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ABSTRACT 
 
The Tarpon Monopod is a minimal platform cable guyed caisson 
used to develop marginal fields.  An in depth structural sensitivity 
study is performed on the Tarpon platform in 76 m water depth 
situated in Malaysian waters. An operating Tarpon platform 
offshore Peninsular Malaysia is modelled in the finite element 
structural analysis software, SACS v5.3 to reflect the as built 
condition and simulated to a combination of four different storm 
design criterion with two dominant approach directions to capture 
the monsoon seasons in the region. The guying system will be 
varied by simulating trivial loss of wire ropes from being intact, 
fully guyed to its damaged, freestanding mode. The results 
suggest that the Tarpon Monopod has relatively low structural 
redundancy and its integrity highly depends on its guying system 
condition. Structural weaknesses are identified alongside 
proposed key best practices and potential improvements to the 
platform. 
 
 
KEY WORDS: Tarpon Monopod; Guyed,Caisson; SACS v5.3; 
Finite Element; Storm Design. 
 
 
NOMENCLATURE 
API American Petroleum Institute 
Hmax Maximum wave height 
Hs Significant wave height 
RP Recommended Practice 
NE North East  

PTS PETRONAS Technical Standards 
SACS Structural Analysis Computer System 
SW South West 
 
 
1.0 INTRODUCTION 
 
More than often, smaller oil and gas fields would be deemed 
marginally economic, should it be developed with conventional 
offshore technologies like that of multi leg space frame platforms 
or floating systems. Such discoveries are usually left untapped 
until a good mix of high oil prices, innovative technologies and 
revamped company policies eventually justify their economic 
viability. The Tarpon Monopod, also known as the cable guyed 
caisson, is one of the many innovative minimal platform designs 
used in developing marginal fields.  

The platform consists of a main caisson guyed with three sets 
of cables to anchor piles secured at the sea bed. There are 
currently more than 56 Tarpon platforms in use worldwide [5] 
with the bulk growing from a meagre 37 back in the late 90’s [6]. 
The platform consists of a minimum topside superstructure 
supported on a single main structural caisson element which is 
guyed with three symmetrical pre tensioned cables. 

Inherent in its relatively simple design and fabrication as 
compared to conventional jacket platforms, the Tarpon is used in 
developing marginal fields or fields that require a relatively quick 
intervention and fast tracked date to first oil or gas.  

In the academia, there is a pressing need for a better 
understanding of the Tarpon platform in terms of its in place 
structural response, characteristics and sensitivity to the natural 
environment. For this study, due to its inherent design 
standardization, a single Tarpon Monopod is chosen to represent 
the fleet of Tarpon Monopods situated in similar water depth with 
matching field-topside configuration and payload.  

The platform is situated in a depth of approximately 76m, 
offshore Terengganu in Malaysian waters [4]. It was purposefully 
singled out due to complete availability of supporting documents 
and data. 
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1.1 Objective of Study 
Of late, there has been a need for a better understanding on the 
structural response and sensitivity of Tarpon monopods in 
Malaysian waters. The lack of specific structural inspection and 
maintenance procedures has bolstered this need. In the open 
literature, structural design documentation and studies on Tarpon 
platforms are very scarce and scattered. Hence, the Tarpon in 
place structural responses are not understood as well as 
conventional jacket platforms that which would put its response 
characteristics and sensitivity in the grey area domain of many 
Oil and Gas operators.  

With the proliferation of marginal field developments and 
increase of awareness for the natural environment with millions 
of dollars’ worth of investments at stake, this is something that 
should be actively avoided. Hence, this study intends to bridge 
the gap to shed light on the structural sensitivity of the Tarpon 
monopod to various design storm conditions alongside simulated 
damaged conditions. 
 
1.2 Review of Tarpon Monopods 
Subrata K. Chakrabarti, in the publication- Handbook of Offshore 
Engineering Vol.1 defined minimal platforms as fixed production 
platforms with a small deck used for the development of marginal 
fields in shallow water [3]. The minimum configurations for such 
platforms include typically less than ten wells, a small deck where 
it is possible to accommodate a coil tubing or wire line unit, a test 
separator and well header, a small crane, a boat landing and in 
some cases a minimum helideck. 

Buacharoen published a study on the use of minimal platforms 
in the hostile waters of the Nova Scotian Offshore (NSO), eastern 
Canada[2]. The conclusion of this study revealed that the design 
of the single caisson and tripod type can be done in a way that 
would meet the minimal structural definitions whilst providing 
excellent production and structural capacity, all delivered with 
potential cost savings as compared to past conventional 
developments in the NSO region. 

The tarpon monopod is a cable-guyed caisson minimal 
production platform. As of the year 1999, there were 37 of such 
platforms operating in the Gulf of Mexico, West Aftica and 
Indonesia.  It was first used back in 1987 with StoltComex 
Seaway as the owner of the patents for the system. The major 
substructure of the Tarpon concept is made up of a central 
caisson, capable of housing multiple wells internally or even 
externally via conductor clamps. This caisson is stabilized by 
three cable guys at 120 degrees apart[6].  

Each set of guy cables consist of two wire ropes with one end 
pinned to the anchor pile at or below the mud line and the other, 
pinned to the caisson below the water line. Generically, the 
anchor cables would be engineered to form a 35 degree angle 
from the mudline hence, giving the subsequent approximate 
horizontal distance of the anchor piles from the caisson to be 170 
% of the water depth [6].  

The major structural components of a Tarpon monopod can be 
listed to be: - anchor piles, structural caisson, guy cables, 
conductors and the topsides [8].The life cycle cost advantages of 
a Tarpon system are reviewed to be; low capital expenditure, 
simple construction, ease of installation, early production 
capability, low abandonment cost, recoverable and reusable 
components [5].  
 

1.3 The Finite Element Model 
The generic platform data used for the modelling is as tabulated 
in Table 1 [8]. 
 

Table 1: Generic platform data 
Platform details Data 

Platform type Monopod  
Water depth 76.2m 
Jacket height 82.2m  
Water Depth 76.2m  
Deck weight 184.8 MT 
Jacket weight 800 MT 
Location  Offshore Terengganu  

 
Figure 1 is a snippet taken from the SACS Tarpon model on a 2 
dimensional plane. Hence only two of the three guy cables are 
visible. It is obvious that the entire Topside is supported on a 
single main structural caisson, hence the term monopod, rather 
unlike the array of trusses used on a conventional fixed jacket 
platform. 
 

 
Figure 1: Tarpon Monopod Components 

 
The main structural elements of the Tarpon Monopod are taken 

to be the structural caisson, wire ropes and the anchor piles. 
Figure 2 reports the detailed descriptions for the aforementioned 
structural caisson used in the model, which reflects the as built in-
place condition of the platform. 

Three pairs of EIPS-Independent Wire Rope Core class 6 × 61 
were employed as post tensioned wire ropes. The wire ropes are 
attached symmetrically around the caisson to guy it to three 
anchor piles on the sea bed. The piling radius is approximated at 
108 m from the caisson. Table 2 illustrates the key properties for 
the wire rope and anchor pile assembly. The structural caisson 
itself serves as the fourth pile with a penetration of approximately 
35 m into the seabed. The in situ soil consists predominantly of 
clay, silt and several layers of sand. 
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Table 2: Wire rope - anchor pile assembly 

 
 

 
Figure 2: Structural caisson properties 

 
A full 3-dimensional structural model showcased in Figure 3 

was used for the analyses in the offshore structural analysis 
software, Structural Analysis Computer Software (SACS) 
Version 5.3. Table 3 provides a summary on the model elements 
and nodes. 
 

Table 3: Finite Element Model Summary 
Description No. 

Joints 938 
Members 1591 
Groups 54 
Sections 14 
Plates 174 
Shell elements 0 

 
 
2.0ANALYSIS METHODOLOGY 
 
This project is broken down into three major phases. The first 
phase is planned as a preparatory stage which gives great 
emphasis on data collection and platform familiarization, 
alongside extensive literature reviews. The second segment would 
cover modelling the structural components of the platform, in 
place sea state, soil foundation, guy cable conditions and followed 
by the revised model’s analysis, all performed via SACS v5.3 
suite of programs.  

The third phase on the interpretation of results from the latter, 
and presenting them in a meaningful and organized way. The 
supporting guidelines and codes used herein are the Petronas 
Technical Standard’s PTS 34.19.10.30 and American Petroleum 
Institute’s API RP 2A 21st Edition. 

