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ABSTRACT 

This study explores a recent application of the computational fluid 

dynamics technique “CFD” for wind analysis and its comparisons with the 

conventional wind tunnel experimentations. This study is centered on the wind 

response of square and corner cut-shaped building models and its optimization 

caused by the variation of the wind incidence angle. Extensive rigid model 

experiments of two building models of length scale 1:100 have been performed in the 

boundary layer wind tunnel. The numerical analysis has been carried out with the 

standard k-ε turbulence model to evaluate the force coefficients, base moments, 

power spectra, external surface pressure coefficients, and flow field characteristics of 

the models with variable wind angles of incidence.  The comparisons between 

experimental results and CFD analysis suggest the computational approach’s 

viability in wind analysis of tall structures efficiently and accurately. A case study of 

aerodynamic mitigation by corner cut suggests minor modification techniques 

performance, efficiency, and limitations. Wind induced interference plays a vital role 

in the design of tall structures. However, the complex features of structure design and 

shape require a detailed wind tunnel/CFD (Computational Fluid Dynamics) study as 

codal provisions don’t suffice for such scattered parameters.     
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                    The current study focuses on the effects of height ratio, orientation, and 

blockage configuration of interfering structure on interference effects. Interference 

factor (IF), transient pressure, and force spectra are used to account for the 

interference effects at major probe points to understand the dynamic wind response. 

To study these effects among complex arrangements, a numerical simulation for a 

CFD analysis on a corner configured principal building model and a single upstream 

interfering building model having identical geometry has been performed. The 

configuration included six kinds of heights ratio (Hr=Hprincipal/Hinterfering). 

Furthermore, force coefficients, base moments, and external surface pressure 

coefficients both in the along and across wind direction are determined and listed for 

wind incidence angle of attack of 0° to 90° at an interval of 15°. Interference effects 

among full, half, and no blockage conditions were investigated. The data is presented 

in terms of the interference factor relating wind load responses of the isolated 

principal building to interference configuration. The results indicate that in close 

proximity of structure, the shielding effect suppresses the interference effects on the 

principal building, but across wind responses have been investigated in close vicinity 

configurations too. This study also suggests the interfering model’s orientation 

contributes to great measures to the wind response under interference.            
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NOMENCLATURE 

 

Cfy  Lift force coefficient 

Cp Pressure coefficient  

C1ϵ, C2ϵ          Turbulence model constants 

μ Viscosity coefficient 

ρ Air density 

K1                  Risk coefficient  

K2                  Terrain category  

K3                  Topography factor 

K4                   Importance factor  

Vz                   Design wind speed in m/s at height Z. 

ω Specific (per unit k) turbulence dissipation rate 

P                   Buoyant production term 

fc Correction function of eddy viscosity 

f Re-distributed function in the turbulence model 

k                     Energy of turbulent fluctuations 

µeff Effective viscosity 

µt Turbulence viscosity 

Pk Turbulence due to shear
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     σε                   Turbulent Schmidt number  

      Re Reynolds number 

P’                    Modified pressure 

SM Sum of body forces 

Tu Turbulence intensity 

      U, V              Undisturbed flow velocity 

υ2  Fluctuation energy of velocity components normal to the wall 

ε  Dissipation rate of turbulence kinetic energy                  

ε22, φ22             Dissipation rate and re-distributed term of Reynolds stress tensor                                                                    
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      PM                 Principal Model 
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S(n)                 PSD for lift coefficient 
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σCfy                           Standard deviation of lift coefficient variation at time t 
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Chapter 1 INTRODUCTION 

Multi-story tall buildings are a key requirement in major metro cities in 

India due to the gradual increase in population and the necessary land for a living. It 

is required to assemble high rise structure to survive where a smaller amount of 

property is presented. A high-rise structure presents many structural troubles, such as 

lateral load effect, lateral displacement, and stiffness, etc. In general, for high rise 

structure wind and earthquake load effects are prevailing. Therefore, for a high rise 

structure, it is mandatory to analyze these loads and their effect on the structure. The 

revolutionary scientific, commercial development, and advancement of construction 

techniques, high strength materials, and innovation in architectural approach have led 

to the construction of super-tall structures. Contemporary tall buildings are 

remarkably much more slender, flexible, and lighter than their former precedents. 

We have moved on from conventional and symmetrical cross-sections to more 

complex and non-uniform shapes of tall buildings. The shape of the structure plays 

an important role in the structure’s resistance against the wind-induced load and 

response. The modern age tall buildings are extremely susceptible to dynamic wind 

loads that severely affect serviceability. These super tall structures are man-made 

bluff-bodies. The wind-induced excitations due to the bluffness of the building 

shapes cannot be neglected for a bluff body. For a typical tall building as the height 

and slenderness increase, the building suffers from increased flexibility, which has 

negative effects on wind loading. Flexible structures are affected by vibration under 

the action of wind, which leads to building motion and plays a prominent role in the 

structural designs. The lateral wind load is more prominent than the earthquake load 

in some cases. The importance of wind load over earthquake load depends on the 

place and zone factor distinct by codes.     
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The modern age tall buildings are extremely susceptible to dynamic wind loads that 

severely affect serviceability. These super tall structures are man-made bluff-bodies. 

The wind-induced excitations due to bluffness of the building shapes cannot be 

neglected for a bluff body. For a typical tall building as the height and slenderness 

increase, the building suffers from increased flexibility, which has negative effects 

on wind loading. Flexible structures are affected by vibration under the action of 

wind, which leads to building motion and plays a prominent role in the structural 

designs.  

As tall structures move onward the envelope to higher heights, designers 

are not only faced with difficulty in choosing a structural element to take the lateral 

load such as wind load and earthquake load but also ensuring the design criteria that 

meet reliability and serviceability requirement under challenging wind environment. 

Wind load acts as along and across wind components on a tall building. The wind 

load for the tall buildings cannot be generalized due to the wide variability in shapes 

and surroundings for a building. These advancements in heights and shapes are 

accompanied by a lack of sufficient damping and low natural frequency of the 

structures. Such undesired conditions cause excessive vibration, bad serviceability, 

and occupant discomfort under the action of wind. This increment of wind load with 

heights imparts problems related to vortex shedding excitations and wind-induced 

dynamic response in the range of wind gust. This oscillatory motion generated by 

dynamic motion is perceived by the occupants and can produce discomfort or a 

nuisance. Therefore, the wind-induced building motions are also within the 

performance design scope, such as comfort level for building occupancy. It must 

satisfy the serviceability requirements as an occupant's discomfort feeling arises from 

the building’s lateral motion.  

 The sharp corners of buildings can produce wind flow separation 

resulting in strong wind-structure interaction induced loads. The bluff structures are 

more prone to excessive wind loads. Due to flow separation and reattachment around 

bluff bodies, external shape affects wind interaction with tall buildings. To ensure the 
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functional performance of tall flexible structures and control the wind-induced 

motion various types of aerodynamic modifications to the shape and geometry of the 

buildings are possible. Some aerodynamic modifications in architectural design are 

effective in reducing the effects of the lateral wind forces significantly. These 

aerodynamic modifications in building shape change the flow pattern around the 

building, thus moderating the wind responses.  

                Corner modification of building planes such as chamfer, recession, 

roundness, and slotting are common approaches in this category. In fact, horizontal 

corner modifications of building shapes have been proven to reduce wind effects on 

tall buildings effectively. These changes may improve the structural design, but 

structural measures or damping devices may still be required to serve the objective of 

wind restraint design in many cases.  

               These improvements turn more beneficial as the corners are progressively 

rounded [6]. These methods alter the characteristics of the separated shear layers, 

thus reducing the drag and lift forces and the wake size of the vortex [31]. A corner 

modification strategy can only be valid for a certain type and size of the plan [11] 

and wind direction[33]. Slotted and chamfered corners disturb the vortex shedding, 

whereas Recessed Corners make smaller separation zones and narrower wakes than a 

traditional square shape. Virote Boonyapinyo et al. [34] suggested chamfering and 

recession may produce reductions in the base moment up to the extent of 25%. 

Contrary to benefits, these modifications may have an adverse effect on structural 

stability too [19]. The models with corners recessed and chamfered effectively 

reduce wind loads than corner rounded models [27],[24]. 

               Many studies have been performed to investigate the effect of corner 

modifications and their impact on the aerodynamic forces, including rounded corners 

(Carassale et al.[5]), chamfered corners ( Gu and Quan [11]), recessed corners 

(Kawai[16], Tse et al.[33]), and finned corners (Kwok and Bailey[17], Kwok et 

al.[18]). K. C. S. Kwok [18] measured the static and dynamic along-wind 

displacement responses and the standard deviation cross-wind displacement response 

at the top of the building model. In chamfered corners, the reductions were more than 
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the slotted corners i.e. up to a 40% reduction in response than the plain building 

shape. These changes mean a suppressed vortex shedding process, hence a 

significant reduction in cross-wind response. In chamfered corners, the excitation 

processes were altered, both in frequency and in magnitude. Jamieson et al.[14] 

conducted a study to investigate the effect of the different corner configurations on 

the magnitude and distribution of the peak pressure coefficient. Bevelling the corners 

weakened peak suctions that occur at the trailing edges of the side faces, and the 

peak suctions on the side faces move forward to the leading edges. 

                The aqua tower in Chicago, Taipei 101 skyscraper in Taiwan and 

Yokohama Building in Japan are prime examples of tall buildings to adopt corner 

modifications as aerodynamic mitigation. These modifications have led to a 25% 

decrement in the base moment in Taipei 101 skyscraper. The aqua tower in Chicago 

has applied rounded corner modification to disrupt the wind flow around the tower. 

Ping, an International Finance Centre is tapered first as building shrinks with the 

elevation. Then each corner of the building is bevelled to create a rounded octagonal-

shaped floor, effectively controlling the crosswind effect. A reduction of 35% in 

wind loads and 32% in the overturning moment was observed [7]. 

It was evident from past research work that the conventional methods of 

wind analysis, both codal provisions as well as wind tunnel experiments have their 

shortcomings in terms of application and finances. Wind codes are restricted with 

height and conventional geometry provisions. The wind tunnel experiments are too 

expensive. Therefore, the sophisticated computational methods for numerical 

simulation have been introduced in wind analysis of buildings, but the reliability of 

such simulations is yet to be verified.  

A series of works have been carried out in the area of wind engineering 

based on wind tunnel test and Computational Fluid Dynamics (CFD) technique 

earlier. Ahmed Elshaer et al. [8] studied the application of Computational Fluid 

Dynamics "CFD" modeling for aerodynamic modification performance assessment. 

The comparison between the low dimensional CFD based methods and results of 

wind tunnel experiments were produced. The k-epsilon turbulence model was used to 
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simulate turbulence. Higher values for the drag coefficient were produced as the 

bluffer body induced a larger wake size. The problem considered by Vikram C. K. et 

al. [12] was the flow past a single square cylinder, and two square cylinders of the 

pitch to perimeter ratios of 2, 4, and 6 with and with-out corner modifications carried 

out numerically by using a commercial CFD code fluent. A square cylinder had more 

lift coefficient but lowers strouhal number when compared to chamfered and rounded 

corner. The lift and drag coefficient was lower for corner modified models because 

of the large tangential velocity of the square cylinder, which made the width of the 

wake behind the corner modified model small. 

This study aims at utilizing computational fluid dynamics to study 

aerodynamic mitigation by corner modification, after verifying its reliability with 

respect to wind tunnel experiment data. Validation of the experimental and numerical 

data is necessary to justify the simulations for unconventional and irregular 

geometries. Comparison between force and moment coefficients of CFX simulation 

with wind tunnel results has been made for three corner modified sections in this 

study to validate CFD simulation technique. Thereafter, the same CFX setup is used 

to study predetermined building corner modifications for a square section. Moreover, 

results obtained from this study can preliminarily offer an insight into other projects 

in case the geometrical properties of the models match since the tests provide some 

normalized parameters. Wind response of an isolated building modifies in the 

presence of interfering structure in near vicinities. The interfering structure produces 

turbulence, which may increase or decrease wind load on the principal structure. This 

study is based on previous research work on corner-cut configured structures. 

Interference refers to the increased or decreased effect that nearby buildings may 

have upon the wind behavior of one another. Within an urban environment, this 

arrangement is very common with significant effects on the structures; thus it is 

necessary to consider the context that independent structures cannot be treated in 

isolation. Along with the large research fields of bluff bodies and computational 

wind engineering, interference is also a significant area of study. The geometry, 

configuration, wind incidence angle, and upstream exposure of interfering structure 

are vital factors deciding wind loads on a building. 
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Table 1.1 A comparison of previous research on corner modifications 

Reference Approach Mitigation Results 

Tamura and 

Miyagi [31] 

 

 

Gu and 

Quan [11] 

 

 

                   

Tse et al. [33] 

 

 

Carassale et 

al. [33] 

 

 

Kwok and 

Bailey [17] 

 

 

Kawai [16] 

 

 

Kwok [18], 

Kwok et al. 

[19] 

 

N.J. Jamieson 

et al. [14] 

 

 

Yi Li et al. 

[23] 

 

 

Elshaer et al. 

[8] 

 

 

 

HFFB [wind 

tunnel] 

 

HFFB 

[wind tunnel] 

 

 

 

HFFB   

[wind tunnel] 

 

 

Aeroelastic  

 [wind tunnel] 

 

 

Aeroelastic  

[wind tunnel] 

 

 

Aeroelastic 

[wind tunnel] 

 

 

Aeroelastic 

[wind tunnel] 

 

Aeroelastic 

[wind tunnel] 

 

Aeroelastic 

[wind tunnel] 

 

  

CFD 

 

 

Chamfering, rounded 

corners 

 

 

Chamfering, 

recession   

 

 

 

Chamfering, 

recession 

 

 

Rounded corners with 

varying modification 

length. 

 

 

Square sections with 

vertical and vented 

fins, corner slots 

 

 

Rounded, chamfered 

and recessed corners 

  

 

Chamfering, corner 

slots, horizontal slots  

 

 

Rounded, recessed 

and bevelled slots 

 

Bevelled, chamfered 

and recessed corners 

and Corner cut at 

10% rate 

 

Chamfering, 

recession for 2D flow 

 

Along-wind forces and drag are 

reduced. Variation in fluctuating lift 

coefficient is observed 

 

Formulation for power spectra of the 

across-wind dynamic forces, base 

moment coefficient, and shear forces 

are derived, aerodynamic damping 

effects discussed 

 

The effects of the aspect ratio of 

recessed corners are sounder compared 

to chamfered corners. Round corners 

reduce drag the most. 

 

Critical angle of incidence decreases 

with the increase in the modification 

length 

 

Fins are efficient for acrosswind 

response only while corner slot works 

in both alongwind and acrosswind 

directions. 

 

Rounding corners are most effective. 

 

 

Significant effect on along-wind and 

across-wind excitation and responses. 

 

Peak suction coefficients and location 

observed. 

 

                                                     

Recessed and chamfered corners were 

found more effective in reducing wind 

loads than a rounded corner.  

                                                           

For optimal shape, mean along-wind 

and fluctuating across-wind force 

coefficients could be reduced 

considerably. Drag coefficient could be 

reduced by up to 40 % by rounding the 

corners.  
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The variables responsible for such prediction involve topographical and 

meteorological elements too; thus codal provisions for interference effects are not too 

accurate and extensive. Stathopoulos [30] suggested that wind load can be over and 

under predicted by 525% and 46% respectively, for simple prismatic structures.  

                   In case of a standalone structure, a positive pressure is developed on 

windward side of a building due to direct impact of wind. The other faces and wall 

develop negative pressure due to edge separation. The sharp corners of buildings can 

produce wind flow separation resulting in a strong wind-structure interaction induced 

loads. Some aerodynamic modifications in architectural design are effective in 

reducing the effects of the lateral wind forces significantly. These aerodynamic 

modifications in building shape change the flow pattern around the building, thus 

moderating the wind responses.  In fact, horizontal corner modifications of building 

shapes have been proved to be effective for the reduction of wind effects on tall 

buildings. A similar study has been performed beforehand on the numerical 

simulations and wind tunnel results to study aerodynamic mitigation by minor 

modification in terms of corner cutting. The optimum aerodynamically efficient 

corner configured model section of that case study with most force and moment 

reductions has been taken as test PM (Principal Model) and IM (Interfering Model) 

in this study. There are various parameters that alter the manner in which one 

building affects the forces on other buildings in its vicinity. A series of works have 

been carried out in the area of wind engineering to analyze the effect of position 

configuration, orientation, and aspect ratio on interference effects. Agrawal et al. [1], 

Zhang and Gu [40], Gu and Xie [11], Xie and Gu [36], and Zhang et al. [39] has 

worked on the same research aspects in their studies. 

                    The study by Pallab and Sujit, 2015 [15] is based on the directionality 

effects of interfering structures. They suggested interference effect alters the 

projections based on the geometry of the primary building and the surrounding 

topography, terrain, and directionality conditions. The paper suggested wind pressure 

response variation dependence on the arrangement of adjacent structures and the 

wind flow direction. Interference excitation for torsional and translational structure 

response was investigated by Tang and Kwok (2004) [32] in a wind tunnel setup. Xie 
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and Gu [36] explained channeling and shielding effect of interfering building 

configurations and interference factor variations through a series of wind tunnel tests. 

Lam et al. [20] studied the interference effects on closely spaced structures and 

suggested that the vortex shedding dilutes in case of a closely spaced configuration 

compared to an isolated configuration.  

   Abhay gupta et al. [10] suggested that interfering building models with 

heights less than half the height of principal model do not affect principal building 

response significantly, and corners of vertical wall cladding must be examined for 

wind response. Lee et al. studied surface pressure distribution on rectangular 

structures with varying aspect ratios and side ratios. The current study focuses on the 

effects of height ratio, orientation, and blockage configuration on interference 

effects. The pressure and force coefficients of isolated and interfering cases are 

plotted and duly compared. The dynamic behavior of wind is also incorporated in the 

study by calculating local peak pressure coefficients and plotting power spectral 

density curves. 
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Chapter 2 WIND TUNNEL EXPERIMENT 

The synchronous multi-pressure scanning system (SM-PSS) to measure 

pressure, high frequency base balance (HFBB) test to measure base force 

components, and aeroelastic model which takes account of stiffness and damping 

properties of structure are major three experiments performed to analyse wind 

structure interaction in a wind tunnel. In this study, Wind tunnel experimental data 

has been taken from the base force component studies of Dr. Ritu Raj et al. [2] work 

on wind loads on cross shaped tall buildings.  

 

2.1 Measurement technique  

The base shear, base moments, and twisting moments acting on rigid 

models for several angles of attack of wind incidence varying from 0° to 180° at an 

interval of 15° are measured by a five-component load cell. Average output has been 

recorded for 60-second observations at intervals of 1 second by the specialized data 

acquisition system. 

2.2 Model description 

Rigid models of plywood at a scale of 1:100 are used to model prototype 

buildings of cross section 400 m
2
 and height 60 m (Fig. 2.3). Three sections, one 

square (A) and two with corner cuts (B and C), have been modeled with the same 

height of 600 mm and a cross-sectional area of 40,000 mm² (Fig. 2.1 and Fig. 2.2). 

The models B and C have corner cuts of 50 mm and 100 mm respectively
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Figure 2.1 Model cross-sectional shapes 

 

 

Figure 2.2 Dimensions of rigid models 
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Figure 2.3 Wooden models test sections 

2.3 Flow characteristics 

In this study, the experiments have been performed in open circuit 

boundary layer wind tunnel at the Department of Civil Engineering, IIT Roorkee, 

India. The wind tunnel has a cross-section of 2 m (width) x 2 m (height) and a 15 m 

long test section (Fig. 2.4). 99 cm vortex generators, 16 cm barrier wall, and 70 mm, 

50 mm, 38 mm cubical blocks (Fig. 2.5) were set up at upstream test length to 

produce terrain category-II as per IS 875 (Part 3)-1987 [13]. The models placed on 

load balance at 10.1 m distance from the upstream test section have been exposed to 

wind velocity 9.78 m/s. Atmospheric boundary layer with turbulence intensity 12 % 

was formed in the wind tunnel. 

