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ABSTRACT

Iin the recent past, offshore structures have gained an
important role and considerable research i®s under progress
for accurate evaluation of the hydrodynamic coefflcienta for

the cylindrical members of the Jacket type offshore

platforma,

The present work . A&Ehf3 + the effects of surface
roughness, due to marine growth, and member inclination on
the hydrodynamic coefficients after comparing the variation
of water particle kinematics wusing Airy’s 1linear and

Stoke's Fifth .rder wave theories.

The study is based on the experimental data obtained
from a regular wave flume set-up and for Reynolds number
(Re) vavaﬁ? from 11000 to 53000, the Keulegan-Carpenter:
number (X-C) va€y¢? from 4 to 14, and roughness parameter
(k/D) wvarying from 0 (smooth) to 1/90. The in-line and
lateral inclinations considered are * 30° and 2Q°

respectively, from vertical,

The observations of the present study indicate that the
gurface roughness influences the inertia and lift
coefficients to a large extent. The member orientation, on

the other hand, influences all the three hydrodynamic

coefficients.
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SECTION 1

INTRODUCTION

Offshore structures were first introduced in the Gulf
of Mexico around 1945 for the purpose of ©0il and mineral
exploration., Since then there has been a remarkable growth
which manifested in the designs of various types of offghore
platforms. Nowadays, offshore structures are being 1located
in ever increasing depths and are being subjected to
extremely hostile environmental conditions mainly due to
ocean waves. Therefore, establishing the guiding factors for

design of suéh atructures has become important.

IrLﬂépreaent ﬁ}ne& -~ the widely wused Jacket type
platform, and its extensions, are sometimes as high as 300

meters from the mud-line and comprise of a framed structure
Qupported by pilles driven through ite lege. During the last
two decades, conpiderable work has been carried out in
developing the design methodology to produce a functional,
safe and economical structure. These structures are made of
circular cylindrical members which are equally strong in alil
the directions so that they can withstand the wave forces
from any direction, are cheaper and can be fabricated ‘and

ingtalled with comparative ease.

These circular members are subjected to different types

of loads. However, the present work concentrates only on the
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atudy of wave -induced forces which are least gnderstood of
all the forces which act on the circular members. The wave =~
induced forces may be divided into two parts, namely the in-
line force and the transverse force. The first one is
asgociated with the drag and inertial effsectse, linearly
added_together (Fig 1.1) while &ha second one is asggociated
with the 1ift effects and is attributed mainly to the

agsymmetrical pattern of eddy shedding.

The in-line force for a semooth, vertical circular
cylinder subjected to wave forces may be evaluated by the
Morison Equation which-needs the accurate evaluation of two
hydreodynamic coefficients, namely the coefficient of drag

(Cq) and the coefficient of inertia (Ca.) as follows;

Fn = 0.5¢Ca Duju| +o.zsfc.n0=6 veresnee (1.1)
where .

Fn = Horizontal force per unit length at any time "t”

Ca = Coefficient.of drag

Ca = Coefficient of inertia

f = Mass deneity of the fluid

o
1}

Diameter of cylinder

=1
it

Local water particle velocity at any time ”"t»

u = Local water particle acceleration at any time "t~

The transverse force may be evaluated by the equation,

F‘=0.5PCLDUZ --l-l‘lu.ccctnil(llz)



where

Transverse force per unit length at any time "t"

Fe

Coefficient of lift

Co

To calculate the wave-induced forces, apart from the
hydrodynamic coefficients, the water particle kinematics
must also be determined which is evident from equations 1.1

and 1.2.

To obtain the water particle kinematics using a
suitable wave theory and therefrom the values of the
hydrodynamic coefficients, either field observations or
laboratory teste under simulated environmental c¢onditions
with appropriate scaled models are conducted. In order to
investigate the waves, a test set-up is ugsed to measure the
water surface elevations and other properties of the waves

(Chakrabarti [8]).

Several wave theories have been propoaea (ref. Wiegel
[52]) to calcuiate the weftn particle kinematics with the
help of wave haigﬁt (H), wave period (T), and 8till water
depth (d). However, the selection of a wave theory to
determine these parameters is subjective since no. gingle
theory is found to predict satisfactorily all  wave

properties at all depths (raf.jb#ﬁ@@gfaﬁ[qs])_

Ever since Morison et al. published their works on vave



induced forces, investigators (Chakrabarti [9), [10), [15]),
Garrison . ... [201, Jen [32], Sarpkaya [45], etc,) have
been trying to establieh the guiding factors to quantify
these coefficients. The earlier worka attempted to correlate
these coefficients with non-dimensional parametsrs, like,
the Reynolds number (Re). Due to wide scattering of points
in certain cases, Re alone was not considered sufficient to
study the variation of hydrodynamic coefficients and this
led to the introduction of Keulegan Carpenter number (X-C =
UmaxT/D, Uyay = m0x Aa%f'jwé}( velocity of fluid particle, T = time

period and D = diameter of cylinder). The importance of K-C

has been confirmed by variousg investigators such as Bidde
{5), Chakrabarti [7], Hudeapeth [28], and Sarpkaya [42] etc.
Further attempts were made to introduce other parameters'
J}ke Garrison’s (21] ’Displacement ratio parameter’ ( =
2a/D, where a = amplitude and D = diameter of cylinder ) and
Starsmore’s (48] 'Orbit s8size parameter’ ( = L,/D, where
L, = particle orbit size and D = diameter of cylinder),

whose importance are yét to be established thoroughly.

Significant work has been carried out to substitute the
Morison equation, and to find out the different influencing
factora so0 that the acatter in the plots between the
coefficients and the non-dimensional parameters can be

minimized and the design methodology can be specified



Investigators like Chatyobonli et ab. {16,17]1, Sarpkaya [43],
Starsmore [48], Turum [50), Garrison [20] are still <trying
to correlate these two for circular cylinderg. Summary of

all these works has been presented in Appendix-A in tabular

forms.

Investigations have further revealed that most of the
submerged members do not remain perfectly smooth, but are
réughened due to marine growth (ref, (91}, [26] and {38])
around them, Moreover a majority of the structural members
of the Jacket type platforms are inclined. Some
investigators studied these new parameters separately, which

are discussed below in brief,

Sarpkaya {44] performed the experiments with rough
cylindrical models subjected to the oscillatory flow in a U-
tube @get-up covering a wide range of Reynolds number by
varying the temperature. The relative roughness parameter
k/D, (where k = average height of rough particles and D =
diameter of the circular member) varied from 0.0012 to .02
in five equal steps. It was concluded by him that at higher
range of Re (>10%), Cy increases while C, decreases with the

increase in surface roughness.

Garrison § favmson ¢l ali% 1] condintedd some  experiments by
oscillating rough cylinders in otherwise still water. He

covered the range of Re upto 2x10%. The relations of Ca and



Ca against Re obtained by him with the help of ’'Displacement

ratio’ showed even wider scatter than that of Sarpkaya

et al. [45].

Nath [39] in his experiments with rough c¢ylinders
observed that at roughness parameter of 0.02, the value of
Ce is less than that for a smooth cylinder, while the value
of Ca. for the cylinder with foughneaa parameter 0.03 is
more than that of a smooth c¢ylinder. He could not offer any
reagon for this peculiar behaviour of the coefficient

against roughness.

Chakrabarti [9] conducted the experiments in the wave
flume with rough cylinders and concluded that Cy increases

with the surface roughness but C, remains unchanged with it,

Chakrabarti and Cotter [15] conducted experiments with
bottom mounted cylinder for in-line inclinations of 0*, 30°,
and 45°, A érend of decreasing value of C, with increase  in

inclination was reported by them.

To summarize, a considerable amount of additional work
is necegsary to establish the relation between the
hydrodynamic coefficients and the non-dimensional
parameters, to calculate accurately the wave forces on rough

and oblique members, using the Morison Equation.

In present work, the study of the behaviour of the



hydrodynamic coefficients for'rough and inclined <cylinders
againast Re and K-C has been carried out and no experiments

were conducted by the author., The data ( WVave and PForce

Profiles Recordings, in all 98, and prog¢essed vyalues of

Hydrodynamic coefficients (Cy, Cp an Cul} and Non=-

Dimensional parameters amely Re and K-C), presented in

tabular form) used in the present work was collected by

Ghoshal {22] who conducted the experiments in a regular wave
flume at Hydraulica Laboratory at I1.I.T., Bombay. The author
is thankful to the authorities, faculty and staff of The
Dept. of divil Engg., 1.1.7T., Bombay, for the provision of

data.

In the present work, the results obtained by two
theories, namely, Stoke's Fifth Order theory [22] ond|

Alﬁ‘?y:? gz}?.eaj‘?/ %0}? [W 45 ]/ . are compared in CAg/b/é}; _

2.

Apart from ref. {22), only present work c¢covered the"
roughness and inclination of the circular cylinders
simultaneously. However, it differs from the previous work

(ref. [22}) in certain ampects which are listed below and g
complete comparison is presented in Cﬁ%ﬁéﬁﬁ 3 along with the

Results and Discuesions of the present work.

The study by Ghoshal and Ghoshal et al. (({22] and "

{24]) for hydrodynamic coefficients against non~dimensional



parameters for inclined and rough cylinders of 6 0mm
diameter, qovered the range of Re, from 8000 to 36000, K-C
from 6 to 21 and the roughnesgs parameter 0, 1/120 and 1/60.
The variation of the %nclination was considered to be % 30°.
The present study, for rough and inclined cylinders of 90smm
diameter, covers a higher range of Re ( upto 54000), lower
range of K-C (upto 4) and intermediate roughness parameters
(k/D = 0, 17180 and 1/90). The range of in-line and
traneverse inclinations are same. For the purpose of easier
interpretation and comparison, best~fit curves are drawn in

each plot for each data set.

The results are presented in Chgbgbﬁ/ 3 which is

followed by the Conclusions in Cﬁqﬁ/?ﬂ. 4,



CHAPTER - 2

PERIODIC WAVES

2.1 Introduction’

As mentioned in the previous Qh%[é@ that to evaluate

wave induced forces, uging the lMorison Equation, apart from
the hydrodynamic coafficiehts, the velocity and acceleration
of the water particles must be calculated by selecting a
suitable wave theory after knowing or measuring the wave
height (H), wave period (T) and still water depth (d) in the

laboratory.

in the present Ck%giﬂz. the water particle kinematics
obtained by Stoke's Fifth Order Theory (ref.[22)) and Linear
Uave Theory are compared and the results are used to obtain

the hydrodynamic coefficients.

2.2 Theory of Periodig¢ Waves ( jﬁ%yJKMJZEO%y,Z
2.2.1 Basic Fundamental Equations

Velocity Potential

Velocity potential (8) im a scalar function of spéce
and time such that its partial derivative with respect to

any direction gives the component of velocity in the

10



direction of wave propagation

Ry
—
I

Z _
L mm y_SWL
X | ~——___ 13

flume bed
LSS S S, S, S S,

Fig.2 .1

Definition sketch for a prograssive wave train
ref. [L,g] (Amya theonry ).
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corregponding direction.
According to Bernoulli’s equation :
P 1 .Y

q® + gz + = 0 vreess(2.1)
f 2 ot

—-—
where

p = pressure at any point

{ = mass density of the fluid

g = velocity vector

z = elevation from the 8till water level
£ = acceleration due to gravity
t = time instant

@ = velocity potential

Consider a point z =T on a free surface. Neglecting
the velocity vector term (q?) and applying Dynamic Free
Surface Boundary Conditions (DFSBC) which implies pressure =

‘0 (atmospheric), we get

3D
g‘r" + = 0 ..........(2.2)
. 3t
1 % 1 30
n:—._(..._.._.)‘_ o - —(-"-'--—-")g-o " e s s 2.3
g it ‘1, g 3t (3

Applying Kinematic Free Surface Boundary Condition
(KFSBC) which implies that the particle on free surface

remains on free surface, we get

w dt = df} rrrevaaaas. (2.4)

12



an

or. w = e, (2.5)
dt
3D n
or, —_— — e riaaeee. (2.6)
3z 3t
an 32

):-Ogr-n [ I T I B R (2-7)

R

Therefore,

(
3t dz
Equations (2.3) and (2.7) give,

3ep 32 |
+ 8. =0 e . (2.8)
dte dz

Bottom Boundary Condition (BBC) states that at bed, the
velocity in vertical direction will be zero which can be

expressed as follow :

30
=0 @ z = -d tveversenes (2.9)
dz
Let 8 = 9 (x,z2,t)

= fa(x) fu(z2) da(t )

Putting the expression in Laplace’s equation ( =g =
0), and applying BBC and DFSBC, we obtain the expression for
¥. Once the expression for velocity potentiai is Iobtained,
the velocity and gcceleration of water particle can be found
in desired direction by taking the derivative of @ in that

direction.

13



2.2.2 Airy's Theory (Linear Uave Theory or Small

Anplitude Theory.)

In analyzing a two dimensional wave train, two problems
arise, The first one is due to the non-linearity of the free
surface ;nd the second one is due to the boundary
conditions, specified at the free surface. To overcome these
problems the theoré assumesn that the wave height is much
amaller than both the wave length and the still water depth
(H << L,d), so that the non linear terms which involve the
product of wave height are negligible in comparison to other
terms. Applying the boundary conditions, the Linear UWave

Theory expresses the velocity potential (8) as follows :

gH cosh(k (z+d))

2w cosh(k d)

wherein,
& = 2n / T = angular wave frequency
k =2n / L = wave number .
L = wave length
H = wave height
d = gtill water depth

Putting this value of & (equation 2.10) in equation
(2.8), leads to the equation of the wave profile and linear

dispersion rélationship, respectively.