 
2.1   SACS v5.3 Analysis 
SACS v5.3 Suite of Programs was used extensively for both 
modelling and simulation. Several SACS modules will be used 
herein. The first is the PRECEDE program, to be used as the 
graphical user modeler. The actual metocean data acquired from 
Offshore Engineering Centre UTP Joint Density research 
initiative, PETRONAS Technical Standards and the actual as 
designed seastate will be generated in the SACS SEASTATE 

module.  
The Pile Soil Interaction module would be used to model the 

soil-pile interaction. The soil foundation data was keyed into the. 
The SACS IV module would be used to process and perform in 
place Linear static analysis coupled with nonlinear pile soil 
effects.  

The results can then be viewed in SACS post processors such 
as POSTVUE which enables the results to be interpreted 
interactively and graphically. DYNPAC and Wave Response are 
employed to obtain the dynamicity of the Tarpon monopod and 
dynamic amplification factors to be used in the static load case 
analysis for incorporation of dynamic wave effects.  

Tables 4~6 showcases the four different sets of storm metocean 
criteria, the design water depth and the Cd and Cm values 
respectively used in this study. 
 

Table 4: Simulated metocean conditions  

Analysis 
data 

100 year return period 
PTS [7] Joint 

Density 
As Designed 

[4] 
Wave 
Height (m) 

5.77 (Hs)  5.7 (Hs)  11.3 (Hmax) 

Wave 
Period (s)  

8.06  Assume 6 
and 8 
seconds 

9.3  

Current 
(m/s) 

1.67 at surface 
1.33 @ mid  
0.36 @ seabed  

0.69 at -
3m  

1.3 at surface 
0.7 at seabed  

 
Table 5: Simulated drag and mass coefficients [7] 

For tubular members Clean Member Fouled Members 
Drag Coefficient, Cd 0.65 1.05 
Mass Coefficient, Cm 1.6 1.20  

 
Table 6: Design water level computation 

Description Min Max 
Mean Sea Level, MSL(m) 76.3 76.3 
Highest Astronomical 
Tide (m) 

Not 
applicable 

1.06 

Lowest Astronomical 
Tide (m) 

-1.13 Not applicable 

Storm Surge (100 year) 
(m) 

- 0.6 

Design Water Level (m) 
75.12 77.96 
Use 78m for metocean loading 
water level 

 
The storm approach is modeled from two directions to simulate 

the two major monsoons in Malaysian waters – The North East 
Monsoon and the South West Monsoon. Note that the North East 
monsoon has been modified at an angle to induce a certain 
amount of eccentricity to the storm loading on the platform. 
Figure 3illustrates the directionality. Marine growth used for the 
submerged platform members are in accordance with PTS 
34.19.10.30 for the PMO region [7]. The 100 year return period 
wind speed used is as per the latter standard, modified by the 
Durst curve to 1 hour mean interval. Wind loading is then 
modelled as joint loads on the topside of the platform in SACS as 
per the recommended formula from API RP 2A [1]. 

Structural element  Description 
Wire rope  Diameter  10.16 cm 

Breaking strength  6992 kN 

Anchor pile  Diameter 182.88 cm
Wall Thickness  3.175 cm 
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conditions permit, mini Tension leg platform and other types 
of monotowers. 

• Place simple axial strain/stress monitoring gauges on each 
guy cables to effectively observe as to how the tension in 
each cables fair alongside its pre-tension of 100 kips. 

 
 
4.0 CONCLUSION 
 
This study delivers a comprehensive report detailing the structural 
response of the Tarpon Monopod when subjected to different 
metocean and guying system conditions. The topline summary of 
the findings is as summarized below.  
• The Tarpon Monopod is a structure whose integrity is highly 

dependent on its guying system. The lateral restraint lies 
primarily on its wire ropes. The main caisson merely serves 
as a vertical column for the placement of the topside. 

• Even one set of missing guy cable may initiate structural 
failure during unfavorable storm approach directions. 

• Its damaged condition (removed guy wires) response is 
vastly sensitive to different storm directions as compared to 
its relatively insensitive intact condition. 

• It may survive with only two or even one guy wire pair 
given that the storm approach is favorable for utilizing the 
full capabilities of the remaining cables. 

• In its freestanding mode, the Tarpon structure fails in all 
simulated storm conditions in this study. 

• Attention to be given at the cable terminators and cable-pile 
connections. 
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ABSTRACT 
 
This paper reviews on application of quasi continuous vortex 
lattice method for determining the performance of helicopter tail 
rotor propeller. Tail rotor blade for Bell B206 of one seat 
helicopter is used. The method is developed to be suitable for 
analyzing the performance of propeller in term of thrust, torque, 
and efficiency. These parameters are calculated based on pressure 
on blade.    
 
 
KEY WORDS:Helicopter Tail Rotor Propeller, Quasi 
Continuous Vortex Lattice Method, Bell B206. 
 
 
NOMENCLATURE 
VLM Vortex Lattice Method 
MFM Mode Function Method 
QCM Quasi Continuous Method 
SSPM Simple Surface Panel Method 
CFD Computational Fluid Dynamic 
LE  Leading Edge 
TE  Trailing Edge 

 
 
 
1.0 INTRODUCTION 
 
The propeller is the device that mainly used as propulsive for 
marine vehicles, airplanes and rotorcraft. As it is a crucial part, it 
has to be designed to meet power requirement at the indicated 
speed with optimum efficiency. Now days, with growing 
demands for of higher speed and greater power, the propeller is 
becoming increasingly larger in size and its geometry shape 
become more complicated. Due this complicated geometry, the 
propeller should be optimally designed for increased propulsion 
efficiency. 

To predict the steady and unsteady propeller characteristics, 
many numerical models and propeller theories were proposed. 
One of them and will be used in this study is based on lifting 
surface theory. The lifting surface theory also plays as important 
role in the hydrodynamics analysis of marine propeller. The 
theory has been developed for a long time in the field of 
aeronautics. While almost all of the applications of the theory are 
to wings of airplanes, there is an old application to screw 
propellers (Kondo, 1942). 

A number of methods based on lifting surface theory to 
estimate the propeller characteristics have been published. They 
can be classified into two groups. One group is based on the 
continuous loading method such as Mode Function Method 
(MFM) and the other the discrete loading method such as Vortex 
Lattice Method (VLM). Due to the complexity in numerical 
calculation using MFM, its application to unconventional 
propellers is not easy. VLM, however, also has some room to be 
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improved; in the neighborhood of leading edge, vortex strength 
predicted by VLM is always lower compared with analytical 
solutions. Owing to the discrete and concentrated loading 
distribution, pressure distribution is not estimated 
straightforwardly. Leading edge suction force is not estimated 
straightforwardly either. A large number of elements are 
necessary to get converged solutions (Naoto Nakamura, 1985). 

Taking the above circumstances into consideration, a 
numerical method to estimate aerodynamics characteristics of 
helicopter tail propeller based on Quasi-Continuous Method 
(QCM) will be developed. QCM has both advantages of 
continuous loading method and discrete loading method; loading 
distribution is assumed to be continuous in chord-wise direction 
and stepwise constant in span-wise direction. Simplicity and 
flexibility of discrete loading method are also retained. 
 
 
2.0 LITERATURE REVIEW 
 
2.1 Quasi Continuous Method Theory 
C. Edward LAN (1974) has developed a quasi-continuous method 
for solving the thin wing problem.  In his study, the spanwise 
vortex distribution is assumed to be stepwise constant while the 
chordwise vortex integral is reduced to a finite sum through a 
modified trapezoidal rule and the theory of Chebychev 
polynomials, in order to satisfying the boundary condition. Wing 
edge and Cauchy singularities are accounted for, based on two-
dimensional theory; that contain the conventional Vortex Lattice 
Method and the present analysis. Based on his conclusions, the 
wing square-root singularities and the Cauchy singularity has 
been properly accounted for in this method, compared to the 
conventional vortex lattice method.  The total aerodynamic 
characteristics are obtained by an appropriate quadrature 
integration. The two-dimensional results for airfoil without flap 
deflection reproduce the exact solutions in lift and pitching 
moment coefficients, the leading edge suction, and the pressure 
difference at a finite number of points. For a flapped airfoil, the 
present results are more accurate than those given by the vortex 
lattice method. The three dimensional results also show an 
improvement over the results of the vortex lattice method. 
 Naoto Nakamura (1985) has conducted research on estimation 
of propeller open- water characteristics base on Quasi – 
Continuous Method. This study show that comparisons of 
propeller open-water calculated by this method with measured 
data showed good agreement for a wide variety of propellers. 
This method is promising for the improvement of numerical 
methods in propeller lifting surface theory. However, for 
propeller with extremely large skew, the estimation accuracy was 
not so good. Nakamura recommended for improvement, a more 
realistic wake model should be formulated based on the geometry 
of slipstream such as contraction, variation of pitch etc. Force 
acting on source distribution and leading edge suction force 

should properly accounted for. And lastly, more exact treatment 
of blade thickness is necessary for the improvement in the 
calculation accuracy of pressure distribution on blade surface. 

