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Abstract- A model has been proposed to calculate the optimal thermal insulation layer thickness
of flow lines in deep water. The developed model is used in excel spreadsheet to simplify the
procedures necessary for the calculations. The hydrate and wax formation temperatures is first
known and critical radius of insulation is calculated to obtained the required thickness of
insulation in order to mitigate cool down of the fluid. The study presents three analytical heat
transfer solutions of deepwater flow lines for the determination of an appropriate insulation layer
thickness. The model has been used to determine the optimal insulation thickness for a deep
water flow line using three different insulation materials; Polyethylene, Polypropylene and
Polyurethane.
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Spreadsheet Modeling of Thermal Insulation in
Deep Water Flow Lines

D.P.S Abam', V. Adukwu?

Abstract-A model has been proposed to calculate the optimal
thermal insulation layer thickness of flow lines in deep water.
The developed model is used in excel spreadsheet to simplify
the procedures necessary for the calculations. The hydrate
and wax formation temperatures is first known and critical
radius of insulation is calculated to obtained the required
thickness of insulation in order to mitigate cool down of the
fluid. The study presents three analytical heat transfer
solutions of deepwater flow lines for the determination of an
appropriate insulation layer thickness. The model has been
used to determine the optimal insulation thickness for a deep
water flow line using three different insulation materials;
Polyethylene, Polypropylene and Polyurethane.

. INTRODUCTION

eat transfer across the insulation of flow lines
I—l presents a unique problem affecting flow

efficiency. Although sophisticated computer
packages are available for predicting fluid temperature,
their accuracies suffer from numeric treatments because
long pipe segments have to be used to save computing
time. This is especially true for transient fluid flow
analysis in which a very large number of numerical
iterations are performed.

The thermal performance of subsea production
system is controlled by the hydraulic behavior of fluid in
the flow line; conversely, it also impacts the hydraulic
design indirectly through the influence of temperature on
fluid properties such as gas-oil ratio (GOR), density, and
viscosity. Thermal design, which predicts the
temperature profile along the flow line, is one of the
most important parts in the flow line design; and this
information is required for pipeline analyses including

expansion analysis, upheaval or lateral buckling,
corrosion protection, hydrate prediction and wax
deposition analysis. In most cases, the solids

managements (hydrate, wax, asphaltenes, and scales)
determine the requirements of hydraulic and thermal
designs. In order to maintain a minimum temperature of
fluid to prevent hydrate and wax deposition in the flow
line, insulation layers may be added to the flow line.

About’-Department of Mechanical Engineering, Faculty of Engineering
Abour-University of Port-Harcourt, P.M.B. 5323, Choba, Port-Harcourt,
Rivers State, Nigeria

Thermal design includes both steady state and
transient heat transfer analyses. In steady state
operation, the production fluid temperature decreases
as it flows along the flow line due to the heat transfer
through pipe wall to the surrounding environment. The
temperature profile in the whole pipeline system should
be higher than the requirements for prevention of
hydrate and wax formation during normal operation and
is determined from steady-state flow and heat transfer
calculations. If the steady flow conditions are interrupted
due to a shut-in or restarted again during operation, the
transient heat transfer analysis for the system is required
to make sure the temperature of fluid is out of the solid
formation range within the required time. It is necessary
to consider both steady state and transient analyses in
order to ensure that the performance of the insulation
coatings will be adequate in all operational scenarios.

The most severe operational hazards of
offshore pipelines are the risks associated with the
transportation of multiphase fluids (Boyun and others,

2005). When water, oil and gas are flowing
simultaneously inside the pipeline, there are quite a few
potential problems that can occur: water and

hydrocarbon fluids can form hydrate and block the
pipeline; wax and asphaltene can deposit on the wall
and may eventually block the pipeline; with high enough
water cut, corrosion may occur; with pressure and
temperature changes along the pipeline and/or with
incompatible water mixing, scales may form and deposit
inside the pipeline and restrict the flow; and severe
slugging may form inside the pipeline and cause
operational problems to downstream processing
facilities. The challenge that engineers will face is, thus,
how to design the pipeline and subsea system to assure
that multiphase fluids will be safely and economically
transported from the bottom of the wells all the way to
the downstream processing plant. The practice of
identifying, quantifying, and mitigating of all the flow
risks associated with offshore pipelines and subsea
systems is called flow assurance.

Flow assurance is critical for deepwater pipeline
and system operations. In deepwater, the seawater
temperature is usually much colder than the surface air
temperature. When pipeline is submersed in the deep
water, if there is no thermal insulation layer surrounding

©2011 Global Journals Inc. (US)
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the pipe wall, the fluid heat can be quickly lost to the
water. This is especially true if the water current around
the pipeline is strong. With an un-insulated pipeline, the
heat transfer coefficient at the outer pipe wall can be
significant due to the forced convection by the seawater
movement (Yong and Qiang, 2005). If the fluid
temperature inside the pipeline becomes too low due to
the heat loss, water and hydrocarbon (oil and gas) may
form hydrate and block the flow. Furthermore, if the fluid
temperature is low enough, wax may start to precipitate
and deposit on the pipe wall. Thus, effective
preservation of fluid heat is one of the most important
design parameters for offshore pipeline.

In deep water, the pipeline is normally followed
by a production riser which goes from the sea bottom to
the surface processing facilities (topsides). The deeper
the water is, the longer the production riser is. With a
long riser, the pipeline operating pressure will be higher
due to the hydrostatic head in the riser. For the same
fluid temperature, with higher operating pressure, it is
easier for the fluids to form hydrate. With pipeline and
riser production system, if the flow conditions are such
that severe slugging occurs, the slugs will be
proportional to the riser length (Boyun and others,
2005). The longer the riser, the longer the severe slugs.

Effective management of the system thermal
properties is crucial to the success of a deep water field
development.

To ensure fit-for-purpose design, all available
technologies are considered and, in general, for less
stringent requirements, wet insulation on rigid pipeline,
or insulated flexible flow lines can be used. However, for
more stringent specifications a dry environment will be
necessary to provide the required insulation
performance.

As new developments are moving progressively
into deeper water, where the ambient temperature at the
seabed becomes even lower, successful operation
becomes more heavily dependent on the thermal
management strategy employed.

Thermal management strategy and insulation
generally include the following; Overall Heat Transfer
Coefficient, Steady State Heat Transfer and Transient
Heat Transfer.

1. PROBLEM FORMULATION AND
SOLUTION

Qil field flow lines are insulated mainly to
conserve heat. The need to keep the product in flow line
at temperature higher than the ambient temperature
could exist for reasons including the followings:

e Preventing formation of gas hydrate

e Preventing formation of gas hydrate, wax or
asphaltenes

e Enhancing product flow properties

©2011 Global Journals Inc. (US)

e Increasing cool down time after shutting down

In liquefied-gas pipelines, such as those for
liquefied natural gas, insulation is required to maintain
the cold temperature of the gas to keep it in liquid state.

Polypropylene, Polyethylene and Polyurethane
are three base materials widely used in the petroleum
industry for pipeline insulation. Depending on
applications, these base materials are used in different
forms, resulting to different overall conductivities. A three
layer polypropylene applied to pipe surface has
conductivity of 0,225 W/(m-°C), while a four layer
polypropylene has conductivity of 0.173 W/(m-°C). Solid
polypropylene  has  higher  conductivity  than
polypropylene foam. Polymer syntactic polyurethane
has conductivity of 0.121 W/(m-°C) while glass syntactic
polyurethane has conductivity of 0.156 W/(m-°C). These
materials have lower conductivities in dry conditions
such as in pipe in pipe (PIP) applications.

Because of their low thermal conductivities,
more and more polyurethane foam is used in deep
water flow lines applications. Physical properties of
polyurethane foam include density, compressive
strength, thermal conductivity, closed-cell content,
leachable halides, flammability, tensile strength, tensile
modulus and water absorption. Typical values of these
properties are available from literature (Guo and others,
2005).

The requirements for flow lines insulation vary
from field to field. Flow assurance analysis need to be
perform to determine the minimum requirement for a
given field. These analyses include the following:

e Flash analysis of the production fluid to
determine the hydrate formation temperature in
the range of operating pressure.

e Global thermal hydraulic analysis to determine
the required overall heat transfer coefficient at
each location in the flow line.

e Local heat transfer analysis to determine the
type and thickness of insulation to be used at
the location.

e Local transient heat transfer analysis at special
location along the flow line to develop cool
down curves and time to the critical minimum
allowable temperature at each location.
Formulation of the governing equations and

solution to the heat transfer problem in deepwater flow
lines under different conditions are given in the
Appendix. The resultant equations are summarized in
this section.

The internal temperature profile under steady fluid flow
condition is expressed as:

1
Tr=— [B —aBL — ay — e *+O] (1.10)
Where the constant groups are defined as:
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2mRk

a= opC,sA (1.20)
B = aGcosO (1.30)
y=—alzy (1.40)

1
C= —Eln(ﬁ -a’Trs—ay)  (1.50)
where Ty is the temperature inside the pipe, L is
the longitudinal distance from the fluid entry point, R is
inner radius of insulation layer, k is the thermal
conductivity of the insulation material, v is the average
flow velocity of fluid in the pipe, p is the fluid density, Cp
is the heat capacity of fluid at constant pressure, s is the

(Tf,oL -

Where q is the rate of heat transfer (heat loss).
The internal temperature profile after starting up a fluid
flow is expressed as follows:

2mRk Gcosf

2

q:

f(L—vt) =—(L—vt) —%ln{ﬁ —aB(L -

And tis time.

Suppose after increasing or decreasing the flow rate,
the fluid has a new velocity v’ in the flow line. The
internal temperature profile is expressed as follows:

1 , ., L, (L+f(L—v't
Tf=?{ﬁ —afL—ay — e )]} (1.90)

f(L—vt)=—(L—-v't) — %ln {ﬁ' A

I11. RESULT AND DISCUSSION

The mathematical model presented in chapter
two is used to design flow line deep water. The main
goal of the analysis was to select an appropriate
insulation layer thickness and material. Design basis for
the flow line is presented in Appendix B. The design
criterion is to ensure that the temperature at any point on
the flow line does not drop to below 25°C, as required
by flow assurance. Insulation materials considered for
this design are Polyethylene, Polypropylene and
Polyurethane.

A Polyethylene layer of 0.0254mm (1 in) was
first considered and later increased to 0.0381Tmm (1.5
in), 0.0508mm (2.0 in) and 0.0635mm (2.5 in). Graph 1
present's steady state flow temperature profile
calculated using equation 1.10 with four insulation
thicknesses. It shows that even a Polyethylene of
0.0635mm (2.5 in) thick will give a flow line temperature

1
1 -6 -antL-

thickness of insulation layer, A is the inner cross
sectional area of pipe, G is the principal thermal
gradient outside the insulation, 8 is the angle between
the principal thermal gradient and the pipe orientation,
T o is the temperature of outer medium at the fluid entry
location and Ty is the temperature of the fluid at fluid
entry point.

The rate of heat transfer across the insulation
layer over the whole length of the flow line is expressed
as:

aB o, Lo ase)  —ac })
5L +a[e e |t) (1.60)
1
T = ?{B — afL — ay — e~ el Lv0I} - (1.70)
Where the f is given by:

vt) — ay — a?[Ty s — GeosO(L — vt) |} (1.80)
Where
_ 2mRk 2.00
*= v'pC,sA (2.00)
B = a'Gcosb (2.10)
y'= —a'T, (2.20)

And the function f is given by:

" 2
_ (9 |8 —aBL —v't) - ay —e~elCD Al (2.30)

lower than 25°C, therefore, Polyethylene should not be
considered for this design.

A Polypropylene layer of 0.0254mm (1 in) was
then considered and later increased to 0.0381mm (1.5
in), 0.0508mm (2.0 in) and 0.0635mm (2.5 in). Graph 2
present's steady state flow temperature profile
calculated using equation 1.10. It shows that a
Polypropylene layer of 0.0508mm (2.0 in) thick and
above will give a flow line temperature higher than 25°C.

Graph 3 present’s steady state flow temperature
profile calculated using Polyurethane layer of four
thicknesses. It shows that a Polyurethane layer of
0.0381mm (1.5 in) thick is required to keep the flow line
temperature higher than 25°C under normal operating
conditions. Therefore, either a Polypropylene layer of
0.0508mm (2.0 in) thick and above or Polyurethane layer
of 0.08381Tmm (1.5 in) thick should be chosen for
insulation of the flow line. Cost analyses can justify one
of the options, which is beyond the scope of this work.
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Graph 1.0 Flow Temperature with Polythylene Layers of various Thicknesses
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Graph 2.0 Flow Temperature with Polypropylene Layers of various Thicknesses
30
25

N
(@]

o—0.0254mm (1.0 in)
—8—0.0381mm (1.5in)

—_
o

=#=0.0508mm (2.0in)

Temperature Profile (0C)
o

(&)}

0.0635mm(2.5in)

2000 4000 6000 8000

Length of Flow Line (mm)

©2011 Global Journals Inc. (US)




SPREADSHEET MODELING OF THERMAL INSULATION IN DEEP WATER FLOW LINES

Graph 3.0 Flow Temperature with Polyurethane Layers of various
Thicknesses
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IV. CONCLUSION

Thermal insulation is a critical element in the
design and operation of flow lines in deep waters due to
a combination of low temperatures and high pressure,
as result of these; stringent requirement should be taken
for optimal insulation. A spreadsheet model has been
proposed for the design of deep water flow lines
insulation thickness. For optimal insulation thickness to
be achieved in the design of deep water flow line,
comparison should be made among different insulation
materials with various thicknesses. The temperature
profile should be plotted against the flow line length to
know where there is possibility of hydrate formation or
wax appearance region.
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APPENDIX A

Steady and Transient Solutions for Flow Line
Temperature

1. Assumptions

The following assumptions are made in model
formulation:
1) friction-induced heat is negligible
2) Heat transfer in the radial direction is fully
controlled by the insulation fluid
3) Specific heat of fluid is constant

2 Governing Equation

Consider the heat flow during a time period of

Aty. Heat balance is given by
9in — Qout — 9R = Yacc (A 1)

where
qin = heat energy brought into the pipe element by fluid
due to convection, J
q.u+ = heat energy carried away from the pipe element
by fluid due to convection, J
qr = heat energy transferred through the insulation layer
due to conduction, J
qqcc = heat energy accumulation in the pipe element, J
These terms can be further formulated as

Ain = Py Cp ‘UAfo,LAtf (A.2)
Qout = PrCVAfTr 1AL (A.3)

aT;
qr = 2mR k,AL——Aty  (A.4)
(A.5)

ar.
Qacc = PrCyAfALAT;
where
py = fluid density, Kg/m?
C, = specific heat at constant pressure, J/kg-°C
v = the average flow velocity of fluid in the pipe, m/s
Ay = cross-sectional area of pipe open for fluid flow, m?
T¢,, = temperature of the flowing-in fluid, °C
Aty =flow time, s
T¢ 1+a1, = temperature of the flowing-out fluid, °C
s = insulation layer thickness
R, = inner-radius of insulation layer, m
k, = thermal conductivity of the insulation layer, W/m-°C
AL = length of the pipe segment, m
Ty

aa—r = radial-temperature gradient in the insulation layer,

°C/m

ATf = the average temperature increase of fluid in the
pipe segment, °C

Substituting Equations (A.2) through (A.5) into Equation
(A1) gives

Substituting Equations (A.2) through (A.5) into Equation (A.1) gives

Ty

a _
prpUAfo'LAtf — prvafo,L+ALAtf - ZﬂRnknAL_Atf = prpAfALATf (A 6)

d -
prCyvA Aty (Tr , — Ty 1iar) — 2R, ky AL—= Aty = prC,A;ALAT;
Dividing all the terms of this equation by ALAt; yields
aT, AT,
= -
" or prpAf Atf

(T — Trreas)

AL —2nR, k

pf Cp UAf

For infinitesimal of AL and At; this equation becomes

T 9T, 2mRk, 3Ty

v — =

or

T,
f
P (A4.7)

(A.8)

(A.9)

The radial-temperature gradient in the insulation layer can be formulated as

0Ty _Tpu— (Tfo — Geos(H)L)
ar s

where

(A.10)

Ty o = Temperature of the medium outside the insulation layer at L = 0, €

G = Geothermal gradient, €/m
6 = Inclination time, degree
s = Thickness of the insulation layer, m

Supstituting Equation (A.10) into Equation (A.9) yields

O O o b1+
VoL Tt Y ¢
where
_ 2mRyk,
prpSAf
b = aGcos(0)
c=—alz,
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3. Solutions

Three solutions are sought in this study:
Solution A: Steady flow; Solution B: Transient flow with
static fluid as the initial condition; and Solution C:
Transient flow with steady flow as the initial condition

Solution A gives temperature profile during
normal operation conditions; Solution B simulates
temperature change during a start-up process; and
Solution C yields temperature trend during a shut-down
process.

