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Simulation of the Secondary Combustion Chamber Application of Turbofan Enginein
Off-design Point

S. Jafaripanah ~ F. Ommi S.S. Khezrpour

Abstract The main objective of this study is to analyze the performance parameters and simulation of
PW615F turbofan engines both with and without secondary combustion chamber. For validation a
commercial software called GasTurb & GSP is used. The purpose of the the propulsion system plays an
important role in determining of mission and flight regime of an aircraft In this study, the first choice and
then simulate a turbine engine thrust which is equivalent to 6.35 KN produce. And more the method for
analyzing on-design and off-design analysis of twin-spool unmixed flow turbofan engines and also we
present scaling method to produce the characteristics performance maps of compressor and fans.
Mathematical modeling of engine performance has been conducted by serial nested loops algorithm.
Performance of components have been modeled by performance diagrams, thermodynamics and gas
dynamic equations. Mathematical modeling of a turbofan engine is somewhat complex. Therefore,
initially, the off-design performance of a twin spool power generating gas generator and twin spool
turbofan are analyzed. Finally, the off-design performance of a twin spool unmixed flow turbofan engine
is simulated and the generated performance diagrams have been analyzed. The results show that the
cycles that Advantage the secondary combustion chamber dramatically increase the specific thrust,
reduce the main secondary combustion chamber outlet emissions and increase the output power of the
low pressure turbine.

Key Words Turbofan Engines; on-design performance; scaling method; off-design performance
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Numerical and Analytical Investigation of Thermal Dispersion Effects on the Heat
Transfer of Nanofluid flow inside a Channel

H.-O. Sayehvand A. Basiri Parsa

Abstract In the present study the heat transfer of nanofluid flow inside a channel with different
arrangements of nanoparticles injection (dispersive elements) is investigated. In the heat transfer
phenomena, nanoparticles presence in the fluid flow is known as one of the most important factor for the
thermal dispersion. In thiswork, the distribution of dispersive elements or nanoparticlesin the channel is
considered to be uniformly distributed in the central region and near the walls. The validation of results
is verified by the analytical solution for a simple state of the problem and also by comparison with
previous published papers. The presence of the nanoparticels in the center region, increase the Nusselt
number and heat transfer characteristics with an ascending form. For the boundary arrangement,
increasing the thickness of injected nanoparticles lead to an ascending-descending behavior for Nusselt
number. Therefore in this distribution, the optimum thickness for dispersive elements is obtained. Also it
can be seen that the presence of the nanoparticels with parabolic distribution increase the Nusselt
number with a univocal form. For the exponential arrangement, especially for large values of dispersive
coefficient, increasing the Nusselt number has a nonlinear behavior that is the most important distinction
of these two distribution functions.

Key Words Channel; Heat transfer; Nanofluids; Thermal dispersion
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Nanoparticle Shape Effect on a Nanofluid-Based Parabolic Trough Concentrating
Photovoltaic/Thermal System

F. Yazdanifard E. Ebrahimnia-Bajestan M. Ameri

Abstract In this study, a linear parabolic trough concentrating photovoltaic/thermal system has been
simulated and the effects of using Al,Os/ethylene glycol-water 50:50 nanofluid with different nanoparticle
shapes including platelet, cylindrical, blade and brick shapes from energy and exergy standpoints in the
laminar and turbulent regimes have been numerically investigated. The proposed model has been
validated using existing experimental results where good agreement was observed. The results indicated
that using nanoparticles of cylindrical shape in laminar regime and brick-shaped onein turbulent regime
lead to the best system performance compared to others. In addition, applying nanofluid in laminar
regime is mor e effective compared to turbulent regime.

Key Words Photovoltaic/Thermal system, Nanoparticles shape, Nanofluid, Laminar flow, Turbulent
flow
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Similarity Solution of Axisymmetric Stagnation Point Flow of Nanofluid
on Rotating Cylinder

H. Mohammadiun

Abstract In this paper the steady state radial stagnation point flow impinging on an infinite cylinder

has been investigated. The impinging free stream is steady with a constant strain rate kand axis is
rotating with constant angular velocity. Similarity solution of the Navier-Sokes and energy equations is
presented in this research. A reduced from of these equations are obtained by using appropriate
transformations introduced in this study. For all Reynolds numbers, as the particle fraction increases,
fluid velocity component in radial and axial directions and axial component of shear-stresses decrease
and in the contrary the angular component of shear stress and velocity field and Nusselt number
increase.

Key Words Nanofluid, Stagnation point flow, Heat transfer, Similarity solution, Particle fraction,
Constant angular velocity
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Simultaneous Estimation of L ocation and Strength of a Heat Sourcein a Functionally
Graded Plate by Inverse analysis

M. Shamsa M.R. Golbahar Haghighi P. Malekzadeh

Abstract In this article, an inverse algorithm based on the conjugate gradient method is applied to
estimate the unknown location and time-wise varying strength of the point and distributed heat source in
functionally graded rectangular plate from the knowledge of temperature measurements taken from the
boundaries of plate. It is assumed that no prior information is available on the functional form of time-
wise variation of the heat source strength so estimation process starts with an arbitrary initial guess. The
conjugate gradient method is employed for optimization process and the finite element method is applied
to solve the governing differential equations. Results show that the estimation of location and strength of
point heat source can be obtained with any arbitrary initial guesses.

Key Words Functionally Graded Materials, Heat Transfer, Conjugate Gradient Method, Inverse
Problems, Heat Source.
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On the Dynamical Stability of Astrophysical Rings

M.H. Khashen M. Roshan

Abstract The purpose of this paper is to consider the ring systems in the context of a modified gravity
theory. In fact, the gravitational stability of a ring system consisted of N particle with the same mass m
rotating around a massive object at the center is studied. After finding the equation of motion and
considering the dynamics of the system in the equilibrium state, perturbative analysis is used in order to
find the linearized version of the equations of motion. Finally using the Fourier analysis, the dispersion
relation of the system is derived. At the end, using the observational values of the free parameters of the
above mentioned theory and also the dispersion equation the stability criterion of the system for several
cases is derived. Finally, the results have been compared with the corresponding results in Newtonian
gravity.