 



 

12 

 

 

Figure 2.4 Flow profile of wind tunnel 

 

Figure 2.5 Elevation view of the tunnel section 

 

2.4 Evaluation of wind load as per IS:875   

IS: 875 (Part 3) is the code that provides guidance for the design of wind 

load in the Indian context. To calculate design wind pressure on a structure over an 

area, first we collect information about the basic wind speed (Vb) over the area from 

the Code. Design wind speed depends upon some factors, i.e, the topography of the 

area, architectural features and probability of wind occurrence. The basic wind speed 

is multiplied by the influencing factors K1, K2, K3 and K4. 
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2.4.1 Design Wind Speed (Vz)  

                                Vz = K1* K2* K3 *Vb                                           (2.1) 

where Vb = Basic wind speed based on peak gust velocity averaged over a short time 

interval of about 3 seconds and corresponding to mean height (height 10 m) above 

ground level in open terrain (Category 2). Basic wind speeds given in IS: 875 (Part 

3) have been worked out for a 50-year return period. 

2.4.2 Design Wind Pressure (Pz)  

Bernoulli’s equation for streamline flow can be used to determine the 

local pressure at the stagnation point as a column of airstrikes (90°) an immovable 

body Thus 

Pz = 0.5*ρ*(Vz)^2                                               (2.2) 

For the calculation of wind load on individual structural elements such as 

roofs, walls, and individual cladding units and their fittings, it is essential to take 

account of the pressure difference between opposite faces of such elements. For clad 

structures, external and internal pressures have to be found out first. Wind load (F) 

acting in a direction normal to the individual structural element or cladding is:  

    F = (Cpe-Cpi)*A*Pz                                             (2.3) 

Cpe = External pressure coefficient [Clause 6.2.2 of IS: 875 (Part 3)].   

Cpi = Internal pressure coefficient [Clause 6.2.3 of IS: 875 (Part 3)]. 
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Chapter 3 NUMERICAL STUDY 

Transient analysis of the three blockage configurations has been performed in 

the CFX package of commercial CFD software Workbench 19.1 (ANSYS). A steady-state 

Reynolds-Averaged Navier-Stokes (RANS) equation-based k-ε turbulence model has been 

used to predict the time series of wind loadings and pressure on the building models. The 

structural responses are explored with the help of the Fourier transformation function on 

major pressure probe points. The flow chart of the process adopted has been depicted in Fig. 

3.1. Total of 8 monitors were created to observe the transient variations. A Perl script 

(Appendix 1) was written to automate the post-processing result file for graphical outputs. 

 

Figure 3.1 Flow chart of simulation run
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3.1 Turbulence model 

The CFD software package of ansys provides multiple turbulence 

models. However, only a proper turbulence model flow profile generates accurate 

results as compared to wind tunnel experiments. The accuracy mainly depends upon 

the computational grids and discretization method incorporated. All the above factors 

are considered in this study. Numerical predictions are verified by their comparison 

to the results of a wind tunnel special experiment. The standard k-ε turbulence model 

has been producing the fastest and accurate results except non-isotropic k-ε 

turbulence simulations [38]. In comparison with the RNG k-ε model and SST model 

it was evident that the standard k-ε turbulence model has produced more convergent 

results.  

The k-ε model relates the Reynolds stresses to the mean velocity 

gradients and turbulent viscosity, where ‘k’ is turbulence kinetic energy i.e., the 

variance of fluctuations in velocity and ‘ε’ is the turbulence eddy dissipation. The 

three components of velocity momentum equations and turbulence kinetic energy 

and dissipation of turbulent kinetic energy equations are solved by the CFX solver. 

Bhattacharyya and Dalui [4] have also used two equations k-ε turbulence model for 

wind force and pressure coefficients study on the surfaces of an unsymmetrical E-

shaped building using CFD. The RNG k-ε produces adequate results too but fails in 

back wall result convergence. 

 The k-ε turbulence is also limited to the fully developed turbulent and 

non-separated flows. To negate these limitations turbulence coefficients have been 

modified according to k-ε models developed by Mohammadreza Shirzadi [29]. This 

modified model produces a less viscous flow, hence more realistic flow features with 

the complex geometry. Therefore, two equation k-ε turbulence model was introduced 

for better accuracy and less numerical effort.  

Generally, laminar and turbulent flows are represented by Navier-stokes 

equations for different turbulent length and time scales as mentioned below. In CFD, 
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turbulence models alter the unsteady Navier-stokes equations by introducing 

averaged and fluctuating quantities to produce the Reynolds Averaged Navier-Stokes 

(RANS) equations thus producing statistical turbulence models. 
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The k-ε model, is based on the eddy viscosity concept, so that 

    

                                                                                               (3.3) 

 The turbulence viscosity is related to turbulence kinetic energy and 

dissipation such that 

                                        
  

 
                                                        (3.4) 

Therefore, differential transport equations for the turbulence kinetic 

energy and turbulence dissipation rate as per differential transport equations [26] are 
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The standard and modified k-ε model constants are given below in Table 

3.1 

Table 3.1 Turbulence model k-ε model constants 

 Cε1 Cε2 σε  Cμ 

Standard Value 1.44 1.92 1.3  0.09 

Modified Value 1.489 2.801 0.373  0.146 

 

3.2 Domain and Meshing 

The domain size has been introduced as per suggestions by Franke et al. 

[9]. The upstream, side, and top clearance from model faces of model height H has 

been taken as 5H. The downstream clearance has been provided with length 15H so 

that vortex and back flow on the leeward side can be curbed (Fig. 3.2). The meshing 

is produced with physics preference CFD and solver CFX. Tetrahedral meshing with 

inflation control has been formed to generate uniform flow around the model. The 

size function for the mesh is set as curvature to maintain the shape of the model. 

Skewness and orthogonality controls have been used to check the mesh quality. The 

ANSYS (CFX) uses the finite volume method to discretize the region of interest into 

the finite number of cells. The discretization square model is shown in Fig. 3.3. 

             Face sizing: An unstructured tetrahedral element size of 0.01m has been 

provided to the model walls. A 20 layered inflation is also provided to form uniform 

flow. Further refinement is conducted on the bottom boundary near the model 

domain for accuracy of the model results. Mesh characteristics are listed in Table 

3.2. 
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Figure 3.2 Domain mesh and size 

 

Figure 3.3: Structured domain and meshing 

 

Table 3.2: Mesh characteristics 

Criteria Value 

Body sizing 0.03 m 

Face sizing 0.12 m 

Edge sizing 0.01 m 

Inflation layer 40 

Growth rate 1 
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3.3 Boundary Conditions 

   The wind tunnel experiment boundary conditions have been introduced 

so that numerical and experimental results can converge. Boundary layer wind flow 

is generated by incorporating inlet velocity with power law at inlet boundary. The 

gauge pressure at the outlet has been considered as 0 Pa. The ground surface and 

model surface are provided with no slip condition with ground roughness 0.0024 m. 

The side walls and top wall of tunnel domain have free slip condition so that no force 

generates there. The boundary wall conditions are mentioned Table 3.3. A power law 

expression (Eq. 3.7) has been incorporated to introduce boundary layer wind flow at 

the inlet with reference speed (URef) 4.781 m/s at a reference height (ZRef) of 0.005 

m. The value of power exponent (α) has been taken as 0.144 for the numerical 

simulation to generate a velocity profile.  

                      U/ URef = (Z/ ZRef )
α 

                                                  (3.7) 

 

Table 3.3: Boundary conditions and settings 

Boundaries  

Boundary - inlet  Setting 

Type INLET 

Location inlet 2 

Settings   

Flow Regime Subsonic 

Mass and Momentum Normal Speed 

     Normal Speed power 

Turbulence Intensity and Auto Compute Length 

     Fractional Intensity 1.20E-01 

Boundary - outlet   

Type OUTLET 

Location outlet 2 

Settings   

Flow Regime Subsonic 

Mass and Momentum Average Static Pressure 
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     Pressure Profile Blend 5.00E-02 

     Relative Pressure 0.0000e+0 [Pa] 

Pressure Averaging Average Over Whole Outlet 

Boundary - bottom   

Type WALL 

Location wall solid 2 

Settings   

Mass and Momentum No Slip Wall 

Wall Roughness Rough Wall 

     Sand Grain Roughness Height 2.4000e-3 [m] 

Boundary - model   

Type WALL 

Location model 

Settings   

Mass and Momentum No Slip Wall 

Wall Roughness Rough Wall 

     Sand Grain Roughness Height 3.0000e-3 [m] 

Boundary - walls   

Type WALL 

Location walls 

Settings   

Mass and Momentum Free Slip Wall 

 

3.4 Model Description for interference study 

       Two corner-configured models of cross-sectional dimensions 

200*200 mm with corner cuts of 25 mm in each direction have been taken as IM and 

PM in this study. The PM remains at 600 mm height throughout the simulation, 

whereas the IM height is varied for Hr values 1 to 6. Three blockage conditions have 

been produced in the virtual wind tunnel named half blockage (HB), full blockage 

(FB), and no blockage (NB) according to their blockage dimension of PM by half 

breadth, full breadth, and zero breadth respectively as shown in Figs. 3.4, 3.5, and 

3.6. The interference spacing (S) has been maintained 120 mm throughout the 

experiment. 
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          One centreline on each face and one horizontal polyline at 0.9H 

have been created as data points to monitor pressure coefficients on PM. Six pressure 

probe points have also been created at height 0.9H and 20 mm distance from front 

and side faces monitoring transient pressure variations during the simulation. The 

tapping points are depicted in Fig. 3.7. 

                      

Figure 3.4 No blockage                                                       Figure 3.5 Full blockage 

                      

Figure 3.6 Half blockage                                              Figure 3.7 Tapping points 



 

22 

 

3.5 Grid independence study 

 Unstructured grids are incapable of condensing mesh nodes, thus 

providing less accurate computational results. About 0.4 million grid cells are 

introduced in the domain, out of which 0.16 million are on the tunnel floor. The cell 

height of the grid is also allotted according to y+ study. Grid independent studies are 

performed to generate grid independent numerical solutions. The mesh must be 

divided into higher orders to reduce vortex sizes in wake regions and achieve 

accuracy in CFD simulation. It is observed that simulations with a higher number of 

nodes produce better accuracy. However, a higher number of nodes will increase 

simulation time proportionally.  The results of convergence study for finer base 

sizing with constant face sizing and inflation suggest that mesh and results are better 

converged in case of finer sizing. 
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Chapter 4 RESULTS 

4.1 Corner study 

4.1.1 Comparative Study 

A comparative study between numerical simulations and the wind tunnel 

experiment results has been carried out. It was observed that the CFD simulations 

were at par with the tunnel results. Force coefficient (drag) and moment in Y 

direction have been compared for this analysis. The convergence appears to decrease 

with corner cut models because of the complexity of meshing. Orthogonality and 

skewness in corner cut models also affected the results. A finer face and mesh sizing 

in the corner cut models resulted in more converged results. Interpolation has been 

adopted for major discrepancies in results. The comparative graphs for force 

coefficient and moments have been presented in the Fig. 4.1- 4.6. 

 

Figure 4.1: Force coefficients Cd for model
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Figure 4.2: Moment My values for model A 

 

Figure 4.3: Force coefficients Cd for model B 

 

Figure 4.4: Moment My values for model B 
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Figure 4.5: Force coefficient Cd for model C 

 

Figure 4.6: Moment My values for model C 

4.1.2 Error analysis 

 A statistical error analysis has been performed to obtain the convergence 

accuracy in computational simulation and wind study. The Pearson’s correlation 

coefficient (R), mean absolute error (MAE), mean absolute percentage error 

(MAPE), root mean standard deviation (RMSD) values have been calculated to 

compare the results. The force coefficient and moment coefficients have been shown 

in Table 4.1.1 and 4.2 respectively. The RMSD values suggest better convergence 

for the rectangular model than the corner cut model. The results indicate the accuracy 
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of CFD simulation in more complex geometries may vary but are within acceptable 

limits. Therefore, this modeling can be trusted with future simulations. 

Table 4.1: Error analysis of drag force response 

Model R MAE MAPE RMSD 

A 0.493 0.063 8 0.075 

B 0.809 0.033 5.2 0.041 

C 0.953 0.067 9.2 0.075 

                    

 

Table 4.2: Error analysis of moment response 

Model R MAE MAPE RMSD 

A 0.986 0.09 4.4 0.097 

B 0.893 0.168 9.8 0.176 

C 0.977 0.178 7.7 0.203 

 

4.2 Case Study 

 

In present work, implications of corner configuration and performance of 

computational fluid dynamics in study of wind interactions has been performed. A 

case study has been performed based on the results of the numerical simulations to 

study aerodynamic mitigation by minor modification in terms of corner cutting. The 

same flow, domain and boundary conditions have been applied to new models with 

better face and edge meshing to compare corner modification effects on structures. A 

square section of dimension 200 mm has been taken for this study. The height of the 

section has been taken as 600 mm. A corner cut at the 6.25 mm rate on all sides has 

been applied in the square model and force, moment and pressure variations in the 

CFX solver have been observed. The results listed in Table 4.3 suggest significant 

force and moment deductions for 12.5 mm, 18.75 mm and 25 mm corner cut cases. 

These results are further explored in subsections. 
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Table 4.3: Force and moment observations of test models 

  Model 
Corner cut 

[mm] 
Drag force 

[N] 
Lift force 

[N] 
Moment 

[N-M] 

A 0 5.70 0.010 1.92 

B 6.25 5.20 -0.058 1.72 

C 12.5 4.22 0.006 1.46 

D 18.75 4.44 -0.019 1.52 

E 25 4.88 0.025 1.56 

F 31.25 5.34 -0.011 1.80 

G 37.5 5.50 -0.003 1.84 

H 43.75 5.72 -0.023 1.90 

I 50 5.84 -0.021 1.95 

 

4.2.1 Power Spectral Density 

This section explores the power spectral density function for a more 

nuanced study of the across wind response. The power spectra are used for a better 

understanding of across wind responses of test models of smaller magnitudes. The 

hannings FFT model is used to plot power spectral density of lift coefficient 

(nS(n)/σCfy) versus strouhal number (nD/H).  

 

Figure 4.7: PSD for across wind response 



 

28 

 

It is evident from the PSD plot (Fig. 4.7) for across wind response that 

the spectra of all corner cut cases flow under the square model spectra, thus 

producing smaller magnitudes of force across wind direction than the square model. 

However, the 50 mm corner cut spectra flows over the square model’s spectra, thus 

producing greater magnitudes of wind response. The gap between PSD responses is 

least for 6.25 mm corner cut and square model thus, magnitudes of the force were in 

closer proximities. The most docile PSD curves was observed for 12.5 mm and 18.75 

mm corner cut cases. 

 

4.2.2 Horizontal pressure coefficient 

            The pressure coefficient variation due to different corner cut 

dimensions has been discussed in this section. A perimeter is placed at 0.9H height 

i.e. 540 mm from the base on the model in the form of a polyline to measure the 

external pressure coefficient. A series of four probe points are also placed on this 

pressure belt to monitor the transient pressure variations. It is evident from the Cp 

plot (Fig. 4.8) that for corner cuts of 12.5 mm and 18.75 mm the front face cp values 

turn negative, which is responsible for the reduction in drag force in these cases. The 

transient pressure study on the front face later suggested suction points on the 

model’s front face. In 12.5 mm corner cut condition, windward projections for front 

and side faces reverse in magnitudes as corner cut disturbs the flow profile around 

the model. The maximum variation in cp values is observed for 12.5 mm and 50 mm 

corner cut case. The increment in positive cp in the case of 50 mm cut is observed 

24.8%, thus producing higher drag values. The increment is responsible for more 

turbulence in the wake regions of the model. The maximum negative cp value 

doubles in the case of a 12.5 mm corner cut.  
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Figure 4.8: Pressure coefficient curve for polyline at 540 mm 

 

 

4.2.3 Kinetic energy fluctuations and Turbulence 

         On monitoring probability density function, many subsequent peaks 

were observed. These subsequent peaks may suggest vortex shedding and 

reattachment of the separated turbulent flow. These flow conditions produce 

turbulence in the wake regions. The vortex shedding and turbulence majorly 

contribute to the kinetic energy (KE) in the wake region. A section plane was created 

at the top of the model to analyze the pattern of wake region employing kinetic 

energy fluctuations and compared them with the square model (Fig. 4.9- 4.17). The 

kinetic energy plot of the square model suggests flow separation at model corners. 

The corner cuts help to reattach this separated flow. The reattachment of flow is 

observed in the wake region in these cases. In the case of 12.5 mm and 18.75 mm 

corner cuts, the reattached flow was the most stable, and prolonged wake religion 

was observed. This reattachment helps stabilising the wake turbulence, and suction is 

developed on the model face which was evident from the Cp plots on the polyline.  
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Figure 4.9: Kinetic energy spectrum for square model 

 

Figure 4.10: Kinetic energy spectrum for 6.25 mm cut section 

 

Figure 4.11: Kinetic energy spectrum for 12.5 mm cut section 
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Figure 4.12: Kinetic energy spectrum for 18.75 mm cut section 

 

Figure 4.13: Kinetic energy spectrum for 25 mm cut section 

 

Figure 4.14: Kinetic energy spectrum for 31.25 mm cut section 
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Figure 4.15: Kinetic energy spectrum for 37.5 mm cut section 

 

Figure 4.16: Kinetic energy spectrum for 43.75 mm cut section 

 

Figure 4.17: Kinetic energy spectrum for 50 mm cut section 
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Furthermore, these responses showed prolonged and wider wake 

religions as magnitudes of corner cuts increase. A higher magnitude of turbulence 

with a larger wake in kinetic energy plot was observed for 50 mm case. A reduction 

of 50% in wake region kinetic energy magnitude was observed for all cases except 

6.25 mm corner cut. The corner cuts of the principal model may be responsible for 

this across wind wake regions. 

4.2.4 Pressure Contours 

                     

          Figure 4.18 Front face square model                                          Figure 4.19 Side  face square model 
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     Figure 4.20 Front face 6.25 mm corner cut                                  Figure 4.21 Side face 6.25 mm corner cut 

 

                     

      Figure 4.22 Front face 12.5 mm corner cut                                  Figure 4.23 Side face 12.5 mm corner cut 
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    Figure 4.24 Front face 18.75 mm corner cut                                 Figure 4.25 Side face 18.75 mm corner cut 

 

                     

     Figure 4.26 Front face 25 mm corner cut                                       Figure 4.27 Side face 25 mm corner cut 
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   Figure 4.28 Front face 31.25 mm corner cut                                  Figure 4.29 Side face 31.25 mm corner cut 

 

                      

    Figure 4.30 Front face 37.5 mm corner cut                                   Figure 4.31 Side face 37.5 mm corner cut 
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    Figure 4.32 Front face 43.75 mm corner cut                                 Figure 4.33 Side face 43.75 mm corner cut 

 

                      

          Figure 4.34 Front face 50 mm corner                                         Figure 4.35 Side face 50 mm corner cut 
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4.3 Interference Study 

4.3.1 Interference effect on along win response 

      The interference factor (IF) is the ratio of wind load on PM under 

influence of interference to the wind response of an isolated PM (Eq. 4.1). To assess 

wind interference effects along wind direction the force along the normal x-direction 

has been computed for all principal models with different configurations of IM 

locations and orientations.  