4. Steady Heat Transfer

If the mass flow rate is maintained for a significantly long
time, a steady heat transfer condition between the
system and its surroundings is expected. Under steady
flow conditions, the temperature at any point in the
system is time-independent. Therefore,

Equation (A.11) becomes

0Ty
This equation can be solved with boundary condition
T=T;satl (A.16)

To simplify the solution, Equation (A.15) is rearranged to
be

O s al, +BL+y=0 A.17

aL+af+[>’ +y= (A.17)
where

a=—— (A.18)

= b A.19

B = : (4.19)

v=-- (A.20)
Let

u=aly +BL+y (A.21)
Then

u—pfL—-vy

Ty =——— (A.22)
and

dl; 1du B

Zr_-=_°

dL adlL «a (4.23)
Substituting Equations (A.22) and (A.23) into Equation
(A.17) gives

ldu P +u= A.24

adl a 47 (4.24)

Integration of this equation with the method of

separation of variables yields
1
_Eln(ﬁ —au)=L+C (A.25)

where C is a constant of integration. Substituting
Equation (A.21) into Equation (A.25) and rearranging the
latter result in

1
Tr=—3 [ — aBL — ay — e *FO] (A.26)

Applying boundary condition (A.16) to Equation (A.26)
gives the expression for the integration constant

1
C= —Eln(ﬂ —a’Ts s — ay) (A.27)

5. Transient Heat Transfer during Starting-Up

The temperature profile along the flow line during the
starting-up process can be obtained by solving
Equation (A.11) with the method of characteristics,
subject to the initial condition

Ty = Tpo— Geos(O)L atL =0 (A.28)
Consider a family of curves defined by the equation
dL dT;

dty v aT+bL+c (4.29)
The characteristics are

L=vt; +K (A.30)
We also have from Equation (A.29)

d7} an +bL +c

—_— = (A.31)

dL v
Using notations (A.18), (A.19), and (A.20), Equation

(A.31) becomes

dTy
E-l‘an-l-ﬁL-l-)/:O (A.32)

which is exactly Equation (A.17). Its solution is the same
as Equation (A.26), i.e.,

1
Tr=— [ — aBL — ay — e(L+D)] (4.33)
where A is an arbitrary constant of integration. This
constant is different on each characteristic curve.
Further, each characteristic curve has a different value
of K. Hence, as K varies, A varies and we may write
A=f(K), where f is an arbitrary function to be
determined. Writing A = f(K) in Equation (A.33) yields
1
Tr=— [ — aBL — ay — e=@AH D] (A.34)
Eliminating K using Equation (A.30), gives:
1 —-a %
T=— |8 - apL — ay — e=eltr ]| (4. 35)
Now applying the initial condition (A.28) gives
1
Tro — Geos(O)L = e [B — aBL — ay — e~all+f W] (A. 36)
which gives
1
f(L)=-L- Eln[ﬁ — apL — ay — a?(Tyy — Geos(6)L)|(A.37)

Therefore,
f(L=vtp) = =(L - vty)
1

- Eln[ﬁ —ap(L —vty) —ay — a*(Ty

— Geos(0)(L — vtr))| (A.38)
Substituting Equation (A.38) into Equation (A.35) results
in the solution to Equation (A.11) subject to the initial
condition (A.28). This solution is valid for L —wvt; > 0.
For points at which L — vty <0, L —vt; = 0 should be
used.
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6. Transient Heat Transfer during a Flow Rate
Change

The temperature trend along the flow line during
a flow rate change (shutting-down is a special case)
process can be obtained by solving Equation (A.11) with
a new velocity v’ ’ corresponding to a new flow rate. The
general solution is still given by Equation (A.35) with new
parameters corresponding to the low velocity, i.e.

1 I 1ol 1 —a’ —v'
Tf=ﬁ[ﬁ —dfL—ay —e DI (439)
Where

/ a
=== (4.40)
. b
f=-s (A.41)
y =-= (A.42)

v
The initial condition is defined by Equation (A.26), i.e.,
1
T = ?[[3 —afL—ay —e“UHO]att; =0 (A4.43)

where the constant C is given by Equation (A.27).
Now applying the initial condition (A.43) to Equation
(A.39) gives

1
18— apL—ay — e 49
1 ! ! 1.0
=7 [~ a'B'L—ay
— e~ L+ (DI] (4. 44)
which yields

FL) = -L— %ln {ﬁ, Bl ay

N 2
- (%) [f— apL —ay - e*“@*C)]} (4.45)

Therefore,

— %ln {[f - a',B'(L - vtf) —a'y
o \2

_ <;> [ﬁ —ap(L—vt;) —ay

_ e—a[(L—vtf)+C]]} (A. 45)

Substituting Equation (A.46) into Equation (A.39) results
in the solution to Equation (A.11) subject to the initial

condition (A.43).
APPENDIX B
DESIGN INSULATION OF A DEEP WATER FLOW LINE
DESIGN EXAMPLE: GAS FLOW LINE
User Input
Description Symbol Value Units
Longitudinal distance from the fluid entry poin L 8047 M
Outer diameter of pipe D, 0.2032 M
Wall thickness t 0.00635 M
Fluid density o) 881 kg/m?
J/kg-
Fluid specific heat at constant pressure Cp 2012 °C
Average external temperature T, 10 °C
Fluid temperature at entry point T, 28 °C
Fluid flow rate Q 62000000 m*/d
Inner radius of insulation R 0.1016 M
W/m-

Thermal conductivity of insulation material K 0.35 °C
Average flow velocity of fluid v 3.228304 m/s
Inner cross sectional area of pipe A 0.032429 m?
Calculated Steady State Flow Temperature Profile with a Polyethylene layers of various thicknesses
Calculated Temperature Profile with a Polyethylene layer of 0.0254m
T 28 | 266 |244 | 221 19.6
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0381m
T 28 | 272 | 257 |24 22.1
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0508m
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T 28 | 274 | 262 |25 23.6
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0635m

T 28 | 277 | 265 | 256 |244
L 0 2000 | 4000 | 6000 | 8000
Calculated Steady State Flow Temperature Profile with a Polypropylene layers of various thicknesses
Calculated Temperature Profile with a Polyethylene layer of 0.0254m

T 28 | 271 | 258 | 241 | 222
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0381m

T 28 | 276 |26.7 | 254 |2441
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0508m

T 28 | 277 |27 26.1 | 251
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0635m

T 28 | 278 |272 | 266 |258
L 0 2000 | 4000 | 6000 | 8000

Calculated Steady State Flow Temperature Profile with a Polyurethane layer of various thicknesses

Calculated Temperature Profile with a Polyethylene layer of 0.0254m
T 28 | 277 | 273 269 |265
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0381m
T 28 | 278 |275 | 271 |26.7
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0508m
T 28 | 279 277 274 270
L 0 2000 | 4000 | 6000 | 8000
Calculated Temperature Profile with a Polyethylene layer of 0.0635m
T 28 | 279 | 278 |276 |27.3
L 0 2000 | 4000 | 6000 | 8000
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Design and Analysis of Circular Ring Microstrip
Antenna

Rajesh Kumar', Dr. D. C. Dhubkarya®

Abstract-Like many forms of microstrip patches, the annular
ring has received considerable attention. When operated in its
fundamental (TM'") mode, this printed antenna is smaller than
its rectangular or circular counterparts. The annular ring may
also be somewhat broadband in nature when operated near
the TM'2 resonance [5]. It has been shown that the structure
is a good resonator (with very little radiation) for TMim modes
(m odd), and a good radiator for TM;,,modes (m even) [8]. A
circular ring microstrip antenna is designed for TMyy mode at
the resonance frequency of 2 GHz, and analyzed for different
parameters such as return loss, VSWR, input impedance and
bandwidth. Analysis shows that the size of designed antenna
is small at the cost of low bandwidth.

Keywords:  Microstrip antennas (MSAs), Microwave
Monolithic Integrated Circuits (MMIC), Wireless Local
Area Networks (WLANs), Circular Ring Microstrip
Antenna  (CRMSA), Voltage  Standing Wave Ratio
(VSWR).

[ INTRODUCTION

icrostrip antennas, often referred to as patch
I\/l antennas consists of a very thin metallic patch

(usually gold or copper) placed a small fraction
of a wavelength above a conducting ground plane,
separated by a dielectric substrate. The radiating patch
can be of any planar geometry e.g. rectangle, circle,
square, thin strip (dipole), elliptical, ring, circular ring,
disc sector and triangular. The radiating elements and
the feed lines are usually photo etched on the dielectric
Substrate.

Microstrip antennas have some advantages
such as light weight, low cost etc. and some
disadvantages such as low bandwidth and efficiency.
However there are different methods by which their
efficiency and bandwidth may be improved. These
antennas are low-profile, conformable to planar and
non-planar surfaces, simple and inexpensive to
manufacture using modern printed circuit technology,
mechanically robust when mounted on rigid surfaces,
compatible with microwave monoalithic integrated circuits
(MMIC) designs, and when particular patch shape and
mode are selected they are very versatile in terms of

About-Member IEEE, Asstt. Professor, SIT, Farah, Mathura, U.P
Email: heyrajeshkumar@yahoo.com

About-H.O.D, Deptt.of E&C Engg. B.1.E. T, Jhansi, U.P
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resonant  frequency, polarization, pattern, and
impedance. In addition, by adding loads between the
patch and the ground plane, such as pins and varactor
diodes, microstrip antennas with variable resonant
frequency, impedance, polarization, and pattern can be
designed [4].

The microstrip antennas find application in
high-performance spacecraft, aircraft, missile and
satellite, mobile applications, where size, weight, cost,
performance, ease of installation, and aerodynamic
profile are constraints, and low profile antennas are
required. Presently, there are many government and
commercial applications, such as mobile radio and
wireless communications that have similar specifications
where micro strip antennas can be used. They are also
used in Wireless Local Area Networks (WLANSs) to
provide short range high-speed data connections
between mobile devices and wireless access points.

The annular-ring structure was first studied by
Bergman and Schultz in 1955 as a travelling wave
antenna. It has also been used as a resonator and as a
radiator in medical applications [3]. Like many forms of
microstrip patches, the annular ring has received
considerable attention.  When operated in its
fundamental (TM11) mode, this printed antenna is
smaller than its rectangular or circular counterparts. The
annular ring may also be somewhat broadband in
nature when operated near the TM12 resonance [5]. It
has been shown that the structure is a good resonator
(with very little radiation) for TM1m modes (m odd), and
a good radiator for TM1m modes (m even) [8].

In this paper a circular ring micro strip antenna
is designed for TM11 mode at the resonance frequency
of 2 GHz, and analyzed for different parameters such as
return loss, VSWR, input impedance and bandwidth.
Analysis shows that the size of designed antenna is
small at the cost of low bandwidth. Fig.1. shows a
circular ring microstip antenna.
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Ring Conductor

Ground Plane
Fig.1. A circular ring microstip antenna [8]

[I.  ANALYTICAL MODEL

For designing the proposed antenna, cavity
model analysis is used. The cavity model of the ring is
obtained by replacing its peripheries with magnetic
walls. Because there is no variation of the fields along
the z direction for thin substrates, the modes are
designated as TM,,, modes. With no excitation current,
the wave equation for electrical field can be written as-

(V2 +k?)E =0 1)

Where

k =2m/e. /A

The general solution for the wave equation (1) in
cylindrical coordinates is given as-
E =

@)

Eo[J, (kp)Y,, (ka) —
Jn'ka¥nkpcosngd 3)
and
_J_9E = TJ 9k
P wup 99 ' HQ) wu dp (4)

Where J,(.) and Y, (.) are the Bessel functions of
the first and second kind, and of order n, respectively.
The other field components are zero inside the cavity.
The surface current on the lower surface of ring
metallization is given by-

Js = —%x H=—0H, + pH,
Or

()

Jo = Z;‘) Un (kp)Y, (ka) — J,, (ka)Y, (kp)] sinng  (6a)

Jp = 2y (kp)Y, (ka) = /n'ka¥n'kpcosnd  (6b)

w,

The radial component of the surface current
must vanish along the edges at p=a and p=b to
satisfy the magnetic wall boundary conditions. This
gives

Jolp=b)=Hy(p=b) =0 (7)

Application of this boundary condition leads to

©2011 Global Journals Inc. (US)

the well- known characteristic equation for the resonant
modes:
Jn (kb)Y (ka) — ], (ka)Y, (kb) = 0 8)
For the given values of a, b, & and n, the
frequency is varied and the roots of Equation (8) are
determined. These roots are denoted by k,,, for the
resonant TM,,,, modes and form X,,,,, such that
Xum = knm @ ©)
The integer n denotes the azimuthal variation as
per cosn@, while the integer m represents the mth zero
of Equation (8) and denotes the variation of fields across
the width of the ring.
If C = b/a then Equation (8) can be written as-

Jn (CXpm )Y Xim) = Joo K )Y (C X)) = 0 (10)

Using zeroth-order approximation, the resonant
frequency is obtained as-
_ Xumce
fam = 5 (1)
Where

¢ = velocity of light in free space
a = Inner radii of ring
&, = dielectric constant of substrate
In Equation (11), the effect of the fringing fields

has not been considered. Thus the frequency calculated
by this formula is lower than the measured value. The
accuracy can be improved by using effective dielectric
constant ( ).

f _ Xamc
Mmoo 2nafere

(12)

To determine the value of ¢,,, the ring resonator
is modeled as a microstrip line bent in a circular shape.
The effect of the curvature on the resonant frequency is
expected to be small provided the radius of curvature is
large compared with the width of the strip conductor.

The effective dielectric constant can be1 determined as-

1 1 10\ 2
ge =30 + D +1( —D(1+52) 7
Where

(13)

W=b—a
b = Outer radii of the ring
h = thickness of dielectric
The modified values of the inner and outer radii
of the ring can be determined using parallel plate
waveauide model of a microstrio line and are aiven bv-

where W, Is the eftective width of the ring and can be
given by-

_ (W (0)-W)
Vl/e(f)_ W+[1+(f/fp)2] (15)
W, (0) = 120mh/z V¢, (16)
fo = 20/ 21400 (17)

Where u, is the permeability and z, is the quasi-static
characteristic impedance of microstrip line of width W, A
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pair of empirical formulas for the modified radii of the

ring are-
a, =a-— % (18a)
be=b+2 (18b)

The above model gives reasonably accurate
results as long as W, is less than the mean diameter of
thering, i.e. (a + b).

An approximate value of X,; = k,;a can be
obtained using the equation (19). This expression gives
reasonably accurate value of k4, for n<5 and

[(b—a)/(b+a)] <0.35

Xp1 = kpia = 2an/(a + b) (19)

DESIGN SPECIFICATONS

To design the proposed microstrip antenna,
glass epoxy (quartz) dielectric material having dielectric
constant (g,) of 4.2 and dielectric loss tangent (tand) of
0.0005 is selected with the substrate of height 1.6 mm.
Outer to inner radius ratio (b/a) of the patch is selected
as 2. The parameters calculated using cavity model
are- effective dielectric constant (g,) = 3.52, inner
radius (a) = 8.6 mm, outer radius (b) = 17.2 mm, width
of the patch (W) = 8.6 mm.

IV.  SIMULATION RESULTS

IE3D v. 14.2 is used as a tool for the simulation
purpose. A trial and error method is used to locate the
feed point. For different location of the feed point, the
return loss (RL) is compared and that feed point is
selected, where the return loss is most negative (or
minimum) or where the input impedance is 50 ohms for
the resonant frequency. From Return Loss v/s frequency
plot (RL = -249 dB at 2.0 GHz) and VSWR v/s
frequency plot (VSWR = 1.121 at 2.0 GHz), the
bandwidth of the designed circular ring microstrip
antenna is found to be 21 MHz. From Magnitude v/s
frequency plot, the value of antenna impedance is 49.14
Q at frequency of 1.999 GHz which is very close to
resonant frequency 2.0 GHz.

| —— dsmu

[11.

Fig.2. S-parameter plot forReturn loss v/s Frequency for
1.8 22GHz

Fig.3. VSWR v/s Frequency plot for 1.8-2.2 GHz.

—o— M)

Mag

195 z

Frequency (GHz)
Fig.4. Magnitude v/s Frequency plot for Z Parameter for
1.8-2.2 GHz

V.  TESTING RESULTS

After simulation the designed antenna is
fabricated with given specifications and tested on
spectrum analyzer using coaxial probe feed. On testing
the fabricated antenna the return loss of -13.5 dB is
obtained at 1.989 GHz, which is very close to desired
frequency of operation for the designed antenna i.e. (2.0
GHz). Also the bandwidth obtained is 25 MHz.

Frequency [GHz)

Return Loss (dB)

Fig.5. Return loss v/s Frequency plotted in excel based
on testing results
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VI.  CONCLUSION

If we compare the simulated and tested values
of designed antenna, we find that the return loss is lower
than -10 dB in both the cases, for desired frequency of
the designed antenna. This states that the losses are
minimum during the transmission. The tested and
simulated bandwidth has the ratio of 1.23, so we can
say that the level of mismatch is not so high. The BW of
the designed hardware was found to be small of the
order of 21 MHz, which matches the theoretical
background of CRMSAs operating in dominant modes.
Thus it is found practically that the ring microstrip
antennas have smaller dimensions at the cost of low
bandwidth when operated in TM,,; mode.
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Energy Forecasting of Bangladesh in Gas
Sector Using LEAP Software

Shahidul I. Khan' Asif Islam? Alimul Haque Khan®

Abslract - This paper represents the first application of Long-
Range Energy Alternative Planning (LEAP) software in energy
forecasting of gas sector in Bangladesh. LEAP is used to take
government decisions in many developed countries. In this
work, at first the data on amount of gas consumption in
different sectors of Bangladesh have been collected from year
1993 up-to year 2007. Then using ‘Linear’ and ‘Exponential’
time series wizard, gas consumption of these sectors has
been forecasted up-to year 2020. Comparison between the
results of forecasted data using aforementioned two time-
series wizards have been discussed. The most acceptable
forecasting model and why it wasn’t used in this work have
also been discussed thoroughly.

Keyword.: Energy Forecast, Exponential Forecast, Linear
Forecast, Logistic Forecast, Long FRange Energy
Alternative Planning (LEAF)

[. INTRODUCTION

EAP - Long-range Energy Alternative Planning is a
Lwidely—used software tool for energy policy analysis

and climate change mitigation assessment
developed at the Stockholm Environment Institute (SEI).
LEAP has been adopted by hundreds of organizations
in more than 150 countries worldwide. Its users include
government agencies, academics, non-governmental
organizations, consulting companies and energy
utilities. It has been used at many different scales
ranging from cities and states to national, regional and
global applications. The United Nations recently
announced that more than 85 countries have chosen to
use LEAP as part of their commitment to report to the
U.N. Framework Convention on Climate Change
(UNFCCC) [1].

[I. GAS SECTOR OF BANGLADESH

Energy consumption in Bangladesh constitutes
only 0.1 per cent of total world energy consumption.
Consumption of commercial energy makes up about
half of total energy consumption, somewhat less than
other South Asian countries, but its absolute level is very
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Figure 1: Gas Consumption in Bangladesh in 1998[2]

low even in comparison with the low South Asian
standard. The two most important energy intensive
sectors are transport and industry, accounting for
around 50% and 43% of total commercial energy use in
the country.