Key Words Gravitational instability, Modified gravity.
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The Effect of Equilibrium Equation and Trefftz Functions on the Responses
of Quadrilateral Bending Plate
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Abstract In this study, ten novel quadrilateral Kirchhoff’s bending plate elements based on the Trefftz
displacement functions and satisfying equilibrium equation are suggested. First, the most suitable
arrangement of degrees of freedom and nodes are achieved by benefiting from previous researches.
Afterwards, using the symmetry of terms, ten elements with different interpolation functions for the two
top arrangements will be introduced. Numerical tests reveal that the correct choice of the interpolation’s
terms from the incomplete Trefftz functions leads to more efficient elements with lower degrees of
freedom and higher order than the complete elements. Since the Trefftz functions meet the equilibrium
conditions, the force responses of the most cases have a higher accuracy than the displacement
responses.

Key Words Thin bending plate; equilibrium equation; analytical solution; Trefftz function;
quadrilateral bending element; incomplete interpolation function.
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A New Method for Representation of Pipe Bending Process Using Wire Mandrel

M.R. rgjabi M. rezaei zadeh S.Y. Ahmadi brooghani

Abstract Bent pipes have been widely used in industrial usage. In this work different materials have
been used as mandrel and it is realized that a bunch of flexible wire is more preferable to optimize
bending parameters. This way doesn’t need laborious adjustments and because common flexible wires
have plastic deformation even during excessive bending angles, they can be used so many times and also
they are easy to remove after bending process. Cross section distortion, cracking at the extrados,
wrinkling at the intrados, spring back phenomenon and wall thickness change are issues associated with
pipe bending. In this work the effect of flexible wires on bending parameters has been analyzed and the
results are confirmed with finite element ssimulation.

Key Words pipe bending; wire mandrel; cross section distortion; spring back; wall thickness change
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Spur Gear Profile Modification for the Reduction of Static Transmission Error
Sh. Mohaghegh M. Poursina

Abstract In the present study, the effect of tooth profile modifications on the static transmission error is
investigated. The most important factor for investigating noise between two gears is the transmission
error. First, the static transmission error is analytically calculated by estimating tooth compliance. The
compliance of gear is calculated considering tooth as cantilever beam deflection; rigid body tooth
rotation at its base and Hertzian contact. After estimating the static transmission error, tooth profile is
modified in four ways: tip relief on the gear teeth only, tip and root relief on the gear teeth only, tip relief
on both the gear and pinion teeth and tip and root relief on both the gear and pinion teeth. The results
indicate the tip and root relief on both the gear and pinion tooth is the best way for transmission error
reduction.

Key Words Spur gear; Noise; Transmission Error; Profiles Modification.
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Complete Dynamic Shaking Force Balancing of a 3(RPSP)-S Spherical
Parallel Robot Using Extra Linkage

M. Heydari J. Enferadi

Abstract In this paper, an approach for reducing the shaking force of a spherical parallel robot using
extra mechanisms is proposed. The proposed method vanishes the Coriolis acceleration terms due to
moving the slider links on each branch from force balancing equation. For this purpose, two links are
added to each branch of the manipulator as an extra linkage mechanism. Next, three weights are added to
each branch of the robot for reducing the applied shaking forces on the base platform. Finally, the
dynamic numerical simulations is performed using ADAMS software. The results show a reduction in the

applied shaking forces on the base as much as 98%, 79% and 99.4% along the X, Y and Z axes,
respectively.

Key Words Shaking force; Force balancing; Spherical parallel robot; Inverse kinematics.
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3- Numerical results

In this section, some numerical tests are presented to
examine the suggested elements efficiency. Different
loading cases, such as, point loading, uniform
distributed loading, sinusoidal and hydrostatic loading,
and also different boundary conditions, such as, clamped
edge, smply supported, free edge and column in corners
either symmetric or asymmetric have been used. For
each load case, the particular solution is not dependent
on the boundary conditions. Furthermore, the
verification for both displacement and force responses
has been made. In the Figs. 2 and 3, the convergence
rates of displacement and moment at the middle of a
simply supported square plate under hydrostatic loading
are shown. The results confirm the rapid convergence at
amesh of 16* 16.
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Fig. 2. Displacement conver gence of a simply-supported plate
under hydrostatic load.
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Fig. 3. Moment conver gence of a simply-supported plate under

hydrostatic load.

4- Conclusion

In this study, Trefftz functions was employed to model
the lateral displacement of a Kirchhoff’s bending plate.
Shape functions were obtained by adding 1, x, y termsto
the T-functions to ensure that the element represents the
rigid body motions. Therefore, some elements with
symmetric arrangements of degrees of freedom, based
on the previous researches, were evaluated. After
eliminating some of them due to the weak convergence
of stiffness matrix instability, the top 10 elements were
selected. It should be noted that some terms of Trefftz

solutions are removed to represent the high-order
element with fewer degrees of freedom.

In a T-complete function, each group of solutionsis
identified by the category number (k). Each solution of
an even group (k=0, 2, 4,...) is symmetric with respect
to x and y, but not in odd groups (k=1, 3,...). Therefore,
choosing a right couple solution per odd group and one
solution per even group may be appropriate. In addition,
the solutions containing x" and y" will results in more
stiff answers. Also, the effect of solutions with a low
group number is negligible.

