
nODELLING AND SCALE-UP OF INDUSTRIAL 

CATALYTIC FLUIDIZED BED REACTORS 

By 

HAGYOUNG LEE 
11 

Bachelor o£ Engineering 

Korea University 

Seoul, Korea 

1973 

Submitted to the Faculty o£ the 
Graduate College o£ the 

Oklaha.a State University 
in partial £ul£illment o£ 

the requirements £or 
the Degree o£ 

nASTER OF SCIENCE 
Deceaber, 1988 



. 
:.: c . . ~ ~ '. ~ 

,. ' . • '\ I ': : ~ •• 

~\S. 
\qt~ . 
LL\17~ rl\ 

, ,, :. CAf ~··'V: . 

. . ·._.· "'' . 

.. ~· ·~ . . 



Oklahoma State Univ. Library 

ftODELLIRG AND SCALE-UP OF INDUSTRIAL 

CATALYTIC FLUIDIZED BED REACTORS 

Thesis Approved: 

11 

1318369 



PREFACE 

The fundamental problem involved in the design of a 

gas-solid catalytic reactor is defining the reactant gas 

concentration as a function of position within the reactor. 

For fluidized bed reactors, the problem becomes very diffi

cult because the gas flow is split into two distinct phases: 

a fast moving bubble phase that largely bypasses the cata

lyst and a slower moving dense or emulsion phase that 

surrounds the catalyst. For fluid beds, the design problem 

becomes one of defining the concentration of the reactant in 

the emulsion phase as a function of position, determining 

the fraction of the total gas in the emulsion phase and 

closely est~ating the transfer of reactant by mass trans

port between the bubble and emulsion phases. This interphase 

transport is a function of the bubble size. 

The Bubble Assemblage model proposed by Kato and Wen is 

one of the better models and it solved many of the problema 

associated with the constant bubble size models used in 

earlier work. However, this model has several insuffici

encies. The first weakness in the Kato-Wen Bubble Assemblage 

model lies in the assumption that the percolation of gas 

through the dense phase can be neglected. This treatment 

consistently results in low estimates of the overall 
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conversion in a fluidized bed reactor, especially in a bed 

of large fast bubbles where a substantial fraction of the 

cas flows through the emulsion phase. The second inadequency 

of the Kato-Wen model is that complete mixing ia assumed in 

each phase, which results in overest~ation of the overall 

conversion in the bed. The third insufficiency of the model 

is that it neglects the effect of reactor diameter on bubble 

velocity which ia an ~portant factor in the desicn of a 

fluidized bed reactor. The last insufficiency of the Bubble 

Assemblage model is the inclusion of a cloud volume within 

bubbles which is very small under the nor.mal industrial 

operating conditions. 

A new fluidized bed reactor model is developed in order 

to resolve the design problems mentioned above. The new 

model•s basis is a different assumption regarding gas mixing 

in each compartment. The height averaged concentration in 

each phase which is a new concept regarding the gas mixing 

.is included in the new model. The height averaged concent

rations are predicted using the non-unifor.m spaced Euler 

method. In this new model, the average fractions of bubble 

and emulsion in each compartment are allowed to vary in each 

cell along the bed. The new model also incorporated the most 

recent bubble velocity correlation. 

ftodel predictions are in reasonably good agreement with 

experimental results which were obtained under the operating 

conditions, Ua£ > 0.5 cm/s. The present study also presents 

a suggested method for the prediction of emulsion gas 
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voidace in a fluidized bed; 

The author wishes to express his cra~tude to all the 

people who assisted h~ in the work during his stay at 

Oklahoma State University. In particular, he sincerely 

thanks Dr. ftavin n. Johnson, his aajor advisor, for hia 

guidance, knowledge and understanding, which were of tramen-

dous help to h~. The author would like to thank his advisor 

for his allONing h~ the chance to purse this study and for 

his unforgettable warmth and generosity. 

He is also grateful to the other committee members, Dr. 

A. J. Johannes and Dr. R. C. Erbar for their advisement on 

ways to ~prove this document. Special thanks to nrs. ftarcia 

Kitchens, and ftiss Beth Le Claire for their kindness. 

v 



TABLE OF CONTENTS 

Chapter Page 

I • INTRODUCTION 1 

II. LITERATURE REVIEW 6 

III. nODEL DEVELOPnENT •••••••••••••••••••••••••••••• 18 

IV. ESTinATION OF THE PARAMETERS OF THE nODEL •••••• 24 

Size o£ Compartment ••••••••••••••••••••••• 24 
Linear Gas Velocity in the Bubble Phase ••• 26 
Expanded Bed Height ••••••••••••••••••••••• 26 
Average Void Fraction in Bed •••••••••••••• 27 
Volume Fraction o£ Bubble Phase ••••••••••• 28 
Gas Exchange Coe££icient •••••••••••••••••• 28 

V. CODE INPUT-OUTPUT AND COnPUTATIONAL nETHOD ••••• 30 

VI. RESULTS AND DISCUSSION ••••••••••••••••••••••••• 33 

Division o£ Gas FloN betNeen Phases ••••••• 33 
nodel Veri£ication by Experimental Data ••• 46 

VII. CONCLUSIONS AND RECOnnENDATIONS •••••••••••••••• 53 

Conclusions •••••••••••..•.•••••••••..•..•• 53 
Recommendations •..•..•.•..••.••••..•...... 53 

LITERATURE CITED ...•.....•...........•................. 55 

APPENDICES 

APPENDIX A - RELATIONSHIP BETWEEN THE VOIDAGE 
IN THE EnULSION PHASE AND THAT OF 
THE BED AT niNinun FLUIDIZING 
CONDITIONS •••••••••••••••••••••• 58 

APPENDIX B-1 - COnPUTER PROGRAn FOR NEW nODEL 61 

APPENDIX B-2 - COnPUTER PROGRAAn FOR KATO-WEN 
nODEL • • • • • • • • • • • • • • • • • • • • • • • • • • • 69 

APPENDIX B-3 - COnPUTER PROGRAn FOR NEW HODEL 
<GRACE> ••••••••••••••••••••••••• 74 

vi 



Chapter Page 

APPENDIX B-4 - COnPUTER PROGRAn FOR KATO-WEN 
<GRACE> • • • • • • • • • • • • • • • • • • • • • • • • • 81 

APPENDIX C-1 - COnPUTER OUTPUT BASED ON NEW 
nODEL< FRYER > • • • • • • • .• • • • • • • • • • • • • • 86 

APPENDIX C-2 - COnPUTER OUTPUT BASED ON NEW 
nODEL <CALDERBANK> •••••••••••••• 92 

APPENDIX C-3 - COnPUTER OUTPUT BASED ON NEW 
nODEL <KOBAYASHI> •••••••••••••• 117 

APPENDIX C-4 - COnPUTER OUTPUT BASED ON NEW 
nODEL <GRACE> •••••••••••••••••• 124 

APPENDIX C-5 - COnFUTER OUTPUT BASED ON NEW 
noDEL <nASSiniLLA> ••••••••••••• 142 

APPENDIX C-6 - COnFUTER OUTPUT BASED ON NEW 
nODEL <LEWIS> •••••••••••••••••• 146 

APPENDIX D-1 - COnPUTER OUTPUT BASED ON 
KATO-WEN nODEL <FRYER> ••••••••• 156 

APPENDIX D-2 - COnFUTER OUTPUT BASED ON 
KATO-WEN nODEL <CALDERBANK> •••• 159 

APPENDIX D-3 - COnFUTER OUTPUT BASED ON 
KATO-WEN nODEL <KOBAYASHI> ••••• 168 

APPENDIX D-4 - COnFUTER OUTPUT BASED ON 
KATO-WEN nODEL <GRACE> ••••••••• 171 

APPENDIX D-5 - COnFUTER OUTPUT BASED ON 
KATO-WEN nODEL <nASSiniLLA> •••• 178 

APPENDIX D-6 - COnFUTER OUTPUT BASED ON 
KATO-WEN nODEL <LEWIS> ••••••••• 181 

vii 



LIST OF TABLES 

Table Page 

1. Exper~ental Conditions of Data used for the 
Validity of the ftodel ••••••••••••••••••••••••• 34 

2. Calculated Conversion and Exper~ental 
Conversion •••••••••••••••••••••••••••••••••••• 36 

viii 



LIST OF FIGURES 

Figure Paae 

1. Scha.atic Diagram o£ the Proposed nodal as 
Nell as the Rotation employed ••••••••••••••••••••• 20 

2. FlON DiagraM £or the Computational Procedure 
based on the Proposed nodal ··~····•••••••••••••••• 31 

3. Comparison o£ the Visible Bubble Flow by TNo 
Phase Theory and the Visible Bubble FlON 
used in the ReM nodel<Fryer et al> •••••••••••••••• 38 

1. Comparison o£ the Visible Bubble Flow by TNo 
Phase Theory and the Visible Bubble FlON 
used in the ReM nodal <Calderbank et al> •••••••••• 39 

5. Comparison o£ the Visible Bubble Flow by TNo 
Phase Theory and the Visible Bubble FlON 
used in the ReM nodel<Kobayashi et al> •••••••••••• 10 

6. Comparison o£ the Visible Bubble Flow by TMo 
Phase Theory and the Visible Bubble FloM 
used in the ReM nodal <Grace et al> ••••••••••••••• 41 

7. Comparison o£ the Visible Bubble Flow by TMo 
Phase Theory and the Visible Bubble Flow 
used in the ReM nodal <nass~i11a et al> •••••••••• 13 

8. Comparison o£ nin~um Fluidizing Voidage and 
Calculated Emulsion Voidage <Fryer et al> ••••••••• 44 

9. Comparison o£ nin~u. Fluidizing Voidage and 
Calculated Emulsion Voidage <nasa~illa et al> •••• 45 

10. Comparison o£ Calculated Conversion and 
Exper~ental Data: Fryer and Potter ••••••••••••••• 47 

11. Comparison o£ Calculated Conversion and 
Exper~ental Data: Calderbank et al ••••••••••••••• 48 

12. Comparison o£ Calculated Conversion and 
Exper~ental Data: Kobayashi at al •••••••••••••••• 49 

13. Comparison o£ Calculated Conversion and 
Exper~ental Data: Grace et al •••••••••••••••••••• 50 

ix 



Ficure Paae 

14. Caapariaon o£ Calculated Converaion and 
Exper~ental Datal naaa~1lla et al ••••••••••••••• 51 

15. Ca.pariaon o£ Calculated Conversion and 
Exper~ental Data: LeNis et al •••••••••••••••••••• 52 

X 



NOMENCLATURE 

A bubble frequency at the distributor, no. of bubbles/sec 

At cross-sectional area of the fluidized bed, cm2 

B factor defined by Eq <7> in Appendix A or constant 
in Eq <10> 

Co initial gas concentration in the fluidized bed, 
gmole/cm3 

Ceo initial gas concentration in the bubble phase, 
gmole/cm3 

CBn height averaged bubble concentration defined by Eq (21 > 

CE gas concentration in the emulsion phase, gmole/cm3 

CEo initial gas concentration in the emulsion phase, 
gmole/cm3 

Cn 

height averaged emulsion concentration defined by Eq 
(17> 

gas concentration leaving the fluidized bed, gmole/cm3 

gas concentration leaving the nth compartment, 
gmole/cm3 

Ds bubble diameter, em 

Dso intial bubble diameter, em 

Dan maximum bubble diameter, em 

D' bubble diameter at h=hn, em 
Bn 

Dt reactor diameter, em 

dp diameter of the fluidized solid particle, g/cm3 

~F computer output of E 
n 

f bubble frequency, no. of bubbles/sec 

f" ratio of volume of wake to volume of bubble 
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g gravitational acceleration, 980 cm2/sec 

Hn computer output or h 
n 

HHT computer output or h' n 

h vertical height from distributor plate, CJil 

ho constant characteristic of the distributor, em 

hn 

h' 
n 

height or the first compartment, em 

height at the middle of the nth compartment from the 
distributor, em 

height of the boundary betNeen n-1•t and nth 
compartment from the distributor, em 

~hn height Or the nth compartment, em 

k reaction rate constant, 1/sec 

KsE gas interchange coerricient, 1/sec 

Kben gas interchange coefficient in the nth compartment, 
1/sec 

kv velocity coefriclent 

L£ expanded bed height, em 

Lm£ bed height at minimum fluidization, em 

N total number of compartments 

Nb number of bubbles 

No total number of holes in the perforated plate 

n number of the nth compartment 

Q visible bubble flow, cm3/cm2sec 

Qb gas volumetric flow rate through the bubble phase, 
CJ113/sec 

Qe gas volumetric floN rate through the emulsion phase, 
cm3/sec 

QT total volumetric gas flow rate, cm3/sec 

rA reaction rate per unit volume of catalyst, 
gmole/sec cm3 

xii 



S cross-sectional area o£ bed, cm2 

Uo super£icial gas velocity, em/sec 

Us bubble rising velocity, em/sec 

Usn bubble rising velocity in the nth compartment, em/sec 

u. ·gas velocity througn the emulsion phase, em/sec 

u-£ minimum £luidization velocity, em/sec 

Vs bubble volume, ema 

X overall conversion 

Xaxp exper~ental overall conversion 

Y coe££icient de£ined by Eq <43) 

z vertical height £rom distributor plate, em 

Greek symbols 

0 average bubble voidage 

o average bubble voidage in the nth compartment 
n 

E emulsion void £raction 
e 

E£ average bed voidage 

Em£ voidage at mimimum £luidizatlon 

€ average bed voidage in the nth compartment 
n 

pq gas density, g/cm3 

p 5 average solid density, g/cma 

~ coe££icient de£ined by Eq <9> 

xlll 



CHAPTER I 

INTRODUCTION 

Fluidized-bed reactors are used widely £or many indus

trial processes <1 >. They have certain advantages over 

other gas-solid reactors which include ease o£ solids 

handling, which is particularly important where rapid 

catalyst £ouling occurs, good heat trans£er characteristics, 

and essentially isothermal operation <2>. However, in spite 

o£ their wide use in industry, the design and scale-up of a 

commercial size £luidized-bed reactor is still based on a 

more or less empirical basis and information obtained from 

building a sequence o£ progressively larger reactors. This 

procedure not only has proven to be costly and time con

suming but also has led to overdesigning and delaying the 

development o£ the processes. Most scale-up ln£ormation 

produced in this manner is considered proprietary informa

tion by industry and is not available in the open 

literature. 

Over the past two decades, an enormous amount of work 

has been carried out on the development o£ a reliable model 

which will represent the per£ormance o£ the reactor under a 

wide range o£ operating conditions. Unfortunately, due to 

the complexity o£ the phenomena involved as well as problems 



in determining the relevant parameters, such as bubble sizes 

and velocities, none of the models proposed so far is ade

quate for designing a commercial-sized fluid bed reactor 

with sufficient confidence to eliminate pilot plant use <3>, 

( 4). 

The two phase theory of fluidization expounded by 

Toomey and Johnstone <5> forms the basis of many of the 

models but in recent years a large number of experimental 

studies show that the two-phase theory overest~ates the 

visible bubble flow, in some cases by a_considerable amount 

(6). In other words, a larger quantity of gas flows through 

the emulsion phase than is predicted by the two phase 

theory. 

Another inadequency of the two phase models developed 

earlier <7>,<8> was the failure to include the bubble 

coalescence. They use the gas bubbles as the means of 

relating the model parameters to operating conditions. Thus, 

an average bubble size, which is often estimated at the 

middle point in the bed, becomes the key parameter. Although 

this approach could be used successfully in some cases, 

there are a number of problems associated with it. In the 

first place, use of an average bubble size cannot adequately 

describe the complete bed where bubbles are present in 

varying size, undergo growth and coalescence as they rise. 

Another problem with the approach of a constant bubble size 

is its failure to deal with the floN reversal of gas in the 

emulsion phase, which occurs when the gas velocity is much 
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higher than the ~inimum fluidization velocity. 

In 1969, Kato and Wen (9) proposed the bubble assem

blage model to solve the design problems associated with the 

constant bubble size approach. In this model, the bubbling 

bed La divided into N. compartments. in series, the height of 

each compartment being equal to the bubble diameter at the 

corresponding bed depth. In each compartment, the gas in the 

two phases is considered to be completely mixed. In 1982, 

Peters and co-workers <10> combined the bubble assemblage 

concept of Kato and Wen and the three-phase model of Fryer 

and Potter (11 > to provide a more realistic description of a 

gas-solid fluidized bed reactor. 

Although the bubble assemblage concept certainly 

contributed considerably to the understanding of fluidized 

bed behavior, the assumptions they made regarding the degree 

o' gas mixing in each phase represent a gross oversimplifi

cation of the real situation. It is known experimentally 

that the gas concentration in each phase varies along the 

bed height <12>-<15>. 

Axial mixing of emulsion phase gas in a fluid-bed is 

strongly influenced by the gross circulation of solid 

particles (16) and the adsorption processes (17>. Whether or 

not solids are well mixed is strongly dependent on whether 

the bubble flow is distributed uniformly over the cross

sectional area of the bed. On the industrial scale however 

where gas may be introduced into a bed through regularly 

distributed but discreet entry points <nozzles, tuyeres, 
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etc> there is alHays the possibility that bubbles Hill rise 

along prererred paths and regular solid circulation patterns 

Hill be established, thereby inhibiting complete radial 

mixing. 

As indicated previously, the development or a reliable 

rluidized-bed model requires the correct division of 

reactant gas entering to a rluidized bed. In other Hords, it 

is very ~portant to estimate average voidage occupied by 

bubbles. The velocity or the bubble is one of the key 

parameters ror the estimation of average bubble voidage. 

Kato and Wen used the Davidson model (8), the commonly 

accepted correlation at that time, for the estimation of 

bubble velocity and Peters and coHorkers also used the same 

correlation. HoHever, in 1978, Werther proposed a neH bubble 

velocity correlation Hhich included the effect or both the 

reactor diameter and bubble size <18>. 

The purpose of the present Hork is to modify the bubble 

assemblage model to obtain a more general treatment of a 

fluidized bed reactor. The basis is a different assumption 

regarding gas mixing in each compartment. The compartment 

height is taken as equal to an equivalent spherical diameter. 

for a bubble. In this neH model, the average fractions of 

bubble and emulsion phase in each compartment are allowed to 

vary in each cell along the bed. The average reactant con

centration of each phase in each cell is defined as the 

summation of all concentrations along each cell height 

divided by the cell height. The average concentration Hill 



be calculated by a non-uniform spaced Euler method (19>. The 

new model will also incorporate the new bubble velocity 

correlation proposed by Werther which takes into account the 

e££ect o£ bed diameter and bubble size. 

The experimental data available in literature on £irst 

order catalytic reaction systems in £luidized beds are used 

to test the validity the proposed model. 
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CHAPTER II 

LITERATURE REVIEW 

The literature revieM Mill cover the folloMing 

subjects: 

1. Bubble Size and GroMth 

2. Bubble Velocity 

3. Average Bubble Voidage 

4. Bed Expansion 

5. Interphase Gas Exchange 

6. Emulsion Gas Hixing 

7. Previous Hodels 

Bubble Size and GroNth 

Bubble size is one of the most important factors Mhich 

govern the performance OT a fluid-bed reactor. The.mass 

transfer of gas betNeen the bubble phase and the emulsion 

phase is a strong function of bubble size <20) and the 

prediction of bubble size is necessary for the calculation 

of chemical conversion in the bed. The properties of the 

bubbles in the bed are strongly dependent on the bubble 

size. These include bubble velocity and bubble voidage Nhich 

determine the pattern of solid mixing in the bed. As a 

consequence of these effects, the size of the bubble is 
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o£ primary importance in the scale-up o£ £luidized beds 

<.1 8 ) , , ( 21 ) ·• 

However, the accurate prediction o£ bubble size is very 

di££icult because o£ bubble growth and variation o£ its 

shape during the rise o£ bubbles through the bed. Bubble 

groNth in fluidized beds occurs by three mechani~s= (a) the 

decrease in hydrostatic pressure as the bubble rises, (b) 

one bubble overtaking another vertically, and <c> one bubble 

combining wLth another horizontally <22>. 

Because o£ the importance o£ bubble growth in the 

prediction o£ £luidized bed per£onmance, many correlations 

for bubble growth have been proposed; these correlations are 

reviewed in the paper by Hori and Wen <23>. In general, they 

£ound that these correlations applied only at the speci£ic 

conditions at which the data were taken. It was also noted 

that the bed diameter a£fects bubble growth. Hori and Wen 

proposed a semiempirical correlation that relates bubble 

diameter, bed diameter and initial bubble size as follows: 

De = Den - <Den - Deo>exp(-0.3h/Dt> ( 1 ) 

where h is the height of the bed measured from the 

distributor to the surface of the bed and Den is the maximum 

diameter of the bubble determined by bubble coalescence. The 

diameter Den is given by: 
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Den = 0.652<At<Uo - Um£))0-~ <2> 

The initial bubble diameter at the distributor plate also 

depends on the type or plate. The initial bubble diameter is 

calculated from equations, (3), <4>, (5), (6) shoNn beloN. 

Deo = 0.00376(Uo - Um£)2 

for porous distributor plates 

Deo = 0.347<At<Uo - Um£)/No)O-~ 

for perforated distributor plates and 

Deo = 1.5<Uo- Um£> 0 -26, for Uo < 4.0 cm/s 

Deo = 0.7<Uo - Um£> 0 -B3, for Uo > 4.0 cm/s 

for bubble cap <11 ). 

<3> 

(4) 

(5) 

(6) 

The correlation is valid over the folloNing bubble groNth: 

0.5 < Um£ < 20 cm/s 

0.006 < dp < 0.045 em 

Uo Um£ < 48 cm/s 

Dt < 130 em 

Bubble Velocity 

The bubble rise velocity, Us, of gas bubbles in fluid 

beds is an equally Lmportant Factor in the design or a 

fluidized bed reactor. If Us is much greater than the 

min~um fluidization velocity, Um£, gas bypassing can occur 

and be a serious problem; if on the other hand Us < Um£, 
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gas-particle contact can be good and the per£ormance o£ the 

bed approx~ates plug Flow. 

However, the accurate prediction o£ the rise velocity 

is di££icult because the velocity o£ bubbles is strongly 

in£luen~ed by the b~bble size and growth as well as their 

shape. As mentioned previously, the methodology £or 

predicting the bubble size distribution as a £unction of bed 

height has not yet been developed because of the complicated 

phenomenon involved in the bubble growth. 

The studies on bubble rise velocity are numerous, among 

them the works o£ Davidson and Harrison <8>, Rowe and Yacono 

<24>, and Werther <18) are noteworthy. Davidson and Harrison 

developed a correlation based on theoretical grounds that 

the average velocity o£ a bubble in a swarm should be given 

by the natural rising velocity o£ an isolated bubble plus 

the upward velocity of the particulate phase between the 

bubbles: 

Us= Uo - Ua£ + 0.711(g0s)0-5 (7) 

Although the validity o£ this equation is open to doubt, it 

is widely used in reactor design calculations <9>,<10>. Rowe 

and Yacono proposed a new bubble velocity correlation which 

takes into account the e££ect o£ particle size and distribu

tion: 

Ua = <Uo - Ua£> + 0.0936 kv<h + ho)1 / 8 (Uo - Ua£)1/~ (8) 

The coe£ficient kv increases from about 1.0 for 260 micro-
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meter particles to 1.3 f'or those of' 40 micro-meter, and ho 

~s a constant characteristic of' the distributor, being 

approximately zero f'or a porous plate. 

In 1978, Werther f'ound that the velocity of' a bubble is 

· a f'unction of' the. diameter of' the reactor and is given by 

Ua = 'I' ( gDa )1 /2 <9> 

Nhere 

'I' 

=r-64 Dt < 10 em 

0.225<Dt)0.4 10 < Dt < 100 

1.6 Dt ~ 100 

and Dt is the diameter of' the reactor. 

Average Bubble Voidage 

In developing the gas f'loN model, it is necessary to 

knoN the bubble volume f'raction Nithin the f'luidized bed. 

The prediction of' the bubble volume f'raction requires 

inf'ormation regarding bubble f'requency or the number of' 

bubbles per unit volume at some height, z, above distributor 

plate. Toor and Calderbank <25) shoNed that the bubble 

frequency, f, in the bed exponentially decreases Hith 

heights above the distributor: 

f' = A exp<-Bz> ( 1 0 ) 

Nhere A and B are constants Nhich must be determined experi-

mentally. HoHever, the validity of' Eq. <10) is doubtf'ul even 

though this tHo-parameter exponential equation is sometimes 
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using for the predicting of the average bubble voidage in 

the bed. 

The most accepted methodology for predicting bubble 

voidage in the fluidized bed is described in detail in the 

book written by Kunii and Levenspiel (26>. They ca.puted 

bubble voidage, s, from the average bed voidage, e£, and 

the bed voidage at minimum fluidizing conditions, Em£: 

15 -= ---------- ( 11 ) 

Equation <11 >was derived based on the asaumption that the 

emulsion void fraction, E , remains equal to the void e 

fraction at minimum fluidizing conditions, Emr· 

However, when fine particles are fluidized by increa-

sing gas velocities above the minimwn fluidizing velocity, 

there is a region in which the bed expands without bubble 

formation <27>. Therefore, the emulsion void fraction is 

expected to be greater than the minimum void fraction in the 

bed. Unfortunately, no accurate method for the prediction of 

emulsion void fraction is available in literature. 

Kato and Wen showed that the average void fraction in 

the bed remains constant below the minimum fluidization bed 
. 

height but above the minimum bed height exponentially 

increases <9>. 
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Bed Expansion 

When the super£icial gas velocity through a £luidized 

bed is increased above the minimwn £luidization velocity, 

the bed expands. This expansion is due to <a> the £ormation 

and coalescence o£ bubbles or voids o£ gas and (b) the 

-
expansion of the emulsion phase due to an increase in gas 

£low through this phase, which implies that the bed expan-

sion is related to the bubble diameter and bubble growth. As 

mentioned in the part o£ introduction, the volwnetric flux 

o£ the gas in the bubble phase has been observed to be 

Slllaller than that predicted by two phase theory. Therefore, 

the emulsion phase volumetric £lux and expansion should be 

greater than is predicted by two phase theory. 

The expanded bed height may be obtained experimentally 

for a given system, or estimated from an empirical correla-

tion. Babu, Shah and Talwalker <2B> proposed the £allowing 

relation which was obtained by a statistical fit of 

available data: 

= 1 + ----------------------------------------
( 12) 

All terms are expressed in centimeter-gran-second (cgs> 

units. This correlation is based on data for reactor 

diameters between 6.35 and 30.5 CM. Another and more widely 

used empirical correlation was proposed by Peters, Fan and 

Sweeney <10>. 
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Y ( Uo - Umf") 

--------- = ---------------- (13) 

Ua at z = 0.5Lmf" 

Mhere 

Y = 0.7585 - 0.0013 <Uo 

Interphase Gas Exchange 

Unlike gas bubbles in liquids, gas bubbles in fluidized 

beds have no coherent surface and no surface tension force 

surrounds the bubbles. Therefore, it is possible for gas 

within a bubble to flow through the interstices between the 

particles and to exchange with gas in the emulsion phase of 

the bed. This exchange will have an important influence on 

the extent of gas-solid contact and hence on the level of 

chemical conversion, and it represents a major factor in any 

model of a reacting fluidized bed system. 

The gas interchange between the bubble phase and 

emulsion phase is <a> due to direct interchange of gas in 

bubbles and in emulsion and (b) indirect interchange due to 

adsorbed gas on the surface of interchanging particles. 

The studies of interchange gas exchange are numerous, 

among them the works of Sit and Grace <29>, Chiba and 

Kobayashi (30>, and Kobayashi, Arai and Sunagawa (31 > are 

noteworthy. Sit and Grace showed that an overall gas 

exchange for a spherical bubble was made by the convective 

and diffusive mechanisms. They showed that the throughflow 
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term bec0111es dominant for large particles Hhile the 

di-ffusive term is rate-controlling for small particles. 

Chiba and Kobayashi atudied the ef-fect o£ adsorption on the 

interphase exchange in a fluid bed. Kobayashi et al (31 > 

proposed a fol~oHing correlation based upon their experi

mental Hork. 

11 

KeE = --------- ( 14 > 

De 

Hhere De is average bubble diameter. 

Emulsion Gas Hixing 

The gas rloH through a bed at the point o£ incipient 

fluidization (or minimum fluidization> approximates closely 

plug rloH because of loH Reynolds numbers based on particle 

diameters. There-fore, the gas may be pictured as percolating 

betKeen the more-or-less stationary particles Kith little 

tendency to backmix. HoHever, as the gas velocities 

increase, bubbles form and bed solids are moved about in 

their Hakes. As a result, axial mixing of emulsion phase gas 

occurs and the degree o£ mixing is in-fluenced by adsorption 

( 17 >. 

Stephens et al <32> Kere first to investigate the back

mixing caused by bubbles. Kunii and Levenspiel <33> shoKed 

that the upHard £loK of solids in cloud Makes is compensated 

for by a corresponding doHnHard floH of solids in the 

14 



ero.ulsion phase. 

Previous tlodels 

tlost o£ the models which have been developed are based 

on the two phase theory originally proposed by Toomey and 

Johnstone <5>. However, they dirrer considerably in the 

assumptions they make regarding the exact nature o£ the 

phases, the mode o£ interphase gas exchange, and the degree 

o£ gas mixing in the phases. Review papers or the models are 

available <4>, (13). The models £all into one o£ two 

categories: <a> sirople two phas.e models based on ero.pirical 

correlations obtained with small scale equipment, (b) models 

based on bubble dynamics which describe reactor behaviour in 

terms o£ the known physics and hydrodynamics of Fluid beds. 