Before the discovery of significant quantities of
natural gas, energy supply depended on limited
domestic hydroelectricity and coal or fuel-driven power
generation based on imports. Gas is currently the only
indigenous non-renewable energy resource in the
country that is produced and consumed in significant
quantities [3]. Gas production is concentrated in the
hands of four suppliers: two of them are international oil
companies and two are national companies. The
International Oil Companies (IOC) produce a quarter of
total production — Shell produces 16% of the total while
Unocal accounts for the remaining 9%. The rest is
produced by two Petrobangla firms. Total production
has on average increased by 7.1% per year during the
last decade and daily production is 900 million cubic
feet. Arrangements with international oil companies are
regulated through production sharing agreements. The
IOCs cover all the costs of exploration and production.
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Figure 2: Yearly Gas Production in Bangladesh [2]
There are six steps involved in creating a baseline

[11. ENERGY FORECASTING

A state energy forecast is a measurement and
estimate of historic, current and projected patterns of
energy supply and demand within a state. The baseline
or Business As Usual (BAU) forecast illustrates what
state energy use will look like in the absence of
additional policies beyond what is already planned.

forecast:

1.

2.

ook~ w

Define objectives and constraints of the
forecast.

Compile historical energy consumption and
generation data into a baseline profile.

Choose method to forecast the energy baseline.
Develop or review assumptions.

Apply the method.

Evaluate forecast output

»| 1. Define Objectives and Parameters

L]
2. Develop
Historic Baseline

ri

."' Basic Methods
s (All S or D)
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Forecast
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Figure 3: Flowchart Showing Steps to Forecast Energy [4]
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V. BACKGROUND OF LEAP

LEAP was created in 1980 for the Beijer
Institute's Kenya Fuel wood Project, to provide a flexible
tool for long-range integrated energy planning. It was
designed by Paul Raskin, President of Energy Systems
Research Group (ESRG was renamed Tellus Institute in
1990). LEAP provided a platform for structuring data,
creating energy balances, projecting demand and
supply scenarios, and evaluating alternative policies, the
same basic goals as the current version of LEAP. Major
funding was provided by Swedish SIDA, German GTZ,
the Government of the Netherlands (DGIS), and US-AID
[1]. The spread of the Internet in the mid-1990s allowed
for much wider dissemination of LEAP. In 1991, the first
major LEAP based study in an OECD country was
conducted by Tellus, America's Energy Choices: An

V.

| Demographics |

analysis of the potential for energy efficiency and
renewable in the USA. In 1992, the first global energy
study using LEAP was published by SEIl-Boston,
Towards a Fossil Free Energy. Meanwhile, studies
continued throughout the developing world, including a
World Bank sponsored project to integrate LEAP with an
emission dispersion model for studying air quality in
Beijing. By 2003, with the number of LEAP users
approaching 500 with most in the developing world, a
new project was launched to upgrade the support
provided to these users and to foster a community
among Southermn energy analysts working on
sustainability issues. With support from DGIS, a new
web-based community called COMMEND was created,
with the number of participating LEAP users growing to
over 1500 in more than 130 countries by early 2006 [1].

LEAP CALCULATION FLOWS
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Figure 4: Flowchart Showing Data Calculation Flow in LEAP
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VI. DATA REQUIREMENT

For Energy Planning & Mitigation Assessment,

six types of data are required [11] as input to LEAP.
These are:

1)
2

)
)
)
)
)

o O b W

Demographic Data
Economic Data
General Energy Data
Demand Data
Transformation Data
Fuels Data

VII.  TIME-SERIES WIZARD

There are six types of Time-Series [11] Wizard available
for energy forecasting in LEAP. These are:

Accounting
Framework - LEAP

.

Construct Plausible

Scenarios

v

Run Model

Would Ditferent
Options Cost
Lower?

1) Interpolation

2) Step-Function Least Cost /

3) Linear Forecasting Plausible Scenario

4) Exponential Forecasting Figure 6: General Accounting Framework of LEAP

5) Logistic Forecasting

6) Smooth-Curve

VIII.  ACCUMULATED DATA
Sector-wise consumption of natural gas [5]-[10], [12]-[15] in BCF (Billion Cubic Feet)

Year | Power Fertilizer Industry Tea Estates Brick Fields | Commercial | Domestic | CNG
1993 | 97.3 74.5 20.26 0.70 0 2.87 15.4 0
1994 | 102.4 80.5 24.24 0.60 0 2.88 18.86 0
1995 | 110.9 90.98 27.31 0.72 0.99 3.00 20.71 0
1996 | 110.82 77.83 28.62 0.71 0.48 4.49 22.84 0
1997 | 123.55 | 80.07 32.32 0.74 0.39 4.61 24.89 0
1998 | 140.82 82.71 35.79 0.71 0.35 4,71 27.02 0
1999 | 147.62 83.31 41.52 0.64 0.35 3.85 29.56 0
2000 | 175.27 | 88.43 47.99 0.65 0.44 4.06 31.85 0
2001 ] 190.08 | 78.78 53.56 0.72 0.53 4.25 36.74 0
2002 | 190.54 |95.89 63.76 0.74 0.52 4.56 44.8 0.23
2003 | 199.4 92.8 46.59 0.82 0.12 4.83 49.22 1.94
2004 [ 210.67 | 94.14 51.63 0.84 0 5.1 52.37 3.55
2005 | 233.6 98.91 68.98 0.8 0.1 55 59.45 4.5
2006 | 247.8 98.91 79.99 0.1 0.1 5.8 65.41 52
2007 | 268.3 107.3 86 4.5 0.1 6.3 72 5.6
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IX.  ANALYSIS OF RESULT

1. Linear Forecast

Demand Results: Energy Demand Final Units: Bar Chart
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2,500
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500/

[ Power

B Fertilizer
I Industry

[] Tea Estates
[ Brick Fields
[ Commercial
[] Households
[ CNG

Million Gigajoules

1999 2001 2004 2007 2010 2013 2016 2019
Years

Figure 7: Demand Analysis (Linear Forecast)

Result in Tabular form (2010 - 2020)
2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

Power 2,971 | 3,138 | 3,306 | 3,473 | 3,640 | 3,807 | 3,974 | 4,142 | 4,309 | 4,476 | 4,643
Fertilizer 879 900 922 943 965 987 1,008 | 1,030 | 1,051 | 1,073 | 1,094
Industry 735 773 811 849 887 925.5 | 964 1,002 | 1,040 | 1,078 | 1,116
Tea Estates 21 23 25 27 29 30.5 32 34 36 39 40
Brick Fields 4 4.1 4.2 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9
Commercial 55 57 59.5 62 64 67 69 71 734 76 78
Households 678 720 762 804 846 888 930 972 1,014 | 1,056 | 1,098
CNG 64 71 77 84 90 97 103 110 116 123 130

Total Demand

o 5,407 | 5,687 | 5,966 | 6,246 | 6,526 | 6,806 | 7,085 | 7,365 | 7,645 | 7,925 | 8,204
(Gigajoule)

TotalDemand | ooe | 741|746 |781 |s16 |851 |8s6 |921 |956 |991 | 1026

(Bcf)
2. Exponential Forecast Dermand Kesults: Erergy Denand Final Uns —
K] -
As can be seen from the records, all forecasting :nuu :fﬁﬁ;
procedures follows exponential pattern. Even the data i eyl
collected for this work, also follows exponential trends 5 _ ommersl
and gives better forecasted approximation of data up to 000 CHG
2008 if exponential increment of energy demand is 2 5am
. . E R0
assumed. But the use of exponential trend results in an LS
abrupt situation. The demand is so high which cannot é‘t.ﬂﬂﬂ
be fulfilled by the generation. Particularly the demand in S
the CNG sector becomes the next to the demand of the 2500
power sector by the year 2020and much greater by the 4,000
year 2030, which is definitely unacceptable. That's why -
linear approximation is a better choice. b

|] T T T T T T T
1999 2001 2003 2006 2009 2011 2014 2017 2020
Figure 8: Demand Analysis (Exponential Forecast)
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Linear vs. Exponential forecast (Year 2010)

Sectors Linear Approximation (Giga joules) | Exponential approximation (Giga joules)
Power 4643.2 8755.8

Fertilizer 1094.5 1201.6

Industry 1115.9 1743.6

Tea Estates 39.6 11.6

Brick Fields 4.9 4.8

Commercial 78.3 107.2

Households 1098.5 2547.5

CNG 129.6 21140.2

Total 8204.5 35512.3

X. CONCLUSION

Among the six patterns in time-series wizard —
Interpolation, Step Function, Smooth Curve, Linear
Forecast, Exponential Forecast and Logistic Forecast;
Logistic Forecast is the best way to achieve more
accurate energy forecasting. But in case of the energy
forecasting in a third world country like Bangladesh, the
demand function of different economic parameters,
which is the key factor of logistic forecasting, is
unavailable. Rather the economic situation leaps and
bounds due to unstable political scenario. That's why
linear forecasting has been used in energy modeling of
Bangladesh. But in stable political situation with
demand functions into account, precise approximation
can be made following the aforementioned guidelines.
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Low Power High Performance SRAM Design
Using VHDL
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Absiract- Data retention and leakage current are among the
major area of concern in today's CMOS technology. In this
paper 6T SRAM cell has been analyzed on the basis of read
noise margin (RNM), write noise margin (WNM), read delay,
write delay, and data retention voltage (DRV). Implementation
and simulation is carried out using VHDL. The word “static”
indicates that the memory retains its contents as long as
power remains applied. SRAM indicates that locations in the
memory can be accessed, i.e. written or since it is volatile
memory and preserves data only while power is continuously
applied. Each bit in SRAM is stored in four transistors that form
two cross-coupled inverters. This storage cell has two stable
states which are used to denote '0' and 1. Two additional
access transistors serve to control the access to a storage cell
during read and write operations. It thus typically takes six
MOSFETSs to store one memory bit. The data retention voltage
for 6T SRAM cell comes to be 252.3mV. The higher read delay
is attributed to the fact that dual threshold voltage technology
has been in it in the order to reduce the leakage current. Write
delay has found to be 8.57 ps.

Keywords- 6T SRAM cell; VHDL, Data retention voltage,
Read noise margin, Write noise margin; Intrinsic
parameter fluctuation.

[. INTRODUCTION

[ or nearly 40 years CMOS devices have been
=== scaled down in order to achieve higher speed,
performance and lower power consumption. Due
to their higher speed SRAM based Cache memories
and System-on-chips are commonly used. Due to
device scaling there are several design challenges for
nanometer SRAM design. Now we are working with very
low threshold voltage and ultra— thin gate oxide due to
which leakage energy consumption is getting increased.
Besides this data stability during read and write
operation is also getting affected. In order to obtain
higher noise margin along with better of the

performance new SRAM cells have been
introduced [4]. In most of these cell read and write
operation are isolated to obtain higher noise margin. In
large memory capacity RAM chips, active power
reduction is vital to realizing low-cost, high-reliability
chips is because it allows plastic temperature.

About- Electronics and cormmunication Dept. BIET, Jhansi, UP, India
E-Mail- Mahendra 1812@grmail.com

About- Electronics and communication Dept. SIT, Mathura, India
E-Mail- kailash.250@redliffmail.com

Hence, various low power circuit technologies
concerning reductions in charging capacitance,
operating voltage, and static current have been

developed. As a result, active power has been reduced
at every generation despite a fixed supply voltage,
increased chip size, and improved access time.

[I.  SRAM CELLS

A SRAM cell must be designed in such a way,
so that it provides a non destructive read operation and
a reliable write operation. In the conventional 6T SRAM
cell this condition is fulfilled by appropriately sizing all
the transistors in the SRAM cell. Sizing is done
according to the cell ratio (CR). Traditional SRAM cells
are symmetrically composed of transistors with identical
leakage and threshold characteristics.

WL
L’” )
M1

w}_

'
v dd

e

L T

e

BL

BL

Figure 1. Six-transistor SRAM cell.

The two lines between the inverters are
connected to two separate bit-lines via two n-channel
pass-transistors (left and right of the cell). The gates of
those transistors are driven by a word-line. The 6T
SRAM cell has a differential read operation. This means
that both the stored value and its inverse are used in
evaluation to determine the stored value. Before the
onset of a read operation, the word line is held low
(grounded) and the two bit lines connected to the cell
through transistors M5 and M6 are pre-charged high (to
Vdd). Since the gates of M5 and M6 are held low, these
access transistors are off and the cross-coupled latch is
isolated from the bit lines. If a '0' is stored on the left

©2011 Global Journals Inc. (US)

February 2011

ﬂ
[y

Volume XI Issue I Version I

o
(=]

&

Global Journal of Researches in Engineerin



February 2011

N
!

Volume XI Issue I Version I

Global Journal of Researches in Engineering
€ 2

LOW POWER HIGH PERFORMANCE SRAM DESIGN USING VHDL

storage node, the gates of the latch to the right are low.
That means that transistor M3 (see figure.1) is initially
turned off. In the same way M2 will also be off initially
since its gate is held high. This results in a simplified
model, shown in fig.2 for reading a stored '0".

WL

Vaa

o

M6

Vaa

_—l—:l:c,hit

BL

Figure 2. Six-transistor SRAM cell at the onset of read
operation (reading '0").

The cell capacitance has here been
represented only through the value held by each inverter
(Q=0 and Q=1 respectively). The next phase of the
read operation scheme is to pull the word line high and
at the same time release the bit lines. This turns on the
access transistors (M5 and M6) and connects the
storage nodes to the bit lines. It is evident that the right
storage node (the inverse node) has the same potential
as BL and therefore no charge transfer will be take place
on this side. The left storage node, on the other hand, is
charged to '0' (low) while BL is pre-charged to VCC.
Since transistor M5 now has been turned on, a current is
going from C-bit to the storage node. This current
discharges BL while charging the left storage node.

For a standard 6T SRAM cell, writing is done by
lowering one of the bit lines to ground while asserting
the word line. To write a '0' BL is lowered, while writing a
"1' requires BL to be lowered. As in the previous example
of a read, the cell has a '0' stored and for simplicity the
schematic has been reduced in the same way as
before. The main difference now is that the bit lines no
longer are released. Instead they are held at Vdd and
Gnd. If we look at the left side of the memory cell (M1-
M5) it is virtually identical to the read operation (fig.3).
Since both bit lines are now held at their respective
value, the bit line capacitances have been omitted.
During the discussion of read operation, it was
concluded that transistor M1 had to be stronger than
transistor M5 to prevent accidental writing. Now in the
write case, this feature actually prevents a wanted write
operation. Even when transistor M5 is turned on and
current is flowing from BL to the storage node, the state

of the node will not change.
As soon as the node is raised, transistor M1 will

sink current to ground and the node is prevented from
reaching even close to the switching point. So instead of
writing a '1' to the node, we are forced to write a '0' to the

©2011 Global Journals Inc. (US)

BL.

Figure 3. Six-transistor SRAM cell at the onset of write
operation (writing '0','1").

inverse node. When the word line is raised M6 is turned
on and current is drawn from the inverse storage node
to BL. At the same time, M4 is turned on and as soon as
the potential at the inverse storage node starts to
decrease, current will flow from VCC to the node. In this
case M6 has to be stronger than M4 for the inverse
node to change its state. The transistor M4 is a PMOS
transistor and inherently weaker than the NMOS
transistor M6 (the mobility is lower in PMOS than in
NMOS). Therefore, making both of them minimum size,
according to the process design rules, will assure that
M6 is stronger and that writing is possible. When the
inverse node has been pulled low enough, the transistor
M1 will no longer be open and the normal storage node
will also flip, leaving the cell in a new stable state. The
sizing for 6T SRAM cell can be used for comparisons

I1I.  SIMULATION RESULTS

A static RAM with six transistors,
making a flip flop circuit with bistable states is widely
used. The bistability of the SRAM cell can be observed
using its eye property. In order to hold data, the static
noise margin (SNM), defined by the size of the eye and
should be kept large. The specification of SNM is such
that are liable eye property is maintained despite the
process fluctuations, variations in the operating
conditions such as temperature and voltage, and bit-line
noise. Since SNM becomes small with the reduction of
the supply voltage, it becomes weaker against the
threshold-voltage variation. In order to obtain high SNM,
higher threshold voltage and high beta ratio are
beneficial. By increasing the beta ratio, the slope
becomes steeper and the eye becomes larger. This

Func. | Macroc | Inputs | Product Pins
Block ell Terms

FB1 16/18 | 18/36 | 44/90 5/9
FB2 14/18 | 27/36 | 21/90 6/9
FB3 15/18 [ 32/36 | 71/90 5/8
FB4 16/18 [ 31/36 | 52/90 7/8

Table1- Functional blocks of Static RAM
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increase of beta ratio results in an area increase. Higher
threshold voltage makes the eye larger, though it must
be kept lower than half of Vdd. If Vth becomes much
larger than half of Vdd, the eyes disappear and SRAM
does not work properly.

Moreover, in the case of a memory array (for
example, 512 cells connected together on a single bit
line), the OFF-state current and the gate-leakage current
of the transfer gate will appear from each bit in a bit line
despite the word line being off. When the integral value
of this OFF-state current and the gate-leakage current
becomes comparable to the cell current, which is
supposed to be turned on by the word line, the reading
operation will fail. Therefore, both small leakage of the
transfer gate and large cell current are required. A
longer gate length for transfer transistor and a wide
width for driver are stable but result in a reduced
density. Using Xilinx ISE 10.1 release version, the
implementation of memory write cycle is successfully
performed. First of all source for process
implementation is selected. It allows opening new
source. On opening new source, VHDL module and file
name is selected. Next step is to define the module,
which can be defined by giving port name and direction
(infout/inout). Now project navigator creates a new
Skelton source with a given specifications. After
finishing, writing the program and saving it
implementation process allows synthesizing. During
synthesize-XST, RTL schematic view of Signal ‘clk16x’
mapped onto global clock net GCK1. The complement
of ‘clk16x’ mapped onto global clock net GCK3.Global
output enables net(s) unused. There are 61 macrocells
in high performance mode (MCHP).There are 0
macrocells in low power mode (MCLP). The following
fig. 4 shows RTL schematic view of Static RAM.

o Pagwst

dala_teaty

mdo mdo,

fm— Ltore)

Figure 4. Internal architecture of Static RAM.
Filter report states about functional blocks and
he detail of function blocks is illustrated in following

table 1. _ o
Non destructive read out characteristics of

SRAM never require restoration of cell data, allowing the
elimination of a sense amplifier on each data line. To
obtain a fast read, the cell signal on the data line is

made as small as possible, transmitted to the common
U0 line through the column switch, and amplified by a
sense amplifier. Since the cell signal is developed as the
ratio voltage of data-line load impedance to cell
transistors, a ratio current ZDC flows along the data line
during word-line activation. Here, data-line charging
current is negligibly small due to a very small AV, (= 0.1
V N 0.3 V), although it is prominent for write operation.
Thus the current for read operation is expressed as

Ipp = [mipcAt + CprVint]f + IDcp.