J.Ando and KuniharuNakatake (1999) have conducted a 
calculation method for the three – dimensional unsteady sheet 
cavitation hydrofoil problem. This method is based on simple 
surface panel method “SQCM” which satisfied easily the Kutta 
condition even in the unsteady condition problem. This method 
uses source distribution (Hess and Smith, 1964) on the hydrofoil 
surface and discrete vortex distribution arranged on the mean 
chamber surface according to QCM ( Quasi-Continuous vortex 
lattice Method) (Lan, 1974). These singularities should satisfied 
the boundary condition that the normal velocity is zero on the 
hydrofoil and the mean camber surface. The partially cavitation 
hydrofoil was treated in heaving motion and both partially 
cavitation and super cavitation was in sinusoidal gust. The 
calculated results ware compared with other calculated results and 
the accuracy of the present result is confirmed. 

J. Ando and K. Nakatake (2000) have conducted research on a 
new surface panel method to predict steady and unsteady 
characteristic of marine propeller. These methods represent the 
flow field around a wing by the source and the doublet 
distributions on the wing surface, and are applied successfully to 
calculation of the pressure distribution on the propeller blade. But 
it is not easy to satisfy the Kutta condition at the tailing edge and 
many discussions were raised about it (Koyama, 1989). A 
reasonable expression of the Kutta condition is that the pressure 
becomes equal on the upper and lower wing surfaces at the tailing 
edge. In order to satisfy the above condition, it is need to solve 
iteratively the quadratics simultaneous equations for singularity 
distributions. They have developed a new surface panel method 
which is a kind of singularity method. This method uses source 
distributions (Hess and Smith, 1964) on the wing surface and 
discrete vortex distribution arranged on the chamber surface 
according to quasi-continuous method vortex lattice method 
(QCM) (Lan,1974). Then these singularities both the wing 
surface and the camber surface condition that the normal velocity 
should be zero in case of the steady problem. Since these 
singularities satisfy automatically Kutta condition, they not need 
use any iterative procedure. In case of the unsteady problem, they 
introduce the normal velocity to the chamber surface at the 
trailing edge in order to make the pressure difference between the 
upper and the lower wing surface zero. Even though the iterative 
procedure to satisfy the Kutta condition is necessary, the 
convergence is quite fast. They named this simple surface panel 
method SQCM (source and QCM).  In SQCM, the upper and the 
lower surface of the propeller blades are divided into the same 
numbers of source panels, respectively. Then the ring vortices are 
located on the mean chamber according to the unsteady QCM 
(Hoshino, 1985) (Murakami et al., 1992). The hub surface is also 
divide into source panels. The trailing vortices flow out as ring 
vortices from the trailing edge every time step. They assume that 
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the trailing vortices leave the trailing edge in tangential to the 
mean chamber surface and the pitch of trailing edge vortices 
reach an ultimate value, which is the mean of geometrical pitch 
distribution of the propeller blade, within a haft revolution. They 
solved the boundary conditions every time step Δt. The source 
distributions on propeller blades and hub surface and the vortex 
distributions on the chamber surface are obtained for each time 
step from the boundary conditions at the center of the source 
panels and control points on chamber surfaces whose positions 
are determined by the QCM theory. Here the pressure Kutta 
condition is considered simultaneously. The perturbation 
potentials and velocity distributions on the blade surfaces are 
obtained from the singularity distributions. The pressure 
distributions are calculated by the unsteady Bernoulli’s equation. 
Then the force acting on propeller blades are obtained by pressure 
integration on the propeller blade. 

J.Ando (2009) has done the numerical analysis of steady and 
unsteady sheet cavitation on a marine propeller using a Simple 
Surface Panel Method (SSPM). This SSSPM uses source 
distribution on propeller blade surface from Hess & Smith (1964) 
and discrete vortex distributions arranged on the camber surface 
according to QCM (Quasi-Continuous vortex lattice Method) by 
Lan (1974). The singularities satisfy the boundary condition that 
the normal velocity is zero on the propeller blade and mean 
chamber surface. From this analysis Jun Ando concluded that 
present method can predict the thrust and the torque in extensive 
advance coefficients and cavitation numbers. For unsteady case, 
this method can express the variations of the cavity area and 
cavity volume. And the cross flow effect on the cavity surface 
gives reasonable cavity shapes and variations of cavity area and 
volume especially in HSP. 
 
2.2 Lifting Surface Theory 
Research on application of the lifting surface theory to marine 
propeller was carried out by Koichi Koyama (2012). In this 
research they use three methods, named here Method 1, Method 
2, and Method 3, of propeller lifting surface theory proposed by 
Hanoaka (1969). Method 1 and Method 3 in this research belong 
to mode function method group, and Method 2 belongs to discrete 
function method group. Method 1 may be called series expansion 
method. Two – dimensional integral equation for lifting surface is 
converted into simultaneous one-dimensional integral equations, 
in expanding the two-variable integral equation in power series of 
one- variable by Taylor’ theorem and equating the coefficient 
functions of successive powers to zero. The method is equivalent 
to Flax’s method on condition that the mode function is 
orthogonal series. The method, however, is distinguished by easy 
calculation of coefficients of simultaneous equations in 
comparison with Flax’s method. The method can deal with the 
simple mean chamber line accurately without many chordwise 
control points in contrast to the collocation method. The method 
reduces the labour for numerical integration along the helical 

surface to the minimum. Especially for the case of unsteady 
condition, the machine running time for calculation not long. In 
Method 2, existing integral equation is solved by the doublet- 
lattice method. The blade is divide into many blade element by 
cylindrical surface, and each blade element is divided into many 
boxes. Surface distribution of doublet in the pressure field is 
replaced by line doublets with constant strength and direction in 
every box. The chordwise arrangement is determined by Lan‘s 
method, which is devised so as to give the accurate solution near 
the leading edge. Method 1 yields valid circulation density in 
wide range near the tip and yields valid circulation of blade 
section in all range for the usual broad bladed propeller. The 
method is useful for the calculation of propeller forces. Method 2 
gives the converged chordwise distribution of circulation density. 
It is supposed to give the accurate solution near the leading edge 
and to be useful for the calculation cavitation. Method 3 yield the 
accurate solutions for the circulation density near the blade tip as 
well, even though the blades are highly broad. The method is 
considered useful for the calculation of cavitation. There are 
many possibilities of application of the propeller lifting surface 
theory to the propeller design. The following are some examples 
of the application method to be employed in the design procedure. 
The blade outline is adjusted according to the inflow variation of 
hull wake from the view point of vibratory propeller forces, when 
Method 1 is useful. If the blade outline is given, the relation 
between upwash and loading is controlled by the lifting surface 
theory. If the pitch of the helical surface is assumed to fix, single 
calculation of the matrix of coefficient corresponding to the 
integral equation, make it possible to obtain upwash distribution 
and to obtain loading distribution by the upwash distribution with 
ease. In this case, Method 2 and Method 3can control accurately 
the pitch correction or chamber correction in the design method, 
from the cavitation point of view. 

Koichi Koyama (2012) has conducted relation between the 
lifting surface theory and the lifting line theory in the design of an 
optimum screw propeller. This research is based on the propeller 
lifting surface theory. Circulation density (lift density) of the 
blade is determined by the lifting surface theory on a specified 
condition in general. However, it is shown that, in the case of 
optimum condition, the circulation density is not determined by 
the lifting surface theory, although the circulation distribution 
which is the chordwise integral of the circulation density is 
determined. The reason is that the governing equation of the 
optimization by the lifting surface theory is reduced to that by the 
lifting line theory. 
 
