reynolds Stress Model (SSM) show the best
agreement with the experiments in comparison with
other turbulence models. Effects of flame radiation are
also considered using the Discrete Ordinate (DO) model.
The flow turbulence effects on the chemical reaction
rates are taken into account using the Probability
Density Function (PDF) model with the chemical
equilibrium assumption and the Beta distribution for the
probability density function.
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3 Master of Science in Mechanical Engineering, Sarkhun and
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3- Geometry and Boundary Conditions

The geometry and dimensions of the computational
domain are depicted in Fig. 1. The height of Sarkhoon
and Qeshm flare is 60 m, its inner diameter is 0.814 m
and the outer diameter is 1 m. For the simulations, only
the flare’ s tip is taken into account which its high is 3.6
m, as shown in Fig. 1. The applied boundary conditions
are aso depicted in this figure. The simulations are
performed for various wind speeds, from 2 up to 30 nm/s.
The chemical composition of the burning gases is given
in Table 1. These gases are exiting from the flare with a
speed of 0.503 nv/'s.

Pressure Outlet

0 m

Fig. 1. Computational domain and boundary conditions.

Table 1. The chemical composition of the burning gases of the
Sarkhoon and Qeshm refinery.

Species Mole Fraction
CH, 75.399
CH, 9.788
C,H, 5.651
CH, 3.365
CH, 1.554
CH, 0.559
CH,, 0.001

N, 1.647
co, 1.584
H,0 0.164

4- Resultsand Discussion

Figures 2-5 shows the flame shape and the temperature
distributions of the flare wall at various wind speeds.
Figures show that as the wind speed increases, the flame
axis deviates from the vertical direction and bends
towards the horizontal direction. At low wind speeds,
the buoyancy forces and also the momentum of the flare
gases, outweighs the momentum of the wind. Hence, the
flame axis is close to the vertical direction. However, as
the wind speed increases, the wind momentum gains
weight and causes the flame axis to bend toward the
horizontal direction. This causes the flame to get closer
to the flare wall and increases its temperature, as can be
seen in the figures. In other words, athough increasing
the wind speed decreases the maximum flame
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4-1 Oblique Crack and Varying Properties in the
Lateral Direction
Variation of the elastic modulus, fracture stress and
strain, geometric dimensions and crack orientation are
shown in Figure 1.
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Fig. 1. Geometric dimensions of FGM plate with oblique crack and
variation of propertiesin thelateral direction

The resulting of SIFs and crack initiation angle is
compared with the experimental resultsin Table 1.

Table 1 Comparison of SIFsand crack initiation with the
experimental resultsfor FGM plate with oblique crack and
variation of propertiesin thelateral direction

Result | K,(MPavm) | K;(MPaym) In;trllagtlle‘m E(r(,;)‘;r
Exp. 0.755 0.179 —28+15
068 170x 0.735 0.225 -29.53 5.46
G(®) prax 0.735 0.225 16.61 159.32
S(0) yin 0.735 0.225 -28.04 0.14

4-2 Horizontal Crack and Varying Properties
Perpendicular to Crack

Specification of model is illustrated in Figure 2.
Achieved SIFs and crack angle is compared with the
experimental results. Table 2 shows the comparison.
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+ = - =& Failure Strain

s (MPa)

0o

Failure Strain (%6)

Failure Stress (MPa)
ok
Young's Modulu

FGM Width (mm)
Fig. 2 Geometric dimensions of FGM plate with horizontal crack
and variation of properties perpendicular to the crack

Table 2 Comparison of SIFsand crack initiation with the
experimental resultsfor FGM platewith horizontal crack and
variation of properties perpendicular to the crack

Result | K,(MPavm) | Ky;(MPavim) '”é':r'lg‘tl'eon Var('e)‘n ce
Exp. 0.554 0.039 0+ 15
GeeMax 0560 '0007 143 143
G uar 0.560 -0.007 075 075
S®)ain 0.560 20,007 143 143