By adopting the displacement-based and force-based
ranking process, elements ICTF-17-1, 17-2 and 17-4
gained the highest rating. The reason for their
superiority is the presence of a middle node and a higher
degree of freedom than ICTF-16 group elements. Thus,
according to the rating of the ICTF-16 group’s elements,
the appropriate nodes positioning and the number of
degrees of freedom are more important than the choice
of the shape functions. Comparing the answers of these
elements with the complete elements responses, it
became evident that it was not necessary to choose all
terms in the use of the Trefftz function. Hence, it is
possible to use the incomplete function to raise the order
of the shape function without increasing the number of
degrees of freedom, and to obtain more precise answers.
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The Effect of Equilibrium Equation and
Trefftz Functions on the Responses of
Quadrilateral Bending Plate
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1- Introduction

The finite element formulation of thin plate bending is
based on the Kirchhoff’s assumptions. In this theory, in
contrast to Reissner-Mindlin’s theory, the effects of
shear deformation are neglected. Also, quadrilateral
elements have a high efficiency in the modeling of
bending plates due to their simple computations and
acceptable accuracy. In conventional bending plate finite
elements, increasing the number of degrees of freedom
and raising the rank of interpolation polynomial lead to
the more precise responses. This approach causes
complex and time-consuming computations that are not
so appealing to researchers. To overcome this issue,
different methods have been employed so far. Among
these attempts, finite element templates, hybrid and
mixed formulations, such as, the hybrid-Trefftz finite
element method have achieved arelative success.

In 1926, Trefftz suggested a new theory based on the
variationa principles and boundary integrations. In the
T-type (Trefftz-type) finite element formulations, the
internal fields are chosen so as to satisfy the governing
differentiad equation analyticaly. In  addition,
interelement continuity and boundary conditions are
enforced in an integral weighted residual way. Methods
with more than one of the independent functions are
called hybrid methods. In hybrid-Trefftz elements, two
independent displacement functions are defined for
internal field and boundaries. Another feature of hybrid-
Trefftz elements is eiminating the rigid body motions,
as it represents spurious zero energy modes and
deficiency of the rank of the stiffness matrix.

In the present study, to improve the efficiency of the
plate bending elements, the analytical solution of the
governing differential equations is selected as the
displacement interpolation functions. Depending on the
type of loading, the analytical answer consists of general
and particular solutions. The interpolation functions are
derived from particular solutions, and Trefftz function is
used as the answer of homogeneous part. Afterwards,
due to the lack of boundary functions, the rigid body
motions should be added to the Trefftz functions.

To achieve this aim, severa groups of elements are
studied and deficient versions are removed. The reason
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Ferdows University of Mashhad, Iran.
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of eliminating these elements was the divergence of
answers or singular stiffness matrix. Then, two groups
of elements with two different arrangements of degrees
of freedom are chosen. If the arrays of degrees of
freedom and the arrangements of nodes are considered
to be fixed, different functions can be employed in
accordance to Trefftz function. Each function is derived
by considering symmetry and removing some of the
terms. Finally, four elements of the first group and six
elements from the second group are selected. After
conducting numerical tests, the results show that the
completion of selected functions is not a necessary
condition to increase the answers accuracy. Comparing
with complete functions, incomplete functions with
fewer degrees of freedom, as long as they are properly
selected, can produce more useful elements.

Since the interpolation functions meet the
equilibrium conditions; forces are much more precise
than displacements in many cases.

W, x , By Wan W, x, Oy W, bx Oy W, 0, Oy

Wa o W, W, W,

W, 0x, Oy W, 0x, 8y W,0x, 0y W, Ox, Oy
Wa W,
@) (b)
Fig. 1. Arrangement of degrees of freedom for incomplete
elements.

2- Finite element formulation

In the previous section, it was mentioned that the
general analytical solution of governing fourth-order
differentia equation can be expressed as the form of
Trefftz functions. T-complete solutions are a series of
functions being complete in the sense of containing al
possible solutions in a given solution domain which
satisfy equilibrium equation. Therefore, each category of
solutions has al terms with the order related to its
category.

Subsequently, the finite element relations are formed
by employing the minimum potential energy rules. The
incomplete elements’ shape functions are derived, based
on the selected terms of Trefftz functions. Six elements
are arranged similar to Fig. 1(b) with the name of ICTF-
16-1 to 16-6 and four others (ICTF-17-1 to 17-4) have
the Fig. 1(a) arrangement. Maintaining the symmetry of
element’s arrangement and type of degrees of freedom
are the selection criteria. Previous researches have
shown that ow/odx,ow/dy,w and w,ow/on are

suitable for the unknowns at the corners and sides,
respectively.

Two complete elements (CTF-18-1, CTF-18-2) with
fifth order shape function (fifth order T-complete
function) are created for comparison. It should be noted
that the arrangements of degrees of freedom of these
elements are different.
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linearizing the governed differential equations, a
dispersion relation for the propagation of the
perturbations is found. As in any first order stability
analysis, the dispersion relation is the most important
result of the calculations.

3- Results and discussion

As usua one may use this relation in order to find the
stability criterion. However, the dispersion relation is
complicated and the stability criteria cannot be
analytically derived. Therefore, a numeric procedure is
used to find the criterion for two different cases:

a) Out-of-plane perturbations. In this case the particles
only in the direction perpendicular to the plane of the
ring are perturbed. It is shown that the ring is stable
against these perturbations. In other words if the
particles in this direction are perturbed, they will
oscillate and the ring will retain its stability. It is aso the
case in Newtonian gravity. However, in principle the
frequency of the oscillations will be different in these
theories. More specifically one may expect that
perturbations oscillates more rapidly in MOG than in
Newtonian case.

b) In-plane perturbations: In this case the particlesin the
azimuthal and radial directions are perturbed. Since the
analysis cannot be done for arbitrary number of particles
n, two different cases of n=7 and n=8 are studied. The
results have been shown in Figs. 1 and 2. It is necessary
to mention that MOG possesses two free parameters a
and p, which their observational value have been
measured using rotation curves data of spiral galaxies. It
is assumed that « = 8.89 and different values of u, are
investigated. On the other hand, the parameter y is the
ratio of a point massin the ring to the central mass.