2.3Propeller 
Davide Grassi has done numerical for analysis of the dynamics 
characteristics propeller in uniform and stationary inflow by 
lifting surface theory where this lifting surface analysis method 
based upon Kerwin (1978) theory. These procedures employs a 
simplified defined shape for representing propeller wake 
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geometry which given good results for moderately skewed blade 
geometries not too far from their design point, while tend to 
overestimate thrust and torque at low advance coefficient. To 
overcome this difficulties, DavideGrassi was employed this 
analysis fully numerical wake adaption method. The present tool 
employs a discrete vortex line representation of the blade, with 
elements located at the exact mean surface. The leading edge 
suction and tip vortex separation was consider in an accurate and 
efficient way. The propeller was assumed to work in an inflow 
with radially varying axial and tangential component, while the 
presents of the hull hub and free surface is discounted. The blade 
force calculation was separated into three components, force 
acting on vortex sheet elements that determined by using Kutta –
Joukowski theorem, force acting on source singularity determined 
by using Lagally’s theorem, and viscous drag forces are 
calculated at each radial position using a global frictional 
coefficient experimentally. Tip separation effect has been 
considered based on the Kerwin’s formulation.  These segment 
with the local velocity vector is necessary to align, since 
chordwise vortex element are to be force free. Vortex ring corner 
points placed at bladed tip are all shifted in a direction normal to 
the mean surface by a quality linearly proportional to its position 
on the tip chord. The effect of tip vortex separation is in the 
logically to increase propeller thrust and torque at low advance 
coefficient, while its effect is negligible around the design 
advance coefficient. 

A. Brocklehurst (2012) has make the review of helicopter tip 
shapes to discussed the evolution of helicopter blade designs and 
tip shapes, and the development of methods for their analysis and 
evaluation. The review has identified three main types of 
helicopter tip designs: the parabolic tip, the swept (tapered) tip, 
and the BERP tip. In addition there are several tip shapes 
intended to alleviate BVI noise by splitting, or diffusing the tip 
vortex. The literature review has identified some overlap with 
fixed-wing aircraft, particularly with regard to tip aerodynamics 
and the details of vortex formation. While there are some obvious 
fundamental differences, both fixed-wing and rotary-wing con- 
figurations require accurate resolution of the flow-field if the 
results are to be useful in tip design studies. The nature of the 
helicopter problem is, however, much more complex than fixed- 
wing and is much more demanding from a modelling point of 
view due to the need to preserve wake vortices, take into account 
variations in incidence and sideslip (in cruising flight), and also 
include unsteady effects. The design must also work within much 
tighter moment constraints. Nevertheless, much can be learnt 
from validating the methods against fixed-wing tests, and there is 
considerable carry-over in some of the detailed design thinking. 
In particular, the work of Hoerner and K¨uchemann has provided 
a basis for generating improved tip shapes. The review has also 
covered the development of computational methods. Analysis 
techniques have developed from rotor models based on lifting-
line and lifting-surface theory, with a prescribed or free wake, to 

the application of sophisticated CFD methods. Initially the 
numerical approach required some of the world’s largest 
computers, but these modern methods are now becoming 
available in industry, and offer greater insight and higher 
resolution than traditional design methods. Two main features of 
the computational approach would appear to require further 
development for helicopter applications. One is that it is 
important to fully capture the wake in order to determine the 
correct flow-field around the rotor blade, and the other is that the 
solver needs to include boundary layer transition in both steady 
and unsteady (3D) conditions, if accurate overall performance and 
the effects of retreating blade stall are to be predicted. Much 
effort has been expended on coupling wake models with near-
field Navier–Stokes solutions in an effort to obtain the desired 
accuracy at acceptable computational cost. It is also clear that 
rotor trim and blade deflections are important aspects of 
helicopter simulation. Often, the rotating and pitching blades may 
operate in proximity to a stationary fuselage, or fin, and this 
presents challenges in grid generation, requiring the use of sliding 
grids, or Chimera overset grid techniques. From the literature 
there appears to be a preference toward structured grids to resolve 
the flow features, but some developers favor the Chimera 
approach. It is also clear that CFD methods are maturing quickly 
and through rapidly growing computer resources will soon be 
universally accepted and indispensable for rotor blade design 
evaluations. Recent research effort on CFD has been directed 
towards tackling the challenging problems of whole helicopter 
simulations. Coupling of CFD with structural dynamics to take 
into account blade deflections has also been a focus of attention, 
and offers to greatly improve the fidelity of the simulation. Most 
recently, fast harmonic-balance methods have begun to emerge 
which promise further run-time reductions for forward flight 
simulations. However, while CFD has been applied to a range of 
rotors problems, including investigations of tilt-rotors, little new 
work has been found on the use of CFD for the design of new tip 
shapes, particularly for tail rotors. 
 
 
3.0 HELICOPTER DESIGN PROBLEM 
 
One of the very first problems helicopter designers encountered 
when they tried to create a machine that could hover was the 
problem of torque reaction (Guo-HuaXu, 2001). Newton's third 
law of motion requires that for every action there is an equal and 
opposite action. A typical single main rotor helicopter has a rotor 
system mounted on a rotor mast. The helicopter engine supplies 
power so that the helicopter can turn the mast, and thus the rotor 
system connected to it. When the helicopter applies torque to the 
mast to spin it, there is an equal-and-opposite torque reaction 
which tries to turn the helicopter in the opposite direction as 
shown in Figure 1. 

Igor Sikorsky seems to be the first to settle on using a single 



Journal of Ocean, Mechanical and Aerospace 
-Science and Engineering-, Vol.7 

May 20, 2014 

 
 

12 Published by International Society of Ocean, Mechanical and Aerospace Scientists and Engineers 

 

rotor mounted at the rear of the helicopter as a way to counter the 
torque. This is the most popular arrangement today. Sikorsky 
actually experimented with many different arrangements before 
selecting a single tail mounted rotor. It seems strange that the 
majority of helicopters produced use this method of countering 
torque, given that there are several major problems with this 
method which are not encountered with counter-rotating rotor 
systems (J. Gordon Leishman, 2002). 

One major problem with tail rotors is that they rob an 
enormous amount of power. As a rule of thumb, tail rotors 
consume up to 30% of the engine power (C. Young, 1976).Still 
another problem with tail rotors is that they are fairly difficult to 
control accurately. Turbulence and crosswinds make it extremely 
difficult to hold a constant heading in a tail rotor equipped 
helicopter. The workload is very high, and good results are 
difficult to achieve. Many larger helicopters end up being 
designed with a yaw stabilization system, which is essentially an 
autopilot for the tail rotor.In the study, one seat helicopter is used 
as a case study as shown in Figure.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:  Tail rotor function 
 

 
Figure.2: One seat helicopter. 

 
 
4.0 TAIL HELICOPTER ROTOR BLADE 
 
In this study, offsets coordinate from tail rotor blade for Bell 
B206 helicopter will be used as simulation data to calculate the 
air forces and other performance characteristics on the rotor blade 
as shown in Fig.3-4. Experimental will be done to make 
comparison with the data from simulation to ensure that data will 
be valid for both simulation and experimental.  
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Figure 3: The real model of tail rotor blade for Bell B206. 

 

 
Figure 4: Tail propeller blade of helicopter. 

 
 
5.0 CALCULATION METHOD 
 
5.1 Outline of Quasi-Continuous Vortex Lattice Method 
The propeller blade is divided into M panels in the spanwise 
direction. The face and back surfaces of the blade section are 
divide into N panels in the chordwise direction, respectively. 
Therefore, the total number of source panels becomes (M × 2N) × 
K and constant m is distributed in each panel. The total (M × 2N) 

× K horse shoe vortices are located on the mean chamber surface 
according to Eq. 1 as illustrated in Figure 5. 

 

ξμν
LP ξL rμ  ξT μ ξL μ 1 ν

Nγ
π        (1) 

ξμν
CP ξL rμ  

ξT rμ ξL rμ
2

1 
ν

2Nγ
π  

 
where,  
rµ   rµ   rµ          (2) 
μand  are numbers in the spanwise and chordwise directions. 
ξL rµ andξT rµ are thepositions of the leading edge and trailing 
edge, respectively. 

The induced velocity vector due to ν-th ring vortex of unit 
strength which start from the µ-th strip and ones due to the ℓ-th 
ring vortex of unit strength located in trailing wake defined as 

 and ℓ. These induced velocity vectors are expressed as  
 

ν μν
γ   ν µ

B  ∑ ν µ ν́
F ν µ ́

FNγ
ν,  ν ν µℓ|ℓ        (3) 

 
ν μℓ   ν μℓ ν μℓ  ν μ ℓ ν μℓ 
 
where, is the induced velocity vector due to the bound vortex 
of unit strength on the mean camber surface, ́ the induced 
velocity vector due to the free vortex of unit strength on the mean 
camber surface, ν μℓ  the induced velocity vector due to the 
spanwise shed vortex of unit strength in the trailing wake andν μℓ 
is the induced velocity vector due to the streamwise trailing 
vortex of unit strength in the trailing edge.  

The induced velocity vector  due to each line segment of 
vortex is calculated by the Biot-Savart law. The segment of the 
ring vortex on the mean chamber surface at time tLand the ring 
vortex in the trailing edge wake defined as  (tL) and Γ  (tL), 
the induced velocity vector due to the vortex model of the QCM 
theory in given by the following equation. 