4-3 Oblique Crack and Varying Properties in the
Crack Direction

Variation of the Young's modulus, failure stress and
strain, geometric dimensions and crack orientation are
displayed in Figure 3. Also, Comparison of the results
with the experimentsis shown in Table 3:
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Fig. 3 Geometric dimensions of FGM plate with oblique crack and
variation of propertiesin the crack direction

Table 3 Comparison of SIFsand crack initiation with the
experimental resultsfor FGM plate with oblique crack and
variation of propertiesin the crack direction

Result | K(MPavim) | Ky(MPavim)| "8 | T
Exp. 0969 0224 | —19+15
960110 0.915 0.210 -23.65 24.47
G(O)yar | 0915 0210 1299 | 16836
S®)um | 0915 0210 2274 | 1968

5- Concluding Remarks

In this paper, FGM behavior was studied and SIFs were
calculated for different crack orientation and mechanical
properties, using interaction integration. Crack initiation
angle was obtained from different criteria and evaluated
by achieved numerical results. Results revealed that
predictions of maximum tangential stress and minimum
strain energy density are close, but minimum strain
energy density has better accuracy. The less accuracy of
the maximum strain energy release rate criterion is due
to the influence of non-singular term such as T-stress
has been ignored. In fact, whatever i is closer to zero
and conditions are closer to first mode of failure, this
criterion shows more precise resullts.
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Evaluation of Crack Growth Criteriain
Functionally Graded Polymer using Finite
Element M ethod
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1-Introduction

Functionally graded materials (FGMs) are composites
that their properties change as a continuous function of
position. For the first time in 1984, the Japan aerospace
laboratory employed the materials which were produced
with heterogeneous microstructure and their mechanical
properties gradually and continuously varied from one
surface to another. Due to the continuity in change,
residual stresses and the stress intensity factors (SIFs)
are reduced. FGMs include wide range of commercial
applications such as tools, biomedical devices, optical
fibers and coatings resistant to abrasion and heat.
Researches reveal that the most common failure mode in
these materials is crack initiation and its growth.

2- FractureCriteria

Stress field near crack is considered to be linear elastic
in FGMs and can be expressed as the following
relations:

! H[K <1+ i 29)
Opy = cos— sin‘ —
rr (—an 2 1 2 (1)
3 . 0
+§K,,(sm0—2tan§)]
-1 o K, 29 31( in 6 2
agg—mcosz[ 1 COS 273 11 Sin 0]
1 0
0rg = ———=co0s = [K; sin@
ro 2 (_27'[7" 2[ 1 (3)

+K;;(3cos8 —1)]

Important note about the stress fields in the FGMS is
that they behave like a homogeneous material since the
field is studied near the crack tip and due to the small
size of the study area. The local homogeneity makes
possible to use homogeneous fracture criteria for the
FGMs with the difference that the conditions are
investigated near the crack tip.

2-1-Maximum Tangential Stress Criterion

According to this criteria, crack will propagate in
direction of the maximum tangential stress (gg4) and in
this direction, shear stress (o,4) iS zero. The crack
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initiation angle is achieved through the following
equation:

60'99 aZO'gg
W_O’W<O_)9_HO 4
2-2 Maximum Strain Energy Release Rate

In accordance with this criterion, crack will propagate in
the direction of maximum energy release rate and it will
begin to grow when the maximum energy release rate
reaches acritical value:

06(60)  9°G®) )
W—O, 302 <0—>9—90 (5)

2-3 Minimum Strain Energy Density

This criterion predicts that crack grows in the direction
which the strain energy density factor S is minimized.
Therefore, crack initiation angle, 6, is determined as
follows:

as(®) _  8%s(6)
—_— _— = 6
5 gz >0 2 0=0, (6)

3- Interaction Integral Method

Interaction integra method is an accurate method to
caculate SIFs in the FGMs. This method applies
auxiliary field such as displacement (u®**), strain (2**)
and stress (o%**) field to estimate SIFs in mixed mode.
Interaction integral is obtained from the Jindependent
integral, provided by Rice for cracked FGMs in the
elastic and both real and auxiliary condition as follows:

— aux aux aux
M = f{aijui,l + 00wy — el 64}
A

$qdA+ [ {051 — Cijrenelf*lqdA  (7)

4-Finite Element Simulation

Fracture analysis software FRANC2D is used to
simulate crack initiation and propagation. The material
property variations are defined as linear functions such
as elastic modulus, Poisson's ratio, fracture toughness,
thickness (if needed), etc. After finite element
simulation, achieved numerical results are compared
with the experimental results of Abanto and Lambros. It
should be noted that the stresses in the un-cracked plate
are numerically determined and the accuracy of FGM
behavior is validated.
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3-Results and Discussions

Forming Temperatures

According to the microscopic images of the press
formed samples, forming at low temperatures results in
buckling of fibers in the inner surface of bend region
(compressive strains region). This defect reduces
products strength and quality. Increase of forming
temperature reduces this defect and at temperature of
160°C forming is done without any fibers buckling or
wrinkling. Optic microscope images of 160°C press
formed samples are shown in Fig. 2.

[45/-45]6
1 mm l

[0/90]6
I mm

Fig. 2. Optic microscope images of 160°C press formed
composite laminates

Geometrical Defects of Roll Forming Process

Spring back of the roll formed profiles increases linearly
by increase of the roll forming angle. Conversely, spring
back of sheet metals reduces by increase of the forming
angle. This difference is because of the lack of plastic
strains during forming of composite laminates. Indeed,
elastic strains creation at elevated temperatures (low
strength condition) and cooling down of the products to
higher strength creates permanent strains. Spring back of
the single stand roll formed profiles is presented in Fig.
3.

12
11

10

%9

Cg 8

oo 7

£ —e—[0/90]6

a5 —a—[45/-45]6
4

30 i 45
Single Stage Forming Angle (o)
Fig. 3. Spring back of single stand roll formed profiles

Increase of forming angle also increases both flange
waviness and warping defects. A permanent strain on

the flanges of the formed profiles result in compressive
stresses and these stresses cause warping and waviness
(buckling) of the flange. Therefore, higher forming
angles cause higher permanent strains and as a result,
both defects increase. The effect of forming angles on
these defects are shown in Fig. 4.

10 4
—_ 8
g
g 61
24
£ f/m
= —a—[45/-45]6
0
30 45 60
Single stand forming angle (°)
4.5
E 35
s
8254
B=|
> = /
= 15 3 ——[0/90]6
—.—[45/-45]6
0.5 + J
30 45 60

Single stand forming angle (°)

Fig. 4.Warping and waviness of single stand roll formed profiles

Warping and waviness defects in [45/-45] layup is
higher than [0/90], while, its spring back is lower. This
is due to the higher viscoelastic behavior of [45/-45]
which results in higher permanent strains. For [0/90]¢
layup, multi stand roll forming defects are
approximately equal to single stand roll forming of 30
degree. However, for [-45/45]s layup, defects in
different stands are stacked and higher defects occur in
multi stand roll forming.

4- Conclusion

In this article, formability and roll forming of PVC
based composite laminates are studied. For this,
composite laminates with [-45/45]¢ and [0/90]¢ layups
are produced using film stacking procedure and then roll
formed into channel section successfully. The main
achievements of this paper are:

» Warping and waviness defects of [45/-45] layup are
higher than [0/90] layup due to its higher
viscoelasticity, while, spring back of [0/90] layup is
higher.

» Permanent strains are created due to viscoelastic
strains at elevated temperatures and cooling down to
room temperature (higher stiffness), therefore,
increase of forming angle results in higher elastic
strains and spring backs.

» For multi stand roll forming of [0/90] layup, final
stand has the dominant role on the defects, while, for
[45/-45], defects of all stands are stacked.