Asitisclear in Fig. 1, when p, = 0 the Newtonian
stability criterion, i.e. 4 < 0.00715, isrecovered. On the
other hand by increasing the magnitude of u the stability
criterion is changed and more massive particles get also
stable against these perturbations. In other words, MOG
makes the ring more stable against all kind of small
perturbations. However, as it is shown in the Fig. 1, the
stability region does not cover large values of u. In fact
when this parameter is larger than 0.1 the gravitational
force grows rapidly and makes the ring unstable. The
current value of u is small enough to lay in the stability
region.

A similar behavior for an eight-particle system is
found. The stability region has been illustrated in Fig. 2.
In this case aso one may recover the Newtonian
stability criterion by setting the free parameter to zero.
The stability region is wider and include larger values
for u, and .

For a more real analysis one may study a fluid ring
system. In this case one may linearize the Euler's
equation, continuity equation and the modified Poisson
equation in MOG; and investigate the local and global
stahility of the ring. Such a study would help to interpret
the star formation ratesin the galactic rings.

M

Stability
Region

Ho
Fig. 2: The gability region for a n=8 systemin MOG.
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1- Introduction

In this paper the gravitational stability of a self-
gravitating ring composed of n particles with mass m
which are on acircular orbit around a central mass M is
investigated. The first order perturbation analysis in the
context of a modified theory of gravity known as MOG
in the relevant literature is used. This theory has been
introduced to address the dark matter problem. This
problem is one of the serious chalenges in the
theoretical physics. More specifically astrophysical
measurements show that there are evident deviations
between Newton's gravitational theory and the
observations. For example the rotation curves of spiral
galaxies at large distances from galactic center are flat.
While using the standard Newtonian gravity, these
rotation curves should be decreasing function of radial
distance.

There is also a serious mass discrepancy in the
spherical galaxy clusters. In fact these clusters are
almost six times more massive than what can be seen by
telescopes. Consequently, physicists believe that there is
a dark and unseen matter component in the universe
which has not been detected yet. However although
there are several advanced laboratories which use
different techniques, the dark matter particles have not
been observed yet.

Another approach to solve this enigma is the
modified gravity. In other words, may be the current
standard gravitational theory should be modified and
there is no dark matter particle in the universe. MOG is
a theory which follows the last picture. Mathematically
this theory is more complicated than Einstein's general
theory of gravity. In fact MOG in addition to the metric
tensor possesses other classic fields which increase the
degrees of freedom of the theory. More specificaly
MOG is a scaar-tensor-vector theory of gravity and
includes two scalar field and a Proca vector field. These
fields make MOG an effective theory to address the
above mentioned dark matter problem.
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Fig. 1: The <tability region for a n=7 systemin MOG

2- Praoblem definition

This theory in the weak field limit where the gravity is
not too strong and consequently the matter velocities are
small compared to the speed of light, leads to a different
gravitational potential. Therefore the gravitational force
between point masses in this theory is different from the
Newtonian case. More specifically the force in MOG is
dlightly stronger than the Newtonian gravitational force.
For our ring system with radius r, MOG's circular
velocity is larger and consequently the stability analysis
of the system is, in principle, different from the standard
case. On the other hand, the stability anaysis in
astrophysical systems leads to a better understanding of
the underlying physical phenomena. For example using
the stability analysis one can show that the Saturn's ring
cannot be solid and should be consisted of small matter
pieces. Moreover the stability analysis of galactic disks
helps to investigate the origin and evolution of the spira
patterns. Using this approach astrophysicists have shown
than spira patterns are density waves which propagate
on the surface cf galactic disks as a small perturbation.
Also stability issues help to understand the evolution
and growth of the stellar bars in the center of disk
galaxies. Moreover, several secular processes exist in
the astrophysical systems which can be explained with
the stability analysis.

As it aready mentioned, in this paper the global
stability of a ring around a massive spherically
symmetric object, in the context of MOG is investigated.
The fina results may be extended to include MOG
effects on the evolution of local stabilities in the real and
large galactic rings. However, we restrict ourselves to a
stellar system instead of afluid ring.

In order to study the dynamical and global stability
of the stellar ring system, first, the equilibrium state is
derived. In other words, for a given radius of the ring the
circular velocity and the positions of al point masses are
found. The center of mass reference frame and complex
coordinate system is used to reduce the mathematical
difficulties. Then the first order perturbations to the
position and velocities of the point massesis applied. By



M. Shamsa, M.R. Golbahar Haghighi, P. Malekzadeh

In the second example, the following heat source at the
center of plateis considered

%H o< tel
t, t, 3
1 t_ 2

f
:{30 1_i Zglsj_

t.] 3t

The estimated intensity of heat source in the second
example is drawn in Fig. 3. Also, the location of the
heat sourceis estimated as

X, (exact)=0.4865, z,(exact)=0.5242 5)
1.2
1 .. '.
0.8
& 086
— Estimated data
04 * Exact data
0.2]
0(J 012 014 0‘,6 018 1

t*
Fig. 3 Comparison of the exact and estimated value of strength of
thedistributed heat sourcein example4for (o = 0).

6. Conclusion

In this paper, the conjugate gradient algorithm was
employed to estimate the location and intensity of the
point heat source. It was found that the rate of
convergence and accuracy of the method for this
problem is very good and it is a stable method.
Different functions were considered for the heat source
and it was observed that the computation algorithm can
estimate them.
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1- Introduction

In some problems, the direct measurement of some
parameters is experimentally impossible because of
two reasons. Firstly, in some cases the temperature of
internal surfaces is very high and sensors are not able
to measure them and sustain their integrity. Secondly,
the measurement equipment are too complicated and
expensive. Today the inverse methods are used to
estimate some thermal parameters.

The problem under investigation in this paper is the
estimation of intensity and location of a point heat
source by using the measured temperature at some
known points on the boundary. The necessity of
employing this approach arises from the impossibility
of direct measuring of the location and intensity of
point heat source in sometimes.