Figure 5. Simulation waveform of Static Ram. .

Table 2. Signals and ports of Static RAM

Type Name
Input Port rst

Input Port clk16x
Input Port mdli

Input Port rdn

Input Port wrn

Input Port din [7:0]
Output Port dout [7:0]
Output Port data_ready
Output Port mdo

Due to larger width of pull down transistors in6T SRAM
cell, finger type layout has been used for it.
Layout for different SRAM cell is shown in figure 6.

Figure 6. Layout of 6T SRAM cell.
The experimental evaluation includes analysis of power
dissipation, delay and static noise margin. It is shown in
following table 3.

©2011 Global Journals Inc. (US)
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Table 3 Experimental evaluation of basic six transistocell

Write | Write | Write | Write | Static

S.No. | zero one Zero | one noise
power | power | delay | delay | margin
WW) | WW) |(s) |(ns) | (mV)

1. 2322 | 44 0.75 | 0.84 | 360

2. 246.8 | 49 0.89 | 0.92 | 387

3. 223.4 | 39 0.68 | 0.81 | 323

4, 219.7 | 37 0.61 | 0.76 319

IV. CONCLUSIONS & REMARKS

An innovative 6T SRAM cell concept has been
proposed and validated in 45nm MCFET technology.
The simulation results have shown the great potential of
the proposed approach for optimizing both the cell
stability and the power consumption (higher than 25%)
without any area penalty and for the same read access
time. The concept is well adapted for all applications,
low power and high performance. Thus, IREAD can be
adjusted (weakened or reinforced) for the same cell size
by increasing or reducing the number of stacked silicon
films. The proposed approach can also be extended to
nano-Wires technology or Si Bulk technologies with a
selective dip of the STI to generate trigate structures on
the edges of active area, where a greater width is
needed.

The trend of SRAM technology is moving
towards high-density, high-speed and low-power.
Higher density and higher speed are achieved by
scaling. Reduction of the gate oxide leakage current is
essential to achieve high-speed keeping low standby
current. Pattern formation processes, lithography and
dry etching are the main concerns to miniaturization.
Low power consumption is achieved by reduction of the
power supply and invention of the circuit design. New
technology, such as Cu interconnects and low ‘K’
dielectrics are introduced for high-speed operation. For
lower cost and higher performance, the fabrication
process is moving towards single-wafer processing in

300-mm wafer size. Process integration for the single-
wafer process is the key to future technology. Failure
analysis also requires innovation for future devices.
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Investigation into the Floor Diaphragms
Flexibility in Reinforced Concrete Structures and
Code Provision

Morteza Moeini, Behzad Rafezy

Abstract- All the seismic codes generally accept that in most
cases the floor diaphragms may be modeled as fully rigid
without in-plane deformability. Even though a rigid floor
diaphragm is a good assumption for seismic analysis of the
most buildings, several building configurations may exhibit
significant  flexibility in floor diaphragms. In these
configurations, some codes like (EC8, NZS4203, GSC-2000)
set certain qualitative criteria related to the shape of the
diaphragm, while some others (2800, UBC-97, SEAOC-90,
FEMA-273) set quantitative criteria relating the in-plane
deformation of the diaphragm with the average drift of the
associated storey.

In this paper a review of the provisions of some modern
seismic codes for the analytical modeling of the floor
diaphragm action is made and a methodology using finite
elements models, taking into consideration the in-plane
flexibility, for monolithic floor is suggested. Using this method
with comparative response-spectrum dynamic analyses, some
reinforced concrete structures with different plan shapes like T-
shape, L-shape, U-shape and rectangular according to 2800
(Iranian seismic code) are analyzed. Then, the efficiency of
codes provisions is investigated.

Keywords.  rigid  floor  diaphragm, flexible — floor
diaphragms, average darift, in-plan deformation, floor

diaphragm action, response-spectrum analysis.

. INTRODUCTION

n the analysis of multistory buildings subjected to

lateral loads, a common assumption is that the floor

system undergoes no deformation in its own plan [1,
2]. Building structures are typically designed using the
assumption that the floor systems serve as a rigid
diaphragm between the vertical elements of the lateral
load-resisting system. For the majority of buildings, floor
diaphragms offer the most economical and rational
method of resisting the lateral forces, since they are
ordinarily included in the buildings to support the vertical
workloads. It is thus, of the utmost importance, that they
must be provided with sufficient in-plane stiffness and
strength, together with efficient connections to the
vertical structural elements. Muto (1974) used a beam
with bending and shear deformation effects to simulate
the behavior of flexible floors in buildings. Jain (1984)
also used this beam including flexible and shear
deformation effects to generate a solution to find the
flexible-floor effect under the dynamic analysis. Saffarini
and Qudaimat (1992) analyzed 37 reinforced concrete

buildings to compare the difference between static rigid-
floor and flexible-floor analyses. They found that the
rigid-floor assumption is accurate for buildings without
shear walls, but it can cause errors for building systems
with shear walls. The quantitative investigation of the
difference between the flexible-floor and rigid-floor
analyses of buildings with shear walls was not found in
their study and appears to be absent in the literature. Ju
and Lin (1999) investigated the difference between rigid-
floor and flexible-floors. They found that the rigid-floor
assumption can cause errors for building system with
shear walls. A quantitative investigation is made and an
error formula is generated using the regression analysis
of the rigid-floor and flexible-floor analyses from 520
rectangular, U-shaped, and T-shaped buildings. The
effect of opening in slab was not found in their study
and appears to be absent in the literature. Busu and
Jain (2004) investigate the influence of floor diaphragm
flexibility in asymmetric buildings. They investigate the
effect of torsional code provisions in asymmetric
buildings. They concluded that torsional effects may be
quite significant in buildings with a flexible floor
diaphragm (in semi-rigid structures specially). In such
buildings, neither the floor diaphragm flexibility nor the
torsional response can be ignored. Moreover, ignoring
either accidental torsion or torsional amplification may
cause significant differences in design forces. However,
when the floor diaphragm is completely or significantly
flexible (Tena-Colunga and Abrams 1996), each
individual frame responds almost independently without
any interference from the others and the torsional
contribution may be significantly diminished.

In this paper a review of the provisions of
some modern seismic codes for the analytical modeling
of the floor diaphragm action is made and a
methodology using finite elements models, taking into
consideration the in-plane flexibility, for monolithic floor
is suggested. Using this method with comparative
response-spectrum dynamic analyses, some reinforced
concrete structures with different plan shapes like T-
shape, L-shape, U-shape and rectangular according to
2800 (Iranian seismic code) are analyzed. Then, the
efficiency of codes provisions is investigated. This article
has 3 sections, in first section the results of building
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analyses is investigated, in second section, codes
provisions is investigated via the results of building
analyzes and in third section, the quantitative criteria of
codes provision is investigated via an error formula.

1.  CODE PROVISIONS

In this section a review of the provisions of
some modern seismic codes for the analytical modeling
of the floor diaphragm action is made. All the seismic
codes generally accept that in most cases the floor
diaphragms may be modeled as fully rigid without in-
plane deformability. Even though a rigid floor diaphragm
is a good assumption for seismic analysis of the most
buildings, several building configurations may exhibit
significant flexibility in floor diaphragms. In these
configurations, some codes like (EC8, NZS4203, GSC-
2000) set certain qualitative criteria related to the shape
of the diaphragm, while some others (2800, UBC-97,
SEAOC-90, FEMA-273) set quantitative criteria relating
the in-plane deformation of the diaphragm with the
average drift of the associated storey.

[11.  UNIFORM BUILDING CODE [UBC, 1994]

Diaphragms shall be considered flexible for
the purposes of distribution of storey shear and torsional
moment when the maximum lateral deformation of the

diaphragm (A g0 ) is more than twice the average

sory) (Fig. 7). The

deflection in the plane of the diaphragm shall not
exceed the permissible deflection of the attached
elements. Permissible deflection shall be that deflection
which permits the attached element to maintain its
structural integrity under the individual loading and
continue to support the permissible loads [12]. Floor
and roof diaphragms shall be designed to resist the
forces determined in accordance with given formulas
[12].

In the other word diaphragm is rigid when:

storey drift of the associated storey (A

IB _ A flexible )

AStory
And it is flexible when:

A flexible

A

>2

@

Story

STRUCTURAL ENGINEERS ASSOCIATION
OF CALIFORNIA [SEAOC, 1990]

Diaphragms shall be considered flexible when

the maximum lateral deformation of the diaphragm is
more than twice the average drift of the associated

©2011 Global Journals Inc. (US)

storey (ﬂ >2) [9]. The term “flexible” implies that the
diaphragm may be modelled as a simple beam
(horizontal girder) between vertical resisting elements,
whose cross section is composed of connected web
and flange elements. The web (shear resisting element)
is provided by the floor or roof deck, while chord or
boundary members serve as flanges to resist the axial
tension or compression resulting from flexural action [9].
This girder analogy should not be regarded as complete
and should only be considered as an approximation,
usually having the special properties of deep beams
(shear deformations etc.) [9].

In most cases the diaphragm may be
modelled as “fully rigid” without in-plane deformability.
However there are structural configurations such as
vertical resisting elements having large differences in
stiffness or offsets between stories, and diaphragms
with irregular shapes and/or openings, where the
Engineer should investigate the effects of diaphragm
deformability. The use of the most critical results
obtained from the “fully rigid” and the “flexible” models
would be acceptable [9].

IRAN SESMIC CODE-THIRD EDITION (2800)

Floor diaphragms shall be classified as either
“flexible” or “rigid”. “Flexible” when the maximum lateral
deformation of the diaphragm along its length is more
than half the average inter-storey drift of the storey
immediately below, “rigid” when this lateral deformation
of the diaphragm is less than half the average inter-
storey drift of the associated storey. The inter-storey drift
and diaphragm deformations shall be estimated using
the seismic lateral forces. The term “flexible” implies that
the diaphragm may be modelled as a simple beam
(horizontal girder) between vertical resisting elements,
whose cross section is composed of connected web
and flange elements. The web (shear resisting element)
is provided by the floor or roof deck, while chord or
boundary members serve as flanges to resist the axial
tension or compression resulting from flexural action.
This girder analogy should not be regarded as complete
and should only be considered as an approximation,
usually having the special properties of deep beams
(shear deformations etc.) [15].
In the other word diaphragm is rigid when:

_ Ay
A ="dah o5
Story
And it is flexible when:

(3)

A
A="9" 505
Story
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FIG. 1. Simulation of diaphragm with a simple deep beam [15]

V.  FEDERAL EMERGENCY MANAGEMENT
AGENCY [FEMA 1997]

Floor diaphragms shall be classified as either
“flexible”, “stiff”, or “rigid”. “Flexible” when the maximum
lateral deformation of the diaphragm along its length is
more than twice the average inter-storey drift of the
storey immediately below (A >2), “rigid” when this
lateral deformation of the diaphragm is less than half the
average inter-storey drift of the associated storey (
A <0.5) and “stiff” when the diaphragm it is neither
flexible nor rigid (0.5< A <2). The inter-storey drift
and diaphragm deformations shall be estimated using
the seismic lateral forces. The in-plane deflection of the
floor diaphragm shall be calculated for an in-plane
distribution of lateral force consistent with the
distribution of mass, as well as all in-plane lateral forces
associated with offsets in the vertical seismic framing at
that floor [13].

Mathematical models of buildings with stiff or
flexible diaphragms should be developed considering
the effects of diaphragm flexibility. Floor diaphragms
shall be designed to resist the effects of the inertia
forces developed at the level under consideration and
the horizontal forces resulting from offsets or changing
in stiffness of the vertical seismic framing elements
above and below the diaphragm. For concrete
diaphragms, the analytical model can typically be taken
as a continuous or simple span horizontal elastic beam
that is supported by elements of varying stiffness. The
beam may be rigid or semi-rigid. When the length-to-
width ratio of the diaphragm exceeds 2.0, the effects of
diaphragm deflection shall be considered when
assigning lateral forces to the resisting vertical elements
[13].

Eurocode 8 [EC8, 1994]

When the floor diaphragms are sufficiently rigid
in their plane, the masses and the moments of inertia of
each floor may be lumped at its centre of gravity. The
seismic design shall cover the verification of reinforced
concrete (RC) diaphragms in the following cases of
Ductility Class “H” structures [11]:

e Irregular geometries or divided shapes in plan,
recesses, re-entrances

e lrregular and large openings in the slabs

e Irregular distribution of masses and or stiffness

e Basements with walls located only in part of
their perimeter, or only in part of the ground
floor area.

In these cases, action effects in RC diaphragms
may be estimated by modeling them as deep beams on
yielding supports or plane trusses. In steel buildings,
concrete floor diaphragms may be considered as rigid
for the dynamic analysis without further verification, if the
openings in them do not significantly affect the overall
in-plane rigidity of the floor and they are constructed
according to Chap. 2 [11].

When the floor diaphragms of the building may
be taken as being rigid in their planes, the masses and
the moments of inertia of each floor may be lumped at
the centre of gravity [11].

e The diaphragm is taken as being rigid, if, when
it is modelled with its actual in-plane flexibility,
its horizontal displacements nowhere exceed

those resulting from the rigid diaphragm
assumption by more than 10% of the
corresponding absolute horizontal

displacements in the seismic design situation
[11].
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VI.  GREEK SEismiC CODE [GSC, 2000]

In buildings subjected to horizontal seismic
actions, if the in-plane stiffness of the diaphragms is
assured to be large (‘rigid floors”), then the mass
properties of each diaphragm may be lumped at its
centre of mass (reducing the independent in-plane
degrees of freedom to three per floor), else additional
degrees of freedom must be considered [14].

The shape of the floors in plan must guarantee
the “rigid floor” diaphragm action in point of stiffness
and strength. For this reason, long shapes in plan

(length to width ratio = 4) must be avoided, as well as
plan shapes composed of long parts (L, IM, etc.) or with
large re-entrances. When this is not possible, the effects
of the in-plane floor flexibility to the distribution of the
lateral forces at the vertical resisting elements must be
taken into consideration and the strength capacity at the
weak areas of the diaphragm must be checked [14].

VII.  STANDARDS ASSOCIATION OF NEW

ZEALAND [NZS 4203, 1992]

When there are abrupt discontinuities, major
variations in in-plane stiffness or major re-entrant
corners in diaphragms, the assumption of a rigid
diaphragm may not be wvalid. In some cases,
investigation of the effects may be require the stiffness
of the diaphragm to be modelled in the analysis to
ensure that a realistic distribution of lateral force has
been obtained [10].

STRUCTURAL MODELLING AND
ANALYSIS FRAMEWORK

VIII.

The total number of degrees of freedom is
equal to three times the total number of slaved nodes
and master nodes in the mesh for a three-dimensional

(3D) building analysis. For building analyses under the
flexible-floor assumption, each node contains six
degrees of freedom — three translations and three
rotations. Thus, the number of degrees of freedom for
the flexible-floor mesh is about twice as large as that for
the rigid-floor mesh.

For the equivalent static lateral force method,
the horizontal forces are often applied to the master
nodes of a rigid-floor analysis. However, it is difficult to
add these horizontal forces to the nodes of a building
with the flexible-floor assumption. For example, adding
these horizontal forces only to the node at the mass
center of each floor will cause stress concentration near
the mass center. Thus, to compare the results of the
rigid-and flexible-floor analyses, dynamic analysis is
probably a better choice since the earthquake loading
can be applied to the building base without any
differentiation between the rigid and flexible-floor
analyses. Forced dynamic analyses include time-history
and response-spectrum analyses. For time-history
analysis, it is not easy to compare the complex analysis
results between the rigid- and flexible-floor analyses. For
example, the two results may differ due to a significant
time shift, so comparing them at a certain time will
cause error. The response-spectrum analysis does not
have this problem, since only the maximum responses
are calculated in this method. Thus this method with the
response spectrum of the 2800 code (Fig. 2) is used to
perform the two types of building analyses. In the
dynamic analysis, the mode superposition method is
used, and the first 30 modes are calculated to perform
the response to perform the response-spectrum
analysis. The effective masses of the x-translation, y-
translation and z-rotation for these 30 modes are always
larger than 95% of their total masses in our building
analyses.

3

275

2.5

2.5

: N

B 1% s

0 02 04 06 08 1 12 14 156 18 2

T(sec)

23 24 26 28 3

32 34 356 3B 4 42 44 40

FIG.2- Response Spectrum of 2800 Code [15]

©2011 Global Journals Inc. (US)



INVESTIGATION INTO THE FLOOR DIAPHRAGMS FLEXIBILITY IN REINFORCED CONCRETE STRUCTURES AND CODE PROVISION

For the analytical modeling and dynamic
analyses of the structures considered, the computer
program SAP2000 was used. The floor diaphragms and
shear walls are modeled with shell elements.

[X. CHARACTERISTICS OF BUILDINGS

For the investigation of codes provisions, some
reinforcement concrete buildings with T-shaped, L-
shaped, U-shaped and rectangular plan shape are

of shear walls. These buildings are analyzed with shear
wall and without shear walls. 3-story T-shaped building
consists of two long rectangular interconnected parts,
with aspects ratio = 1:4 and 1:5. 4-story L-shaped
building consists of two long rectangular interconnected
parts, with aspects ratio = 1:4.5 for each of them. 6-
story U-shaped building consists of three long
rectangular interconnected parts, with aspects ratio =
1:3.75 and 1:5.2. The floor plan in rectangular building

considered. Fig 3 shows the plans shape and positon has a rectangular shape with aspect ratio 1:4.
C4  3@6m
®,
3 @5m 10 @ 3m .
c3 = I
B@h T
£ k}#m{m @ 6m 4m4m o I
Gl
o~ g E
- E
o ® 5
= &
E" (]
1 1

FIG. 3 Plan shape and position of shear walls

Member sizes and other properties of the
structures are shown in the table 1. In T-shaped
building, the beams with 3m length have 30X70cm
section, and beams with 5m length, have 50X70cm

section. In U-shaped building, the beams with 3m length
have 30X80cm section, beams with 4m length have
40X80cm section, and beams with 5m length have
50X80cm section.