In the absence o£ bubbles, a fluidized bed can be 

treated as a plug flow reactor. However, in the presence of 

bubbles, rapid axial mixing o£ the solids occurs and this 

treatment is unrealistic (34>. 

The two· phase models considered earlier use the gas 

bubbles as the means or relating the model parameters to 

operating conditions. Thus, an average bubble size, which is 

o£ten estimated at the middle point in the bed, becomes the 

key parameter. The bubble size is often considered as an 

adjustable parameter in the absence of bubble size 

inFormation. Although this approach could be used 

successfully in some cases, there are a number o£ problero.s 

associated with it. In the first place, use of an average 

15 
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bubble size cannot adequately describe the bed since bubbles 

are present in varying sizes, undergo growth and coalescence 

as they rise. Another problem with the constant bubble size 

approach is its inability to deal with the £low reversal of 

gas in the emulsion phase, whic·h occ;urs when the _gas 

velocity is much higher than the minLmum fluidization 

velocity. 

Kato and Wen (9) proposed a bubble assemblage model. In 

this model, the bubbling bed is divided into N compartments, 

each equal in height to the bubble diameter at the corres

ponding bed depth. In each compartment, the gas in the two 

phases is considered to be completely mixed, and the inter

phase exchange coe££icient is given by equation (14). 

Peters and co-workers <10) combined the bubble aas~•

blage concept o£ Kato and Wen with the three-phase model of 

Fryer and Potter <11 >to advance a cell model in which an 

equivalent spherical diameter £or a bubble is the cell size. 

In this model, the concept o£ local £low reversal of 

emulsion phase gas and emulsion phase de-gassing coeffici

ents was introduced. 

The weakness in the above Kato-Wen model lies in the 

assumption that the percolation of gas through the dense 

phase can be neglected. This treatment consistently results 

in und~restiroation o£ the overall conversion ~n a fluidized 

bed reactor, especially in a bed of large fast bubbles where 

a large amount of gas flows through the emulsion phase. On 

the other hand, under the operating conditions of industrial 

16 



Fluid bed catalytic reactors where gas· velocities, Uo, are 

substantially greater than the minLmum Fluidizing velocity, 

u.~, a cloud volume within bubbles is so small that the 

~hree phase treatment or the above Peters and coworkers is 

expected to be unrealistic <7>. 

Besides those insu£riciencies, both models use bubble 

and emulsion concentrations entering each compartment that 

is smaller than the height averaged bubble and emulsion 

concentration o£ the previous compartment <13>, <15> • 

. Thererore ,- · this kind or treatment results in overestimation 

or the overall conversion in the bed. 
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CHAPTER Ill 

ftODEL DEVELOPftENT 

The development of the present •odel is based upon the 

follONing s~plifying assu.ptions, 

<1>. A fluidized bed aay be represented by N numbers of 

ca.partments in series <9>. Each compartment is considered 

to be composed of a bubble and an emulsion phase. The size 

of each compartment, Nhich varies throughout the fluidized 

bed, is based on the diameter of the bubbles at a given bed 

height. 

<2>. All particles are assumed to be in the dense phase that 

occupies a fraction, 1- 5 of the bed < 5 is the fraction of 

bed occupied by bubbles>. 

<3>. The outlet concentration of each compartment may be 

deter.mined by the inlet concentration and properties of each 

compartment. 

<4>. Although the properties such as average voidage, 

average bubble voidage, gas exchange coefficient, and bubble 

velocity vary continuously throughout each coapartment, a 

single value of each property can be used to represent the 

compartment. 

<5>. The representative value of each property can be 

determined at the midpoint height of each compartment 

18 



because the property is assumed to be linear. 

Figure 1 shows the schematic diagram or the proposed 

model as well as the notation employed. The general material 

balance equation can be written over the nth compartment. 

Input - Output = Amount or reactant used by a reaction 

SUo<Cn-1 - Cn> = (-rA)~h 5(1 - € ) 
n n 

where 

and 

....... 

CEn = 

Then, 

where 

n+l [' 

CEdZ 
h' 

n 

~h 
n 

~h < 1 - e >k n n 

NRn = -------------
Uo 

(15> 

(16) 

( 17) 

( 18) 

( 19) 

Next, if we define Bn as the volume fraction of bubbles in 

the nth compartment, the outlet concentration of a reactant 

from the nth compartment can be detenmined by the following 

equation (10), <15>. 

<20> 

,.. 
where Cen ls defined as follows, 
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I 

I 
I 

t 
Cn-1 

Figure 1. Schematic Diagram of the Proposed nodel 
as well as the Notation employed 
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[~+1 
Csdz 

h' 
A n 
Csn = -----------

..... 

..:\h 
n 

and CEn is given by Eq <17>. 

Here, let•s consider a mass balance on a reactant 

( 21 ) 

moving through the bubble phase in the nth compartment. The 

£olloNing simpli£ying assumptions are made, 

<1 >. Steady state 

<2>. Gas is plug £low in the bubble phase; hence the 

back di££usion terms vanish, 

and <3>. No reaction occurs in the bubble phase. 

Then, the £allowing equation can be written. 

"' dCs Kba 

..... ,.. 
----- = ----- <Ce CE> (22) 

dz Ue 

,.. ,.. 
Here, the height averaged concentrations, Ce and CE are 

assumed to be equal to concentrations at a midpoint of each 

compartment, 

,.. 
Can = Ce at hn ( 23) 

,.. 
CEn = CE at hn (24) 

By the Euler method <19>, the height averaged bubble 
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concentration in the nbh compartment can be expressed as 

£.ollows, 

.... .... .... 
Can= (1 - Zn-1 )Can-1 + Zn-1CEn-1 

wher.e 

Usn-1 

.... 
(Can-1 

Substitution o£ Equation (26) into Equation (20) gives, 

and 

1 5 
n 

5 
n 

<25) 

<26) 

( 27) 

(28) 

/\ 

CEn=------Cn 
,... 

------(1 - Zn-1 )Can-1 
,... 

-------Zn-1CEn-1 (29) 

1 - l5 n 1 - 5 
n 

1 - l5 
n 

Substitution o£ Equation (29> into Equation (18) and 

rearragement give, 

1 - 5 
n 

5 
ll 

/\ 

Cn = ------------Cn-1 + ------------NRn(1 - Zn-1 >Csn-1 
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6 
n 

1\ 
~ -------------NRnZn-1CEn-1 ( 30) 

A solution £or the axial concentrations in both phases is 

obtained £rom the bottom up, starting with the inlet 

conditions that speci£y the size o£ the £irst compartment. 

The solution £or the £irst compartment is then used to 

calculate the. next compartment size (equivalent bubble 

diameter) which allows solution o£ the mass balance equation 

£or the second compartment. The procedures are repeated 

until the cumulative compartment height reaches the expanded 

bed height. 
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CHAPTER IV 

ESTIMATION OF THE PARAMETERS OF THE MODEL 

Size o-f Compartment 

The estLmation or average bubble diameter o-f each 

compartment is based on a correlation proposed by Mori and 

Wen <23). This correlation is characterized by the consi

deration or the e-f-fects or bed diameter and distributor type 

used. 

Da = Da" - <D~ - Dao>exp(-0.3h/Dt> 

Mhere 

Da" = 0.652<S<Uo - Ua£))2/6 

and 

Deo = 0.00376(Uo - Ua£)2 

<ror porous distributor plates> 

Dao = 0.347<S<Uo - Ua£)/No)2/5 

(-for per-forated distributor plates> 

Dao = 1.5<Uo Ua£)0-26 -for Uo < 4.0 cm/s 

Deo = 0.7(Uo - Ua£)o.aa -for Uo > 4.0 cm/s 

<£or bubble cap) 

This correlation is valid over the· -following variable 

ranges: 
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0.5 < Um£ < 20 cm/s 

0.006 < dp < 0.045 em 

Uo Um£ < 48 cm/s 

Dt < 130 em 

In the present model, the bed is divided into N 

compartments along the axial distance o£ the bed. Based upon 

an assumption made in chapter III, the nth compartment has a 

height,Ahn, equal to the diameter o£ the bubble. The height 

o£ nth compartment, .4hn, i·s determined by expanding De given 

by Equation (31 >, neglecting the terms a£ter the second 

term, and calculating at hn in a Taylor series about DEn 

< 35 >. Thus, 

D' Bn 

6hn = ----------------------------

1 + 0.15< DBn- Dei"J)/Dt 

where DBn is the bubble diameter at the boundary between 

(37) 

<n-1 )•t and nth compartment or h=h'. Here, h' is given by 
n n 

h' = n 

n-1 
E 

i=l 
.dh. 

1 

(38) 

The bubble diameter at the nth compartment is the diameter 

o£ the bubble at the middle o£ nth compartment or at a 
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height, hn, given by 

A.hn Ahn 
n-1 

hn = hh + ----- = E ~h.+ ------ (39> 
i=l l 

2 2 

The height o£ £inal compartment, AhN, is calculated by the 

£ollowing equation as, 

l = Lf'" - J:lN 

where N is determined by the condition at which h~ + Ahn 

(40) 

becomes greater than L.,.. At this position n is equal to N. 

Linear Gas Velocity in the Bubble Phase 

The linear gas velocity in the bubble phase may be 

computed by a equation proposed by Werther <18>. 

Ua = 'I' < gDa > 1 /2 ( 41 ) 

where 

.,. = 0.64 Dt~10cm 

0.225<Dt)0.4 10 < Dt < 100 em 

1 .6 Dt ~ 100 em 

Expanded Bed Height 

The bed expansion, L.,., is computed based on the 
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£ollowing empirical correlation proposed by Peters et al 

( 10). 

Y< Uo - Um.,. > 

---------- = -------------------

Ue at z = 0.5Lm~ 

where 

Y = 0.7585 - 0.0013<Uo - UmE> + 0.0005(Uo - Um~>2 

Average Void Fraction in Bed, E 
n 

<42> 

(43) 

Gamma-ray studies o£ axial solids distribution in gas

solid £luidized beds show that the void £raction in the bed 

exponentially increases at heights above the minimum 

£luidization bed height. The average void £raction may be 

computed by a correlation proposed by Kato and Wen <9>. 

LmE 

1 - En= -----<1 - Emf> 

L~ 

LmE h - t-~ 

for h < LmE <44) 

-----(1 - Emf)exp(- ---------) £or h ) LmE (45) 
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Volume Fraction o£ Bubble Phase 5 

' 
In order to compute the volume fraction of bubble 

phase, Ne have to estLmate the number of bubbles in a 

compartment. With the compartment height based on the 

diameter o£ the bubble, the number o£ bubbles, Nb is 

computed by the .111ethod suggested by Kato and Wen (9J. 

65< E 
n € > m£ 

Nb = ---------------------- (46) 

Then, the volume £raction of the bubble .111ay be computed as 

Ve 

5 = ---------- (47) 

SDe 

where 

Ve = bubble volume 

ll 
) D3 = Nb< 

6 B 
(48) 

~ Gas Exchange Coef£icient, Kbe 

The gas exchange coefficient, Kb., is computed based 

on the following experiMental equation proposed by Kobayashi 

et al (31 ). 
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Kbe '"" ------- (49) 

De 
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CHAPTER V 

CODE INPUT-OUTPUT AND COMPUTATIONAL METHOD 

The computational procedure for conversion and concent

ration profile in a fluidized reactor is given in Figure 2 

when the operating conditions such as: superficial gas 

velocity, Uo; min~um fluidization, Lm£; void fraction at 

min~um fluidization,Emf; column diameter, Dt; distributor 

arrangement; reaction rate constant, k; factor, ~ ; and 

the inlet concentration, Co. There are no adjustable 

parameters in the present model. 

First, Equation <32> is used to calculate the maximum 

bubble diameter. Next, Equations (33>-<36> are used to 

compute the initial bubble diameter, depending on the type 

of distributor. Using Equations (42) and (43), the expanded 

bed height L£ is then calculated. Based upon the calculated 

initial bubble diameter, the gas exchange coefficient Kba, 

and bubble velocity, Ub, in the first compartment are 

computed by using Equations <49) and <37). Next, the average 

void fraction in the first compartment is computed by using 

Equation <44), and the volume fraction of the bubble phase 

is calculated by Equations (46) and <47>. Next, the gas 

concentration at h=~hl, c,, is computed from the following 

simplifying assumption using Equation <30>. 
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READ Uo, u .... , 

E 

FINO ha 

h'n VIA 

hn VIA 
€ VIA n 
6 VIA n 

NO 

Ccn 

c .. n 

x.., -
NO 

Eq 

Eq 

E 

VIA 

VIA 

1 

L .... , Co, 

( 37) ' 

(38>' 

( 39) ' 

(44l) or 

(47) 

u.,. 

q (30) 

Eq <29 

Eq <25 

- Cn/Co 

q (33)' 0 

(36) 

Eq (45) ' 

Figure 2. Flow Diagram for the Computational Procedure baaed on the Proposed Model 
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Co = Ceo = CEo 

where Co is the inlet concentration o£ reactant; Cso the 

inlet concentration of reactant in bubble phase; CEo the 

inlet concentration o£ reactant in emulsion phase. 

(50) 

Next, the height averaged concentrations in the first 

compartment, CE1 and Cs1, are computed by using Equations 

<29> and <26). The solution for the first compartment is 

then used to calculate the solution of the second compart

ment. The procedure is repeated until the cumulative 

compartment height given by Equation <38> reaches the 

expanded bed height, L£, calculated previously by Equations 

< 42 > and < 43 >. 

The VAX 11/780 and VMS computer is used to compute the 

above computations. 

32 

., 



CHAPTER VI 

RESULTS AND DISCUSSION 

The exper~ental data used to test the validity o£ the 

proposed model are shoNn in Table 1. As can be seen £rom 

Table 1, ozone decomposition by Fryer et al (36>, Caderbank 

et al (37>, Kobayashi et al <15> and Grace et al <12>; 

ammonia oxidation by nassiMilla et al <38); ethylene 

hydrogenation by LeNis et al (39> are employed here £or that 

purpose. Table 2 shoNs results o£ the numerical solution 

obtained £rom the present model and the bubble assemblage 

model by Kato and Wen <9>. 

Division o£ Gas FloN betNeen Phases 

A partial veriEication o£ the present model £or 

evaluating the volumetric gas £lux through the bubble phase 

is shoNn in Figures 3-6. In Figures 3-6, the predicted 

visible bubble £1oM ,Q, as a £unction o£ the height £rom the 

distributor is compared to that o£ the tNo phase theory, 

Uo-UaE• The predicted £lux in the bubble phase is given by 
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TABLE 1 

EXPERIHENTAL CONDITIONS OF DATA USED FOR 
TilE VALIDITY OF TilE HODEL 

Authors Reactions 

Fryer (36> decamp. of" 
ozone 

Ca lder·bank ( 37) decamp. of" 
ozone 

Kobayashi ( 15) decamp. of" 
ozone 

Grace ( 12) decamp. of 
ozone 

Massimi 11 a < 38) ox ida. of 
ammonia 

Lewis ( 39) hydrogen. 

Dt 
em 

22.9 

45.7 

20.0 

Distributor 

bubble cap 
61** 

porous 
plate 

perf" orated 
241*** 

8.4* perforated 
9*** 

11.4 porous 
plate 

5.2 screen 
of" ethylene 

M equivalent diameter 
** number of bubble caps 

dp 
CPl 

0.0117 

0.0192 

0.0194 

0.0215 

0.0127 

0.0122 

M M M tola 1 numl.a:!r of holes in the perforated plate 

u ... *' 
CPl/S 

1.7 

3.73 

2.1 

5.3 

0.44 

0.31 

k 
s-1 

0.330 

0.029 
1.246 

0.6 

0.1 
0.2 

0.0446 

0.93 

Uo 
CPl/S 

2.17 
1 0'71 

5.75 

5.0 -20.0 

10.0 -21.4 

3.4 
14-:-3 

4.8 -35.0 

.__E' 
CPl 

23.1 

99.1 

67.0 

130.0 

58.0 

42.0 



w 
rJIJ 

Aut:hors 

Fr·yer ( 36 > 

Calderbank < 37 > 

Kobayashi ( 15) 

Grace ( 12) 

t1assimilla <38) 

l.ewi s ( 39 > 

pg 
g/cm3 

0.0012 

0.00129 

0.0013 

0.0215 

0.00136 

0.00114 

MMMM estimated values 

TABLE 1 (Continued> 

pp 
g/cm3 

2.65 

2.619 

2.2 

2.4 

2.06 

0.513 

Co 
gmole/cm3 

4.46 X 10-6 

8.035 X 10-7 

2.23 X 10-6 

4.464 X 10-6 

4.464 X 10-6 

4.46 X 10-6 

Emr 

0.48 

0.462 

0~70 

0.41**** 

0.41**** 

0.41**** 



TABLE 2 

CALCULATED CONVERSIONS AND EXPERIHENTAL CONVERSIONS 

· Data 

Fryer 

Calderbank 

Kobayaah.i. 

k 

0.330 

0.330 

0.330 

0.330 

0.330 

0.330 

0.029 

0.064 

0.122 

0.302 

0.666 

1.2"'t8 

0.6 

0.6 

0.6 

0.6 

Uo 

Cll&/8 

2.17 

2.67 

4.27 

4.60 

8.00 

10.13 

5.75 

5.75 

5.75 

5.75 

5.75 

5.75 

5.0 

10.0 

15.0 

20.0 

3.513 

2.855 

1.765 

1.568 

0.953 

0.753 

0.500 

1.103 

2.103 

5.203 

11.506 

21.500 

8.0"'t0 

"'t.020 

2.680 

2.010 

36 

Con varas ion 

Exp. Kato-Wen NeH ~odel 

0.813 

0.61-7 

0.527 

0.1-20 

0.320 

0.273 

0.227 

O."'t90 

0.620 

0.675 

0.930 

0.950 

0.910 

0.643 

0.779 

0.729 

0.911-

0.872 

0.704 

0.587 

0.685 

0.661 

0.530 

0.7"'f1 

0.866 

0.950 

0.990 

0.996 

0.973 

0.895 

0.8"'t1 

0.756 

0.657 

0.793 

0.621 

0.57-t 

0.397 

0.326 

0.237 

O."'t46 

0.670 

0.925 

0.992 

0.996 

0.977 

0.639 

0.707 

0.563 



TABLE 2 <Continued> 

Data k Uo Convera:sion 

CJil/a Uo Exp. Kato-Won New model 

Grace 0.1 10.0 1.300 0.72 0.667 0.747 

0. 1 15.0 0.867 0.57 o.o55 0.629 

0.1 21.4 0.607 0.45 0.438 0.536 

0.15 10.0 1.950 0.86 0.780 0.869 

0.15 15.0 1.300 0.73 0.679 0.769 

0.15 21.4 0.911 0.61 0.555 0.679 

0.20 10.0 2.600 0.92 0.846 0.931 

0.20 15.0 1.733 0.82 0.760 0.8!5-+ 

0.20 21.4 1.215 0.70 0.6"10 0.775 

-.-...-------w -- __.____. ..... ..,_ 

Massi..willa O.O"t5 3.4 0.761 0.52 0.705 0.346 

0.045 5.2 0.497 0.39 0.325 0.247 

0.045 7.9 0.327 0.30 0.605 0. 171 

0.045 10.0 0.259 0.25 0.587 0 .13"l 

O.O"t5 14.3 0.181 0. 1 0 0.51"l 0.100 

Lewis 0.93 4.8 8.137 0.975 0.982 0 a 9r/"i 

0.93 9.3 .... 200 0.9"t4 0.868 O.tl-l7 

0.93 15.3 2.553 0.870 0.820 0.671 

0.93 19.3 2.024 0.819 0.788 0.576 

0.93 26.0 1.502 0.729 0.762 O."l55 

0.93 35.0 1 • 1 16 0.625 0.702 0.3"l8 
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Qb 

----- = Ua 6 

A 

(51 ) 

where Qb is the gas volumetric £low rate through the bubble 

phase. 

As can be seen £rom Figures 3-6, the predicted visible 

bubble £low is smaller by a considerable amount than that 

predicted by the two phase theory with experimental data £or 

ozone decomposition. However, in case o£ the Hassimilla and 

Lewis data an unreasonable trend is observing as shown in 

Figure 7. This £allure may be attributed to the bubble 

growth correlation, and the assumptions made in the develop

ment o£ the present model. Their experimental conditions, 

especially Um£, are out o£ the valid region £or the bubble 

correlation used because the minimum rluidization velocity 

is smaller than 0.5 cm/s. Secondly under those experimental 

conditions the emulsion voidage is not believed to be equal 

to that o£ the bed at minimum rluidizing conditions. 

In Figures 8-9, the experimental minimum rluidizing 

voidage as a £unction o£ the height £rom the distributor is 

compared to the voidage obtained by Eq (6) in Appendix A. 

In Figure 8, which shows a typical trend o£ success

£ully £itted experimental data, the agreement is reasonable 

£or the majority or points. However, in Figure 9, which 

shows a typical trend or the Hassimilla and Lewis data, the 

agreement is clearly not as good due to the reasons men-
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tioned previously. 

Hodel Veri£ication by Experimental Data 

Comparisions o£ the present model prediction o£ the 

conversion in the £luidized bed reactor and the experimental 

data shoNn in Table 1 are shoNn in Figures 10-15. Also shoNn 

in Figures 10-15 is the conversions £rom the Kato-Wen model. 

In Figures 10-13, the present model predictions are 

shoNn to be reasonable agreement Nith the experimental data, 

Nhile in Figure 14 and Figure 15, the agreement is clearly 

not as good because o£ the minimum £luidizing velocity being 

too low, hence outside the valid range o£ the model. In 

addition, the £actor, B, de£ined by Eq <7> in Appendix A is 

too large, hence the emulsion voidage is not equal to the 

bed voidage at minimum £luidlzing conditions. 

The £oundation o£ the proposed model lies on the 

assumption that is that the emulsion voidage is equal to 

that o£ the bed at minimum £luidizing conditions. Hence 

£urther investigation on the £actors Nhich have in£luence on 

the emulsion voidage is needed. They include bubble voidage, 

solid particle mixing pattern, and gas mixing in the 

emulsion phase. 
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CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Based on bubble assemblage concepts, a mathematical 

model is developed for isothermal catalytic fluidized bed 

reactors. ftodel· predictions are in reasonably good agreement 

with experimental results which were obtained under the 

operating condition, UmE > 0.5 cm/s, but below the value of 

0.5 cm/s the agreement is not as good. 

The new model fit the observed conversion in fluidized 

beds better than the bubble assemblage model, especially 

under the operating conditions, kLmE/Uo < 10, where a large 

amount of gas flows through the emulsion phase. In addition, 

the present method for evaluating the gas volumetric flux 

through the bubble phase verifies the overestimation of the 

visible bubble flow predicted by the two phase theory. 

The present study also suggests a method for the pre

diction of emulsion void fraction in a fluidized bed 

reactor. 

Recommendations 

Recommendations for further possible research for the 
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improvement o£ the model developed in this study are as 

follows: 

The correct prediction of emulsion gas voidage is a key 

parameter to the success of the new model. Hence, further 

investigation on the factors which in£luence emulsion 

voidage is needed. They include bubble voidage, solid 

particle mixing pattern, gas mixing in the emulsion phase, 

and wake-bubble ratio. 
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APPENDIX A 

RELATIONSHIP BETWEEN THE VOIDAGE IN THE 

EnULSION PHASE AND THAT OF THE BED 

AT niNinUft FLUIDIZING CONDITIONS 
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Ir QT is the total volumetric gas rlow rate into the 

bed, Qb the bubble rlow rate and Qe the emulsion rlow rate, 

QT is given by 

( 1 ) 

Dividing through by the bed area gives the rollowing 

relationship between the total rlow and that through the two 

phases, 

(2) 

Arrangement of' Eq <2> gives, 

E = -------------e (3) 

Ue ( 1 - 6 ) 

When the emulsion voidage is equal to that or the bed at 

minimum rluidlzing conditions, the upward gas velocity 

within emulsion phase, u., is equal to Um~/ E according to 
mf 

the two phase theory (5). However, ir solids circulate in 

the bed, the gas velocity in the emulsion phase is given by 

( 7)' 

59 



u. = ------ - u. 

E mf 

(.of) 

where the downward £lowing solid velocity, u., is given by 

u. = ------------------ (5) 

1 - 8 ( 1 .. £ .. ) 

The £.. is the ratio o£ volume of wake to volume of bubble 

(f" = 0.20 to 0.4). Combining Eq <3>, Eq (.of) and the two 

phase assumption gives 

where 

E = -------------e 

1 - B E mf 

( 1 - 8 ) u. 

B = -------------

Uo - Ub 8 
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APPENDIX 8-1 

COPnPUTER PROGRAft FOR NEW noDEL 

"· 
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c 
C THE FOLLOlWJG CALCULATIOI~ IS DONE BASED ON FRYER 

. C AND POTTER'S DATA !NEW MODELl 
c 

c 

IMPLICIT REAL*4 <A-H, 0-Zl 
REAL LMF,ND,LF,NR,I( 
DIMENSION CONC(500J,UU{6l 
DIMENSION AZI·It~ !5001, CB (5001, CE (5001, AUB (5001 
DI11ENSION ANBUB <5001, AVBUB (500l, ADEL !50(•) 
DIMENSION COEFF<500J,EXC0!500l,ALPHA!500l 
D!t1ENSION SSIZEC500l ,HHH500l ,EF'S!5001 ,CONV!500l 
DIMENSION VBF(500l,VELS<500l,DK<5001,CBR<500l 
DIMENSION HALF (500), Et1VC (500l, CER !500l, CONR t5C.'(l) 
DATA DG/0.16/ 
DATA Et·1F /0.4/ 
DATA SSI ZE, HHT, EPS, CONV 1200CHO.O/ 
DATA UU/2.17,2.67,4.27,4.8,8.01 10.13/ 
DATA Ut1F /1.7 I 
DATA LMF /23. 1/ 
DATA DF',RHOF',RHOG,DIA/0.0117,2.65,0.0012,22.9/ 
DATA CONC0/0.00000446/ 
DATA ND/241. 0/ 
DATA F'HIIU0.7/ 
DATA F'HI/3.141592/ 
DATA F'SI/0.787/ 
DATA G/980.67/ 
DATA K/0.33/ 
DATA AFW/0.3/ 

C DO LOOP 
c 
C DO 47 JI=l,l 
C I(=CONST(Jil 

c 

DO 25 II= 1,6 
UO=UU<IIi 

UFLU X =UO-UI·1F 
Mll·1= 1. 4*DF'*RHDF'*UO/UI1F 

C CALCULATE NUt·lBER OF REACTION UNIT, I(Lmf/Uo 
c 

RN=I~)LMF /UO 
c 
C PRINTING 
c 

WRITE!6,32l UO,t::,RN 
32 FORMAT(//1X,'UO=',F6.2,1X,'CM/S',2X,'K=',F6.3, 

1 !X,' 1/SEC' ,3X, 'I(Lmf/Uo=',F6.3J 
c 
C CALCULATE BED CROSS ~ECTIONAL AREA 
r 
" 

62 



c 
C CALCULATE MAX I MUM ATTAINABLE BUBBLE D I At1ETER 
c 

PROD=!AREAtUFLUXl*+0.4 
DBt·l=O. 652*F'ROD 

c F'~:OD= !AREA*F'Hlf<':UFLUX /PS!) HO. 4 

C DBM=0.431*PROD 
c 
C CALCULATE INITIAL BUBBLE DIAMETER 
c 
C DB0=0.00376tUFLUXtt: 

IFWO.LT.4.0l THEN 
DB0=1.5tUFLUXH0.26 

ELSE 
DB0=0.7*UFLUXH0.83 

END IF 
C F'ROD2=!AREAtUFLUX/NDlH0.4 
C DB0=0.347tPROD2 
c 
C CALCULATE BED EXPANSION HEIGHT 
c 

c 

AAY=0.7585-0.0013tUFLUX+0.0005tUFLUXH2 
HET=0.5tLMF 
VALUE=-0.3tHET/DIA 
DDH=DBM- !DBH-DBOl tEXF' !VALUEl 
UUB=PSitSQRT!GtDDHl 
ALF=l.O-AAYtUFLUX/UUB 
LF=LMF/ALF 
CE:O=CDNCO 
CEO=CONCO 
DHNP=DBO 
HEIGHT=O.O 
HN=O.O 
I=l 
AKE:EO=ll.O/DBO 

·- UBO=F'Sl tSQRT (G.f.DBOl 
HO=DBO 

C CALCULATE SIZE OF EACH COMPARTMENT 
c 

c 

200 DENOH=1.0+0.15* !DHNP-DBMl /DIA 
SIZE=DHNP /DENOt1 
SSI ZE (!)=SIZE 
AHHT=HEIGHT+0.5tSIZE 
HALF!Il=AHHT 
HEIGHT=HEIGHT+SIZE 
HHT!Il=HEIGHT 

C CALCULATE BUE:BLE VELOCITY 
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c 

c 

UB=PSitSQRT(GtSIZEl 
AUBW=UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, l:.be 
c 

c 

AKBE=11.01SIZE 
EXCO (I l =AI(BE 

C CALCULATE AVERAGE IJOIDAGE (BUBBLE + INTERSTITIAL 
C GAS IN THE EMULSION PHASE) 
c 

c 

FA1=1.0-EMF 
FA2=lAHHT -U1Fl I (LF-LNFJ 
IF(AHHT .LT. LMFJ THEN 
EPSIL=l.O-ALFtFAl 
EF'S(ll=EPSIL 

ELSE 
EF'S!L=1.0-ALFtFAltEXF'(-FA2l 
EF'S (1) =EF'S I L 

END IF 

C CALCULATE THE NUMBER OF REACTION UNIT 
c 

NR=Kt(l.O-EF'SILltSIZEIUO 
c 
C CALCULATE AVERAGE VOIDAGE IN THE N COMPARTMENT 
c 

c 

FA4= (EF'SIL -EI·1Fl I ( 1. 0-EMFJ 
ANB=6. O*AREMFA41 WHI tSIZEH2) 
ANBUBliJ=ANB 
VBUB=ANBtPHitSIZEH316.0 
AVBUB(IJ=VBUB 
DELTA=VBUBilAREAtSIZEl 
ADELlll=DELTA 