14



B
T = cos(k x - w t) e cee. (2.11)
2

w! =gk tanh(k d) L ..----....(2.12)

If the reference frame moves with the same velocity as’

that o¢f the wave, the waveform ’nj will appear stationary,

that is
k x - Wt = constant '........(2.13)
therefore K dx - wdt = 0. reravesa(2.14)
dx
Hence —— = wave celerity or speed = W/k = L/T = Co
dt

vereeaaa(2.15)

Substituting @ g from equation (2.12) gives the <value
of C,.

Co? (g/k )tanh(k d) researraer.(2.16)

'or L {(gT/Zn)ianh(k d)*'/= cevreeenraal(2.17)

Using equation (2.17)

nHecosh(k (d+z))
ﬂ = Bin(k X -wt) L A N ) (2018)
k Teinhk d

The water depth (d) can be clagsified ag deep,
intermediate and shallow. According to Airy's theory, the
criterion for the water depth is as follows:

a) Shallow water waves d/L < 1/20 ; 0.0025 > d/gT=.

15



b) Intermediate depth waves 1/2 > d/L > 1/20; 0.8025 <«

d/gT® < 0.08,

¢) Deep water waves d/L > 1/2; d/gT®* > 0,08,

Equation (2.16) can be simplified in different water

ranges as shown below

{(a) Deep water region (d > L/2)

sinh(k'd) = e* ¢ /2 = cosh(k d), therefore celerity

Co &T/2n vrrreaanreel(2.19)

and L, &T® / 2n trsensanaas (2.20)

(b) Shallow water region (d < L/20)
sinh{(k d) % k d and cosh(k d) = 1, therefore celarity

Co =(gd)*’2 carrereaneaen(2.21)

To obtain the wave length in shallow water we use:

d d d
- =_tanhz“""‘ .....------(2.22)
Lo L L

From equation (2.18), expressions for velocities u and w

can be obtained as:

3%} nHcosh(k (d + z)) .

= = cov(k x ~wt) '--'----(2.23)
3x T s8inh(k-d)
33 nHeinh(k (d + 2))

_ = sin(k x ~wt) crecaaa(2,24)
3z T @inh(k d)

Then taking the derivatives against time "t", we get

the accelerationg in x and z directions reapectively :
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du 2n2Hcosh(k (d + z))

u = = sin (kK x -wt) vaeasesea(2.25)
3t - T2 ginh(k d)

. 3w -2nZHpginh(k (d - 2))

W = = - cog(k x -Wt) veeeves(2,.26)

3t T2 seinh(k-d)

where u and w give accelerations at the free surface of

the liquid in x and z directions respectively.

2.2.3 Stoke’'s Fifth Order Theory

Stoke’'s Fifth Order theory {[47] gives the velocity as

follows :

u = 39/8x = C(K;Co8B+2KzCou20+3K3C0838+4K,C0846+5KsCog48),

...... v (2.27)

The water particle acceleration, may be derived from
equation (2.27), u = Ju/dt
= B'(C)e (K1SinB+4KySin28+9K3S5in3dB+16K4Sind8+25K58in508)

veeerana.(2.28)
The details of these constants are available in

Skjelbreia and Handrickson ([47]).

2.3 Comparison Of The Results Obtained By Stoke's Fifth

Order Wave Theory and Airy’s Theory

In the praesent work, the accuracy of water particla

kinematice is checked by comparing two wave theories

17
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mentioned above, for the same wave profile recordings.

The analog recordings of wave and force profiles (Fig.
2.2), in total ninety eight in number were available from
the experimental work observations conducted by Ghoshal
[22}. In this case Stoke's Fifth Order Wave Theory was used
to calculate the water particle kinematice. From these
recordings it can be observed that the r#nge of time period
(T) varied from 2 to 3 seconds, wave height (H) varied from

12 to 32 c¢mg. The still water depth was however, Kkept

conastant at 1.2m.

From each of the 98 recordings one complete wave cycle
corresponding to phase angle form 0* to 360° had been
selected. Each of these wave cycles wvere manually
discretized to eight equal parts and the ordinates of each
part was measured thereafter. These measured ordinates along’
with other necesgary parameters (Diameter of cylinder (D),
wave height (H), Time period (T) and =s8till water depth
(congtant at 1.2m)) were used as the input data for the
program "Uv.Th.;, ( presented in Appendix-B ) which was
developed for pfoceaaing these inﬁut data to get <the
outputs, namely : gT®/H, Re and X-C using Airy’s theory.
These outputs are presented in tabular form in the Appendix-
D, and in graphical form at the end of this chwfﬁb ( Fig.
2.3 and Fig. 2.4 ). A curve fitting technique was wused to

drav the weighted average lines. For the purpose of

19



graphical comparison the non-dimensional parameter zaT2/H was
taken as the common parameter on x-axis. On y-axis, two

different parameters Re and K-C were represented.

2.3.1 Results

From figures 2.3 and 2.4, it may be <clearly observed
that Stoke’s Fifth Order Theory gives marginally higher
values of Re and K-C as compared to the values obtained by
Airy'a Theory, for the identical gT®/H value. It ig
primarily due to consideration of the non-linear terms in
Stoke’s Fifth Order Theory which are neglected in Airy’s
Theory. The results clearly verify the values of water
particle kinemétic obtained by Ghoshal [22] wusing Stoke'’s
Fifth Order Theory. Therefore, the values obtained in
‘Ghoshal ([22] for hydrodynamic coefficients and non~-

dimensional parameters were used for the present study,

20
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CuAfTed 3

DISCUSSIONS

3.1 Introduction

Ghoshal [{22] has analyzed the data collected
efberimentally for 60mm diameter inclined and rough cylinders
using Stoke’'s Fifth Order theory and Fourier Series Data
Reduction Technique. The present work includes the analysis
of data collected by Ghoshal [22) for 90mm diameter cylinder
in this Cﬁ@k&%&. The Lﬁ@b&in aloso includes the effect of
increase in diameter by comparing the results of 90mm

diameter and 60mm diameter cylinders.

‘ The data base (values of hydrodynamic coefficients and
n;n-dimensional parameters) which had been used for this
purpose was available in the Appendix - B of Ghoshal [22]
where it was presented in a tabular form for various asaets
with boundary conditions i.e. cylinder diameter, in-line and

lateral inclinations, and surface roughness parameter,

The variation of Drag, Inertia and Lift coefficients
against Reynolds number (Re) and Keulegan - Carpenter number
(K-C) are presented in, Appendix-F from figures F-1 through F-
30. In each figure for each set of data, a best-fit curve wasg

superimposed over the data points.
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3.2 In-line force coefficients (Cq and C,)
3.2.1 Effects of Surface Roughness

For c¢ylinders inclined in negative in-line direction,
it is observed that the values of Cs are higher for smooth
cylinders as compared to the rough cylinders (Fig. F-3).

Howover}. for subsequent increase in roughness, C, is not

influenced much by the surface roughness.

For cylinders with poaitive in-line inclinations the

value of Cg i® marginally higher for smooth cylinders as

compared to the rough cylinders (Fig. F-2).

In the present work, C4 is not influenced by the
surface roughness for vertical, and 1laterally inclined

cylinders (Fig. F-1, F-4). Qualitatively, the results are
agreeing with that of Nath [(38]. The average value of Cy for

vertical and laterally inclined cylinders is about 0.1,

whereas for inclined (7.2°) cylinders, Cy varies from 0.5 to

c.1.

Hogben et al. [26] specified three ranges for relative

gurface roughness and indicated that for the intermediate

range (k/D = 0.00Z to 0.01), C4 is constant, In the present
study the relative roughness parameters were, 1/90 (= 0.01)

and 17186 ( = 0.005), which fall within the specified
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intermediate range.

Within the experimental range, the cylinders might have
behaved as hydrodynamically smooth as far ag the drag force
is  concerned. For cylinders with negative jin-line
inclinations, the possible cauge could be the hindrance in
the flow field created by the cylinder, due to which the flow
fleld changea and roughness plays its role but.the subsequent

increments in roughness do not effect the coefficient much.

Sarpkaya et al. [44]) obtained the value of Csa for rough
cylinder as around 1.8, whereas Nath [39] for almost

identical surface roughness and other boundary conditions,

obtained the value of Cs to be around 0.8, From Nath's work,

it can be concluded that Cy and C, are not significantly

influencéd by the surface roughness,

as the inertia coefficient is concerned, the

Ag far
inertia coefficient increases with the increase in surface
roughness ( Fig. F-12, F-13). This increase of C., ig most

prominent for the initial change from smooth to rough but for

subsequent increase in roughness, the change is marginal,

For laterally inclined (Fig. F-14} or for vertical

(Fig. F-11) cylinders, the coefficient of inertia remaing
unaffected against any change in surface roughness. The

obgervations by Nath [3%] or Chakrabarti {?) are alsgo

identical with the present observations byt not agreeable
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with the results obtained by Sarpkaya [41].

3.2.2 Effects of Inclination

In the present study, Cy increases with the increase of
pogitive in-line inclination (©Y.) (Fig. F-5, P~6) which is
true for all cases of roughness. However, the change in
magnitude is more pronounced when the cylinder achieves the

firat initial inclination (from 0° to 7.2°). For subsequent

changes in inclination the change in magnitude is not so

clearly distinguishable for smooth c¢ylinders (Fig. F-5),

For cylinders with negative in-line inclinations (Fig.
F-7, F-8), C4 increases uniformly for smooth c¢ylinders (Fig.

ig not effected much by the initial change of the

F—?Jl Cd
angle of inclination from the vertical one, but for
subsequent increase In inclination, the differences is

pronounced for rough cylinders (Fig. F-8).

The value of Cy remains constant at around 0.075 for

vertical cylinders and varies from 0.4 to 0.075 for

inclination, ®. = 7.2°. The value of Cy changes from 0.6 to

0.1 for inclination 18.7° and from 0.6 to 0.1 in casmse of

27.5°, These values increase marginally for rough c¢ylinders

for identical inclination angles.

For cylinders with lateral inclination, C(, decreases

marginally with increasse in angle of inclination (Fig. F-9
1 4
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F-10) which is more pronounced in case of smooth cylinders as

compared to rough cylinders. The results agree with that of

Chakrabarti .[12] who conducted the experiments with amooth

cylinders.

As far as the coefficient of inertia is concerned, the

offoct of in-line inclinatiom is not as clear as it is in

cagpe of coefficient of drag (Fig. F-15, F-16, F-17, F-18).

For the initial change from its vertical position, that : is

for B. = 7.2° (Fig. F-15), the magnitude of C, is lower as

compared to that of the vertical cylinder. For an

intermediate angle like @, = 18.7*, the variation of Ca. |is

almost identical a8 that of the vertical cylinder. Finally

for an angle of inclination, like O, = 27.5°, the inertia

coefficient i8 higher a8 compared to the vertical c¢ylinder.
This pattern persists for Re < 45000, beyond which the.
difference is not significant. Moreover, for cylinders with
negative in-line inclinations the pattern is found td be more
gcattering (Fig. F-17, F-18). This scattering is reflected in
undulation of the best-fit curvesg,

relatively greater

specially for cylinders with higher degree of inclinations

A2, = -30.2*. The reason behind this behaviour may be

like

attributed to the following phenomena.

if we consider two extreme conditions of wave

propagation, that is the passing of the crest and the passing
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of the trough (Fig. 3.1), we can readily observe that the

immersed length of the cylinder varies considerably for the

condition when the regolved direction of the active wave

force lies in the same direction as that of the self weight

of the cylinder. This is also true for the opposite condition
when the resolved direction of the active wave force lies in .
the opposite direction of that of the self weight of the test

Icyiinder. Considering an immersed cylinder length in still

water to be approximately 1.2m and an average wave height of
20cms, this variation is clearly reflected for the data sets
with larger angles of in-line inclination. The interpretation

of regults become further difficult if the effects of the

self excitation of the test cylinders, non-uniformity of the
effact of eddy shedding throughout the length of the cylindér

due to its in-line inclinations and complexity of the flow

field around the boundary layera (ref. [21]), {23}, [26]) ars

taken into account.
The observations of the present study regarding the

effect of in-line inclinations against the inertia

coefficient do not agree with the resulte of Chakrabarti et

al. {11,12,14 and 15] who observed a trend of decreaasing

value of Ca against the increasing angle of in-1ine
inclinations. According to them for K~C > 5, the value of C.
for the 45° inclined cylinder is lese than that for the 30°

inclined cylinder and both of these are lower than that for
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the vertical cylinder.

The coefficient of inertia is not significant?
antly

effected by the angle of the lateral orientation f +th
O e

cylinder (Fig. F-19, F~20) which is true for all cage f
8 o

surface roughness. This trend had already been indijc ted
ate in

case of the coefficient of drag and agrees with Chakrab
rabarti
{11,12,14,15]).

3.2.3 Dependence upon Non-Dimensional parameters (K-C and Re)
@

Within the experimental range Cy seems to be de d
. pendent

upon both Re and K-C whereas C. seems to depend more R
on e

than wupon K-C. For all types of in-line inclinations C
b4 o

decreases with the increase of either Re or XK-C. Fopr verti
‘ . rtical
and laterally inclined cylinders, Ci remains more or )
egs

constant within the experimental range for any variati
on of

Re and K-C.

The coefficient of inertia also decreases with th
. e

increase of Re or K-C for most of the cases but beyond th
<

Re ® 45000 or K~C % 12, an increase hag be
en

~

value of

obgerved.