 

 ∑ ∑ ∑ ν µ ΔξL

 ∑ ∑ ∑ ℓℓ ν µ ΔξLν µℓ        (4) 
 
where      

Δξµ  µ sin
N

,  Γ  ∑ Δξµ , 

and c rµ is the chord length of µ section.  
This Equation (4) is used when the control points are on the 

mean camber surface (J. Ando, 2012). When the control points 
are on the blade surface, the ring vortices are close to the control 
points especially for the thin wing. For this case, the ring vortices 
on the mean camber surface and shed vortex nearest to T.E. treat 
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as the vortex surface in order to avoid numerical error. This is 
called the “thin wing treatment” (S. Maita, 2000).  

J. Ando and T. Kanemaru (2012) has been modify the vortex 
model of the QCM theory (Fig.5.b) as follows:  

For first step, the ring vortex on the mean camber surface at 
trailing edge is closed and located the ring vortices ABCH, 
HCDG and GDEF downstream from trailing edge as shown in 
(Fig.5.b).  

After that the ν-th ring vortex replace with a set of ring vortices 
distribution along ∆ ~  on the mean camber surface 
as illustrated in the middle of Fig. 5b. Then the ring vortex ABCH 
just downstream from trailing edge and ring vortex HCDG are 
replaced with a set of ring vortices distribution along ∆  in the 
trailing wake. The other ring vortices form ∆  are calculated as 
discrete ring vortices.  

For this case, the induced velocity vectors due to the vortex 
systems on the mean camber surface and trailing wake are 
expressed as 

  ν  

  
Δ
Δ  

 Γ 1
1

Δ  

 ∑ ∑ Γ 1  ∑ ∑ ∑ Γℓ

ℓ ℓ           (5) 
 
where 

ν µ ξ      ν µ
B ξ ν µ

F ξ ν µ
F ξ

 ν µ ́
F    ν µ ́

F

N

,  

ν µ
AB 

ν µ
ABCH ξ   ν µ

AB  ν µ
BC ξ  ν µ

AH ξ  ν µ
HC ξ  

ν µ
HCDG ξ   ν µ

HC ξ  ν µ
CD ξ  ν µ

HG ξ  ν µ
GD 

ν µ
GDEF          ν µ

GD  ν µ
DE  ν µ

GF  ν µ
FE 

 
The velocity vector V  around a propeller in the propeller-fixed 
coordinate system is expressed as  
 

  ,                         (6) 
 
where ,  and  are inflow, induced velocity vectors due to 
vortex and source distributions, respectively. 
 
 
 

 
Figure 5:  Arrangement of vortex system. a) From QCM. b) Thin wing treatment. 

 
 
5.2 Boundary Condition and Numerical Procedure  
The boundary condition of the control points on the rotor blade 
and mean camber are that there is no flow across the surface. But, 
to satisfy the Kutta condition as expressed by Equation (7), there 
exists at trailing edge the normal velocity which was introduced. 
So, the equation for the boundary condition as expressed by 
Equation (8).  

 

Δ          (7) 
 . 0 on wing and camber surfaces (except trailing edge) 
 .  at trailing edge    

      (8) 
 
Where n is the normal vector on the blade and mean camber. 
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The unknown value are the vortex strength on the mean 
camber surface, source strength on the blade and normal velocity 

 at T.E.  is expressed by the  following equation and 
determined so as to satisfy the Kutta condition iteratively.  

 

| |          (9) 

 
where i is the number iteration. From the Equation (7), �_+ and 
�_- or V_- and V_+ are the mean of the magnitude or 
perturbation potential of the velocity at the control point on the 
upper and the lower surface blade, where it is close to trailing 
edge. This iteration is move on until Δp is small enough. 
According to J. Ando (2012), in this calculation 1  and 

 means the accelerations factor. In the unsteady of QCM, the 
Kutta condition is when Δ 0 .The first term in the right hand 
side in Equation (9) means the corrector for the value of the 
previous step  which is proportional to the pressure 
difference Δ . The iteration is continued until the pressure 
difference becomes small ( Δ 0.5 10 . Assuming the 
normal velocity  at trailing edge at each iterative step, Equation 
(8) can be solved as the linear simultaneous equations for 
singularity distributions.  
 
5.3 Unsteady Pressure and Propeller Forces  

The unsteady pressure distribution on the propeller blade is 
calculated by the unsteady Bernoulli equation expressed as  

 

 | | | |      (10) 
 
where 

 = the static pressure in the undisturbed inflow 
 = the density of the fluid 
= the perturbation potential in the propeller coordinate system 

The time derivative term of  in Equation (10) is obtained 
numerically by two points upstream difference scheme with 
respect to time.  

The blade pressure of the propeller is expressed as the 
pressure coefficient Cp in order to compare the calculate results 
with the experimental data. The pressure coefficient is defined by 

 

        (11) 

 
where n is the rate of the revolutions of the propeller and D is the 
diameter of the propeller.  

The lift, drag and moment coefficients are given by the 
relationships 

 
,  , and    (12) 

 

in which A is the propeller area, l is a reference length, V is the 
free stream incident velocity, ρ is the density of the fluid, L and 
Dare the lift and drag forces, perpendicular and parallel 
respectively to the incident flow, and M isthe pitching moment 
defined about a convenient point. 

For analysis purposes, the sectional lift, drag and moment 
coefficients are given by the relationships 

 
,  , and    (13) 

in which c is the section chord length and L′, D′ and M’ are the 

forces and moments per unit span. 
The thrust T and the torque Q of the propeller are calculated 

by pressure integration. Denoting the x-, y- ad z- components of 
the normal vector on the blade surface by nx, ny and nz, 
respectively, the thrust and the torque are expressed by 

 
      ,    

     (14) 
 

According to Naoto Nakamura (1985), in the steady 
calculation the viscous components of the thrust and the torque 
are considered approximately using the viscous drag coefficient 
of blade element Cd at the radius r. these component TD and QD 

are expressed as  

 
1
2

 

 
1
2

 

 

0.0084 0.016

0.0084 0.016  
 0.2

0.03 0.2
 0.2

 (15) 

where 
 = sectional lift coefficient  

    
 = x- component of resultant flow velocity averaged in 

the chord wise direction 
 = - component of resultant flow velocity averaged in 

the chord wise direction 
 = chord length of the rotor blade  

 = propeller radius 
 = hub radius  

/  = thickness ratio 
 
The force FX, FY, FZ and moments MX, MY, MZ is acting on the 
propeller in the X, Y, Z directions of the space coordinate system 
are expressed as  
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cos Ωt sin Ωt   

  cos Ωt sin Ωt   

   

cos Ωt

sin Ωt  
cos Ωt

sin Ωt      (15) 
 
For the force and moments are nondimensionalized as below:  

       ,        

 

       ,        

 

       ,         (16) 

 
Finally the advance J, the torque and the thrust coefficient ,  
and the propeller efficiency  are expressed as follows:  

       ,        

       ,          (17) 

 
 
6.0 CONCLUSION 
 
In conclusion, this paper reviewed on prediction of performance 
of helicopter tail propeller using quasi continuous vortex lattice 
method. As a case study, tail rotor blade for Bell B206 for one 
seat helicopter is used. The performance of the propeller is 
analyzed in terms of thrust, torque and efficiency. 
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ABSTRACT 
 
Palm stearin is one of the fractionation process results from palm 
oil that is the largest commodities in the world. It has potentially 
as an alternative of binder in metal injection molding based on 
researches that conducted in Malaysia. Palm stearin can be 
combined with other binder to be a binder system with the 
function as lubricant and surfactant in a binder system. Based on 
experiments showed Palm stearin has fulfilled requirement as 
binder in MIM such as pseudoplastic behavior from rheological 
test and homogeneity of the feedstock. Palm stearin can replace 
conventional binders that commonly used in industry.  
 
 
KEY WORDS: Palm Stearin; Natural Binder; MIM; Palm Oil.  
 
 
NOMENCLATURE 
MIM Metal Injection Molding  
PS Palm Stearin  
PE  Polyethylene 
 
 
1.0 INTRODUCTION 
 
Production of palm oil has been increasing significantly in the 
recent decades.  Palm Oil has successfully become one of the 
largest traded commodities in the world. This trend has 
encouraged some countries to establish research institute or 
organization for palm oil such as Malaysia as palm oil producing 

countries. 
Metal Injection Molding can be categorized by net-shape 

process which combines injection molding and powder metallurgy 
[1]. MIM has advantage for produce small part with complex 
shape in high volume [2, 3].  MIM is comprised of several stages 
that should follow. Firstly is started on mixing stage, injection 
molding stage, debinding stage and sintering stage as shown on 
Fig.1. In mixing stage, metal or ceramic powder will be mixed 
with binder before injection process.  
 