C CALCULATE VISIBLE BUBBLE FLOW 
c 

VBF(Il=DELTAtUB 
c 
C CALCULATE PARTICLE VELOCITY IN Et1ULSIOt~ PHASE 
c 

c 

DAl=l.O-DELTA•(l.O+AFWl 
VELS!ll=UBtDELTAtAFW/DA1 

C CALCULATE FACTOR, Dl< 
c 

c 

DA2=UO-UBtDELTA 
DKlil=!l.O-DELTAltVELS!IliDA2 
EMVC(ll=EMF/(1.0-DK(IltEMFl 
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C CALCULATE FACTORS 
c 

c 

IF! I • EQ. 1 l THEN 
ZN=t), 5* !HO+SSI ZE (Ill *AI<BEO/UBO 

ELSE 
ZN=O. S•!SSIZE (I -1 l +SSIZE!I l l *EXCO ( I-1 l /AIJB (I -1 l 

END IF 
FAl=l.0/!1.0-DELTAl 
FA2=DELTA*FA1 
FA3=1. 0-ZN 
FA4=1. 0-DELTA 
FA5=FA4/!FA4+NRl 
FA6=DELTA/ !FA4+1~Rl 

C CALCULATE CONCENTRATIONS 
c 

c 

IF (I .EQ. ll THEN 
CONC!Il=FA5*CONCO+FA6*NR*FA3*CBO+FA6*NR*ZN*CEO 
CE!Il=FA1*CONC(IJ-FA2*FA3*CBO-FA2*ZN*CEO 
CB!Il=FA3*CBO+ZN*CEO 

ELSE 
CONC (I) =FAS*CDNC (I -1 l +FA6*NR~'FA3*CB (I -1 l +FA6H~R 

*ZN*CE (I-ll 
CE (I l =FA1 *CDNC (I l -FA2*FA3*CB ( I-1 l -FA2*ZN*CE (I -1 l 
CB (I l =FA3*CB (I -1 l + ZN*CE (I -1 l 

END IF 
CONV!Il=1.0-CONC!ll/CONCO 

C CHECK THE CONTINUATION 
c 

IF(HEIGHT .GE. LF .OR. I .GT. SOOl GO TO 1000 
C VALUE=l.O-EXP!-0.3*HEIGHT/DIAl 
C DHNF'=DBM*VALUE 
C DHNP=DBt·l- <DBM-DBOl * ( 1. 0-0. ~·*HEIGHT /DIA) 

c 

VALUE=-0.3*HEIGHT/DIA 
DHNF'=DBM- !DBM-DBOl *EXP ( VALUEl 
HN=HEIGHT 
I=I+l 
GO TO 200 

1000 CONTINUE 
N=I 
SIZE=LF-HN 
SSIZE!Nl=SIZE 
HHT(W=LF 
AHHT=HN+O.S*SIZE 
HALF (N l =AHHT 

C CALCULATE THE SIZE OF_FINAL COMPARTMENT 
c 

UB=PSI*SClRT(G*SIZEl 
AUB(Nl=UB 
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c 
C CALCULATE GAS EXCHANGE COEFFICIENT, l::be 
c 

c 

AI(BE=11. 0/SIZE 
EXCO (I l =AKBE 

C CALCULATE AVERAGE VOIDAGE !BUBBLE + INTERSTITIAL 
C GAS IN THE ENULSION PHASE) 
c 

c 

FA1=1.0-EMF 
FA2= (AHHT-U·lFl I lLF-UIFl 
IF!AHHT .LT. LMFl THEN 
EPSIL=l. O-ALF+FA1 

ELSE 
EPSIL=t.O-ALF*FA1*EXPl-FA2) 
EF'S (!) =EPS I L 

END IF 

C CALCULATE THE ~JUMBER OF REACTION UNIT 
c 

NR=K* ( 1. 0-EF'SIU *SIZE/UO 
c 
C CALCULATE AVERAGE VOIDAGE IN THE N COMPARTMENT 
c 

c 

FA4=lEF'SIL-EMFl/(1.0-EMFl 
ANB=6.0*AREA*FA4i(F'HI*SIZEn2l 
ANBUB(Il=ANB 
VBUB=ANB*F'HI*SIZEH3/6.0 
AVBUB ( I l =VBUB 
DELTA=VBUB/CAREA*SIZEl 
ADEU Il =DELTA 

C CALCULATE VISIBLE BUBBLE FLOW 
c 

VBF(Il=DELTA*UB 
c 
C CALCULATE PARTICLE VELOCITY IN n1ULSION PHASE 
c 

c 

DA! =1.0-DEL TA* ( 1. O+AFWl 
VELS:Il=UB*DELTA*AFW/DA1 

C CALCULATE FACTOR, 01=: 

c 

c 

DA2=UO-UBH1EL T A 
D!~: I l = ( 1. O-DELTAl *\'ELS <I l /DA2 
EMVC (! l =EMF I ( 1. 0-DI< (I l *EMF) 

C CALCULATE FACTORS 
c 

lf(l .EO. 1l THEN 
ZN=O. 5* <HO+SS I ZE (I l l *AI~BEO/UBO 
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c· 

ELSE 
ZN=O.StiSSIZEII-ll+SSIZE(Jll*EXCOIJ-JJ/AUB!I-1l 

END IF 
FA1=1.0/Il.O-DELTAl 
FA2=DELTA*FA1 
FA3=1.0-ZN 
FA4= 1. 0-DELTA 
FA5=FA4/IFA4+NRl 
FA6=DELTA/IFA4+NRl 

C CALCULATE CONCENTRATIONS 
c 

c 

CONC I I) =FA5*CONC I I -1 ) +FA6*NR1- FA3tCB ( I-1 l +FA6tNR 
1 *ZN*CEU-ll 

CE I I) =FA1 *CDNC (I) -FA2tFA3tCB I I -1 l -FA2tZNtCE I I -1 l 
CB (I) =FA3tCB I I-1) + ZN'A'CE I I -1 l 
CONVIIl=1.0-CONCIIl/CONCO 

C CALCULATE CONCENTRATION RA TI 0 
c 

c 

DO 87 NA=l,N 
CBR INA) =CB WAl /CONCO 
CER!NAl=CEINAl/CONCO 
CONRINAl=CONCINAl/CONCO 

87 CONTINUE 

C PRINTING 
c 

WRITE 16,42) 
42 FORMAT!/3X,'I',5X,'Hn',5X,'SIZE',5X,'UB',3X, 

1 'EF'SIL' ,3X, 'DELTA' ,5X, 'KBE' l 
DO 37 J=l,N 
WRITEI6,20) J,HALF(J) ,SSIZE!J) ,AUB(J) ,EF'S(Jl, 

1 ADEL!Jl,EXCO!Jl 
20 FORMATI1X,I3,2X,F6.2,2X,F6.2,2X,F6.2,1X,F6.3, 

1 2X,F6.3,1X,F8.2J 
37 CONTINUE 

WRITE 161 44J 
44 FORt1AT (f3X1' I 1 ,4X, 'Hn' 1 4X, 'UO-UMF',3X,' Q 

1 ',4X,'Us',7X,'B',5X,'EMF',2X,'CAL EMF'l 
DO 39 JA=1,N 
WRITE (61 46) JAI HALF (JA) I UFLUX, VBF (JA) I VELS (JAJ I 

1 DK (JA) 'H!F I E~lVC (JA) 
46 FORMATI1X,I3,1X,F6.2,2X,F6.3,1X,F6.3,F6.2,1X, 

1 F8.3,1X,F6.3,1X,F6.3l 
39 CONTINUE 

l4RITE 16, 48l 
48 FORMATI/3X1'I',5X,'HHT',6X,'Hn',5X,'CB/C0',4X, 

1 'CE/C0',4X,'C/C0',5X,'CONV'l 
DO 41 JB=1 1N 
WRITE !6, 52) JB, HHT (JB) I HALF (JB). CE:R (JE'). CER (JB) I 
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1 CONR UBl, CONI/ (JE:l 
52 FORMAT(1X,l3.2X,F6.2,3X,F6.2,3X,F6.3,3X,F6.3,3X, 

1 F6.3,3X,F6 •. 3) 
41 CONTINUE 
25 CONTINUE 

C 47 CONTINUE 
STOP 
END 
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APPEIIDIX B-2 

COftPUTER PROGRAn FOR KATO-WEN ftODEL 
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c 
C THE FOLLOlHNG CALCL'UHION IS DOf~E BASED ON FRYER'S 
C DATA (I(ATO-l~EN t10DEU 
c 

IMPLICIT REAL14IA-H,O-ZI 
REAL LMF,ND,LF,NR,K 
Dlt1ENSIDN CONC (5001, GEX 15001, UU 161 
DI~1ENSION CB (5001 ,CE (5001 ,AU8(500l 
Dlt1ENSION CDEFF(500l,EXC0(500l,ALPHA(51)(1) 
DHIENSION SSIZE (500) ,HHT 15001 ,COtN (5001 
DIMENSION CBRI500l,CERI500l,CDNRI5001 
DATA DG/0.16/ 
DATA Et1F /0.4/ 
DATA SSI ZE, HHT! CDNV /1500"{!, 0/ 
DATA UU/2.17,2.67,4.27,4.8,8.0,10.13/ 
DATA U~lF/1.7/ 
DATA LMF/23.1/ 
DATA DF',HHDF',F:HOG,DIA/0.0117,2.65,0.0012,22.9/ 

. ..., DATA CONC0/0.00000446/ 
DATA ND/241. 0/ 
DATA PHI/3.141592/ 
Df\TA F'SI/1.0~·8/ 

DATA G/980.67/ 
DATA IUO. 33/ 

C DO LOOP 
c 
c 
c 

c 

DO 47 JI=1,1 
K=CONST (J I l 

DO 25 II= 1,6 
UO=UU(lll 

UFLUX=UO-UMF 
AMt·l=l. 4*DF'*RHOP*UO/Ut1F 

C CALCULATE NUt1BER OF REACTION UNIT, Klmf/Uo 
c 

RN=I: *LI1F /UO 
c 
C PRINTING 
c 

WRITEI6,32l UO,k,RN 
32 FORMATI//1X,'UO=',F6.2,1X,'CM/S',2X,'K=',F6.3, 

1 1X,'l/SEC',3X,'KLmf/Uo=',F6.3l 
c 
C CALCULATE BED CROSS SECTIONAL AREA 
c 

c 
C CALCULATE INITIAL Bl!BBLE DIAMETER 
c 
C DBO=C.00376fUFUJXn2 
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IF <UO.LT. 4. OJ THEN 
DBO=l.5tUFLUXH0.26 

ELSE 
DB0=0.7tUFLUXH0.83 

END IF 
C AG=UFLUX/ND 
C DBO=II6.0tAG/PHIJtt0.41/IGtt0.21 
c 
C CALCULATE BED EXPANSION HEIGHT 
c 

c 

DBH=At1t1tLMF /2. O+DBO 
UUB=0.71ltiGtDBHJtt0.5 
LF=LMFtll.O+UFLUX/UUBl 
FACT1=\LF-U1Fi /LF 
FACT2=LMF/LF 
CBO=CONCO 
CEO=CONCO 
HEIGHT=O.O 
HN=O.O 
I=l 
F'A1=2.0+AMM 
PA2=2. O-A~lt1 

C CALCULATE SIZE OF EACH COMPARHlENT 
c 

c 

200 SIZE=2. OtDBO* IF'Al ** (I -1 i J I IF'A2H I l 
SSIZEW=SIZE 
HEIGHT=HEIGHT+SIZE 
HHT (!) =HEIGHT 

C CALCULATE BUBBLE VELOCITY 
c 

c 

UB=0.711tSQRTIGtSIZEJ 
AUB I IJ =UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, Kbe 
c 

c 

AKBE=ll.O/SIZE 
EXCO (I J =AI::BE 
OAl =UB-U~1F /Et1F 
OA2=UB+2.0tUMF/EMF 
OA3=3.0tUMF/EMF 
AEXC=AKBEtOA1/0A2 
GEX I I J =AEXC 

C CALCULATE AVERAGE VOIDAGE IN THE N COt1PARlMENT 
c 

ANB=6.0tAREAtFACT1/IF'HltSIZEH2l 
VCLD=ANBtPHitSIZEH3tOA3/16.0tOA!l 
VBUB=ANBtF'HI•SIZEtt3tOA2/16.0tOAll 
VEML=AREAtSI ZE- 1.1BUB 
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FA1=AEXCtVBUB+t::tVCLD+AREA*UO- ( (AEXC*VBUBJ H2) 

1 I CAEXC*VBUB+n·VENU 
FA2=AEXCt'JBUB/ CAEXCWBUB+t::)VEMU 

c 
C CALCULATE COt~CENTRATIONS 
c 

IF (I • EQ. 1 I THEN 
CB (I I =AREMUO*CBO/FAI 
CE (!) =FA2JC8 (!) 
CONCCII=FACT1tCBCIJ+FACT2tCECII 

ELSE 
CB (I l =AREA*Ut}o;CB (I -1 I /FA! 
CE (l) =FA2tCB (I) 
CONC (I I =FACTl ~'CB (I J +FACT2tCE (I l 

END IF 
CONVCIJ=1.0-CONCCII/CONCO 

C CHECK THE CONTINUATION 
c 

IFCHEIGHT .GE. LF .OR. I .GT. 5001 GO TO 100(: 

c 

HN=HEIGHT 
I=I+l 
GO TO 200 

1000 CONTINUE 
N=I 
SIZE=LF-HN 
SSIZECNJ=SIZE 
HHTCNI=LF 

C CALCULATE THE SIZE OF FINAL COf·1PARTMENT 
c 

c 

UB=0.711tSQRTCGtSIZEI 
AUB(NJ=UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, l(be 
c 

c 

At::BE= 11. 0/SI ZE 
EXCO ( I I =AKBE 
OA1=UB-UMF/EMF 
OA2=UB+2.0tUMF/ErJF 
AEXC=AKBEtOA1/0A2 
GEXCil=AEXC 

C CALCULATE AVERAGE VOIDAGE IN THE N Cot1PARn1ENT 
c 

. ANB=6.0*AREAtFACT1/CPH!tSIZEt12l 
VCLD=ANBtPH!tSIZEH3tOA3/(6.0tOA11 
VBUB=AI~B*F'HI IS! ZEH3tOA2/ (6. OtOAl I 
VEML=AREAtSIZE-VBUB 
FA! =AEXCtVBUB+KtVCLD+AREAtUO- ( (AEXCt\IB:Jp.) H2) 

1 i (AEXCtVBUB+KfVEI1U 
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FA2=AEXC*VBUB/IAEXC•VBUB+K•VEML! 
c 
C CALCULATE CONCEtHRA TI ONS 
c 

c 

IF\I .EQ. ll THEN 
CB (I l =AF:EA*UO•CBO/FAl 
CE I I l =FA2•CB <I l · 
CONCIIl=FACT!tCB<Il+FACT2tCEill 

ELSE 
CBIIl=AREAtUOtCB<I-ll/FAl 
CE (lJ =FA2tCB I r"l 
CONC!Il=FACT1tCB!Il+FACT2tCEIIl 

END IF 
CONV <I l =1. 0-COtJC I I l /CONCO 

C CALCULATE CONCENTRATION RATIO 
c 

c 

DO 87 NA=l,N 
CBRINAl=CBINAl/CONCO 
CER <NAl =CE <NAl /CONCO 
CONR INAl =CONC rNAl /CONCO 

87 CONTINUE 

C PRINTING 
c 

WRITE 16, 42i 
42 FORMATI/3X,'l',3X,'SIZE',2X,'HEIGHT',2X,'CB/CO', 

1 2X, 'CE/CO' ,2X, 'C/CO' ,3X, 'CONVERSION' l 
DO 37 J=l,I 
WRITE 16, 20l J, SSIZE (JJ, HHT (J), CBR (JJ, CER (J), 

1 CDNR<Jl,CONVIJl 
20 FORMAT<1X,I3,2X,F6.3,1X,F6.3,1X,F6.3,1X,F6.3, 

1 1X,F6.313X,F6.3l 
37 CONTINUE 
25 CONTINUE 

C 47 CONTINUE 
STDF' 
END 
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.&PPERDIX B-3 

COI'IPUTER PROGRAJI FOR NEW ftODEL <GRACE ) 
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c 
C THE FOLLOl~ING CALCULATION IS DONE BASED ON GRACE' 5 
C DATA (NEW t10DEU 
c 

c 

IMPLICIT REAL*4!A-H,D-Z1 
REAL LMF,ND,LF,NR,I:: 
DIMENSION CONC(500l ,UU(.3) ,CONST!3l 
D I~IENSION AZNN (500), CB (500l , CE (500) , AUB (500l 
DIMENSION ANBUB(500l,AVBUB(500l,ADEL(500l 
DIMENSION COEFF(500l,EXC0(500l,ALPHA(500l 
DII1ENSION SSI ZE (500), HHT (5001, EF'S (5001, CONV (5001 
DIMENSION VBF (500), VELS (500), DL!500l, CBR (5001 
DIMENSION HALF ( 500 l , EMVC ( 500 l , CER ( 500 l , COI4R ( 500 l 
DATA DG/0.16/ 
DATA EI1F /0.4/ 
DATA SSIZE, HHT, EPS, CONV/2001}H), 0/ 
DATA UU/10.0,15.0,21.4/ 
DATA UNF/5.3/ 
DATA LMF/130.0/ 
DATA DP,RHOF',RHOG,DIA/0.02151 2.4,0.0012,8.4/ 
DATA CONC0/0.000004464/ 
DATA ND/9.0/ 
DATA PHIIUO. 71 
DATA PHI/3.141592/ 
DATA PSI/0.64/ 
DATA G/980.67/ 
DATA CONST/0.1 10.15,0.2/ 
DATA l~, AREA/ 1. O, 56.0/ 
DATA AFW/0.3/ 

C DO LOOP 
c 

c 

DO 47 JI=1,3 
I<=CONST (Jl l 

DO 25 I I= 1, 3 
UO=UU(!Il 

UFLUX=UO-UMF 

C CALCULATE NUMBER OF REACTION UNIT, l:tmf /Uo 
c 

RN=K*LMF/UO 
c 
C PRINTING 
c 

WRITE (6 1 32l UO,I(, RN 
32 FORMAT(//IX,'U0=',F6.2,1X,'CM/S',2X,'~=',F6.3, 

1 1X,' 1/SEC' ,3X, 'l:tmf/Uo=' ,F6.3l 
c 
C CALCULATE BED EXF'ANSION HEIGHT 
c 

AAY=0.7585-0.0013*UFLUX+0.0005tUFLUX**2 
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c 

HET =0. 5:\HlF 
DB=O. 0053:~'UO•HET +2.1 
AB=F'HI*DBH2/4.0 
UUB=13.0tABH0.35 
ALF=l.O-AAY*UFLUX/UUB 
LF=LMF/ALF 
CBO=CONCO 
CEO=CONCO 
DB0=2.1 
EF'ST=O. 0053tUFLUXnO. 4 
HEIGHT=O.O 
HN=O.O 
!=1 
AKBEO=ll.O/DBO 
ABO=F'HI*DBOH2/4.0 
UB0=13.0tABOtl0.35 
AM=0.00531UO 
D0=2.1 
HO=DBO 
PAl =2. O+At1 
F'A2=2. 0-At1 

C CALCULATE SIZE OF EACH COt1F'ARTI1ENT 
c 

c 

200 SIZE=2. OtDOt (F'Al ** (I -1)) I <F'A2H I) 
AB=F'H!tSIZEtt2/4.0 
SSIZE(l)=SIZE 
AHHT=HEIGHT+O.S•SIZE 
HALF!Il=AHHT 
HEIGHT=HEIGHT+SIZE 
HHT (I) =HEIGHT 

C CALCULATE BUBBLE VELOCITY 
c 

c 

UB=13.0tABtt0.35 
AUBW=UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, l:be 
c 

c 

AKBE=ll. 0/SI ZE 
EXCD (I l =AKBE 

C CALCULATE AVERAGE VDIDAGE (BUBBLE + INTERSTITIAL 
C GAS IN THE EMULSION PHASE l 
c 

c 

FREQ=1150tEF'STISI ZEn H. 45) 
GB=FREQ•A84W 
EF'SIL=GB/(UB•AREAl 
EF'S W =EF'S I L 

C CALCULATE THE NUMBER OF REACTION UNIT 
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c 
NR=I(* ( 1. 0-EF'SILl ifSIZE/UO 

c 
C CALUJLATE AVERAGE VOIDAGE IN THE N COMPARH1ENT 
c 

c 

ANB=SIZEo~AREA*EF'SIL/!0.251F'HI*SIZEH2-~'Wl 
ANBUBIIJ=ANB 
VBUB=ANB*PHI*SIZE**2*W/4.0 
DELTA=VBUB/IAREA*SIZEl 
ADEUD=DELTA 

C CALCULATE VISIBLE BUBBLE FLOl~ 
c 

VBF (!) =DELTA*UB 
c 
C CALCULATE PARTICLE VELOCITY IN EMULSION PHASE 
c 

c 

DA1=1.0-DELTA*Il.O+AFWl 
VELS(IJ=UB*DELTAIAFW/DA1 

C CALCULATE FACTOR, Dl~: 

c 

c 

DA2=UO-UB*DELTA 
DKIIl=ll.O-DELTAl*VELSIIl/DA2 
EMVCIII=EMF/11.0-DKIIl*EMFl 

C CALCULATE FACTORS 
c 

c 

IFII .EQ. ll THEN 
ZN=0.5* IHO+SSIZE (!) l *AkBEO/UBO 

ELSE 
ZN=0.5*1SSIZEII-ll+SSIZE1Ill*EXCOI!-1l/AUBII-ll 

END IF 
FAl=l.0/11.0-DELTAl 
FA2=DELTA*FA1 
FA3=1.0-ZN 
FA4=1. O-DELTA 
FA5=FA4/IFA4+NRl 
FA6=DELTA/IFA4+NRl 

C CALCULATE CONCENTRATIONS 
c 

IF <I • EQ. 1l THEN 
CONCIIl=FA5*CDNCO+FAb*NR*FAT~CCBO+FA6*NR*ZN*CEO 
CEIIl=FA1*CDNCIIl-FA2*FA3*CBO-FA2*ZN*CEO 
CBI!l=FA3*CBO+ZN*CEO 

ELSE 
CONC 1·1 )=FAS*CmJC (I -1 l +FAb•NR•FA3•CP I 1-1 l +FA6*NR 

*ZN*CE I I -11 
CE (I l =FA1 *CONC I I l -FA2*FA3*CB I 1-1 l -FA2* ZN*CE (l-1 l 
CB(Il=FA3tCBII-11+ZN*CEII-ll 
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c 

END IF 
CONV<II=l.O-CONC<II/CONCO 

C CHECK THE CONTINUATION 
c 

IF<HEIGHT .GE. LF .OR. I .GT. 500l GO TO 1000 
HN=HEIGHT 

c 

I=I+l 
GO TO 200 

1000 CONTINUE 
N=I 
SIZE=LF-HN 
SSIZE<NI=SIZE 
HHTINI=LF 
AHHT=HN+0.5*SIZE 
HALF<NI=AHHT 

C CALCULATE THE SIZE OF FINAL COf1F'ARTMENT 
c 

c 

AB=PHI*SIZEH2/4.0 
UB=l3. (HABHI), 35 
AUB<NI=UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, !;:be 
c 

c 

AKBE=ll. 0/SI ZE 
EXCO(II=AKBE 

C CALCULATE AVERAGE VOIDAGE <BUBBLE + INTERSTITIAL 
C GAS IN THE EMULSION F'HASEI 
c 

c 

FREQ=l150*EPST*SIZEn H. 45) 
GB=FREQ*AB*W 
EPSIL=GB/(UB*AREAl 
EPS<II=EF'SIL 

C CALCULATE THE NUt1BER OF REACTION UNIT 
c 

NR=K*<l.O-EF'SILI*SIZE/UO 
c 
C CALCULATE AVERAGE VOIDAGE IN THE N COMPARTMENT 
c 

ANB=SIZE*AREA*EF'SILI<0.25*F'HI*SIZE**2*WI 
ANBUB<II=ANB 

c 

VBUB=ANB*F'HI*SIZEH2*WI4.0 
DELTA=VBUB/IAREA*SIZEI 
ADEL<II=DELTA 

C CALCULATE VISIBLE BUBBLE FLOW 
c 

VBF (I I =DEL TA*UB 
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c 
C CALCULATE PARTICLE VELOCITY IN EMULSION PHASE 
c 

c 

DA1=1.0-DELTA•ll.O+AFWl 
VELS (I l =UEHDEL TA+AFWIDAl 

C CALCULATE FACTOR, DK 
c 

c 

DA2=UO-UB•DELTA 
DK ( I l = ( 1. 0-DELTA l *VELS ( I l I DA2 
EMVC ( 1) =EMF I ( 1. 0-DI< (I l •E~1F l 

C CALCULATE FACTORS 
c 

c 

IF(I .EQ. 1l THEN 
ZN=O.SI(HO+SSIZE(Ili•AKBEOIUBO 

ELSE 
ZN=0.5*(SSIZE(I-1l+SSIZE(llltEXCO(l-1liAUB(I-1l 

END IF 
FA1=1.0/(1.0-DELTAl 
FA2=DELTA*FA1 
FA3=1.0-ZN 
FA4=1.0-DELTA 
FA5=FA4/!FA4+NRl 
FA6=DELTA/(FA4+NRl 

C CALCULATE CONCENTRATIONS 
c 

c 

CDNC(IJ=FA5tCONC(I-ll+FA6•NR•FA31CB(l-1l+FA6•NR 
1 *ZN•CE <I-ll 

CE (!) =FAl ICONC (I l -FA21FA3•CB (I -1) -F f12* ZN•CE (I -1 l 
CB(Il=FA3•CB(I-ll+ZN•CE(l-ll 
CONV(Il=l.O-CONC(ll/CONCO 

C CALCULATE CONCENTRATION RATIO 
c 

c 

DO 87 NA=l,N 
CBR(NAl=CB!NAliCONCO 
CER (NA)=CE (NAl /CONCO 
CONR (NA) =CDNC (NAl /CONCO 

87 CONTINUE 

C PRINTING 
c 

WRITE (6, 42i 
42 FORt1ATU3X,' I' ,5X, 'Hn' ,5X, 'SIZE' ,:SX, 'UB' ,3X, 

1 , EF'SIL' 13X I! DELTA' I 5X, I KBE') 
DO 37 J=1 1 N 
WRITE(6 120l J,HALF(Jl ,SSIZE(J) ,AL!B\!) ,EF'SUl, 

1 ADEL(Jl,EXCO(J) 
20 FORMAT(1X,I3,2X,F6.2,2X,F6.2,2X,r6.2.1X,F6.3, 
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1 2X 1F6.3,1X,F8.21 
37 CONTINUE 

WRITE (6 1 44l 
44 FORMAT!/3X, 1 I\ 4X, 1 Hn 1 , 4X, 1 UO-Ut1F', 3X, 1 Q 

1 1 1 4X,'Us',7X, 181 1 5X 1 1EMF',2X 1 1CAL EMF'I 
DO .39 JA=l, N 

WRITE (61 46) JAI HALF (JA) I UFLUX I VBF (JA) I VELS UAl I 

1 DKUAl 1 EMF,EMVCUAl 
46 FORMAT OX, 13,1X,F6.2,2X 1F6.3 1 1X 1 F6.3,F6.2,1X,F8.3, 

1 1X,F6.31 1X,F6.3l 
39 CONTINUE 

WRITE (6 1 481 
48 FORMAT(/.~, 1 I 1

1 5X 1 1HHT 1 , 6X, 1 Hn 1 I SX, 1 CB/CO', 4X, 'CE/C0 1 
1 

1 4X, 1C/C0 1 1 5X 1 1 CONV 1 l 
DO 41 JB=l,N 
WRITE (61 52) JB, HHT UBI' HALF UBl I CB~: (JB) I CEF.: (JB) I 

1 CONR(JBl,CONV(JBl 
52 FORMAT(1X,I3,2X,F6.2,3X,F6.2,3X,F6.3,3X,F6.3,3X,F6.3, 

1 .3X 1F6.3l . 
41 CONTINUE 
25 CONTINUE 
47 CONTINUE 

STOP 
END 
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APPEIIDIX B-4 

CmtPUTER PROGRAl'l FOR KATO-WEII 110DEL <GRACE > 
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c 
C THE FOLLOI.J I NG CALCULATION I 5 DONE BASED ON GRACE'S 
C DATA WATO-WEN MODELl 
c 

c 

IMPLICIT REALif4!A-H,O-Zl 
REAL LMF,ND,LF,NR,K 
DIMENSION CONC (500), GEX (500l, UU !3l, At:: t:::.J 
DIMENSION CB<500l,CE!500l,AUB!500l 
DIMENSION COEFF !500l, EXCO (500l, ALF'HA !500) 
DIMENSION SSIZE(500l,HHT(500l,CONV!500l 
Dl~1ENSIDN CBR (500), CER !500), CONR (500l 
DATA DG/0.4/ 
DATA EI1F /0.4/ 
DATA SSIZE,HHT,CONV/1500if0.0/ 
DATA UU/10.0,15.0,21.4/ 
DATA U~lF/5.3/ 
DATA LMF/130.0/ 
DATA DP,RHOP,RHOG,DIA/0.0215,2.4,0.0012,8.4/ 
DATA CONC0/0.000004464/ 
DATA ND/9.0/ 
DATA PHI/3.141592/ 
DATA F'SI/0.64/ 
DATA G/980.67/ 
DATA A!::/0. 1, 0.15, 0. 2/ 
DATA W,AREA/1.0,56.0/ 