The relation of Cs against Re obtained in the
Present

work, that is Csa decreases with increase ip Re, agroesg £
airly

well with the resulta of other investigators such
' c ag

Garrison [20], Sarpkaya [45, page 110}, and otherg but ¢
g he
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relation of C, against Re does not agree with the results

presented by other researchers, except Starsmore [48].

3.3 Lift coefficient (C.)
3.3.1 Effects of Roughness and Inclination

Unlike the behaviour of the in-line force coefficients,
which had been discussed in the previous section, the effect
of surface roughness ig extremely prominent against the

variation of the lift coefficient (C.). This may readily be

observed by comparing the figures F-25 and F-26 where the

firat figure (F-25) is related to samooth «cylinders with

varying in-lifne positive inclinations and the second one (F-
26) ig related to the varying c¢ylinder inclinations, but for

a conatant surface roughness (k/D = 1/90). The pronounced

changes in the magnitude of C. for these two cases indicate

the influence of surface roughness against the lift

coefflicient for inclined cylinders. The identical trend may
¢

alsc be observed by comparing the figures F-27 and F-28,

which depict the effects of negative in-line inclinations.

The reason behind this influence of surface roughness

over the lift coefficient is the change in the behaviour of

boundary 1layers resulting in & change in the formation and
shedding of the vortices which are primary contributors to
the 1ift force. In the present study it was observed that the

3l



VWYY YEYYINDYN N EIINETSs ALt LLLL L L Ll e Rkl LL L L Ll

oo
©d

35605
e 9

T 777777 P PP 7T T ITITIT?

o B o v g e A i i A A

PLAN

TR PAIL

PLAN

o oSWilk. T 7 SWk._

Test cylinder —™ Test cylindar

tlume bed flume bed

‘77,,,/,//,,/,,/,/,//////////////
ELEVATION

ELEVATION

(a) Relative positions of ¢eddies for a {b) Relative positions of eddies for g

laterally inclined cylindef, in-line inclined cylinder.

Fig.3.2 Relative positions of eddies for a laterally inclined &
in-line inclined cylinders.

32



coefficient of 1lift increases with the increase in the
surface roughness, irrespective of its angular orientation
’

in-line aB well as lateral. These observations do not égree

with the results obtained by Sarpkaya et al. [45] who had

concluded that the increase of the roughness parameter (k/D)

decreases the magnitude of the C.. The reason behind this

disagreement may be attributed to the absence of any free

surface and the lack of phase angle difference between the

particle velocity and acceleration pertaining to

¢

water
Sarpkaya's U-tube experimental set-up, both of which are
present in the wave = flume experiments and having more

similarity with the marine environment,

The effect of in-line inclination against the 1lift

coefficient is not noticeable in the present atudy for both
pogitive as well as negative in-line inclination (Fig. F-25,
F-27) in case of smooth cylinders. However, for c¢ylinders
with non-smooth surfaces (Fig. F-26, F-28) there is some
effect of the in-line orientation. In these casea, the firagt
change of cylinder inclination with respect to vertical

increases the magnitude of C., although subsequent increments
in the angle of inclination either reduces the 1ift

coefficient (Flg. F-26) or create marginal change in the

relation of Ce against K-C (Fig. F-28)

Unlike the jn-line one, a lateral inclination s8eems to

have a more visible influence over the lift coefficjent (Fig
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F-29, F-30). In this case, even for a smooth cylinder (Fig.
F-29) the coefficient of lift increases by a large magnitude
for the change of orientation from vertical to a lateral one.

For a rough cylinder with lateral inclination (Fig, F-jg)'

this behavioural pattern undergoes further changes with the

inclination of a semi ~ peak at a relatively lower value of

K-C ( = 6.5). The reason behind +this is the relative

pogsitions of vortices as indicated in Fig. 3.2. Eddies are

always observed to form and travel by the side of the test

cylinders rather than its front or back, related to the

direction of wave propagation. Therefore the pressure fields

ingide the vortices are more predominant in case of laterally

inclined cylinders than the in-line inclined one.

3.3.2 Dependence upon Non-dimensional Parameters (X-C and Re)

Within the experimental range, the coefficient of lift

vas observed to depend more on K-C than upon Re,. Initially

upto K-C = 6, C. decreases with the increase in K-C, For

further increment of K-C and upto K-C = 12, C. increases

steadily and attains a peak value at K-C = 12. Beyond this
for most of the cases except for laterally inclined cylinders
and the cylinders with negative in-line inclinations, Ce
decreapes with the increasse in ﬁ—C. In general the Present

observations agree qualitatively with the results of Bidqe

[5), Chakrabarti [9) and Sarpkaya et al. [41,45),
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3.4 Comparison of the results of 60mm and 90mm diameter

cylinders

In this section, the observations of the present study
is compared with that of Ghoshal {22). For the purpose of
better visualization, figures C-31 to C-39 of Appendix - C of
Ghoshal {[22] pertaining to the results using 60mm diameter
cylinders had been redrawn and presented in figures 3.3 to
3.11 respectively in this document. It may be noted here that
in the original figures of Ghoshal [22) only the data points
were plotted whereas the weighted - average lines had been

introduced at the time of redrawing them.

3.4.1 Range of Re and K-C

As far as the Reynolds number range is concerned, the
present study is based from 11000 to 53000 whereas in case of
Ghoshal {[22) this was from 8000 to 35000. The Keulegan -
Carpenter number, on the other hand, ranged from 4 to 14 jn

cage of the present study, whereas for Ghoshal (22) it was

from 6 to 21. Therefore the usefulness of the present gtudy

is primarily reflected -at the behaviour of the hydrodynamic

coefficients at a higher Reynecldg number range.
3.4.2 Coefficient of Inertia (Ca)

Figures 3.3, 3.4 and 3.5 contain the details of plot

of 90mm diameter and 60mm diameter cylinders for identical
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boundary conditions, that 118 inclination and surface

roughness.

In case of in~line inclined cylinders (Fig.No. 3,3), it
may be observed that for identical value of Re and same angle
of inclination, the magnitude of C, is more for 90mm diameter

cylinder as compared to that of 60mm diameter cylinder.

The nature of the weighted average linea for laterally

inclined cylinders is different from those for vertical

cylinders (Fig.No. 3.4).

From the weighted average lines of C, for rough

cylinders (Fig.No. 3.5) it may easily be concluded that

within the experimental zone of roughness, C, remaing

unaffected by it. This had also been confirmed in Ghoshal

{e2}.

Apart from the difference of magnitude of the values of
C., for 60mm and 90mm diameter cylinders for identical values

of Re and cylinder inclination, there i®s no noticeable

difference between the present study and Ghoshal [22],

3.4.3 Coefficient of Drag (Ca)

Figures 3.6, 3.7 and 3.8 contain the details of plot

of 90mm diameter and 60mm diameter cylinders for identical

boundary conditions, that is inclination  and surface
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roughness.

In case of in-line inclined cylinders (Fig.No. 3.6
_ . . .63 it
m
ay be obaserved that the saddle-points for 90mm dj
. lameter
cylinders exist at Re = 420
= 00 whereas for
60nmm diamet
er

cylinders it occurs at a lower value of Re, that j
’ 18 Re =

30000. Furthermore, the weighted average lines ¢
or 9%20mm

of Cy for higher values of Re b
eyond Re = 42000 whi
ich was not

80 clearly visible in case of the plotting of figure C
e C-34 of

Ghoshal [22]. Moreover, it may also be observed that f
or the

identical value of Re and for gimj
imilar cylinde ;
r 1inclination
’

the magnitude of Ca for 90mm diameter cylinder is
fmore as

compared to that of 60mm diameter cylind;r This fact
¢ actor is

more pronounced in case of F, = ~-18.8° or for O
x = —'3{!-2.

than for t =0° i
r the case of @, =0°, that is for a vertical cylinder

In case of laterally inclined cylinders and al
80 for

rough cylinders, there are considerable amount
un of

overlappings between the weighted average lines for 60
mm and

9 0mm diameter cylinders, indicating that there j
18 no

substantial difference of behaviour between these ¢
wo cases,

3.4.4 Coefficient of Lift (Cu.)

Figures 3.9, 3.10 and 3.11 contain the details of
© plot

and 60mm diameter cylind ‘
ers for identi
ntical

of 90mm diameter
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boundary conditions, that is inclination and surface

roughness.

For cylinders with in-line inclination (Fig.No. 3.9)
the present study yields the peak value of C. for a Reynolds
number of around 45000 while for Ghoshal [22] they may be
observed at a Re around 25000. For both the cases, that ig '
for both 60mm as well as ?20mm diameter cylinders, there seaoms
to be a decrease of C_ value for greater inclination with
respect to that produced by & vertical c&linder. Thisg

decreage is clearly distinguishable in case of 60mm diameter

cylinders (Fig.No, 3.9) which was not indicated in section

5.2.2.2 of Ghoshal [22].

For cylinders with lateral inclinations (Fig.No. 3,10),
the magnitude of the 1lift coefficient is higher for laterally

inclined cylinders with respect to the vertical c¢ylinders.

From figure 3.10 it may_also be observed that this increase

in the magnitude of the 1lift coefficient is more pronounced

in case of 90mm diameter cylinders than that of 60mm diameter

cylinders. Another interesting aspect of the behaviour of

1ift coefficient is the change in the nature of the curve for
the laterally inclined cylinder with respect to the vertical

cylinder. With reference to figure 3.11 related to varying

degree of surface roughness it may be observed that although

the peak value for any particular roughness parameter is

almogt identical for both 60mm and %0mm diameter cylinders,
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however, in case of the later one, the occurrence of the peak
value, that is the creat point of the curve, shifts towards a
higher Reynolds number, as compared to that of the 60mm
diamefer cylinder. The most important observation for the
present comparison is the initial decrease of C. value for
increasing Reynolds number up te Re & 20000 for the 90mm
diameter c¢ylinders . This initial decrease pattern is not at
all noticeable in case of 60mm diameter cylinders. However,
for both cases it is clearly indicated that the value of C_

increases with the increase in the roughness parameter

3.4.5 Reasons of difference

From the above discussions it may be noted that .fhg

major difference in the behaviour Dbetween 60mm diameter

(Ghoshal [22)) and 90mm diameter cylinders is the lack of
overlapping of hydrodynamic coefficient values for identical
values of Reynolds number. In most of the cases, a sort of
"ahift” was observed. This could be primarily attributed to
the s8elf excitation of the test cylinder which is partially

dependent upon its self weight and are different in case of

60mm and 90mm diameter cylinders.

3.5 Design Values

The present study of the wvariation of hydrodynamic

coefficients against Re and K-C is limited to g maximum
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Reynolds number of 53000 and Keulegan ~ Carpenter number of
14 which are lower as compared to those values obtained in
the marine environment. Therefore the design values indicated
in the graphical relation presented in Appendix - F may not

be readily applicable for the wave forces generated at highe;

Reynoldes numbers.

However, within the range'covered in the present study,
the design values of Cy, Cu and C. for semooth vertical
cylinders may be taken as 0.1, 4.0 and 0,01 respectively. For
marine roughened or inclined cylinders. a suitable
interpolation related to the corresponding roughness andl
graphical relations presented in

orientation, wusing the

Appendix - F, may be done.
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CHAPTER 4

CONCLUSIONS

present work incorporates the effects of surface

The
roughness, due to marins growth, and inclination on the
hydrodynamic coefficients of c¢ylindrical members of widely

used Jacket type platforms.

The present study compared the resultg of wave particle

kinematics obtained by two theories namely, Stoke's Fifth

theory and Linear wave theory. It wasg observed that

Order

the former gives the higher values of wave particle

kKinematics for the identical situation.

The values of hydrodynamic <coefficients and non-
dimensional parameters, obtained with the help of Stoke's

Order wave theory and Fourier Series Data Reduction

Fifth
presented in Appendix - B of Ghoshal [(22]

diameter cylinders wese yged in  the

T

Technique,

pertaining to 90mm

present work.
The present study covered the range of Reynolds number

53000 and that of Keulegan~Cappentep

(Re) from 11000 to

number (K-C) from 4 to 14, The in-line inclination varied
from +30° to -30° whereas the transverse inClinatiOn was
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limited to 20°. The roughness parameter (k/D) ranged from
zero (smooth) to 1/90.

The following conclusions are drawn from the present
study

4.1 EFFECTS OF ROUGHNESS ON INCLINED CYLINDERS

4.1.1 The Coefficient of Drag ( Cq4 )

The coefficient

surface roughness of

is noticeable in case

(Fig. F-3) and is more prominent

of drag decreases
in~line inclined cylinder. The

of cylinder with negative

with inecrease in

change
inclination

when surface

cylinder is changed from smooth to rough. For cylinder with

positive inclination, the changeé is marginally visible (Fig.

F-2).

For vertical and laterally inclined cylinders (Fig. F-
1 F-4), the variation of roughness fails to produce any
noticeable eoffect in the magnitude of Cg4.

4.1.2 The Coefficient of Inertia ( Cu )

The behaviour of coefficient of inertia isg just
opposite to that of drag coefficient and it increases with
increase in surface roughness of the in-line inclined

case of cylinder with

cylinder. The change is noticeable in
negative inclination (Fig. F-13) and
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the surface of c¢cylinder is changed from smooth to rough. For

cylinder with positive inclination, the change is marginally

visible (Fig. F-12).

The inertia coefficient for the «cylinder, which isg
laterally inclined (Fig. F-14) or vertical (Fig. F-11)

remain uneffected against any change in the surface

roughness.
4.1.3 The Coefficient of Lift ( CL )

The coefficient of 1lift increases with the increase in
roughness for all types of cylinder inclination (Fig. F-22,
F-23, F-24). The undulations are more in case of laterally
inclined cylinder which is subjected to more fluctuations of

eddy shedding as degcribed in Section 3 (3.3.1) of the

report.