Table1- Member Sizes and other properties of buildings

Shape Beam | Column section | Slab Shear wall thickness | Number of | Story height

of section | (cm) thickness (cm) stories (m)

buildings (cm) (cm)

T-shape 30X70 | 50X50 12 12 3 4
50X70

L-shape 40X80 | 50X50 12 15 4 4
30X80

U-shape 40X80 | 80X80 15 30 6 4
50X80

Rectangular | 50X80 | 80X80 15 15 5 4
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X. FIRST SECTION, RESULTS OF
ANALYSES

The buildings with and without shear walls, and
with rigid and flexible diaphragm assumption are
analyzed. From the results obtained of a number of
response-spectrum analyses, the rigid floor model was
found to be accurate enough for buildings without shear
walls. However, the difference between the rigid-floor
and flexible-floor analyses can be large for the buildings
with shear walls. In each building a diagram indicates
the difference between two types of analyses. In
mentiond diagrams, the axial force (in selected column
in fig 3) is used as X-direction and story level is used as
Y-direction.
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FIG. 4. Axial forces of C1 in T-shaped building without
shear walls under Y-Y direction earthquake
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FIG 5- Axial forces of C1 in T-shaped building with
shear walls under Y-Y direction earthquake
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FIG 6-Axial forces of C2 in L-shaped building without
shear walls under Y-Y direction earthquake

©2011 Global Journals Inc. (US)

20
g —A— RIGID
=16 | ---m- - - FLEXIBLE

512 |
;3 [
| 8 [
> f
S 4t
wn E
0k t t t t
0 50 100 150 200 250

Axial Force (KN)

FIG. 7. Axial forces of C2 in L-shaped building with
shear walls under Y-Y direction earthquake
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FIG. 7. Axial forces of C3 in U-shaped building without
shear walls under Y-Y direction earthquake
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FIG. 8. Axial forces of C3 in U-shaped building with
shear walls under Y-Y direction earthquake
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FIG10- Axial forces of C4 in Rectangular building with
shear walls under X-X direction earthquake

Above figures illustrate the analysis differences.
These figures indicate that the maximum difference
between the rigid floor and flexible floor building
analyses for T-shaped building with shear walls is
approximately 32%. This difference, for T-shaped
building without shear walls is less than 1%, for L-
shaped building with and without shear walls
respectively is about 46% and 4%, for U-shaped
building with and without shear walls respectively is
about 75 and 25, for rectangular building with and
without shear walls respectively is about 42% and 1%. It
is concluded in the most building with shear walls,
difference between two types of analysis is low. Since in
the buildings without shear walls, the in-plan floor
deformation is more than lateral deformation, the rigid
floor assumption is accurate for these buildings.

XI.  SECOND SECTION, INVESTIGATION
OF CODES PROVISIONS VIA THE
RESULTS OF ANALYSES

In this section codes provisions are investigated
by use the results of building analyses. In order to set
the conditions under which the in-plane deformability
must be taken into consideration, some codes (ECS,
NZS4203, GSC) set certain qualitative criteria related to
the shape of the diaphragm, while some others (UBC,
SEAOC, FEMA) set quantitative criteria relating the in-
plane deformation of the diaphragm with the average
drift of the associated storey, as mentioned above.

1. UBC-97 and SEAOC-90 quantitative criteria

The provisions of these codes for about the
diaphragm, is similar and diaphragms shall be
considered flexible when the maximum lateral
deformation of the diaphragm is more than twice the
average drift of the associated storey ( #>2) and

diaphragms shall be considered flexible when (£ < 2).
The values of £ are shown in tables 2 and in

accordance with that in buildings with shear walls, only
the rectangular building is flexible and other T-shaped,
L-shaped and U-shaped buildings are rigid. All of the
buildings without shear walls are rigid.

TABLE 2. The values of B

Building type Max of f | Associated

story

@ (:‘g T-shaped 1.22 Rigid

% £ = | L-shaped 1.68 Rigid

= = § | U-shaped 1.51 Rigid

M 5 | Rectangular | 2.00 Flexible

9 . (:"’U T-shaped 1.02 Rigid

< § s | L-shaped 1.02 Rigid

S5 % | U-shaped 1.08 Rigid

M ~ & | Rectangular | 1.02 Rigid

2. 2800 quantitative criteria

Diaphragms shall be considered flexible when
the maximum lateral deformation of the diaphragm
along its length is more than half the average inter-
storey drift of the storey immediately below (A4 > 0.5),
and diaphragms shall be considered flexible when (
A <0.5). The values of A are shown in tables 3 and in
accordance with that in buildings with shear walls, only
the T-shaped building is rigid and other L-shaped, U-
shaped and rectangular buildings are flexible. All of the
buildings without shear walls are rigid.

TABLE 3. The values of A

Building type Max of | Associated
A story
@ (:‘g T-shaped 022 Rigid
% £ E L-shaped 0.68 Flexible
= = § | U-shaped 0.517 Flexible
@ & | Rectangular 1.00 Flexible
9 = | T-shaped 0.019 Rigid
< é S | L-shaped 0.018 Rigid
S5 % | U-shaped 0.03 Rigid
M ~ 5 | Rectangular 0.015 Rigid

3. FEMA-273 quanititative criteria

Floor diaphragms shall be classified as either
“flexible”, “stiff”, or “rigid”. “Flexible” when the maximum
lateral deformation of the diaphragm along its length is
more than twice the average inter-storey drift of the
storey immediately below (A >2), “rigid” when this
lateral deformation of the diaphragm is less than half the
average inter-storey drift of the associated storey (
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A <0.5) and “stiff” when the diaphragm it is neither
flexible nor rigid (0.5< A <2). In accordance with
table 3 in buildings with shear walls, the T-shaped
building is rigid, the L-shaped, U-shaped and
rectangular buildings are semi-rigid (stiff). All of the
buildings without shear walls are rigid.

4. EUROCODE 8 [EC8] qualitative criteria

Since all of the buildings in fig 3 have
irregular geometries or divided shapes in plan,
recesses, re-entrances, are classified in Class “H”
structures. The diaphragm is considerd rigid, if, when it
is modelled with its actual in-plane flexibility, its
horizontal ~ displacements nowhere exceed those
resulting from the rigid diaphragm assumption by more
than 10% of the corresponding absolute horizontal
displacements in the seismic design situation, and
accordance with this observation, all of the buildings
with shear walls are flexible and all of the buildings
without shear walls are rigid.

5. Greek Seismic Code [GSC, 2000] qualitative
criteria

F(‘l)rual"\' 2011

The shape of the floors in plan must

Volume XI Issue I Version I

as plan shapes composed of long parts (L, M, etc.) or
with large re-entrances. When this is not possible, the
effects of the in-plane floor flexibility to the distribution of
the lateral forces at the vertical resisting elements must
be taken into consideration. Since all of the structures
have long rectangular interconnected parts, with
aspects ratio > 4, then all of the buildings with and
without shear walls are flexible.

6. Standards Association of New Zealand [NZS
4203, 1992] qualitative criteria

When there are abrupt discontinuities, major
variations in in-plane stiffness or major re-entrant
corners in diaphragms, the assumption of a rigid
diaphragm may not be valid. In some cases,
investigation of the effects may be requiring the stiffness
of the diaphragm to be modelled in the analysis to
ensure that a realistic distribution of lateral force has
been obtained. The qualitative criteria of this code is
rather ambiguous and non-objective, because the
criteria has not determinate the limit of itself. So, if the
large rectangular interconnected parts suppose that are
abrupt discontinuities, then all of the buildings with and

ERROR FORMULA

guarantee the “rigid floor” diaphragm action in point of  without shear walls are flexible.
stiffness and strength. For this reason, long shapes in
plan (length to width ratio = 4) must be avoided, as well
. Table 4 indicates the classification of buildings diaphragms behavior
£ Building type 2800 SEAOC-90 | UBC-97 | FEMA-273 EC8 | NZ54203 | GSC-2000
9 o T-shaped Rigid Rigid Rigid Rigid Flexible | Flexible Flexible
'Eo 23 IS L-shaped Flexible Rigid Rigid Stiff Flexible | Flexible | Flexible
= = ; U-shaped Flexible Rigid Rigid Stiff Flexible | Flexible | Flexible
= 5 % Q Rectangular | Flexible Flexible Flexible | Flexible Flexible | Flexible | Flexible
E m )
; o % T-shaped Rigid Rigid Rigid Rigid Rigid Flexible Flexible
~ 2= = | L-shaped Rigid Rigid Rigid Rigid Rigid Flexible | Flexible
ks kS} g g U-shaped Rigid Rigid Rigid Rigid Rigid Flexible Flexible
E 235 Rectangular | Rigid Rigid Rigid Rigid Rigid Flexible Flexible
f XII.  THIRD SECTION, INVESTIGATION OF THE QUANTITATIVE CRITERIA VIA THE

In this section the quantitative criteria in UBC-97, SEAOC-90, 2800 and FEMA-273 via an error formula that has

presented in Ju and Lin (1999) study (equation (6)). Codes quantitative criteria only differ in the limit of rigidity. The

aim of this section is to answer two following questions:

1- Has the limit of quantitative criteria in the mentioned codes enough accuracy?
2- If the first question’s answer is negative, what is the accurate limit?

them (6):

©2011 Global Journals Inc. (US)

In accordance with Ju and Lin (1999) study as mentioned, they found that the rigid-floor assumption can cause
errors for building system with shear walls. A quantitative investigation is made and an error formula is presented by
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R A flexible — Arigid 5)
- A flexible
Error% =81.53R+3.8 (6)

They concluded that if R<0.2, then the rigid floor assumption is accurate and if R>0.4, then the flexible-floor
analysis should be used to replace the rigid-floor analysis. If 0.2<R<0.4 then the structures behavior is semi-rigid.

Each code has the special criteria that are mentioned in the above sections, some use A g5y, (2800 and FEMA-

273) and some use A giple (UBC-97 and SEAOC-90) as shown in fig. 1. In this section in first the criteria become

February 2011

uniform and then its efficiency is tested with (6).
UBC-97 and SEAOC-90

A
Diaphragm is rigid when: —flexible >
AStory
A .
Diaphragm is flexible when: —flexile > .
AStory ;
2800 ~
A giaph A fiexible = Arigia A flexibl A fexibl 2
Diaphragm is rigid when: S 05> 0 e _ B 1<05=> 2 <15 L
Story Arigid Arigid Arigid >
Ay A g — A A A o
Diaphragm is flexible when: diaph 05=> flexible rigid B exible -1>05=> — Mlexible 1.5 =
Story Arigid - Arigid Arigid >
FEMA-273 o0
A T . W A i
Diaphragm is rigid when: —diaph <05= flexible rigid — flexible -1<05= —flexible. <1.5 2
AStory Arigid Arigid Arigid 20
88}
A A govibie — Avigi A oy A foi =
Diaphragm is flexible when: —diaph 5 _,  flexible rigid = flexible 1+, p —, —flexible 3 P
AStory Arigid Arigid Arigid —f
A, e =Dty A g A o K
Diaphragm is stiff when: 0.5 < o <2 = (.5 < ke fod _ T ledk <2 1.5< 20k 3 -
Story Arigid Arigid Arigid T:
1. Comparison of the quantitative criteria 2. Investigation of quantitative criteria accuracy =
By comparison of the quantitative criteria in UBC-97, In this section we are going to answer the first :E

SEAOC-90, 2800 and FEMA-273, it is concluded that the  mentioned question, R is obtained from (5), in

criteria in 2800 and FEMA-273 is more conservative than  gccordance with 2800 and FEMA-273 codes the value
UBC-97 and SEAOC-90. After the making criteria  of Ris:

trJin:LQrm, it is concluded the quantitative criteria for being R A fexive — Arigia B A oioie A igig =1 1.5—1 _1_ 033
g . A B Aflexible AerxibIe/Arigid B 15 3
In FEMA-273 and 2800 is y _exible 45 And, in accordance with Ju and Lin (1999) study, in O
A igia buildings with continuous symmetric shear walls, when
A R<0.2, the behavior of diaphragm is rigid, but in
In UBC-97 and SEAOC-90 is y _exible o according to the 2800 and FEMA-273 quantitative
A igid criteria when R<0.33, the behavior of diaphragm is rigid.

Thus, the quantitative criteria in building codes have not
enough accuracy and they need to reform.

©2011 Global Journals Inc. (US)
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XIII. REFORMATION OF QUANTITATIVE

CRITRRIA

In this section we are going to answer the
second mentioned question and present an appropriate
limit. If the limit of quantitative criteria for being rigid in
more conservative codes (2800 and FEMA-273) is
decreased to half of the former limit and then calculated
the value of R, it is concluded that this suggestive limit is
appropriate, because:

A, Mg A Ay A,
diaph <025 flexible rigid — = flexible ~1<025> flexible <125
Story rigid Arigid rigid
A fosive = Drigis D fexivle / Avigig — 1 -
—~R= flexible rigid — flexible rigid = 1.25-1 _ l ~02
Aflexible Aflexible /Arigid 125 5
Thus, if—= <1.25, the behavior of diaphragm in

rigid
according to the codes and error formula is fully rigid
and so the rigid-floor analysis is sufficiently accurate.

It should be say that in according to the study
of the Busu and Jain (2004), the torsional effects may be
quite significant in buildings with a flexible-floor
diaphragm  (in  semi-rigid  structures  specially).
Specifying of the limit for the classification of buildings
to the flexible and semi-rigid diaphragm is difficult and
requires to another study, thus in this study buildings are
classified in rigid-floor and
non-rigid-floor (include flexible and semi-rigid floor)
diaphragm.

1. Reformation of UBC-97 and SEAOC-90
quantitative criteria

Diaphragms shall be considered flexible for the
purposes of distribution of storey shear and torsional
moment when the maximum lateral deformation of the

diaphragm is more than 1.25 times the average storey
drift of the associated storey. In the other word:

A flexible

<1.25

e Diaphragm is rigid when:
Story
e Diaphragm is flexible (non-rigid) when:

flexible

>1.25

Story

2. Reformation of 2800 and FEMA-273 quantitative
criteria
Floor diaphragms shall be classified as

“Flexible” when the maximum lateral deformation of the
diaphragm along its length is more than quarter the
average inter-storey drift of the storey immediately
below, “rigid” when this lateral deformation of the
diaphragm is less than quarter the average inter-storey
drift of the associated storey. In the other word:

©2011 Global Journals Inc. (US)

XIV.

Diaphragm is rigid when:

flexible

A
diaph
<05
story

flexible

<1.25 or

Story
Diaphragm is (non- rigid) when:

flexible

A
>125 or — %" 505

Story story

SUMMARY AND CONCLUSIONS

All the codes generally accept that in most
cases the floor diaphragms may be modelled
as fully rigid without in-plane deformability.
Furthermore, in order to set the conditions
under which the in-plane deformability must be
taken into consideration, some codes (ECS,
NZS4203, GSC) set certain qualitative criteria
related to the shape of the diaphragm, while
some others (UBC-97, SEAOC-90, FEMA-273,
2800) set quantitative criteria relating the in-
plane deformation of the diaphragm with the
average drift of the associated storey.

The quantitative and qualitative criteria must be
use with together.The quantitative criteria for
classification of a floor diaphragm as “flexible”,
“stiff” or “rigid” (UBC-97, SEAOC-90, FEMA-
273, 2800) are rather ambiguous and non-
objective, because the determination of the in-
plane deformations of the diaphragm depends
on the forces acting on it, while these forces
depend on the deformations to be determined.
The proposed deep-beam (EC8, SEAOC-90,
FEMA-273, 2800) or plane-truss (EC8) models
for the diaphragms generally contain many
approximations and limitations regarding the
shape, connectivity and stiffness properties of
the floor diaphragms to be modelled, thus is
recommended that it is better the diaphragm is
analyzed in a 3D finit elements model.

The quantitative criteria in building codes have
not enough accuracy and they need to reform.
The shape of the floors in plan must guarantee
the “rigid floor” diaphragm action in point of
stiffness and strength. For this reason, long
shapes in plan (length  to  width
ratio = 3) must be avoided, as well as plan
shapes composed of long parts (L, N, etc.) or
with large re-entrances, especially when the
opening area is large than 50%. When this is not
possible, the effects of the in-plane floor
flexibility to the distribution of the lateral forces
at the vertical resisting elements must be taken
into consideration and the strength capacity at
the weak areas of the diaphragm must be
checked.
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Computer Simulation of a Gas Turbine
Performance

D. P. S Abam , N. N. Moses

Abstract-The current research is aimed at carrying out an
exergy analysis of a 33-MW gas turbine power plant that
operates on the Brayton cycle. Quantitative exergy analysis for
each component and for the whole system was done. Based
on the exergy balance models developed, a computer
program is written which is used to investigate the
performance of the power plant under varying ambient and
turbine inlet temperature conditions. The result obtained
shows that the largest amount of exergy destruction occurs in
the combustion chamber and the least in the gas turbine. The
simulation reveals remarkable dependency of the exergy flow
rate of the power output, exergy efficiency, exergy destruction,
heat-to-power ratio and the specific fuel consumption on the
change in the ambient temperature and turbine inlet
temperature of the plant.

Keywords. Exergy analysis, efficiency, gas turbine plant,
irreversibility, computer program.