              
                                      

                             
                                (4.1)         

        The interference effect on PM is assessed by plotting IF values 

against different height ratios and different orientations of IM. The IF values less 

than unity suggest a shielding effect on PM. The values of IF more than unity 

suggest enhanced wind loading. In our study, no case of enhanced loading is 

observed. When the IM is placed at HB blockage condition it is observed that the IF 

values are very low due to shielding effect. Optimum shielding of 90% is observed 

for the IM model of 600 mm at 60-degree orientation (Fig. 4.36). No shielding was 

observed in the case of 100 mm high IM. In the case of NB and HB blockage 

conditions the shielding increased with a decrease in height ratio too, thus reducing 

the value of the IF factor (Figs. 4.37 and 4.38). The HB and NB blockage 

configuration showed optimum reduction at 45-degree and 60-degree orientations 

respectively. The maximum interference effect was observed for no blockage 

condition at 0-degree orientation. The maximum variation was observed for Hr ratio 

5 and 6 within the range of 16-39% increment for blockage ratio in ascending order 

except for the exceptional case of Hr 6 in full blockage configuration. 
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Figure 4.36 Interference factor for FB configuration 

 

 

Figure 4.37 Interference factor for HB configuration 
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Figure 4.38 Interference factor for NB configuration 

 

4.3.2 Interference effect on across wind response 

           The across wind response of interference effects through 

interference factor of the normal force in the y-direction on PM showed great 

variations and anomalies. In some cases, the across wind response suggested 4 to 5 

folds magnitudes that of isolated structure. This section explores the power spectral 

density function and pressure coefficients for a better understanding of the 

interference effect on across wind response. This section discusses IM heights of 300 

mm and 400 mm in different configurations as their responses were exceptional in 

the normal y-direction in comparison to other model heights. 

        The power spectral density of lift coefficient (nS(n)/σCfy) versus 

strouhal number (nD/H) has been plotted using hannings FFT model. Power spectral 

densities of force coefficient in y-direction were plotted against strouhal number for 
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different orientations of IM. It is evident from the PSD plots that the spectra of both 

the model heights flow over the isolated structures spectra, thus producing large 

magnitudes of force coefficients across wind direction than an isolated structure. The 

gap between PSD response is least for FB blockage condition thus magnitudes of the 

force coefficients were in closer proximities to that of an isolated structure (Fig. 4.39 

and 4.40). Fig. 4.43 and 4.44 suggest that for NB condition for IM models of height 

300 and 400-mm power spectra of orientations 0-degree and 15-degree only provide 

a stable response for across wind forces. Power spectra of half blockage conditions 

also give acceptable responses only at 0-degree and 30-degree for 300 mm (Fig. 

4.41), and 0-degree for 400 mm models (Fig. 4.42). Thus, the along wind 

interference parameter IF alone can’t justify the interference effects. It was observed 

as the Hr of building decreases the pressure spectra extends to high-frequency scales, 

on contrary for lower heights of IM the pressure spectra was observed the same as an 

isolated building. The unstable orientation angles of the 300 mm and 400 mm IM 

were further explored by evaluating transient pressure coefficient analysis on a 

polyline. 

 

Figure 4.39 PSD for 300 mm IM at FB configuration 
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Figure 4.40 PSD for 400 mm IM at FB configuration 

 

Figure 4.41 PSD for 300 mm IM at HB configuration 
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Figure 4.42 PSD for 400 mm IM at HB configuration 

 

Figure 4.43 PSD for 300 mm IM at NB configuration 
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Figure 4.44 PSD for 400 mm IM at HB configuration 

 

4.3.3 Horizontal pressure coefficient 

            The pressure variation due to different orientation of IM of height 

300 mm and 400 mm in all blockage conditions has been discussed in this section. A 

perimeter is placed at 0.9H height i.e. 540 mm from the base on the PM in the form 

of a polyline to measure the external pressure coefficient.  

            A series of six probe points are also placed on this pressure belt to 

monitor the transient pressure variations as shown in Fig. 3.7. The coefficient of 

pressure variations for Hr 3 and 4 are highlighted in this section as these cased 

showed most variation in across wind responses of PM. It is evident from the Cp plot 

(Fig. 4.45 and 4.46) that for orientation of 30, 45, 60, and 75-degree for no blockage 

condition in case of 300 mm and 400 mm IM the negative Cp on the side faces 

increases up to maximum 24%. This increment is responsible for more turbulence in 
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the wake regions of the PM. For the same height ratios in full blockage condition, the 

Cp values (Figs. 4.49 and 4.50) are increased up to 27 % with respect to an isolated 

model. Although, the full blockage Cp variation doesn’t contribute much to across 

wind response as the opposite side face pressure coefficients diminish the response. 

         In the case of the half blockage condition, windward projections for side faces 

reverse in magnitudes as streamlines projected from IM disturb the flow profile 

around PM as shown in Fig. 4.47 and 4.48. Half shielding of the PM creates a wake 

region between two models, thus creating negative pressure points on the front face. 

 

 

Figure 4.45 Cp curve for 300 mm IM at NB configuration 

 

 



 

46 

 

 

Figure 4.46 Cp curve for 400 mm IM at NB configuration 

 

Figure 4.47 Cp curve for 300 mm IM at HB configuration 
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Figure 4.48 Cp curve for 400 mm IM at HB configuration 

 

Figure 4.49 Cp curve for 300 mm IM at FB configuration 
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The transient pressure study on the front face later suggested suction 

points on the front faces of the PM. The common projection in all the blockage 

conditions is that the most unstable nature of across wind response was generated for 

a 60-degree orientation of IM. 

 

Figure 4.50 Cp curve for 400 mm IM at FB configuration 

 

4.3.4 Kinetic energy fluctuations and Turbulence 

         On monitoring probability density function many subsequent peaks 

were observed. These subsequent peaks may suggest vortex shedding and 

reattachment of the separated turbulent flow. These flow conditions produce 

turbulence in the wake regions of the principal modal. The vortex shedding and 

turbulence both contribute to the kinetic energy (KE) in the wake region. A section 

plane was created at the top of PM to analyze the pattern of these turbulences 

employing kinetic energy fluctuations and compared them with the isolated model. 
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The vortex shedding and turbulence both contribute to the kinetic energy in the wake 

region. The most unstable wind response cases have been compared here. It is 

observed in most of these cases suction is developed on both roof and the front face 

of the PM which was evident from the Cp plots on the polyline Furthermore, these 

cases had wake regions developed on the right side of PM. These responses also 

showed prolonged wake religions and a higher magnitude of turbulence as compared 

to the isolated principal model kinetic energy plot. The corner cuts of the principal 

model may be responsible for this across wind wake regions. This can be justified by 

an interference study on square sectional models of the same cross-sections as corner 

cut models. 

 

Figure 4.51 KE spectrum for isolated PM 

   

 

Figure 4.52 KE spectrum for PM for 15-degree IM 300 at NB 
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Figure 4.53 KE spectrum for PM for 60-degree IM 300 at NB 

 

Figure 4.54 KE spectrum for PM for 60-degree IM 300 at HB 

                   

Figure 4.55 KE spectrum for PM for 45-degree IM 400 at NB 
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Figure 4.56 KE spectrum for PM for 15-degree IM 400 at HB 

 

Figure 4.57 KE spectrum for PM for 60-degree IM 400 at HB 

4.3.5 Velocity Streamlines 

The velocity streamlines for corner cut sections are compared with an 

isolated square model in this section. Fig. 4.59 and 4.60 suggest that IM does mot 

disturb the flow lines from the PM, but the wake region flow profiles are different in 

these cases than an isolated square model. A wider wake is observed in these cases. 

In most of the NB configuration the streamlines from IM don’t interfere with the PM. 

In case of HB configuration (Fig. 4.61, 4.63 and 4.64) the interference effects were 

more prominent than the NB case. 
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Figure 4.58 Velocity streamlines for isolated PM 

 

 

Figure 4.59 Velocity streamlines for PM for 15-degree IM 300 at NB 
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Figure 4.60 Velocity streamlines for PM for 60-degree IM 300 at NB 

 

 

Figure 4.61 Velocity streamlines for PM for 60-degree IM 300 at HB 
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 Figure 4.62 Velocity streamlines for PM for 45-degree IM 400 at NB 

 

 

Figure 4.63 Velocity streamlines for PM for 15-degree IM 400 at HB 
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Figure 4.64 Velocity streamlines for PM for 60-degree IM 400 at HB 
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Chapter 5 CONCLUSION 

5.1 Corner Study 

 In this study, the prediction of along wind components with numerical 

simulations has shown great accuracy. The findings of this study have led to 

comprehensive understanding of the aerodynamic and response characteristics of 

super-tall buildings with various cross-sections. It has been observed that the 

computational fluid dynamics simulations in the numerical model agree with the 

experimental results. The results are in better agreement on the front face and across 

wind responses but show a slight discrepancy in lift forces. Some modifications in 

the fluid domain and meshing have to be performed in more complex models to 

generate more convergent results. The k-ε turbulence model has shown great 

performance in numerical simulations. This study suggests that numerical 

simulations can be reliable for more complex wind simulations. This evaluation 

suggests the suitability of low-dimensional steady computational fluid dynamics 

modeling for performance assessment. The case study for corner modifications 

suggests the following 

 Minor modifications like corner cutting may lead to reductions in drag force 

and moment by 25% and 20% respectively. 

 Corner modification showed better performance upto 12-15% modifications 

in section. More than 22% reduction leads to aerodynamic instability of the 

structure. 
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 Streamline study and pressure field of the models show suction near the 

corner cut the walls which may be responsible for drag force reductions. 

 The introduction of corner cutting (chamfer and fillet) in building plans can 

be effective in aerodynamic mitigation but requires a complete understanding 

of the building aerodynamics and wind responses. 

5.2 Interference Study 

 Interference effects on corner configured high rise building models have 

been investigated for three blockage conditions in this study. The efficacy of 

interference model orientations and height ratio has been examined in detail. Several 

findings have been enlisted as follows. 

 The maximum value of the interference factor was achieved equal to unity. 

The shielding effects were prominent for all three cases as the spacing 

between the models was kept as low as 0.2H. 

 The interference factor showed good results in along wind response study but 

for across wind response, other parameters have to be trusted. The shielding 

effect was prominent throughout all the cases but 24-27% increment in 

negative Cp on some faces inclined to this conclusion. This suggests corner 

cut models may be responsible for such across wind response. 

 In all three blockage configurations, the 60-degree orientation of IM 

interfered the most with PM, thus producing the strongest wind responses. 

 For interfering model heights less than H/3 interference effect was negligible 

which justifies the codal provisions. 

 Kinetic energy fluctuations and force spectra suggested that some orientations 

of IM which produced the least stable wind response can be used for future 

parametric studies. 
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 Corner cut configured building models provide a good option to curb 

interference effect as suction developed at corner cuts may have reduced drag 

forces and flow separation. 
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APPENDICES  

Appendix 1 

! $List = getValue("DATA READER","Timestep List"); #this looks for all trn.files 

! print "$List \n"; #shows the result of the search 

! @Wert = split(/,/,$List); #makes it accessible for further tasks 

! $lastFrame=$List[$#timestepList]; # very nice, this gives you the number of the 

last frame, nice for animations 

! foreach $List(@Wert){ #the MAINTASK, do the line and graph and export for 

every trn.file, see below 

> load timestep = $List #load the timestep 

! print "calculating for TIMESTEP $List \n"; 

! ($time, $timeunits) = evaluate("Time"); 

! } 

 

 

 

 

 



 

60 

 

Appendix 2 

Table A 2.1 Pressure coefficient on polyline for 100 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0.00 -0.32 -0.32 -0.17 -0.16 -0.18 -0.32 

1.00 -0.33 -0.32 -0.18 -0.17 -0.17 -0.31 

2.00 -0.39 -0.33 -0.18 -0.17 -0.03 -0.32 

3.00 -0.39 -0.33 -0.40 -0.38 -0.08 -0.32 

4.00 -0.34 -0.33 0.52 0.51 -1.18 -0.32 

5.00 -0.27 -0.35 0.53 0.52 -1.11 -0.34 

6.00 -0.26 -0.35 0.62 0.60 -0.69 -0.34 

7.00 -0.26 -0.41 0.63 0.61 -0.47 -0.40 

8.00 -0.24 -0.44 0.66 0.63 -0.45 -0.43 

9.00 -0.23 -0.47 0.66 0.64 -0.41 -0.46 

10.00 -0.23 -0.69 0.67 0.65 -0.35 -0.67 

11.00 -0.23 -1.10 0.67 0.65 -0.35 -1.07 

12.00 -0.23 -1.17 0.67 0.65 -0.33 -1.15 

13.00 -0.22 -0.09 0.67 0.65 -0.33 -0.08 

14.00 -0.22 -0.04 0.64 0.62 -0.33 -0.03 

15.00 -0.22 -0.14 0.61 0.60 -0.32 -0.15 

16.00 -0.23 -0.15 -0.11 0.06 -0.33 -0.16 

17.00 -0.23 -0.16 -0.15 0.03 -0.40 -0.17 

18.00 -0.24 -0.48 -0.17 -0.01 -0.39 -0.38 

19.00 -0.27 0.45 0.00 -0.55 -0.34 0.51 

20.00 -0.27 0.54 0.04 -0.11 -0.27 0.52 

21.00 -0.32 0.63 -0.32 -0.08 -0.26 0.61 

22.00 -0.32 0.63 -0.38 -0.07 -0.26 0.62 

23.00 -0.33 0.66 -0.57 -0.37 -0.24 0.64 

24.00 -0.35 0.66 -1.12 -0.41 -0.23 0.64 

25.00 -0.34 0.67 -1.06 -0.43 -0.23 0.65 

26.00 -0.34 0.67 -0.74 -1.06 -0.23 0.65 

27.00 -0.34 0.67 -0.57 -0.94 -0.22 0.65 

28.00 -0.30 0.67 -0.51 -0.66 -0.22 0.65 

29.00 -0.31 0.64 -0.40 -0.49 -0.22 0.61 

30.00 -0.33 0.62 -0.39 -0.47 -0.23 0.59 

31.00 -0.33 -0.06 -0.35 -0.37 -0.23 0.02 

32.00 -0.35 -0.10 -0.33 -0.37 -0.24 -0.01 

33.00 -0.39 -0.12 -0.33 -0.32 -0.25 -0.06 

34.00 -0.40 -0.16 -0.31 -0.32 -0.27 -0.51 

35.00 -0.51 -0.14 -0.30 -0.32 -0.28 -0.26 

36.00 -0.57 -0.11 -0.34 -0.30 -0.33 -0.24 
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Table A 2.1 (continued) 

37.00 -0.74 0.21 -0.35 -0.34 -0.33 -0.22 

38.00 -1.05 -0.38 -0.35 -0.34 -0.34 -0.04 

39.00 -1.12 -0.45 -0.35 -0.34 -0.36 -0.39 

40.00 -0.57 -1.21 -0.33 -0.34 -0.36 -0.44 

41.00 -0.38 -1.22 -0.32 -0.32 -0.36 -1.14 

42.00 -0.32 -1.20 -0.32 -0.32 -0.36 -1.15 

43.00 0.03 -0.72 -0.27 -0.27 -0.31 -1.13 

44.00 -0.01 -0.54 -0.27 -0.27 -0.31 -0.65 

45.00 -0.17 -0.49 -0.24 -0.27 -0.32 -0.48 

46.00 -0.15 -0.38 -0.24 -0.24 -0.32 -0.43 

47.00 -0.11 -0.38 -0.23 -0.24 -0.33 -0.35 

48.00 0.61 -0.34 -0.23 -0.22 -0.35 -0.35 

49.00 0.64 -0.33 -0.22 -0.22 -0.36 -0.33 

50.00 0.67 -0.33 -0.22 -0.22 -0.44 -0.32 

51.00 0.67 -0.31 -0.22 -0.22 -0.49 -0.32 

52.00 0.67 -0.30 -0.23 -0.22 -0.67 -0.30 

53.00 0.67 -0.34 -0.23 -0.22 -1.18 -0.30 

54.00 0.66 -0.35 -0.23 -0.22 -1.20 -0.34 

55.00 0.66 -0.35 -0.24 -0.22 -1.19 -0.35 

56.00 0.63 -0.35 -0.26 -0.23 -0.46 -0.35 

57.00 0.62 -0.33 -0.26 -0.25 -0.40 -0.34 

58.00 0.53 -0.32 -0.27 -0.25 -0.02 -0.32 

59.00 0.52 -0.32 -0.34 -0.26 -0.22 -0.32 

60.00 -0.39 -0.27 -0.39 -0.33 -0.25 -0.32 

61.00 -0.18 -0.27 -0.40 -0.38 -0.30 -0.27 

62.00 -0.18 -0.24 -0.33 -0.38 -0.56 -0.26 

63.00 -0.17 -0.23 -0.32 -0.32 -0.08 -0.24 

64.00 -0.03 -0.23 -0.33 -0.31 0.01 -0.23 

65.00 -0.08 -0.23 -0.33 -0.32 0.05 -0.22 

66.00 -1.19 -0.22 -0.33 -0.32 0.62 -0.22 

67.00 -1.11 -0.22 -0.35 -0.32 0.63 -0.22 

68.00 -0.69 -0.22 -0.35 -0.34 0.67 -0.22 

69.00 -0.47 -0.22 -0.41 -0.34 0.67 -0.22 

70.00 -0.45 -0.23 -0.45 -0.40 0.67 -0.22 

71.00 -0.41 -0.23 -0.47 -0.44 0.67 -0.22 

72.00 -0.35 -0.24 -0.69 -0.46 0.66 -0.23 

73.00 -0.35 -0.26 -1.11 -0.67 0.65 -0.23 

74.00 -0.33 -0.26 -1.19 -1.08 0.63 -0.25 

75.00 -0.33 -0.27 -0.08 -1.16 0.54 -0.25 

76.00 -0.33 -0.34 -0.03 -0.08 0.54 -0.26 
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Table A 2.2 Pressure coefficient on polyline for 200 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.33 -0.35 -0.2 -0.16 -0.19 -0.19 

1 -0.33 -0.34 -0.2 -0.56 -0.18 -0.2 

2 -0.34 -0.34 -0.19 0.44 -0.03 -0.2 

3 -0.34 -0.41 -0.04 0.51 -0.09 -0.35 

4 -0.34 -0.41 -0.09 0.62 -1.16 0.43 

5 -0.36 -0.36 -1.22 0.63 -1.08 0.54 

6 -0.36 -0.28 -1.14 0.66 -0.67 0.54 

7 -0.43 -0.27 -0.71 0.66 -0.46 0.63 

8 -0.46 -0.27 -0.49 0.68 -0.44 0.65 

9 -0.49 -0.25 -0.46 0.68 -0.41 0.67 

10 -0.72 -0.24 -0.43 0.68 -0.34 0.67 

11 -1.14 -0.24 -0.36 0.68 -0.34 0.68 

12 -1.22 -0.24 -0.36 0.61 -0.32 0.68 

13 -0.09 -0.24 -0.34 0.61 -0.32 0.69 

14 -0.04 -0.23 -0.34 0.61 -0.32 0.68 

15 -0.19 -0.23 -0.34 -0.08 -0.31 0.64 

16 -0.2 -0.23 -0.33 -0.31 -0.31 0.61 

17 -0.2 -0.24 -0.33 -0.31 -0.38 -0.14 

18 -0.35 -0.25 -0.4 -0.29 -0.38 -0.17 

19 0.43 -0.26 -0.4 -0.21 -0.33 -0.19 

20 0.54 -0.28 -0.35 -0.26 -0.26 -0.15 

21 0.54 -0.29 -0.27 -0.47 -0.25 -0.13 

22 0.64 -0.34 -0.27 -1.12 -0.25 -0.12 

23 0.65 -0.34 -0.26 -1.05 -0.23 -0.19 

24 0.67 -0.35 -0.24 -0.74 -0.22 -0.23 

25 0.68 -0.37 -0.23 -0.56 -0.22 -1.24 

26 0.69 -0.37 -0.23 -0.51 -0.22 -1.25 

27 0.69 -0.37 -0.23 -0.39 -0.22 -1.23 

28 0.69 -0.37 -0.23 -0.39 -0.22 -0.74 

29 0.69 -0.32 -0.23 -0.35 -0.22 -0.55 

30 0.64 -0.32 -0.23 -0.34 -0.22 -0.5 

31 0.62 -0.34 -0.23 -0.33 -0.22 -0.39 

32 -0.14 -0.34 -0.23 -0.31 -0.23 -0.38 

33 -0.17 -0.36 -0.24 -0.31 -0.24 -0.35 

34 -0.19 -0.39 -0.25 -0.35 -0.26 -0.33 

35 -0.15 -0.39 -0.28 -0.35 -0.26 -0.33 

36 -0.13 -0.5 -0.28 -0.35 -0.31 -0.31 

37 -0.11 -0.56 -0.33 -0.35 -0.31 -0.31 
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Table A 2.2 (continued) 