4.2 EFFECTS OF INCLINATION ON ROUGH CYLINDERS

4.2.1 The Coefficient of Drag ( Cy )

In cape of cylinder with positive in-line inclinations

(Fig. F-6), Ce increases with the rise in the degree of

inclination, which is most prominent when the cylinder’s
pogition i® shifted from vertical. For rough cylinder with
inclinations (Fig. F-8), the effect is

negative in-line

opposite, that ig, for the first shift from vertical, the -

change in magnitude of Cu 18 not clearly visible but for
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subsequent increment in the inclination angle, this

dlfference is more pronounced.

For laterally inclined cylinder (Fig. F-10), Cq

decreases marginally by the change in the inclination angle

for rough cylinder.

9.2.2 The Coefficient of Inertia ( Can )

For cylinder with positive in~-line inclinations (Fig.

F-16), the inertia coefficient, Cn, decreases with the

initial change of inclination from vertical to an inclined
one. For subsequent increments in the inclination angle the

magnitude of the inertia coefficient increases. For negative

in-line inclined cylinder (Fig. F-18), C, increases with

degree of inclination fer cylinder with rough surface.

For cylinder with transversse inclination (Fig. F-20),

c. is not effected significantly by the angle of

jnclination.

4.2.3 The Coefficient of Lift ¢ Cu. )

For in-line inclined cylinder, the lift coefficient C,

ig effected to & great extent (Fig. F-26, F—fBJ. The first
change ©of inclinétion with respect to yertical increagses the

magnitude of Cu. although subsequent increments in angle of

inclination either reducs OF create marginal change in the

magnitude of the coefficient.
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For laterally inclined cylinder, C_ increases with the

angle of lateral inclination (Fig. F-30),

4.3 RELATIONS UITH Re AND K-C

The in-line coefficients either reduce or remain

constant with increase in Re and K-~C. In most of the cases,

with increase in Re and K-C, C_ initially decreases upto K-C

~

6 ( Re = 22000); then it attains the peak value at X-C =

~
~t

12 ( Re = 45000) and again it decreases in the experimental.

range.

The present study indicates that the maximum changes in

magnitudes of hydrodynamic coefficients take place in the

range of 6 to 12 of K-C and 22000 to 45000 to that of Re.

4.4 EFFECTS OF CYLINDER DIAMETER

A similar type of study was carried out by Ghoshal [22]

pertaining to 60mm diameter rough and inclined cylinders,
covering the range of Re from B000 to 36000 and that of K-C
from 6'to 21. The in—;ine and transverse inclinations were
as that of present study, but roughness varied from @

same

to 1/60. The two studies were compared which shows that the

value of inertia coefficient is more for 90mm diameter
g compared to 60mm diameter cylinders (Fig, 3.3

¢ylinders éa
3.1 3.5). In case of Ca, either the values are same (Fig.
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3.7, 3.8) or more (Fig. 3.6) for 90mm diameter cylinders as
compared to 60mm diameter <c¢ylinders. Another important
aspect of the comparison is shifting of saddle point in case

of Cs from Re = 30000 (60mm diameter cylinder) to Re & 42000

(90mm diameter of cylinder),

The coefficient of 1lift, C_, was found to be more in

case of 60mm diameter cylinders. Apart from the initial

decrease in magnitude of the coefficient, the shifting of

peak value from Re = 25000 (Ghoshal [22]1) to Re = 45000 was

algso obgserved in the present study (Fig. 3.9%, 3.11).
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Appendix - A

Summary of Published Works
on

Cd, Cm and CL (1950 - 1994)



SUMARY OF LITERATURE ON %4 AND C.

TABLE ¢ A.1

RANGE OF Cq/Ca

AUTHOR REF.| VEAR | BRIEF METHOD REMARKS
MORR ISON 26 | 1930 —_ -— Pile design
KEULEGAN and 26 | 1958 | FOURIER Cq 1.0 -2.2 Smooth herizontal pile
CARPERTER SERIES Ca 0.8 - 2.7 in standing vaves
LAIRD 37 | 1980 -_— Ca 1.3~ 1.4 Oscillating seooth
ET AL, vertical pile
ROSHKO 40 | 1984 — Ca = 0.7 Wind tunnel at high Re values
ACHENRACH " 1968 — —_ Wind lunnel tests
JER 31 | 1968 —_ Ca - 2,04 Smooth vertical pile
in wave fluame
ACHENBACH 2 1971 — Cs 0.4 -1.0 Rough pile in wind
. tunnel
5 1971 —_ (s 2.2 {max) Smooth vertical pile
bbb in vave flume
4 1975 | FOURIER Ca 2,25 (max) [ U-tube experimenis
SARPRATR ? SERIES w 2,25 (Rax)
S7ECHE 49 | 1975 -—_ —_ Rough pile in wind
SZECHENY] tunnel
CARP o1 | 1976 | FORIER SR, | Ca 0.6 - 2.3 | U-tube experiments
SARPUATR 4 LEAST 50. | Co 0.6 - 2.0
1 | 1977 —_— Cs 1.3 {max) | Oscillating pile in
g‘“ﬁw e Ca 0.65 (sax) | still valer
_______-: oN ET AL, | 26 | - - An excellent review
’—#_ﬂ — - : .
1977 — {g 0.7 - 1.9 Rough piles in U-tube
g?ﬂzm . Co 1.0 - 2,0 .
e e
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AUTHOR REF.| YEAR | BRIEF METHOD | RANGE OF C4/Ca | REMARKS
BEARMAN and 4 1979 ——— €q 2.0 {(max} U-tube experiments
GRAHAN Ca 1.8 {(max)
CHAKRABART 7 1980 — Cs 1.8 Sacoth cylinders
(= 2.0
GARRISON 9 | 1980 —_ s 0.2 - 2.0 Oscillating rough
(e 0.2 - 0.9 piles in still water
JEN R | 1980 — —_ Suggested new method
STARSHORE 48 | 4981 | PERK FORCE | Cg 0,3 - 1,3 | Cylinder in ocean waves
CHAKRABARTI ¢ 1982 — Rough vertical cylinders
KAPLAN ET AL, { 33 | 1982 — (g 1.7 -2.3 Inclined cylinder
in ocean waves
CARPKAYA 2 | 1982 — —_ Rough piles in U-tube
water channel
NATH 39 | 1982 —_ Ce 0.3 - 1.8 Marine roughened cylinders
(e 0.4 - 2.0
CHAKRABARTI 15 | 1984 —_ Cs 2.5 - 0.4 | Inclined smooth cylinders
ET AL (e 2.3 - 0.5
WILLIAM AN 53 | 1985 — (e 2-3 Integral equation method
CHAXRABARTI 1 | 1986 — —_ Dynamic pressure
El H-l
17 | 1987 -— - Total force coefficient for
gAKNITRBﬁRTI Inclined cylinders
‘BIIBSIIHI 22 | 1988 { Fourier Sr. -— Inclined & Rough cylinders
CHAKRABART 18 | 1989 -— Hodern testing facility
ET AL,
50 | 1989 -— —_ Considered forces at
TORM surface zone
GARRISON 20 | 1390 FFT tn 2.0 Wake-Tank Test

58




TABLE : A.2

SUMMARY OF LITERATURE ON €,

AUTHOR  [REF.| YEAR { RANGE OF (o REMARKS
LAIRD ET AL, | 37 | 1960 —_— Observed Lift force for eddy shedding
LAIRD 34 | 1961 —_ Concluded that Lift force is significant
LAIRD 35 | 1962 — Ratio of drag and 1ift forces
BISHOP and & 1 1964 0.6
HASSEN
BIDDE 5 | 1971 — Observed eddy shedding patlern
LAIRD 36 { 1971 — Observed eddy shedding patiern
CARPHAYA 451 1975 3.0 Conducted experiments in U-tube
CHAKRABARTI | 12 | 197¢ —_— Considered first 5 Fourier series coefficient
£T AL,
[SAACSON and | 30 | 1976 1.5 Smpoth vertical pile in vave flume
MAULL
JORAVKOVICH | 54 | 1977 —_ Photographed eddy shedding patiern
and NAMORK
BEARMAN and | 4 1979 —_— Observed large vibrations
GRAHAM
ANGRILLY and | 3 | 1980 — Dbserved resonance
COSSALTER
| —
CHAKRABARTI | 9 | 1982 2,0 Soooth vertical pile in wave flume
o
GHOSHAL o2 | 1988 —_— Inclined & rough tylinders
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Appendix - B

Software Listing I

"Wv. Th.”



Appendix - B

PROGRAM "Uv.Th.”

Tue Sep 25 23:19:17 IST 1990

XXAXAXKN
t*!xt*tx*ttt*txt***x***t*ttx!*tt**x*tt**t****
XKXXXXRX XX
XXXXE XK

################################################################
##

s===z========fjile getting Printed is..
AKES THE INPUTS AS DIAMETER OF CYLINDER

/hdeg/rgupta/rgl=s===s=s===

THE PROGRAN WV.TH. T

nnaaaaaan

(i.e.60MM OR 90MM).WAVE HEIGHT (H), TIME
, P

tie  SURFACE ELEVATION OF UATER bARTICLE FROM STILL WATER

DEPTH, WHICH IS TAKEN AFTER DISCRETIZING ONE CYéLL WATER
UAVE PROFILE AT THE INTERVAL OF 45°. 1T CALCULATES N UATeE
HAVE R CINEMATICS UITH THE HELP OF "AIRY'S THEOR SHE WATERX
L1STS THE DIFFERENT pARAMETERS AS INDICATED IN Hn ouRoy
FILE. THE OUTPUT
dimensgion di(100), £(100), h(100), wl1(100)

/ .V(15).u(15), ula(lDO),z(lO)

¢ 4i 18 THE DIAMETER OF - CYLINDER

c ¢ 1S THE TIME PERIOD

¢ r 16 THE WAVE HEIGHT

c o1 18 THE WAVE LENGTH OBTAINED BY STOKE'S FI

¢ THEORY (REF.[22]) FTR ORDER

¢ v 1S FOR VERTICAL yELOCITY

c u 1S FOR HORIZONTAL VELOCITY

c 1a 18 THE WAVE LENGTH CALCULATED BY AIRY'S THEORY

c " 1s FOR THE ELEVATION OF FREE SURFACE WITH RESPE

CT
¢ UATER DEPTR TO STILL

write(*,10)

10 fopmat(’uv UV.LT-(AR) DIFF. E*T*T[H Ve *TfH
RE N

LT. (ST)
KC')

read (*,n)
do 110 i = 1.m
write(*,*)i -
read(*,ZO)di(i),t(i),h(i),wl(L)
”fite(*.ZU)di(i)LUl(i),h(i),t(i)

20 format(A(£9-4))
w=1000.0
ve=0.00097

¢ o 1S THE MASS DENSITY OF THE FLUID

¢ yg 15 THE DYNAMIC y1scocITY OF THE FLUID
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30

40
50
60

70
80
90

(9]

Qa0 aan

110

i=2
u(jl)=0.1

do 90 angle = 0,360,45
read(*,30)z(angle)

angle INDICATES THE PHAS °
Sheas. E ANGLE FROM‘O TO 360° 1IN INTERvVAL

format(£9.4)
u(j=-1) = u(j)
i=J+1

d = 1.2
theta=(angle)*(2.0*22.0)/(360.0y7.oj

s=d~-z(angle)

as=((2%*3.14/wl(i))

do 50 1=0,20
err1=((4%3.14%3.14)/(9.81*t(i)*t(i)*sj
err=abg(errl~a) ) Slnh(a*d)/cosh(a*d))
1f(err-0.00001)60,60,40
a=errl
continue
u(j) ((3.14*h(i)*cosh(a*s)*cos(theta)) ) )
a*d}))

v(j) AND u(j) ARE THE VERTICAL AND HORIZONTAL VELoCITip

S oF

WATER PARTICLE BY AIRY'S TREORY.

if (u(j-13-4(j)370,70,80
u(j) = u(j-1J
u(j) = u(j)

- continue

wla(j)=(2*3.14)/(errl)
diff=wl(i)-wla(j) ..

g=9.81%t(i)*t(i)/h(i)

vmax=u( j)*t(i)/h(i)

re=(wxdi(i)*u(jl)l)/vs

kKe=(u(jy*t(i))/di(i)

write (*.109)W1(iJ.Wla(J).diff,g.vmax,re,kc'

diff INDICATES THE DIFFERENCE BETWEEN

OBTAINED BY STOKE'S FIFTH ORDER THEORY AN§H§IR¥?§ETH;§g$THS

g 1S USED FOR gTe/H
vmax 1S USED FOR V,..*T/H

re IS USED FOR REYNOLDS NUMBER

ke IS USED FOR KEULEGAN-CARPENTER NUMBER

format(7(£f11.5,4x))
continue

gtop
end
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Appendix - C
]h-,put data file

(for "Wv.Th.")