C DO LOOP 
c 

c 

DO 47 JI=l,3 
K=AK!Jll 

DO 25 II= 1,3 
UO=UU (I I l 

UFLUX =UO-Ut1F 
AMN=l. 4*DP*RHOPtUO/UMF 

C CALCULATE NUt1BEF: OF REACTION UNIT, l~lmf /Uo 
c 

RN=f<*LMF /UO 
c 
C PRINTING 
c 

WRITE !6, 32) UO, f(, RN 
32 FORI·IAT U /IX,' UO=', F6. 2, 1 X,' CM/5', 2X, 'K=', F6. 3, 

1 lX, '1/SEC' ,3X, 'KLmf/Uo=' ,F6.3l 
c 
C CALCULATE BED EXPANSION HEIGHT 
c 

DB6=2.1 
DBH=O. 0053*UO*U1F 12. O+DBO 
ABB=F'Hl*DBHH2/4. 0 
UUB=l3.0tABBt~0.35 
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c 

LF=LMFt(1.0+UFLUX/UUBI 
FACTl=ILF-LMFl/LF 
F ACT2=U1F I LF 
CBO=CONCO 
CEO=COtlCO 
HEIGHT=O.O 
HN=O.O 
!=1 
ABO=F'Hl tD80H2/4.0 
UB0=13.0tABOH0.35 
AM=O. 005~·*UO 
F'A 1 =2. O+At1 
PA2=2.0-AM 

C CALCULATE SIZE OF EACH COMF'ARTt1ENT 
c 

c 

200 SI ZE=2. OtDBOt I PAl** I I -1l) I !PA2H Il 
AB=PH!tSIZEH2/4.0 
SSI ZE (I) =SIZE 
HEIGHT=HEIGHT+SIZE 
HHTl Il =HEIGHT 

C CALCULATE BUBBLE VELOCITY 
c 

c 

U8=13.01A8H0.35 
AUB(!) =UB 

C CALCULATE GAS EXCHANGE COEFFICIENT 1 l(be 

c 

c 

AI::BE=11. 0/SIZE 
EXCOIIl=AKBE 
0Al=U8-UMF/EMF 
OA2=UB+2.0~UMF/EMF 

OA3=3.0tUMF/EMF 
AEXC=AI(BE tOAl /OA2 
GEX(l)=AEXC 

C CALCULATE AVEHAGE VOIDAGE IN THE N COMPARTMENT 
c 

c 

ANB=4.0•ARE~tFACTl/(F'HI1SIZEl 

VCLD=ANBtF'H!tSIZE**2*DA3/(4.0*0A1l 
VBUB=ANBtF'HitSIZEH2tOA2/(4.0*DA11 
VEML=AREAtSIZE-VBUB 
FAl=AEXCtVBUB+KtVCLD+AREA*UO-IIAEXCtVBUBitt21 

1 /IAEXCtVBUB+K•VEMLl 
FA2=AEXC•VBUB/IAEXCWBUB+I(1VEMU 

C CALCULATE CONCENTRATIONS 
c 

IF (l • EQ. 11 THEtJ 
CBI!l=AREA*UOtCBOiFA1 
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CE !Il =FA2tCB (l) 
CONCIII=FACTltCBIII+FACT2tCEI!J 

ELSE 
CB (I l =AREA*UOtCB (I -1 l /FA 1 
CE (I l =FA2tCB (I l 
CONC (I J =FACT! tCB (I l +FACT2tCE (I J 

EtlD IF 
·CONV!Il=l.O-CONC(Il/CONCO 

C CHECK THE CONTINUATION 
c 

IF!HEIGHT .GE. LF .OR. I .GT. 500) GO TO 1000 
HN=HEIGHT 
I=I+l 
GO TO 200 

1000 CotHINUE 
N=I 
SIZE=LF-HN 
SSIZE(NJ=SIZE 
HHT(Nl=LF 

C AHHT=HN+0.5tSIZE 
r 
"' 
C CALCULATE THE SIZE OF FINAL Cot1PARTMENT 
c 

c 

AB=PHitSIZEtt2/4.0 
UB=13.0tABn0.35 
AUB(NJ=UB 

C CALCULATE GAS EXCHANGE COEFFICIENT, Kbe 
c 

c 

AKB£=11.0/SIZE 
EXCO (I) =AKBE 
OA 1 =UB-UMF I Et1F 
OA2=UB+2.0tUMF/EMF 
AEXC=AKBE*OA1/0A2 
GEX(!J=AEXC 

C CALCULATE AVERAGE VOIDAGE IN THE IJ COMF'ARTMEN1 
c 

c 

ANB=4. OIAREA*FACTl/ <PHI tSIZEJ 
VCLD=ANBtF'Hl*SIZEH2tOA3/ (4. OtOAl J 
VBUB=ANBtF'Hl*SIZEH2*0A2/(4.0tOAll 
VEt1L=AREAtSIZE-VBUB 
FAl=AEXCtVBUB+KtVCLD+AREAtUO- ( (AEXCWBUBl H2) 

1 I IAEXCtVBUB+f:tVHlU 
FA2=AEXC*VBUB/ IAEXCtVBUB+f::tVEHU 

C CALCULATE CONCENTRATIONS 
r 
"' 

IF (1 • EQ. 1) THEN 
CB(ll=AHEAtUOtCBO/FAl 
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c 

CE ( Il =FA2•CB (!) 

CONC(Il=FACT1•CBill+FACT2•CE(IJ 
ELSE 
CB(IJ=AREA•UO•CB(I-1l/FA1 
CE (!) =F A2f.CB (!) 

CONC (I l =FACT 1 •CB (I J +FACT2*CE (I J 
END IF 
CONV(ll=l.O:-CONC(ll/CONCO 

C CALCULATE CONCENTRATION RATIO 
c 

c 

DO 87 NA=l,N 
CBR (NAl =CB (NAl /CONGO 
CER WAJ =CE (NAJ /CONCO 
CONR (NAJ =CONC (NA) /CONCO 

87 CONTINUE 

C PRINTING 
c 

WRITE (6, 42l 
42 FORMAT (f3X,' I', 3X, 'SIZE', 3X, 'HEIGHT', 2X, 'CE:/CO' ,2X, 

1 1CE/C0',2X, 'C/C0 1 1 3X 1 'CONVERSIOn' J 
DO 37 J=1 1 I 
WRITE (6 120) J, SSIZE (JJ ,HHT (J), CBR (J l, CERUJ 1 

1 CONR(JJ,CONV(JJ 
20 FORMAT(1X,I3,2X,F6.3,1X,F7.3,1X,F6.3,1X 1F6.3,1X, 

1 F6 . ."!.,3X,F6.3l 
.37 CONTINUE 
25 CONTINUE 
47 CONTINUE 

STDF' 
END 
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APPEIIDIX C-1 

COKPUTER OUTPUT BASED 011 IIEW ftODEL <FRYER> 
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UO= 2. 17 CM/S t:::= 0.330 1/SEC VLmfilJo= 3.513 

Hn SIZE UB EF'S!L DELTA !;:BE 
0.63 1 ·"')7 

•ti.l 27.74 0.4(!6 (1 (11 l 
...... - ... .L 8.68 

2 1. 93 1 .. 34 28.49 0.406 0.011 8.23 
-r 3.31 1. 41 29.24 0.406 I). (!II 7.81 ·.J 

4 4.75 1. 48 30. (!(• 1\ .1(•6 0.011 7.42 
" 6.27 1. 56 30.7b 0.406 (!. i) 11 7.06 ,.J 

6 ., 1"1"7 1. 64 31.53 :). 406 0.011 6.72 t.o; 

7 9.55 1.72 32.30 0. 4:~\6 0.011 6. 4(! 

8 11.31 1. 80 33.07 0.4(16 ('.011 6.11 
9 13. 15 1.89 3.3.84 '). 406 0. 01! 5.83 

11) iS. OS 1. 97 ~4 '1 .) .v 0.406 I).Oli 5.58 
11 17.09 2.1)6 35.38 0.406 0.011 5.34 
1" 19.20 2.15 36.14 0.406 0.011 " 1" .:. .J .... 

13 21.40 2.24 ~.6. 90 0.406 I) .o 11 4.91 
14 ,'! 0~ --·. ·~· 0.83 22.51 0.942 0.011 13.19 

Hn UO-UMF Q U:; B Et1F CAL EMF 
0.63 0.470 0.298 1), 09 1). 048 0.401) 1).408 

"'' 1. 93 0.470 0.306 i\(19 0.049 0.400 I). 408 .. 
.;. "r1 ;;.., ·-·· 0.470 0. ~.14 o. !0 0.051 0. 4(11) 0.408 
4 4.75 0.470 0.322 0.10 1).1)52 1\400 0.409 

" 6.27 0.470 0.330 0.10 0.054 0.400 o. 41)9 ,.J 

6 7.87 0.470 0.337' ::-r. 10 0.05t 0. 4(!1) 0.409 
7 9.55 0.470 0.347 I). 11 1).057 0.400 0.409 
8 11.31 0.470 0.355 o. 11 0.059 0.400 0.410 
9 1:..15 0.470 0.363 0. 11 0.061 0.400 0.410 

10 15.08 0.471) 0.372 0. 11 1).062 1).400 0.410 
11 17.09 0.470 0.380 0. 12 0.064 0.400 0.410 
12 19.20 0.470 0.388 0.12 0.066 0.400 0.411 
13 21.40 0.470 0.396 0.12 0.067 0.400 0.411 
14 22.93 0.470 0.242 1),1)7 1).038 0.400 0.406 

HHT Hn CE:/CO CE/CO C/C(I CONV 
1. 27 0.63 1. 0(H) 0.896 0.897 0.103 

2 2.60 1. 93 0.958 0.799 0.801 0.199 
7 4.01 .3. 31 0.895 0.709 0.7'11 0.289 
~· 

4 5.49 4.75 0.823 0.625 0.627 0 •. 373 
5 7.05 6.27 0.749 0.548 0.550 0.450 
6 8.69 7.87 0.675 0.478 0.480 0.520 
7 10.41 9.55 1).605 0.414 0.416 0.584 
8 12.21 11. 31 0.538 (1.356 0.358 0.642 
9 14.09 13.15 0.476 0.304 0.306 0.694 

10 16.06 15.08 0.419 (1,258 0.260 0.740 
11 18.12 17.09 0.3.~7 0.218 0.219 0.781 
12 20.28 19.20 0.319 (1,183 1),184 '0,816 
13 

.,., C'"' 21.40 o.:77 (!, 15: 0.1S3 0.847 ..:..:..~..:. 

14 1""1-:' "":"'!:' 
.;__ .• ·~·..J 22.93 0.251 o. 141 G.143 0.857 
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UO= 2.67 CM/S 1::= o. ·:.::u !/SEC I:.Lmf /Uo= 2.855 

Hn SIZE Uf: EF'SIL DELTA KBE 
0.77 1. 55 30.64 0.412 0.020 7.12 ,., 2.38 l.M 31.78 0.412 0.020 6.62 .:. 

' 4. 10 !. 79 32.93 0.412 0.020 6.16 ·-· 
4 5.95 1. 91 34.09 0. 41: 0.020 5.75 
"" 7.93 2.05 -r~ ""i 0.412 0. (121) 5.37 ..J .... J • .... , 

6. 10.05 2.19 :.6. 46 0.412 0.020 5.03 
7 12.31 "" "':".,. .,.; LC:: 0.412 0.020 4.71 ~- .,;. .. ,;: ·-·· . ~ ... · 
8 14.7: 2.48 :.8.84 (:.412 0.020 4.43 
9 17.28 2.64 4:\ G3 0.<112 0.(121) 4.17 

10 20.00 2.80 41.21 (!.412 0.020 3.93 
11 22.48 2.17 36.32 1), 412 1). 020 5.07 

Hn UC·-U~1F n Us E: EI1F CAL EMF "' 
0.77 o. 1'70 0.605 0.19 0.088 0.40(! 0.415 

2 2.38 0.970 0.627 0.19 0.093 0.400 0.415 
3 4.10 0.970 0.650 0.20 0.097 0.400 0.416 
4 5.95 0.970 0.673 0.21 0.102 0.400 0.417 
"" 7.93 0.970 0.696 (1.21 I). 106 0.400 0.418 ..J 

6 10.05 0.970 0.719 0.22 0. 111 0.400 0.419 
7 12.31 0.970 1).743 0. :.: 0.116 0.400 0.420 
8 14.72 0.970 1).766 0.24 0.121 0.400 0.420 
9 17.28 1).970 1), 790 0.24 0.127 0.400 0.421 

10 20.00 0.970 o.8n 0.25 0.132 0.400 0.422 
11 2~.48 0.970 0.717 0.22 I). 111 0.400 0.419 

HHT Hn CB/CO CE/CO C/CO CONV 
1. 55 0.77 1.00(1 0.897 0.899 o. 101 

,., 3.21 2 .. 38 0.962 0. 797' 0.803 0.197 .:. 
i 4.99 4.10 0.903 0.707 0.711 0.289 ··' 
4 6.91 5.95 0.835 0.620 0.625 0.375 
c:: 8.96 7.93 0.764 0.540 0.544 0.456 .... 

6 11. 14 10.05 0.691 0. 466 0.470 0.530 
7 13.48 12.31 0.621 0.398 0.403 0.597 
8 15.96 14.72 0.554 0.337 0.342 0.658 
9 18.60 17.28 0.491 o. :28.3 0.287 0.713 

10 21.39 20.00 0.432 0.236 0.239 0.761 
11 23. 5t. 22.48 o.:.as 0.204 0.207 0.793 

UO= 4.27 CM/5 
,,._ 
,- 0.330 1/SEC: l~lmf /Uo= 1. 785 

Hn SIZE U8 EF'SIL DELTA KBE 
0.81 1. 63 31.45 0.428 0.047 6.75 

,., 2.54 .1. 83 ~7 "'!'T 0.428 1), (.•4 7 6.01 .:. ·,.)·.·· ·.· -· 
-~· 4.48 2.05 (C' .-,.., 

·-•...J. ~ .. 0.428 0.047 5.:.? 
4 6.65 2.29 37.27 0.428 0.047 4.81 
5 Q '17 ··'··· " """" .:. • ..J..J 3S'.32 0.428 1).047 4.32 
6 11.75 ~. 0.., .:1 ! ' ~ 0.428 0.047 3,QI) ..... u..:. . L • ... l 
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7 14.72 3.12 43.53 0.~28 0.047 3.53 
8 18.00 3.43 45.66 o.a28 0.047 3.20 
9 21.60 3.76 47.80 0.428 0.047 2.92 

10 23.86 0.77 21.61 0.706 0.510 14.30 

Hn UO-U11F Q Us B Et-1F CAL Ef·1F 
0.81 2.570 1.486 0.48 

2 2.54 2.570 1.575 0.50 
0.163 0.400 0.428 
0.178 0.400 0.431 
0.195 0.400 0.434 
0.214 0.400 0.437 
0.235 0.400 0.441 
0.258 0.400 0.446 
0.283 0.400 0.451 
0.311 0.400 0.457 
(', :.42 0. 400 o. 463 

4.48 
4 6.65 
5 9.07 
6 11. 75 
7 14. n 
8 18.00 
9 21.60 

2.570 1.667 
2.570 1.761 
2.570 1.858 
2.570 1.957 
2.57G 2.057 
2.570 2.158 

0.53 
0.5~ 

0.59 
(i L ~ 
-·. u. 

0.6b 

0.7"2 
10 23.86 

2.570 2.25~· 

2.570 11.016 9. 8!) -0.712 0.400 0.311 

HHT 
1. 63 

2 3. 46 

4 7. 7'7' 
5 10.34 
6 13.16 
7 16.28 
8 19.71 
9 23.48 

10 24.25 

Hn 
0.81 
2.54 
4.48 
6.65 
9.07 

11.75 
14.72 
18.00 
21.60 
23.86 

CB/CC~ 

1. 000 
0.974 
0.933 
0.885 
0.831 
0.775 
0.717 
0.659 
0.6(!2 
0.570 

CE/CO 
0.930 
0.8.58 
0.786 
0.713 
(1.640 
0.568 
0.499 
0.433 
0.371 
0.180 

C/CO. 
0.933 
0.864 
0.793 
0.721 
0.649 
0.578 
0.509 
0.443 
0.382 
0.379 

CONV 
0.067 
0.136 
0.207 
0.279 
0.351 
0.422 
0.491 
0.557 
0.618 
0.621 

UO= 4. 80 CM/S !=::= 0. 330 1 /SEC f~:Lmf /Ud= 1. 588 

Hn SIZE UB EPSIL DELTA KBE 
0.96 1.91 34.07 0.432 0.054 5.76 

2 2.99 
3 5.29 
4 7.87 
5 10.77 
6 13.99 
7 17.58 
8 21.54 
9 24.02 

2.16 36.22 0.432 0.054 
2.43 38.45 0.432 0.054 
2.73 40.74 0.432 0.054 
3. 06 43.08 0. 432 t\054 
3.40 45.45 0.432 0.054 
3.77 47.84 0.432 0.054 
4.15 50.23 0.432 0.054 
0.80 22.04 0.717 0.528 

Hr. L!O-Ut1F Q Us p 

5.09 
4.52 
4.03 
3.60 
~ ..,~ 
,J, ._.J 

2.92 
2.65 

13.76 

H1F CAL ENF 
0.96 3.100 1.836 0.59 0.189 0.400 0.433 

2 2.99 3.100 1.953 0.63 0.209 1).400 0.437 
3 5.29 3.100 2.073 0.67· 0.232 0.4~) 0.441 
4 7.87 3.100 2.196 0.71 0.257 0.400 0.446 
5 10.77 
6 13. ~·9 
7 17.58 

3.100 
3.1(10 
3.100 

I"'\ ...,...,~ 

.;;. .. .:.·.:..~ 
2.450 
., C:iQ 
.:... u. ' 

0.75 
0. 7~' 
0.83 

1). 286 
(1 .. t 0 
·.•, ·-•i L' 

o.:54 

89 

0.400 
0.400 
0.400 

0.452 
0.458 
0.466 



8 21.54 3.100 2.708 0.87 
9 24.02 3.100 11.645 11.16 

1\395 0. 400 0. H5 
-(1, 769 0. 400 o. 306 

HHT 
1.91 

2 4.07 
3 6.51 
4 9.:4 
5 12.29 
6 15.6~' 

7 19.46 
8 2~ .. 62 
9 24.42 

Hn CB/CO CE!CO C/CO CON\1 
0. 9-S 1. 000 0. 927 0. ;·31 0.069 
2.99 0.975 0.852 0.859 0.141 
5.29 0.935 0.777 0.785 0.215 
7.87 0.887 0.700 0.711 0.289 

10.77 0.834 0.625 D.636 ·0.364 
13.99 0.777 0.551 0.563 0.437 
17.58 0.720 0.479 0.492 0.508 
21.54 O.t62 0.412 0.426 0.574 
24.02 0.629 0.191 0.423 0.577 

!.10= 8. 00 C~1/S 1::= 0. 330 1/SEC klmf !!Jo= 0.1'53 

2 
"1 
•J 

4 
5 
6 

Hn 
1. 75 
C' C'"T 
..J,.J.,j 

9.90 
14.91 
20.61 
24.49 

SIZE 
3.50 
4.06 
4.68 
5.34 
6.05 
1. 73 

UB EF'SIL 
46.09 0.453 
49.67 0.453 
53.31 0.453 
56.97 0.453 
60.62 0.453 
32 .. 37 1). 705 

Hn UO-Ut1F Q Us 

DE:..TA 
0.089 
0.089 
0.089 
:), 089 
0.089 
0.509 

I(BE 
3.14 
2. 71 
2 .. 35 
2.06 
1.82 
6.37 

EMF CAL E~1F 

1.75 6.300 4.101 1.39 0.325 0.400 0.460 
2 5.53 6.300 4.418 1.50 0.381 0.400 0.472 
3 9.90 6.300 4.742 1.61 0.450 0.400 0.488 
4 14.91 6.300 5.0b8 1. 72 0.534 0.400 0.5:)9 
5 20.61 6. 300 5. 393 1. 83 0. 631' 0. 400 1), 537 
6 24.49 6.300 16.469 14.59 -0.846 0.400 0.299 

2 
.., 
.;, 

4 
5 
6 

UO= 

2 
7 
·~ 

4 
C' 
.J 

HHT 
3.50 
7.56 

12.24 
17.58 
23.63 
25.36 

10.13 CM/S 

Hn 
2.24 
7.12 

12.80 
!9.36 
24.41 

Hn 
1. 75 
" C'"( 
"'-'• !,.)._. 

9.90 
14.91 
20.61 
24.49 

CB/CO CE/CO C/CO 
1. (i(H) 

0.979 
0.946 
0.903 
0.855 
0.824 

C·. 920 
0.838 
0.754 
0.670 
0.587 
0.373 

0.927 
0.851 
0.771 
o. 690 
0.610 
0.603 

r- 0.330 !/SEC I<Lmf /Uo= 0.753 

SIZE UB EF'SIL DELTA 
4.49 52.20 0.466 0. 11(1 

5.26 56.53 0.46b 0.110 
6. 11 60.90 0.466 0.110. 

7.01 65.23 (l.4t6 0.110 
3. 10 43.37 o .. ~b2 0.437 

90 

f;.E:E 
2.45 
2.09 
1.80 
1. 57 

C'l:' 
. .:, •• -..h.J 

CONV 
0. 073 
0.149 
0.229 
0.310 
0.390 
0.397 



Hn uo-ur·1F Q Us B HiF CAL EI'1F 
2.14 8.430 5. 748 :::.01 0. 409 0.400 0.478 

"' 7.12 8.430 6.225 2.18 0.497 o. 41)0 0.499 .:. 
.., 12.80 8.430 6.706 .., 7!:' 0.610 0.400 0.529 ... ) ~ .. .:.•...: 
4 19.36 8.430 7.183 2.51 0.759 0.400 0.574 
5 24.41 8.430 18.963 13.18 -0.840 0.400 0.299 

HHT Hn CB/CO CEICO C/CO CONV 
1 4.49 2.24 1.000 0.919 0.928 0.072 

2 9.75 7.12 0.982 0.836 0.852 0.148 
·~ 15.85 12.80 0.951 (1, 750 0.772 0.228 
4 22.86 19.36 0.912 0.664 o. 61i'1 0.~.09 

5 25. S'6 24.41 0.882 !), 512 0.67~ 0.326 
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APPEIIDIX C-2 

COKPUTER OUTPUT BASED 011 IIEW ftODEL <CALDERBAII~> 
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UO= 5. 75 CN/S k= 0.029 1/SEC f:::Lmf/Uo= 0.5C'O 

Hn SIZE UB EF'SIL DELTA KBE 
0.01 0.02 4.14 0.462 0.022 677.74 

2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
r.:. 
14 
15 
16 
17 
18 
19 
20 
21 

24 
"""" .:...J 

26 
27 
28 

0.03 
0.04 
0.07 
0.09 
0,12 
0.15 
0.18 
0.22 
0.26 
0.30 
0 •. 35 
0.41 
0.48 
0.55 
0.63 
0.71 
0.81 
0.92 
1.05 
1.18 
1. 34 
1. 51 
1.70 
!. 91 
2.14 
2.40 
2. 70 

0.02 
0.02 
0.02 
0.03 
f\ 03 
0.03 
0.03 
0.04 
f). 04 
0.05 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0. 10 
1), 12 
0.13 
o. 14 
0.16 
0.18 
0.20 
0.22 
0.25 
0.28 
0.31 

4.37 0.462 
4.62 0.462 
4.88 0.462 
r: IL ._a,,u 

5.45 
5.75 
6. (17 

6. 4: 
' 70 !:!. '·~ 

7.16 
7.56 
7.98 
8.43 

0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 

8.91 0.462 
9.4(' 0.462 
9.93 0.462 

10.49 0.462 
11.(18 0.462 
11.69 0.462 
12.35 0.462 
13.04 0.462 
13.76 0.462 
14.53 0.462 
15.34 0.462 
16.19 0.462 
17.09 0.462 
18.03 0.462 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
(!.022 
0.022 

607.43 
544.41 
487. S'4 
437.37 
392.02 
351.37 
:.14.94 
282.31 
253.07 
226.85 
203.37 
182.32 
163.46 
146.55 
131.40 
117.82 
105.66 
94.75 
84.98 
76.23 
68.38 
61.35 
55.05 
49.40 
44.34 
39.80 
35.74 

29 3.02 0.34 19.03 0.462 0.022 32.09 
30 
31 

34 

'1!. 
.• ,.'U 

37 
.38 

39 
40 
41 
42 
43 
44 
45 
46 

3.38 
3.79 
4.24 
4.73 
5.29 
5.91 
6.59 
7.35 
8.20 
9.13 

10. 17 
11.32 
12.60 
14.01 
15.56 
17.28 
1 ~·. 18 

47 21.27 
48 23.5b 

1\38 
0.42 
0.47 
0.53 
0.58 
0.65 
0.72 
0.80 
0.89 
0.99 
1. 09 
1. 21 
!. 34 
1. 48 
1. 63 
1. 80 
1. 99 
2.1 t;· 

20.08 0.462 
21.18 0.462 
22.34 0.462 
23.56 0.462 
24.85 1),462 
26.19 0.462 
27.61 0.462 
29.09 0.462 
30.64 
'71"'\ """"'T 
-.:..•.:...~/ 

'7-=': C"7 
•..,•·.J 1 I I 

7C' 7C: .j..J, , ,J 

37.61 
39.54 
41.56 
4::' .. 65 
45.8::. 

0.462 
0.462 
0.462 
0.462 
0. 4-~2 
1), 462 
o .. !,~.2 
!) • 462 

0.46: 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.0~2 

0.022 
0.022 

48.08 0.~62 0.022 
50.41 0.462 0.022 

93 

28.83 
25.90 
23.28 
20.93 
18.83 
16.94 
15.25 
13.74 
12 .. 38 
11.16 
10.07 
9.09 

. 8.22 
7.43 
6.73 
6. 10 
c' c:1' 
...), ...)._. 

5. ('3 



49 26.09 
50 28.85 
51 31.88 
52 35.19 
53 ~.s. so 
54 42.73 
55 47.00 
56 51.62 

2.64 52.81 0.462 0.022 
2. 8~' 55. i8 0. 462 0. 022 
3.16 57.82 0.462 0.022 
3.45 60.42 0.462 0.022 
3.76 63.07 0.462 (1.022 
4.09 65.77 0.462 0.022 
4 .. 44 68.51 0.462 0.022 
4.81 71.~8 0.462 0.022 

4.17 
3.80 
3.48 
3.18 
2.92 
2.69 
2.48 
2.29 

57 56.62 5.19 74.07 0.462 0.022 2.12 
58 62.01 s.s~· 76.87 1\462 0.022 1.97 
59 
60 
61 

67.81 

B0.69 

6.01 79.67 (1, 462 
82. 4t· 0.462 

6.87 0.462 
L~ 07 70 , ~~ U' Yi•IU ~~~~ 87.1'5 0. 462 

90.6:. 1).462 
46.60 0.685 

63 95.33 7.77 
64 1C10. 25 2. 06 

Hn UO-Ut1F Q Us 
0.01 

2 0.03 
3 0.04 
4 0.07 
5 0.09 
6 0.12 
7 0.15 
8 (1.18 
9 0.22 

10 0.26 
11 0. 30 
12 0.35 
13 1\41 
14 0.48 
15 0.55 
16 0.63 
17 0.71 
18 0.81 
19 (1 Q';' 

20 
21 
22 

26 

28 
29 
~.o 

31 

1.05 
1. 18 
1.34 
1. 51 
1.70 
1. 91 
2.14 
2.40 
2.70 

~ ~c . ..,o,._•w 

3.79 
4.24 
4.73 

2.020 0.091 0.03 
2.020 0.096 0.03 
2.020 0.101 0.03 
2.020 0.107 0.03 
2.020 0.113 0.03 
2.020 0.119 0.04 
2.020 0.126 0.04 
2.020 0.133 0.04 
2.020 0.140 0.04 
2.020 0.148 1).05 
2.020 0.156 0.05 
2.020 0.165 0.05 
2.020 0.175 0.05 
2.(120 0.184 0.06 
2.020 0.195 0.06 
2.020 0.206 0.06 
2.020 1).217 0.07 
2.020 0.229 0.07 
2.020 0.242 0.07 
2. (CO 0. 256 0. 08 
2.020 0.270 0.08 
2.020 0.285 0.09 
2.020 0.301 0.09 
2.020 0.318 0.10 
2.020 0.335 0.10 
2.G20 0.354 0.11 
2.020 0.374 0.12 
2.C20 0.394 0.1: 
2.020 0.416 0.13 
2.020 0.439 0.14 
:.o2o o.463 o.:• 
2.020 0.488 0.15 
:.020 0.515 0.16 

94 

(1.022 
(1.022 
0.022 

1. 83 
!. 71 
1. 60 

0.022 1. 50 
o. 022 1' 42 
0.428 5.35 

B EMF CAL EMF 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.~51 

0.006 0.450 0.451 
0.006 0.450 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.~)8 0.450 0.452 
1\008 0. 450 (1, 452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.010 0.450 0.452 
0.011 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
0.015 0.450 0.453 
0.016 1),450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.~50 0.454 
0.020 0.450 0.454 
0.021 0.450 0.454 
0. 022 o. 450 t), 455 
0.024 0.450 0.455 
o.c~:s o.450 (\455 
o.u26 0.450 0.455 
0.0:2 0.450 o.nst 
0.030 0.450 0.456 



34 5.29 
.35 5. 91 
36 6.59 
37 7.35 
38 8.20 
39 9.13 
40 10.17 
41 11.-32 
42 12.60 
43 14.01 
44 15.56 
45 17.28 
46 19. 18 
47 21.27 
48 23.56 
49 26.09 
50 28.85 
51 31.88 
52 35.19 
53 ~.8.80 

54 42.73 
5:. 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 
62 87.78 
6~- 95.33 
64 100.25 

2 
.) 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

HHT 
0.02 
0.03 
0.05 
0.08 
0. 1 f) 
o. !3 
0.16 
0.20 
0.24 
0.28 
0.33 
0.38 
0.44 
0.51 
0.58 
0.67 
o. 76 
0.97 

2.020 0.543 0.17 
2.020 0.573 0.18 
2.020 0.603 0.19 
2.020 0.636 0.20 
2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 
2. 020 0. 822 (1, 25 
2.020 0.864 0.27 
2. 020 0. 9(i8 o. 28 
2.02:) 0.954 0.29 
2.020 1.002 0.31 
2.020 1.051 0.32 
2. CJ20 1. HC 0. 34 
2. 020 1. 154 0. 36 
2. 020 1. 208 1). 37 
2.020 1.264 0.39 
2.020 1.321 0.41 
2.020 1.379 0.43 
2.020 1.438 0.44 
2. 020 1. 498 0. 46 
2.020 1.558 0.48 
2.020 1.619 0.50 
2. 020 1. 680 o. 52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1.863 0.58 
2. 020 1. 922 0. 59 
2.020 1.981 0.61 
2.020 19.926 13.46 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 
0.15 
0.18 
0.22 
0.26 
0.30 
0.35 
0.41 
0.48 
0.55 
0.63 
0.71 
0.81 

CB/CO 
1.000 
1. 000 
1.000 
I . 000 
1.000 
0. 9C]'~' 

1. 0C'0 
0. 9'7'9 
1. (1!)1) 

0. 9C:,'9 
0.999 
0.999 
0.999 
0.999 
0.999. 
0.998 
0. 9·98 
0.998 

95 

o.032 o.q5o o.456 
0.033 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
1\040 0.450 0.458 
0.042 0.450 0.459 
0.045 0.450 0.459 
1).048 0.450 0.460 
0.050 0.450 0.460 
0.053 0.450 0.461 
0.057 0.450 0.462 
0. 060 0. 450 0.tf63 
0.064 0.450 0.463 
0.068 0.450 0.464 
0.072 0.450 0.465 
0.076 0.450 0.466 
0.080 0.450 0.467 
0.085 0.450 0.468 
0.090 0.450. 0.469 
0.095 0.450 0.470 
0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.474 
0.118 0.450 0.475 
0.125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480 
0.145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

-0.543 0.450 0.362 

CEICO C/CO 
1.-ooo 
1. 000 
1.000 
I.O(H) 

1. (H)!) 