38 -0.19 -0.75 -0.33 -0.33 -0.31 -0.36 

39 -0.23 -1.22 -0.34 -0.33 -0.33 -0.36 

40 -1.24 -1.24 -0.36 -0.33 -0.33 -0.36 

41 -1.25 -1.23 -0.36 -0.28 -0.33 -0.36 

42 -1.23 -0.25 -0.36 -0.27 -0.32 -0.34 

43 -0.74 -0.21 -0.35 -0.25 -0.29 -0.33 

44 -0.55 -0.07 -0.31 -0.24 -0.3 -0.33 

45 -0.5 -0.08 -0.31 -0.23 -0.32 -0.28 

46 -0.38 -0.1 -0.33 -0.23 -0.32 -0.28 

47 -0.38 -0.63 -0.33 -0.23 -0.34 -0.25 

48 -0.35 -0.23 -0.35 -0.23 -0.37 -0.25 

49 -0.33 -0.2 -0.38 -0.23 -0.38 -0.24 

50 -0.33 0.56 -0.39 -0.23 -0.48 -0.23 

51 -0.31 0.59 -0.5 -0.23 -0.54 -0.23 

52 -0.31 0.62 -0.55 -0.24 -0.7 -0.23 

53 -0.35 0.7 -0.74 -0.24 -0.99 -0.23 

54 -0.36 0.71 -1.22 -0.26 -1.06 -0.23 

55 -0.36 0.7 -1.25 -0.27 -0.53 -0.23 

56 -0.36 0.69 -1.24 -0.27 -0.34 -0.23 

57 -0.34 0.69 -0.23 -0.35 -0.29 -0.24 

58 -0.33 0.68 -0.19 -0.4 0.01 -0.26 

59 -0.33 0.68 -0.1 -0.4 -0.02 -0.27 

60 -0.28 0.66 -0.12 -0.33 -0.12 -0.27 

61 -0.28 0.66 -0.14 -0.33 -0.1 -0.35 

62 -0.25 0.55 -0.19 -0.34 -0.07 -0.4 

63 -0.24 0.55 -0.17 -0.34 0.59 -0.4 

64 -0.23 -0.43 -0.13 -0.34 0.6 -0.33 

65 -0.23 -0.2 0.61 -0.36 0.65 -0.33 

66 -0.23 -0.2 0.64 -0.36 0.64 -0.34 

67 -0.23 -0.19 0.69 -0.43 0.64 -0.34 

68 -0.23 -0.04 0.69 -0.46 0.64 -0.34 

69 -0.23 -0.09 0.69 -0.48 0.63 -0.36 

70 -0.23 -1.26 0.69 -0.71 0.63 -0.36 

71 -0.23 -1.18 0.67 -1.13 0.6 -0.43 

72 -0.24 -0.74 0.67 -1.21 0.6 -0.46 

73 -0.26 -0.5 0.65 -0.11 0.51 -0.49 

74 -0.27 -0.48 0.63 -0.05 0.5 -0.72 

75 -0.27 -0.44 0.54 -0.15 -0.4 -1.14 

76 -0.35 -0.37 0.54 -0.16 -0.19 -1.22 
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Table A 2.3 Pressure coefficient on polyline for 300 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.32 -0.3 -0.2 -0.21 -0.2 -0.22 

1 -0.33 -0.31 -0.2 -0.21 -0.19 -0.22 

2 -0.38 -0.31 -0.04 -0.44 -0.04 -0.45 

3 -0.38 -0.32 -0.1 0.51 -0.1 0.52 

4 -0.34 -0.34 -1.16 0.52 -1.17 0.54 

5 -0.26 -0.34 -1.09 0.62 -1.09 0.63 

6 -0.26 -0.4 -0.68 0.62 -0.68 0.64 

7 -0.26 -0.44 -0.47 0.65 -0.47 0.67 

8 -0.23 -0.46 -0.44 0.66 -0.44 0.67 

9 -0.23 -0.67 -0.41 0.67 -0.41 0.69 

10 -0.23 -1.07 -0.35 0.67 -0.35 0.69 

11 -0.22 -1.15 -0.34 0.67 -0.34 0.69 

12 -0.22 -0.09 -0.32 0.67 -0.32 0.7 

13 -0.22 -0.04 -0.32 0.64 -0.32 0.66 

14 -0.23 -0.19 -0.32 0.62 -0.32 0.63 

15 -0.23 -0.2 -0.31 -0.09 -0.31 -0.11 

16 -0.23 -0.2 -0.31 -0.13 -0.31 -0.14 

17 -0.24 -0.41 -0.37 -0.15 -0.37 -0.17 

18 -0.24 0.48 -0.37 0.01 -0.37 -0.13 

19 -0.27 0.49 -0.32 0.05 -0.32 -0.11 

20 -0.27 0.59 -0.25 -0.17 -0.25 -0.09 

21 -0.32 0.59 -0.25 -0.22 -0.25 -0.34 

22 -0.32 0.62 -0.24 -1.18 -0.25 -0.38 

23 -0.32 0.62 -0.22 -1.19 -0.23 -0.58 

24 -0.34 0.64 -0.22 -1.16 -0.22 -1.15 

25 -0.34 0.64 -0.22 -0.74 -0.22 -1.08 

26 -0.34 0.64 -0.21 -0.56 -0.22 -0.74 

27 -0.34 0.64 -0.21 -0.51 -0.22 -0.56 

28 -0.3 0.61 -0.21 -0.39 -0.22 -0.51 

29 -0.31 0.6 -0.21 -0.38 -0.22 -0.4 

30 -0.33 -0.17 -0.22 -0.34 -0.22 -0.39 

31 -0.33 -0.2 -0.22 -0.32 -0.22 -0.35 

32 -0.35 -0.2 -0.22 -0.32 -0.23 -0.34 

33 -0.38 -0.19 -0.23 -0.3 -0.23 -0.34 

34 -0.39 -0.05 -0.25 -0.3 -0.26 -0.31 

35 -0.5 -0.05 -0.25 -0.33 -0.26 -0.31 

36 -0.55 -0.2 -0.3 -0.34 -0.3 -0.34 

37 -0.72 -1.17 -0.3 -0.34 -0.3 -0.35 
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Table A 2.3 (continued) 

38 -1.05 -0.72 -0.31 -0.33 -0.31 -0.35 

39 -1.12 -0.67 -0.32 -0.32 -0.32 -0.35 

40 -0.74 -0.66 -0.32 -0.32 -0.32 -0.33 

41 -0.6 -0.43 -0.32 -0.32 -0.32 -0.33 

42 -0.55 -0.42 -0.32 -0.31 -0.32 -0.32 

43 0.21 -0.34 -0.29 -0.3 -0.29 -0.27 

44 -0.13 -0.33 -0.29 -0.27 -0.29 -0.27 

45 -0.15 -0.3 -0.32 -0.27 -0.32 -0.25 

46 -0.17 -0.3 -0.32 -0.27 -0.32 -0.24 

47 -0.14 -0.29 -0.33 -0.24 -0.34 -0.23 

48 -0.12 -0.31 -0.37 -0.24 -0.37 -0.23 

49 -0.08 -0.31 -0.38 -0.23 -0.38 -0.23 

50 0.62 -0.31 -0.48 -0.23 -0.49 -0.23 

51 0.64 -0.31 -0.54 -0.22 -0.54 -0.23 

52 0.69 -0.29 -0.7 -0.22 -0.7 -0.23 

53 0.69 -0.29 -1 -0.22 -1 -0.23 

54 0.69 -0.29 -1.06 -0.22 -1.07 -0.23 

55 0.69 -0.28 -0.54 -0.23 -0.54 -0.24 

56 0.67 -0.25 -0.35 -0.23 -0.36 -0.26 

57 0.67 -0.25 -0.3 -0.23 -0.3 -0.26 

58 0.65 -0.25 0.05 -0.25 0.05 -0.27 

59 0.63 -0.23 0.02 -0.26 0.01 -0.34 

60 0.53 -0.22 -0.15 -0.26 -0.15 -0.39 

61 0.53 -0.22 -0.13 -0.34 -0.14 -0.39 

62 0.42 -0.21 -0.1 -0.38 -0.11 -0.33 

63 -0.38 -0.21 0.6 -0.38 0.59 -0.33 

64 -0.22 -0.21 0.61 -0.32 0.61 -0.34 

65 -0.22 -0.21 0.65 -0.32 0.65 -0.34 

66 -0.21 -0.21 0.64 -0.33 0.64 -0.34 

67 -0.05 -0.21 0.64 -0.33 0.64 -0.36 

68 -0.1 -0.21 0.64 -0.33 0.64 -0.37 

69 -1.23 -0.22 0.63 -0.36 0.63 -0.44 

70 -1.15 -0.22 0.63 -0.36 0.63 -0.47 

71 -0.72 -0.22 0.6 -0.43 0.6 -0.5 

72 -0.49 -0.24 0.59 -0.46 0.59 -0.73 

73 -0.47 -0.24 0.5 -0.49 0.5 -1.16 

74 -0.43 -0.25 0.49 -0.71 0.49 -1.24 

75 -0.37 -0.31 -0.42 -1.13 -0.42 -0.1 

76 -0.36 -0.36 -0.2 -1.21 -0.2 -0.05 
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Table A 2.4 Pressure coefficient on polyline for 400 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.31 -0.23 -0.25 -0.25 -0.25 -0.26 

1 -0.32 -0.24 -0.24 -0.25 -0.25 -0.26 

2 -0.38 -0.24 -0.06 -0.24 -0.49 -0.07 

3 -0.37 -0.48 -0.11 -0.06 0.49 -0.13 

4 -0.33 0.49 -1.19 -0.11 0.5 -1.26 

5 -0.26 0.5 -1.11 -1.19 0.59 -0.75 

6 -0.25 0.59 -0.68 -1.11 0.6 -0.7 

7 -0.25 0.6 -0.47 -0.69 0.63 -0.54 

8 -0.23 0.64 -0.45 -0.48 0.64 -0.47 

9 -0.22 0.64 -0.41 -0.45 0.65 -0.47 

10 -0.22 0.66 -0.35 -0.42 0.66 -0.39 

11 -0.22 0.66 -0.35 -0.35 0.66 -0.37 

12 -0.22 0.66 -0.32 -0.35 0.66 -0.35 

13 -0.22 0.66 -0.32 -0.32 0.63 -0.35 

14 -0.22 0.63 -0.32 -0.32 0.61 -0.33 

15 -0.22 0.61 -0.31 -0.32 -0.02 -0.36 

16 -0.23 -0.02 -0.31 -0.31 -0.05 -0.37 

17 -0.23 -0.05 -0.37 -0.31 -0.13 -0.34 

18 -0.24 -0.09 -0.36 -0.37 -0.13 -0.33 

19 -0.26 -0.06 -0.32 -0.37 -0.1 -0.33 

20 -0.26 -0.04 -0.25 -0.32 -0.1 -0.25 

21 -0.27 -0.02 -0.24 -0.25 -0.16 -0.25 

22 -0.3 -0.16 -0.24 -0.25 -1.15 -0.23 

23 -0.31 -0.2 -0.22 -0.24 -1.16 -0.23 

24 -0.31 -1.14 -0.22 -0.22 -1.13 -0.23 

25 -0.32 -1.15 -0.21 -0.22 -0.71 -0.22 

26 -0.34 -1.13 -0.21 -0.22 -0.54 -0.22 

27 -0.34 -0.7 -0.21 -0.22 -0.48 -0.22 

28 -0.34 -0.52 -0.21 -0.22 -0.37 -0.22 

29 -0.33 -0.47 -0.21 -0.22 -0.37 -0.23 

30 -0.3 -0.36 -0.22 -0.22 -0.31 -0.23 

31 -0.32 -0.36 -0.22 -0.22 -0.31 -0.23 

32 -0.32 -0.34 -0.23 -0.22 -0.31 -0.23 

33 -0.32 -0.3 -0.23 -0.22 -0.29 -0.26 

34 -0.37 -0.3 -0.25 -0.23 -0.32 -0.26 

35 -0.38 -0.28 -0.25 -0.26 -0.32 -0.32 

36 -0.48 -0.28 -0.26 -0.26 -0.32 -0.32 

37 -0.54 -0.3 -0.3 -0.26 -0.32 -0.33 
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Table A 2.4 (continued) 

38 -0.71 -0.32 -0.3 -0.29 -0.31 -0.36 

39 -1.19 -0.32 -0.32 -0.3 -0.3 -0.35 

40 -1.21 -0.32 -0.31 -0.31 -0.26 -0.35 

41 -1.2 -0.3 -0.31 -0.31 -0.26 -0.32 

42 -0.43 -0.3 -0.31 -0.33 -0.26 -0.32 

43 -0.39 -0.3 -0.28 -0.33 -0.23 -0.33 

44 0.25 -0.29 -0.3 -0.33 -0.23 -0.34 

45 -0.09 -0.26 -0.3 -0.32 -0.22 -0.34 

46 -0.1 -0.25 -0.3 -0.3 -0.22 -0.38 

47 -0.13 -0.25 -0.36 -0.3 -0.22 -0.46 

48 -0.1 -0.22 -0.37 -0.31 -0.22 -0.47 

49 -0.07 -0.22 -0.48 -0.31 -0.22 -0.5 

50 -0.04 -0.21 -0.54 -0.32 -0.22 -0.7 

51 0.65 -0.21 -0.71 -0.33 -0.22 -0.95 

52 0.66 -0.21 -1.12 -0.36 -0.22 -1.18 

53 0.7 -0.21 -1.14 -0.42 -0.23 -0.16 

54 0.69 -0.21 -1.13 -0.47 -0.24 -0.13 

55 0.69 -0.21 -0.15 -0.66 -0.25 -0.09 

56 0.69 -0.21 -0.1 -0.77 -0.25 -0.12 

57 0.67 -0.21 -0.1 -1.07 -0.32 -0.14 

58 0.67 -0.22 -0.13 -0.44 -0.37 -0.15 

59 0.64 -0.24 -0.12 -0.41 -0.37 -0.34 

60 0.64 -0.24 -0.05 -0.01 -0.31 -0.31 

61 0.56 -0.25 -0.01 -0.01 -0.31 0.61 

62 0.46 -0.32 0.61 -0.06 -0.32 0.64 

63 -0.62 -0.36 0.63 -0.58 -0.32 0.65 

64 -0.21 -0.37 0.66 -0.03 -0.32 0.69 

65 -0.2 -0.31 0.66 0.03 -0.35 0.69 

66 -0.19 -0.3 0.66 0.06 -0.35 0.68 

67 -0.04 -0.32 0.65 0.61 -0.41 0.68 

68 -0.1 -0.32 0.64 0.63 -0.45 0.67 

69 -1.3 -0.32 0.63 0.66 -0.47 0.64 

70 -1.21 -0.34 0.6 0.66 -0.68 0.64 

71 -0.69 -0.35 0.59 0.66 -1.13 0.62 

72 -0.48 -0.41 0.5 0.65 -1.22 0.56 

73 -0.46 -0.45 0.49 0.64 -0.1 -0.38 

74 -0.42 -0.47 -0.49 0.64 -0.05 -0.43 

75 -0.36 -0.68 -0.25 0.6 -0.24 -0.27 

76 -0.36 -1.12 -0.2 0.6 -0.2 -0.05 
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Table A 2.5 Pressure coefficient on polyline for 500 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.3 -0.23 -0.33 -0.23 -0.29 -0.66 

1 -0.34 -0.25 -0.32 -0.24 -0.29 -0.65 

2 -0.34 -0.25 -0.08 -0.82 -0.12 -0.64 

3 -0.31 -0.72 -0.06 0.37 -0.1 -0.13 

4 -0.31 -0.55 -0.12 0.49 -0.16 -0.19 

5 -0.3 0.49 -1.1 0.57 -1.08 -1.09 

6 -0.23 0.52 -0.68 0.57 -0.67 -0.66 

7 -0.23 0.59 -0.63 0.62 -0.63 -0.64 

8 -0.22 0.62 -0.55 0.62 -0.55 -0.61 

9 -0.21 0.63 -0.42 0.65 -0.43 -0.46 

10 -0.21 0.65 -0.41 0.66 -0.42 -0.37 

11 -0.21 0.66 -0.34 0.66 -0.35 -0.37 

12 -0.2 0.67 -0.31 0.67 -0.32 -0.37 

13 -0.2 0.67 -0.3 0.65 -0.31 -0.32 

14 -0.2 0.67 -0.32 0.64 -0.32 -0.32 

15 -0.21 0.66 -0.33 -0.13 -0.32 -0.3 

16 -0.21 0.6 -0.34 -0.17 -0.33 -0.33 

17 -0.21 -0.13 -0.33 -0.09 -0.33 -0.33 

18 -0.21 -0.17 -0.3 -0.07 -0.3 -0.33 

19 -0.23 -0.29 -0.3 -0.05 -0.29 -0.3 

20 -0.23 -0.28 -0.24 -0.07 -0.24 -0.29 

21 -0.31 0.22 -0.24 -0.19 -0.24 -0.24 

22 -0.31 0.2 -0.23 -1.18 -0.23 -0.24 

23 -0.31 -1.07 -0.22 -0.67 -0.23 -0.23 

24 -0.35 -1.09 -0.22 -0.66 -0.22 -0.22 

25 -0.34 -0.95 -0.21 -0.66 -0.22 -0.22 

26 -0.29 -0.7 -0.21 -0.42 -0.22 -0.22 

27 -0.3 -0.61 -0.21 -0.4 -0.22 -0.22 

28 -0.3 -0.47 -0.21 -0.33 -0.22 -0.22 

29 -0.32 -0.46 -0.21 -0.31 -0.22 -0.22 

30 -0.32 -0.35 -0.21 -0.3 -0.22 -0.22 

31 -0.35 -0.34 -0.22 -0.3 -0.23 -0.22 

32 -0.36 -0.3 -0.22 -0.29 -0.23 -0.22 

33 -0.37 -0.29 -0.22 -0.32 -0.25 -0.23 

34 -0.43 -0.28 -0.25 -0.32 -0.26 -0.23 

35 -0.56 -0.32 -0.25 -0.32 -0.26 -0.25 

36 -0.65 -0.32 -0.32 -0.3 -0.31 -0.25 

37 -1.08 -0.32 -0.32 -0.29 -0.31 -0.26 
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Table A 2.5 (continued) 