I.  INTRODUCTION

he growth in electricity demand being experienced
in Nigeria has resulted in the need to build power

plants that generate maximum power output at
ambient temperature. Due to their installation time, low
installation cost and availability of natural gas in the
country, many states of the country are currently
building gas turbine power plants to meet this demand.
However, one disadvantage that penalizes the gas
turbine power rating is the adverse effect of the ambient
temperature on the gas turbine power output and
efficiency. In order to utilize the high economic and
energy saving potential of a gas turbine power plant in
their simple and combined cycles, it is important to
identify their optimal design parameters and determine
the impact of the deviation of these parameters from the
standard conditions, on the overall performance of the
plant. Gas turbines designed to operate at maximum
efficiency at standard ambient temperatures and relative
humidity may tend to reduce in performance due to
adaptation problems resulting from variation in weather
conditions as they are installed at different locations.
Numerous methods of analysis of gas turbine systems
have been proposed amongst which is the exergy
method. The exergy method is a performance analysis
of a thermal system based on the second law of

About - E-malil: ndeneto@yahoo.com Tel. + 2348037937860

thermodynamics which extends beyond the limits of
energy-based analysis since exergy is generally not
conserved as energy but is destroyed in the system. The
exergy method assists the engineer in identifying the
source and magnitude of performance loss in a thermal
system by measuring the irreversibilities that occur in
different devices and sections of the system. Significant
works in the field of simple and cogeneration cycle gas
turbine power plants have been recorded. Ogaji (1997)
utilized first law to develop a computer simulation model
for investigating the performance of various gas turbine
cycles. Pankaj (2003) verified the impact of high ambient
air temperature on the performance of various gas
turbine models utilizing performance data obtained for
each model as a basis for comparison and proposed
the Earth Tube Heat Exchanger (ETHE) technology as
the most effective and economical inlet air cooling
method. Somkiat and Pichai (2004) performed an
exergy evaluation of a combined steam and gas turbine
plant to quantify exhaust loss and its effect on the
environment. Mohamad and Mofid (2005) performed an
exergy analysis of a regenerative gas turbine cycle to
identify sources of performance loss in the plant. Naser
(2005) compared various modified Brayton cycles with a
regenerative, two-isothermal heat addition Brayton cycle
using second law analysis. Kamal and Zuhair (2006)
investigated the technical and economical feasibility of
using turbine inlet air cooling and its effect on the
performance of gas turbines in Khartoum which is a high
ambient temperature and dusty area and proposed
wetted media evaporative cooling to be the most
economically feasible option for improving the
performance of gas turbine plants in the area. Tamer
(2006) determined the optimum design parameters of a
Brayton- Heat Recovery Steam Generator (HRSG) cycle
at maximum exergy and their effects on the exergetic
efficiency. Sanjay et al (2009) utilized exergy analysis
principles and a computer code to simulate the
performance of a Brayton — diesel cycle. Ashok et al
(2010) combined the first and second law analysis to
develop a design methodology for parametric study and
thermodynamic performance evaluation of a closed
Brayton cycle with Heat Recovery Steam Generator
(HRSG).
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In this paper, an exergy analysis was performed
for a 33-MW gas turbine plant, which is an existing plant
located in Port Harcourt, Nigeria. Mass and energy
conservation laws were applied to each component and
quantitative exergy balance of each component and the
overall plant was also delivered. Based on the model
equations developed, a computer program is written
which serves as an efficient tool for quantifying the
exergy flow rate at each state point in the cycle,
evaluating the efficiencies and irreversibilities in each
component and for the overall plant, and simulating the
performance of the plant and its components when the
ambient and turbine inlet temperatures are varied.

@ Fuel Combustion

Compressor

1. PROBLEM FORMULATION AND
SOLUTION METHOD

The schematic of a GE-MS6001, 33-MW single
shaft gas turbine system which operates on Brayton
cycle is given in Figure 1 and shows the main work and
exergy flows and the state points which were accounted
for in this analysis. The plant consists of an axial flow air-
compressor (AC), a combustion chamber (CC), and a
gas turbine (GT). Figure 2 is the T-s diagram showing
the losses due to inefficiencies of the components of the
actual open cycle gas turbine plant.

Exhaust
A

®
N

Generator

T~
oF

Inlet Air

/
\

Turbine

Figure1- the open-loop gas-turbine power plant

T

N

Figure2- T-s diagram of the actual open cycle gas turbine plant

The thermodynamic analysis of the gas turbine
plant has been done by treating each component of the
system as a control volume at steady state. This implies
that the components experience no changes in their
mass, energy, entropy, volume and exergy content.
Hence, the amount of exergy entering the system in all
forms (heat, work, mass transfer) must be equal to the
amount of exergy leaving the system plus the exergy
destroyed. A general exergy-balance equation,
applicable to any component of a thermal system may
be formulated by utilizing the first and second laws of
thermodynamics (Mahamad and Mofid, 2005). The
thermo-mechanical exergy stream may be decomposed
into its thermal and mechanical components so that the
balance in rate form gives

Er-Er=(Ef -E7)-(ET-EF)

©2011 Global Journals Inc. (US)

where the subscripts i and e represent inlet and
. -7
exit states; E" is the exergy of the flow stream, E'is

the thermal component of the exergy stream; E” is
mechanical component of the exergy stream; the term
on the left —hand side of the equation represent the
change in exergy of the flow stream, the first and
second terms on the right-hand side of the equation
represent the changes in the thermal and mechanical
components of the exergy stream, respectively.

The thermal and mechanical components of the
exergy stream, assuming an ideal gas with constant
specific heat, may be written, respectively, as
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E'T

= mcp[(T -T,)-T, lnl} @)
TO

and

(3)

are the pressure and

EP = mRT, 2
PO
and T,

temperature, respectively, at standard state; M is the
mass flow rate of the working fluid; R is the gas
constant; C, is the specific heat at constant pressure.

where P,

B _ EoHE +(ZEJ —ZE'JHZE}P -2 B

inlet exit inlet exit

where E Wrepresents the exergy rate of

= CHE
power output; the term E™™ denotes the rate of exergy

flow of fuel in the plant; Sis the entropy transfer rate;

Tincvis the temperature of the source from which the
heat is transferred to the working fluid; the fourth right-
hand term is the exergy destroyed in the component;

and Qcv in the fourth right-hand term denotes the heat
transfer rate between the component and the
environment.

In heat engines, such as the Brayton cycle
considered, the exergy input to the system is the
difference between the exergy of the positive heat
interaction between the system and the high
temperature thermal source, and that of the negative
heat interaction between the system and the
surroundings, the recovered exergy in the process is the
Combustion chamber:

QHJ
Tin,CC

Ep. =TO[S'3 ~S,+S, +

mTO{(cpH In(T,/T,)- Rin(P,/P,))+ (c,,, In(T, /T,)- Rn(P, /P )+ o 3T

E CHE +(E2T + EZT1 ~E] )+(E2P + Ez'”1 —E3P)+T{S'3 -5, +S'21 +

Gas Turbinp:
EDGT = mT, [Cp3—4 ln(T4 /T3)_ R ln(P4/P3 )]

EYT = (B7 — €] )+ (EF —E7)+T,(S,-S,)

= :T{(S'4 - S1)+

Exhaust:

jm{ZSe

Q—F_l i| - mTO{(CM_I ln(T4/T1)_ Rin %} *
: 1

The exergy change of a system during a
process is equal to the difference between the net
exergy transfer through the system boundary and the
exergy destroyed within the system boundaries as a
result of irreversibilities. The exergy destroyed is
proportional to the entropy generated and is positive for
all actual processes. Hence, the general exergy
equation applicable to all the components of the gas
turbine plant may be written, utilizing the decomposition
defined in equation m as follows:

o J
Tin,CV

network of the reversible heat engine cycle (Oko, 2008).
The exergy destroyed in the cycle is the sum of the
exergy destructions of the processes that compose the
cycle. Hence, the exergy-balance equations for each
component in the gas turbine power plant can be
derived from the general exergy balance equation given
in equation (4). The exergy destroyed during each
process is calculated separately and then summed up
as the total exergy destruction in all the processes in the
cycle.

DS+

inlet

4)

exit

The exergy-balance equations and the exergy
destroyed during each process and for the whole plant
are written as follows:

EDAc :To(sz S ) mT [Cpl )1 z/T) Rln(Pz/Pl)]
(5a)

EYC = (BT BT )+(EP —EP)+T,(S,-S,) D)
r-1)] o
in,CC

% =0 6b
Tin,CCJ ( )
(7a)
(7b)

(epa(T =T, ))}

TO
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where EDAC > =Dec > ~Der and EDEXH represent
the exergy destroyed in the air compressor, combustion

. . =WAC
chamber, gas turbine, and exhaust, respectively; E

~WGT
and E represent the exergy flow rate of the power
output from the air compressor and the gas turbine,

~C
respectively; B is the exergy flow rate of fuel in the
combustion chamber.

1. Second-law efficiency of the gas turbine power
plant

Since exergy is more valuable than energy
according to second law of thermodynamics, it is useful
to consider both input and output from the plant in terms
of exergy. From the above, the general definition of the
exergy or second-law efficiency for a system may be
written as

_ Exergy recovered 1 Exergy destroyed

Exergy sup plied Exergy sup plied
©)
Hence, the second-law efficiency of the gas turbine
power plant under study is evaluated for the various
components and for the overall plant from the following
equations
Air compressor:

T

D
i.ac =1- EW:CC (10)
Combustion chamber:

— DCC
77||,CC =1- ECHE

(11)

Gas turbine:

E
1 Der

- EWGT (12)

Mier =

Overall plant:
E WPLANT

7 pLANT W (13)

Where E"P"Tis the net power output from the plant?

2. Power-to-Heat ratio and Specific Fuel
Consumption (SFC)

The Power —to-Heat ratio for the simple cycle is given by
E‘WPLANT

Rop = ——
- Qs
where Q,_, is the process heat supply rate.

The Specific Fuel Consumption (SFC) for the cycle is
given by

(14)

3600 f

E'WPLANT

SFC = (15)

where 7 is the fuel-air ratio.
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[11. RESULTS AND DISCUSSION

Table 1 contains a record of the online data
collected for the running power plant. The mass flow
rates, temperatures and pressures were obtained
directly from the speedtronics control system. The
reference temperature and pressure were taken as

25°C and 1.0132bar, respectively, at relative humidity
of 60%.
Table 1 Operating data for the 33-MW gas turbine power

plant

S/N | Operating parameter Value Unit

1 Mass flow rate of air through 136.5 kg/s
compressor

2 Temperature of inlet air to 302 °K
COMpressor

3 Pressure of inlet air to 0.10132 | MPa
compressor

4 Outlet temperature of air from 603 °K
compressor

5 Outlet pressure of air from 0.835 MPa
Compressor

6 Fuel-gas(natural gas) mass 2.80 kg /S
flow rate

7 Fuel- air ratio at full load(on 0.02 -
mass basis)

8 Inlet Temperature of fuel-gas 302 °K

9 Inlet pressure of fuel-gas 0.2279 | MPa

10 | Inlet temperature to gas turbine | 1087 °K

11 | Exhaust gas temperature 644 °K

12 | Exhaust gas pressure 0.1032 | MPa

The exergy flow rates at the inlet and outlet of
each component of the plant were evaluated based on
the values of measured properties such as pressure,
temperature, and mass flow rates at various states.
These quantities are used as input data to the computer
program written to perform the simulation of the
performance of the components of the gas turbine
power plant and the overall plant. The values obtained
for the chemical, thermal and mechanical exergy flow
rates at various state points in the gas turbine plant are
shown in Table 2.

An exergy balance for the components of the
gas turbine plant and of the overall plant is at this point
performed and the net exergy flow rates crossing the
boundary of each component of the plant, together with
the exergy destruction in each component are
calculated and are as shown in Table 3. The product of
a component corresponds to the added exergy whereas
the resource to the consumed exergy (Mahamad and
Mofid, 2005). The sum of the exergy flow rate of
products, resources and destruction equals zero for
each component. Hence, for each component, the sum
of the values of the thermal and mechanical exergy
components and the exergy destruction are substituted
in the respective exergy balance equation and equated
to the value of the output exergy as shown in the table.
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Table 2 Exergy flow rates and entropy generation rates at various state points in the gas turbine plant

State m(kg/s) T(K)| P(MPa)| ET(MW) | EF(MW)| E"5(MW)| S(MW /K)
1 136.5 302 0.10132 0.0452 0.0000 0.0000 0.0000
2 136.5 603 0.8350 14.6604 23.7966 0.0000 0.0144
2! 2.80 302 0.2279 0.0021 0.7205 112.8035 0.0014
3 139.3 1087 0.8100 67.0999 23.9347 0.0000 0.0365
4 139.3 644 0.1075 18.3703 0.2117 0.0000 0.0015

This zero sum indicates that the exergy balance for the
compressor, combustion chamber, the gas turbine and
the overall plant are satisfied. The value of the total
exergy destruction in the plant calculated from the
addition of the individual exergy destructions in the
components of the cycle is compared with the
calculated value of the exergy destruction in the
exhaust.

The exergy flow rate of the power output of the
gas turbine power plant is found from the exergy
balance to be 30.2 MW. The exergy flow rate of fuel in
the combustion chamber is found to be 116.9MW. The
total exergy destruction in the plant is found to be
69.83MW. The gas turbine is found to have the highest
efficiency of 99.3%. The exergy efficiency of the
combustion chamber is much lower than that of other

Table 3 Net exergy flow rates and exergy destruction in the gas turbine plant

Component =W ~ CHE =T -~ p s

P EY(MW) | ESE(MW) | ET(MW) | EP(MW) | E,(MW)
Air Compressor 42.5290 0.0000 13.2241 24.9533 4.3515
Combustion 0.0000 116.8655 50.9338 0.6106 65.0313
Chamber
Gas Turbine 72.7329 0.0000 47.4040 24.8762 0.4527
Plant 30.2 116.8655 16.7539 0.5335 69.8355
Exhaust 0.0000 0.0000 0.0000 0.0000 81.9193

plant components due to the high irreversibility in this
section. lts value is calculated as 44.3%. The exergy
efficiency of the axial flow air compressor is calculated
as 89.7%. The exergy efficiency of the overall plant at

compressor inlet air temperature of 29°C and turbine
inlet temperature of 1087K is found to be 25.8%.

The Grassmann diagram of the Brayton cycle
power plant is shown in Figure 3. It shows the

40.8%

Exergy input

percentage exergy input and exergy loss in each device

and the exhaust based on the results of the exergy
analysis. Compared with other components of the

power plant, the largest amount of the total exergy
supplied in the plant is destroyed in the combustion
chamber, the least exergy loss found in the gas turbine.
It is also shown that about 43.7% of the total inlet exergy
flow in the plant is destroyed and rejected in the exhaust
to the atmosphere.

>25.84%

43.7%

Figure 3- Grassmann diagram for the simple Brayton cycle

©2011 Global Journals Inc. (US)

F(‘I)ruar}' 2011

=]
[y

Volume XI Issue I Version I

o
(=]

&

Global Journal of Researches in Engineerin



February 2011

E
N

Volume XI Issue I Version I

Global Journal of Researches in Engineering
€ 2

COMPUTER SIMULATION OF A GAS TURBINE PERFORMANCE

The simulation of the performance of plant and

components was done by varying the air inlet
temperature: 15—-45°C : and the turbine inlet
temperature: 1087 —1800°K | respectively. The
computer program for the simulation under the

conditions stated above and the results of the simulation
are presented in Appendix A. Figure 4 compares the

law efficiencies of the plant and the combustion
chamber are found to decrease more significantly with
increase in the ambient temperature than the air
compressor and the gas turbine, as shown in the figure.
The simulation result reveals a 3.5%, 8.4%, 1.2%, and
0.07% decrease in the efficiencies of the plant,
combustion chamber, air compressor, and gas turbine,

: o . .
second-law  efficiencies of the air compressor, ESPectively, for a 66% increase in the ambient
combustion chamber, gas turbine and the overall plant temperature.
when the ambient temperature increases. The second-
1 b—b> > —> > P>
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>
0.8 —#—2nd-law Eff-AC
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Figure4- Change in second-law efficiency with Ambient Temperature Variation

The second-law efficiency of the plant is also
found to depend significantly on a change in turbine
inlet temperature. Figure 5 shows that the second-law
efficiency of the plant increases steadily as the turbine

inlet temperature increases. The simulation result shows
that the second-law efficiency of the power plant
increases by about 24% for a 39% increase in the
turbine inlet temperature.
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Figureb- Change in Second —Law Efficiency of Plant with Turbine Inlet Temperature Variation

The specific fuel consumption and power-to-
heat ratio of the gas turbine plant were also found to
change significantly with the turbine inlet temperature
variation. Figure 6 shows that the power-to-heat ratio
increases steadily with increase in the turbine inlet

©2011 Global Journals Inc. (US)

temperature. On the other hand, the specific fuel
consumption decreases with increase in turbine inlet
temperature. Hence, fuel energy is saved and power
output from the plant enhanced as the turbine inlet
temperature is increased.
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IV. CONCLUSION

An exergy analysis of a power generation gas
turbine plant has been done. Exergy balance applied to
each of the major components of the plant and to the
overall plant reveals the amount of the total exergy
generation and exergy destruction in the plant. The
results from the gas turbine plant simulation reveal that
the exergy destruction, exergy efficiency, exergy flow
rate of the power output, power-to-heat ratio and the

specific  fuel consumption depend on ambient
temperature and turbine inlet temperature.
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Designing & Testing of Rectangular Micro strip
antenna operating at 2.0 GHz using IE3D

Er Nitin Agarwal’, Dr.D.C.Dhubkarya?, Er Rinkesh Mittal®

Absiract-This paper describes the design and fabrication
techniques of rectangular microstrip patch antennas operating
at 20 GHz. Considerable emphases are placed on the
designing of rectangular microstrip antenna and antenna
results through IE3D software. The design considerations are
given for probe feed rectangular microstrip antenna operating
at a frequency of 2.0 GHz. In this paper particular attention is
paid to the measurement of Return losses and Band Width of
the RMSA with the help of VSWR of the designed antenna.

[ INTRODUCTION

microstrip patch antenna consists of a very thin
Ametallic patch placed a small fraction of a

wavelength above a conducting ground-plane.
The patch and ground-plane are separated by a
dielectric. The patch conductor is normally copper and
can assume any shape, but simple geometries generally
are used and this simplifies the analysis and
performance prediction. The patches are usually photo
etched on the dielectric substrate. The substrate is
usually non-magnetic. The dielectric constants of the

substrate are normally in the range of 22 < g < 12,

which enhances the fringing fields that account for
radiation, but higher values may be used in special
circumstances. Due to its simple geometry, the
rectangular patch is the most commonly used microstrip
antenna. It is characterized by its length L, width W and
thickness h, as shown in Figure 1.

The simplest method of feeding the patch is by
a coplanar microstrip line, also photo etched on the
substrate. Coaxial feeds are also widely used. The inner
conductor of the coaxial-line (sometimes referred to as a
probe) is connected to the radiating patch, while the
outer conductor is connected to the ground-plane, as
shown in Figure 2.
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“Figure1 .” A rectangular microstrip patch antenna .

— Ground Plane
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dielectric

\ /

P
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groundplane

“Figure2.” A patch excited using a coaxial probe.

The antenna described here is a probe-fed rectangular
microstrip patch antenna designed to operate at a

frequency of 2.0 GHz.