1. (i(l!) 
1.000 
0.999 
0.999 
1),999 
0.999 
0.999 
0.999 
0.999 
f\ 998 
0.998 
o.9()e 
(I C•OO 
•'• I'\,, 

1. 000 
1.000 
1.000 
1. 000 
1.00(1 
1. 000 
1. 000 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
0.999 
1).998 
0.998 
0.998 
0.998 

CON'v' 
0.000 
0.000 
0.000 
0.000 
0.000 
0.0(11) 

o.ooo 
0.001 
0. 1)(11 

o.oo: 
0.001 
0.001 
0.001 
0.001 
0.002 
0.002 
0.002 
0.002 



19 0.98 0.92 0.998 0.997 0.997 o.oo:. 
20 1. 11 1.05 0.997 0.997 0. 9~'7 0.003 
21 1.26 1.18 0.997 0.997 0. ~'97 0.003 
'"'" 1. 42 1. 34 0.997 (1.996 0.996 0.004 ./...:.. 
":'"r 1. 60 1. 51 0. S'96 1).996 0.996 0.004 ._._. 

24 1. 80 1. 70 0.996 0.995 0.995 0.005 
"''C 2.02 1. 91 0.995 0.995 0.995 0.005 ..:...; 

26 2.27 2.14 (!, 995 0.994 0.994 0.006 
.,, 2.54 2.40 0. S'94 0.993 0.993 0.007 .:_,' 

..,, 2.85 2.70 0.993 0.992 0.992 0.008 ~Ci 

29 3.19 : .. 02 1).993 0.991 0.991 (!.009 
30 3.57 3.38 0.992 0.990 0.991) 0.010 
31 4.00 3.79 0.991 0.989 0.989 1).011 
.;..~ 4.47 4.24 0.990 0.988 0.988 0.012 
..)~· 5.00 4.73 0.98~' 0.986 0. S'87 0.013 
34 c: t::O ..J.\J;.} 

c ~.c;. 
...J,..:.,, ). 988 1).985 0.985 0.015 

7C 6.23 5. '~1 (1, 986 0.983 0.983 0.017 -~·..J 

"'<L 6.95 6.59 0.985 0.981 0.981 0.019 ·.".J 

37 , -rc 7.35 0.983 0.979 0.979 0.021 /oi..J 
.,.,.., 8.64 8.20 1). ~·82 0. 977 0.977 0.023 .jQ 

39 9.63 9.13 0.980 0.974 0.974 0.026 
40 10.72 10.17 1). '778 0.971 0.971 0.029 
41 11.93 11.32 0.976 0.968 0.968 0.032 
42 13.27 12.60 0.973 0.964 1).965 0.035 
43 14.75 14.01 0.970 0.961 0.961 0.039 
44 16. :.8 15.56 0.968 0.956 0.957 0.043 
45 18. 19 17.28 0.964 0.952 0.952 0.048 
46 20.17 19. 18 0.961 0.946 0.947 0.053 
47 22.36 21.27 0.957 o. 941 0.941 1). 059 
48 24.77 23.56 0.953 0. ~'35 0.935 0.065 
49 27.41 26.09 0.949 0.928 0.928 0.072 

50 30.3(1 28.85 0.945 1), 921 0.921 0.079 
51 33.46 31.88 0.940 0.913 0.913 0.087 
I:""'' 36.92 35.19 0.934 o. 9(14 0.905 0.095 ..;..:. 

"' ..;._. 40.68 38.80 0.929 0.895 0.896 0.104 
54 44.78 42.73 0.922 0.885 0.886 0.114 
cc 49.22 47.00 1).916 0.875 0.875 0.125 ..J..J 

56 54.03 51.62 1).91)9 0.863 0.864 0.136 

57 59.22 56.62 0.902 0.851 0.852 0. 148 
58 64.81 62.01 0.894 0.838 0.839 0.161 

59 70.82 67.81 1).886 0.825 0.826 0.174 
60 77.25 74.03 0.877 1).810 1).812 0.188 
61 84.12 80.69 0.868 0.795 0.797 o. :o.:. 
62 91.44 87.78 0.858 0.780 1).782 0.218 
63 99.22 95.33 0.848 0.764 0.765 0.235 
64 11)1. 27 100.25 0.842 0.705 0.763 0.237 

96 



UO= 5. 75 C~l/S f= 0.064 1/SEC I~Lmf/Uo= 1.103 

,. 
·-· 
4 
" ..J 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
<q 
! • 

20 

24 
25 
26 
27 
28 
29 
30 
31 
32 ,.,. 
........ 

34 
Tt:" 
.j..J 

TL 
·JU 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0. 12 
0. 15 
0. 18 
0.~2 

0.26 
0.30 
0.35 
0.41 
0.48 
0.55 
0.63 
0.71 
0.81 
0.92 
1. 05 
1. 18 
1. 34 
1. 51 
1. 70 
1. 91 
2.14 
2.40 
2.70 

3.33 
3.79 
4.24 
4.73 

5. ;;·1 
6.59 

37 7.35 
38 8.20 
39 9 .1.3 
40 "10.17 
41 11..32 
42 
43 
44 
45 
46 . .., ..,, 
48 

12.60 
14.01 

17.28 
! 9.18 
21.27 

SIZE UB EF'SIL DELTA 
0.02 4.14 0.462 0.022 
0.02 4.~.7 0.462 0.022 
0.02 4.62 0.462 0.022 
0.02 4.88 0.462 0.022 
0.03 5.16 0.462 0.022 
0.03 5.45 0.462 0.022 
0.03 5.75 0.462 0.022 
0.03 6.07 0.462 0.022 
0.04 6.42 0.462 0.022 
0.04 6.78 0.462 0.022 
0.05 7.16 0.462 0.022 
0. 05 7. 56 !), 462 o. 022 
0.06 7.98 0.462 0.022 
0.07 8.43 0.462 0.022 
0.08 8.91 0.462 0.022 
0.08 9.40 0.462 0.022 
0.09 9.93 0.462 0.022 
0.10 10.49 0.462 0.022 
0.12 11.08 0.462 0.022 
0.13 11.69 0.462 0.022 
0.14 12.35 0.462 0.022 
0.16 13.04 1).462 0 0?~ 
0.18 13.76 0.462 0.022 
0.20 14.53 0.462 0.022 
0.22 15.34 0.462 0.022 
0.25 16.19 0.462 0.022 
0.28 17.09 0.462 0.022 
0.31 18.03 0.462 0.022 
0.34 19.03 0.462 0.022 
0.38 20.08 0.462 0.022 
0.42 21.18 0.462 0.022 
0.47 22.34 1),462 0.022 

I~BE 

677.74 
607.43 
544.41 
487.94 
437.37 
392.02 
351.37 
314.94 
282.31 
253.07 
226.85 
203.37 
182.32 
163.46 
146.55 
131.40 
117.82 
105.66 
94.75 
84.98 
76.23 
68.38 
61.35 
55.05 
49.40 
44.34 
39.80 
.35. 74 
32.09 
28.83 
25.90 
23.28 

o. 53 23.56 o. 462 o. 022 20. n. 
0.58 24.85 0.462 0.022 18.83 
0.65 26.19 0.462 0.022 16.94 
o. 72 27.61 0. 462 0. 022 15.25 
0.80 29.09 0.462 0.022 
0.89 30.64 0.462 0.022 
0.99 32.27 1),462 0.022 
1. 09 3~ .• 97 I); 462 0.022 
1.21 35.75 0.462 0.022 
1.34 37.61 0.462 0.022 
1.48 39.54 0.462 0.022 
1. 63 41. 56 0. 462 0. 022 
1.80 
1. 99 
2.19 
2.41) 

43.65 
45.83 
48.08 
50.41 

0.462 
0.462 
0.462 
0.462 

97 

o.e22 
0.022 
0.022 
1).022 

13.74 
12.38 
11.16 
11).1)7 
9.09 
8.22 
7.43 
6.73 
6. 1(! 
5.53 
5.03 
4.57 



49 26.09 
50 28.85 
51 31.88 
52 35.19 
53 38.80 
54 42.73 
55 47.00 
56 51.62 

2.64 
2.89 
3.16 
3.45 
3.76 
4.09 
4. 44 
4.81 

52.81 0.462 
55.28 0.462 
57.82 0.462 
60.42 0.462 
63.07 0.462 
65. 77 0. •162 
68.51 0.462 
71.28 0.462 

0.022 
0.022 
0.022 
0.022 
0. 022 
0.022 
0.022 
0.022 

4.17 
3.80 
3.48 
3.18 

57 . 56.62 
58 62.01 

5.19 74.07 0.4b2 0.022 
5.59 76.87 0.462 0.022 

2.92 
2.69 
2.48 
2.29 
2.12 
!. 97 
1. 83 
1. 71 
1. 60 
1. 50 
1. 42 

59 
60 
61 
62 

67.81 

80.69 
87.78 

63 95.·33 
64 100.25 

Hn 
0.01 

2 0.03 
3 0.04 
4 0.07 
s o.o~· 

6 0.12 
7 o. 15 
8 0.18 
9 0.22 

6.01 
6.43 
6.87 
7 1"'1 , . ·-·.:.. 
7.77 
2.06 

71.67 0.462 
82.46 0.462 
85.22 0.462 
87.95 0.462 
90.63 0.462 
46.60 0.685 

UO-Uf·1F Q Us 
2.020 0.091 0.03 
2.020 0.096 0.03 
2.020 0.101 0.03 
2.020 0.107 0.03 
2.020 0.113 0.03 
2.020 0.119 0.04 
2.020 0.126 0.04 
2.020 0.133 0.04 
2.020 0.140 0.04 

10 0.26 2.020 0.148 0.05 
11 0.30 2.020 0.156 0.05 
12 0.35 2.020 0.165 0.05 
13 0.41 2.020 0.175 0.05 
14 0.48 2.020 0.184 0.06 
15 0.55 2.020 0.195 0.06 
16 0.63 2.020 0.206 0.06 
17 0.71 
18 0.81 
19 0.92 
20 1.05 
21 !. 18 
22 1. 34 
23 1. 51 
24 1. 70 
25 1.91 
26 2.14 
27 2.40 
28 
29 
::.(1 

31 

2.70 
3.02 
3.38 
":' 70 ._.,f. 

2.020 0.217 0.07 
2.020 0.229 0.07 
2.020 0.242 0.07 
2.020 0.256 0.08 
2.020 0.270 0.08 
2.020 0.285 0.09 
2.020 0.301 0.09 
2.020 0.318 0.10 
2.020 0.335 0.10 
2.020 0.354 0.11 
2.020 0.374 0.12 
2.020 0.394 0.12 
2.020 0.416 0.13 
2.020 0.439 0.14 
2.020 0.463 0.14 
2.020 0.488 0.15 
:.020 0.515 0.16 

98 

(l. 022 
0.022 
0.022 
0,1)22 
0.022 
0.428 

B EMF CAL Ef1F 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.010 0.450 0.452 
0.011 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
0.015 0.450 0.453 
0.016 0.450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.450 0.454 
0.020 0.450 0.454 
0.021 0.450 0.454 
0.022 0.450 0.455 
0.024 0.450 0.455 
0.025 0.450 1).455 
0.026 0.450 0.455 
0.028 0.450 0.456 
0.030 0.450 0.456 



34 5.29 2.020 0.543 0.17 
35 5.91 2.0~~) 0.573 0.18 
36 6.59 2.020 0.603 0.19 
37 
:.s 
39 

7 7!: 
•• ·.•..J 

8.20 
9.13 

40 1(1.17 
41 11.32 

2. (120 o. 636 0. 20 
2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 

42 12.60 2.020 0.822 0.25 
43 14.01 2.020 0.8b4 0.27 
44 15.56 2.020 0.908 0.28 
45 17.28 2.020 0.954 0.29 

47 21.27 
48 
49 26.09 
50 28.85 
51 31.88 
52 35.19 
53 38.80 
54 42.73 
55 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 
62 87.78 
63 95.33 
64 100.25 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

HHT 
0.02 
0.03 
O.r)5 
0.08 
o. 10 
o. 13 
r\16 
0.20 
0.24 
0.28 
0.33 
0.38 
0.44 
0.51 
:). 58 
0.67 
C•. 76 

2.020 1.002 0.31 
2.020 1.051 0.32 
2.020 1.102 0.34 
2.020 1.154 0.36 
2. 020 1. 208 o. 37 
2.020 1.264 0.39 
2.020 1.321 0.41 
2. 020 1. 379 o. 43 
2.020 1.438 0.44 
2.020 1.498 0.46 
2.020 1.558 0.48 
2.020 1.619 0.50 
2.020 1.680 0.52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1.863 0.58 
2.020 1.922 0.59 
2.020 1.981 0.61 
2.020 19.926 13.46 

Hn 
0.01 
o. :)3 

0.04 
0.07 
0.09 
0.12 
0.15 
o. 18 
0.22 
0.26 
0.30 
0.35 
0.41 
0.48 
0.55 
0.63 
(:,71 

CE:/CO 
1. 000 
1. !)(lr) 
1.000 
0.999 
1.000 
(1, 9~'9 

1.000 
0.998 
0.999 
0.998 
0.999 
0. 9S8 
o. 998. 
0.1'~'7 

0.997 
0.996 
r), ~·s·6 

0.995 

0. 032 o. 450 (l; 456 
0.033 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
0.040 0.450 0.458 
0.042 0.450 0.459 
0.045 0.450 0.459 
0.048 0.450 0.460 
0.050 0.450 0.460 
0.053 0.450 0.461 
0.057 0.450 0.462 
0.060 0.450 0.463· 
0.064 0.450 0.463 
0.068 0.450 0.464 
0.072 0.450 0.465 
0.076 0.450 0.466 
o.o8o o~45o ·0.467 
0.085 0.450 0.468 
0.090 0.45C 0.469 
0.095 0.450 0.470 
0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.47~ 

0.118 0.450 0.475 
0.125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480 
0.145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

-0.543 0.450 0.362 

CE/CO 
1. (!!)!) 
1. 0(;0 

1. 000 
1. 000 
0.999 
1),999 
0.999 
0.999 
0.999 
0.998 
0.998 
0.998 
0.997 
0.997 
0.996 
0.996 
(1, i7'95 
0.995 

99 

C/CO 
1.000 
1.000 
1. 000 
1.000 
0.999 
0.999 
0.999 
0.999 
0.999 
0.998 
0.998 
0.998 
0.997 
0.997 
0.997 
0.996 
0.995 
0.995 

CONV 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.001 
0.001 
0. (H)1 

. 0.002 
0.002 
0.002 
0.003 
0.003 
0.003 
0.01)4 
0.005 
0.005 



19 0.98 0.92 0.~'95 o. 994 0.994 0.006 
20 1. 11 1. 05 0.9'74 0.993 0.993 0.007 
21 1. 26 1.18 0.'7'93 0.992 0.993 0.007 
'"':1/ 1 '''') .'t .. 1. 34 0. 1'93 1). '7"7'2 0.99: 0.008 ..,,. 

1.60 1.51 o.r:;-n 0.990 0.990 0.010 ~--· 

24 1. 80 1. 71) 0.991 1).989 0.989 0.011 
"'"' .:....J :.02 1. 91 0.990 0.988 0.988 0.012 
26 2.27 2.14 1). 1'88 0.98b 0.987 0.1)13 
27 2.54 2.40 0.987 0.985 0.985 1).015 
28 2.85 2. 70 0.98~ 0.983 0.983 0.017 
29 3.19 3.02 0.98~ 0.981 0.981 0.019 
30 3.57 3. 38 0.982 1),979 0.979 0.021 
31 4.01) 3.79 0.980 0.976 0.976 0.024 
-,~. 4.47 4.24 0.978 0.974 0.974 0.026 -~·~ 

<"! ·-'·-· 5.00 4.73 0.976 0.970 0.971 0.029 
34 5.58 5.29 0.973 0.967 1).967 0.033 
35 6.23 5.91 0.97(1 0.963 0.963 0.037 
36 6.95 6.59 0.967 0.959 0.959 0.041 
37 7.75 ., 71:." 

I' ·~..J 0. <i'64 0.954 0.955 0.045 
38 8.64 8.20 0.9.50 0.949 0.950 0.050 
39 9.63 9.13 1).956 0.944 0.944 0.056 
40 10.72 10. 17 0.952 0.938 1).938 0.062 
41 11.93 11.32 0.947 0.931 0.931 0.069 
42 13.27 12.60 0.1'42 0.923 0.924 0.076 
43 14.75 14.01 o. 93.~ 0.915 0.916 0.084 
44 16.38 15.56 0.930 0.906 0.907 0.093 
45 18.19 17.28 0.923 0.897 0.897 0.103 
46 20.17 19.18 0.916 0.886 0.887 0.113 
47 22.~.6 21.27 0.909 0.874 0.875 !).125 
48 24.77 23.56 0.900 0.862 0.863 0.137 
49 27.41 26.09 0. E92 0.848 0.849 0.151 
50 30.30 28.85 0.882 0.834 0.835 0.165 
51 33.46 31.88 0.872 0.818 0.819 0.181 
r::'., 
.J.;. 36.92 35.19 0.861 0.801 1), 8:)3 0.197 
53 40.68 38.80 0.850 o. 784 0.785 0.215 
54 44.78 42.73 0.838 0.765 0.766 0.234 
55 49.22 47.00 0.825 0.745 0.747 0.253 
56 54.03 51.62 0.812 0.724 0.726 0.274 
57 59.22 56.62 (1 "70C ..•. ,u 0.702 1).704 0.296 
58 64.81 62.01 o. 783 C.679 0.681 0.319 
59 70.82 67.81 0.767 (1, 6~·5 0.658 0.342 
60 "'!""T ""'!:' 

i I. ,_._: 74.03 0.751 0.631 0.633 0.367 
61 84.12 80.69 0.735 1).606 0.608 0.392 
62 91. 44 87.78 0.71E 0.580 0.583 0.417 
63 99.22 95.:.3 0.700 0.554 0.557 0.443 
64 101.27 100.25 0.~89 0.453 0.554 0.446 
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UO= . 5. 75 Ct-1/S K= 1).122 !!SEC Klmf/Uo= 2.102 

..., 
L 

"/ -· 
4 

6 
7 

9 
10 
11 
1: 
13 
14 
15 
1~ 

17 
18 
19 
20 
21 
.,."'i 
L,_ 
..,., 
,:_.,;.. 

24 
25 
26 
..,.., 
Ll 

28 
29 
30 
31 
1~ ·-·-
"/"l' ....... 
34 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 
0.15 
I). 18 
0.22 
0.26 
0.30 
0.35 
0.41 
0.48 
0.55 
0.63 
0.71 
0.81 

SIZE 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 . 
0.03 
0.03 
0.04 
0.04 
o. (15 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0. 10 

UB EF'SIL DELTA 
4.14 
4 •. 37 
4.62 
4.88 
5.16 
5.45 
5.75 
6.07 
6.42 
6. 7~; 
, I/. 
; . ··~ 
7.56 
7.98 
0 ~-r: 
u. 't·.· 

8.91 
9.40 
9.93 

11\ J9 

0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 
0.46::: 
0.462 
0.462 
0.462 
0.462 
0.462 
0.462 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
1\022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

I::BE 
677.74 
607.43 
544.41 
487.94 
437.37 
392.02 
351.37 
314.94 
282.31 
253.07 
:2~.85 

203 •. 37 
182.32 
163.46 
146.55 
131. 41) 
117:82 
105.66 

0.92 0.12 11.08 0.462 0.022 94.75 
1.05 0.13 11.69 0.462 0.022 84.98 
1.18 0.14 12.35 0.462 0.022 7C.23 
1.34 0.16 13.04 0.462 0.022 68.38 
1.51 0.18 13.76 0.462 0.022 61.35 
1.70 0.20 14.53 0.462 0.022 55.05 
1.91 0.22 15.2.4 0.462 C:.022 49.40 
2.14 0.25 16.19 0.462 0.022 44.34 
2.40 0.28 17.09 0.462 1\1)22 39.80 
2.70 0.31 18.03 0.462 0.022 35.74 
3.02 0.34 19.03 0.462 !\022 32.09 
3.38 0.3.8 20.08 0.462 0.022 28.83 
3.79 0.42 21.18 0.462 0.022 25.90 
4.24 0.47 22 .. 34 0.462 1),1)22 23.28 
4.73 0.53 2: .. 56 0.462 0.022 20.93 

0.58 24.85 0.462 0.022 18.83 
35 5.91 0.65 26.19 0.462 0.022 

0.72 27.61 0.462 0.022 
0.80 29.09 0.462 0.022 
0.89 ~.0.64 0.4S2 0.022 
0.99 32.:27 0.462 0.022 
1.09 33.97 0.462 0.022 

16.94 
15.25 
13.74 
12.38 
11.16 
10.07 

36 6.59 
37 7.35 
38 8.20, 
39 9.13 
40 10.17 
41 11.32 
42 12.60 
4:. 14.01 
44 15. 5.~ 

1. 21 -35. 7S 0. 462 0. 022 
1.34 37.61 0.462 0.022 
1.40 39.54 0.462 0.022 
1.63 41.56 0.462 0.022 

8.22 
7.43 
6.73 

45 17.28 1.80 43.65 0.462 0.022 6.10 
46 19.18 1.99 45.83 0.462 0.022 5.53 
47 21.27 2.19 4S.08 0.462 0.022 5.03 

1 01 



48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

2:5.56 
26.09 
28.85 
31.88 
35. 1S' 
38.80 
42.73 
47.00 
51.62 
56.62 
62.ril 
67.81 
74.03 
80.69 
87.78 
95.33 

2.40 
2.64 
2.89 
3.16 
3.45 
3.76 
4.09 
4.44 
4.81 
5.19 
5.59 
6.01 
6.43 
6.87 

..... .,., 
t. -~,;.. 

7.77 

50.41 0.462 
52.81 0.462 
55.28 0.462 
57.82 (1, 462 
60.42 0.462 
63.07 0.462 
65.77 0.462 
68.51 . 0. 462 
71.28 0.462 
74.07 0.462 
76.87 0.462 
79.67 1),462 
82.46 0.462 
85.22 0.46Z 
87.95 0.462 
90.63 0.462 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0,1}22 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.0::2 
0.022 

.0.022 

4.57 
4.17 
3.80 
3.48 
3.18 
2.92 
2.69 
2.48 
.2.29 
2.12 
t. 97 
1. 83 
1. 71 
1. 60 
1. 50 
1. 42 

64 100.25 2.06 46.6(1 1) •. ~85 0.428 " ..,., ..;, . .:.•.J 

·Hn 
0.01 

2 0.03 
3 0.04 
4 0.07 
5 0.09 
6 0.12 
7 0.15 
8 1).18 
9 0.22 

10 0.26 
11 0. 30 
12 0.35 
13 0.41 
14 0. 48 

uo..,ur1F Q 

2. 020 o. 091 0. 0.3 
2.020 0.096 (1,1)~. 

2.020 0.101 0.03 
2.020 0.107 O.C3 
2.020 0.113 0.03 
2.020 0.119 0.04 
2.:)20 0.126 1).')4 
2.020 0.133 u.o4 
2.020 0.140 0.04 
2.020 0.148 0.05 
2.020 0.156 0.1)5 
2.020 0.165 1).05 
2.020 0.175 1).05 
2.020 0.184 1),06 

15 0.55 2.020 0.195 0.06 
16 0.63 2.020 i).206 0.06 
17 0.71 2.020 0.217 0.07 
18 0.81 2.020 0.229 0.07 
19 0.92 2.1)20 0.242 0.07 
20 1. 05 2. 020 1), 256 o. 08 
21 1.18 2.020 0.270 0.08 
22 1.34 2.020 0.285 0.09 
23 1.51 
24 1. 70 
25 1. 91 
26 2.14 
27 2. 40 
28 2.70 
29 3. ~)2 
30 
31 
32 

3.38 
2 .• 79 
4.24 

2.020 0.301 1\0~' 

2.020 0.318 0.10 
2.020 0.335 0.10 
2.020 0.354 1).11 
2.020 0.374 0.12 
2.020 0.394 0.12 
2.020 0.416 0.13 
2.020 0.439 0.14 
2.020 0.463 0.14 
2.020 0.482 0.1~ 

102 

B Et1F CAL E~1F 

0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.010 0.450 0.452 
O.Ct1 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
0.015 0.450 0.453 
0.016 0.450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.450 0.454 
0.020 0.450 0.454 
0.021 0.450 0.454 
0.022 0.450 0.455 
0.024 0.450 0.455 
o .. 025 '0. 450 o. 455 
0.026 0.450 0.455 
0.02S 0.450 0.456 



-r-r ........ 