38 -1.18 -0.3 -0.37 -0.25 -0.31 -0.32 

39 -1.16 -0.29 -0.37 -0.25 -0.32 -0.32 

40 0.11 -0.29 -0.3 -0.22 -0.33 -0.32 

41 0.15 -0.24 -0.3 -0.22 -0.33 -0.35 

42 -0.06 -0.24 -0.3 -0.21 -0.32 -0.35 

43 -0.08 -0.22 -0.3 -0.21 -0.29 -0.34 

44 -0.1 -0.21 -0.3 -0.21 -0.3 -0.3 

45 -0.16 -0.21 -0.32 -0.21 -0.31 -0.31 

46 -0.14 -0.21 -0.33 -0.21 -0.31 -0.32 

47 -0.1 -0.21 -0.4 -0.21 -0.33 -0.32 

48 0.63 -0.21 -0.47 -0.22 -0.43 -0.33 

49 0.65 -0.21 -0.65 -0.22 -0.43 -0.35 

50 0.68 -0.21 -0.84 -0.22 -0.44 -0.42 

51 0.68 -0.21 -1.15 -0.23 -0.69 -0.43 

52 0.67 -0.22 -0.61 -0.23 -0.78 -0.48 

53 0.67 -0.22 -0.55 -0.24 -1.25 -0.63 

54 0.64 -0.23 -0.51 -0.3 -1.22 -0.94 

55 0.62 -0.23 0.06 -0.36 -0.51 -1.06 

56 0.61 -0.28 -0.11 -0.36 0.22 -1.11 

57 0.57 -0.29 -0.13 -0.29 0.26 -0.63 

58 0.57 -0.33 -0.45 -0.29 -0.06 -0.59 

59 0.52 -0.33 -0.4 -0.3 -0.09 -0.52 

60 -0.81 -0.3 0.02 -0.3 -0.11 0.12 

61 -0.23 -0.29 0.59 -0.3 -0.15 -0.13 

62 -0.22 -0.3 0.63 -0.33 -0.12 -0.15 

63 -0.21 -0.33 0.7 -0.33 -0.1 -0.16 

64 -0.09 -0.39 0.7 -0.39 0.66 -0.19 

65 -0.15 -0.4 0.67 -0.42 0.66 -0.5 

66 -1.08 -0.5 0.67 -0.44 0.67 0.1 

67 -0.68 -0.55 0.67 -0.62 0.68 0.18 

68 -0.63 -0.56 0.63 -1.01 0.68 0.21 

69 -0.5 -0.89 0.6 -1.08 0.66 0.65 

70 -0.44 -0.93 0.58 -0.09 0.66 0.65 

71 -0.43 -0.3 0.56 -0.04 0.65 0.69 

72 -0.36 -0.25 0.5 -0.22 0.63 0.68 

73 -0.34 -0.45 -0.57 0.64 0.61 0.68 

74 -0.32 -0.47 -0.65 0.64 0.55 0.68 

75 -0.31 -0.68 -0.25 0.6 0.55 0.66 

76 -0.36 -1.12 -0.2 0.6 0.5 0.62 
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Table A 2.6 Pressure coefficient on polyline for 600 mm IM in NB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.34 -0.46 -0.41 -0.4 -0.4 -0.41 

1 -0.27 -0.47 -0.43 -0.42 -0.42 -0.43 

2 -0.29 -0.75 -0.44 -0.43 -0.43 -0.43 

3 -0.29 -0.62 -0.82 -1.06 -1.13 -0.88 

4 -0.31 0.46 -0.75 0.28 0.34 0.36 

5 -0.34 0.52 0.42 0.3 0.41 0.45 

6 -0.41 0.57 0.49 0.45 0.41 0.55 

7 -0.42 0.63 0.52 0.46 0.53 0.57 

8 -0.47 0.64 0.55 0.56 0.58 0.6 

9 -0.59 0.64 0.61 0.56 0.61 0.63 

10 -0.62 0.66 0.64 0.62 0.63 0.64 

11 -0.93 0.66 0.68 0.63 0.65 0.66 

12 -0.19 0.63 0.67 0.63 0.67 0.66 

13 -0.14 -0.04 0.66 0.66 0.67 0.63 

14 -0.43 -0.1 0.16 0.64 0.67 0.58 

15 -0.45 -0.04 0.14 0.64 0.67 0.54 

16 -0.46 -0.04 0.09 0.04 0.67 -0.21 

17 -0.94 -0.03 -0.39 0.01 0.01 -0.23 

18 -0.7 0.05 -0.15 -0.02 -0.03 -0.13 

19 0.49 -0.03 -0.12 0 -0.34 -0.11 

20 0.52 -1.11 -0.1 0.02 -0.33 0.07 

21 0.64 -0.98 0.06 0.03 0.09 0.29 

22 0.67 -0.58 -0.41 -0.13 0.07 0.3 

23 0.69 -0.52 -0.47 -0.17 -0.08 -0.23 

24 0.7 -0.38 -0.53 -1.12 -1.23 -0.63 

25 0.72 -0.34 -1.15 -1.13 -0.91 -0.68 

26 0.72 -0.3 -1.06 -1.11 -0.73 -1.05 

27 0.7 -0.3 -0.69 -0.68 -0.53 -0.75 

28 0.68 -0.29 -0.57 -0.51 -0.44 -0.61 

29 0.16 -0.28 -0.44 -0.45 -0.35 -0.38 

30 0.13 -0.27 -0.38 -0.35 -0.33 -0.37 

31 0.09 -0.3 -0.35 -0.34 -0.3 -0.35 

32 -0.35 -0.3 -0.33 -0.29 -0.3 -0.29 

33 -0.32 -0.3 -0.32 -0.29 -0.3 -0.28 

34 0.25 -0.28 -0.31 -0.29 -0.28 -0.28 

35 0.32 -0.28 -0.3 -0.26 -0.28 -0.27 

36 -0.56 -0.28 -0.29 -0.29 -0.31 -0.27 

37 -0.6 -0.23 -0.28 -0.29 -0.31 -0.3 
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Table A 2.6 (continued) 

38 -0.63 -0.22 -0.33 -0.29 -0.3 -0.3 

39 -1.19 -0.2 -0.34 -0.3 -0.29 -0.3 

40 -0.92 -0.2 -0.34 -0.28 -0.29 -0.28 

41 -0.7 -0.2 -0.3 -0.28 -0.29 -0.28 

42 -0.5 -0.2 -0.3 -0.28 -0.25 -0.28 

43 -0.46 -0.2 -0.29 -0.23 -0.25 -0.24 

44 -0.45 -0.2 -0.23 -0.23 -0.25 -0.23 

45 -0.37 -0.2 -0.23 -0.21 -0.22 -0.23 

46 -0.34 -0.2 -0.21 -0.21 -0.22 -0.21 

47 -0.34 -0.2 -0.21 -0.2 -0.21 -0.21 

48 -0.33 -0.21 -0.2 -0.2 -0.21 -0.2 

49 -0.32 -0.21 -0.2 -0.2 -0.21 -0.2 

50 -0.32 -0.22 -0.2 -0.2 -0.21 -0.2 

51 -0.35 -0.21 -0.2 -0.2 -0.21 -0.2 

52 -0.36 -0.21 -0.2 -0.21 -0.21 -0.2 

53 -0.36 -0.26 -0.2 -0.21 -0.22 -0.2 

54 -0.32 -0.27 -0.2 -0.21 -0.22 -0.2 

55 -0.32 -0.27 -0.21 -0.21 -0.22 -0.21 

56 -0.25 -0.32 -0.21 -0.21 -0.23 -0.21 

57 -0.25 -0.31 -0.22 -0.21 -0.22 -0.22 

58 -0.23 -0.23 -0.21 -0.21 -0.22 -0.21 

59 -0.22 -0.24 -0.21 -0.26 -0.27 -0.21 

60 -0.22 -0.24 -0.27 -0.32 -0.27 -0.25 

61 -0.22 -0.25 -0.27 -0.32 -0.29 -0.26 

62 -0.22 -0.28 -0.29 -0.24 -0.29 -0.26 

63 -0.22 -0.33 -0.3 -0.24 -0.29 -0.29 

64 -0.22 -0.33 -0.29 -0.24 -0.28 -0.28 

65 -0.23 -0.45 -0.28 -0.24 -0.26 -0.24 

66 -0.23 -0.46 -0.24 -0.24 -0.27 -0.26 

67 -0.23 -0.7 -0.24 -0.27 -0.3 -0.28 

68 -0.24 -0.73 -0.26 -0.27 -0.36 -0.34 

69 -0.23 -0.28 -0.32 -0.32 -0.37 -0.35 

70 -0.22 -0.22 -0.33 -0.35 -0.46 -0.47 

71 -0.3 -0.43 -0.42 -0.36 -0.52 -0.47 

72 -0.3 -0.25 -0.48 -0.49 -0.55 -0.51 

73 -0.31 -0.45 -0.5 -0.73 -0.82 -0.71 

74 -0.35 -0.47 -0.79 -0.78 -0.2 -0.74 

75 -0.31 -0.68 -0.11 -0.11 -0.17 -0.27 

76 -0.36 -1.12 -0.07 -0.07 0.5 -0.22 
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Table A 2.7 Pressure coefficient on polyline for 100 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.31 -0.31 -0.33 -0.31 -0.31 -0.32 

1 -0.31 -0.31 -0.33 -0.31 -0.31 -0.32 

2 -0.31 -0.31 -0.33 -0.35 -0.31 -0.32 

3 -0.34 -0.34 -0.36 -0.37 -0.34 -0.35 

4 -0.34 -0.34 -0.36 -0.33 -0.34 -0.35 

5 -0.35 -0.35 -0.37 -0.33 -0.35 -0.36 

6 -0.42 -0.43 -0.46 -0.24 -0.43 -0.44 

7 -0.62 -0.63 -0.67 -0.24 -0.62 -0.65 

8 -0.65 -0.66 -0.7 -0.23 -0.65 -0.68 

9 -1.05 -1.07 -1.12 -0.22 -1.05 -1.1 

10 -1.1 -1.12 -1.18 -0.21 -1.1 -1.16 

11 -1.09 -1.11 -1.16 -0.21 -1.09 -1.14 

12 0 0.03 0 -0.21 0 0.03 

13 -0.02 0.01 -0.02 -0.21 -0.03 0.01 

14 -0.21 -0.23 -0.23 -0.2 -0.21 -0.24 

15 -0.53 -0.34 -0.51 -0.2 -0.53 -0.35 

16 -0.51 -0.32 -0.5 -0.2 -0.52 -0.33 

17 0.47 -0.23 -0.02 -0.21 0.47 -0.23 

18 0.5 0.53 0.53 -0.22 0.5 0.54 

19 0.61 0.59 0.57 -0.22 0.61 0.61 

20 0.61 0.61 0.59 -0.25 0.61 0.63 

21 0.61 0.62 0.65 -0.25 0.61 0.63 

22 0.62 0.63 0.66 -0.26 0.62 0.65 

23 0.62 0.64 0.67 -0.29 0.62 0.66 

24 0.63 0.63 0.68 -0.3 0.63 0.65 

25 0.63 0.63 0.68 -0.31 0.63 0.65 

26 0.64 0.63 0.68 -0.31 0.64 0.65 

27 0.62 0.58 0.66 -0.32 0.62 0.6 

28 0.07 0.56 0.66 -0.34 0.07 0.58 

29 0.02 -0.03 -0.04 -0.34 0.02 -0.03 

30 -0.01 -0.06 -0.09 -0.29 0 -0.06 

31 -0.04 -0.1 -0.33 -0.28 -0.04 -0.1 

32 -0.25 -0.55 -0.33 -0.28 -0.25 -0.57 

33 -0.22 -0.3 -0.28 -0.29 -0.23 -0.3 

34 -0.21 -0.28 0.35 -0.29 -0.21 -0.28 

35 0.18 -0.26 -0.68 -0.29 0.18 -0.26 

36 -0.67 -0.07 -0.74 -0.32 -0.67 -0.06 

37 -0.71 -0.63 -0.78 -0.33 -0.71 -0.65 
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Table A 2.7 (continued) 

38 -0.74 -0.69 -0.97 -0.37 -0.74 -0.7 

39 -0.9 -0.71 -0.92 -0.46 -0.9 -0.74 

40 -0.86 -0.84 -0.59 -0.51 -0.86 -0.88 

41 -0.54 -0.81 -0.58 -0.79 -0.54 -0.85 

42 -0.52 -0.5 -0.41 -0.8 -0.53 -0.52 

43 -0.37 -0.49 -0.4 -0.77 -0.38 -0.5 

44 -0.37 -0.36 -0.34 -0.68 -0.37 -0.37 

45 -0.31 -0.36 -0.34 -0.66 -0.31 -0.36 

46 -0.31 -0.31 -0.31 -0.61 -0.31 -0.32 

47 -0.29 -0.31 -0.31 0.1 -0.29 -0.32 

48 -0.29 -0.29 -0.31 -0.24 -0.29 -0.3 

49 -0.29 -0.29 -0.31 -0.26 -0.29 -0.3 

50 -0.29 -0.29 -0.38 -0.28 -0.29 -0.3 

51 -0.36 -0.29 -0.37 -0.1 -0.36 -0.31 

52 -0.36 -0.36 -0.35 -0.06 -0.35 -0.38 

53 -0.34 -0.36 -0.33 -0.01 -0.33 -0.38 

54 -0.32 -0.33 -0.33 0.55 -0.32 -0.35 

55 -0.32 -0.32 -0.33 0.6 -0.32 -0.33 

56 -0.31 -0.32 -0.32 0.62 -0.32 -0.33 

57 -0.26 -0.32 -0.28 0.62 -0.26 -0.27 

58 -0.25 -0.26 -0.28 0.63 -0.26 -0.27 

59 -0.22 -0.26 -0.27 0.63 -0.22 -0.27 

60 -0.22 -0.26 -0.24 0.62 -0.22 -0.23 

61 -0.21 -0.22 -0.23 0.61 -0.2 -0.23 

62 -0.2 -0.22 -0.23 0.61 -0.2 -0.22 

63 -0.2 -0.21 -0.22 0.55 -0.2 -0.21 

64 -0.2 -0.2 -0.22 0.54 -0.2 -0.21 

65 -0.2 -0.2 -0.22 0.5 -0.21 -0.21 

66 -0.21 -0.2 -0.22 0.02 -0.21 -0.21 

67 -0.21 -0.2 -0.22 -0.47 -0.22 -0.21 

68 -0.22 -0.2 -0.22 -0.48 -0.22 -0.21 

69 -0.22 -0.21 -0.23 -0.22 -0.24 -0.22 

70 -0.23 -0.22 -0.23 -0.02 -0.24 -0.23 

71 -0.24 -0.22 -0.23 0 -0.24 -0.23 

72 -0.24 -0.23 -0.25 -1.08 -0.33 -0.25 

73 -0.32 -0.23 -0.25 -1.1 -0.34 -0.25 

74 -0.32 -0.23 -0.26 -1.05 -0.37 -0.33 

75 -0.33 -0.24 -0.35 -0.65 -0.35 -0.33 

76 -0.36 -0.33 -0.35 -0.62 0.5 -0.34 
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Table A 2.8 Pressure coefficient on polyline for 200 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.31 -0.31 -0.34 -0.34 -0.31 -0.29 

1 -0.31 -0.31 -0.34 -0.34 -0.31 -0.3 

2 -0.32 -0.34 -0.38 -0.34 -0.32 -0.3 

3 -0.34 -0.35 -0.4 -0.37 -0.34 -0.33 

4 -0.34 -0.35 -0.39 -0.37 -0.35 -0.33 

5 -0.35 -0.31 -0.34 -0.38 -0.35 -0.41 

6 -0.43 -0.3 -0.33 -0.47 -0.44 -0.42 

7 -0.63 -0.24 -0.26 -0.68 -0.64 -0.47 

8 -0.66 -0.24 -0.26 -0.71 -0.67 -0.67 

9 -1.06 -0.22 -0.24 -1.13 -1.08 -1.09 

10 -1.11 -0.22 -0.24 -1.18 -1.13 -1.14 

11 -1.1 -0.21 -0.23 -1.17 -1.12 -0.38 

12 0 -0.2 -0.23 -0.16 0.02 -0.01 

13 -0.03 -0.2 -0.22 -0.15 0 -0.02 

14 -0.23 -0.2 -0.22 -0.31 -0.24 -0.22 

15 -0.5 -0.2 -0.22 -0.36 -0.35 -0.32 

16 -0.48 -0.2 -0.22 -0.42 -0.34 -0.32 

17 0 -0.21 -0.23 -0.38 -0.24 -0.27 

18 0.5 -0.22 -0.23 0.08 0.53 0.52 

19 0.54 -0.22 -0.25 0.55 0.59 0.58 

20 0.56 -0.26 -0.25 0.6 0.61 0.6 

21 0.61 -0.26 -0.25 0.61 0.61 0.62 

22 0.61 -0.26 -0.28 0.67 0.63 0.64 

23 0.63 -0.31 -0.28 0.67 0.64 0.63 

24 0.63 -0.32 -0.33 0.69 0.63 0.64 

25 0.63 -0.32 -0.34 0.69 0.63 0.64 

26 0.63 -0.35 -0.34 0.69 0.63 0.64 

27 0.63 -0.35 -0.35 0.69 0.58 0.64 

28 0.6 -0.29 -0.37 0.69 0.57 0.65 

29 0.58 -0.29 -0.39 0.64 -0.01 0.61 

30 0.04 -0.29 -0.39 0.6 -0.04 0.59 

31 0 -0.29 -0.32 -0.03 -0.07 -0.19 

32 -0.03 -0.31 -0.32 -0.07 -0.53 -0.23 

33 -0.26 -0.31 -0.32 -0.11 -0.28 -0.26 

34 -0.45 -0.35 -0.32 -0.57 -0.26 0.05 

35 -0.34 -0.36 -0.35 -0.33 -0.24 0.09 

36 -0.21 -0.49 -0.35 -0.3 -0.05 0.11 

37 -0.19 -0.51 -0.35 -0.07 -0.62 -0.34 
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Table A 2.8 (continued) 

38 -0.16 -0.83 -0.41 -0.06 -0.68 -0.4 

39 0.08 -0.86 -0.55 -0.09 -0.7 -0.43 

40 -0.5 -0.7 -0.57 -0.9 -0.83 -1.04 

41 -0.54 -0.67 -0.91 -0.93 -0.8 -0.98 

42 -0.59 -0.61 -0.95 -0.89 -0.5 -0.84 

43 -1 0.03 -0.52 -0.87 -0.49 -0.56 

44 -0.91 -0.27 -0.49 -0.53 -0.36 -0.49 

45 -0.52 -0.3 -0.44 -0.52 -0.35 -0.38 

46 -0.51 -0.32 -0.35 -0.39 -0.31 -0.34 

47 -0.36 -0.14 -0.39 -0.38 -0.31 -0.31 

48 -0.36 -0.11 -0.38 -0.34 -0.29 -0.3 

49 -0.31 -0.08 -0.17 -0.33 -0.29 -0.29 

50 -0.31 0.56 -0.13 -0.32 -0.29 -0.29 

51 -0.29 0.58 0.58 -0.32 -0.29 -0.31 

52 -0.29 0.63 0.62 -0.31 -0.36 -0.36 

53 -0.29 0.63 0.69 -0.37 -0.35 -0.36 

54 -0.29 0.63 0.7 -0.38 -0.33 -0.32 

55 -0.33 0.64 0.7 -0.38 -0.33 -0.31 

56 -0.34 0.63 0.7 -0.38 -0.32 -0.31 

57 -0.34 0.62 0.69 -0.35 -0.32 -0.25 

58 -0.33 0.61 0.68 -0.35 -0.32 -0.25 

59 -0.31 0.59 0.68 -0.35 -0.3 -0.22 

60 -0.31 0.53 0.62 -0.28 -0.26 -0.22 

61 -0.31 -0.23 0.6 -0.28 -0.25 -0.21 

62 -0.25 -0.33 0.56 -0.24 -0.25 -0.21 

63 -0.25 -0.34 0.08 -0.24 -0.22 -0.21 

64 -0.25 -0.24 -0.38 -0.23 -0.22 -0.21 

65 -0.22 0 -0.43 -0.22 -0.21 -0.21 

66 -0.22 0.02 -0.36 -0.22 -0.2 -0.21 

67 -0.21 -1.12 -0.31 -0.22 -0.2 -0.21 

68 -0.2 -1.13 -0.15 -0.22 -0.2 -0.22 

69 -0.2 -1.08 -0.16 -0.22 -0.2 -0.23 

70 -0.2 -0.67 -1.17 -0.22 -0.2 -0.25 

71 -0.2 -0.64 -1.18 -0.23 -0.21 -0.25 

72 -0.2 -0.43 -1.13 -0.23 -0.22 -0.26 

73 -0.21 -0.35 -0.71 -0.23 -0.22 -0.31 

74 -0.21 -0.34 -0.68 -0.25 -0.24 -0.31 

75 -0.21 -0.34 -0.47 -0.25 -0.24 -0.31 

76 -0.22 -0.31 -0.38 -0.26 -0.32 -0.31 
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Table A 2.9 Pressure coefficient on polyline for 300 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.31 -0.31 -0.34 -0.32 -0.33 -0.31 