 
 

Figure 1: Metal Injection Molding process [4]. 
 

Binder has function as a vehicle for homogeneously packing of 
powder and keeps shape of green body after injection [5]. The 
selection of exact binder system for certain powder becomes 
critical thing to determine final product in MIM process. Other 
consideration that plays important in manufacturing industry is 
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saving cost. Using Palm Stearin as a natural binder is one of the 
way to reduce production costs due to Palm Stearin available in 
considerable amounts especially in Indonesia and Malaysia as the 
largest producer in the world. In this paper, the following are 
described with regard to Palm Stearin as alternative binder in 

Metal Injection Molding especially in Malaysia.  
Oil palm thrives in tropical conditions with position about 5 

degrees north and south along the equator line [6]. Oil palm is 
widely grown in several countries but the largest producers of oil 
Palm Indonesia and Malaysia as shown on Table 1.  

 

Table 1: Palm Oil: World Supply and Distribution (thousand metric tons) [7] 

 2008/09 2009/10 2010/11 2011/12 
Mar Apr 

2012/13 2012/13 

Production 

Indonesia 20,500 22,000 23,600 26,200 28,000 28,500 
Malaysia 17,259 17,763 18,211 18,202 19,000 19,000 
Thailand 1,540 1,345 1,288 1,546 1,700 1,700 
Colombia 795 770 750 915 960 960 
Nigeria 850 850 850 850 850 850 
Other 3,074 3,145 3,224 3,286 3,317 3,312 

Total 44,018 45,873 47,923 50,999 53,827 54,322 
 
 
2.0 PALM STEARIN 
 
Palm stearin is fraction of palm oil thorough fractionation process 
of palm oil. Fractionation is process to separated component in 
palm oil based on differences of melting point [8-10] as shown on 
the Fig 2. Fractionation process result of crude oil, generally 
consist of palm olein in liquid fraction and palm stearin in solid 
fraction which consist of three main groups of triglycerides. 
trisaturated triglycerides (palmitate–palmitate–palmitate); 
triglycerides (palmitate–oleate–palmitate); and polyunsaturated 
triglycerides (palmitate–oleate–oleate)[11] . 
 

 
Figure 2: Fractionation of palm oil [12] 

 
 
3.0 BINDER SYSTEM IN METAL INJECTION MOLDING 
 
Binder system play critical position to determined subsequently 
stage in MIM, failure in one stage in MIM cannot be corrected by 
next stage, each stage should achieve optimal results and as small 

as possible to minimize the defects that occurs. Binder systems 
constituents for injection molding application can be divide two 
categorize [13]: 

• Low molecular weight polymer; which has low 
temperature decomposition. 

• High molecular weight polymer ; which has relatively 
high temperature decomposition 

 
Binder system also gives strong effect to determine parameters 

properties of a feedstock [14]. Generally, removing binder 
process consists of two stages, comprising of solvent debinding 
and thermal debinding. A good binder system should have easy to 
remove in initial removal stage which usually performed using 
solvent [15], for example distilled water and heptanes. Remaining 
binder can be removed using next secondary debinding processes, 
which involve thermal debinding. In this stage, binder as 
backbone of specimen is removed. After going through a stage of 
debinding, specimen has behavior very fragile and 
circumspection is required for handling. 

Ideal binder for MIM has decomposition temperature above 
molding and mixing temperature but has decomposition 
temperature before sintering temperature [5]. Palm stearin has 
ideal decomposition temperature as binder, starting around 200oC 
until around 500oC as shown on the Fig. 3.  

Binder system in MIM process is designed based on functions 
as backbone, filler phase, surfactant and lubricant.  Fatty acid in 
palm stearin is playing important role as surface active agent 
which required for binder system [17]. Palm stearin in binder 
system can be used as surfactant and lubricant. Good lubrication 
is required when release specimen from mold and a surfactant is 
necessary to connect binder and powder. A simple binder system 
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comprised of polyethylene and palm stearin has showed 
satisfactory result [17-22].  Ibrahim, et al. 2007, has been 
compared two binder system which Stearic acid was substituted 
by palm stearin. Palm stearin has shown good in performance that 
close to stearic acid value as shown on the Fig 4. 

 
Figure 3: Thermogravimetric curve of Palm stearin [16] 

 
Figure 4: Comparison 2 type of Binder System:  System A; 
polyethylene, paraffin wax and has palm stearin, System B; 
Polyethylene, paraffin wax, stearic acid [23]. 
 

In Biomedical material such as 316L stainless steel, Titanium 
alloy, palm stearin has been used as binder [20, 23-25]. Abdullah 
et al has reported that palm stearin has successful to use as binder 
for 316L stainless steel, feedstock 316L stainless steel exhibited 
homogeneity as shown on the Fig 3. System A and B has consist 
of Palm Stearin 10 vol%, stearic acid 10vol%, respectively.  Both 
of system has similar composition that consists of Polyethylene 
35 vol%, Paraffin wax 55vol%.  Ibrahim et al, has used binder 
system with composition binder Polyethylene 40% and Palm 
Stearin 60% (weight percentage) for mixing with Inconel718 
powder for aerospace application. Other researchers also choose 
60% Palm Stearin (PS) and 40% of polyethylene (PE) as binder 
system composition [17, 19, 24].   

Palm Stearin has shown pseudo plastic flow behavior with 
shear sensitivity value less than 0.5 which indicating sensitive 
with shear rate[22]. Rheological behavior of ZK60 Magnesium 

Alloy with binder 60wt.% Palm Stearin (PS) + 40wt.%  
polyethylene was conduct by M.R. Harun et al. also tend to 
showed pseudo-plastic fluids feedstock [21].  

Percentage of palm stearin in binder system has played 
important role to determine viscosity and sensitivity of feedstock 
[24,26]. Moreover, Palm Stearin binder system has ability to 
coated all surface of particle and make hold tightly of particle 
powder as shown on Fig 5. 

 

 
 
Figure 5: Stainless steel feedstock with binder system palm 
stearin and polyethylene, most of particle was coated by binder 
[24]. 
 
 
4.0 RHEOLOGICAL PROPERTIES 
 
Viscosity is important issue in assess quality of feedstock, mold 
filling of feedstock depend on viscosity value [27]. Pseudoplastic 
is suitable properties of feedstock for MIM application [28, 29]. 
Pseudoplastic is which viscosity decreases with increase of shear 
rate as be defined as: 
 
η = Kγn-1              (1) 

 
Where η is viscosity, K is a constant, γ, n are defined as shear rate 
and index of flow behavior, respectively. Flow behavior index (n) 
of pseudoplastic feedstock should be less than 1, since more than 
1 powder and binder tend to separate when under high pressure 
[26, 28]. 

Liu et al.2003 reported that ideal value of shear rate in range 
100 to 10000 s-1 with viscosity value under 1000 Pa s [30]. 
Rheological properties of Palm Stearin have been performed 
which showed satisfactory result [16,20-23,31]. A result of 
rheological test is used as indicators for the success of the 
injection process. Rheology result is showed on Fig. 6. 
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5.0 DEBINDING 
 
Debinding stage is process to remove binder from injected 
specimen. Rapid debinding without occur defects on part is 
classic issues that faced by researches [32-34]. A failure to 
remove binder before sintering stage tend to give effect on the 
final result, such as, cracking, distortion and contamination [5]. 
Debinding for removing Palm Stearin consist of solvent and 
thermal processes.  
 

 
 
Figure 6: Viscosity vs Shear rate of feedstock using palm stearin 
and polyethylene as binder system at temperature 180oC, 190oC 
and 200oC [20]. 
 
5.1 Solvent debinding 
At solvent process, injected part immersed in fluid to dissolve the 
Palm Stearin for subsequent binder burnout.  Moreover, residual 
stress on specimen tend to decrease when lower molecular binder 
are removed [35] .Capillary path and hole are provided by palm 
stearin  after solvent process is used to facilitate higher molecular 
binder out[16] as shown on Fig 7. Fick’s second law generally is 
used to describe about mass transfer process in solvent debinding.  
 

          (2) 
 
where C describes as concentration of diffusing substance and x 
is a distance of normal direction on the section. 