Appendix - ¢

The section contains In-put data for theg Program

"Wy.Th”. In in-put file, first data indicateg the @raph no

the values in corresponding tipg is taken for

from which
different parameters. Second data of the line, representsg

diameter of cylinder, which is taken as 6Qmpy OF  90mm
’

the
third, fourth and fifth data correspond to Wavelength (L)
wave height (H) and time period (T) Tespectively. The next

are the depth of water from the 8till watep

nine values
to the phase angle 0° to 360° of 8ach wave

depth correspond
all 98) at the interval of {5¢ These valueg

profile (in
were obtained after discretizing one completg cycle at SlEhi

intervals, each one corresponding to a5°, and

equal
depth was calculated which was the inpyt Valuegsg

equivalent
Linear wvave theory. the

Applying the

for the program.
ki tics of wave particles were calculated Y B _
inematics
vy Th-" [presented in Appandlx _ BJ.

of the program
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13
4
15

16

17

18

19

0,06,

d; 'll

(n.) (m.}

0.06, 5.777,

0!%, 5.?13;

0.06, 6.016,

0.06, 5.937,

0.06, &.184,
0.06, 6.035,
0.06, 9.402,
0.06, 6.985,
0.06, 5.897,
0.06, 5.853,
0.06,. 8.340,
0.06, 7,957,
0.06, &.95,
5,583,

0.06, 6.085,

0.06, 5.981,
0.06, 4,002,
01061 6:?00:

8.13%,

H,

INPUT DATA FILE FOR COMPUTER PROGRAN “Wv.Th."

T,

{n.) {sec.)

0-1?34!
0.2281,

0.3031,

0.2224? ‘

0.2984,
0.3056,
0.2088,
0.279%,
0.2325,
0.2927,
{.1818,
0.1757,
0.2528,
0.2581,
0.2677,
0, 1288,
0.3012,
0.2744,

002144F

2.06,
2.08,
2.09,
2,09,
2.13,
2.10,
2.98,
2.34,
2.08,
205,
2,97,
2,64,
2,34,
2,09,
2.11,
2,14,

2:0‘9!

2.32,

2-65[

Free surface elevation above the still water level corres
phase angle (6) obtained froa

0',

1000,
1084,
1667,
1000,
1834,
1687,
1334,
1834,
167,
164,
67,
1000,
1500,
A167,
4167,
0667,
647,
1667,
4167,

L3

0667,
» 1000,
L0417,
0167,
0167,
0500,
,0334,
. 0500,
1000,
. 1000,

-.0334,
-.0500,
~.0417,
~.0167,
- 0667,
~.0167,
-.0417,
-.0167,
-.0334,
-.0500,
-.0417,
-.0750,
-,0834,

-,0834,

-,0334,
".033%
-:0500I

90*, 135°,

{0000, -.0500,
- 1000,
- 1147,
-, 1167,
=, 1000,
-, 1334,
~.06b7,
-. 1000,
-.0834,
-, 1084,
=.0750,
-.0750,
- 1187,
-,1334,
-.1334,
0167, -.0334,
-. 1167,
-. 1167,

- 0647,

65

180°,

-.0750,
-, 1250,
-.1334,
- 1000,
-+ 1000,
- 1167,
-.0647,
- 1187,
- 1084,
=, 1000,
~.0667,
- 0667,
-.0917,

-. §167,

25,

;.0584,
~.0500,
-0917,
~.0500,

~.0584,
~ 0667,
-.0750,
-.0667,
-.0584,

_00?1?'
“a 1167[

~.1000,

ponding to folloving

the graphs (m,)

270,

~.0467,

00000,

313, 30*

0334, 1000

1000, 1084
0500, 1667
1000, . 1000
0500, . 1834
A000, 1667
0338, 1334
1834
1084, L1167
/1667

+1167



Free surface elevation above th i
e still vater Jevel i
phase angles (8) obtained from the ;:;;::p::d;ng ' Telforing

(n,) (a,) (.} {sec.) 0
5 i i 45¢, %0* 135* 180¢
3 ' : 225, 270 315¢
’ ] 360.

0'06: ;cb& 003143 Jooﬁ -1630 10;50 OOIb;I . J] . . - 4 3‘
' . r ' 3 Obb 0834 = 0667 3
t ’ 0033 ' .0 4
. '1250

0‘
06, 5.986, 0.2614, 2.0%, .1187, .1000, 00000, -.t167, -.1167, ~.0834, 00000 08
' : o W0834, 1187

0.06, 5.853, 0.2927, 2.05, .1667, .1500, 00000, ~.0834, -.1167, -.0667, .0467, .0750, .4
0.06, 5.576, 0.1387, 2.01, .0584, .0500, -.0084, -.0500, -.0750, -.0667, 00000, 0334’ .
0.0, 5.595, 0.1437, 2.02, 0667, .0A17, 00000, -.0500, -.0750, -.0584, 00000, :0334' ;::67
0.06, 5.683, 0.1774, 2.03, .0834, .0384, -.0167, -.0/50, -.0170, -.0334, 033, .0334, .oqj:
0.06, 6.002, 0.3125, 2.08, .1667, .1000, -.0417, -.1334, -.1334, -.0067, 0334, .1334’ '0534
0.06, 5.668, 0.1794, 2.03, .1000, .0500, -.0%7, -.0750, -.0834, -.0334, 0500, .0334' .100
0.06, 5.879, 0.23%9, 2.07, .1500, .0834, 00000, -.084, -.0834, -.0917, .04, mm; }xg
0.06, 5.963, 0.313, 2.08, 1667, 1334, -.0334, -.1250, -.AH7, -.0834, 0084, .1000: ‘166?

0.1704, 2.07, .0834, .0730,
0750, 0334, -.033%, -.0730, -.0730, -.0%7, 0500, .0917

0.06, 5.811, L0334, -,0334, -.0750, -.0750, =.0167, 0500 0917

0.0s, 5.845, 0.2382, 2.07,
".0250, "-0'500; -|1334r “a 14171 --0334; .0500 1584

0.06, 6.156, 0.3067, 2.12, .1584,
-.0250, -.0834, -.0917, -.0750, 00000, .0838, 1547

0.06, 5.859, 0.2541, 2.08, 1667,

2.09, 1447, .1230, 0334,

-.016?] --0667: ’00?503 —30334, .016?' 0584 0334
* r .

U-ﬁb, 5-“)1, 0.3035; 2 ! '1 1"’ '111]! 30500 050'0 15%
' ' y .
2:0&] .0834, -05001

.1500, 00334| ‘016?’
00000, .03, -.1500, -.13H, 000, .1167, .1500

0.06, 3.783, 0.1/58,
-.0834! —00834) —108341 *lOSUOr 00334: -1500

0.06, 5.840, 0.2336, 2.06,

0.06, 6.022, 0.304, 2.09, 1300, .0834,
2.04; -09171 10334, '-041?9 _-07503 -00?50| 00000! -041?' _0750 091?

0.06, 5.698, 0.1888,
00000, -.0667, -.0834, ~.067, -.0334, .0500, .4500

2.08, .1500, , 1000,

2.10, , 1500, 1334,

0.06, 5.920, 0.236b,
0834, 0334, -.1500, -.1500, -.0750, .0334, 1500

0.06, 5,037, 0.2961,
b6



4"

42

43

44

45

46

47

48

49

51

32

33

54

35

36

57

BT}

66

61

{n,)

0.06,
0.06,
0.06,
0.06,
0.06,
0.06,
0.06,
0.0s,
0.04,
0.06,
0.06,
0.06,
0.09,
0.09,
0.0%,
0.09,
0.09,
0.09,
0.09,
0.09,

0.09,

(n,)

5.808,
5.850,
5.883,
5.974,
5.998,
5.776,
5,933,
6.009,
3.6%3,
5.864,
6.048,
5.843,
6.057,
b, 126,
7,986,
.414,
6.891,
5.66%,
6,018,
6.009,

5.800,

(».)

0.4274,
0.4672,
0.2398,
0.2580,
0.3008,
0. 1653,
0.2419,
0.2954,
0.1714,
0.2417,
0.3135,
0.2428,
0.3039,
0.2%09,
0.2080,
0.2101,
0.2440,
0.1305,
0.28%0,
0.2641,

0. 1348,

{sec.)

2.07,
2.08,
2.07,
2,09,
2.09,
2.06,
2.06,
2.0%,
2.04,
2.07,
2,09,
2.07,
2.10,
2.12,
2,61,
2.98,
2.32,
2.04,
2,09,
2.10,

2,07,

Free surface elevation above the still vater level corres
phase angles (8) ablained frga

0%,

0607,

. 10400,
. 1334,
1250,
1667,
,1000,
. 1417,
667,
0750,
1334,
1750,
1334,
1667,
.1750,
. 1334,
1334,
. 1334,
L0667,
1834,
. 1000,

0750,

45°,

0470,

0447,
0500,
(584,
0834,
0334,
0834,
0834,
0500,
L0834,
1167,
0917,
0917,
0434,
0647,
0834,
0834,
.0500,
0834,

097,

L0500,

90*,

-. 0084,
-,0344,

00000,
-, 0334,
-.0667,
-.0334,

00000,
-, 0667,
-.0334,

00000,
-,0167,

,0334,
~Jbb7,
-.0834,
-,0500,

00000,
-.0334,
-.01867,
-, 0250,
-.0167,

00000,

67

135*,

-.0417,
-, 0687,

-.0500,

".13341

- 1167,
~-. 0467,
-.0334,
-.1500,
-.0750,
-.0417,
-, 1500,
-,0334,
-. 1500,
-. 1167,
- 0667,
-, {667,
- 1000,
-.0300,
-.0917,
-,1250,

-.0334,

180°,

-‘0584;

0847,
. 1000,
1334,
. 1230,
0667,
0917,
167,
0834,
+ 1000,
1500,
0917,
00000,
. 1084,
0750,
0647,
1167,
0584,
. 1084,
1334,

0647,

225°,

-10500|

~.0344,
- 1000,
- 0834,
- 0667,
-.0334,
-, 1000,
-, 0500,
-, 0500,

1167,
-.0917,
-, 1084,

1000,
-.0917,
-, 0834,
- 0647,
-.0667,
-.0334,
- 1167,
- 0847,

‘-0500,

the graphs (g.)

270, 3150,

000600, .0447,
L0167, 0750,
00000, 0834,

0334, 1000,

0334, L1167,
0167, 0647,
00000, 0647,
0334, 1250,
0167, 0500,
0300, 0334,
00000, 0750,
-.0667, 0334,
L1384, 1334,
00000, 1000,
-.0334, 0417,
-.0334, 0334,
00000, 0584,
.0084, 0544,
-.0334, 0834,
0167, 0917,

00000, 0334,

ponding to {follow

360"

0647

<1000
1334
1250
1667
0917
4447,
1667
0750
1334
687
1334
0730
A750
1334
1334
1334
0667
1834
1167

730

ing



&9
z

63

LY

6%
70
N
72
3
4

)

n
8
9
80

81 .

d.

(a.)

0.09,
0.09,
0.09,
0,09,
0.09,
0.09,
0.09,
0,09,
0.09,
0.9,
0.09,
0.09,
0,09,
0.09,
0.09,
0.09,
0.09,
0,09,
0.09,
0.09,

0.09,

vl,

{n.}

5,982,
5.884,
5,666,
5.9%3,
8,136,
5.721,
5.667,
6.028,
5.966,
5.822,
5.673,
6.040,
5.938,
5.939,
5,824,
5.793,
5.98b,
5.740,
5.658,
5,966,

60015!

H,

{n.}

0.2974,
0.2764,

0.2164,
¢.2906,
0.3060,
0.2213,
0.1426,
0.2991,
0.2782,
0.2146,
0.13%1,
0.2633,
0.282¢,
0.2745,
0.2013,
0. 1234,
0.3120,
0.2176,
0,1413,
0.2861,

0.286%,

I,

{sec.)

2.08,

2-06!

2.02!

2.08,

2.1,

Free surface elevalion above Lhe still water level corresponding to following

0,

L1417,
1834,
. 1000,
L0417,
L1667,
661,
0667,
. 1730,
447,
11867,
0647,
. 1334,
.1834,
.1500,
4167,
L0667,
L1500,
L1867,
L0667,
1334,

1500,

phase angles (8} obtained from the graphs (m.)

5, W0,
1250, -.0334,
.4000, -.0334,

0917, 0667,
167, -.0084,
0334, -.0834,
L0834, 00000,
L0417, 00000,
0638, -.0667,
,0834, 00000,
Qu67, --0300,
L0500, 00000,
0334, —»0834,
4167, 0250,
0834, 00000,
0500, -.0417,
0500, ~-0084:
4167, 0167,
0s67, 0334
0500, 00000
0334, 0730
1000, 00000

&8

133,

-, 1167,
-.1000,
(0000,
~, 1167,
-, 1334,
-.0750,
-.0417,
-.1334,

0667,

~0.0917,

-.0500,
-.1500,
-.0584,
~.0500,
-.06b7,
-.0584,
-.0834,
-, 1000,
-.0500,
- 417,

"‘-0500!

180°,

- 1417,
-.0834,
-.0834,

. 1500,
-. 1334,
- 167,
-.0667,
-. 1167,
-. 1167,
-0.834,
-.0667,
-.1334,
- 1000,
-. 1000,
-.0834,
-.0667,
-, 1500,
-.0834,
-.0750,
-, 1334,

-. 1084,

223,

0824,
-. 1000,
-.1084,
-, 1334,
-. 0834,
-. 1000,

-.0584,

b

.0bb7,

. 1250,

0384,

.0500,

0687,
- 1167,
. 1084,
-, 0500,
-. 0334,
-, 1167,
0250,
0500,
-.0500,

167,

210,

-0500,

_10334 ]

-,0750,
00000,
00000,
00000,
00000,
167,
-.0584,
0167,
00000,
0334,
-.0167,
-, 1000,
00600,
00000,
-.0250,
0147,
00000,
0667,

-.0500,

3154,

1167,
. 1084,
0334,
167,
L0667,
667,
0417,
075G,
0667,
.0834,
.0500,
187,
67,

" 1066? y

. 1000,
.0834,
.0500,
1250,

-.05384,

350°

1834

. 1000

47

1667

1084

L0667

. 16467

417

167

.0&7

. 1334

1834

1500

1167

0647

1500

1167

0667

<1417

1500



84

85

37

W

9%
97

%

(n.)