1 -0.31 -0.32 -0.35 -0.32 -0.32 -0.32 

2 -0.32 -0.32 -0.35 -0.33 -0.37 -0.32 

3 -0.35 -0.35 -0.38 -0.36 -0.37 -0.33 

4 -0.35 -0.35 -0.38 -0.36 -0.33 -0.33 

5 -0.35 -0.36 -0.39 -0.36 -0.33 -0.33 

6 -0.44 -0.44 -0.48 -0.45 -0.33 -0.4 

7 -0.64 -0.64 -0.69 -0.66 -0.24 -0.4 

8 -0.67 -0.68 -0.73 -0.7 -0.24 -0.4 

9 -1.08 -1.08 -1.14 -1.11 -0.22 -0.6 

10 -1.13 -1.13 -1.2 -1.16 -0.21 -0.65 

11 -1.11 -1.11 -1.19 -1.15 -0.2 -1.12 

12 -0.01 -0.02 -0.16 -0.01 -0.2 -1.14 

13 -0.03 -0.04 -0.16 -0.03 -0.2 -0.56 

14 -0.23 -0.22 -0.32 -0.24 -0.2 -0.02 

15 -0.5 -0.61 -0.37 -0.52 -0.2 -0.03 

16 -0.49 -0.59 -0.43 -0.51 -0.2 -0.21 

17 0.01 0.43 -0.39 0.02 -0.21 -0.32 

18 0.5 0.46 0.07 0.52 -0.22 -0.32 

19 0.54 0.58 0.56 0.55 -0.25 -0.27 

20 0.55 0.59 0.6 0.57 -0.25 0.5 

21 0.61 0.63 0.62 0.63 -0.25 0.57 

22 0.61 0.63 0.68 0.63 -0.31 0.58 

23 0.62 0.64 0.68 0.65 -0.31 0.62 

24 0.63 0.64 0.69 0.65 -0.35 0.62 

25 0.63 0.65 0.7 0.65 -0.36 0.63 

26 0.63 0.65 0.7 0.64 -0.35 0.63 

27 0.63 0.64 0.71 0.63 -0.3 0.63 

28 0.59 0.59 0.69 0.53 -0.3 0.63 

29 0.57 0.58 0.64 0.47 -0.3 0.63 

30 -0.03 -0.03 0.6 -0.27 -0.32 0.55 

31 -0.07 -0.06 -0.02 -0.34 -0.32 0.55 

32 -0.1 -0.09 -0.06 -0.35 -0.32 0.37 

33 -0.22 -0.43 -0.13 -0.31 -0.37 -0.36 

34 -0.19 -0.56 -0.63 0.14 -0.39 -0.1 

35 -0.16 -0.45 -0.2 -0.49 -0.57 -0.1 

36 0.26 -0.17 -0.14 -0.54 -0.61 -0.1 

37 -0.49 -0.15 -0.11 -0.58 -0.64 -0.11 
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Table A 2.9 (continued) 

38 -0.55 -0.13 -0.46 -1.18 -1.04 -0.15 

39 -0.59 -0.34 -0.5 -0.79 -0.17 -1 

40 -1.08 -0.37 -0.53 -0.74 -0.15 -0.92 

41 -0.98 -0.4 -0.92 -0.48 -0.11 -0.77 

42 -0.66 -0.87 -0.88 -0.46 -0.43 -0.53 

43 -0.51 -0.84 -0.55 -0.35 -0.46 -0.47 

44 -0.47 -0.52 -0.53 -0.35 -0.48 -0.37 

45 -0.37 -0.5 -0.39 -0.31 -0.1 -0.32 

46 -0.36 -0.36 -0.34 -0.3 -0.06 -0.3 

47 -0.31 -0.35 -0.34 -0.29 0.01 -0.29 

48 -0.31 -0.31 -0.33 -0.29 0.59 -0.28 

49 -0.29 -0.3 -0.31 -0.29 0.64 -0.27 

50 -0.28 -0.29 -0.31 -0.29 0.66 -0.27 

51 -0.28 -0.29 -0.31 -0.36 0.66 -0.3 

52 -0.28 -0.28 -0.31 -0.36 0.67 -0.32 

53 -0.3 -0.28 -0.38 -0.34 0.68 -0.31 

54 -0.36 -0.35 -0.38 -0.31 0.68 -0.31 

55 -0.36 -0.35 -0.36 -0.31 0.66 -0.28 

56 -0.31 -0.32 -0.34 -0.26 0.65 -0.29 

57 -0.31 -0.31 -0.33 -0.26 -0.14 -0.29 

58 -0.24 -0.31 -0.33 -0.26 -0.18 -0.29 

59 -0.24 -0.31 -0.32 -0.22 -0.21 -0.24 

60 -0.24 -0.25 -0.27 -0.22 -0.21 -0.24 

61 -0.21 -0.25 -0.27 -0.21 -0.03 -0.21 

62 -0.21 -0.22 -0.25 -0.2 -0.02 -0.21 

63 -0.2 -0.21 -0.24 -0.2 -0.14 -0.2 

64 -0.19 -0.2 -0.24 -0.2 -1.23 -0.2 

65 -0.19 -0.2 -0.23 -0.2 -0.75 -0.19 

66 -0.19 -0.2 -0.22 -0.2 -0.7 -0.19 

67 -0.2 -0.2 -0.22 -0.21 -0.62 -0.19 

68 -0.2 -0.2 -0.22 -0.21 -0.43 -0.19 

69 -0.2 -0.2 -0.22 -0.21 -0.42 -0.2 

70 -0.21 -0.2 -0.22 -0.23 -0.37 -0.2 

71 -0.21 -0.2 -0.22 -0.23 -0.35 -0.21 

72 -0.23 -0.21 -0.23 -0.24 -0.34 -0.23 

73 -0.23 -0.21 -0.24 -0.34 -0.33 -0.23 

74 -0.23 -0.24 -0.24 -0.35 -0.24 -0.23 

75 -0.33 -0.24 -0.26 -0.38 -0.24 -0.33 

76 -0.34 -0.31 -0.26 -0.37 -0.32 -0.33 
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Table A 2.10 Pressure coefficient on polyline for 400 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.34 -0.33 -0.36 -0.33 -0.33 -0.33 

1 -0.34 -0.33 -0.36 -0.34 -0.4 -0.33 

2 -0.35 -0.41 -0.36 -0.34 -0.43 -0.4 

3 -0.46 -0.42 -0.38 -0.36 -0.37 -0.41 

4 -0.37 -0.35 -0.38 -0.36 -0.37 -0.35 

5 -0.37 -0.35 -0.39 -0.37 -0.36 -0.35 

6 -0.36 -0.34 -0.48 -0.45 -0.24 -0.34 

7 -0.25 -0.23 -0.7 -0.67 -0.24 -0.23 

8 -0.24 -0.23 -0.73 -0.7 -0.22 -0.23 

9 -0.22 -0.21 -1.15 -1.12 -0.21 -0.21 

10 -0.21 -0.2 -1.2 -1.17 -0.2 -0.2 

11 -0.2 -0.2 -1.19 -1.15 -0.2 -0.2 

12 -0.2 -0.19 -0.17 -0.01 -0.19 -0.19 

13 -0.2 -0.19 -0.16 -0.03 -0.19 -0.19 

14 -0.2 -0.19 -0.29 -0.22 -0.2 -0.19 

15 -0.2 -0.19 -0.34 -0.55 -0.2 -0.19 

16 -0.2 -0.19 -0.46 -0.54 -0.22 -0.19 

17 -0.22 -0.19 -0.42 -0.01 -0.22 -0.19 

18 -0.22 -0.2 0.05 0.52 -0.24 -0.2 

19 -0.24 -0.2 0.54 0.56 -0.24 -0.2 

20 -0.24 -0.23 0.58 0.57 -0.31 -0.23 

21 -0.31 -0.23 0.6 0.63 -0.32 -0.23 

22 -0.32 -0.24 0.67 0.64 -0.37 -0.23 

23 -0.37 -0.28 0.67 0.66 -0.37 -0.31 

24 -0.37 -0.28 0.7 0.67 -0.37 -0.32 

25 -0.29 -0.28 0.71 0.67 -0.3 -0.36 

26 -0.29 -0.28 0.71 0.66 -0.3 -0.35 

27 -0.29 -0.3 0.71 0.65 -0.3 -0.29 

28 -0.3 -0.31 0.71 0.64 -0.32 -0.3 

29 -0.33 -0.31 0.67 0.55 -0.32 -0.3 

30 -0.33 -0.27 0.64 0.49 -0.32 -0.31 

31 -0.33 -0.27 0.02 -0.12 -0.39 -0.31 

32 -0.41 -0.28 -0.01 -0.16 -0.62 -0.32 

33 -0.63 -0.28 -0.04 -0.44 -0.62 -0.36 

34 -0.63 -0.3 -0.09 -0.14 -0.62 -0.41 

35 -0.63 -0.31 -0.39 -0.11 -1.11 -0.46 

36 -1.06 -0.31 -0.22 -0.09 -0.14 -0.52 

37 -0.21 -0.34 -0.18 0.09 -0.1 -0.92 
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Table A 2.10 (continued) 

38 -0.16 -0.37 -0.15 -0.62 -0.1 -1.06 

39 -0.16 -0.37 0.01 -0.67 -0.18 -0.33 

40 0.13 -0.53 -0.57 -0.7 -0.15 -0.29 

41 -0.43 -0.55 -0.67 -0.86 -0.14 -0.25 

42 -0.43 -0.93 -0.7 -0.82 -0.06 -0.13 

43 -0.02 -1.05 -0.89 -0.48 0.63 -0.18 

44 0.56 -0.04 -0.86 -0.47 0.66 -0.06 

45 0.59 0.02 -0.51 -0.33 0.68 -0.06 

46 0.69 -0.09 -0.5 -0.33 0.68 -0.03 

47 0.7 -0.11 -0.36 -0.29 0.68 0 

48 0.69 -0.07 -0.36 -0.29 0.68 0.62 

49 0.69 -0.06 -0.32 -0.28 0.67 0.67 

50 0.68 -0.03 -0.32 -0.28 0.66 0.66 

51 0.67 0.62 -0.3 -0.28 0.64 0.65 

52 0.67 0.66 -0.3 -0.28 -0.17 0.65 

53 0.62 0.65 -0.3 -0.36 -0.22 0.64 

54 0.61 0.65 -0.31 -0.37 -0.23 0.64 

55 -0.33 0.64 -0.4 -0.33 -0.23 0.64 

56 -0.38 0.63 -0.4 -0.32 0.02 0.62 

57 -0.18 0.63 -0.36 -0.32 0.03 0.59 

58 -0.16 0.63 -0.35 -0.31 -0.41 0.57 

59 -0.03 0.62 -0.35 -0.3 -1.27 0.52 

60 -0.02 0.59 -0.35 -0.26 -1.22 -0.32 

61 -0.43 0.57 -0.32 -0.25 -0.74 -0.38 

62 -1.25 0.52 -0.27 -0.25 -0.57 -0.38 

63 -1.18 -0.31 -0.27 -0.22 -0.46 -0.21 

64 -0.72 -0.37 -0.24 -0.21 -0.43 -0.02 

65 -0.5 -0.37 -0.24 -0.2 -0.36 0 

66 -0.44 -0.2 -0.24 -0.2 -0.33 -0.58 

67 -0.43 0 -0.22 -0.19 -0.62 -1.19 

68 -0.39 0.01 -0.22 -0.19 -0.43 -1.16 

69 -0.36 -0.39 -0.21 -0.19 -0.42 -0.67 

70 -0.35 -1.2 -0.21 -0.19 -0.37 -0.62 

71 -0.34 -1.13 -0.21 -0.2 -0.35 -0.41 

72 -0.23 -0.68 -0.21 -0.21 -0.34 -0.4 

73 -0.23 -0.47 -0.21 -0.21 -0.33 -0.4 

74 -0.23 -0.42 -0.22 -0.24 -0.24 -0.34 

75 -0.33 -0.41 -0.23 -0.24 -0.24 -0.34 

76 -0.34 -0.34 -0.24 -0.34 -0.32 -0.34 



 

80 

 

Table A 2.11 Pressure coefficient on polyline for 500 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.35 -0.39 -0.37 -0.45 -0.34 -0.3 

1 -0.4 -0.33 -0.36 -0.44 -0.39 -0.34 

2 -0.43 -0.32 -0.32 -0.39 -0.41 -0.36 

3 -0.81 -0.3 -0.3 -0.37 -0.75 -0.67 

4 -0.53 -0.29 -0.3 -0.37 -0.5 -0.47 

5 -0.52 -0.32 -0.31 -0.38 -0.49 -0.46 

6 -0.5 -0.36 -0.38 -0.45 -0.48 -0.45 

7 -0.25 -0.6 -0.61 -0.72 -0.27 -0.25 

8 -0.25 -0.65 -0.64 -0.76 -0.26 -0.25 

9 -0.25 -0.69 -1.1 -1.34 -0.24 -0.23 

10 -0.25 -1.18 -1.16 -1.41 -0.22 -0.23 

11 -0.24 -0.02 -1.15 -1.39 -0.22 -0.22 

12 -0.22 0.12 0.11 0.06 -0.22 -0.21 

13 -0.22 0.11 0.09 0.05 -0.21 -0.21 

14 -0.22 -0.1 0 -0.01 -0.21 -0.2 

15 -0.21 -0.46 -0.62 -0.81 -0.2 -0.2 

16 -0.21 -0.47 -0.61 -0.81 -0.2 -0.2 

17 -0.21 -0.41 0.01 -0.09 -0.21 -0.2 

18 -0.21 0.5 0.56 0.68 -0.21 -0.2 

19 -0.22 0.54 0.59 0.73 -0.24 -0.21 

20 -0.26 0.54 0.59 0.73 -0.31 -0.23 

21 -0.26 0.58 0.57 0.72 -0.31 -0.24 

22 -0.26 0.61 0.58 0.72 -0.31 -0.24 

23 -0.34 0.61 0.6 0.75 -0.36 -0.31 

24 -0.34 0.66 0.62 0.78 -0.36 -0.31 

25 -0.35 0.67 0.63 0.78 -0.35 -0.32 

26 -0.36 0.69 0.66 0.78 -0.29 -0.36 

27 -0.36 0.73 0.69 0.8 -0.29 -0.36 

28 -0.35 0.75 0.68 0.79 -0.29 -0.35 

29 -0.34 0.75 0.3 0.76 -0.3 -0.29 

30 -0.34 0.44 0.28 0.13 -0.36 -0.29 

31 -0.3 0.08 0.27 0.09 -0.37 -0.28 

32 -0.3 0.07 0.05 0.07 -0.59 -0.29 

33 -0.31 0.08 0.14 0.1 -0.66 -0.31 

34 -0.34 0.04 0.51 0.17 -1.11 -0.33 

35 -0.38 0.03 -0.28 0.44 -0.08 -0.44 

36 -0.56 -0.02 -0.45 -0.38 -0.03 -0.48 

37 -0.57 -1.11 -0.49 -0.53 -0.01 -0.75 



 

81 

 

Table A 2.11 (continued) 

38 -0.65 -1.03 -0.98 -0.59 0.07 -0.87 

39 -1.07 -0.86 -0.74 -1.22 0.05 -0.92 

40 -1.21 -0.52 -0.55 -0.82 0.06 -0.25 

41 -0.01 -0.45 -0.44 -0.8 0.36 -0.21 

42 0.05 -0.34 -0.34 -0.56 0.72 -0.19 

43 -0.04 -0.3 -0.33 -0.49 0.72 0.06 

44 -0.04 -0.3 -0.29 -0.49 0.71 0.05 

45 -0.08 -0.29 -0.28 -0.49 0.7 -0.2 

46 -0.03 -0.29 -0.28 -0.37 0.67 0.68 

47 0.01 -0.3 -0.28 -0.33 0.66 0.69 

48 0.32 -0.3 -0.28 -0.33 0.63 0.7 

49 0.76 -0.31 -0.28 -0.33 0.63 0.7 

50 0.8 -0.41 -0.37 -0.32 0.62 0.67 

51 0.79 -0.4 -0.38 -0.32 0.61 0.65 

52 0.78 -0.33 -0.38 -0.33 0.4 0.64 

53 0.78 -0.33 -0.33 -0.34 -0.48 0.62 

54 0.73 -0.26 -0.33 -0.45 -0.54 0.6 

55 0.73 -0.25 -0.33 -0.44 -0.51 0.61 

56 0.69 -0.25 -0.25 -0.41 -0.13 0.57 

57 0.68 -0.21 -0.25 -0.38 0.09 -0.39 

58 0.63 -0.21 -0.25 -0.38 0.1 -0.46 

59 0.61 -0.2 -0.22 -0.38 -0.5 -0.44 

60 -0.48 -0.2 -0.21 -0.36 -1.23 -0.12 

61 -0.58 -0.2 -0.21 -0.31 -1.19 0.11 

62 -0.56 -0.2 -0.21 -0.3 -0.65 0.13 

63 -0.13 -0.21 -0.21 -0.3 -0.39 -0.02 

64 0.1 -0.21 -0.21 -0.26 -0.39 -1.2 

65 0.12 -0.22 -0.21 -0.25 -0.39 -0.68 

66 -0.04 -0.23 -0.23 -0.24 -0.31 -0.63 

67 -1.27 -0.24 -0.23 -0.24 -0.31 -0.59 

68 -0.73 -0.24 -0.24 -0.24 -0.33 -0.35 

69 -0.68 -0.24 -0.24 -0.25 -0.42 -0.31 

70 -0.64 -0.48 -0.23 -0.25 -0.37 -0.28 

71 -0.38 -0.49 -0.23 -0.25 -0.35 -0.28 

72 -0.33 -0.5 -0.24 -0.25 -0.34 -0.29 

73 -0.3 -0.77 -0.49 -0.27 -0.33 -0.4 

74 -0.32 -0.42 -0.5 -0.28 -0.24 -0.34 

75 -0.33 -0.41 -0.66 -0.28 -0.24 -0.34 

76 -0.34 -0.34 -0.6 -0.29 -0.32 -0.34 
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Table A 2.12 Pressure coefficient on polyline for 600 mm IM in HB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.22 -0.26 -0.3 -0.34 -0.25 -0.21 

1 -0.21 -0.22 -0.28 -0.32 -0.23 -0.2 

2 -0.2 -0.22 -0.25 -0.28 -0.22 -0.19 

3 -0.2 -0.21 -0.24 -0.25 -0.2 -0.19 

4 -0.2 -0.21 -0.23 -0.25 -0.2 -0.19 

5 -0.21 -0.23 -0.25 -0.25 -0.2 -0.21 

6 -0.23 -0.24 -0.25 -0.27 -0.21 -0.21 

7 -0.29 -0.3 -0.27 -0.4 -0.21 -0.21 

8 -0.3 -0.32 -0.35 -0.42 -0.27 -0.3 

9 -0.32 -0.33 -0.38 -0.65 -0.3 -0.4 

10 -0.46 -0.49 -0.6 -0.68 -0.33 -0.51 

11 -0.25 -0.24 -0.24 -0.67 -0.59 -0.15 

12 -0.23 -0.2 -0.19 -0.33 -0.18 -0.1 

13 -0.23 -0.21 -0.19 -0.33 -0.13 -0.11 

14 -0.38 -0.29 -0.27 -0.28 -0.14 -0.32 

15 -0.41 -0.64 -0.28 -0.46 -0.28 -0.34 

16 -0.72 -0.66 -0.53 -0.67 -0.29 -0.74 

17 -0.71 -0.63 -0.5 -0.69 -0.64 -0.7 

18 -0.64 -0.11 -0.02 -0.6 -0.6 0.05 

19 -0.01 -0.03 0.02 -0.53 0.02 0.1 

20 0.06 -0.03 0.04 -0.3 0.06 0.17 

21 0.11 0.04 0.1 -0.08 0.11 0.3 

22 0.15 0.05 0.18 -0.06 0.18 0.35 

23 0.3 0.17 0.34 -0.04 0.27 0.38 

24 0.37 0.17 0.38 0.02 0.45 0.54 

25 0.53 0.19 0.42 0.04 0.49 0.67 

26 0.58 0.38 0.62 0.11 0.51 0.7 

27 0.73 0.49 0.68 0.25 0.69 0.44 

28 0.76 0.65 0.5 0.28 0.5 0.37 

29 0.31 0.54 0.47 0.31 0.46 0.34 

30 0.29 0.53 0.45 0.54 0.43 0 

31 0.28 0.52 0.45 0.67 0.07 0.04 

32 0.39 0.5 0.48 0.74 0.32 0.15 

33 0.4 0.39 0.21 0.46 0.34 0.14 

34 0 0.41 0.18 0.45 0.35 0.1 

35 -0.06 0.42 0.04 0.44 0.51 0.05 

36 -1.07 -0.09 -1.32 0.45 -0.25 -1 

37 -0.92 -0.14 -1.1 0.48 -0.32 -0.66 
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Table A 2.12 (continued) 