» 160°C is the lowest proper temperature for forming of
PVC based composite laminates.
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Experimental Study of the Roll Forming of
PVC / Glass Fabric Composite Laminates

V. Zal', H. Moslemi Naeini’, A.R. Bahramian®,
B. Shirani*, A.H. Behravesh®

1-Introduction

Roll forming process is one of the most used methods to
produce different metallic profiles with high speed and
efficiency. Due to high interest in replacing metallic
products by polymeric composites, this process can be
used to produce composite laminates profiles efficiently.
For this purpose, researchers have used semi crystalline
thermoplastic matrix composite laminates in roll
forming process which resulted in a lot of forming
defects.

Amorphous thermoplastic PVC doesn’t have a
specific melting point and also recrystallization. So, it
softens gradually by heating up without melting and also
gets stiffer by cooling. Therefore, in comparison with
semi crystalline thermoplastics, its formability is better
and has a more forming temperature window. As a
result, PVC based composite laminates also have a very
good formability and can be formed with lower defects
and difficulties. Besides higher formability, PVC based
composite laminates have a very good mechanical
properties and bonding strength between PVC and glass
fibers due to polar functional groups of PVC matrix.
Despite the advantages of amorphous thermoplastic
PVC to increase the formability of composite laminates,
there isn’t any report on the formability study of this
material. Therefore, in this research for the first time
proper forming temperature of PVC/ woven glass fabric
composite laminates are evaluated and roll forming of
these materials are studied.

2-Experimentals Procedure and Design of
Experiments

PVC thermoplastic films with thickness of 0.2mm, glass
transition temperature (Tg) of 74°C and degradation
temperature of 296°C are used as matrix phase of the
composite laminates. Plain weave E glass fabrics with
density of 200 g/m2 are also used as the reinforcing
phase. Film stacking procedure is used to produce the
composite laminates. Six glass fabrics with [90/0]¢ and
[-45/45]¢ layups are alternately placed between 7 PVC
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films and by applying temperature of 230°C, pressure of
1.5 MPa during 5 minutes, consolidated composite
laminates with thickness of 2.25mm are produced.

Firstly, samples with dimensions of 11x10 cm are
prepared from the composite laminates, and press
formed into channel section at different temperatures.
Using optic microscope images of the bent cross section
of the samples, it is determined that temperature of
160°C achieves as the proper forming temperature of the
composite laminates.

A conventional 7 stand roll forming machine with
some modifications is used for the roll forming of the
composite laminates. An oven is installed before the
forming stands which the samples with dimension of
80x12 cm are heated up to 170°C during 10 minutes and
then are fed between forming rolls. A water spray
cooling system is also installed at the end of the machine
which is used to cool down the formed samples rapidly.
Forming is done with a linear speed of 40 mm/second
using rolls of 185mm diameter and stands distances of
375mm.

Single stand roll forming with forming angles of 30,
45 and 60 degrees are done to determine the flower
pattern of the process. Later, multi stands roll forming
with forming angles of 0, 30, 60 and 86 degrees are done
for both layups to produce channel sections with two
different dimensions. Three single stands and two multi
stands roll forming for each of the layups result in 10
roll forming conditions. Geometrical defects including
spring back, flange waviness and warping are measured
for each of the samples. These defects are illustrated in
Fig. 1.

Actual Ideal Formed

P Spring Back
ange

Ao

Waviness of
Profile Flange
Y

Fig. 1. Roll forming defects A: spring back, B: warping and C:
flange waviness
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Fig. 3: How toinstall sensors

4-The Partially-Admitted Turbine Characteristic
Curves

Fig. 4 shows the turbine characteristic curve in terms of
efficiency changes according to the turbine pressure
ratio in different rotational speeds.