I1. A PROBE-FEED RECTANGULAR PATCH
ANTENNA

The first design step is to choose a suitable
dielectric substrate of appropriate thickness. Many
manufacturers offer suitable substrates in various
thicknesses and in a variety of claddings. For this
antenna, bandwidth and  radiation  efficiency
considerations dictate that the antenna be fabricated on
arelatively thick substrate of low relative permittivity. The
dielectric loss is proportional to the loss tangent, and
values less than about 0.005 are suitable. Conductor
losses are not a problem at this frequency, as the skin
depth is about 2 um for copper at 2.0 GHz. The
arrangement of a rectangular shaped microstrip antenna
is given in Figure 1& 2. It consists of patch, substrate,
ground plane and feeding point. A patch is a two-
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ground plane and feeding point. A patch is a two-
dimensional antenna element, which is often rectangular
in shape. It is of a very thin thickness (t) of metallic strip
on top of a material known as the substrate with
thickness h (h « Ao), usually 0.003Ao<h<0.05\0, where
Ao is free space wavelength above a ground plane. For
rectangular patch, the length L of the element is usually
Ao/3<L<Ao/2. The strip (patch) and the ground plane
are separated by a dielectric (substrate). Microstrip
antennas have a very high antenna quality factor (Q).
This factor represents the losses associated with the
antenna and a large quality factor leads to narrow
bandwidth and low efficiency. Quality factor can be
reduced by increasing the thickness of the dielectric
substrate. But as the thickness increases, an increasing
fraction of the total power delivered by the source goes
into a surface wave. This surface wave contribution can
be counted as an unwanted power loss since it is
ultimately scattered at the dielectric bends and causes
degradation of the antenna characteristics. However,
surface waves can be minimized by the use of photonic
band gap structures .Other problems such as lower gain
and lower power handling capacity can be overcome by
using an array configuration for the elements. The patch
is generally square, rectangular, circular, triangular, and
elliptical or some other common shapes. Microstrip
antennas have narrow bandwidth, typically 1-5%, which
is the major limiting factor for the widespread application
of these antennas. Increasing the bandwidth of MSA has
been the major thrust of researches in this field.

[[I. FEEDING METHODS

There are many configurations that can be used
to feed  microstrip antennas. The four most popular
feeding are the microstrip line, coaxial feed, aperture
coupling and proximity coupling. The feeding technique
we are using here is coaxial probe feeding.

ANALYSES AND MODELING OF RMSA
PARAMETERS

[V.

1. Effective length, Resonant frequency & Effective
width

Three methods of analysis are commonly used
to calculate microstrip antenna (MSA) parameters.
These are transmission line model, cavity model, and full
wave analysis. It is useful to model the microstrip
antenna as a transmission line. This model is the
simplest of all and it gives good physical insight. It
represents the MSA by two slots of width W and height
h, separated by a transmission line of length L. The
microstrip is essentially a non homogeneous line of two
dielectrics, typically the substrate and air. An effective

dielectric constant (greff) must be obtained in order to

©2011 Global Journals Inc. (US)

account for the fringing and the wave propagation in the

greff

line. The expression for is given by

1
L& —1(l+12hj 2
2 w

Radiating Slots

g +1

eq(l): &reff _

[,

Tl

8 TUTILN

L1

\

Y
Patch

“Figure 3.” Side view of Rectangular microstrip antenna.
In order to operate in the fundamental TM10 mode,
the length of the patch must be slightly less than A/2
where A is the wavelength in the dielectric medium and
is equal to Ao/Vereff where Ao is the free space
wavelength. In Fig.3. the MSA is represented by two
slots, separated by a transmission line of length L and
open circuited at both ends. Along the  width of the
patch, the voltage is max and current is minimum due to
the open ends. The fields at the edges can be resolved
into normal and tangential components with respect to
the ground plane as in Fig.3.

The dimensions of the patch along its length have
now been extended on each end by a distance AL,
which is given empirically by eq (2):

(et + 0.3)(\/: + 0.264j

(grett — 0.258)(\/: + 0.8)
@)

So the effective length of the patch Leff now becomes:

L, _L+2AL
©)

For a given resonance frequency fr, the effective length
is given as:

Le’rf

AL _0.412h

C

- 2 frﬂé‘reﬁ ()

Where ¢ is the speed of light. For a rectangular
microstrip patch antenna, the resonance frequency for
any TMmn mode is given as:
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0=

=
fo_———||—| +|—
2 gref‘f L W

()

Where m and n are modes along L and W respectively.

radiation,
C

"t (a;l)
(6)

2. Input impedance and conductance

For efficient the width W is given as:

4.2 Input impedance and conductance

The input impedance should be accurately known so
that a good match between the element and the feed
can be designed. The input impedance at the feed:

1

Z (x,)_ cos’(Bx

o 0)_G,+Gm cos(nr) ()

Where Gr is the self conductance given by the following
three relations, depending on W/Ao:

W 2
Gr_-——, forw <0.354,
904,
G, :l—%, for0.354, <W <24,
1204, 607
. =L, for24, =W
1204,

and Gm is the mutual conductance between the patch
ends. At resonance and Gr>>Gm then the input
impedance becomes:

Zin(xo): Rin :écosz[%xoj

(7)
3. Return Loss and VSWR

The return loss (RL) is a parameter which
indicates the amount of power that is lost to the load
and does not return as a reflection. As already known,
waves are reflected leading to the formation of standing
waves, when the transmitter and antenna impedance do
not match. Hence the return loss is a parameter similar
to the VSWR to indicate how well the matching between
the transmitter and the antenna has taken place. The RL
is defined as

RL _ —20log10[T|dB

8
Where T is input reflection coefficient a(n()j
it is a measure of reflected signal at the feed-point of the
antenna.

4. Banawidth

The most serious limitation of the microstrip
antenna is its narrow BW. The BW could be defined in
terms of its VSWR or input impedance variation with
frequency or in terms of radiation parameters. For the
circularly polarized antenna, BW is defined in terms of
the Axial Ratio. VSWR is a very popular parameter for
determining the BW of a particular antenna configuration
(1= VSWR =< 2) as an acceptable interval for
determining the BW of the antenna.BW is presented
more concisely as a percentage where:

BW % Af—fx100%

- ° ©)
Where Af is the width of the range of acceptable
frequencies, and fo is the resonant frequency of the
antenna.

The expressions for approximately calculating the
percentage BW of the (RMSA) antenna in terms of patch
dimensions and s

A < h wW

Ao/er V L (10)

Where A is constant: ubstrate parameters is given by:
A =180 for

2 BW

h
— < 0.045
Ao Er
A = 200 for
0.045<— " <0075
lo el’

A = 220 for

h
—2>0.07
Ao E,
With an increase in W, bandwidth increases. However,
W should be taken less than A to avoid excitation of
higher order modes. The BW of the (MSA) can also

nversely proportional to its quality actor Q and is given
by.

BW = (VSWR —1)
QWVSWR

(11)
The BW is usually specified as frequency range over
which VSWR < 2.

V. DESIGN CONSIDERATION

To achieve the requirements, design examples
are considered for the rectangular microstrip antenna
which is designed to operate at 2.0GHz as center

frequency. The calculations are made step by step. We
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are taking glass epoxy as a dielectric material with (er
=42 & h =1.6mm), loss tangent =0.0005, operating
frequency=2.0 GHz.
» Equation (6) gives the width of the
RMSA W = 46.5mm
» Equation (1) gives the eff. dielectric
constant  ereff=3.946 ¢ Equation (4)
gives the effective length  Leff
=37.19mm
» Equation (2) gives the length extension
AL=0.845 mm
» Equation (3) gives the actual length

m L = Leff -2AL then L=35.5mm
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VI. SIMULATION AND RESULTS USING IE3D

The MSA antennas specified above has been
analyzed by the zeland IE3D evaluation version 12.32.
For RMSA design used glass epoxy which is Teflon
based, microstrip board with dielectric constant 4.2
and the substrate height is 1.6 mm, and loss
tangent is 0.005. The properties of antenna such as
bandwidth, S-Parameter has been investigated and
compared between different optimization scheme and
theoretical results.

The feed point of RMSA i.e. (X¢,Y¢) is to be
find out from the IESD where the return losses come
below to the -10DB. So this result the feed point
comes (24, 25) where the value of R.L is about -26.61
DB at 2 GHz shown in fig 4.

— ]

P00 00T
I T T __L__‘J[____;Lﬂr.l |

3

l [ L_ L1

S S A O S
I T N O O O
T .

) A N S O
T O O T

LS 16 17 1% 13 i ) i i3 i 15
Fraquency (GHz)

“Figure 4.” Simulated R.L of RMSA at 2.0 GHz

The  simulated  frequency range  for
measurement of VSWR < 2 are from 1.988 GHz to 2.009

B GHz, thus resulting in a bandwidth of 21 MHz. The

VSWR Plot from IE3D is shown in fig 5.

©2011 Global Journals Inc. (US)

“Figure 5.” Simulated VSWR of RMSA at 2.0 GHz

VII. TESTED RESULTS FROM DESIGNED

ANTENNA

For practically measurement of return loss of
the designed rectangular microstrip antenna, it has been
connected to the spectrum analyzer through coaxial
cable. This spectrum analyzer (make: ROHDE &
SCHWARZ) having a capability of testing antennas with
resonant frequencies ranging from 9 KHz — 3GHz.

From the result on spectrum analyzer, it is
clear that at the 1.989 GHz frequency, the return losses
are (-16.5) dB. The center frequency 1.989 GHz is very
close to desired frequency of operation (2.0 GHz). So
the designed antenna is working properly and using the
equation no. the VSWR of the antenna at this frequency
is 1.351

Return loss vis Frequency plat

R IR
) l‘JV

Y
\,/\

Return Loss (DB)

Frequency [GHz)
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A Non Proportional Sharing Power Flow Tracing
Based on Bus Power Balance Equations

Roozbeh Morsali', Abdolreza Sheikholeslami?

Abstract-- Using proportional sharing assumption in power
flow tracing has always been a controversial issue because
there is no proof to accept or deny such an assumption. In
this paper, we propose tow new method one based on
proportional sharing and the other based on bus power
equations and network's impedance matrix to solve power
flow tracing problems. And we use these solutions to find
generation units and consumer loads shares in transmitting
power of each line of the network. Both methods are able to
handle loop flow and can be applied for both active and
reactive power flow tracing. The case study on IEEE 24 bus
reliability test system (RTS) shows that the proposed tracing
methods are effective and accurate in transmission cost
allocation and other tracing problems. Also a comparison
between these methods has been made to illustrate the
efficiency of proportional sharing assumption.

Keywords- power flow tracing, transmission cost
allocation, proportional sharing assumption, bus

power equatfions.

I. NOMENCLATURE
Sg; Set of generation units connected to bus .
S/, Set of lines which inject power to bus /.
Sa, Set of loads consuming power at bus /.
S/ Set of lines carrying out power from bus /.
PG,  Active power generated by generator g.
PL, Active power flow of line /.
PD,  Active power consumed by load d.
N, Number of lines.
N, Number of generation units.
N, Number of network buses.
GSD  Generation Share in Demands.
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[I. INTRODUCTION

arious changes in the socio-economic structure of
Vpower systems lead to the drastic changes in the

technical aspects of power system control and
management, after the era of restructuring. Nowadays,
power systems are totally market driven in most of
countries all around the world. In a vertically integrated
system the answer of this question: “what is the share
of a certain unit in the power flow of a particular line or
in the demand power of a particular load” is of a little
importance. This always referred as power flow tracing
(PFT) problem, which is one of the challenging issues in
restructured power systems and has been received a
great attention during these years.

In order to find a practicable method to allocate
the cost of transmission between different market
participants, different methods have been applied, each
with particular criteria or assumptions. Reviewing the
literatures, one can deduce that these methods can be
classified into two major categories. The methods of the
first category do not really follow the power flow from
generating units into the loads. Following a market
clearing process, these methods always find the share
of different participants in cost of a certain transmission
line using sensitivity factors. These methods always
solve the problem very fast without engaging in time
and memory consuming processes like matrix
inversion, so they are suitable for bulky power systems.
The methods which use different form of generation
shift factors (GSF) belong to this category. [1] use
GSFs to solve the tracing problem. The main question
about the effectiveness of such methods is: “which one
is more interesting to us when we are about to solve the
tracing problem? The ‘mpact of change in generation
of a unit on the flow of a certain line or its share?"
Answering this question logically, some new
approaches were proposed in literatures [1]-[5] based
on GSFs. Another defectiveness of such methods is
due to their dependence on slack bus.

The methods of the second category use
different  tricks and some times, simplifying
assumptions to trace the real share of different
participants in power flow of different lines. This
category contains the topological [6], [7] and the up-
stream and down-stream looking algorithms, which all

©2011 Global Journals Inc. (US)

February 2011

Volume XI Issue I Version I

o
(=]

&

Global Journal of Researches in Engineerin



February 2011

ul
H

Volume XI Issue I Version I

o
S

&

Global Journal of Researches in Engineerin

A NON PROPORTIONAL SHARING POWER FLOW TRACING BASED ON BUS POWER BALANCE ERUATIONS

assume proportional contribution factors. The method
of up-/down-stream tracing for example was used in
[1], [8]. A topological-based method was presented in
[9], which uses extended incidence matrix (EIM).
Though the authors pointed out that the method does
not assume proportional sharing, the method does not
consider any difference between different sources of
power injection to a bus, when analyzing their shares in
bus outflows. This is the main assumption in
proportional sharing methods instead of considering
physical relations between different in-/outflows.

In [10], the authors used network Zbus and
applied the circuit laws to draw a relation between the
flow of a line and the injected current from different
network buses. Though the method is categorized in
first category, application of the circuit law instead of
proportional sharing assumption is a very interesting
aspect of this work.

In this paper two different methods of power
flow tracing are proposed and compared. The first
method uses the proportional sharing assumption to
draw the relations between power in- and out-flows of
network buses from power balance equation of the
network buses. The second method uses the idea of
power balance equation of the first method, but uses
the circuit laws to draw the mentioned relations. Both
methods can trace the active and reactive power flows
from generating units to loads, even in the case of
networks with loop flows. The main advantage of
proposed methods is the fact that they both trace the
actual share of different participants in power flow of
network lines rather than their impact on these flows.
Another virtue of the presented methods is the way they
handle the loss issues in tracing process. The problem
appears since the power which is extracted in receiving
end of a line is not the same as injected one due to line
losses. [9] For example, added the half value of active
and reactive losses of each line to the load value of two
end of the line. This is a good approximation, but it
slightly changes the results of tracing algorithm.

The rest of the paper is organized as follows.
Section Il gives an overview of proposed methods as
well as the problem formulation for both methods. IEEE
reliability test system (RTS) is presented as an
illustrative example in section IV and the results of
proposed methods are compared and in detail
discussed. Conclusions are drawn in section V.

[11. PROPOSED NETHODS

In this section both methods are explained and
their formulations are presented. In both methods we
assume that the generation of different units and the
load values are given.

©2011 Global Journals Inc. (US)

1) Proposed proportional sharing method

Considering generating units, lines and
transformers which are connected to bus / one can
write a simple equation for active power balance at this
bus (1).

> PG+ > PL=) PO+ > PL (1)

g0Sg oSk dl sd Iospest

Based on the proportional sharing assumption,
there is no difference between different terms in left
hand of equation (1). This equation combined with
proportional sharing assumption leads to (2) for each
line:

Ng NI
Uit Wy =1 )
g=1 I'=1

Where u, 4is share of unit g in power flow of line /,
When this unit is connected to the sending bus of line /.

PG, gOdsg , 1O si™ 3
Ug = ZPGQ+ZPLH ()
B g0Sg li s, "
0 other wise
PI-I' |'DS|~in- |DS‘UUt
[
w .=l 2 PGy X Pl (4)
H g0Sg li CS1”
0 othasy

Where w;, . is the share of line /’in power flow of
line / There is out NF*,.equations of form of (2) for bus /
so we have N/ equations each for a certain line of the
network. (3) and (4) are written based on proportional
sharing assumption and determine the share of bus /in
flows in power flow of the lines which transmit active
power from this bus to others.

We now can express the power flow of each
line in two different ways. Let us show them in two
tables. Table | shows the share of each unit in power
flow of each line (the variables we are about to find in
tracing problem). Table Il contains the shares which are
mentioned earlier in (3) and (4).

Table | Share of Each Unit in Power Flow of Line L

Gen. 1 Gen. 2 Gen.

Ng
Line 1 %1 X1,2 X1,Ng
Line 2 %1 X2,2 X2,Ng
Line NI K1 XNI,2 XNINg
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Table Il Share of Each Unit and Line, Which is Directly
Connected to Sending end of Line L in Power Flow of

Line L
Gen. Gen. Ge L L L.N
1 2 n. Ng A 2 I
Lin u u U, w w Wi N
el 1,1 1,2 Ng 1,1 1,2 g
Lin u u Uy, w w WoN
e2 2,1 2,2 Ng 2,1 2,2 g
L. u u Uni, w w Wi,
NI NIL NI2 Ng NIL NI2 Ng

Comparing these two tables, an equation can
be written for the share of each generating unit in power
flow of each line (5) (Ng X N/ equations). In order to
understand (5), one can separate two terms of the right
hand of this equation. U, ,is the direct share of unit g in
power flow of line / when they both connected to a
same bus. The second term (summation) is the indirect
share (of other units), carrying by the other lines to line /.
The main advantage of (5) is that it can handle loop
flows in the network.

NI
Xg=Ug+ D Wi %q (5)
k=1

For a certain unit there are A/ equations in form
of (5), while this unit has N/ different shares in the flow
of different lines. Let us write these equations for unit g:

1 0 0 O] *g
0 1 0 0| g4

0 0 0 1| xy, (6)

Upg Wi Wi Win || %g
_| Yzg Wp1 Wy Woni || X2,
Uni,g Wiz W2 Wni N | XniLg

(6) is a set of M equations with A/unknown variables.
These equations can be solved easily using (7). In this
equation X is a M/ X7 vector and g column of the
matrix X x ng

Xg = (EYQuxni ~ W Y (7)

It should be noticed that only one matrix inversion is
necessary, since this matrix does not change for
different units. One can also solve (6) with a faster
method, since matrix Zis a very sparse matrix. This
leads to a lower solution time for a bulky power system.
To allocate the share of each load in power flow of each
line we can begin from (1) as starting point. Then we
should rewrite (2), (3) and (4) in order to calculate share
of bus utflows (consisting of loads and lines with
outgoing power flow) in power flow of lines, which inject
power into bus /. Let us show these shares in matrix

Yivxng .