2. Mathematical modeling

We have a two-dimensional heat conduction problem
of a thin FG plate under an unknown time varying
intensity and location point heat source (Fig. 1). The
heat capacity, thermal heat conductivity and density are
assumed to be known. In continuation, the solution
procedures of problem are explained.

V4

o

—> X .G(t) H

A
A

Fig. 1 Geometry of plate.

3. Solution stages of inver se problem

e The conjugate gradient method together with
adjoint problem are employed to estimate the
intensity of the heat source.

e The conjugate gradient method is applied to

determine coordinate (XO ' Zy ) of the heat source.
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The new coordinate and the conjugate gradient
method is employed to estimate the new value of heat
source intensity. This iterative procedure is continued
until the convergence criteria are satisfied.

4. Direct problem

The governing equation, boundary and initia
conditions for the transient heat transfer problem are,
respectively [22].

9T 9 (, oT _JT
kax2 +§(kEJ+G(S(x—x0)5(z—zo) =peo
(1)
oT
—=0 on x=0 (2.8)
oX
a—T:O on z=0 (2.b)
0z
T=T onz=H (2.0)
T(x,20)=T,(x 2) (2.d)

Equation (1) is solved using the finite element
method.

5. Numerical results
In the first example the following heat source at the
center of the plate is considered

In Fig. 2. the estimated intensity of heat source of the
first example without considering the measurement
errorsis shown.

o Edimated data
— Exact data

0 02 04 0.6 0.8 1
t*
Fig. 2 Comparison of the exact and estimated value of the
strength for the point heat sourcein example 1( ¢ = 0).
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In these equations,

k a?
Ren_ﬁzyf (7)
B =[1-3487(5 ")°3 " C1(1- g, +¢ ) (8)

f

To transform the energy equation into a non-
dimensiona form, we introduce dimensionless
temperatured when the wall temperature or wall heat
flux is constant

o) = D=

constant

when the wall temperature is

o) = T(m)—T. : whenthewall heat flux is constant

aq,
2k,
By using Corcione's correlation and introducing 1" as
k
r=aa 2Pty L (oo

Toly ¢ d Tfrlo K

The final form of energy equation for constant wall
temperature and constant wall heat flux is introduced by
Egs. 9 and 10, respectively.
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4- Results
The effect of variations of particle fraction factor on the

dimensionless function ZqueG(”) against 77 for Re=10
[

is depicted in Fig. 2. As the particle fraction increases,

the value of the dimensionless function 2vRe VReGm)
a’w
increases and increasing the value of this function means

increasing the angular component of the fluid velocity
field.
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Fig. 2. Effect of particle fraction on angular component
of the fluid velocity field.

Effect of variations of particle fraction factor on
A(n) function against 7 for T, = 450K and Re=0.1

is presented in Fig. 3. For@, = 0, base fluid, the result

of Gorlais extracted; it is interesting to note that, as ¢,

increases, the absolute value of the dimensionless
temperature gradient is decreased at surfaces;
nevertheless, this decreasing rate is negligible compared
to that of increasing rate in the therma conductivity.
Therefore, the heat transfer coefficient is increased
through addition of nanoparticles.
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Fig. 3. Effect of particle fraction on dimensionless temperature.

5- Conclusion

In the present study, similarity solution of axisymmetric
stagnation point flow and heat transfer of Nanofluid on
rotating cylinder with constant angular velocity is
presented. Results show that:

® |ncreasing the particle fraction would decrease radia
component of velocity field and axial component of wall
shear stress.

¢ Increasing the particle fraction would increase heat
transfer coefficient, angular component of velocity field
and angular component of wall shear stress.
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Similarity Solution of Axisymmetric
Stagnation Point Flow of Nanofluid on
Rotating Cylinder
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1- Introduction

Nanofluid is a name first applied by Choi, referring to
fluids containing solid suspended nanoparticles smaller
than 100 nm with volume fraction of less than 5 percent.
It can enhance heat transfer performance compared to
pure liquids. Nanofluids can be used to improve thermal
management system in many engineering applications
such as heat transfer, micromechanics and instrument,
HVAC system and cooling devices.

In this research, similarity solution of axisymmetric
stagnation-point flow and heat transfer of Nanofluid
impinging on rotating cylinder with uniform angular
velocity has been presented for the first time. Flow is
considered in cylindrical coordinates (r,¢p,z) with

corresponding velocity components (u,v,w) as Fig. 1.

NS

]
( 8
)=

Fig. 1. Schematic of stagnation point flow on
rotating cylinder.

D
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2- Propertiesof Nanofluid
The aluminum oxide (y Al,0,) hanoparticles used in this

research have the following characteristics:
Density o, = 3,880 kg/m3, mean particle diameter is
44 nm.

2-1 Nanofluid density

It is assumed that the density of the aluminum oxide
nanoparticles is constant in the entire range of
considered temperature. The following relation is used
to calculate the nanofluid density:

Pn z(l_¢v)pf +¢vpp (1)

where subscripts n, f and p denote the nanofluid, base
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fluid and the particles respectively, and ¢, isthe particle
fraction.

2-2 Dynamic viscosity of Nanofluid

The viscosity of the nanofluid can be estimated with the
existing relations for the two phase mixture. In 2011,
Massimo Corcione proposed empirical correlation for
predicting the reative viscosity,

My 1

ﬂ 1_ 34 87(%) -03 ¢\Z/L.O3 (2)
f

where d, is the equivalent diameter of a base fluid
molecule, given by:

6M &
d =01(—)3
f (N”pfo) ®)

in which, M is the molecular weight of the base
liquid, N is the Avogadro number, and o, is the mass

density of the base liquid calculated at temperature
T, =293k.