—DMR L.14----NR 1.09 - = NR 0.94=- -NR 105
—-NR 1.00— -NR 089 — - NR 0.84 —NR 0.78

=)
=

=Y
=

Total-to-total polytropic efficiency
=
=

=
®

=
<]

03 ; ; ; ; ; ; ; ,
5 55 6 65 7 75 8 85 9
The turbine pressure ratio
Fig. 4: Theturbine characteristic curvein different rotational
speeds

Fig. 5 is represents another characteristic curve for
the turbine. This figure indicates that the nozzle pressure
ratio is decreased dlightly due to the increased rotational
speed. The interesting point in this graph is that when
the turbine pressure ratio exceeds the design value, the
nozzle pressure is reduced. Reduced nozzle pressure
ratio is due to further expansion of flow in the stator-
rotor axial gap, which leads to the stagnation pressure
recovery. This conditions lead to improvement of the
turbine efficiency.

—PMRES ---PR75 — PRGS — PRSI

——

65 1

MNozzle Pressure Ratio

Y —
" ——

851

07 07 08 085 09 0% 1 105 11 115 12
Isentropic Velocity Ratio
Fig. 5: The nozzle pressureratio viaisentropic velocity ratioin
different turbine pressureratios

According to Fig. 4, in the turbine pressure ratio of
5.5, both the turbine and the nozzle pressure ratios are
nearly the same at high velocity ratios.

5-Error Analysisand Uncertainty in M easurements
In this section an example of error and uncertainty in the
analysis presented for rpm of 5000. According to the
mean value obtained for efficiency, absolute error for
turbine efficiency is about 0.87%.

The overal uncertainty in efficiency works out to a
maximum of +1.16% for the worst combinations of
pressures and temperatures measured in the entire test
range.

6-Conclusion

Any review and evaluation of partial admission effects
on the turbine performance, requires the characteristic
curves of the turbine. This curve is produced in the
turbine test rig. The similarity conditions will facilitate
the testing conditions, for example, reducing the power,
frequency, working temperatures, simplifying the stand
design, inexpensive tests, and, etc.
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Experimental Evaluation of the Partially-
Admitted Supersonic Turbine
Characteristic Curvesin Turbine Test-Rig

R. Aghaei Tough' AM. Tousi®

1- Introduction

In order to prevent the horseshoe vortex and secondary
flow losses in small supersonic turbines, the partial-
admission technique is used. It is obvious that the
partialy injection of flow creates a new type of loss
which is called partial-admission loss. Therefore, in the
design process, the partial-admission degree and flow
injection configuration should be evaluated accurately.
To that end, it is necessary to produce the characteristic
curves of the turbine in this condition. These curves are
provided in the form of turbine performance parameters
and represent the turbine behavior in different
operational conditions.

In this paper, a relatively complete process of
supersonic turbine test rig based on gas-dynamic
similarity method is presented. Some examples of the
turbine characteristic curves that are produced in this
test rig are evaluated and compared with the other works
that is an example of the innovations presented in this
work.

2- TheSimilarity Conditions and Related
Calculations

The simulated design parameters of the turbine are

temperature, inlet and outlet pressure, mass flow rate,

rotational speed and the shaft power.

In order to establish the similarity between the model
and the actual turbine flow, the following requirements
must be provided:

Geometric similarity, equality of Mach numbers
(absolute, relative and blade tip speed) and Reynolds
number.

These conditions can be achieved through the
similarity of the velocity-triangles.

In this work, the turbine geometry is preserved and
the gas dynamic similarity is achieved.

3-The Test Rig Components

Compressors are feed the high pressure tanks. The air is
heated in the heat exchanger, enters the turbine and after
producing the shaft power, discharges into the
atmosphere. A dynamometer absorbs the turbine power.
The flow temperature and pressure is measured before
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and after each component. The mass flow is measured at
the upstream of the heat exchanger. In Fig.1 a schematic
view of the test rig components are shown.

Reservoir F

Air Compressor

Regulator

Fig. 1. Schematic diagram of turbinetest rig

Fig. 2 shows the ice formed on the external surface
of the regulator pipe caused by the drastic reduction of
temperature due to flow expansion.

Fig. 2. Iceformed on the pipe after pressureregulation

Pressures and temperatures are measured in different
locations in the test rig. Fig. 3 shows how to install the
Sensors.
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