Several researchers have been performed using heptanes to 
dissolves Palm Stearin from injected part [16, 23]. Ibrahim, R et 
al. 2007, has successfully to remove Palm Stearin binder system 
using heptane for 4 hour at 60oC and followed thermal debinding 
at temperature 440oC for 2 hour. Cross section thickness is 
playing important role to increase debinding rate [36]. Moreover, 
higher temperature on solvent debinding tends to increase the rate 
of solubility of Palm Stearin [16]. However, pore size tends not to 
give significant effect on debinding rate [36]. Li. Y et al 2003 has 
proposed about critical thickness, it have strong correlation on 
debinding parameters such as, particle size, holding time and 
powder loading, moreover critical thickness can be used as 
reference to design optimal debinding time without defect on the 
part [33]. 

 

 
(a) 

 
(b) 

Figure 7: (a) Model of capillary path is provided after removing 
of palm stearin by solvent debinding, (b) Solvent debound 
specimen [16] 
 
5.2 Thermal Rebinding 
Thermal debinding or thermolysis has used widely in powder 
metallurgy industry, simplicity and ease process as consideration 
[33, 37]. Normally, thermal debinding is used to remove high 
molecular weight polymer. In thermal debinding, some events 
happened such as evaporation, thermal degradation, and oxidative 
degradation. Usually process is started on degradation of binder 
component into several molecular structures with various states 
such as gaseous, liquefied and other component evaporated 
directly without through degradation process [35, 38]. 
Degradation of binder component can be expressed as [39-41]: 
 

          (3) 

whereh is weight fraction of binder component/polymer, K is 
thermal degradation constant, which can be expressed by 
Arrhenius equation. 
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6.0 CONCLUSION 
 
The use of palm stearin as alternative binder in Metal Injection 
Molding has positively impact for industry because of the 
availability is abundant and cheap. Moreover, as organic material 
Palm stearin tend to environmentally friendly which is an 
important added value for palm stearin. Based on several 
experiments, Palm stearin is candidate potentially to be 
alternative binder in metal injection molding industry. Several 
experiments have showed palm stearin has fulfilled any standard 
requirement that is necessary in a metal injection molding process. 
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ABSTRACT 
 
Simulation of fluid mechanic of amine absorber process in 
removing acid gas from feed sour gas in LNG production plant is 
presented in this paper. The amine absorption in the Removing 
Acid Gas Process is designed to remove carbon dioxide (CO ), 
hydrogen sulfide (H S) and other sulfur compounds from the sour 
feed gas. The sour gas together with the recycle gas from the 
Treater unit enters the bottom of Amine Absorber and flows 
upward and passes through a demister pad to water wash section. 
In the Amine Absorber, the down-flowing amine solution absorbs 
H S  and CO  from the up-flowing sour gas to produce a 
sweetened gas stream as a product and an amine solution rich in 
the absorbed acid 
 
 
KEY WORDS: Liquid Natural Gas; Acid Gas Removal; 
Amine Absorber; Feed Gas; Carbon Filter; Treater, Sweet 
Gas; Rich Amine; Water Wash System. 
 
 
NOMENCLATURE 
H S  : Hydrogen Sulfide 
CO   : Carbon Dioxide  
MDEA : MethylDiethanolamine 
DU : Dehydration Unit 
FGS : Flash Gas System 
SRU : Sulfur Recovery Unit 
AU : Absorption Unit 
RU : Regeneration Unit 

SU : Supporting Unit 
FEED : Front End Engineering Design 
USIF : Up-Stream Inlet Facility 
FGFS : Feed Gas Filter Separator 
FPH : Feed Pre-Heater 
PFD : Pre-Flash Drum 
AA : Amine Absorber 
TU : Treater Unit 
RFD : Rich Flash Drum 
AHD : Absorber Hydrocarbon Drum 
SRD : Solvent Recovery Drum 
WWP : Water Wash Pump WWP 
WWT : Water Wash Tray 
CT : Chimney Tray 
CC : Condensate Cooler 
OW : Overflow Weir 
MWP : Makeup Water Pump 
WBT : Water Break Tank 
FWC : Flash Wash Column 
FGWWP : Flash Gas Water Wash Pump 
FGD : Fuel Gas Drum 
PF : Pre-Filter 
CF : Carbon Filter 
AF : After-Filter 
LRHE : Lean Rich Heat Exchanger 
LSBP : Lean Solvent Booster Pump 
DSHS : De-Super Heater Steam 
RB : Re-boiler 
RP : Reflux Pump 
AGAC : Acid Gas Air Cooler 
AGTC : Acid Gas Trim Cooler 
RD : Reflux Drum 
LSAC : Lean Solvent Air Cooler 
LSTC : Lean Solvent Trim Cooler 
LSP : Lean Solvent Pump 
SOP : Skim Oil Pump 
SF : Sump Filter 
SP : Sump Pump 
DPC : Dryer Pre-Cooler 
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RTU : Regeneration Treating Unit 
RG : Re-Generator 
 
 
1.0 INTRODUCTION 
 
Increasing global energy demand and environment issue have 
pushed oil and gas players to search the econ-green alternative 
sources even to the remote area. Energy from natural gas is the 
major alternative source with less environmental impact which is 
discovered this century. Chemical properties of the natural gas 
contains some complex contaminants such as CO , H S , CO , 
Mercaptan (Acid Gas). At the atmosphere, these materials 
constitute great environmental hazards for human body. They are 
also hindered natural gas processes. 

The natural gas is effectively transported through pipelines due 
the energy content per unit volume is relatively low. As 
transportation distance increases, the pipelines system becomes 
inefficient; therefore liquefaction process transform from gas to 
liquid form is more economical and viable options. 

The liquefaction of natural gas process involves operation at a 
very low Temperature which is about -161 0C and very low 
atmospheric pressure.  At these conditions CO  can freeze out on 
exchanger surface, plugging lines and reduce plant efficiency. 
Therefore there is need for removal of CO  before liquefaction 
process, this is done not to overcome the process bottle necks but 
also to meet the LNG product specifications, prevent corrosion of 
process equipment and environmental performance. 

Amine gas treating is also known as gas sweetening and acid 
gas removal. The acid gas removal unit in LNG process is 
designed to remove unnecessary gases such as:H Sand CO  and 
other sulphur compounds from the FEED sour gas by means of 
chemical absorption. There are many acid gas treating processes 
available for removal of CO2 from natural gas. These processes 
include Chemical solvents, Physical solvents, Adsorption 
Processes Hybrid solvents and Physical separation (Membrane) 
(Kohl and Nielsen, 1997); The chemical solvents and physical 
solvents or combination of these two have been used extensively 
in existing base load LNG facilities (David Coyle et. al 2003). 

The process scheme selected in the present study is MDEA. In 
the process scheme, the treated gas is sent to DU, the flash gas is 
sent to FGS, and the acid gas is sent to SRU. 

The MDEA is a tertiary amine and an “activator”. The amine 
reactions occurring in the absorber are: 
 
H S R CH N    R CH NH  HS                                           

(1)  
  
CO  R CH N  H O   R CH NH  HCO                                

(2) 
 

The H S reacts much faster with the amine than does the CO , 
because the reaction between amine and H S  appears gas film 
diffusion-rate limited, whereas the reaction between the amine 
and CO  is kinetically limited. Therefore, if the absorber is 
designed in such a manner to provide an adequate number of 
contact stages with sufficient contact time, total absorption of H S 
and CO  can be achieved.  The trays in the absorber are designed 
with sufficient contact time such that the CO  content of the sweet 
gas meets the 25 ppmv specification while also achieving the 2 

ppmv H S  specification. The activator present in the solvent 
enhances the CO  reaction kinetics, enabling its essentially 
complete removal. 

To achieve low H S and CO  slippage in the absorber operating 
at high pressure, it is necessary to strip the amine to a very low 
acid gas loading (typical loading is < 0.01 mole acid gas/mole 
amine).  Steam stripping occurs in the regenerator at high 
temperature and reverses the reactions given above.  The steam 
reduces the partial pressure of H2S and CO  over the amine, thus 
reducing the equilibrium concentration (or loading) of these 
components in the amine. 
 
 
2.0 ABSORPTION ACID GAS PROCESS FLOW 
 
The acid gas removal or amine gas treating process is divided into 
three main units as follows: AU, RU and SU. In the absorber, the 
down-flowing amine solution absorbs H S and CO  from the up-
flowing sour gas to produce a sweetened gas stream as a product 
and an amine solution rich in the absorbed acid gases. Fig.1 
shows an absorption unit process flow diagram for acid gas 
removal. The resultant “rich” amine is then routed into the 
regenerator to produce regenerated or “lean” amine that is 
recycled for reuse in the absorber. The stripped overhead gas from 
the regenerator is concentrated H S and CO . 
 