2-3 Thermal conductivity coefficient of Nanofluid
The following relation is used to calculate thermal
conductivity of Nanofluid:

k k
;ff 14 4.4Rep°'4 pr, °% (L)m ()03 5 0 @
f Tk

20,1k, T My (C))ps
where Re, =72d & Pr,, =k7P
Tty Oy bt

3- Governingequations
A reduction of the Navier-Stokes equations is obtained
by the following coordinate separation of the velocity

field and by introducing » = (L)Z -1, we have:
a

U=k 2 f(n),v=R—alG(n),

Jn+1 N/ES (5)

w=2k f'(n)z, P=p,k?*a’p

Transformations (5) yields an ordinary differential
equation systemin terms of f and G as

+DF”+ 1 +Re [1- ()2 +f =0

(6)
n+1)G"+Re, fG'=0
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temperature in laminar and turbulent flow regimes,
respectively.

The outlet temperature increases in both laminar and
turbulent regimes owing to reduction of thermal capacity
with increasing volume fraction. In a laminar flow,
different nanoparticle shapes have an approximately
equal outlet temperature. In the turbulent flow, blade
and brick nanoparticles have a dlightly higher outlet
temperature because of their higher heat transfer
coefficients.

Due to the reduction of photovoltaic temperature with
increasing volume fraction in laminar flow, the electrical
energy and exergy efficiency increase, but they decrease
in the turbulent flow as the photovoltaic temperature
increases in this flow regime. In the laminar flow, the
thermal energy efficiency rises because of increasing the
output temperature. But in a turbulent flow, reducing the
thermal capacity reduces the thermal energy efficiency
when the volume fraction increases. The thermal exergy
efficiency is more affected by the outlet temperature and
increases with increasing volume fraction in both flow
regimes.

Increasing the electrical and thermal energy efficiency
in laminar flow leads to an increase in total energy
efficiency with volume fraction, while in turbulent
regime the total energy efficiency decreases due to
decrement of electrical and thermal energy efficiencies.
The cylindrical nanoparticles in laminar flow and brick
nanoparticles in turbulent flow have the highest energy
efficiency.

The total exergy efficiency increases in the laminar
flow as eectricd and thermal exergy efficiencies
increase. In the turbulent flow, total exergy efficiency of
platelet, cylindrical, and blade shaped nanoparticles
decrease because of decreasing the electrical exergy
efficiency. But for the brick nanoparticles which has the
highest electrical and thermal exergy output in the
turbulent flow, the contrast between the effects of
decreasing the electrica exergy efficiency and
increasing the thermal exergy efficiency leads to exergy
efficiency increases first and then decreases, as shown in
Fig. 2.

5- Conclusion
In this research, a linear parabolic trough concentrating
photovoltaic/thermal system was modeled. The effect of
using Al,Os/ethylene glycol-water 50:50 on photovoltaic
temperature, outlet temperature and energy and exergy
efficiencies of the system were evaluated. Also, the
effect of nanoparticle concentration was studied for
various nanoparticles shape of platelet, cylindrical,
blade and brick. The summary of the results is as
follows:
 Asthe volume fraction of nanoparticles increases, the
photovoltaic temperature decreases in the laminar
flow and increases in the turbulent flow, but the outlet
temperature increases in both flow regimes.

a) Laminar flow
0088 ~
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Fig.2. Variation of total exer gy effi ciency with volume fraction for
different nanoparticle shapesin laminar and turbulent regimes.

e The lowest photovoltaic temperature in the laminar
and turbulent flow regime was associated with the
cylindrical  nanoparticle and the brick-shaped
nanoparticle, respectively.

* In the laminar flow, the shape of the aluminum oxide
nanoparticles does not affect the outlet temperature.
But in the turbulent flow, nanofluids containing blade
and brick nanoparticles result in higher outlet
temperature.

e The total energy efficiency increases in laminar flow
and decreasesin turbulent flow.

e The total exergy efficiency increases in the laminar
flow, while in the turbulent flow, total exergy
efficiency of platelet, cylindrical and blade
nanoparticles decreases.

» The use of cylindrical nanoparticles in laminar flow
and brick-shaped nanoparticles in turbulent flow lead
to highest total energy and exergy efficiencies.
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Nanoparticle Shape Effect on a Nanofluid-
Based Parabolic Trough Concentrating
Photovoltaic/Thermal System

F. Yazdanifard®, E. Ebrahimnia-Bgjestan®, M. Ameri®

1- Introduction

The limited resources of fossil fuels and their pollutant
emissions revea the necessity of renewable energies.
Solar energy is the most important renewable energy
source, which shows the greatest potential for energy
production among other renewable energies in Iran.
Among solar technologies, photovoltaic/therma (PV/T)
systems are capable of producing electrical and thermal
energy, sSimultaneously. In addition, concentrating
photovoltaic/thermal (CPV/T) systems are a category of
PV/T systems which are used to concentrate sunlight
using Fresnel lenses, parabolic, compound parabolic and
hyperbolic concentrators. The CPV/T systems are able
to generate more electricity and higher quality of the
thermal energy.

Recently, nanofluids have been introduced as one of
the innovative ways to improve the efficiency of solar
energy systems. The nanofluid is defined as the
suspension of nanosized particles (less than 100 nm) in
conventional fluids, which exhibits better heat transfer
properties compared to the base fluids. However, there
are few studies on the use of the nanofluid as a coolant
in CPV/T systems.

Among the works that have been done so far, effects
of using nanofluids with different nanoparticles' shapes
on the performance of linear parabolic trough
concentrating CPV/T system has not been evaluated,
yet. Accordingly, the purpose of the current study is to
investigate and compare the effect of using nanofluids
with four nanoparticle shapes including platelet,
cylindrical, blade and brick on the performance of this
system from the first and second law of thermodynamics
standpoint in both laminar and turbulent flow regimes.
Furthermore, the study of the present base fluid in the
CPV/T system has been done for the first time.

2- Mathematical modeling

The studied linear parabolic trough concentrating
photovoltaic/thermal system to provide a mathematical
model is shown in Fig. 1. In order to drive the energy
equations for different components of this system, a

1- PhD. Student, Department of Mechanical Engineering,
Shahid Bahonar University, Kerman, Iran.