0.0%,
0.09,
0.09,
0.09,

0.09,

vl,

(m.)

3.830,
5.708,
5.0688,
9.418,
5,918,
5.78%,
5.684,
8.125,
5.919,
5.771,
5.699,
6.051,
§.32¢,
5,963,
5.740,

5.713,

H,

(m,)

0.2093,
0.1281,
0.3135,
0.2032,
0.2816,
0.2140,
0.1374,
0.1981,
0.2751,
0.2110,
0.1345,
0.3130,
0.2128,
0.2361,
0.2026,

0.1297,

T,

{sec.)

2.06,
2.03,
2.10,
2.99,
2.07,
2.05,
2.04,
2,65,
2.07,
2.05,
2.04,
2.10,
2.96,
2.09,
2.04,

2.09,

Free surface elevation above lhe still waler level torrespanding to following

0,

167,
0667,
. 1667,
167,
1417,
L1334,
0667,
L1167,
L1417,
L4187,
0667,
1647,
. 1000,
1167,
1167,

0667,

45,

0867,
0584,
. 1000,
. 1000,
1000,
0917,
0447,
0667,
. 1000,
0667,
0334,
0687,
. 0500,
0834,
L0750,

0334,

phase angles (8) oblained from the graphs (w.)

90°, 135°,

-.0417, -.0834,
00000, -.0417,
-,0167,  .1250,
00060, -.0834,
L0667, 00000,
00000, -.0584,
-.0084, -.0584,
-.0334, -.0834,
0334, -.0584,
-.0147, -.0834,
-.0167, -.0500,
-.4500, -.1500,
-.0500, -.1084,
(0000, -.0834,
-.0334, -.0834,

~.0167, -.0500,

69

180°, 225%;

-.0730, -.0500,
-.0667, -.0817,

-, 1334, -.0834,

-.0667, -.04b7,
-, 1000, -.1334,
~.0834, -.0667,
-.0667, -.0447,
-.0750, -.06s7,

- 4000, -, 1847,
- 1000, ~-,0h67,
-.0067, -.0334,
- 1500, ~-.0667,
-.0667, -.0500,
= 1334, -.1334,
=.0750, -.0500,

-.0334,  .0334,

210,

0167,
00009,
00000,
-.0167,
-.0750,
~.0167,
0084,
-.0500,
-.0750,
00000,
=. (084,
0467,
0084,
00000,
0084,

--0667 ]

315,

-0750,
3500,
0584,
0500,
0167,
0334,
0300,
0500,
0500,
0500,
0500,
0917,
0584,
0817,
0667,

0500,

360'

1167

0667

1667

1667

417

.1334

0167

1417

1667

0667

<1584

1000

1147

A167

0667



Appendix - D

Qut- put Data file



Appendix - D

The appendix contains Output data from the program

Wv,Th. (listing is presented in Appendix-B),

The out-put data consists of the wave length calcoculated

by Airy'es theory (indicated by UV.LT.(Aipy,B)) andl tha
the wave lengths obtained by Stoke's

difference between

Fifth Order Theory (input, but not shown in input-file to

avoid the repetition) and Airy’s theory, indicated by DIFF.

The out-put file also contains the values of gT2/H

(S-4).
in the same order. Thegae values werae

VeaxT/H, Re and K-C,
used to plot the graphs, attached at the end of Section % of

the report.
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&.ml

10.
U,
12,
13,
14,
13,
18,
17.
18,

19,

WY LT,
{Stoke's)

(n,)
5.77700
5.94300
6.01600
5.93700
5.85300
5.85800
2.40200
6.98500
6.03500
6.02300
8.34000
7.95700
6,55000
5,98300
6.08500
5.86500
6.00200
6.90000

8.143500

WY.LT,

(hiry's)

(m,}

5.78226
5,91838
6.02147
5.94240
5.85833
5,846333
9,44055
6.99136
6.06031
5.02848
8.34759
7.96424‘
6.95632
5.98844
6.0%034
5,87034
6.00746
5.90628
8. 14240

QUT-PUT DATA FROM THE COMPUTER PROGRAM “Wv.Th.”

DIFF.

(Al

{a.)
-0.00526
-0.00538
0. 00547
-0.00340
-0,00333
-0.00533
-0, 00855
~0.0063b
-0.00551
-0.00548
-0.,00759
-0.00724
~0.00632
-0,00544
-0.00354
-0.00534
-0.00546
-0.00628
-0, 00740

gETaT#/H

240.07912
186.06743
144,37598
192.67563
150.97353
285,69632
447,22571
196, 91008
14156445
142. 12624
475.97931
280.34349
212,48274
16602502
163, 14943
173,12549
14226779
192.42473

32131873

72

VMAX*T/H

3.3185¢2

3.33455

3.20531
3.36431
3.10677
3.44349
4.46117
3.49439
3.21822
3.20763
4,11360
4,0172%
3.56015
3,33214
3.36380
3.24794
3.20069
3.46486

4,04212

Re

1727847461
2261%.26172
28753.44141
22157.56055
26597 .22464
22270.31363
19334, 94727
25856.05664
28968.70177
28622.30859
15575.38770
16727.81055
23790.82422
25453,33789
26378.28516
23564.94531
28531.96484
23349.05449

2022866406

K~L

9.59051
12.467684
16.19218
12.477718
15.26459

341373
15.32489
14.30224
16.39146
16. 11834
12.46420
11.76383
1300011
14.33374
15.00815
13.14335
16.06746
15.84598

14.44383



SL.NO. WY LT,
{Stoke's)
(m.)
2. 9.68600
i 5. 98600
2. 5.85300
23,  5.,57800
24, 5.59500
25.  5.68300
2be 6.02000
27.  5.66800
Z8.  5.87900
29.  5.98300
0. 5.81100
31, 5.86500
3. 6.15600
3B 6.00100
34, 6.02800
B[ 5.78300
. 5.84100
.0 b.02200
38. 5.89800
3. 5.32000
4.  5.03700

WY.LT.
(Riry's)

{m.)
9.69481
5.99145
5.85833
5,58308
5.60009
95.68817
6.02548
5.67316
5.88435
5.98844
5.8162%
5.87034
b, 16160
6.00646
6.03348
5.78826
5,84631
6.02748
5,90337
5,9253%

5.,04249

DIFF,
{S-A}

{mn.)
-0.00881
-0.00543
-0.00533
-0.00507
~0.00509
-0.00517
-0.00548
-0.00316
-0.00533
-0.,00544
-0.0052%
-0.00534
-0,00560
-.00546
-0.00549
-0.00526
-0.00531
-0.00548
-0.00537
-0.00539

-0,00549

gETRT#/H

425.84006
163.92906
140, 84908
28574859
278,55759
228.26b68
135,81435
22534019
175.21829
13538113
246,68350
17646880
143.07563
163.63203
144, 18965
236.80139
178.20941
14067978
216.23566
479.38286

146, 10637

VHAX3T/H

4,58017
3.33307
3.15168
3.39263
3.37024
3.34191
3.22873
3.28633

220390

" 3.19442

3.37873
3.20140
3.27344
3.20036
3.27657
3.37064
3.19370
3.25204
3.37918
3,21909

3.256%0

Re

19905.97852

23785.93508

27834,74023

14480.93164

14330. 16504

18034. 16932

30005.47656

17364.58984

22%82.05078

29781.41016

17204, 12109

22787 17969

272%2.,82031

24418.3144%

29431.43164

17792.75000

22401,5878%

43975.4726b

19344.73633

22649.77148

42608,37109

16.35884

14.32107

13.37483

7.84263

8.07173

.86419

156.81640

7.82643

12.81824

16.6%083

7.59360

12.70935

16,73271

13.55352

16.57398

9.873%4

12.43412

11.00433

10.63316

12.693%4

10.71522



SL.ND.

41,

42.

43.

4.

45.

4?.

48'

49,

3.

52.

33

35,

37,

39.

W LT,
{Stoke's)
(m.)

580800
5.85000
588300
5.97100
5.99800
5. 76600
6.00900
6.00300
5.69500
5,86400
6.04800
&, 14500

" 6,05700

8. 12600
7.98600
2.41100
6.82100
5.77700
$.01880

6.00900

W.LT.
(Airy's)
{n.)

5.81328
5.85332
5.88833
5.97643
6.00346
5.77123
6,01447
&.01447
5,70018
5.86934
6.05350
6,15039
6.06251
8.13339
7.99327
9,41936
6,89727
5.78226
6.02348

5.01447

DIFF.
(5-A)
{m.)

-0, 00528
-0.00532
-0.00535
-0.00543
-0,00546
-0.00323
-0,00547
-0,00547

-Ol 00518

~0.00534

-0.00550
-0,00559
-0,00551
-0.0073%
-0.00727
-0.00856
-0,00627
-0.00326
-0,00548

-0,00547

geTETE/H

330,72278

253.83964
175.29135
160.08%39
142.456%9
251.53907

175.45259

148,577

238, 18726
173.91339
136.68600
143.52332
142,35635
154,56433
321,28220
44,64813
216.39696
240,07912
14827356

163.80934

74

VHAKRT/H

3.42940
3,30024
3,25360
3.304%0
3.19937
3.34035
3,27048
3,20300
3.37460
3,24763
3.21589
322660
3,21888
3.91852
2.95459
446444
358034
2,42070
3.16218

3.38802

Re

13024,84035
15508.50000
23314,30859
2523547656
28482.31250
1659975977
23526.83008

28097.56053

| 17522,52448

23453,919%2
29838.13430
28920.794%92
43220.22266
49888.47266
29244.19141
29204.48242
34937.88281
26715.79297
40570.3674%

39533.59764

KL

7.26462

9.30814

13.00356
14.21108

16.03950

9.21379

13.18548
15.82283

9.63155

13.08254

16.80302 -
16.52020

10,86%08

12646551

9.13930

10.42203

7. 70669

6.59053

t0. 15411

9.94497



SL.ND. WY LT,
(Stoke's)
{n.}
1. 5,80000
62, 3.98200
63. 5.88100
&4, 5.66600
5. 5.95500
6b. 3.98100
67, b.13600
8, 5.72700
9, 5.66700
70. 4.02800
7M. 5.96600
72. 5,82200
73, 5,67300
74, 6.04000
73, 5.53800
76, 5.93900
77. 5.82400
78, 5.85900
9. 5.98600
80, 5.74000

W.LT.
{Airy's)
(n,)

5.80528
598744
5.88535
5,87115
5,94042
5,98644
6. 14158
5.73221
5,67216
£.03348
5.97143
5.82730
5.67814
6,04550
5.94340
5,94440
562930
5.86433
5.99145

5.74522

DIFF.
(S-A)
{a.)

-0.00528
-0.00544
-0.00535
-0.00516
-0.00542
~0. 00540
-0.00538
~0.00521
-0.00516
-0.00549
-0,00543
-0.00530
-0,00516
-0.00550
-0,00540
-0,00540
-0.00330
-0,00533
-0, 00545

-0,00322

gHTaT#/N

311.83136
142.71010
150.50543
184.97543
146.04948
339.09238
144,08517
184.47942
283.47243
143.26666
152.55925
193.98730
293, 43400
152.70772
150, 39682
154.61560
206.80437
331.97540
136,03200

187.61624

73

VAXRT/H

3.40137
3.26184
3. 11615
3.28374
3.25321
3.47847
3.24510
3.27842
3, 39008
3.20927
3.25672
3.28264
3.39174
3.30321

3, 13527

3.28529

3.283264
3,44377
3.24039

3.25766

20511.51367
43272,35156
38821.68750
32459, 55664
42171.08203
19701.21875
43459.41016
3299790234
22095.51953
42613.52734
40;115.2304?
31729, 05449
21458.05664
4134604488
3946746484
3949191014
29768, 16402
19430, 72852
45098,20313

32240,77930

K-L

3.09449
10.77855
9.57697
7.90039
10.50424
4,97808
11.03332
8.0612¢6
3.37129
10.66548
10.06688
7.82728
3.24212
10.39776
9.83081
9.83690
7.34355
4.??333
11.23335

7.87630



SL.NO, RV LT,
{Stoke's)
(m.)
81, 5.89700
82. 5.96600
83. 6,01500
84, 5.83000
85, 5,70800
8o. 5.08800
LY 2.41800
k8. 5.91800
&9. 5.78300
50, 5.468400
. 8.12500
g2, 5.91700
3. 5.71100
94. 5.469900
5. 8.05100
6. 9,32200
97. 5.98500
8. 5.74000

w.LT.
{Airy's)

{m.)
5.90237
597143
6.02004
5.83530
5.71319
5.09263
9.42657
5,92339
5,79427
5,68917
8.1323%
5,92439
5,71620
5,70419
§.05832
,33048
5,99043

5,74522

DIFF.,
(54)

(n.)
-0,00537
-0.00543
-0.00547
-0,00530
-0.0051%
-0.00463
-0.00857
-0.00538
-0.,005¢7
-0.00547
-0,0073%
-0.00538
-0.00520
-0.00519
-0.00733
-0,00848
-(.00543

-0.00522

gFTET4/R

182.54616
148, 34656
149,35886
198.89977
321.83081
137.99712
431,60623
146.92367
192.64731
297.12732
347.75735
152.79831
195.38638
303.53378
138.217%6
403.9064%
167,3215%

201.50688

76

VHAXST/H

3.30563
3.27976
3.30472
3.28509
3.40145
2.90573
4,49774
3.24140
3.22414
3,39479
4,03864
3.24172
3,24886
3.39895
3.92522
4,49456
3,3327%