 
Figure 1: Absorption removing acid gas process flow diagram 

 
2.1 Feed Gas Filtration and Preheating Process 
The feed gas filtration and preheating mainly consists of FGFS 
and FPH. The sour feed gas with composition as shown Table.1 is 
flown from the USIF to the FGFS. The main task of FGFS 
eliminates any liquid hydrocarbons droplets and solids. Another 
task of the FGFS is to handle liquid slugs and shuts down the 
train when a high liquid level occurs. The liquid from the drum is 
recycled back to the PFD in the USIF.   

In order to avoid liquid hydrocarbon condensing in the AA, the 
outlet gas from the FGFS is combined with the recycle gas, as 
shown in Table.1, from TU before entering the FPH to maintain 
the gas above its saturation temperature (dew point). Normal 
operating temperature and Pressure is 40.0  and 69 bar prior to 
entering Absorber as shown in Table.2 in In-AA. The FPH uses 
MP steam as a heating medium. 
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Table 1: Properties of the feed gas and recycle gasses. 
Items Feed Gas to 

FGFS 
Recycle Gas 

from TU 
State Vapor Vapor 
H S (  % ) 0.8 0.0 
CO   %   2.5 0.0 

  %  0.04 0.02 
  19.0 18.0 

 /  57.0 48.0 
Normal Operating 
Temperature ( C ) 

40  60  

Normal Operating Pressure 
(Bar) 

73 70 

  /   1460000 32000 
  
Table 2: Mechanical properties of feed gas enters and Rich 
Solvent leaves the Amine Absorber 

Items Feed Gas from 
FGFS to AA 

State Vapor 
H S (  % ) 0.8 
CO   %   2.40 

  %  0.04 
  19.0 

 /  57.0 
Normal Operating Temperature ( C ) 40
Normal Operating Pressure (Bar) 69

  /   1490000 
 
2.2 Amine Absorption System  
The absorption process mainly consists of the following 
equipments: Amine Absorber, Flash Wash Column, Lean Solvent 
Pump, Water Wash Pump, Makeup Water Pump, Flash Gas Water 
Wash Pump, Absorber Hydrocarbon Drum, Rich Flash Drum and 
Water Break Tank. 

The feed gas with mechanical properties as shown in Table.2 
enters the bottom of AA and flows upward and passes through a 
demister pad to water wash section. Amine Absorber is equipped 
with 30 absorption trays, where the gas is counter-currently 
contacted with the solvent. The lean solvent enters the tower at a 
controlled temperature of 45 C through a liquid distributor and 
flows down through the trays, absorbing H S  and CO  to the 
required product specifications. Only a small amount of 
mercaptans and other sulfur compounds are absorbed by the 
solvent.  

As the solvent flows down through absorber, the heat of 
absorption liberated by the acid gases reacting with the solvent is 
removed by the solvent. Thus, the rich solvent leaves the bottom 
of the column at an elevated temperature around 66 C as shown 
in Table.2. 

A solvent reservoir is maintained in the bottom of AA by liquid 
level control with an automatic level control valves in the rich 
solvent line between AA and RFD. Pressure differential indicators 
are also available so that the pressure drop and hydraulic 
performance of AA can be monitored.  

AHD is provided adjacent to the bottom of AA to allow liquid 
hydrocarbon skimming capabilities in AA, when necessary, to the 
SRD. 

The top section of AA contains three WWT and an OW above 
the lean solvent feed point to minimize solvent losses. A pump-

around loop is used for the wash water to provide good gas or 
liquid contacting. A portion of the makeup water enters at the 
pump-around pump discharge. 

The makeup water at 45 C and 3.5  from the CC and fuel 
gas are stored in the WBT. The water streams enter above the top 
WWT, and then, the make-up water is flown to MWP and 
FGWWP. Mechanical properties of the makeup water are shown 
in Table.3. 
 
Table 3: Mechanical properties of make-up water from WBT to 
MWP and FGWWP 
 

Items Make-up 
water from 

WBT to MWP 

Make-up 
water from 

WBT to 
FGWWP 

State Liquid Liquid 
H S ( % ) 0.0 0.0 
CO % 0.0 0.0 

% 0.00 0.00 
18.0 18.0 

/ 997.0 997.0 
Normal Operating 
Temperature ( C ) 

45  45  

Normal Operating Pressure 
(Bar) 

1.2 1.2 

/ 3800 1130 
 

WWP draws water from the CT and pumps the water to 
combine with a portion of the makeup water from MWP. The 
mechanical properties of the waters are shown in Table.4. The 
makeup water entering at this location reduces the build-up of 
solvent in the water wash loop. The water wash minimizes the 
losses of solvent with the sweet gas. Water level above the 
chimney tray is maintained with an automatic level control valve, 
which sends excess water to RFD 

The sweet gas from top of AA is flown to DPC in RTU with 
expected parameters as shown in Table.5 
 
Table 4: Mechanical properties of water withdrawn from the 
chimney tray 

Items Water from 
CT-AA to 

WWP 

Combination 
water from 

WWP-MWP 
to WWT-AA 

State Liquid Liquid 
H S ( % ) 1.1 1.15 
CO % 2.8 2.8 

% 0.00 0.00 
18.0 18.0 

/ 990.0 991.0 
Normal Operating Temperature 
( C ) 

47  46  

Normal Operating Pressure (Bar) 69 69
/ 67800 68000 
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 Table 5: Mechanical properties of sweet sour gas from Amine 
Absorber 

Items Sweet Gas from AA 
State Vapor 
H S (  % ) 0.0 
CO   %   0.0 

  %  0.035 
  18.4 

 /  52.0 
Normal Operating Temperature ( C ) 47
Normal Operating Pressure (Bar) 68.0

  /   1385000 
 

The rich solvent flows from the bottom of AA to RFD with 
mechanical properties of the rich solvent are shown in Table.6. 
The RFD serves two purposes:  

i. Degassing of volatile, dissolved hydrocarbons; and  
ii. Separation of heavier liquid hydrocarbons.  

 
Table 6: Mechanical properties of feed gas enters and Rich 
Solvent leaves the Amine Absorber 

Items Rich Solvent  
from AA to 

RFD 

Foam Water to 
FWC 

State Liquid Liquid 
H S (  % ) 7.0 7.1 
CO   %   21.9 21.8 

  %  0.0 0.0 
  29.0 29.0 

 /  1055.0 1055.0 
Normal Operating 
Temperature ( C ) 

66  45  

Normal Operating Pressure 
(Bar) 

69 7.0 

  /   1680000 8200 
 

Hydrocarbon skimming is provided to allow liquid 
hydrocarbon withdrawal when necessary to the SRD. A small 
water flow from FGWWP enters above the top packed bed of 
FWC to wash the flash gas and minimize solvent losses. Also the 
water stream has a Chemical Injection Point to allow the 
introduction of antifoam when required.  

The flashed gas exiting FWC is water saturated at 42 C and 
6.8  and is routed to the FGD. The Flash Gas exits the RFD 
through a three bed packed FWC. Since the flashed gas contains 
too much H S for the fuel system, the gas is contacted with a 
slipstream of the lean solvent to meet the requirement of less than 
50 ppmv H S.  The cooled lean solvent enters above the middle 
packed bed to re-absorb most of the H S and a portion of the CO  
flashed out of the solvent in the drum.  
 
2.3 Carbon Filtration Process  
Filtration section consists of the following equipments: Pre-Filter, 
Carbon-Filter and After-Filter as shown in Fig.2. A 25% 
slipstream is routed to a filtration section. The mechanical 
properties are shown in the Table.7. PF removes any solid 
materials which may be in the system and protects CF from 
plugging. CF will remove surface active contaminants that 
promote foaming such as heavy hydrocarbons, surfactants, 
compressor oils, etc. Downstream of CF is AF to ensure that 

carbon fines from CF do not contaminate the system. Such carbon 
fines could be the result of improper CF operation, such as 
inadequate carbon defining, aging of the carbon, or improper 
installation. PF and AF are cartridge filters, rated at 10 micron. 
 

 
Figure 2: Carbon filter flow diagram. 

 
Table.7 Mechanical properties of sweet sour gas to Carbon filter 
section. 

Items Stream to CF section 
State Liquid 
H S ( % ) 0.15 
CO % 0.60 

% 0.00 
29.0 

/ 1009.0 
Normal Operating Temperature ( C ) 45
Normal Operating Pressure (Bar) 8.0

/ 398,000 
 
 
3.0 CONCLUSION 
 
Absorption acid gas removal of Liquefied Natural Gas process 
has been discussed. The process includes FEED gas filtration and 
preheating process, amine absorption system and carbon filtration 
process. 
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