38 -0.54 -0.19 -0.64 0.69 -0.4 -0.56 

39 -0.49 -1.11 -0.6 -0.49 -1.07 -0.48 

40 -0.33 -0.6 -0.39 -0.62 -0.98 -0.36 

41 -0.32 -0.6 -0.39 -0.66 -0.72 -0.3 

42 -0.29 -0.59 -0.37 -1.05 -0.52 -0.29 

43 -0.29 -0.35 -0.35 -1.02 -0.44 -0.27 

44 -0.3 -0.3 -0.35 -0.57 -0.32 -0.27 

45 -0.3 -0.3 -0.35 -0.56 -0.28 -0.27 

46 -0.31 -0.3 -0.35 -0.39 -0.27 -0.27 

47 -0.41 -0.3 -0.37 -0.38 -0.28 -0.36 

48 -0.41 -0.33 -0.38 -0.35 -0.28 -0.37 

49 -0.41 -0.33 -0.53 -0.35 -0.29 -0.32 

50 -0.34 -0.33 -0.53 -0.36 -0.29 -0.31 

51 -0.33 -0.41 -0.42 -0.36 -0.41 -0.22 

52 -0.33 -0.5 -0.41 -0.37 -0.41 -0.21 

53 -0.24 -0.49 -0.41 -0.38 -0.33 -0.19 

54 -0.24 -0.39 -0.3 -0.51 -0.33 -0.19 

55 -0.24 -0.39 -0.3 -0.51 -0.25 -0.18 

56 -0.21 -0.39 -0.3 -0.45 -0.25 -0.18 

57 -0.2 -0.27 -0.26 -0.43 -0.24 -0.19 

58 -0.2 -0.23 -0.25 -0.41 -0.2 -0.19 

59 -0.2 -0.23 -0.25 -0.4 -0.2 -0.2 

60 -0.2 -0.22 -0.25 -0.39 -0.2 -0.21 

61 -0.2 -0.22 -0.25 -0.33 -0.2 -0.22 

62 -0.21 -0.22 -0.26 -0.33 -0.2 -0.24 

63 -0.21 -0.23 -0.28 -0.28 -0.21 -0.18 

64 -0.22 -0.23 -0.29 -0.28 -0.23 -0.17 

65 -0.24 -0.25 -0.32 -0.27 -0.23 -0.3 

66 -0.24 -0.25 -0.34 -0.28 -0.26 -0.31 

67 -0.18 -0.28 -0.27 -0.28 -0.28 -0.32 

68 -0.18 -0.29 -0.26 -0.29 -0.2 -0.41 

69 -0.3 -0.21 -0.46 -0.29 -0.19 -0.39 

70 -0.31 -0.2 -0.48 -0.3 -0.39 -0.28 

71 -0.31 -0.38 -0.7 -0.34 -0.4 -0.28 

72 -0.44 -0.39 -0.71 -0.39 -0.41 -0.29 

73 -0.25 -0.4 -0.67 -0.4 -0.57 -0.4 

74 
 

-0.6 -0.5 -0.26 -0.54 -0.34 

75 -0.33 -0.27 -0.66 -0.25 -0.24 -0.34 

76 -0.34 -0.34 -0.6 -0.52 -0.32 -0.34 
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Table A 2.13 Pressure coefficient on polyline for 100 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.34 -0.29 -0.33 -0.29 -0.34 -0.33 

1 -0.33 -0.29 -0.34 -0.29 -0.33 -0.34 

2 -0.38 -0.31 -0.34 -0.31 -0.38 -0.34 

3 -0.38 -0.35 -0.35 -0.35 -0.38 -0.34 

4 -0.35 -0.37 -0.4 -0.37 -0.35 -0.4 

5 -0.35 -0.4 -0.4 -0.4 -0.35 -0.4 

6 -0.34 -0.5 -0.51 -0.5 -0.34 -0.51 

7 -0.26 -0.72 -0.62 -0.72 -0.26 -0.62 

8 -0.26 -0.77 -0.74 -0.77 -0.26 -0.74 

9 -0.24 -1.05 -0.87 -1.05 -0.24 -0.86 

10 -0.23 -1.16 -1.15 -1.15 -0.23 -1.15 

11 -0.23 -1.11 0.14 -1.11 -0.23 0.14 

12 -0.23 0.48 0.22 0.48 -0.23 0.22 

13 -0.23 0.47 0.22 0.47 -0.22 0.22 

14 -0.22 -0.61 -0.67 -0.61 -0.22 -0.68 

15 -0.22 -0.61 -0.68 -0.61 -0.22 -0.69 

16 -0.22 -0.05 -0.23 -0.04 -0.22 -0.23 

17 -0.22 0.18 -0.19 0.14 -0.22 -0.19 

18 -0.23 0.61 0.56 0.61 -0.23 0.56 

19 -0.23 0.62 0.58 0.62 -0.23 0.58 

20 -0.23 0.66 0.65 0.66 -0.23 0.65 

21 -0.23 0.67 0.67 0.66 -0.24 0.67 

22 -0.24 0.66 0.68 0.66 -0.24 0.68 

23 -0.26 0.66 0.68 0.65 -0.26 0.68 

24 -0.26 0.66 0.68 0.64 -0.34 0.68 

25 -0.26 0.64 0.68 0.65 -0.35 0.68 

26 -0.34 0.61 0.68 0.56 -0.35 0.68 

27 -0.35 0.57 0.68 -0.09 -0.39 0.68 

28 -0.35 -0.21 0.67 -0.14 -0.34 0.67 

29 -0.39 -0.16 0.67 -0.17 -0.33 0.67 

30 -0.34 -0.17 0.65 -0.17 -0.33 0.65 

31 -0.33 0.21 0.57 0.21 -0.34 0.57 

32 -0.33 0.22 -0.23 0.21 -0.35 -0.23 

33 -0.34 -0.07 -0.32 -0.07 -0.37 -0.32 

34 -0.35 -1.02 -0.14 -1.02 -0.38 -0.14 

35 -0.37 -1.15 -0.12 -1.16 -0.47 -0.12 

36 -0.38 -1.06 0 -1.06 -0.48 0 

37 -0.47 -0.64 0 -0.64 -0.72 0.01 
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Table A 2.13 (continued) 

38 -0.48 -0.47 -0.06 -0.47 -0.75 -0.06 
39 -0.73 -0.46 -1.28 -0.46 -1.23 -1.27 
40 -0.75 -0.36 -1.24 -0.36 -1.28 -1.23 
41 -1.24 -0.36 -0.75 -0.36 -0.06 -0.75 
42 -1.28 -0.32 -0.72 -0.32 0 -0.72 
43 -0.06 -0.32 -0.48 -0.32 0 -0.48 
44 0 -0.3 -0.47 -0.3 -0.12 -0.47 
45 0 -0.3 -0.38 -0.3 -0.14 -0.37 
46 -0.12 -0.35 -0.37 -0.35 -0.33 -0.37 
47 -0.14 -0.36 -0.35 -0.36 -0.23 -0.35 

48 -0.33 -0.36 -0.34 -0.35 0.57 -0.34 
49 -0.23 -0.31 -0.33 -0.31 0.65 -0.33 
50 0.57 -0.25 -0.33 -0.25 0.67 -0.33 
51 0.65 -0.25 -0.34 -0.25 0.67 -0.34 
52 0.67 -0.25 -0.39 -0.25 0.68 -0.39 
53 0.67 -0.22 -0.35 -0.22 0.68 -0.35 
54 0.69 -0.21 -0.35 -0.21 0.68 -0.35 
55 0.69 -0.21 -0.34 -0.21 0.68 -0.34 
56 0.69 -0.21 -0.26 -0.21 0.68 -0.26 
57 0.68 -0.21 -0.26 -0.21 0.68 -0.24 
58 0.68 -0.22 -0.26 -0.22 0.67 -0.24 
59 0.68 -0.22 -0.24 -0.22 0.65 -0.23 

60 0.68 -0.24 -0.23 -0.24 0.58 -0.23 
61 0.65 -0.25 -0.23 -0.25 0.56 -0.23 
62 0.58 -0.31 -0.23 -0.31 -0.19 -0.22 
63 0.57 -0.31 -0.23 -0.31 -0.23 -0.22 
64 -0.19 -0.32 -0.22 -0.31 -0.68 -0.22 
65 -0.23 -0.34 -0.22 -0.34 -0.67 -0.22 
66 -0.68 -0.34 -0.22 -0.34 0.22 -0.22 
67 -0.67 -0.32 -0.22 -0.32 0.22 -0.23 
68 0.22 -0.29 -0.23 -0.29 0.14 -0.23 
69 0.22 -0.21 -0.23 -0.29 -1.15 -0.23 
70 0.14 -0.2 -0.23 -0.3 -0.86 -0.24 
71 -1.16 -0.38 -0.23 -0.34 -0.73 -0.26 

72 -0.87 -0.39 -0.24 -0.39 -0.62 -0.26 
73 -0.74 -0.4 -0.26 -0.4 -0.51 -0.34 
74 -0.62 -0.6 -0.26 -0.26 -0.4 -0.34 
75 -0.51 -0.27 -0.34 -0.25 -0.4 -0.35 
76 -0.41 -0.34 -0.35 -0.52 -0.34 -0.38 
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Table A 2.14 Pressure coefficient on polyline for 200 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.33 -0.33 -0.33 -0.33 -0.29 -0.29 

1 -0.32 -0.32 -0.33 -0.33 -0.29 -0.29 

2 -0.37 -0.37 -0.34 -0.34 -0.31 -0.31 

3 -0.37 -0.38 -0.34 -0.34 -0.35 -0.35 

4 -0.34 -0.34 -0.4 -0.4 -0.37 -0.37 

5 -0.34 -0.34 -0.4 -0.4 -0.4 -0.4 

6 -0.33 -0.34 -0.51 -0.51 -0.51 -0.51 

7 -0.25 -0.25 -0.62 -0.62 -0.73 -0.73 

8 -0.25 -0.25 -0.74 -0.74 -0.78 -0.78 

9 -0.23 -0.24 -0.87 -0.87 -1.06 -1.06 

10 -0.23 -0.23 -1.16 -1.15 -1.16 -1.16 

11 -0.23 -0.23 0.14 0.14 -1.11 -1.11 

12 -0.22 -0.22 0.22 0.22 0.47 0.48 

13 -0.22 -0.22 0.22 0.22 0.47 0.47 

14 -0.22 -0.22 -0.66 -0.67 -0.62 -0.62 

15 -0.22 -0.22 -0.67 -0.68 -0.62 -0.62 

16 -0.22 -0.22 -0.22 -0.23 -0.05 -0.05 

17 -0.22 -0.22 -0.18 -0.19 0.13 0.18 

18 -0.22 -0.22 0.57 0.56 0.61 0.62 

19 -0.22 -0.22 0.59 0.58 0.62 0.62 

20 -0.22 -0.22 0.66 0.65 0.66 0.67 

21 -0.23 -0.23 0.68 0.68 0.66 0.67 

22 -0.23 -0.23 0.68 0.68 0.66 0.66 

23 -0.25 -0.25 0.68 0.68 0.65 0.66 

24 -0.25 -0.25 0.68 0.68 0.64 0.66 

25 -0.25 -0.26 0.69 0.69 0.65 0.64 

26 -0.33 -0.33 0.69 0.69 0.57 0.61 

27 -0.34 -0.34 0.69 0.69 -0.08 0.58 

28 -0.34 -0.34 0.67 0.67 -0.13 -0.2 

29 -0.38 -0.38 0.67 0.67 -0.16 -0.16 

30 -0.33 -0.33 0.65 0.65 -0.16 -0.16 

31 -0.32 -0.32 0.57 0.57 0.21 0.21 

32 -0.33 -0.33 -0.24 -0.23 0.22 0.22 

33 -0.33 -0.34 -0.33 -0.32 -0.07 -0.06 

34 -0.35 -0.35 -0.14 -0.14 -1.02 -1.02 

35 -0.36 -0.37 -0.13 -0.12 -1.16 -1.15 

36 -0.37 -0.37 0 0 -1.06 -1.06 

37 -0.47 -0.47 0 0 -0.64 -0.64 
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Table A 2.14 (continued) 

38 -0.48 -0.48 -0.07 -0.06 -0.47 -0.47 

39 -0.72 -0.72 -1.29 -1.28 -0.46 -0.46 

40 -0.75 -0.75 -1.24 -1.24 -0.36 -0.36 

41 -1.23 -1.23 -0.76 -0.75 -0.36 -0.36 

42 -1.27 -1.28 -0.73 -0.73 -0.32 -0.32 

43 -0.06 -0.06 -0.48 -0.48 -0.32 -0.32 

44 0.01 0 -0.47 -0.47 -0.3 -0.3 

45 0 0 -0.38 -0.38 -0.3 -0.3 

46 -0.12 -0.12 -0.37 -0.37 -0.35 -0.35 

47 -0.14 -0.14 -0.35 -0.35 -0.36 -0.36 

48 -0.32 -0.33 -0.34 -0.34 -0.35 -0.35 

49 -0.23 -0.24 -0.33 -0.33 -0.31 -0.31 

50 0.57 0.57 -0.32 -0.32 -0.25 -0.25 

51 0.65 0.65 -0.34 -0.34 -0.25 -0.24 

52 0.67 0.67 -0.39 -0.39 -0.24 -0.24 

53 0.67 0.67 -0.35 -0.35 -0.22 -0.21 

54 0.69 0.68 -0.34 -0.34 -0.21 -0.21 

55 0.69 0.69 -0.34 -0.34 -0.2 -0.2 

56 0.69 0.69 -0.26 -0.26 -0.2 -0.2 

57 0.68 0.68 -0.24 -0.24 -0.2 -0.2 

58 0.68 0.68 -0.24 -0.24 -0.22 -0.22 

59 0.68 0.68 -0.23 -0.23 -0.22 -0.22 

60 0.68 0.68 -0.23 -0.23 -0.24 -0.24 

61 0.65 0.65 -0.23 -0.23 -0.25 -0.25 

62 0.58 0.58 -0.22 -0.22 -0.3 -0.3 

63 0.57 0.57 -0.22 -0.22 -0.3 -0.3 

64 -0.19 -0.18 -0.22 -0.22 -0.31 -0.31 

65 -0.23 -0.22 -0.22 -0.22 -0.32 -0.33 

66 -0.68 -0.67 -0.22 -0.22 -0.33 -0.33 

67 -0.67 -0.66 -0.22 -0.22 -0.32 -0.32 

68 0.22 0.22 -0.23 -0.23 -0.31 -0.31 

69 0.23 0.23 -0.23 -0.23 -0.3 -0.3 

70 0.14 0.15 -0.24 -0.24 -0.86 -0.24 

71 -1.15 -1.14 -0.25 -0.25 -0.73 -0.26 

72 -0.86 -0.86 -0.25 -0.25 -0.62 -0.26 

73 -0.74 -0.73 -0.34 -0.34 -0.51 -0.34 

74 -0.62 -0.61 -0.34 -0.34 -0.4 -0.34 

75 -0.51 -0.51 -0.35 -0.35 -0.4 -0.35 

76 -0.4 -0.4 -0.38 -0.38 -0.34 -0.38 



 

88 

 

Table A 2.15 Pressure coefficient on polyline for 300 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.33 -0.32 -0.28 -0.29 -0.29 -0.33 

1 -0.32 -0.33 -0.28 -0.29 -0.29 -0.32 

2 -0.37 -0.33 -0.3 -0.31 -0.31 -0.37 

3 -0.38 -0.34 -0.34 -0.34 -0.35 -0.37 

4 -0.34 -0.39 -0.36 -0.31 -0.37 -0.34 

5 -0.34 -0.39 -0.39 -0.31 -0.4 -0.34 

6 -0.33 -0.5 -0.49 -0.23 -0.5 -0.33 

7 -0.25 -0.61 -0.71 -0.23 -0.73 -0.24 

8 -0.25 -0.73 -0.77 -0.21 -0.78 -0.24 

9 -0.23 -0.86 -1.05 -0.21 -1.06 -0.23 

10 -0.22 -1.14 -1.16 -0.2 -1.16 -0.22 

11 -0.22 0.16 -1.11 -0.2 -1.11 -0.22 

12 -0.21 0.24 0.49 -0.2 0.48 -0.21 

13 -0.21 0.23 0.48 -0.19 0.47 -0.21 

14 -0.21 -0.64 -0.58 -0.19 -0.6 -0.21 

15 -0.21 -0.65 -0.58 -0.19 -0.6 -0.21 

16 -0.21 -0.2 -0.02 -0.19 -0.04 -0.21 

17 -0.21 -0.16 0.16 -0.2 0.19 -0.21 

18 -0.22 0.58 0.63 -0.2 0.62 -0.21 

19 -0.22 0.59 0.64 -0.21 0.63 -0.21 

20 -0.22 0.66 0.67 -0.21 0.67 -0.21 

21 -0.23 0.69 0.67 -0.22 0.68 -0.22 

22 -0.23 0.69 0.67 -0.24 0.66 -0.22 

23 -0.25 0.69 0.67 -0.3 0.67 -0.24 

24 -0.34 0.69 0.65 -0.3 0.66 -0.25 

25 -0.34 0.7 0.66 -0.35 0.65 -0.25 

26 -0.34 0.7 0.58 -0.35 0.62 -0.33 

27 -0.39 0.7 -0.09 -0.35 0.59 -0.34 

28 -0.33 0.68 -0.13 -0.3 -0.18 -0.34 

29 -0.32 0.68 -0.17 -0.3 -0.14 -0.39 

30 -0.33 0.66 -0.17 -0.31 -0.15 -0.33 

31 -0.33 0.58 0.19 -0.33 0.22 -0.32 

32 -0.34 -0.22 0.2 -0.33 0.23 -0.32 

33 -0.36 -0.31 -1.02 -0.33 -0.06 -0.33 

34 -0.37 -0.13 -1.17 -0.34 -1.01 -0.34 

35 -0.46 -0.11 -1.18 -0.44 -1.15 -0.36 

36 -0.47 0.01 -1.17 -0.59 -1.05 -0.36 

37 -0.72 0.01 -1.05 -0.68 -0.63 -0.46 



 

89 

 

Table A 2.15 (continued) 