3.25766

Re

22855.63672
41856.97656
42091.00000
30968.4960%9
19721.05273
2683196873
28360.55078
41567.26363
31228.02930
21214.85136
28012,05078
39973.01112
31026.37303
20792.54102
54282.46873
29980. 10625
37891.18359

30018,30078

K-

12,8093 1
10.42600
10,53470
7.63%46
4.84140
13.18242
10.15483
10.30406
7.66629
3.18271
8.88950
9.90886
7.61678
3.07954
13.65103
10.62713
9.48355

7.33336
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Appeendix - E
PROGRAM "PLOT”

The 1listing of the pro&ramn »PLOT”, presented in th
“his

ues of C4 (drag coefficient), C

gection, first reads the val

(inertia coefficient), C. (lift coefficient), K-C (Keul
: agan -

ynolds number) which are #&tored
<

Carpenter numbar) and Re (Re

in the ftila "Run.bat” in the samae S82qQUeNCcH. The program 1
also

sot No., D (diameter of «cylinder) o

reads the values of

Cangle BOF inclinatiOH yn in-line direction), 9, Cangle ‘of
inclination ' n transverse direction) and k/D (surface
roughness) f(rom the file nJet.Dat” tu  the same order.
Ascopding te the chegeh setv No. which specifies D, @., @, and
k/D, the program takes the correapending values of chosen

ensioanal parameter and plot th
e

coefficient and non-—dim

polnts hetwsan thew fiado. Rogy VB Ld K € vs C. etc.. UWhile

prograrn takes care of the followin
-

plotting the points
points
1. Choose the diftaerent aymbol for each set.
2 Choose the diftorent colour for sach sat.
1. Legend the &f rh according to the chosen parameters,
4. Legend the graph Jsoordifg to the <Chossn boundary
cond1tion9
1 best"fit curve

17.b



To draw a est~- i c
the b fit curve for each sget
’ y the pr
rogram

uses th
e Least square Fit, which 1is explained bel
1 below with
a

set of values of ¥-C and Ca tor B, = 27.5°
3 . @. 0, and k/D =

0. Af i
ter drawing the curves of different degree £
S < accurac
= Y

it
wag observed that the third degree of acc
uracy is
besgt

a aJIlFJt no i 1 i
eLers 3
nd

fitted for Ca and L

£
ifth degree of arcuracy for C.. The graphs are
» presented
in

Appendix - F.

Least - Squares Fit to @& Polynomial (Multi
iple

Regression)

For an n“" degres® polynomial, that 18
+ mx”
------- (E.1)

y = a * bx + cx® %
B, €. bt are the constants and
X, and

where Ay

vy, represent £wo independent variabhles.

ares requires t
hat XE' to be

The method of least aqu

minimized, where
Xe = E( ylfa,)' = E(lldiz)(YI C A - bBXy ... = RX™)
------ (E.2)

where
g = ﬁt&udard deviation

ue of x# can ba determined b
Yy 8setti
ng

act to each of the constant
nts

The minimum val
X2 with resp

the derivalives of
equal to 0, which yields i, gimultaneous equations Th
) e
can b@ |earranged to ashou the interactiom of
c chie

equations

771 C



constants explicitly, in the following wanner

Ly, = afl ! bLx, *+ ... * mEx,"
Exyy,: = alx, 1 bEx,® *+ ... + mEx, """
g by = oabEy™T 1 b BT W e 0 + B, =R
...... (E.3)

The &boXe equations can ba written in matrix form a
)

follows
E¥s Ll Lx4 ) Lx, " R
Exy ¥ Lx, Lxy® . v ¥ Lx, ™! b
Ex:"¥1 Exln‘1 Lxg" . Lx,2" "
... (E.Q)
Then PV uging G&uss - Jordan elimination method
and back aubstitution the valua#d of «congstante &, "

m., can be detﬁrmlned. Once the optimum value of .

coafficients arae determined. the valus of polynomial y, Sk
be obtained foOr the value of x, and a best it curve can be

drawn for the plotted points-
L Underqtand the mathod in & hetter fashion, let ug
o :
adi1ngs for which values S #x (K-C) and g
i

77 d



(Cm = 1
) are given below.

e
l X Yi
1 12.52 0.850
2 13.25 L. 030
3 10.61 2 770
4 12.23 el
. 10.92 5 330
; ?.LU 4.260
! 12.77 1.110
# 11.40 1.170
? 9.93 0.911
L 11.27 2.060
11 g.38 3. 890
12 g.66 2.940
13 7.32 5. 300
14 6.73 2 370
15 g i o
16 .51 2 390
L7 7.22 L 910
18 6.89 1.760
19 5.87 0.097
20 6 .04 4.040
e a.93% 3,390
22 4.42 7. 310
23 5,28 1.650
29 5. 37 1.030
For the chos ! pet ©f tpa yaluef: let
s s POlYnom;al,
y = & v kX 4 vx" ¢ dx?
T ondiné matrix
Therefol ¢’ the arr 08P
O!ynomial, will be

third degree®

us fiLt

(E.4),

«

for

third

the



Ly,
ExX;: ¥

}:xl EYl

Ex,%y,

Ll

Ex,

EXy

Ex,

z

a3

L

Lty €
Ix, 3

e

By substituting the values

56 .67
442 .3
3820.9

36171.1

By applying

method,

Second step rac

2.36

-0.3

-0.289

-0¢.283

we get

24

209.1

first

Hy

in the matrix,

209 .1

1992.7

step

10.

78

1992 .7 20382.5

20382.5 219769

of

B3 *

i

Lx,

Cx,*

1992.7

we gaot

20382.5

20382.5 219769

219769

2462449

2462449 Z2.8x107

Gaugg-Jordan

83

¢7.48

110.3

120G.8

luces the abova matrix as

a3z

17.67

17.98

18.25

ek

849

246.8

254.9

262.13

cl

b

elimination




Whiech is further

0.020

The final form ©

Now bY

constants d., ©.

d = ~3.85x10° %

¢ c 3,80x10°° 26.5d = 1.05

o= ¥ T 17.67¢ ~ 246.8d4 = —9.
a e Z.30 = g.70b - ai3c -~ 849d =

Substitute

of

values of X

incremented py O

back

poiynomlal and

raduced as

i a.7 83

U 1 17.47
0 0 1

0 a 1

f the matrix will be

| fooF a3

0 1 17.67
(i 0 1

0 0 0

substitution,

b, and &.

the valuew of
get the val

In the Pfogram

5 and 20

T g

"pPLOT”,

8649

249¢6.49

26 .51

26.71

849

246 .8

26.51

we get the

30.02
conptants in the third

uas of y for the

the

o for K-C and Re respectivel
: 11y .

the

degrea

corresponding

is
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.44
.11
.74
.10
.97
.10
.28
.26
.81
.71
.26



10 SCREEN % : COLOR 15,9%: CLS
ANTTTTRRTE ARSI EASESI R NN S !

20 I"'l'lill.!'i|"l|ll'|'..ll'.!'..l.ll

30 ' DECLARING THE DIFFERENT ARRAYS OF SPECIFIED DIMENSIONS AND
READING THE DATA SETS
asrassstTIRIERRRTES SRR N AN RO RN O ¥

40 ."."'.II....I..'..'."...l.‘..
50 DIM KC(QD,25).RE[QU,25),CD(QU,25),CH[40,25),CL(40_25)'A(7 7)
60 DIM SETLQUJ,IRUN(QD).DIA(QUJ.PHIX(QU).PHIY(4U).RFG(QUJ,NSéT(B)

GRAPH(8),B(7), CL(7)
70 INPUT "total set to read”,TSET
80 LOCATE 5,10 : PRINT "Readins DATA set no.="
90 ":'t*t*'tixxtx'.l'll.'l!l**xt'A"A’*‘K**xi****X*X!**txttti*t*t*!*:&*tt:l
100 'CREATING THE FILE JET.DAT TO STORE THE BOUNDARY CONDITIONS
110 'x:xthxx--.n--aa-na---t*w*tt*xtxttxt*txaxxtx*xrxtt*xtxttzxt-
120 FOR 1D=1 TO TSET
130 LOCATE &,33: PRINT 1D
1‘10 OPEN "R",#z'”JET.DAT".ZQ
150 FIELD #2 .4 AS ZSET$,4 AS 2]RUN$,4 AS ZDIAS$,4 AS ZPHIX$,4 AS

ZPH1Y$,4 AS ZRFG3

120 CODES%=1D

0 GET #2,CODES%:CLOSE
180 SET(ID)=CVS(ZSET$J:IRUN(lD’=CVS(§;§g§$)
190 DIA(ID)=CVS(ZDIA$J:PHIXEI?gTSgsé(ZRFG:§
200 PH]Y(1D)=CVS(ZPHIY$):Rf?ix***x**x*t**xt**tt*ttx*ton......'..

210 '*t!t*tt:*x*****:*xx-*-
220 . RUN.DAT TO STORE THE VALUES OF
1 SERERLINE e e NON—DIﬂENSIONAL PARAMETERS”’

COEFFICIENTS AND***.'....'wi**t*************t!.ll..'.....

230 ’**:*r:rutt**trxt:*
240 FOR IR=1 TO IRUN(ID% 2o
5 1] " 2 D & " '
e .43, "RUN-=4 ) RRES,4 AS RCD$,4 AS RCM$,4 AS RCLS$

60 FIELD #3,4 AS RKC$,4 &
g;ﬂ CODER% =1R+100*1D ;

0 GET $3,CODERS .CLOS _ :
290 KC(IE,iR)=CV5(RKC$):RE(IDrigi;gggtﬁgﬁzj
?UD CD(]D,IR)=CVS(RCD$)‘Cn(ID'
310 CcL(1D,1R)=CVS(RCLS)
320 NEXT IR

*********Xt*llll‘.‘.'...l.lllng....,

330 NEXT 1D J—"-
40 ltx!tt*xtxt!xlﬁzll o LEGBNDS AND LABELS’
R F R N e

350 rcommMANDS TO P:SIEE:!**#*#******

360 "xxexxxxxxTAER
370 OpPEN weon2:9600,0: 02" as #1
380 pRINT 41,"iniepli’
190 cLg 5 r10NS
1oo LOCATE 5,10 : PRlNr 0 f_,-"‘--“""
" —-—-— ,.C":LOCATE’ 9,10:PRINT "2_ Cm vs K—C“

419 | : T
OCATE ¢,8:PRIN: K

4. €d V= _c”:LOCATE 11,10:PRINT "4, Cd vs Re"

e

d2¢ NT
LOCATE 8,10:PRI vs
q 3 ”3- CL o 3 3 'O' 0" .
130 LOCATE 10.10=P§§ﬂ§ wg. Cm v K® Aifizf?LécgiE'fglf$ "6. CL ve R
150 [ocnnt \2u T pp T “EVEE Yo GOTO 450 T
4 ’ * VS>° — - ", ;
180 1npur vs (1F VELL you mANY SE0 rygn soro 470 ot
LOCATE 15,10 <1 OR TOS .
180 INpuT TOSET :lglzgsfznrsx GET NUMBER(S)
P

+20 Locate 17,10:
0 Fog 1=1 1O TOSET
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510
520
530
540
550

560
570

580
5%0
600
610
620
630
640
650

660
670
680
690
700
710

720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
B70
880
890
900
910
920
930
940
950
960
970
980
990

1000 IF vs=1

LOCATE I+16,30,1
INPUT NSET(I)

NEXT !
BXS=1000:BYS=500:BYE=6500:BXE=10000
PRINT sx."pu:pa":BXS;BYS:”Pd;Pa"FBXE=5Y5=BXE:BYE:BXS;BYE-

BXS;BYS;CHR3(3)
TXS = 5000:TXE=1UUUD:TYS=&OOO:TYE=6OOD
PRINT #1,”pu;pa”;TXS;TYS;”pa;pa";TXE;TYS;TXE;TYE;TXS;TYE_

TXS;TYS;CHR$(3)
IF VS>3 THEN GOT0 ¢00
XOFST=3OUO:XVSTRI;QUUD:VLNO=2:GOTO 610
XOFST=1500:XVSTRT=2500;VLNUr5
FOR I = 1 TO VLNO
cxv=xvsrkr+(1-1)-xgssgyc .
1y TPWy a”;CXV;BYS;"pd;
f§1g§virxspTHgN PRINT #1,"pa”iCXV;BYE;CHRS(3)
1F CXV>TXS THEN PRINT 41,"pa”;CXViTYS:"pu;pa™;CXV;TYE; "pd;pa”;

CXV;BYE;CHR$(3)
NEXT I »
Y0F57=1500:YHSanszooo:HLNofj_
FOR l1=1 TO HLNOU CYH=YHSTRT+(I1-1}*YOFST

» o .. . H’"pd;"
vR TT B4, Ypag pay BESHCTSS SO
IF CYHﬁTYS THEN PRINT #1. Pa'iBXE:CYH;SHR$(3J
IF CYH>TYS THEN PRINT #1,7"pa :TXS:iCYH;"pu;pa”™ ; TXE;CYH; "pd;pa”;
BXE;CYH; CHR$(3)

NEXT 1 ) ]
IExvs<4 THEN KTOF=600 ELSE ¥§SE;$5°
IF vS<4a THEN K TNO=14 ELSE X =

BXS+XTOF*1

YTKE=BYS * 50
;XTK; YTKE;CHRS$(3)

TO XTNO XTK=

FOR 1 = 1 S
NEXT 1
YINO=39
YTOF=150 -
YXTKE =BXS+ seYTOL L
= :YTK-BYb’
Fngé ;11n;3-§§§?gxs;YTx;"pd;Pa";XTKE=YTK=CHR$(3J
P 1 ’ ' !
NEXT I IEND=15 ELSE IEND=¢
<4 THEN

=350 ¢ IF VS . TEP=1
¥§335<4 THEN IST?E;S EEEE ;3F=1500
IF vs<d4 THEN‘HEF;TEP [STEP XLEB=BXS-150+1*HOF
FOR 1=0 TO LEND = /g yLes:"ib” 1;CHR$(3)

PRINT #1,7puiP@’
NEXT I

°F wesy GR vS=d THER
IF v6=2 OR ys=5 TH
IF vs=3 OR vs=6

XLEB=500

XLEB=?UO

gp=1300

i ; FND=40 ELSE 1END=20

1F vs=2 OR VY572 —on oTEP=10 ELSE 1STEP=5

IF vs=2 OR V§:55 TREN TKYOF=150 ELSE TKYOGF=300
IF v8=2 oRTg IEND cTEP 181EF

2 ign K=1%- 21807 LU

x,2: s
THEN k=I1* 2:G0OTO 105
THEN K=17

FOR I =
IF vS=2

IF V825 .”05:GOTO 1050
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1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1270
1480
1490
1500

IF vS=4 THEN K=1*.05:G0OTO 1050
IF v8=3 THEN GOTO 1040
[F VvS=6 THEN GOTO 1040
IF 1=20 THEN K=.1 ELSE K=1*.005

YLEB=BYS+I1*TKYOF

PRINT #1,"pu;pa”i;XLEB;YLEB;"1b" K;CHR$(3)

NEXT !