34 
35 

4.73 
5.29 
5.91 

36 6.59 
37 7.35 
38 8.20 
39 9. 13 
4(1 10.17 
41 11..32 

.020 0.515 0.16 

.020 0.543 0.17 
2.020 0.573 o. 18 
2. ~)20 0. 603 o. 19 
2.(!20 0.636 0.20 
2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 

0.030 0.450 0.456 
1).032 0.450 0.456 
1).033 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
0.040 0.450 0.458 
0.042 0.450 .0.459 
0.045 0.450 0.459 
0.048 0.450 0.460 

42 12.6(1 2.020 0.822 0.25 0.050 0.450 0.460 
43 14.CH 
44 15.56 
45 17.28 
46 19. 18 
47 21.27 
48 23.56 
49 26.09 
50 28.85 
51 31.88 
52 35.19 

2.020 
2. 02(1 

2.020 
~.020 

2.02(1 
2.020 
2. (120 
2.020 
2.020 
2.020 

0.864 
0.908 
0.954 
1. 002 
1. 051 

0.27 
(1• 28 
0.29 
0.31 
o. :.2 

1.102 0.34 
I. 154 0. 36 
1.208 0.37 
1.264 0.39 
1. 321 o. 41 

0.053 0.450 0.461 
1).057 0.450 0.462 
0.060 0.450 0.463 
0.064 (1.450 0.463 
0.068 0.450 0.464 
0.072 0.450 0.465 
1).076 0.45(1 0.466 
0.080 0.450 0.467 
0.085 0.450 0.468 
0.090 0.450 0.469 

5:. 38.80 2. 020 1. 379 0. 43 0. 095 o. 450 0. 4 70 
54 42.73 
55 47.00 
56 51.62 
57 56.6: 
58 62.01 
59 67.81 
60 74. 0.3 
61 80.69 
62 87.78 
63 95.33 
64 100.25 

4 
5 
6 
7 
8 
'7' 

10 
11 
12 
r:-. 
14 
15 
lb 
17 

HHT 
0.02 
1).03 
(1.05 
0.08 
0. 1 (I 
o. 13 
0.16 
0.20 
0.24 
0.28 
1).33 
1).38 
0.44 
0.51 
0.58 
0.67 
0.76 

2.020 1.435 0.44 
2.020 1.498 0.46 
2.020 1.558 0.48 
2.020 1.619 0.50 
2.020 1.680 0.52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1.863 0.58 
2.020 1.922 0.59 
2.020 1.981 0.61 
2.020 19.926 13.46 

0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.474 
0.118 0.450 0.475 
o. 125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480. 
o. 145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

-0.543 0.450 0.362 

Hn 
0.01 
1).03 
0.04 
0.07 
0.09 
0. 12 
0. 15 

CB/CO CE/CO C/CO corN 
0.000 
0.000 
1),01)1 
1).001 
0.001 
0.001 
0.002 
0.002 
0.003 
0.003 
I).(Hj4 

0.01)4 

0. 18 
0.22 
0.26 
0.30 
0 .. 35 
(1.41 
0.48 
(' C'C' ._J.,_J...J 

0.63 
0.71 

1. 000 
0.999 
1. 000 
0.999 
1. 000 
0.998 
1.000 
0.997 
0.999 
0.996 
0. S'97 
0.995 
0.97'6 
0.995 
0.994 
o. ~'93 
0.992 

1. 000 
1. 000 
0.999 
0.999 
0.999 
0.999 
0.998 
1).998 
0.997 
0.997 
0.996 
0.996 
0.995 
0.994 
0.993 

0.991 

103 

1.000 
1. 1)(11) 

0.999 
0.999 
0.999 
0.999 
0.998 
0.998 
0.997 
0.997 
0.996 
0.996 
0.995 
0.994 
0.993 
0. 9S'2 
0.991 

o.oos 
o. (11)6 

0.0(17 
(l, 1)(•8 

0.009 



18 0.87 0.81 0.991 0.990 0.990 0.010 
19 0.98 0.92 0.990 0.989 0.989 0.011 
20 1. 11 1. 05 0.989 0.987 0.987 0.1)13 
21 1.26 1.18 0.987 0.986 0.986 0.014 
22 1. 42 1 .. 34 0.986 0.984 0.984 0.016 
.,"r .... .~ 1.60 1. 51 0.984 0.98: 0.982 0.018 
24 1. 80 1. 70 0.982 0.980 0.981) 0.021) 
25 2.02 1. 91 0.980 0. 977 o. 977 0.023 
26 2.27 2.14 0.978 0.974 0.974 0.026 
27 2.54 2.40 0.975 0.971 0.971 0.029 
..,,., 

2.85 2.70 0.973 0.968 0.968 0.032 .!_(;, 

29 3.19 3.02 0.970 0.964 0.964 (l.03b 
3(; ~ .. 57 3.38 tU'66 0.961) 0.960 0.04(; 
31 4.00 3.79 0.963 0.955 0.955 0.045 
32 4.47 4.24 0.959 0.950 0.950 1),1)51) 

<< 5.00 4.73 0.954 0.944 0.945 C.055 ......... 

34 5.58 5.29 0.949 0.938 1).938 t). 062 

'" ._.,_; 6.23 5.91 0.944 0.931 1).931 0.069 
36 6.95 6.59 0.938 0.924 0.924 0. 076 
37 7.75 7.35 0.932 0.915 0.916 0.084 
38 8.64 8.20 0.925 0. 7'06 0.906 ('. ( 194 
39 9.63 9.13 0.918 0.8% 0.896 0.1(14 
40 10.72 10. 17 0.911) 0.885 0.885 0.115 
41 11.93 11.32 0.901 O.Bn 0.873 0.127 
42 13.27 12.60 0.892 0.859 0.860 0.140 
43 14.75 14.01 0.882 0.845 0.846 0.154 
44 16.38 15.56 0.871 0.829 0.830 0.170 
45 18.19 17.28 0.860 0.813 0.814 0.186 
46 20.17 19.18 0.847 0.794 0.796 0.204 
47 22.36 21.27 0.834 0.775 o. 776 0.224 
40 v 24.77 23.56 0.820 0.754 0.755 0.245 
49 27.41 26.09 0.8Q5 0.732 0.733 0.267 
50 30.30 28.85 o. 781' 0.708 0.710 0.290 
51 33.46 31.88 0. 772 0.683 0.685 0.315 
"'" 36.92 35.19 0.754 0.657 0.659 0.341 .. u. 

53 40.68 38.80 0.736 0.630 0.632 0.368 
54 44.78 42.73 0.717 0.602 0.604 0.396 
55 49.22 47.00 0.697 0.573 0.575 0.425 
56 54.03 51.62 0.676 0. 54::. 0.545 0.455 
57 5q ':'? ,,_.._ 56.62 0.654 0.512 0.515 0.485 
58 64.81 62.01 0.632 0.481 0.484 0.516 
59 70.82 67.81 0.610 0.450 0.454 0.546 
60 77.25 74.03 0.587 0.419 0.423 0.577 
61 84.12 80.69 0.564 0.388 0.392 0.608 
62 91.44 87.78 0.541 0.358 0.362 0.638 
63 99.22 95.33 0.517 0.329 0.333 0.667 
64 101.27 100.25 0.50~· 0.202 0.330 0.670 
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UO= 5. 75 Ct·1/S !;.= 0.~·02 liSEC I<Lmf/Uo= 5.203 

Hn SIZE UB EF'SIL DELTA KP.E 
0.01 0.02 4.14 0.462 0 0?? 677.74 

2 0.03 0.02 4 •. 37 0.462 0.022 607.43 
3 0.04 0.02 4.62 0.462 0.022 544.41 
4 0.07 0.02 4.88 0.462 0.022 487.94 
5 0.09 0.03 5.16 0.462 0.022 437.37 
6 0.12 0.03 5.45 0.~62 0.022 392.02 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

23 
24 

26 
27 
... ,,., 
.:.o 

29 
30 
31 

~~ 
·-'·.J 

34 
-rc:; 
·-'t.J 

36 

(l 1 c: 
·-·· J....J 

fJ,l8 
0.22 
0.26 
0.30 
t) •. 35 
0.41 
0.48 
0.55 
0.63 
0. 71 
0.81 
0.92 
1. 05 
1. i8 
1. 34 
1. 51 
1. 70 
1. 91 
2.14 
2.40 
2.70 
3.02 
3.38 
3.79 
4.24 
4.73 
5.29 
5.91 

"t"T .., {C' 
,., l I ' ..J.J 

38 8 ?n 
39 9.13 
40 10.17 
41 - 11.32 
42 12.60 
4:. 14.01 
44 15.56 
45 17.28 
46 19. 18 
47 21.27 

0.03 
0.0.3 
0.04 
0.04 
0.05 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0. 10 
0.12 
0.13 
0.14 
o. 16 
0.18 
0.20 
0.22 
0.25 
0.28 
1), ~.1 

0.34 
0.38 
0.42 
0.47 
0.53 
0.58 
0.65 
0.72 

5.75 0.462 
6.07 0.462 
6.42 0.462 
6.78 0.462 
7.16 0.462 
7.56 0,462 
7.98 0.462 
8.43 0.462 
8.91 0.462 
9.4(1 0.462 
9.93 0.462 

10.49 0.462 
11.08 0. 462 
11.69 o. 462 
12.35 0.462 
1.3.04 0.462 
13.76 0.462 
14.53 0.462 
15.34 0.462 
16.19 0.462 
17.09 0.462 
18.03 0.462 
19.03 0.462 
20.08 0.462 
21.18 0.462 
22 •. 34 0. 462 
23.56 0.462 
24.85 1).462 
26.19 0.462 
27.61 0.462 

0.022 
0.022 
(;.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

0.022 
0.022 
0.022 
0.022 
0.022 
('.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

0.80 29.09 0.462 0.022 
0.89 30.64 0.462 0.022 
o. 99 32.27 0. 462 o. 022 
1.09 33.97 0. 462 1), 022 
1.21 35.75 0.462 0.022 
1.34 37.61 0.462 0.022 
1.48 39.54 0.462 1).022 
1.63 41.56 0.462 0.022 
1.80 43.65 0.462 0.022 
1.99 45.83 0.462 0.022 
2.19 48.08 0.462 0.022 

351.37 
314. )'4 

282.31 
253.07 
226.85 
20.3.37 
182.32 
16.3. 46 
146.55 
131.40 
117.82 
1(!5. 6~ 

94.75 
84.98 
76.23 
68.38 
61. ~·5 
55.05 
49.40 
44.34 
39.80 
35.74 
32.09 
28.83 
25.90 
23.28 
20.93 
18.83 
16.94 
15.25 
13.74 
12.38 
11. 16 
10.07 
9.09 
8.22 
7.43 
6.73 
6.10 
5.53· 
s.o~. 

48 23.56 2.40 50.41 0.462 . 0.022 4.57 
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49 26.09 2.64 52.81 0.462 0.022 4.17 
50 28.85 2.89 55.28 0.462 0.022 3.80 
51 31.88 3.16 57.82 O; 462 0. 022 3. 48 

53 
54 
55 
56 
""' ...JI 

58 
59 
60 

35.19 
38.80 
42.73 
47.!)0 
51.62 
56.62 
62.01 
67.81 
74.03 
80.69 
87.78 
1'S,33 

64 100.25 

Hn 

3.76 
4.09 
4.44 
4. 81 
5.19 
5.59 
6.01 
6. 4~. 
6.87 
7.32 
7.77 
2.06 

UO-Ut·1F 

60.42 0.462 
63.07 0.462 
65.77 0.462 
68.51 0.462 
71.28 0.462 
74.07. 0.462 
76.87 0.462 
79.67 0.462 
82.46 0.462 
85.22 0.462 
87.95 0.462 
90.63 0.462 
46.60 0.685 

Q Us 
0.01 2.020 0.091 0.03 

2 0.03 2.020 0.096 0.03 
~ 0.04 2.020 0.101 0.03 
4 0.07 2.020 0.107 0.03 
5 0.09 2.020 0.113 0.03 
6 0.12 2.020 0.119 0.04 
7 0.15 2.020 0.126 0.04 
8 0.18 2.020 0.133 0.04 
9 0.22 2.020 0.140 0.04 

10 0.26 2.020 0.148 0.05 
11 0.30 2.020 0.156 0.05 
12 0.35 2.020 0.165 0.05 
13 
14 
15 
16 
17 
18 
19 
20 
21 

~.7 

L·.:.' 

24 

"'L .:.u 

27 
':'0 .:.v 

29 
30 
0'1 
·-'J 

0.41 
0.48 
0.55 
0.63 
0.71 
0.81 
O.<i'2 
1. 05 
1. 18 
1. 34 
1. 51 
1. 70 
1. 91 
2.14 
2.40 
2.70 
: .• 02 
... -c. 
.._ .. ·-·~ 
~ .. 77' 
4. 24 
4. 73 

2.020 0.175 0.05 
2.020 0.184 0.06 
2.020 0.195 0.06 
2.020 0.206 0.06 
2.020 0.217 0.07 
2.020 0.229 0.07 
2.020 0.242 0.07 
2.C20 0.256 0.08 
2.020 0.270 0.08 
2.020 0.285 0.09 
2,!)20 0.301 0.09 
2.020 0.318 0.10 
2.020 0.335 0.10 
2.020 0.354 0.11 
2.020 0.374 0.12 
2.020 0.394 0.12 
2.020 0.4!6 0.13 
2.020 0.439 0.14 
2.020 0.463 o. 14 
2.020 0.488 0.15 
2.020 0.515 0.16 

'1 06 

0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.428 

3.18 
2.92 
2.69 
2.48 
2.29 
2.12 
1. 97 
1. 83 
1. 71 
1.60 
1. 50 
1.42 

EMF CAL EMF 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.0!0 0.450 0.452 
0.011 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
0.015 0.450 0.453 
0.016 0.450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.450 0.454 
0.020 0.450 0.454 
0.021 0.450 0.454 
0.022 0.450 0.455 
0.024 0.450 0.455 
0.025 0.450 0.455 
0.026 0.450 0.455 
0.028 0.450 0.456 
0.030 0.450 0.45~ 



34 5.29 
35 5.91 
36 6.59 
::..7 7.35 
38 8.20 
3~' 9.13 
40 1C.17 
41 11. 32 
42 12.60 
43 14.01 
44 15.56 
45 17.28 
46 19.18 
47 21.27 
48 23.56 
g9 26.(19 

50 28.85 
51 3!.E:8 
52 35.19 
53 38.80 
54 42.73 
55 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 
62 87.78 
63 95.33 

2.020 0.543 0.17 
2.020 0.573 0.18 
2.020 0.603 0.19 
2.020 0.636 0.20 
2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 
2.020 0.822 0.25 
2.020 0.864 0.27 
2. 020 o. 9(18 0. 28 
2. 020 r). ~·54 0. 29 
2.020 1.002 0.31 
2.020 1.051 0.32 
2.020 1.102 0.34 
2.020 1.154 0.36 
2.020 1.208 0.37 
~. 020 1. 264 0 .. 3S' 
2.020 1.321 0.41 
2.020 1.379 0.43 
2.020 1.438 0.44 
2.020 1.498 0.46 
2.020 1.559 0.48 
2.020 1.619 0.50 
2.020 1.680 0.52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1.863 0.58 
2.020 1.922 0.59 
2.020 1.981 0.61 

0.032 0.450 0.456 
0,1)33. 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
0.040 0.450 0.458 
0.042 0.450 0.459 
0.045 0.450 0.459 
0.048 0.450 0.460 
0.050 0.450 0.460 
0.053 0.450 0.461 
0.057 0.450 0.462 
0.060 0.450 0.463 
0.064 0.450 0.463 
0.068 0.450 0.464 
0.072 0.450 0.465 
0.076 0.450 0.466 
0.080 0.450 0.467 
0.085 0.450 0.468 
0.090 0.450 0.469 
0;095 0.450 0.470 
0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.474 
0.118 0.450 0.475 
0.125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480 
0.145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

64 100.25 2.020 19.926 13.46 -0.543 0.450 0.362 

.;.. 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

HHT 
0.02 
0.03 
0.05 
0.08 
:).10 
0.13 
0.16 
0.20 
0.24 
0.28 
0.33 
0.38 
o. 44 
0.51 
!).58 
('.67 
:). 76 
0.87 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 
0.15 
0.18 
0.22 
0.26 
0.30 
0.35 
0.41 
1),48 
0.55 
0.63 
0.71 
0.8! 

CB/CO CE/CO C/CO 
1 . 000 
0. S'9'7' 
1.000 
0.997 
1. 000 
0.994 
0.999 
0.991 
0.997 
0.990 
0.994 
0.989 
0.990 
0. '1'87 
0.985 
0.983 
(!.981 
0.978 

1. 000 
0.999 
0.998 
0.998 
0.997 
0.996 
0.995 
0.995 
0.993 
0.992 
0.991 
0.989 
0.988 
0.986 
1). ~·84 

0.981 
0.979 
0.976 
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1.000 
0.999 
0.998 
0.998 
0.997 
0.996 
0.995 
0.994 
0.993 
o. ~'92 
0.991 
0.989 
0.988 
0.986 
0. 984 . 
0.981 
0.979 
0.976 

CONV 
0.000 
0.001 
0.002 
0.002 
0.003 
0.004' 
0.005 
0.006 
0.007 
0.008 
0.009 
0.011 
0.012 
0.014 
0.016 
0.019 
0.021 
0.024 



17' 0.98 1).92 (1,':)76 0.973 (1.973 0.027 
20 1. 11 1. 05 0. 97: 0.969 0.969 1),031 
")( 1.26 1 F' 0.969 0.965 0.965 1).035 ... ••• o 

"'" 1. 42 1. 34 1). 965 :),961 0.961 0.039 4£. 

23 1. 60 1. 51 0.961 0.956 0.956 1).044 
24 1. 80 1. 70 0.957 0.95(1 0.951 1),1)49 

""' 2.02 1. 91 0.952 1).945 (1.9~5 o. t)55 .:...J 

26 2.27 2.14 0.946 0. 9.38 0.938 0.062 
,.,., 

2.54 2.40 0.940 0.931 1).931 1). 06'7' .:.t 

28 2.85 2.70 0.934 0.923 0.923 0.077 
29 3.19 3.02 0.927 0.914 (1, 914 0.086 
30 3.57 3.38 0. 91 ~- 0. 7'04 0. 9('•4 0.096 
31 4.00 3.79 0.910 0.893 0.894 1). 1 1)6 
-r-,., 4.47 4.24 0.901 0.881 0.882 1).118 -..•..:.. 
..,., 5.00 4.73 0.891 0.868 1).869 0.131 ·-··~' 

34 5.58 5.29 0. 88(i 0.854 0.855 0.145 
""" 6.23 5.91 0.868 0.839 0.839 1).161 ·.l.J 

36 6.95 6.59 0.855 0.822 0.823 0.177 
37 7.75 7.35 0.841 O.B04 0.804 0.196 
38 8.64 8.20 0.826 0.784 0.785 0.215 

'" -~7 9.63 9.13 0.81C 0. 762 0.764 1).2:.6 
40 10.72 10.17 0.793 0. 741) 0.741 0.259 
41 11.93 11.32 0.775 0.715 0.716 0.284 
42 13.27 12.60 0.755 0.689 0.690 0.310 
43 14.75 14.01 o. 7:·5 0.661 0.663 0.337 
44 16.38 15.56 o. 713 0.632 0.633 0.367 
45 18.19 17.28 0.6S'O 0.601 0.603 0.397 
46 20. 17 19.18 0.667 0.569 0.571 0.429 
47 22.36 21.27 0. 642 0.535 0.5:::-.s 0.462 
48 24.77 23.56 0.616 0.501 0. 5(14 0.4'i'6 
49 27.41 26.09 o.ss·o 0.466 0.469 0.531 
50 30.30 28.85 0.563 0.431 0.434 0.566 
51 33.46 31.88 0.535 0.395 0.398 0.602 
52 36.92 .35.19 0. 5(18 0.360 0.363 0.6.37 
53 40.68 38.80 (!.479 0.325 0.329 0.671 
54 44.78 42.73 0.451 0.291 0. 21'5 1).705 
55 49.22 47.00 0.424 0.259 0.262 0.738 
56 54.03 51.62 0 •. 396 0.228 0.231 0.769 
C"1 
.JI 59.22 56.62 0.~.69 0.199 0.202 0.798 
58 64.81 62.01 0.34~. o. 171 0.175 0.825 
59 70.82 67.81 o. :.17 0.147 0.150 0.850 
60 77.25 74.03 0.2c;'3 0.124 0.128 0.872 
61 84.12 80.69 0.270 0. 104 0.108 0.892 
62 91.44 87.78 0.248 0.086 0.090 1). 7'10 

63 99.22 95.33 0.227 o.c)71 0.074 0.926 
64 101.27 100.25 0.215 -0.029 0.075 0.925 
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U(l: 5.75 CI1/S t:= 0.668 1/SEC KLmf/UcF11.508 

' ·-· 
4 
t:' 
..; 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
.,. 
Ll 

.;.,._ 

24 
25 
26 
,.,.., 
Ll 

28 
29 
.30 
31 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 
0.15 
0. 18 
0.22 
0.26 
1).30 
0.35 
0.41 
0. 48 
0.55 
0. 6.3 
0.71 
0.81 
0. 92 
1.05 
1.18 
1.34 
1. 51 
1. 70 
1. 91 
2.14 
2.40 
2.70 
3.02 
3.38 
3.79 

Sl ZE 
0.02 
0.02 
1).02 
0.02 
0.03 
1),(13 

0.03 
(1.1)3 
0.04 
o. (•4 
0.05 
0.05 
0.06 
0.07 
0.08 
0.08 
0.09 
0.10 
0.12 
0.13 
o. 14 
f). 16 
0.18 
0.20 
0.22 
0.25 
0.28 
0.31 
0.34 
o .. 38 
0.42 

UE: EF'SIL 
4.14 0.462 
4.37 0.462 
4.62 0.462 
4.88 0.462 
5.16 0.462 
5. 45 1\462 
5.75 0.462 
6.07 0.462 
6.42 0.462 
6.78 0.462 
7.16 0.462 
7.56 0.462 
7.98 0.462 
8.43 0.462 
8.91 (1.462 
·9. 41) o. 462 
9.93 0.462 

10.49 0.462 
11.08 0.462 
11.69 o. 462 
12.35 0.462 
13.04 0.462 
13.76 0.462 
14.53 0.462 
15.:::.4 1). 462 
16.19 0.462 
17.09 0.462 
18.03 0.462 
19.03 0.462 
20.08 0.462 
21.18 0.462 

DELTA 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0. 022 
1). 022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
1).022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 

f(BE 
677.74 
607.43 
544.41 
487.94 
437.37 
392.02 
351.37 
314.94 
282.31 
253.07 
226.85 
203.37 
182.32 
163.46 
146.55 
131.40 
117.82 
105.66 
94.75 
84.98 
76.23 
68.38 
61.35 
55.05 
49.40 
44.34 
39.80 
35.74 
32.09 
28.83 
25.90 

~.2 4.24 0.47 22 .. 34 0.462 0.022 23.28 
33 4.73 0.53 23.56 0.462 0.022 20.93 
34 5.29 0.58 24.85 (!.462 0.022 18.83 
35 5.91 0.65 26.19 0.462 0.022 16.94 
~6 6.59 0.72 27.61 0.462 0.022 15.25 
~.7 7.35 0.80 29.09 0.462 0.022 l3.74 
38 8.20 0.89 30.64 0.462 0.022 12.38 
39 9.13 0.99 32.27 0.462 0.022 11.16 
40 10.17 1.09 33.97 0.462 0.022 10.07 
41 11.32 1.21 35.75 0.462 0.022 9.09 
42 1::. 60 
43 14.01 
44. 15.56 

1. 34 37. 61 0. 462 o. 022 
1.48 39.54 0.462 0.022 
1.63 41.56 0.462 0.022 

45 17.28 1.80 43.65 0.462 0.022 
46 19.18 1.99 45.83 0.462 0.022 
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8.22 
7.43 
6.73 
6. 10 
C' C"1' 
~~- ..;.:,. 



47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

21. '27 
23.56 
26.09 
28.85 
31.88 
35.19 
38.80 
42.73 
47.00 
51.62 
56.62 
62.!)1 

t7. 81 
74.03 
80.69 

2.19 
2.40 
2.64 
2.89 
3.16 
3.45 
3.76 
4.09 
4.44 
4.81 
5.19 
5.59 
6.01 
6.43 
6.87 

48.08 
50.41 
52.81 
55.28 

(t, 462 
0.462 
0.462 
0.462 

. 57.82 1), 462 
60.42 0.462 
63.07 0.462 
65. 77 0. 462 
68.51 0.462 
71. 28 o. 462 
74.07 (1, 462 
76.87 0.462 
79.67 1\462 
82.46 0.462 
85.22 0.462 

0.022 
1),022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.022 
0.(·22 
O.C22 
I\ 022 
0.022 
(1.022 
0.022 
0.022 

5.03 
4.57 
4.17 
3.80 
3.48 
.3.18 
2.92 
2.69 
2.48 
2.29 
2.12 
1. 97 
I Oc 
.... Li·-' 

l. 71 
1. 60 

62 87.78 7.32 87.95 0.462 . 0.022 1.50 
63 95.33 7.77 90.63 0.462 0.022 1.42 
64 100.25 2.06 46.60 0.685 0.428 5.35 

Hn 
0.01 

2 0.03 
3 0.04 
4 0.07 
5 0.09 
6 0.12 
7 0.15 
8 0.18 
9 0.22 

10 0.26 
11 o •. 30 
12 0.35 
13 0.41 
14 0.48 
15 
16 
17 
18 
19 
20 
21 

24 
25 
26 
27 

0.55 
0.63 
0.71 
0.81 
0.92 
1.05 
1.18 
1. 34 
1. 51 
1. 70 
l. 91 
2.14 
2.40 

UO-Uf1F Q Us 
2.020 0.091 0.03 
2.020 0.096 0.03 
2.020 0.101 0.03 
2.02(1 0.107 0.03 
2.020 0. 113 o. 03 
2.020 0.119 0.04 
2.020 0.126 0.04 
2.020 0.133 0.04 
2.020 0.140 0.04 
2.020 0.148 0.05 
2.020 0.156 0.05 
2.020 0.165 O.C5 
2.020 0.175 0.05 
2.020 0.184 0.06 
2.020 0.195 0.06 
2.020 0.206 0.06 
2.020 0.217 0.07 
2.020 0.229 0.07 
2.020 0.242 0.07 
2.020 0.256 0.08 
2.020 0.270 0.08 
2.020 0.285 0.09 
2.020 0.301 0.09 
2.020 0.318 0.10 
2.020 0.335 0.10 
2.020 0.354 0.11 
2.020 0.374 ·0.12 

8 n1F CAL Et1F 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.010 0.450 0.452 
0.011 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
1).015 0.450 0.453 
0.016 0.450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.450 0.454 
0.020 0.450 0.454 
0.021 0.450 0.454 

28 2.70 2.020 0.394 0.12 0.022 0.450 0.455 
29 
30 
31 

3.02 
or :o 
· .. '.·..)'../ 

3.79 

2.020 0.416 0.13 
2.020 0.439 0.14 
2.020 0.463 o. 14 

11 0 

0.024 0.451) 0.455 
0.025 0.450 0.455 
0.026 0.450 0.455 



32 4.24 2.020 o.488 o.1s o.o2s o.qso o.456 
33 4. 73 2.(120 0.515 0.16 0.030 0.450 0.456 
34 5.29 2.020 0.543 0.17 0.032 0.450 0.456 
35 
36 
37 
38 

5.91 
6.59 
7.35 
8.20 

39 ~· .13 
40 10.17 
41 11.32 
42 12.60 
43 14:01 
44 15.56 
45 17.28 
46 19.18 
47 21.27 
48 23.56 
49 26.09 
50 28.85 
51 31.88 
52 35.19 
53 38.80 
54 42.73 
55 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 
62 87.78 
63 95.33 
64 100.25 

,., 
,;;. 

"T 
·-· 
4 
5 
6 
7 
8 
9 

10 
11 
12 
n 
14 
15 
16 

HHT 
0.02 
0.03 
0.05 
0.08 
0.10 
0.13 
0.16 
0.20 
0.24 
0.28 
0.33 
0.38 
0.44 
1). 51 
0.58 
0.67 

2.020 0.573 0.18 
2.020 0.603 0.19 
2.020 1).636 0.20 
2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 
2.020 0.822 0.25 
2.020 0.8~4 0.27 
2.020 0.908 0.2S 
2.020 0.954 0.29 
2.020 1.002 0.31 
2.020 1.051 0.32 
2.020 1.102 0.3.4 
2.020 1.154 0.36 
2. 020 1. 208 0. 37 
2.020 1.264 0.39 
2.020 1.321 0.41 
2.020 1.379 0.43 
2.020 1.438 0.44 
2.020 1.498 0.46 
2.020 1.558 0.48 
2.020 1.619 0.50 
2.020 1.680 0.52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1. 863 0. 58 
2.020 1.922 0.59 
2.020 1.981 0.61 
2.020 19.926 n.46 

0.033 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
0.040 0.450 0.458 
0.042 0.450 0.459 
0.045 0.450 0.459 
0.048 0.450 0.460 
0.050 0.450 0.46(1 
0.053 0.450 0.461 
0.057 0.450 0.462 
0.060 0.450 0.463 
0.064 0.450 0.463 
0.068 0.450 0.464 
0.072 0.450 0.465 
0.076 0.450 0.466 
0.080 0.450 0.467 
0.085 0.450 0.468 
0.090 0.450 0.469 
0.095 0.450 0.470 
0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.474 
0.118 0.450 0.475 
0.125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480 
0.145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

-0.543 0.450 0.362 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 
0.15 
0.18 
0.22 
0.26 
0.30 

CB/CO CE/CO C/CO CONV 
0.001 
0.002 
0.003 
0.005 
0.006. 
0.008 
0.010 
0.012 
0.015 
0.017 
0.020 
0.024 
0.0:27 
0.031 

0.35 
0.41 
0.48 
0.55 
0. 6~. 

1. 000 
0.997 
0.9~9 

0.993 
0. 9~'9 
0.987 
0.998 
0.981 
0. 9'i4 
0.978 
0.9E>6 
0.975 
0. S'77 
!). 17'72 
0.9b8 
o.c;-c.::. 

1 1 1 

0.999 
0.998 
0.997 
0. 9S'5 
0.994 
0.992 
0. S'90 
0.988 
0.985 
0.983 
0.980 
!), 976 
0.973 
(i. 969 
(',%4 

1\959 

0.999 
0.998 
0.997 
1). ~"7'5 

0.994 
0. 91'2 
0.990 
0.988 
0.98~ 

0. 98.3 
0.981) 
0. 971::. 
o. 97~. 
0.969 
:).9i:4 
0. 0 59 

0.036 
0.041 



17 
18 
19 
20 
21 

24 

27 
28 
29 
30 

"'"' -:.•..!. 