38 -0.75 -0.06 -0.55 -1.09 -0.46 -0.47 

39 -1.24 -1.28 -0.54 -1.15 -0.45 -0.71 

40 -1.28 -1.24 -0.36 -0.34 -0.35 -0.74 

41 -0.05 -0.75 -0.36 -0.05 -0.35 -1.22 

42 0.01 -0.72 -0.31 -0.06 -0.31 -1.26 

43 0.01 -0.48 -0.31 -0.22 -0.31 -0.05 

44 -0.11 -0.47 -0.3 -0.22 -0.3 0.02 

45 -0.12 -0.37 -0.3 -0.12 -0.3 0.02 

46 -0.3 -0.36 -0.35 -0.08 -0.36 -0.1 

47 -0.21 -0.35 -0.36 0.58 -0.36 -0.11 

48 0.59 -0.33 -0.35 0.65 -0.36 -0.29 

49 0.66 -0.33 -0.31 0.65 -0.31 -0.2 

50 0.68 -0.32 -0.24 0.65 -0.3 0.58 

51 0.68 -0.33 -0.24 0.66 -0.24 0.66 

52 0.7 -0.39 -0.24 0.66 -0.24 0.68 

53 0.7 -0.34 -0.21 0.65 -0.21 0.68 

54 0.7 -0.34 -0.21 0.63 -0.2 0.69 

55 0.69 -0.34 -0.2 0.62 -0.2 0.69 

56 0.69 -0.25 -0.2 0.09 -0.2 0.69 

57 0.69 -0.23 -0.2 0.05 -0.2 0.69 

58 0.69 -0.23 -0.2 -0.56 -0.21 0.69 

59 0.67 -0.22 -0.2 -0.56 -0.21 0.68 

60 0.6 -0.22 -0.2 0.46 -0.24 0.68 

61 0.58 -0.21 -0.21 0.46 -0.25 0.66 

62 -0.17 -0.21 -0.22 -1.1 -0.25 0.59 

63 -0.21 -0.21 -0.22 -1.14 -0.31 0.57 

64 -0.66 -0.21 -0.25 -1.04 -0.31 -0.17 

65 -0.65 -0.21 -0.25 -0.77 -0.31 -0.22 

66 0.23 -0.21 -0.3 -0.71 -0.33 -0.67 

67 0.24 -0.21 -0.31 -0.5 -0.33 -0.66 

68 0.15 -0.22 -0.31 -0.39 -0.31 0.23 

69 -1.15 -0.22 -0.32 -0.36 -0.3 0.23 

70 -0.86 -0.23 -0.31 -0.34 -0.86 0.15 

71 -0.73 -0.24 -0.3 -0.31 -0.73 -1.15 

72 -0.61 -0.24 -0.29 -0.25 -0.62 -0.86 

73 -0.51 -0.33 -0.34 -0.34 -0.51 -0.73 

74 -0.4 -0.34 -0.34 -0.34 -0.4 -0.61 

75 -0.39 -0.34 -0.35 -0.35 -0.4 -0.51 

76 -0.34 -0.38 -0.38 -0.38 -0.34 -0.4 
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Table A 2.16 Pressure coefficient on polyline for 400 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.27 -0.28 -0.32 -0.28 -0.3 -0.29 

1 -0.27 -0.28 -0.32 -0.28 -0.31 -0.3 

2 -0.28 -0.29 -0.33 -0.3 -0.31 -0.31 

3 -0.31 -0.32 -0.37 -0.33 -0.32 -0.34 

4 -0.33 -0.34 -0.37 -0.34 -0.34 -0.35 

5 -0.36 -0.37 -0.37 -0.38 -0.36 -0.39 

6 -0.46 -0.47 -0.47 -0.48 -0.43 -0.49 

7 -0.68 -0.7 -0.58 -0.7 -0.51 -0.72 

8 -0.73 -0.75 -0.67 -0.76 -0.6 -0.77 

9 -1.01 -1.04 -0.77 -1.04 -0.81 -1.06 

10 -1.12 -1.14 -1.05 -1.15 -1.27 -1.17 

11 -1.07 -1.09 -1.27 -1.1 -1.22 -1.12 

12 0.5 0.51 -1.22 0.5 -0.23 0.52 

13 0.49 0.5 0.63 0.5 0.35 0.51 

14 -0.49 -0.49 0.63 -0.5 0.35 -0.52 

15 -0.48 -0.49 -0.51 -0.5 -0.05 -0.51 

16 0.03 0.03 -0.5 0.02 -0.05 0.02 

17 0.17 0.25 0.04 0.19 -0.12 0.25 

18 0.62 0.65 0.27 0.64 0.16 0.66 

19 0.63 0.66 0.7 0.65 0.65 0.66 

20 0.67 0.7 0.71 0.68 0.66 0.71 

21 0.67 0.7 0.75 0.68 0.7 0.71 

22 0.67 0.69 0.76 0.68 0.71 0.7 

23 0.67 0.68 0.74 0.68 0.7 0.69 

24 0.66 0.68 0.73 0.67 0.69 0.69 

25 0.65 0.66 0.73 0.68 0.69 0.68 

26 0.64 0.64 0.71 0.6 0.67 0.65 

27 -0.05 0.6 0.68 -0.01 0.65 0.62 

28 -0.09 -0.14 0.65 -0.05 0.61 -0.15 

29 -0.09 -0.09 -0.15 -0.09 -0.12 -0.13 

30 -0.1 -0.09 -0.11 -0.09 -0.08 -0.13 

31 -0.11 0.25 -0.12 0.25 -0.09 0.01 

32 -0.09 0.26 0.29 0.26 0.28 0.02 

33 -0.16 -0.03 0.3 -0.03 0.29 -0.2 

34 -1 -1.01 -1.22 -1.01 -1.12 -1.16 

35 -1 -1.15 -1.3 -1.15 -1.2 -1.06 

36 -0.99 -1.05 -1.22 -1.05 -1.13 -0.65 

37 -0.61 -0.62 -0.72 -0.62 -0.67 -0.55 
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Table A 2.16 (continued) 

38 -0.42 -0.44 -0.58 -0.44 -0.53 -0.41 

39 -0.4 -0.43 -0.44 -0.43 -0.41 -0.35 

40 -0.4 -0.34 -0.37 -0.34 -0.34 -0.33 

41 -0.31 -0.34 -0.34 -0.33 -0.31 -0.31 

42 -0.31 -0.3 -0.33 -0.3 -0.31 -0.31 

43 -0.29 -0.3 -0.32 -0.3 -0.29 -0.31 

44 -0.29 -0.3 -0.32 -0.3 -0.3 -0.31 

45 -0.29 -0.3 -0.4 -0.3 -0.38 -0.39 

46 -0.29 -0.37 -0.41 -0.37 -0.39 -0.39 

47 -0.35 -0.38 -0.4 -0.38 -0.38 -0.34 

48 -0.35 -0.37 -0.35 -0.37 -0.33 -0.33 

49 -0.31 -0.31 -0.26 -0.31 -0.24 -0.23 

50 -0.31 -0.23 -0.25 -0.31 -0.24 -0.23 

51 -0.22 -0.23 -0.25 -0.23 -0.23 -0.22 

52 -0.21 -0.22 -0.21 -0.23 -0.2 -0.19 

53 -0.21 -0.19 -0.2 -0.2 -0.19 -0.19 

54 -0.19 -0.19 -0.19 -0.19 -0.18 -0.18 

55 -0.18 -0.18 -0.19 -0.19 -0.18 -0.18 

56 -0.18 -0.18 -0.2 -0.18 -0.18 -0.18 

57 -0.17 -0.18 -0.21 -0.18 -0.2 -0.18 

58 -0.17 -0.18 -0.21 -0.18 -0.2 -0.18 

59 -0.17 -0.18 -0.23 -0.19 -0.22 -0.19 

60 -0.18 -0.18 -0.25 -0.19 -0.24 -0.19 

61 -0.18 -0.19 -0.33 -0.19 -0.33 -0.22 

62 -0.19 -0.2 -0.34 -0.21 -0.33 -0.23 

63 -0.21 -0.2 -0.4 -0.21 -0.34 -0.23 

64 -0.22 -0.23 -0.4 -0.24 -0.38 -0.32 

65 -0.22 -0.24 -0.39 -0.24 -0.3 -0.36 

66 -0.3 -0.3 -0.3 -0.31 -0.33 -0.37 

67 -0.31 -0.3 -0.31 -0.31 -0.33 -0.33 

68 -0.34 -0.34 -0.31 -0.34 -0.31 0.23 

69 -0.31 -0.34 -0.32 -0.34 -0.3 0.23 

70 -0.86 -0.31 -0.31 -0.31 -0.86 0.15 

71 -0.73 -0.24 -0.3 -0.31 -0.73 -1.15 

72 -0.61 -0.24 -0.29 -0.25 -0.62 -0.86 

73 -0.51 -0.33 -0.34 -0.34 -0.51 -0.73 

74 -0.4 -0.34 -0.34 -0.34 -0.4 -0.61 

75 -0.39 -0.34 -0.35 -0.35 -0.4 -0.51 

76 -0.34 -0.38 -0.38 -0.38 -0.34 -0.4 
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Table A 2.17 Pressure coefficient on polyline for 500 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.27 -0.29 -0.3 -0.33 -0.3 -0.29 

1 -0.27 -0.3 -0.3 -0.31 -0.31 -0.28 

2 -0.35 -0.41 -0.27 -0.29 -0.46 -0.25 

3 -0.43 -0.53 -0.26 -0.29 -0.49 -0.25 

4 -0.43 -0.39 -0.25 -0.29 -0.38 -0.25 

5 -0.35 -0.39 -0.25 -0.29 -0.37 -0.28 

6 -0.35 -0.38 -0.27 -0.37 -0.37 -0.37 

7 -0.23 -0.19 -0.36 -0.49 -0.22 -0.62 

8 -0.23 -0.19 -0.4 -0.58 -0.19 -0.67 

9 -0.22 -0.18 -0.49 -0.69 -0.19 -0.92 

10 -0.18 -0.18 -0.71 -0.98 -0.18 -1.02 

11 -0.16 -0.16 -1.13 -1.2 -0.17 -0.96 

12 -0.16 -0.16 -1.09 -1.15 -0.17 0.61 

13 -0.16 -0.15 -0.12 0.72 -0.16 0.6 

14 -0.16 -0.16 0.45 0.73 -0.16 -0.16 

15 -0.16 -0.17 0.45 0.04 -0.16 -0.16 

16 -0.18 -0.18 0.23 0.04 -0.17 0.2 

17 -0.18 -0.2 0.23 0.1 -0.18 0.31 

18 -0.21 -0.2 0.11 0.35 -0.19 0.72 

19 -0.21 -0.21 0.29 0.8 -0.21 0.72 

20 -0.37 -0.38 0.76 0.8 -0.22 0.71 

21 -0.38 -0.39 0.76 0.79 -0.22 0.7 

22 -0.38 -0.54 0.72 0.79 -0.41 0.7 

23 -0.53 -0.52 0.73 0.78 -0.42 0.73 

24 -0.51 -0.31 0.72 0.78 -0.54 0.73 

25 -0.32 -0.28 0.72 0.77 -0.49 0.73 

26 -0.28 -0.27 0.69 0.8 -0.32 0.79 

27 -0.27 -0.26 0.71 0.82 -0.31 0.8 

28 -0.26 -0.24 0.69 0.79 -0.28 0.29 

29 -0.24 -0.24 0.13 0.03 -0.26 0.12 

30 -0.24 -0.3 0.09 0.14 -0.26 0.12 

31 -0.3 -0.31 0.14 0.14 -0.29 0.23 

32 -0.31 -0.33 0.15 0.14 -0.36 0.16 

33 -0.32 -0.56 0.36 0.14 -0.5 0.16 

34 -0.57 -0.89 0.34 -0.1 -0.73 -0.11 

35 -0.99 -0.92 -0.88 -1.15 -1.08 -1.14 

36 -1.03 -0.31 -1 -1.05 -0.94 -1.02 

37 -0.34 0.14 -0.68 -0.62 0.47 -0.63 
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Table A 2.17 (continued) 

38 0.17 0.24 -0.5 -0.5 0.47 -0.39 

39 0.17 0.21 -0.33 -0.34 0.18 -0.34 

40 0.18 -0.14 -0.29 -0.3 0.18 -0.31 

41 0.19 -0.11 -0.26 -0.28 0.17 -0.26 

42 0.09 0.65 -0.26 -0.3 0.21 -0.29 

43 0.64 0.66 -0.27 -0.3 0.74 -0.3 

44 0.66 0.67 -0.31 -0.35 0.75 -0.31 

45 0.61 0.64 -0.31 -0.36 0.74 -0.35 

46 0.61 0.66 -0.51 -0.61 0.74 -0.56 

47 0.61 0.66 -0.57 -0.62 0.74 -0.58 

48 0.6 0.7 -0.42 -0.45 0.73 -0.43 

49 0.6 0.69 -0.41 -0.44 0.72 -0.42 

50 0.61 0.7 -0.4 -0.43 0.75 -0.41 

51 0.66 0.72 -0.2 -0.23 0.75 -0.22 

52 0.67 0.28 -0.2 -0.21 0.24 -0.2 

53 0.4 0.22 -0.19 -0.19 0.05 -0.2 

54 0.28 -0.09 -0.18 -0.19 0.2 -0.2 

55 -0.09 -0.09 -0.17 -0.18 0.2 -0.2 

56 -0.09 0.61 -0.16 -0.17 0.41 -0.18 

57 0.6 0.61 -0.16 -0.17 0.42 -0.18 

58 0.6 -1 -0.16 -0.17 -0.14 -0.17 

59 -0.96 -1.05 -0.16 -0.18 -1.08 -0.17 

60 -1.01 -0.94 -0.17 -0.18 -1.12 -0.17 

61 -0.91 -0.67 -0.17 -0.19 -0.71 -0.18 

62 -0.66 -0.61 -0.18 -0.22 -0.5 -0.2 

63 -0.6 -0.38 -0.19 -0.22 -0.4 -0.2 

64 -0.36 -0.29 -0.22 -0.23 -0.36 -0.23 

65 -0.27 -0.26 -0.36 -0.4 -0.27 -0.26 

66 -0.25 -0.26 -0.36 -0.54 -0.25 -0.26 

67 -0.24 -0.25 -0.37 -0.54 -0.25 -0.39 

68 -0.24 -0.34 -0.47 -0.51 -0.26 -0.4 

69 -0.31 -0.34 -0.44 -0.34 -0.28 -0.48 

70 -0.86 -0.31 -0.31 -0.31 -0.86 -0.47 

71 -0.73 -0.24 -0.3 -0.31 -0.73 -0.38 

72 -0.61 -0.24 -0.29 -0.25 -0.62 -0.86 

73 -0.51 -0.33 -0.34 -0.34 -0.51 -0.73 

74 -0.4 -0.34 -0.34 -0.34 -0.4 -0.61 

75 -0.39 -0.34 -0.35 -0.35 -0.4 -0.51 

76 -0.34 -0.38 -0.38 -0.38 -0.34 -0.4 
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Table A 2.18 Pressure coefficient on polyline for 600 mm IM in FB configuration 

Perimeter 0° 15° 30° 45° 60° 75° 

0 -0.42 -0.31 -0.83 -0.83 -0.68 -0.37 

1 -0.42 -0.66 -0.66 -0.66 -0.98 -0.37 

2 -0.33 -0.99 -0.64 -0.64 -1 -0.28 

3 -0.3 -1.01 -0.39 -0.39 -0.92 -0.26 

4 -0.28 -0.93 -0.39 -0.39 -0.44 -0.25 

5 -0.29 -0.46 -0.38 -0.38 -0.4 -0.26 

6 -0.33 -0.41 -0.34 -0.34 -0.35 -0.3 

7 -0.46 -0.35 -0.3 -0.3 -0.29 -0.41 

8 -0.49 -0.29 -0.29 -0.29 -0.29 -0.43 

9 -0.5 -0.28 -0.29 -0.29 -0.29 -0.44 

10 -0.52 -0.28 -0.3 -0.3 -0.31 -0.45 

11 -0.48 -0.3 -0.3 -0.3 -0.37 -0.41 

12 0.32 -0.36 -0.36 -0.35 -0.41 0.24 

13 0.32 -0.42 -0.36 -0.36 -0.46 0.24 

14 0.29 -0.48 -0.31 -0.31 -0.56 0.2 

15 0.28 -0.6 -0.31 -0.31 -0.51 0.2 

16 0.14 -0.55 -0.65 -0.65 -0.46 0.07 

17 0.08 -0.49 -0.67 -0.67 0.26 0.02 

18 -0.11 0.35 -0.69 -0.69 0.26 -0.11 

19 -0.13 0.36 -1.02 -1.02 0.13 -0.12 

20 -0.18 0.23 -0.99 -0.99 0.12 -0.17 

21 -0.19 0.23 -0.48 -0.48 0.04 -0.19 

22 -0.2 0.15 -0.4 -0.4 -0.01 -0.19 

23 -0.19 0.08 -0.38 -0.38 -0.1 -0.19 

24 -0.19 -0.05 -0.36 -0.36 -0.11 -0.18 

25 -0.19 -0.06 -0.31 -0.31 -0.18 -0.17 

26 -0.12 -0.15 -0.3 -0.3 -0.18 -0.08 

27 -0.12 -0.16 -0.29 -0.29 -0.15 -0.06 

28 -0.01 -0.17 -0.3 -0.29 -0.16 0.17 

29 0.03 -0.19 -0.31 -0.31 -0.16 0.37 

30 0.04 -0.19 -0.41 -0.41 -0.12 0.38 

31 0.21 -0.16 -0.58 -0.58 -0.04 0.27 

32 0.13 -0.12 -0.59 -0.58 -0.04 0.27 

33 0.13 -0.12 -0.59 -0.59 0.13 0.07 

34 0 -0.01 -0.02 -0.02 0.26 -0.55 

35 -0.41 0.12 0.03 0.03 0.26 -0.63 

36 -0.46 0.12 0.02 0.02 0.15 -0.6 

37 -0.44 0.04 0.16 0.16 0.14 -0.43 
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Table A 2.18 (continued) 

38 -0.33 0.04 0.15 0.15 0 -0.33 
39 -0.26 -0.06 0.06 0.06 -0.63 -0.32 
40 -0.26 -0.47 -0.01 -0.01 -0.61 -0.3 
41 -0.24 -0.46 -0.01 -0.01 -0.49 -0.3 
42 -0.24 -0.39 -0.13 -0.13 -0.43 -0.36 
43 -0.28 -0.35 -0.13 -0.13 -0.34 -0.37 
44 -0.29 -0.29 -0.13 -0.13 -0.32 -0.48 
45 -0.37 -0.27 -0.13 -0.13 -0.32 -0.51 
46 -0.39 -0.27 -0.14 -0.14 -0.39 -1.03 
47 -0.83 -0.31 -0.11 -0.11 -0.39 -1.06 
48 -0.86 -0.31 -0.13 -0.13 -0.53 -1.04 
49 -0.84 -0.41 -0.11 -0.11 -0.53 -0.69 
50 -0.58 -0.41 -0.07 -0.07 -1.17 -0.36 
51 -0.57 -0.94 0 0 -1.2 -0.34 
52 -0.31 -0.96 -0.01 -0.01 -0.76 -0.34 
53 -0.31 -0.63 0.06 0.06 -0.73 -0.31 
54 -0.32 -0.61 0.11 0.11 -0.36 -0.31 
55 -0.27 -0.31 0.11 0.11 -0.34 -0.29 
56 -0.26 -0.29 0.26 0.26 -0.34 -0.27 
57 -0.26 -0.3 0.26 0.26 -0.35 -0.27 
58 -0.26 -0.32 -0.51 -0.51 -0.34 -0.27 
59 -0.26 -0.31 -0.55 -0.55 -0.29 -0.27 
60 -0.27 -0.27 -0.53 -0.53 -0.29 -0.31 
61 -0.31 -0.27 -0.49 -0.49 -0.29 -0.32 
62 -0.31 -0.27 -0.46 -0.46 -0.3 -0.37 
63 -0.31 -0.27 -0.32 -0.32 -0.31 -0.38 
64 -0.32 -0.28 -0.29 -0.29 -0.33 -0.39 
65 -0.33 -0.29 -0.27 -0.27 -0.36 -0.59 
66 -0.64 -0.32 -0.29 -0.29 -0.32 -0.6 
67 -0.66 -0.3 -0.32 -0.31 -0.31 -0.82 
68 -0.88 -0.29 -0.4 -0.4 -0.33 -0.81 
69 -0.65 -0.34 -0.4 -0.4 -0.28 -0.59 
70 -0.86 -0.31 -0.62 -0.61 -0.31 -0.47 
71 -0.73 -0.24 -0.83 -0.83 -0.24 -0.38 
72 -0.61 -0.24 -0.29 -0.25 -0.24 -0.29 
73 -0.51 -0.33 -0.34 -0.34 -0.33 -0.34 
74 -0.4 -0.34 -0.34 -0.34 -0.34 -0.34 
75 -0.39 -0.34 -0.35 -0.35 -0.34 -0.35 
76 -0.34 -0.38 -0.38 -0.38 -0.38 -0.38 
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