A$="COEFF.OF " .Cg=" vs " :E$=" NO.”

IF vS=1 OR VS=4 THEN B$="DRAG"

IF vs8=2z OR VS=5 THEN B$="INERTIA"

IF vs=3 OR VS=6 THEN B$="LIFT"

IF VS<4 THEN Dg="K-C" ELSE D$="Re"

PRINT #1,"PU;PA 4000,25; 1b" A% B$ C$ D$ E$ ;CHR$(3)

PRINT #1,"puipé 2300,25;1b Fig.No.F- “"CHR$(3)

PRINT §1,"pu;pa 6500,5700; 1b LEGEND "CHR$(3)
7000,175;1b"D$ E$ ;CHRS$(3)

PRINT 1[#1,”pu;pamO ek
IF Vv5<a THEN GO10U 127~ _
PRINT #1,"1b xlO"—ﬂ"CHR$(J)
PRINT #1,"1b —==>"CHRS$(3)
. '0.1"CHR$(3)
BTN o 2".3200;1b"A$ B$;CHRS$(3)

PRINT §1."puip® €97
PRINT #1,"lP --->"CHRS(3)
PRINT #1.”dil,D"CHR$(3)
INPUT"proceed?”.JUNKs
BEEP

1s=1 TO TOSET

FOR
ID=NSET(IS)

N=3
FOR 1=1 TO N+1

FOR J=1 10 N+l

acl,J2=0
NEXT J
B(1)=0
T I
2§§ IkR=1 10 IRUNE}P?-ofgi:**xt*****t:t************t**tt-
. ....saoﬁ""" ‘ALE AND PLOTTER PEN’
* OR CHOOSIN?*f%?.....'nQ.t!tlllllll.!.......*'

: ¥
‘????????ln-.l'onnco-
XOSE=1000
v FACX:RE(ID IR
055—500 = ID.IR) ELSE N ' ,
Y THEN MEACX gfﬁclln,xk) ELSE MFX=.15*RE(ID,IR)
o p(ID,IR)

IF vSs<4 i

1F vs<a THE THEN MFAC -
-1 OR vs=4 y=6000*CD(ID, IR)

N THEN BF y=cr(ID, IR)

o C
1F vs=1 THEN MFA S oxCH(ID, IR)

ys=5 v
iF vs=2 OR MEY
[p vg=2 OR V8=2 gggs MEACY=CL(ID, IR)

e | *xCL(ID,IR)
IF vS=3 gg ve=6 THEN fEY=60000 (
IF vs=3
%1=XOSE+MFX
y1=YOSE+MEY
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1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940

1950
1960
1970
1980
1990
2000

FOR 1I=
FOR J=

A(l,J)

NEXT J
B(I) =

NEXT 1

1 TO N+1
1 TO N+t
= A(l1,J) + (MFACX - (1+3-23)

B(I) +MFACY* (MFACX"(I-1))

IF X1>10100 OR Y1>6500 GOTO 1900

M1=2
M2=3
M3=4
M4=5
M5=6
Mé=1

IF 1IS=
IF 1S5=
IF 18-
IF 1S=
IF IS5=

1 THEN GOTO 1730 ELSE GOTO 1650
2 THEN GOTO 1750 ELSE GOTO 1660
3 THEN GOTO 1790 ELSE GOTO 1670
4 THEN GOTO 1820 ELSE GOTO 1680
5 THEN GOTO 1850 ELSE GGTO 1690

THEN GOTO 1880 ELSE GOTO 1900

IF 15=6
,***x:x:txxxtxx****x**x*t*tx*x*x:xatxxx:**x*xxxxtxx***
Xk x

*COMMANDS FOR DRAVING SYMBOLS FOR DIFFERENT CHOSEN SETS?

r*-g**ttttt*ttt**t*****‘x'k***tttt*x*t*tt*ti*tt***tx*x:&x
x*rx x !

PRINT
PRINT
L1=X1-
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

$1,79p"”;M1;CHRS$(3)
#$1,”pt0.1;pu”;X1;¥1;"pdjci 35,35;" :GOTO 1900
30:L2=Y1-25

#1,7sp"”;M2;CHRS$3
$1,”pt0.1;pu;pa”;X1;Y];”pd;pu”CHRS$(3)

$1,”pa”;L1;L2;”er 60,50;”:G0OTC 1900
$1,"sp” ;M3 ;CHRS$(3)
$1,”pt0.1;pu;pa”;X1;Y1;CHR3$(3)
$1,”1b*x”"CHR$(3):GOTO 1900
$1,"sp";M4;CHRS$(3)
#1,"pt0.1;pu;pa”;X1;Y1;CHRS(3)
#l,"lb+”CHR$(3):GOT0 1900
$1,"9p”;M5;CHR$(3)
#1,"pt0.1;pu;pa”;X1;Y1;CHRS$(3)
#1,"1bx”CHR$(3):GOT0 1900

PRINT C
PRINT $1,7sp"”;M6;CHRS$(3)

PRINT #1,”pt0.1;pu”;X1;Y1;"pd;ci 35,120;":G0TO 1900
BEEP
NEXT IR v JUNKS

144 d ‘!!'

{gffz*sz?ffftt*tt***xx*************x*txxxx**************'
* COMMANDS FOR GENERATING BEST FIT CURVE USING

LEAST SQUARE METHOD’ _
;**t******tt**x****t*****t***************t***************,
M=1

P=0

FOR K=1'TO N+1

FOR I=M TO N+1
T:‘A(Iln)
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2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270

2280

2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
24490
2450
2460
2470
2480
2490
2500

FOR J=1 TO N+l
ACl,J) =A(1,J)/T

NEXT J

B(I) = B(I)/T

NEXT I

M=M+1

P=P+1

IF P=N+1 GOTO 2150 ELSE GOTO 2090
FOR I=M TO N+1

FOR J=1 TO N+1
ACI,Jd)=(A(1,J) - A(P,J))
NEXT J

B(I)=(B(1)-B(P))

NEXT 1

NEXT K

FOR [=N+1 TO 1 STEP -1
R=0

FOR J=N+1 TO 1 STEP -1
IF J>! THEN GOTO 2200 ELSE GOTO 2210

R=(A(I,J)*C(J))+R

NEXT J
IF I=N+1 THEN GOTO 2230 ELSE GOTO 22490

C(I)=B(I):GOTO 2250

C(i)= (B(I)-R)

NEXT 1

FOR I=1 TO N+l

NEXT I

IF VvS<4 THEN X7=4 ELSE X7=10000
Y12=0

FOR I1=1 TO N+1
Y12=Y12 +(C(I1)*X7°(1-1))

NEXT 1
IF VvS=1 OR VS5=4 THEN Y11=6000*Y12+Y0SE
IF v5=2 OR VS5=5 THEN Y11=750*Y12+YOSE
I1F VS=3 OR VS=6 THEN Y11=60000{*Y12+Y0SE
X11=X0SE+1300
IF V5<4 THEN X8=4 ELSE X8=10000
PRINT #1,"pu”CHR$(3)
FOR M=1 TO 50
Y8=0
FOR I=1 TO N+l
Y8=Y8+(C(I)*X8"(1-1))
NEXT 1
IF VS<4d THEN X9=XO0SE+600*X8 ELSE X9=XOSE+.15x*)Xg
IF VS<4 THEN X8=X7+(M/5) ELSE X8=X7+(200*M)
IF VS=1 OR VS=4 THEN Y9=6000*Y8+YOSE
OR VS=5 THEN Y9=750*Y8+YOSE

IF VS5=2

IF VS=3 OR VS=6 THEN Y9=60000{*Y8+YOSE
IF Y9<500 GOTO 2510

PRINT #1,"pa”;%9;Y9;"pd”"CHR$(3)

g2



2510 NEXT IT

!xxtttt*t*t******xtt*i***t***xt*xt‘kt******t****************
*x % x?

2520

2530 'PRINTING THE BOUNDARY CONDITIONS AT PREDEFINED POINTS FOR THE
CHOSEN SET' |

2540 ?ltt*!tt!tt!X*X*t**X**I*****t**!’x**ttt***t*’****‘x*x**********'

7580 IF L=0 GOTO 2560 ELSE GOTO 2840
2560 PRINT #l,"pu;pa";Xll;Yll;CHR$(3J
2570 X1=5200+1000*1S

2580 Y10=5200-(15-1)*300

2590 PRINT #l,”pu;pa";6200;Y10;CHR$(3)
2600 PRINT $1,"1b:0x="CHRS$(3)

2610 PRINT #1,”pu;pa”;6200;YlO;CHRs(BJ
2620 PRINT #1,”1lb /"CHR$(3)

2630 PRINT #1,”pu;pa";7300;Y10;CHR$(3)
2640 PRINT #1,"”1b,0y="CHRS$(3)

2650 PRINT #1,"pu;pa";7300;Y10;CHR$(3)
2660 PRINT $1,"1b /"CHRS(3)

2670 PRINT #i,”pu;pa";B400;YlO;CHR$(3)
2680 PRINT #1,”lb,k/D=”CHR$Q3)

2690 PRINT #1,"pu;pa";SZOO;YIO;CHR$(JJ
2700 PRINT #1,"1b CURVE"CHR$(3) ,
2710 PRINT #1.”pu;pa";5800;Y10;CHR$(3)
2720 PRINT 41,"1b"1S;CHR$(3)

2730 PRINT #1,”pu,pa”;6700;Y10;CHR$(3J
2740 PRINT #1,"1b”PHIX(ID);CHR$(3)
2750 PRINT #1.”pu.pa”;?BUG;YlO;CHR$(3J

2760 PRINT #1."lb”PHIY(IDJ;CHR$(3)

277 D)=1 THEN GOTO 2780 ELSE GOTO 2790
0 IF RFG(I ) K$="11{60" ELSE K$="1/90”

27 =60 THEN
2738 ig gégtig;=.5 THEN GOTO 2800 ELSE GOT0"2810 )
2800 IF DIA(ID)=60 THEN Ke="1/120" ELSE K$="1/180
2810 IF RFG(ID)=0 THEN Kg$="0" ELSE GOTO 2820

2820 PRINT #1,”pu.pa";?ZOO;YlU;CHR$(3)

2830 PRINT #1,”1b” K$;CHRS(3)

2840 INPUT”proceed?”,JUNKS

2850 NEXT IS

2860 PRINT #1,7pu;sp 0;"” )
2870 PRINT "DO U WANT TO PLOT MORE
2880 INPUT L$:IF L$="Yy" GOTO 380

2890 PRINT #1,"pu;sp 0;":CLOSE #1: END
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AppendiX - F
Graphs of Ca Cm and Cr

against

K-C and Re
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Appendix - F

Values of the hydrodynamic coefficients n
’ amely,

coefficient of drag (Ca), coefficient of inertia (Cy,)

. L and

of 1ift (Cu.), and non-dimensional paramgt
ars,

coefficient

namely, Reyholds number (Re) and Keulegan-Carpenter b
: number

{K-C) were obtained from ref. [22], which were presented
' N in

tabular form.

The variations of Cu, Ce and Cu with respect to th
Q

parameters K-C and Re are drawn for the 9%0mm diam f
etoer
cylinders for varying, relative surface roughness (k/D = 0
1

/90), angle of positi
and 27.5°), angle of negative in-lin
e

1/180 and 1 ve in-line inclination (@, =

g*, 7.2°%, 18.8°

inclination (P9« = —iB.S' and 30.2°) and angle in lateral
direction (#y = 20°). The graphs are presented in this
gection from Fig. F-1 to Fig. F-30. For each set, in each
ig drawn. The graphe are arranged

graph, @& Best-fit curve

in following manner:
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Variable

Figure numbers

Para- |Hydrodynamic
meter |coefficient
Roughness F-1, F-2, F-3, F-4
K-C
In-line
& Ca inclination F-5, F-6, F-7, F-8
Re Lateral
inclination F-9, F-10
Roughness F-11, F-12, F~-13, F-14
K-C
In-line
& Ca inclination F-15, F-16, F-17, F-18
Re Lateral
inclination F-19, F-20
Roughness F-21, F-22, F-23, F-24
K-C )
In-line
& Gi inclination F-25, F-26, F-27, F-28
Ro Lateral
F-29, F-30

jnclination
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