·~·-~· 
34 

.36 
37 
36 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
cr. 
,.J7 

0.76 
0.87 
0.98 
1. 11 
i. 26 
1. 42 
1. 60 
1. 80 
2.02 
2.27 
2.54 
2.85 
3.19 
3.57 
4.00 
4.47 
5.00 
5.58 
6.23 
6.95 
7.75 
8.64 
9.63 

10.72 
11.93 
13.27 
14.75 
16.38 
18.19 
20.17 
22.36 
24.77 
27.41 
30.30 
33.46 
36.92 
40.68 
44.78 
49.22 
54.03 
59.22 
64.81 
70.82 

0.71 
0.81 
0.92 
1. 05 
1.18 
1.34 
1. 51 
1. 70 
1. 91 
2.14 
2.40 
2.70 
3.02 
3.38 
3.79 
4.24 
4.73 
5.29 
5.91 
6.59 
"1 "TC 
t • ...:.•...J 

8.20 
9.13 

10. 17 
11.32 
12.60 
14.01 
15.56 
17.28 
19.18 
21.27 
23.56 
26.09 
28.85 
31.88 
35.19 
38.80 
42.73 
47.00 
51.62 
56.62 
62.!)1 
67.81 

1).958 
0.953 
0.947 
0. 94(1 
0.933 
0.925 
0.916 
0.907 
0.897 
0.885 
0.873 
( 1• 860 
1\845 
0.830 
o. 81:. 
0.795 
0. 775 
0.754 
0.732 
0. 709 
0.684 
0.658 
0.631 
0.602 
0.573 
0.543 
0.512 
0.481 
0.449 
0.418 
0.386 
0.356 
0.326 
0.297 
C.269 
0.242 
0.218 
0.195 
0.173 
0.154 
0.136 
0.120 
0.106 

0.954 
0.947 
0.940 
0.933 
0.925 
1), ~·15 

0.905 
0.894 
(1.882 
0.868 
0.853 

0.820 
c.soo 
0.780 
0.757 
0.733 
0.707 
0.679 
0.650 
0.619 
0.586 
0.552 
0.517 
0.480 
0.443 
0.405 
o.:.68 
0.330 
0.294 
0.258 
0.224 
0.193 
0.163 
0.136 
0.112 
0.091 
0.072 
0.057 
0.044 
0.033 
0.025 
0.018 

0.954 
0.947 
(!.941 
0.933 
0.925 
0.916 
0.905 
0.894 
0. 882 
0.869 
0.854 
0.838 
0.82(' 
0.801 
0.780 
0.758 
0. 734 
0.708 
0.681 
0.651 
0.620 
0.588 
0.554 
0.518 
0.482 
0.445 
0.408 
0.370 
0.333 
0.296 
0.261 
0.2::::7 
0.1% 
0.166 
0.139 
0.115 
0.094 
0.075 
0.059 
0.046 
0.035 
0.027 
0. (!20 

(1.046 
0.053 
(!,1)59 
0.067 
1).075 
0.084 
o.oq5 
(!. 106 
o. 118 
0.131 
0.146 
0.162 
0.180 
0. 199 
0.220 
0.242 
0.266 
0.292 
0. 31S' 
0.349 
0.380 
0.412 
0.446 
0.482 
0.518 
0.555 
0.592 
0.630 
0.667 
0.704 
0.739 
0.773 
0.804 
0.834 
0.861 
0.885 
0.906 
o. 925 
0.941 
0.954 
0.965 
0.973 
0.980 

60 77.::5 74.03 0.093 0.01.3 0.015 0.985 
61 84.12 80.69 0.082 0.009 0.011 0.989 
62 91.44 87.78 0.073 0.006 0.008 0.992 
63 99.22 95.33 0.064 (1,004 0.006 0. 994 
64 101.27 100.25 0.059 -0.030 0.008 0.992 
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UO= 5.75 CM/S v-,- 1. 248 !/SEC I::Lmf /Uo=21. 500 

Hn SIZE UB EF'SIL DELTA KBE 
0.01 0.02 q. 14 0.462 0.022 677.74 

2 0.03 0.02 4.37 0.462 0.022 607.43 
1' 0.04 0.02 4.62 (1. 462 0.022 544.41 ·-· 
4 0.07 0.02 4.88 0.462 0.022 487.94 
5 0.09 0.03 5.16 0.462 0.022 437.37 
6 0. 12 0.03 5.45 0.462 0.022 392.02 
.., 0.15 0.03 5.75 0.462 0.022 351.37 I 

8 0.18 0.03 6. (i7 0. 462 (1,02: 314.94 
9 0.:?2 0.04 6.42 0.462 0.022 282.31 

iO 0.26 0.04 6.78 1), 462 1).022 253.07 
11 0.30 0.05 7.16 0.462 0.022 226.85 
12 0.35 0.05 7.56 0.462 0.022 "•')"' ..,.., 

LI,..-.J •• JI 

13 0.41 0.06 7.98 0.462 (1.022 182.32 
14 0.48 1),1)7 8.43 1).462 0.022 163.46 
15 0.55 0.08 8.91 0. 462 0.022 146.55 
16 0.63 0.08 9.40 1).462 0.022 131.41) 
17 0.71 0.09 9.93 0.462 0.022 117.82 
1 C• ._, 0.81 1). 10 10.49 0.462 0.022 105.66 
19 0.92 0.12 11.08 0.462 (1.022 94.75 
20 1. 05 !). 13 11.69 0.462 0.022 84.98 
21 1.18 0.14 12.35 0.462 0 .. 022 76.23 
22 1.34 1), 16 13.04 0.462 0.022 68.~.8 

':•1' 1. 51 0.18 13.76 0.462 0.022 61..35 ....... 
24 1. 70 0.20 14.53 0.462 0.022 55.05 
.... ,. 1. 91 0.22 15. ~.4 0.462 0.022 49.40 .l...J 

26 2.14 0.25 16.19 0.462 0.022 44.34 
27 2.40 0.28 17.09 (1, 462 0.022 39.80 
28 2.70 1).31 18.03 0.462 1).022 35.74 
29 3.02 0.34 19.03 0.462 0.022 32.09 
30 3.38 0.38 20.08 0.462 0.022 28.83 
31 3.79 0.42 21.18 0.462 o. (122 25.90 ,, 4.24 0.47 22.34 0.462 0.022 23.28 ., .. ,.,. 4.73 0.53 23.56 0.462 0.022 20.93 .._ ..... 

34 5.29 1).58 24.85 0.462 1).022 18.83 
35 5.91 0.65 26.19 0.462 0.022 16.94 
36 6.59 0.72 27.61 o. 462 0.022 15.25 .. .., 7.35 0.80 29.09 0.462 0.022 13.74 ..:.·: 
1'0 8.20 0.89 30.64 0.462 0.022 12.38 · ... ·w 

3~' 9.13 0.9~· 32.27 0.462 0.022 11.16 
40 10.17 1.09 33.97 1).462 0.022 10.07 
41 11.32 1. 21 35.75 0.462 0.022 9.09 
42 12.60 1.34 37.61 (1,462 0.022 8.22 
43 14.01 1.48 39.54 0.462 1).022 7.43 
44 15.56 1. 63 41. Sb 0.462 0.022 6.73 

45 17.28 1.80 43.65 0.462 0.022 6.1(' 
46 19. 18 1. 99 45.83 0 .. 462 0.022 5.53 
47 21.27 2.19 48.08 0.462 0.022 5.03 
48 :~ .. 56 2.40 50.41 (!,462 f). 022 4.57 

'1. 

113 



49 26.09 :.64 52.81 0.462 0.022 4.17 
50 28.85 2.89 55.28 0.462 0.022 3.80 
51 31.88 

53 38.80 
54 42.73 
55 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 

3.16 57.82 0.462 0.022 
3.45 60.42 0.462 0.022 
3.76 63.07 0.462 0.022 
4.09 65.77 0.462 0.022 
4.44 68.51 0.462 0.022 
4.81 71.:8 0.462 0.022 
5.19 74.07 0.462 0.022 
5.59 76.87 0.462 0.022 
6.01 79.67 0.462 0.022 
6.43 82.46 0.462 0.022 
6. 87 85.22 0. 462 !\ 022 

3.48 
3.18 
2.92 
2.69 
2.48 
2.29 
2.12 
1. 97 
1. 83 
1. 71 
1. 60 

62 87.78 7 .. 32 87.95 0.462 0.022 1.50 
6~. 95 .. 33 7. 77 90. 6:. o. 462 0. 022 1. 42 
64 100.25 2.06 46.60 0.685 0.429 5.35 

2 
.., 
·-· 
4 
5 
6 

Hn 
0.01 
0.03 
0.04 
0.07 
0.09 
0.12 

7 0.15 
8 0.18 
9 0.22 

10 0.26 
11 0.30 
12 0.35 
13 
14 

16 
17 
i8 
19 
20 
21 
22 

0.41 
0.48 
0.55 
0.63 
0.71 
0.81 
0.92 
1. 05 
1.18 
1.34 

UO-Ut1F 
2.020 
2.020 
2.020 
2.020 
2.020 
2.020 

Q Us 
0.091 0.03 
0.096 0.03 
0.101 0. 03 
0.107 0.03 
0.113 0.03 
0.119 0.04 

2.020 0.126 0,04 
2.020 0.133 0.04 
2.020 0.140 0.04 
2.020 0.148 0.05 
2.020 0.156 0.05 
2.020 0.165 0.05 
2.020 0.175 0.05 
2.020 0.184 0.06 
2.020 0.195 0.06 
2·. 020 o. 206 o. o6 
2.020 0.217 0.07 
2.020 0.229 0.07 
2.020 0.242 0.07 
2.020 0.256 0.08 
2.020 0.270 0.08 
2.020 0.285 0.09 

24 
25 

1.51 2.020 0.301 0.09 
1.70 2.020 0.318 0.10 
1.91 2.020 0.335 0.10 

26 
27 
28 
29 
:.o 
3! 
..,...., 
.;..k 

2.14 
2.40 
2.70 
3.02 
7 .,-n .;. .•. .:.:a 

3.79 
4.24 
4.73 

2.020 0.354 0.11 
2.020 0.374 0.12 
2.020 0.394 0.12 
2.020 0.416 0.13 
2. 020 o. 4::.9 0.14 
2.020 0.463 0.14 
2.020 0.488 0.15 
2.020 0.515 0.16 

114 

B EMF CAL EMF 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.005 0.450 0.451 
0.006 0.450 0.451 
0.006 0.450 0.451 
0.006 0.4~0 0.451 
0.007 0.450 0.451 
0.007 0.450 0.451 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.008 0.450 0.452 
0.009 0.450 0.452 
0.009 0.450 0.452 
0.010 0.450 0.452 
0.011 0.450 0.452 
0.011 0.450 0.452 
0.012 0.450 0.452 
0.013 0.450 0.453 
0.013 0.450 0.453 
0.014 0.450 0.453 
0.015 0.450 0.453 
0.016 0.450 0.453 
0.017 0.450 0.453 
0.018 0.450 0.454 
0.019 0.450 0.454 
0.020 0.45(i 0.454 
0.02! 0.450 0.454 
0.022 1).450 0.455 
0.024 0.450 0.455 
0.025 0.456 0.455 
0.026 0.450 0.455 
0.028 0.450 0.456 
0.030 0.450 0.456 



34 5.29 2.020 0.543 0.17 
35 5.91 2.020 0.573 0.18 
36 6.59 2.020 0.603 0.19 
37 7. 35 2. 020 o. 6.36 0. 20 

0.032 0.450 0.456 
0.033 0.450 0.457 
0.035 0.450 0.457 
0.038 0.450 0.458 
0.040 0.450 0.458 
0.042 0.450 0.459 
0.045 0.450 0.459 
0.048 0.450 0.460 
0.050 0.450 0.460 
0.053 0.450 0.461 
0.057 0.450 0.462 
0.060 0.450 0.463 
0.064 0.450 0.463 
0.068 0.450 0.464 
0.072 0.451) 0.465 
0.076 0.450 0.466 
0.080 0.450 0.467 
0.085 0.450 0.468 

38 8.20 
39 . 9. 13 
40 10.17 
41 11.32 
42 12.60 
43 14.01 
44 15.56 
45 17.28 
46 19.18 
47 21.27 
48 :: .. 56 
49 26.09 
50 28.85 
51 31.88 
52 35.19 
S3 38.80 
~~4 42.73 
55 47.00 
56 51.62 
57 56.62 
58 62.01 
59 67.81 
60 74.03 
61 80.69 
62 87.78 
63 95.33 
64 100.25 

2 
"1' ·-· 
4 

" ..J 

6 
7 
8 
9 

10 
1' .. 
12 
13 
!4 
15 
1 L 
•1.1 

i7 

HHT 
0.02 
0.03 
0.05 
0.08 
1). 10 
0.13 
0.16 
1).20 
0.24 
0.28 
0.3.3 
0.38 
0.44 
0.51 
0.58 
0.67 
0.76 
0.87 

2.020 0.670 0.21 
2.020 0.705 0.22 
2.020 0.743 0.23 
2.020 0.781 0.24 
2.020 0.822 0.25 
2.020 0.864 0.27 
2.020 0.908 0.28 
2.020 0.954 0.29 
2.020 1.002 0.31 
2.020 1.051 0.32 
2.020 1.102 0.34 
2.020 1.154 0.36 
2.020 1.208 0.37 

"2.020 1.264 0.39 
2.020 1.321 0.41 
2.020 1.379 0.43 
2.020 1.438 0.44 
2. 020 l. 498 0. 46 
2.020 1.558 0.48 
2.020 1.619 0.50 
2. 020 1. 680 o. 52 
2.020 1.741 0.54 
2.020 1.802 0.56 
2.020 1. 863 0. 58 
2.020 1.922 0.59 
2.020 1.981 0.61 
2.020 19.926 13.46 

. 0.090 0.450 0.469 
0.095 0.450 0.470 
0.101 0.450 0.471 
0.106 0.450 0.473 
0.112 0.450 0.474 
0.118 0.450 0.475 
0.125 0.450 0.477 
0.131 0.450 0.478 
0.138 0.450 0.480 
0.145 0.450 0.481 
0.152 0.450 0.483 
0.159 0.450 0.485 

-0.543 0.450 0.362 

Hn CB/CO CE!CO C/CO 
0.01 1.000 0.998 
0.03 0.995 0.996 
0.04 0.998 0.994 
0.07 0.986 0.991 
0.09 0.998 0.988 
0.12 0.975 0.985 
0.15 0.997 0.981 
0.18 0.965 0.978 
0.22 0.989 0.973 
0.26 0.959 C.968 
0.~0 0.975 0.962 
0.35 0.954 0.957 
0.41 0.958 0.950 
0.48 0.946 0.942 
0.55 0.941 0.934 
0.63 0.932 0.925 
0.71 0.9:3 0.915 
0.81 0.914 0.904 
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0.998 
0.996 
0.994 
0.991 
0.988 
0.985 
0.981 
1). 977 
0.973 
0.968 
(l. 963 
0.957 
0.950 
0.942 
0.9:.4 
0.925 
0.915 
I). ~'04 

CONV 
0.002 
l). (H)4 

0.006 
0. (H)9 

0.012 
0.015 
0.019 
0.023 
0.027 
0.032 
0.037 
1).043 
0.050 
0.058 
0.066 
0.075 
0.085 
0.(196 



19 0.98 1).92 0.91)3 1).89~ 0.892 0.108 
20 1.11 1.05 0.891 0.879 0.879 1), 121 
21 1.26 1.18 0.879 0.864 0.864 0.136 
22 1. 42 1.34 0.865 0.848 0.848 0.152 
?"r 
--J 1.60 1.51 0.850 0.831 0.831 0.169 
24 1.80 1. 70 0.834 0.812 0.812 0.188 
25 2.02 1. 91 0.816 0.791 0.791 0.209 
26 2.27 2.14 0.797 o. 769 0.769 0.231 
27 2.54 2.40 0.777 0.744 0.745 0.255 
28 2.85 2.70 0.755 0.719 0.719 0.281 
29 3.19 3.02 0.731 0.691 0.692 0.308 
30 3.57 3.38 0.707 1).661 0.662 0.338 
31 4.00 3.79 0.680 1).631) 0.631 0.369 
"r') 
·.1~ 4.47 4.24 0.653 (1.597 0.598 0.402 
-r-r 5.00 4.73 (i.624 0.562 0.564 0.436 ..,~. 

34 ~.58 5.29 0.593 1).526 0.528 0.472 
35 6.23 5.91 0.562 0.489 0.491 0.509 
36 6.95 6.59 0.530 0.451 0.453 0.547 
37 7.75 7.35 0.497 0.412 0.414 0.586 
38 8.64 8.20 0.463 0.373 0.375 0.625 
39 9.63 9.13 0.429 0.335 0.337 0.663 
40 10.72 10.17 0.395 0.297 0.299 0.701 
41 11.93 11.32 0.362 0.260 0.262 0.738 
42 13.27 12.60 0.329 0.225 0.227 0.773 
43 14.75 14.01 0.297 0 . .192 0.194 0.806 
44 16.38 15.56 0.266 1), 161 0.163 0.837 
45 18.19 17.28 0.237 0.133 0.135 0.865 
46 20.17 19.18 0.209 0.108 0.110 0.890 
47 22.36 21.27 0.184 0.086 0.088 0.912 
48 24.77 2.3.56 0.160 0.067 0.069 0.931 
49 27.41 26.09 0.139 0.052 0.053 0.947 
50 30.30 28.85 0.120 0.039 0.040 0.960 
51 33.46 31.88 0.103 0.028 0.030 0.970 
52 36.92 35.19 0.088 0.02(1 0.022 0.978 
53 40.68 38.80 0.075 0.014 0.016 0.984 
54 44.78 42.73 0.064 0.010 0.011 0.989 
55 49.22 47.00 0.055 0.006 0.008 0.992 
56 54.03 51.62 0.047 0.004 0.005 0.995 
57 59.22 56.62 0.040 0.003 0.004 0.996 
58 64.81 62.01 0.034 0.002 0.002 0.998 
59 70.82 67.81 0.(;29 !).001 0.002 0.998 
60 77.25 74.03 0.025 0.001 0.001 . 0.999 
61 84.12 80.69 0.022 0.000 0.001 0.999 
62 91.44 87.78 0.019 O.QOO 0.001 0.999 
63 99.22 s·5.33 0.017 0.000 (1.001 0.999 
64 101.27 100.25 0.015 -0. (•08 0.002 0.998 
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APPEHDIX C-3 

COftPUTER OUTPUT BASED OR NEW "ODEL <KOBAYASHI> 
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UO= 5.00 Cr·1!S K= 0. 600 1/SEC KLmf /Uo= 8. <WJ 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 ,.,., ,__ 

24 

Hn 
0.32 
1. (H) 

1. 78 
2.68 
3.71 
4.89 
6.2.3 
7.75 
9.48 

11.43 
13.62 
16.08 
18.83 
21. 8~· 
25.27 
28.99 
33.06 
37.50 
42.31 
47.49 
53.04 
58.96 
65.22 
69.32 

SIZE 
0.64 
0.73 
0.84 
0.96 
1.10 
1. 25 
1. 43 
1.62 
1. s:. 
2.07 
2.32 
2.60 
2.90 
.3. 21 
< t:'t:' 
"'''..J..J 

3.90 
4.26 
4.62 
4.99 
5.37 
5.73 
6.09 
6.44 
1. 75 

UB EF'SIL 
18.62 0.427 
19.96 0.427 
21.39 0.427 
22.89 0.427 
24.48 0.427 
26.15 0.427 
27.90 0.427 
29.73 0.427 
3!.t.2 0.427 
~.3.59 0.427 
35.60 o. 427 
37.67 0.427 
39.76 0.427 
41.88 o. 427 
44.00 0.427 
46.11 0.427 
48.19 0.427 
50.23 0.427 
52.21 0.427 
54.12 0.427 
55.94 0.427 
57.66 0.427 
59.28 0.427 
30.92 0. 723 

Hn UO-UMF Q Us 
0.32 

2 1. (10 
3 1. 78 
4 2.68 
5 3. 71 
6 4.89 
7 6.23 
8 7.75 
9 9.48 

10 11.42 
11 13.62 
12 16.08 
13 18.83 
14 21.89 
15 25.27 

2.900 0.847 0.27 
2. 900 o. ~·(>8 o. 29 
2.900 0.973 0.31 
2. 900 1. 041 0. 3~. 
2.900 1.114 0.36 
2.900 1.190 0.38 
2. 900 1. 269 o. 40 
2.900 1.352 0.43 
2.900 1.439 0.46 
2.900 1.528 0.49 
2.900 . 1.619 0.52 
2.900 1.713 0.55 
2. 900 1. 809 0. 58 
2.900 1.905 0.61 
2.900 2.001 (1.64 

DELTA 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
0.045 
(1.045 
0.538 

B 

KBE 
17.32 
15.06 
13.12 
11.45 
10.02 
8.78 
7.71 
6.79 
6.00 
C' .,..., 
..J, -~·.!. 

4.74 
4.23 
3.80 
3.42 
3.10 
2.82 
2.58 
2.38 
2.20 
2.05 
1. 92 
!. 81 
1. 71 
6.28 

H1F CAL EMF 
0.062 0.400 0.410 
0.068 0.400 0.411 
0.074 0.400 0.412 
0.080 0.400 0.413 
0.087 0.400 0.414 
0.095 0.400 0.416 
0.104 0.400 0.417 
0.113 0.400 0.419 
0.123 0.400 0.421 
0.134 0.400 0.423 
0.146 0.400 0.425 
0.159 0.400 0.427 
0.172 1),41)1) 0.430 
0.187 0.400 0.432 
0.203 0.400 0.435 

16 28.99 2.900 2.(!97 (1.67 0.220 0.400 0.439 
17 33.06 2.900 2.192 0.70 0.238 0.400 0.442 
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18 37.50 2.900 ":' ;pc:-
.;,. ...... w..J 0.73 0.256 0.400 0.446 

19 42.31 2.900 2.375 0.76 0.275 0.41)0 0.450 
20 47.49 2.900 2.462 0.78 0.295 0.400 0.454 
21 53.04 2.900 2.544 0.81 0.315 0.400 0.458 
........ 
i..t.. 58.96 2.900 .... 6"~ ,:., . ..:..-~· 0.84 0.336 0.400 0.462 
23 LC' "'~"'~ •.J.J • ..:...:.. 2.900 2.697 0.86 0.356 0.400 0.466 
24 69.32 2.900 16.6:.6 16.60 -0.659 0.400 0.317 

HHT Hn CB/CO CE/CO C/CO corw 
0.64 0.32 1.000 0.956 0.958 0.042 

" 1. 37 1.00 0.972 0.910 0.913 0.087 .. 
.., 2.20 1. 78 0. 93:, 0.860 0.863 0.137 -.:.· 

4 3.16 2.68 0.894 0.806 0.810 0.190 
C" 4.:~6 3.71 0.848 0.749 1), 753. 0.247 ..! 

6 c """ 4.89 0.801 0.689 0.694 0.306 ,_!, ... J.: .. 
., 6.94 6.23 0.750 0.627 0.633 0.367 I 

8 8.56 7.75 0. 6'7'8 0.564 0.570 0.430 
9 10.39 9.48 0.645 0.500 0.507 0.493 

10 12.46 11.43 0.592 0.438 0.445 0.555 
11 14.78 13.6'2 0.5:.8 0.377 0.384 0.616 
12 17.38 16.08 0.485 0.320 0.327 0.673 
13 20.28 18.83 0.434 0.267 0.274 0.726 
14 23.49 21.89 0.385 0.218 0.226 0.774 
15 27.04 25.27 0.339 0.176 0.183 0.817 
16 30.94 ?D Ofi 

~I.JI I 7 0.296 0. 139 0.146 0.854 
17 35.19 33.06 0.257 0.108 0.114 0.886 
18 39.82 37.50 0.221 0.082 0.088 0.912 
19 44.81 42.31 0.190 0.061 0.067 0.933 
20 50.18 47.49 0. 162 0.045 0.051 0.949 
21 55.91 5~ .. 04 0.137 0.033 0.038 0.962 

"" ~.:.. 62.00 58.96 I). 116 0.024 0.028 0. 972 
23 68.44 65.22 0.098 0.017 0.020 0.980 
24 70.19 69.32 0.088 -0.052 0.023 o. 977 

UO= 10.00 Cl1/S 1'-... - 0.600 1/SEC Klmf/Uo= 4.020 

Hn SIZE UB EF'SIL DELTA !;:BE 
0.49 0.9~' 23.11' 0.462 0.104 11.16 

2 1. 59 1. 21 25.7: 0.462 0.104 9.07 

3 2.94 1.49 28.48 0.462 0.104 7.40 
4 4.59 1. 81 31.46 0.462 0. 104 6.07 

" 6.60 2.20 34.66 0.462 0.104 5.00 ..! 

6 9.03 2.65 38.07 0.462 0.104 4.14 
7 11.94 3.18 41.65 0.462 0.104 3.46 
8 15.42 3. 77 45. ::.s 0.462 0.104 2.91 
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9 
10 
11 
12 
13 
14 
15 
16 
17 

10 ".7 
''~-

24 .. 33 
29.88 
36.23 
43.40 
5!.39 
60.20 
69.80 
74.79 

Hn 
o. 49 

2 1.59 
3 2.94 
4 4.59 
5 6.60 
6 9.03 
7 11.94 
8 1.5.42 
9 19.52 

10 24.33 
11 29.88 
1i .36. 23 
13 43.40 
14 51.~.9 

15 6:).20 
16 69.80 
17 74.79 

3 
4 
5 
6 
7 
8 
9 

11) 
11 
12 
13 
14 
15 
16 
17 

HHT 
0.99 
2.20 
3.68 
5.50 
7.70 

10 .. 35 
13.53 
17.31 
21.74 
26.91 
32.85 
39.60 
47.19 
55.60 
64.81 
74.78 
74.79 

4.44 49.21 0.462 
5.16 53.09 0.462 
5.94 56.95 0.462 
6.75 60.72 0.462 
7.58 64.34 0.462 
8.41 67.75 0.462 
9.21 70.90 0.462 
9.97 73.77 0.625 
0.01 2.04 0.802 

UO,-UNF Q /I~ 
~~ 

7.900 2.415 0.84 
7.9~) 2.679 0.93 
7.900 2.966 1.03 
7.900 3.277 1. !4 
7.900 3.610 1.25 
7. 900 3. 964 1. 38 
7.900 4.338 1.5! 
7.900 4.726 1.64 
7.900 5.125 1.78 
7. 900 5. 529 1. 92 
7.900 5.931 2.06 
7.900 6.323 2.19 
7.900 6.701 2.32 

0.104 2.48 
0.104 2.13 
0.104 1. 85 
0.104 1.63 
0.104 1.45 
0.104 1. 31 
0.104 1.19 
0.374 1.10 
0.671) 1437.48 

B E11F CAL EI1F 
0.099 0.400 0.416 
0.114 0.400 0.419 
0.131 0.400 0.422 
0.151 0.400 0.426 
0.176 0.400 0.4::!.0 
0.204 0.400 0.436 
0.238 0.400 0.442 
0.279 0.400 0.450 
0.327 0.400 0.460 
0.384 0.400 0.473 
0.453 0.400 0.489 
0.535 0.400 0.509 
0.631 0.400 0.535 
0.745 0.400 0.570 
0.878 0.400 0.616 

7.900 7.056 2.45 
7.900 7.384 2.56 
7.900 27.614 16. 14 
7.900 1.370 3.19 

-0.573 0.400 0.325 
0.122 0.400 0.421 

Hn 
0.49 
1.59 
2.94 
4.59 

CE:/CO CE/CO C/CO 
0.969 
0.933 
0.891 
0.842 
0.787 
0.726 
0.660 
0.591 
0.519 
0.44~' 

0.381 
0.318 
0.261 
0.211 
0.169 
o. 161 
0.161 

CONV 
0.031 
0.067 
0.109 
0.158 
0.213 
0.274 
0.340 
0.409 
0.481 
0.551 
0.619 
0.682 
0.739 
0.789 
0.831 
0.839 
0.839 

6.60 
9.03 

11.94 
15.42 
19.52 
24.33 
29.88 
36.23 
43.40 
51.39 
60.20 
69.80 
74.79 

1.000 0.966 
0.98:: 0.927 
0. S'56 (J. 883 
0.925 0.832 
0.889 0.775 
0.849 0.712 
0.806· 0.643 
0.759 0.571 
0.709 0.497 
0.658 0.424 
0.606 0.355 
0.554 0.290 
0.503 0.233 
0.454 0.183 
0.408 0.141 
!\ .365 0. 038 
0.341 -0.206 
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UO= 15.00 CN/S r--.- 0.600 1/SEC l~lr:1f /Uo= 2.680 

Hn SIZE Ut: EF'Sll DELTA KBE 
0.61 i ":•'1' 25.91 0.498 0.163 8.94 J. • ..;_ .•• 

.., 2.02 1. 58 29.39 (!,498 0.16-3 6.95 .:. 
7 3.82 :.02 . 33.23 1), 498 o. 163 5.44 ·J 

4 6.12 2.57 37.44 0.498 (1.163 4.28 
<:" 9.02 ""'! '":\~ 41.99 0.498 1). 163 .3. 41 u ·.'. i..·-· 

6 12.64 4.02 46.83 0.498 0.163 2.74 ., 17. 12 4.94 51.90 0.498 0.16.3 ? ...,,. 
I ...... 4.·.J 

8 22.57 C" Q7 
...~ ... 57.09 0.498 0.163 1. 84 

9 2'i'.11 7. 11 62.29 0.498 (1.163 1.55 
10 36.83 8.31 67.~.6 0.498 0.163 1.32 
11 45.76 9.54 72.17 0.498 0.163 1.15 
12 55.91 10.76 76.62 0.498 0.163 1.02 
13 67.24 11.91 80.61 0.507" o. 178 0.92 
14 76.63 6.87 61.25 0.760 0.600 1.60 

Hn UO-UMF Q Us B E~lF CAL Ef'lF 
0.61 12.900 4.228 1. 61 0.125 0.400 0.421 

~ 2.02 12. s·oo 4.795 1.83 0.150 0.400 0.425 
3 3.82 12.900 5.422 2.06 0.180 0.400 0.431 
•i 6.12 12.900 6.109 .., ,.,. 0.219 1).40(1 0.438 ~ .......... 
s 9.02 12.900 6.851 2.61 0.268 0.400 0.448 
6 12.64 12. s·oo 7.642 2.91 0.331 0.400 0.461 
7 17.12 12.901) 8.469 3.22 0.413 0.400 0.479 
8 22.57 12.900 9. ~.16 3.55 0.522 0.400 0.506 
9 29.11 12.900 10.164 3.87 0.670 0.400 0.546 

10 36.83 12.900 10.991 4.19 0.874 0.400 0.615 
11 45.76 12.900 11.777 4.48 1.164 o. 400 0.749 
12 55.91 12.901) 12.502 4.76 1.595 0.401) 1.105 
13 67.24 12.900 14.366 5.61 7.270 0.400 -0.210 
14 76.63 12. 900 .36. 721 49.93 -0.921 0.400 0.292 

HHT Hn CB/CO CE/CO C/CO CONV 
1. 2.3 0.61 1. i)(H) 0.971 0.976 0.024 

2 2.81 2.02 0 .. 986 1). 9~.8 (1.946 0.054 
~· 4.84 3.82 0.966 !\899 0.910 0.090 ·~· 
4 7.40 6.12 0.941 0.851 1).866 0.134 
" 10.63 9.02 !).=ill 0.795 0.814 0.186 u 

6 14.65 12.64 0.877 0.731 0.755 0.245 
7 19.59 17.12 0.83Q 0.661 0.690 0.310 
8 25.56 22.57 0.797 0.585 0.620 0.380 
9 32.67 29.11 0.752 0.507 0.547 0.453 

10 40.98 36.83 0.705 0.430 0.475 0.525 
11 50.53 45.76 0.657 0. 358 0.41)7 0.593 
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12 61.28 55.91 0.609 ~). 292 0.344 0.656 
13 73.1'7' 6.., c•' /,..;."! 0.561 0.231 0.289 0. 711 
14 80.06 76.63 0.525 -0.054 0.293 0.707 

UO= 20. (H) CM/S 1·-.. - 0.600 !/SEC t:.Lmf /Uo= 2.01(1 

Hn SIZE UD E.I'Sll Dll HI l~llE 

0.72 1.43 27. S'5 0.52.8 0.230 7.68 
2 2.38 1. 91 32.26 0.538 0.230 5. 77 
.J 4.60 "' """' 37.08 0.538 0.230 4.37 .a::. • ..Ji.. 