2- Corresponding Author: Assistant Professor, Department of
Mechanical Engineering, Quchan University of Advanced
Technology, Quchan, Iran. email: e.ebrahimnia@qjiet.ac.ir.
3-Professor, Department of Mechanical Engineering, Shahid
Bahonar University, Kerman, Iran.

differential element of length of dx and width of w was
considered. The assumptions used to write the energy
equations were steady and one-dimensional heat
transfer, constant thermo-physical properties of all
components of the system, and the neglecting the
specific heat capacity of all components except the
nanofluid inside the pipe.

In this research, the 4th-order Runge-Kutta method
was used to solve energy balance equations. The base
fluid was an ethylene glycol-water mixture with a ratio
of 50:50, where aluminum oxide was employed as
nanoparticles material.

. ’ tube
insulation

absorber concentrator

sunlight

Fig. 1. Concentrating photovoltaic/thermal system.

3- Validation

The numerical model was validated using the available
experimental data for a CPV/T system with an effective
linear parabolic mirror aperture area of 1.95m° a
concentration ratio of 16.92, photovoltaic/thermal
receiver with 1.5mx0.12mx0.09m dimensions and pipe
diameter of 0.03m. According to the comparison, there
is a very good agreement between the results of the
proposed model of the present study with the measured
temperature reported by Ji et al.

4- Resultsand discussion

The results indicated that, due to increasing the volume
fraction of nanoparticles, viscosity and thermal
conductivity increase, but the thermal capacity
decreases. The variations of viscosity and thermal
conductivity with volume fraction lead to a reduction of
the Nusselt number in both flow regimes. On the other
hand, the heat transfer coefficient is proportiona to the
Nusselt number and the thermal conductivity. In the
laminar flow, the superior effect of increasing thermal
conductivity leads to heat transfer coefficient increase.
While in the turbulent regime, a sharp decrease in the
Nusselt number with a volume fraction reduces the heat
transfer coefficient. Finally, the increase in the heat
transfer coefficdent in a laminar flow reduces the
photovoltaic temperature, but the reduction of the heat
transfer coefficient in the turbulent flow increases the
photovoltaic temperature. The cylindrical nanoparticles
and brick nanoparticle cause lower photovoltaic
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distribution of the nanoparticles is presented. As can be
seen, there is a very good agreement between them that
indicates the correctness and accuracy of the numerical
method.
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Fig. 3. Comparison between the numerical and analytical results.

In Fig. 4, the effect of the dispersion coefficient on
the Nusselt number in the channel output (thermally
fully developed region) is shown for the centra
distribution and different values of the injected
nanoparticles thickness and Peclet numbers.
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Fig. 4. Effects of the dispersion coefficient, Peclet number
and the thickness of injected nanoparticlesregion on the Nusselt
number at thermally fully developed conditionsfor the central
distribution.

The maximum of Nusselt number on the wall
occurs for the highest amount of dispersion coefficient.
This trend is exacerbated with a further increase in the
thickness of injected nanoparticles region. On the other
hand, the direct consequence of increasing the Peclet
number isrising the Nusselt number on the wall.

The effect of the dispersion coefficient on the
Nusselt number in the channel output for the boundary
distribution and different values of the injected
nanoparticles thickness and Peclet numbers is shown in
the Fig. 5. The important point is that, unlike the central
arrangement, the Nusselt number in the thermally fully
developed region is almost unchanged for small amounts

of injected nanoparticles thickness. In the boundary
arrangement, these values are different for all values of
the injected nanoparticles thickness.
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Fig. 5. Effects of the disper sion coefficient, Peclet number and the
thickness of injected nanoparticlesregion on the Nusselt number
at thermally fully developed conditionsfor the boundary
distribution.

4- Conclusion

In this paper improvement in the heat transfer inside a
channel filled with fluid with different thermal
dispersion characteristics has been studied. Various
distributions can be considered for nanoparticles such as
centra and boundary distributions. Attention to the
structure and distribution of injected nanoparticle and its
effects on thermal properties is most important result of
this study. According to the presented results, increasing
of the injected nanoparticles thickness in the central
distribution increases the Nusselt number, uniformly.
But in the boundary distribution, increasing of the
injected nanoparticles thickness will give a downward-
downward trend to the Nusselt number. Therefore in this
digtribution, a special thickness for the injected
nanoparticles along the boundary can be considered as
the optimal amount which leads to the highest Nusselt
number.
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Numerical and Analytical I nvestigation of
Thermal Dispersion Effectson the Heat
Transfer of Nanofluid flow inside a Channel

H.-O. Sayehvand ™", A. Basiri Parse’

1- Introduction

Increasing the coefficient of heat transfer is important
for al industrial applications. Ultra-high-performance
can be obtained by suspending ultrafine solid particlesin
a convectional fluid. The thermal conductivity of solid
metals is larger than fluids; therefore suspending these
particles can increase thermal conductivity and heat
transfer performance. This enhancement becomes more
stronger as the flow speed increases and ultimately leads
to an increase in the mixing effects associated with the
Brownian motion of the nanoparticles. The mixing
effect is called in literature as the thermal dispersion
effect. This significant increase indicates that thermal
dispersion is the main mechanism for convection heat
transfer.