Reactive power tracing formulation in this
method is exact the same as active power case, so this
part of formulation is excluded, but the results of
reactive power tracing are also shown in section IV.

2) Method of non proportional sharing

The only change in this sub-section with
respect to the previous one is replacing the proportional
sharing assumption with Kirchhoff’s circuit laws. As a
result, (3) and (4) are not valid anymore. To calculate
the share of inflows of bus /in power flow of the lines
which transmit active power from this bus to the others,
one can replace all the lines which carry power to this
bus, with generating units (pseudo units) of the same
value of active and reactive generation as the regarding
lines active and reactive power inflows. Reminding
network has a new 2, (Fig. 1). Let us call it £, . Itis
not necessary to recalculate all the elements of this
matrix. There is a simple modification method
presented in power system analysis text books, like
[11], that can be used to modify 2, Besides, all the
matrix entries are not necessary in the formulation.
Considering all of the units and loads as current
sources, voltage of different network buses is given as

(8).

\A 4 (?
e

Fig1. (@) A Base power system, (b) Equivalent system

new

Nb

Vo= Dz ®)
k=1

The current trough line 7/ in Fig. 1 can be found using

).

i =M -V))/ 7 +Y. yl2 9)
Substituting (8) in (9)
Np"™e" Znew _ - new . new ¥
= Y [ T Ay (10)
’ kzzi % 2
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In (10) the term which is written between brackets
depends on network parameters and is therefore a
constant value (g,), so

Nb""
S =V-k=V.2 g.i (11)
k=1
anew . .
Ri=2 0(.3.k) (12)
k=1

Let us separate positive and negative effects of loads
and generations on power flow of line /.
R =R+ R+ P pT (13)
Fig. 1 (b) shows that only units (and pseudo units)
which are connected to bus / (in new network) have a
positive effect on flow of line /.

RS =0(g.¥.I")=0(g .8)

In (14) Si+ is total apparent power injected to bus /by
the units which have positive effect on the flow of line /i
Let us separate the share of each unit (or pseudo unit)
and each line in this flow

(14)

R =Y 0(.§)+ Y. O(3.8) (15)
g0Sg I'osi
O(a; .
(a\,_fg) gOSg, 1O0sM™
Ug =9 B? (16)
0 other wise
O(a; . .
i S ) I'osi", 1 OsP
W =y RS (17)
0 other wise

Now the share of all units and lines which inject
power into bus / in each outflow of this bus, are
determined, and the share of other units which are not
connected to this bus should be found. This problem is
solved earlier in subsection lll. A.

Again, the share of each load in power flow of
each line should be calculated too. To do this, one can
consider the network with all the lines which carry power
from this bus to the others, replaced with loads (pseudo
loads) of the same value of active and reactive
consumption as the regarding lines active and reactive
power outflows. A new 2, should be defined and this
time the share of load and outflows in inflows of bus/
can be found. Reactive power can be traced using this
method either. It is sufficient to replace A operator with
Im and rewrite the equations.

©2011 Global Journals Inc. (US)

As can be seen in this method and method
which discussed earlier in sub-section lIl.A, two different
equations are written for each line. One of them, which
is used to find the units’ shares in flow of each line, is
written considering the line flow at sending end of the
line, while the other one which is useful to find the
loads’ shares, considers flow of the receiving end of the
line. It helps us divide the cost of line losses equally
between units and loads without any simplifying
assumption (like the method which was used in [18] to
model line losses with two load at two end of the line)
while solves the tracing problem precisely (see section

Il).
3) Cost allocation among participants

The power which transfers through a line
comes from different units and finally feeds different
loads, so it is sensible to divide the transmission cost of
this line into two equal shares between these units and
these loads. The share of unit g and load ¢ in
transmission cost of line /can be found using (18) and
(19) respectively.

X, g * Cost

Cosy :’T OgO Sg O Sl (18)
X, 4 * Cost

Cosy | =— OdO sd O si (29)

4) Share of each unit in consumption of each load

Considering the share of each unit in flow of
each line (X), one can find the share of each generating
unit in consumption of each load (21).

D Xrg"Pli= D Xg* Pl

_ losgn ios|e
Oy, = OdOS 20
d.g Z PDd Ci' (20)
d'0sd
o og.,=20
GSL . ={ ' '9 21
h {O otherwise (21)

Iv.  CASE STUDY

The case studies are tested on the IEEE
Reliability Test System (RTS1) which consists of 24
buses, 26 generators, and 17 loads (Fig. 2). System
information has been extracted from [12]-[14]. The load
profile corresponds to 6 PM of a Monday of a winter
weekday. The capacities of lines 11-13 and 15-24 have
been reduced from 500 MVA in [12] to 175 MVA. A one-
hour time horizon is considered. The results of unit
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commitment algorithm considering DC and AC load
flows are shown in Table Ill. Proposing a good method
for transmission pricing is beyond the scope of this
paper. Besides all the results cannot be included here,
so for sake of comparison, a fixed cost of 10 § is
considered for each MW flow of each line in each hour
and the results of transmission cost allocation are
presented in different examples. Reactive power flow
tracing results are excluded due to simplicity in
concluding from results.
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Fig. 2.IEEE Reliability Test System (RTS)

Table Il Results of AC and DC Unit Commitment

Bus Unit State pg (MW) Pg (MW) Qg (MW)

No type DC AC AC
1 u20 On 0.00 0.00 0.00
1 u20 On 19.38 16.97 4.10
1 u76 On 76.00 76.00 -3.14
1 u76 On 76.00 76.00 -3.14
2 u20  Off 18.93 16.78 10.00
2 u20 Off 0.00 0.00 0.00
2 u76 On 76.00 76.00 30.00
2 u76 On 76.00 76.00 30.00
7 U100 On 100.00 99.08 18.68
7 U100 On 100.00 99.08 18.68
7 U100 On 100.00 99.07 18.68
13 U197 On 127.52 139.75 0.00
13 U197 On 127.52 139.75 0.00
13 U197 On 127.52 139.75 0.00
15  U12 On 11.03 12.00 111
15 Ul12 On 11.03 12.00 1.11
15 U12 On 11.03 12.00 111
15 U12 On 11.03 12.00 1.11
15 U12 On 11.03 12.00 111
15 U155 On 155.00 155.00 -30.00

16
18
21
23
23
23

U155
U400
U400
U155
U155
U350

On
Oon
On
Oon
On
Oon

155.00
400.00
400.00
155.00
155.00
350.00

155.00
400.00
400.00
155.00
155.00
350.00

80.00
178.98
-17.26

63.88
63.88

87.92

1)

Peak load, first method

The method presented in sub-section lIlLA is
used here to find the share of all of the units and loads
in active power flow of each line.

Table IV Share of Each Unit in Total Transmission Cost
and Transmission Prices for Each Unit, First Method

iy UMt US®  USE)  UTP@MWH) ($/L,\’4T\,\F/’_h)
type  DC AC DC AC

1 U2 000 0.00 - -
1 u20 37.33 30.74 1.92 1.81
1 u76 146.34 137.64 1.93 1.81
1 U76 14634  137.64 1.93 1.81
2 U0 4270 35.84 2.25 2.14
2 u20 0.00 0.00 - -
2 u76 171.41 162.32 2.26 2.14
2 U76 17141  162.32 2.26 2.14
7 U100 314.87 302.69 3.15 3.06
7 U100 314.87 302.69 3.15 3.06
7 U100 31487  302.68 3.15 3.06
13 U197  749.77  848.68 5.88 6.07
13 U197 749.77 848.69 5.88 6.07
13 U197 74977  848.68 5.88 6.07
15 Ul2 4147 45.24 3.76 3.77
15 u12 41.47 45.24 3.76 3.77
15 u12 41.47 45.24 3.76 3.77
15 Ul2 4147 45.24 3.76 3.77
15 u12 41.47 45.24 3.76 3.77
15 U155 582.89 584.34 3.76 3.77
16 U155 76337  897.15 492 5.79
18 U400 18576  1976.37 4.64 4.94
21 U400 3783.8 3825.80 9.46 9.56
23 U155 1500.3 1541.02 9.68 9.94
23 UIS5 15033  1541.02 9.68 9.94
23 U350 3387.8 3479.72 9.68 9.94

Total - 18192 18192 - -

Table V share of each load in total transmission cost
and transmission prices for each load, first method

LTP LTP
Bus Bus LS($) LS (%)
($/MW-h)  ($/MW-h)
No demand DC AC DC AC
1 108.00 0.00 0.00 - -
2 97.01 15.86 1.69 0.16 0.02
3 180.01 2312.8 2277.7 12.85 12.65
4 74.01 835.56 925.99 11.29 12.51
5 71.01 544.79 634.81 7.67 8.94
6 136.01 1746.4 1870.3 12.84 13.75
7 125.01 0.00 0.00 - -
8 171.01 928.15 1007.8 5.43 5.89
9 175.01 2038.4 2139.3 11.65 12.22
10 195.01 2274.2 2391.5 11.66 12.26
13 265.01 391.88 336.03 1.48 1.27
14 194.01 2133.3 2271.4 11.00 11.71
15 317.02 929.74  921.73 2.93 291
16 100.01 599.67 655.05 6.00 6.55
18 333.01 287.32 293.87 0.86 0.88
19 181.01 1814.8 1822.1 10.03 10.07
20 128.01 640.00 642.61 5.00 5.02
Total 2850 18192 18192 - -
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A NON PROPORTIONAL SHARING POWER FLOW TRACING BASED ON BUS POWER BALANCE ERUATIONS

The results of active power transmission cost
allocation are presented in Tables IV and V for
generating units and loads respectively. As can be seen
in Table Ill, the results of DC and AC optimal power flow
sub-routines differ in many respects, so to make the
comparison easier, a transmission price is defined, for
each unit/load as the ratio of its share in $ to its
generation/consumption in MW-h. In order to validate
the results, the problem is solved using method of [9]
for this case (but the results are not included here) and
the results were completely same for DC load flow. In
the case of using AC load flow, there are some little
differences in the results due to different ways of
dealing with the loss issue.

There are some interesting points in the results
of these two tables. Transmission cost is split into two
same shares between units and loads. The share of
load at bus 1 is zero even though the consumption is
not zero, because there is no line connected to this bus
which delivers active power.

2) Peak load, second method

As mentioned earlier in sub-section lll. B circuit
lows and active and reactive bus power balance
equations can be used to solve the power flow tracing
problem. This method is applied here and the results of
active power transmission cost allocation are presented
in Tables VI and VIl for generating units and loads
respectively. Comparing the results with those of Tables
IV and V, one can deduce that though proportional
sharing has some advantages (e.g. modeling simplicity
and being explainable), it is not fair enough especially
for a deregulated system where the payoffs should be
calculated based on the real usage of participants. The
results of this method are near to the results of the first
method but there are some differences that cannot be
neglected. Tables VI and VIl in contrast with IV and V
show that the value of reactive power which a unit
generates or a load consumes affects the share of this
unit/load in flow of each line. It is noticeable that the
price of transmission is no longer equal for units 2 and
3, due to replacing proportional sharing assumption
with circuit lows.

Table VI share of each unit in total transmission cost
and transmission prices for each unit, second method

Bu Unit US($) (g/-lr\/ﬁ/v-h)
sNo type AC AC

1 u20 0.00 -
1 u20 28.67 1.79
1 u76  141.12 1.86
1 u76  141.12 1.86
2 u20 34.39 2.15
2 u20 0.00 -
2 U76  165.21 2.17
2 U76  165.21 2.17

©2011 Global Journals Inc. (US)

7 U100 275.69 3.01
7 U100 275.69 3.01
7 U100 275.69 3.01
13 U197 1102.8 6.70
13 U197 1102.8 6.70
13 U197 1102.8 6.70
15 ul2 5.25 2.62
15 ul12 5.25 2.62
15 ul2 5.25 2.62
15 ul12 5.25 2.62
15 ul2 5.25 2.62
15 U155 402.87 2.60
16 U155 1988.2 12.83
18 U400 1351.0 3.38
21 U400 3524.9 8.81
23 U155 1437.8 9.28
23 U155 1437.8 9.28
23 U350 3212.0 9.18
Total - 18192 -

Table VIl share of each load in total transmission cost
and transmission prices for each load, second method

LTP
Bus Bus LS (%)
($/MW-h)
No demand AC AC
1 108.00 0.00 -
2 97.01 1.71 0.02
3 180.01 2551.1 14.17
4 74.01 885.09 11.96
5 71.01 715.22 10.07
6 136.01 1587.7 11.67
7 125.01 0.00 -
8 171.01 1082.5 6.34
9 175.01 1967.8 11.24
10 195.01 2183.3 11.20
13 265.01 293.66 1.11
14 194.01 2259.6 11.65
15 317.02 1718.5 5.42
16 100.01 653.19 6.53
18 333.01 316.94 0.95
19 181.01 1505.5 8.32
20 128.01 470.18 3.67
Total 2850 18192 -

V. CONCLUSION

The results of case studies show both methods
can effectively solve the active and reactive power flow
tracing problems. The first method which assume
proportional sharing to find the participants’ shares in
power flow of each line gives same results as previous
methods in this category for DC power flow modeling,
but the its results are slightly different when an AC
power flow is used to model the network operation,
because of different method of handling the loss
issues. The results of second method which uses circuit
lows are different from the results of first method to
show that the reactive power flow affects the share of
each unit and each load in power flow of each ling,
especially in a system with highly inductive loads.
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For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.
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Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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INFORMAL TIPS FOR WRITING A ENGINEERING RESEARCH PAPER TO INCREASE READABILITY AND CITATION

Before start writing a good quality Engineering Research Paper, let us first understand what is Engineering Research Paper? So
Engineering Research Paper is the paper which is written by professionals, engineers or scientists who are associated to the field of
engineering from all over the world. If you are novel to this field then you can consult about this field from your supervisor or guide.

Techniques for writing a good quality Engineering Research Paper:

1. Choosing the topic- In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to the field of Engineering. Also, you may have to do a lot of work to find all rise and falls regarding the various data of that subject.
Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: At a first glance, this point looks obvious but it is first recommendation that to write a quality
research paper of any area, first draft your paper in Microsoft Word. By using MS Word, you can easily catch your grammatical mistakes
and spelling errors.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.
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13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.
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28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

e  Submit all work in its final form.
e Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.
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General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.
To make a paper clear
- Adhere to recommended page limits

Mistakes to evade

e Insertion a title at the foot of a page with the subsequent text on the next page
®  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document

- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives

- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.

Abstract:
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references

at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no

more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be

capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your

result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the

protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study

Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

Shape the theory/purpose specifically - do not take a broad view.

As always, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
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information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

Explain materials individually only if the study is so complex that it saves liberty this way.
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.

[ )

[ )

e Do not take in frequently found.

e  If use of a definite type of tools.

e  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

To be succinct, present methods under headings dedicated to specific dealings or groups of measures

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

e  Resources and methods are not a set of information.
e  Skip all descriptive information and surroundings - save it for the argument.
e  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.

You must obviously differentiate material that would usually be incorporated in a study editorial from any unprocessed data or
additional appendix matter that would not be available. In fact, such matter should not be submitted at all except requested by the

instructor.

Content
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e Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.

e In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.

®  Present a background, such as by describing the question that was addressed by creation an exacting study.

e  Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.

What to stay away from

e Do not discuss or infer your outcome, report surroundings information, or try to explain anything.

o  Not at all take in raw data or intermediate calculations in a research manuscript.
e Do not present the similar data more than once.
e  Manuscript should complement any figures or tables, not duplicate the identical information.
e Never confuse figures with tables - there is a difference.
Approach

e  Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report
e If you desire, you may place your figures and tables properly within the text of your results part.

Figures and tables

e If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

o  Despite of position, each figure must be numbered one after the other and complete with subtitle
e In spite of position, each table must be titled, numbered one after the other and complete with heading
e  Allfigure and table must be adequately complete that it could situate on its own, divide from text

Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable. The implication of  result should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

e  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

e  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

Give details all of your remarks as much as possible, focus on mechanisms.

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
Try to present substitute explanations if sensible alternatives be present.
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®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.

Approach:

e  When you refer to information, differentiate data generated by your own studies from available information
e Submit to work done by specific persons (including you) in past tense.
e  Submit to generally acknowledged facts and main beliefs in present tense.

ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.

e  The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

Written Material: You may discuss with your guides and key sources.

e Do not copy or imitate anyone else paper. (Various Methods to avoid Plagiarism is applied by us on every paper, if found guilty,
you will be blacklisted by all of our collaborated research groups, your institution will be informed for this and strict legal
actions will be taken immediately.)

e  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Abstract

Introduction

Methods and
Procedures

Result

Discussion

References

A-B

Clear and concise with
appropriate content, Correct
format. 200 words or below

Containing all background
details with clear goal and
appropriate details, flow
specification, no grammar
and spelling mistake, well
organized sentence and
paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well
organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct
format, well organized

Grades

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect and unorganized
structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to
comprehend

Wrong format and structuring
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H Polyethylene - 2, 3, 4, 3
polypropylene - 3
Home - 7 Prestandard - 3
Process - 7
program-4,2,3
)
illustrates - 3 R
impedance - 2, 3,4
Independent - 5 Range - 4, 2
initially - 3 Ratio-2,3,4
insulation -2, 3,4, 3,4 Read - 2,5
Integrated - 2, 5 Requirements - 7
International - 4, 5 research - 1
Intrinsic - 2 response - 3,4, 3
irreversibilities - 2, 3 retention - 2
irreversibility - 2, 3 rigid-3,2,3,4,3,4,3,4,3,2,3
Ring- 2,5
L
S
Linear-2,3
lithography - 5 second-3,2,3
Local - 3, 2 simulation - 4,5,2,5,2,3,5
Logistic - 2, 3 Solar -7
Long - 2 spectrum-1,4,3,4,3,5
Standing - 2
system -1
M System - 7
macrocells - 4
margin-2,3,5 T
Microstrip-7,2,5,3,5
Microwave - 2, 5 technique - 3
Mitigation - 3 Transient- 3, 4,3
Molybdenum - 7 transistors -2, 3,4
Monolithic - 2 turbine - 2, 3
N U
Networks - 2 unacceptable - 3
noise - 2, 3,5
74
(0]
Vendor - 7

of-1,2,4,5,6,7,1 Video - 7



voltage - 2,3, 4, 3 w
Voltage - 2,5
Wave - 2
Wireless - 2
Write - 2,5
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