In the present study, the heat transfer of nanofluid
flow inside a channel with different arrangements of
nanoparticles injection (dispersive elements) is
investigated. In the heat transfer phenomena,
nanoparticles presence in the fluid flow is known as one
of the most important factor for the thermal dispersion.
In this work, the distribution of dispersive elements or
nanoparticles in the channel is considered to be
uniformly distributed in the central region and near the
walls. The vadlidation of results is verified by the
analytical solution for asimple status of the problem and
also by comparison with previous published papers. The
presence of the nanoparticles in the center region,
increase the Nusselt number and heat transfer
characteristics with an ascending form. For the boundary
arrangement, increasing the thickness of injected
nanoparticles lead to an ascending-descending behavior
for Nusselt number. Therefore in this distribution, the
optimum thickness for dispersive elements is obtained.
Also it can be seen that the presence of the nanoparticles
with parabolic distribution increase the Nusselt number
with a univocal form. For the exponential arrangement,
especialy for large values of dispersive coefficient,
increasing the Nusselt number has a nonlinear behavior
that is the most important distinction of these two
distribution functions.
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2- Mathematical Modeling

Consider the steady flow of a two-dimensional
incompressible viscous nanofluid through a channel
bounded by two solid horizontal walls separated by a
distance of 2h and the length of B. According to Fig.
1, the x-axis corresponds to the central channel of the
channel and the y-axis is perpendicular to it. The
properties of nanofluid are assumed to be constant
except for the thermal conductivity to account for
thermal dispersion effects. The nanofluid flow enters the

channel with uniform temperature of T,. The uniform
heat flux of q isapplied to two channel walls.

q
ATTIEEEELEHATEER TR RER R R R TR AR AR R R

Yy h

Axdsymmetric Plane

VILTTTTTTTIE T T T T iy
q

B
Fig. 1. Schematic diagram and the coordinate system.

The two different distributions for the injected
nanoparticles into the channel are considered as shown
in Fig 2. In the central distribution, the nanoparticles are
injected in a region with height of 21 around the
channel's centerline. In the boundary distribution, the
nanoparticles isinjected in the two region with height of
| attached to the channel's pl ates.

DA ARIAMAAARARAAL. AT ALY,

I
I
q q

Fig. 2. The central distribution (left) and the boundary
distribution (right) for injected nanoparticles.

The energy eguation in this situation for the pure and
nanofluid regions is presented for these distributions,
separately. After the non-dimensionalizing with the
suitable dimensionless variables, obtained equations are
solved numerically with finite difference method.
Moreover, for a specia and simple case of problem
includes the uniform and hydrodynamically fully
developed flow, the analytical solution has been done.

3- Results

In Fig. 3, a precise comparison between the numerical
and analytical results for the effect of the dispersion
coefficient difference on the Nusselt number in the
thermally fully developed region in the centra
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4- Conclusion

In this study, it is indicated that the cycles with
intermediate-stage combustion chambers at higher
speeds perform better than those of conventional cycles.
In turbofan engine, the cycles with the secondary
combustion chamber have a higher specific thrust and
lower specific fuel consumption and lower pollution
compared to ordinary cycles. By increasing their fan
pressure ratio, the specific thrust ascends and specific
fuel consumption descends. In fact, the cycles can
support engines that have high bypass ratio and can
increase their efficiency. Generaly, the cycles with less
input temperature in high pressure turbine can reduce
the specific fuel consumption of the cycle. It is found
that due to the unavailability of the curve of the engine's
characteristics, using the scaling method is proper for
estimating functional curves. In this method, constant
coefficients of the design point of the engine are
analyzed and the obtained curves are closer to each other
and the error in simulation results is reduced.
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Simulation of the Secondary Combustion
Chamber of Turbofan Engine
in Off-design Point

S. Jafaripanah', F. Ommi?’, S. Khezrpour®

1- Introduction

The main objective of this study is a parametric
investigation of twin spool unmixed flow turbofan
engines for 6-person light aircraft. Obtaining the engine
performance curves and mathematical modeling of the
off-design function of the engine by using the Seria
Nested L oops method is studied. Despite the complexity
of mathematical modeling, the performance of off-
design turbofan engine is investigated and Twin Spool
modeling of unmixed flow is presented. The design
choices for specific fuel consumption and specific thrust
are examined. The performance parameters of the
turbofan engine with constant geometry contain thrust,
specific fuel consumption, engine intake air, component
efficiency, component pressure ratio, turbine inlet and
outlet temperature. For cycles, the static or flight
performance is analyzed and the performance matching
of each engine component is determined.

2- Engine M odeling

To facilitate the simulation of the turbofan engine
performance, the engine is numbered according to the
location of the main components of the engine, Table 1.

Table 1. Marking number turbofan enginewith a secondary
combustion chamber

item Number Description
1 0 Free flow conditions
2 2 Inlet Air
3 13 Inlet Low Pressure Compressor
4 17 Inlet Fan
5 18 Outlet Fan
6 25 Inlet high Pressure Compressor
7 3 Inlet Combustion Chamber
8 4 Inlet high Pressure Turbine
9 4.5 Inlet Secondary Combustion Chamber
10 4.8 Inlet low Pressure Turbine
11 5 outlet low Pressure Turbine
12 7 Inlet nozzle engine core
13 8 outlet nozzle engine core

In Fig. 1, the numbering is related to the state of the
engine without the secondary combustion chamber and
according to Fig. 2; the secondary combustion chamber
is located between the low and high pressure turbines.
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Theair outlet from the high pressure turbine is heated up
again and then enter to the low pressure turbine. This
results an increase in the specia output of the low
pressure turbine, thus increase the specific thrust.

13 17
I 18 § ; ;
I | | HPT=High-pressure turbine
S = | LPT=Low-pressure turbine
Fan
T B_\"P'd?\'s l.n\\'-prussuru
nozzle compressor
e

Inlet

0 2 25 3 445 578
Fig. 1. Different stations turbofan engines without secondary
combustion chamber.

1 13 1718 19

Fig. 2. Different stations turbofan engine with a secondary
combustion chamber.

3- Discussion of Result
In Fig. 3, a smulated model and GSP (Gas Turbine

Simulation Program) software is compared. As seen
on the right side of figure, the matching error has a high
error in the low period. However, as the RPM increases,
the error is reduced until the error rate reaches less than
20% in over than 90% RPM. It indicates that the
simulated model in the high RPM has an acceptable
accuracy. At the design point, the error is minimum but
as the RPM decreases or increases, the error increases
which is due to the application of the scale method.
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Fig. 3. The effect of Reynolds number on thedistribution of time-
averaged local Nusselt number.
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