4 7.50 .: .• 29 42.40 0.538 0.230 3.34 
C" 11.28 4 ')!:: 48.16 0.538 0.230 2.59 ..; ,..;...; 

6 16.10 5.40 54.27 0.538 0. 2.31) 2.04 
7 22.16 ' i-r o. ,._. 60.59 0.538 0.230 I. 64 
8 29.63 8.21 66.92 0.538 0.230 1.34 
9 38.62 9.78 73.07 0.538 0.230 1.12 

10 49.20 11.38 78.82 0.538 0.230 0.97 
11 61.36 12.93 84.01 0.538 0.230 0.85 
12 75.01 14.36 88.53 0.690 0.484 0. 77 
13 84.61 4.85 51.43 0.808 0.680 2.27 

Hn UO-Ut·1F Q U: B ENF CAL EMF 
0. 72 17.900 6.434 " ..," .:.. /..; 0.156 0.400 0.427 

"' 2.38 17.900 7. 426 3.18 0.195 0.400 0.434 .;; 

.... 4.60 17.900 8.535 3.65 0.245 0.400 0.444 ·-· 
4 7.50 17.900 9.759 4.18 0.314 o. 400 0.457 
5 11.28 17.900 11.086 4.75 0.410 0.400 0.478 
6 16.10 17.900 12.493 C" ""'" ..;, ~·..J 0.548 0.400 0.512 
7 22.16 17.900 13.947 5.97 0.759 0.400 0.575 
8 29. 6?. 17.900 15.405 6.60 1.105 0.400 0.717 
9 38.62 17.900 16.819 7.20 1. 74.3 0.400 1.320 

10 49.20 17.900 18.143 7.77 3.219 0.400 -1.390 
11 61.36 17.900 19.337 8.28 9.618 0.400 -0.140 
12 75.01 17.900 42.832 34.63 -0.783 0.400 0.305 
1.3 84.61 17.900 34.993 90.90 -1.938 0.400 0.225 

HHT Hn CB/CO CE/CO C/CO CONV 
1.43 0.72 1. 1)1)1) 0.975 0.981 0.019 

,., 3.34 2.38 0.968 0.946 0.956 0.044 .!. 

-r 5.86 4.60 0.972 0.910 0.924 0.076 
~· 

4 9.15 7.50 1).951) 0.865 0.884 0.116 
5 13.40 11.28 0.925 0.810 0.837 0.163 
6 18.80 16.10 0.8~'5 0.747 1).781 0.219 
7 ""' ""' .:...J •.•. u .. 22.16 0.861 0.675 0.718 0.282 
8 33.73 29.63 0.824 0.598 0.650 0.350 
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9 43.51 38.62 0.783 0.519 0.580 0.420 
10 54. 7'0 49.20 0.740 0.441 0.510 0.490 
11 67.83 61.36 0.696 o .. 369 0.444 0.556 
12 82.19 75.01 0.650 0.199 0.417 o.se:. 
13 87.03 84.61 0.613 0.001 0.417 0.583 
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APPENDIX C-4 

CDnPUTER OUTPUT BASED ON NEW ftODEL <GRACE> 
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UO= 10.00 CM/S I<= 0.100 1/SEC I<Lmf /U.j= 1. :.oo 

Hn SIZE UB EF'SIL DELTA KBE 
1.08 2.16 20.46 0.012 0.012 5.10 

"'' "T "'O 2.27 21.24 0.012 0.012 4.84 i.. •,..II"' I 

., 5.63 2.40 22.04 0.012 0.012 4.59 . .:.. 

4 8.09 "' ""' 22.87 0.012 0.012 4.35 .::. ... n 

5 10.6.9 2.67 23.74 (!. 011 1).011 4.12 
6 t"T ~' ........ "t· ... ' 2.81 24.63 0.011 0.011 3.91 
7 16.32 2.96 25.56 0.011 0.011 3.71 
8 19.37 3.13 26.53 0.011 0.011 3.52 
9 "':'"':' co ...,.;..,.Ju 3.30 27.53 (!;011 0.011 3.34 

10 25.96 3.48 28.58 0.011 0.011 3.16 
11 29.53 : .• 67 29.66 0.011 0.011 3.00 
12 33.30 "T OL 30.78 0. 011 0.011 2.85 ·J• W'..! 

13 37.27 4.08 31.94 0.011 0.011 2.70 
14 41.46 4.30 33.15 0.011 0.011 2.56 
15 45.87 4.53 34.40 0.011 0.011 2.43 
16 50.52 4.78 35.70 I) ,I) 11 0.011 2.30 
17 55.43 5.04 37.05 0.010 0.010 2.18 
18 60.61 5.31 38.45 0.010 0.010 2.07 
19 66.06 5.60 39.91 0.010 0.010 1. 96 
20 71.82 5.91 41.41 0.010 0.010 1. 86 
21 77.89 6.23 42.98 0.010 0.010 1.77 

"''"'' 84.28 6.57 44.60 0.010 0.010 1.68 i..:.. 
..,.,. 91.03 6.92 46.29 0.010 0.010 1.~9 .:....;; 

24 98.14 7.30 48.04 0.010 0.010 1. 51 
"'" 105.64 7.70 49.86 0.010 0.010 1.43 ~,; 

26 113.55 8.12 51.74 0.010 0.010 1.35 
27 121.89 8.56 5~ .. 70 0.010 0.010 1. 29 
28 130.68 9.:)3 55.73 1).(<10 0.010 1.22 
29 139.07 7.75 50.08 1), (110 1).010 1. 42 

Hn UO-Ut1F Q Us B H1F CAL EMF 
1. 08 4.701) 0.242 0.07 0.007 0.400 0.401 

"'' 3.29 4.700 0.249 0.08 0.008 0.400 1),401 
~ 

' 5.63 4.700 0.257 0.08 0.008 0.400 0.401 
~· 

4 8.09 4.700 0.264 0.08 0.008 0.400 0.401 
5 10.69 4.700 1). 272 (1.08 0.008 0.400 0.401 
6 13. 4:. 4.700 0.280 1).09 0.009 0.400 0.401 
7 16.32 4.700 0.289 l),t)9 0.009 0.400 0.401 
8 19.37 4.700 0.297 0.09 0.009 0.400 0.401 
9 ":\.., ~0 

..:....:. • ..J..J 4.700 0.306 0.09 0.010 0.400 0.402 
10 25. ~·6 4.700 0.315 0.10 0.010 0.400 0.402 
11 29.53 4.700 0.324 I). 1 t) 0.010 0.400 0.402 
12 33.30 4.700 0.334 0.10 1),010 0.400 0.402 
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1"!' ,._. .37 .27 4.700 0.344 I). 10 0.011 0.400 0.402 
14 41.46 4.700 0.354 0.11 0.011 0.400 0.402 
15 45.87 4.700 0.364 I). 11 0. 011 0.400 0.402 
16 50.52 4.700 0.375 0. 11 0.012 0.400 0.402 
17 55.43 4.700 0.386 0.12 o. 1)12 1).400 0.402 
18 60.61 4.700 0.398 0.12 0.012 0.400 0.402 
19 66.06 4.700 0.410 0.12 0.013 0.400 0.402 
20 71.82 4.700 0.422 0. 13 0.1:,13 0.400 0.402 
21 77.89 4.700 0.434 (!. 13 ('.014 0.400 0.402 
.,., 84.28 4.700 0.447 0. 14 0.014 0.400 0.402 ~.:.. ,_ 
~.:.· 91.03 4.700 0.460 o. 14 (1. (115 0. 400 0.402 
24 98.14 4.700 0.474 0.14 0.015 0.400 0.402 
'"'" 105.64 4.700 0.488 0.15 (1.015 0.400 0.402 .:..; 

26 113.55 4.700 0.502 0.15 0.016 0.400 0.403 
27 121.89 4.700 0.517 0.16 0.016 0.400 0.403 
28 130.68 4.700 0.532 0.16 0.017 0.400 0.403 
29 139.07 4.700 0.490 0.15 0.015 0.400 0.402 

HHT Hn CB/CO . CE/CO C/C:O CONV 
2.16 1.08 1. 000 0.979 0.979 0.021 

,.., 4.43 .3.29 0.988 0.957 0.958 0.042 .:. 
"!' 6.83 5.63 0.972 0.935 0.935 0.065 ..-
4 9.36 8.09 0.953 0.912 0.913 0.087 
5 12.03 10.69 0.933 0.889 0.889 (!.111 
6 14.84 13. 4.3 0.912 0.865 0.865 0.135 
7 17.80 16.32 0.890 0.840 0.841 0.159 
8 20.93 19.37 0.868 0.815 0.815 0.185 
9 24.23 22.58 0.845 0.789 0.790 0.210 

l(l 27.70 25.96 0.822 0.763 0.763 0.237 
11 31.37 "0 "' ~ •• ..J ... • o. 799 0. 736 0.737 0.263 
12 1'C' '!'1' ..,,.J. ~·-· 33.30 0.775 0.7(19 0.710 0.290 
13 39.31 37.27 0.751 0.681 0.682 0.318 
14 43.60 41.46 0. 726 0.654 0.654 0.346 
15 48.14 45.87 0.701 0.626 0.626 0.~.74 

16 52.91 50.52 0.676 0.597 0.598 0.402 
17 57.95 55.43 0.651 0.569 0.570 0.430 
18 63.26 60.61 0.626 0.540 0.541 0.459 
19 68.86 66.06 0.601 0.512 0.513 0.487 
20 74.77 71.82 0.576 0.484 0.485 0.515 
21 81.00 i7.89 0.551 0.456 0.457 0.543 
22 87.57 84.28 0.526 0.428 0.429 0.571 
"::"'t ....... 94.49 !i'1, 03 0.501 0.400 0.401 0.599 
24 101.79 98.14 0.476 0.373 0.374 0.626 
'"'" 109.49 105.64 0.452 0.347 0.348 0.652 .;..; 

26 117.61 113.55 0.428 0.321 0.322 0.678 
27 126.17 121.89 0.405 0.296 0.'297 0.703 
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28 135.20 !30.68 0.382 0.272 0.273 0.727 
.29 !42.94 139.07 0.362 0 ,~., 

• • .J. 0.253 0. 747 . 

UO= 15.00 CM/S , .. _ (1.100 !/SEC f::Lmf/Uo= 0.867 

Hn Sl ZE UB EF'SIL DELTA J::BE 
1. 1)9 2.19 20.66 0.016 0.016 5.03 

2 "T 7""7 
-~.-~·I 

., ~~ 
1..•·JI 21.84 0.016 0.016 4.65 

3 
.,. n• 2.56 2: .. 09 0.015 0.015 4.29 u.o"t 

4 8.51 2. 78 24.41 0.015 0.015 3.96 
c 11.40 3.01 25.81 0.015 0.015 3.66 ·.J 

6 14.53 3.26 27.29 0.015 0.015 3.38 
7 17.92 3.52 28.85 0.015 0.015 3.12 
8 21.59 3.82 30.51 0.015 0.015 2.88 
9 25.56 4.13 "?'"' ~C' 

·-·~· ...,..; 0.014 0.014 2.66 
10 29.87 4.47 34. 10 0.014 0.014 2.46 
11 34.53 4.84 36.05 0.014 0.014 2.27 
12 39.57 .,. ""' ,J,.!,,J 38.12 0.014 0.014 2.10 
13 45.04 5.68 40.30 0.014 0.014 1. 94 
14 50.95 6.15 42.61 1). 014 1). 014 1. 79 
f"' L.J 57.36 6.66 45.04 0.013 0.013 1.65 
16 64.29 7.21 47.62 0.013 0.013 1. 53 
17 71.80 7.81 50.35 1), 013 0.013 l. 41 
18 79.93 8. 45 53.23 0.013 0.013 1. 30 
19 88.74 9.15 56.28 0.013 0.013 1. 20 
20 98.27 9.91 59.50 0.013 0.013 1. 11 
21 108.59 10.73 62.91 0.012 0.012 1. 02 
.. ,., 
~.:.. 119.77 11.62 66.51 0.012 0.012 0.95 
23 131.87 12.58 70.32 0.012 0.012 0.87 
24 144.98 13.63 74.35 0.012 0.012 0.81 

""' "-..i 153.33 3.09 26.29 0.015 0.015 3.56 

Hn UO-Ut1F Q Us B EMF CAL EMF 
1. 09 9.700 0.326 0.10 0.007 0.400 0.401 

2 3.37 9.700 0.341 o. 10 0.007 0.400 0.401 
.;. 5.84 9.700 0.356 0.11 1).007 1).400 0.401 
4 8.51 9.700 0.372 0.11 1).008 0.400 0.401 
"' 11.40 9.700 0.389 1). 12 0.008 0.400 0.401 ._; 

6 14.53 9.700 0.406 0.12 0.008 0.400 0.401 
7 17.92 9.700 0.424 0. 13 0.009 1).400 0.401 
8 21.59 9.700 0.443 0.14 0.009 o. 400 0.401 
9 25.56 9.700 0.463 0.14 0.010 0.40!) 0.402 

10 29.87 9.700 0.484 0.15 o.eto 0.400 0.402 
11 34.53 9.700 1).505 0.15 0.011 0.400 0.402 
12 39.57 9.700 0.528 0.16 0.011 0.400 0.402 
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13 45.04 9.700 (1.551 0.17 0.011 0.400 0.402 
14 50.95 9.700 0.576 0.18 0.012 0.400 0.402 
15 57.36 9.700 0.602 0.18 0.013 0.400 0.402 
16 64.29 9.700 0.629 0.19 0.013 0.400 0.402 
17 71.80 9.700 0.657 0.20 0.014 0.400 0.402 
18 79.93 9.700 0.686 0.21 0.014 0.400 0.402 
19 88.74 9.700 0.717 0.22 0.015 0.400 0.402 
20 98.27 9.700 0.749 0. 2~· 0.016 0.400 0.403 
21 108.59 9.700 0. 782 0.24 0.017 0.400 0.403 
22 119.77 9.700 0.817 0.25 0.017 0.400 0.403 
":'"T 131. 87 9.700 0.854 0.26 0.018 0.400 0.403 .:..·-· 

24 144.98 9.700 0.892 0.27 0.019 0.400 0.403 
25 153.33 9.700 0.394 0.12 0.008 0.400 0.401 

HHT Hn CB/CO CE/CO C/CO CONV 
2.19 1. 09 1. 1)1)1) 0.986 0.986 0.014 

2 4.55 3.37 o. 992 0.970 0.971 0.029 
~ 7. 12 5.84 0.981 0.954 0.955 0.045 ·-· 
4 9.90 8.51 0.968 0.937 0.938 0.062 
5 12.90 11.40 o. 95.3 0.919 0.919 0.081 
6 16.16 14.53 (!.938 0.900 0.900 0.100 
7 19.68 17.92 0.922 0.879 0.880 0.120 
8 23.50 21.59 0.905 0.858 0.858 0.142 
9 27.63 25.56 0.887 0.835 0.836 0.164 

10 32.10 29.87 0.869 0.811 0.812 0.188 
11 36.95 34.53 0.849 0.786 0.787 0.213 
12 42.19 39.57 0.829 0.760 0.761 0.239 
13 47.88 45.04 0.808 0.732 0.733 0.267 
14 54.03 50.95 0.787 0.704 0.705 0.295 
15 60.69 57.36 0.764 0.674 0.675 0.325 

16 67.90 64.29 0.741 0.643 0.645 0.355 
17 75.70 71. 81) 0.718 0.612 0.613 0.387 

18 84.16 79.93 0.694 0.580 0.581 0.419 
19 93.31 88.74 0.669 0.547 0.548 0.452 
20 103.23 98.27 0.644 0.513 0.515 0.485 
21 113.96 108.59 0.619 0.479 0.481 0.519 
........ 125.58 119.77 0.594 0.445 0.447 0.553 ,{,..!. 

.... ~ 

.!_.) 138. 17 131.87 0.568 0.411 0.413 0.587 
24 151.79 144.98 0.542 0.377 0.379 0.621 
"""' 154.88 153.33 0.527 0.369 0.371 0.629 .t...J 

UO= 21.40 CM/S I(= 0.100 1/SEC i(Lmf /Uo= 0. 607 

Hn SIZE UB EPSIL DELTA KBE 
1.11 2.23 20.92 0.019 0.019 4.94 
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~. 3.47 2.49 22.65 0.019 0.019 4.41 .. 
1' 
•J 6.12 2.79 24.52 0.019 0.019 3.94 
4 9.08 3.13 26.55 0.018 0.018 3.51 
5 12.40 3.51 28.75 0.018 0.018 3.14 
6 16.11 3.93 31.13 0.018 0.018 2.80 
7 20.28 4. 40 33.70 0.017 0.017 2.50 
8 24.94 4.93 36.49 0.017 0.017 2.23 
9 30.17 " .,...., 

..J,..Jl. 39.51 0.017 0.017 1. 99 
10 36.02 6.19 42.77 0.017 0.017 1.78 
11 42.58 6.93 46.31 0.016 0.016 1.59 
12 49.92 7.76 50.14 0.016 1),!).16 1. 42 
13 58.15 B. 70 54.29 0.016 0.016 1. 27 
14 67.37 9.74 58. 78 0.015 0.015 1.13 
15 77.70 10.91 63.65 0.015 0.015 1. 01 
16 89.27 12.22 68.91 0.015 0.015 0.90 
17 102.23 13.69 74.61 0.015 0.015 0.80 
18 116.74 15.34 80.78 0.014 0.014 0.72 
19 133.01 17.19 87.47 0.014 0.014 0.64 
20 151.23 19.25 94.70 0.014 0.014 0.57 
21 166.20 10.70 62.78 0.015 0.015 1. 03 

Hn UO-UMF Q Us B EMF CAL EMF 
1.11 16.100 0.403 0.12 0.006 0.400 0.401 

'"' 3.47 16.100 0.429 0.13 0.006 0.400 0.401 .. 
' 6.12 16.100 0.457 0.14 0.007 0.400 0.401 •.l 

4 9.08 16. 100 0.487 0.15 0.007 o. 400 0.401 
" 12.40 16.100 0.518 0.16 0.007 0.400 0.401 ..J 

6 16. 11 16.100 0.551 0.17 0.008 0.400 0.401 
7 20.28 16.100 0.587 0.18 0.009 0.400 0.401 
8 24.94 16.100 0.625 0.19 0.009 0.400 0.401 
9 30.17 16.100 0.665 0.20 0.010 0.400 0.402 

10 36.02 16.100 0.708 0.22 0.010 0.400 0.402 
11 42.58 16.100 0.753 0.23 0.011 0.400 0.402 
12 49.92 16.100 0.802 0.25 0.012 0.400 0.402 
13 58.15 16.100 0.854 0.26 0.013 0.400 0.402 
14 67.37 16.100 0.909 0.28 0. 01.3 0.400 0.402 
15 77.70 16.100 0.967 0.30 0.014 0.400 0.402 
16 89.27 16.100 1.029 0.31 0.015 0.400 0.402 
17 102.23 16.100 1.096 0.34 0.016 0.400 0.403 
18 116.74 16.100 1.166 0.36 0.017 0.400 0.403 
19 133.01 16.100 1. 241 0.38 0.019 0.400 0.403 
20 151.23 16.100 1. 321 0.40 0.020 0.400 0.403 
21 166.20 16.100 0.957 0.29 0.014 0.400 0.402 

HHT Hn CB/CO CE/CO C/CO CONV 
? ~!"'( _ ......... ·1.11 1.000 0.990 0.990 0.010 
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, 4 .., . ., 3.47 0.994 0.978 0.979 0.021 ~ • I L 
~ 7.51 6.12 0.986 0.966 0.966 0.034 ·-· 
4 10.64 9.08 0. 977 1).952 0.953 0.047 
5 14.15 12.40 0.966 0.937 0.938 0.062 
6 18.08 16. 11 0.954 0.920 0.921 0.079 
.., 22.48 20.28 0.942 0.902 0.903 0.097 I 

8 27.41 24.94 0.928 0.882 0.683 0.117 
'i' 32.93 30.17 0.913 0.860 0.861 0.139 

10 39.11 36.02 0.898 0.836 0.837 . 0.163 
11 46.04 42.58 0.881 0.810 0.811 0.189 
12 53.80 . 49.'7'2 0.863 0.782 0.783 0.217 
13 62.50 58.15 0.844 0.752 0.753 0.247 
14 72.24 67.37 0.824 0.720 0.721 0.279 
15 83.15 77.70 0.804 0.685 0.687 0.313 
16 95.38 89.27 0.782 0.648 0.650 0.350 
17 109.07 102.23 0.759 0.610 0.612 0.388 
18 124.41 116.74 0.736 0.569 0.572 0.428 
19 141.60 133.01 0.712 0.527 0.530 0.470 
20 160.85. 151.23 0.687 0.484 0.487 0.513 
21 171.55 166.20 0.669 0.461 0.464 0.536 

UO= 10.00C~1/S K= 0.150 !I SEC ICLmf/Uo= 1.950 

) 
Hn SIZE UB EF'SIL DELTA KBE 

1. 08 2.16 20.46 0.012 0.012 5.10 
2 3.29 2.27 21.24 0.012 0.012 4.84 
3 5.63 2.40 22.04 0.012 0.012 4.59 
4 8.09 , "'' '·...J·..J 22.87 0.012 0.012 4.35 
5 10.69 2.67 23.74 0.011 0.011 4.12 
6 13. 4:. 2.81 24.63 0.011 0.011 3.91 
7 16.32 2.96 25.56 0.011 0.011 3.71 
8 19.37 3.13 26.53 0.011 0.011 3.52 
9 22.58 3.30 27.53 0.011 0.011 .3.34 

10 25.96 3.48 28.58 0.011 0.011 3.16 
11 29.53 3.67 29.66 0. 011 0.011 3.00 
12 33.30 3.86 30.78 0.011 0.011 2.85 
1.3 37.27 4.08 31.94 0.011 0.011 2.70 
14 41.46 4.30 33.15 0.011 0. 011 2.56 
15 45.87 4.53 34.40 0.011 0.011 2.43 
16 50.52 4.78 35.70 0.011 0.011 2.30 
17 55.43 5.04 37.05 0.010 0.010 2.18 
18 60.61 5.31 38.45 0.010 0.010 2.07 
19 66.06 5.60 39.91 0.010 0.010 1. 96 
20' 71.82 5.91 41.41 0.010 0.010 1. 86 
21 77.89 6.23 42.98 0.010 0.010 1.77 
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22 84.28 6.57 44.60 0.010 0.010 1. 68 .,., 91.03 6.92 46.29 0.010 0.010 1.59 ,:_ . .j 

24 98.14 7.30 48.04 0.010 0.010 1. 51 
25 105.64 7.70 49.86 0.010 0.010 1.43 
26 113.55 8.12 51.74 0.010 0.010 1.35 
27 121.89 8.56 53.70 0.010 0.010 1.29 
28 130.68 9.03 55.73 0.010 0.010 1.22 
29 139.07 7.75 50.08 0.010 0.010 1. 42 

Hn UO-Ut1F Q Us B EMF CAL EMF 
1.08 4.700 0.242 0.07 0.007 0.400 0.401 

2 3.29 4.700 0.249 0.08 1).008 0.400 0.401 
't 5.·63 4.701) 0.257 0.08 0.008 0.400 0.401 ~· 

4 8.09 4.700 0.264 0.08 0.008 0.400 0.401 
5 10.69 4.700 0.272 0.08 0.008 0.400 0.401 
6 13.43, 4.700 0.280 0.09 0.009 0.400 0.401 
7 16.32 4.700 0.289 0.09 0.009 o:4oo 0.401 
8 19.37 4.700 0.297 0.09 0.009 0.400 0.401 
9 22.58 4.700 0.306 0.09 0.010 0.400 0.402 

10 25.96 4.700 0.315 0.10 0.010 0.400 0.402 
11 29.53 4.700 0.324 0.10 0.010 0.400 0.402 
1" " 33.30 4.700 0.334 0.10 0.010 0.400 0.402 
13 37.27 4.700 0.344 0.10 0.011 0.400 0.402 
14 41.46 4.700 0.354 0.11 0.011 0.400 0.402 
15 45.87 4.700 0.364 o. 11 0.011 0.400 0.402 
16 50.52 4.700 0.375 0. 11 0.012 0.400 0.402 
17 55.43 4.700 0.386 0.12 0.012 0.400 0.402 
18 60.61 4.700 0.398 0.12 0.012 0.400 0.402 
19 66.06 4.700 0.410 0. 12 0.013 0.400 0.402 
20 71.82 4.700 0.422 0.13 0.013 0.400 0.402 
21 77.89 4.700 0.434 0.13 0.014 0.400 0.402 
..,., 84.28 4.700 0.447 0.14 0.014 0.400 0.402 .;..!,. 

23 91.03 4.700 0.460 0.14 0.015 0.400 0.402 
24 98.14 4.700 0.474 0.14 0.015 0.400 0.402 
25 105.64 4.700 0.488 0.15 0.015 0.400 0.402 
26 113.55 4.700 0.502 0.15 0.016 0.400 0.403 
27 121.89 4.700 0.517 0. 16 0.016 0.400 0.403 
28 130.68 4.700 0.532 0.16 0.017 0.400 0.403 
29 139.07 4.700 0.490 o. !5 1).015 0.400 0.402 

HHT Hn CB/CO CE/CO C/CO CONV 
2.16 1.08 1. (l(ll) 0.969 0.969 0.031 

2 4.43 3.29 0.983 0.937 0.937 0.063 
3 6.83 5.63 0.958 0.905 0.905 0.095 
4 9.36 8.09 0.931 0.872 0.873 0.127 
5 12.03 10.69 0.902 0.839 0.839 0.161 
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6 14.84 13. 4:. 0.872 0.805 0.806 0.194 
7 17.80 16.32 0.84! 0.771 0.772 0.228 
8 20.93 19.37 0.810 0.737 0.7.38 0.262 
~· 24.23 22.58 0.779 0.703 0.703 0.297 

10 27.70 25.96 0.748 0.668 0.669 0.331 
11 31.37 29.53 0.716 0.6:H 0.635 0 •. 365 
12 "rl:' ,.,. 

-.•..J· .:.-~· 33.30 0.685 0.599 0.600 0.400 
13 39.31 37.27 0.653 0.565 0.566 0.434 
14 43.60 41.46 0.622 0.531 0.532 0.468 
15 48.14 45.87 0.591 0. 498 0.499 0.501 
16 52.91 50.52 0.560 0.465 0.466 0.5~.4 

17 57. ~·5 55. 4.3 0.530 0.432 0.433 0 .• 567 
18 6: .. 26 60.61 0.500 0.401 0.402 0.598 
19 68.86 66.06 0.471 0.370 0.371 0.629 
20 74.77 71.82 0.442 0.340 0.341 0.659 
21 81.00 77.89 0.415 0. 311 0.312 0.688 .,.., 
.;...:. 97.57 84.28 0.387 0.284 0.285 0.715 .,,. 94.49 91. 0.3 0.361 0.257 0.258 0.742 ... .., 
24 101.79 98.14 0.336 0.232 0.233 0.767 
25 109.49 105.64 0. 311 0.208 0.209 0.791 
26 117.61 113.55 0.288 0.186 0.187 0.813 
27 126. 17 121.89 0.266 0.165 0.166 0.834 
28 135.20 130.68 0.244 0.145 0.146 0.854 
29 142.94 139.07 0.226 0.130 0.131 0.869 

UO= 15.00 CM/5 1::= 0.150 1/SEC ICLmf /Uo= 1. 300 

Hn SIZE UB EF'SIL DELTA ICBE 
1. 09 2.19 20.66 0.016 0.016 5.03 

2 3.37 2.37 21.84 0.016 0.016 4.65 .. 5.84 2.56 23.09 0.015 0.015 4.29 .J 

4 8.51 2.78 24.41 0.015 0.015 3.96 
5 11.40 3.01 25.81 0.015 0.015 3.66 
6 14.53 3.26 27.29 0.015 0.015 3.38 
7 17.92 ,. 1:''"1 

w."".:: 28.85 0.015 0.015 3.12 
8 21.59 3.82 30.51 0.015 0.015 2.88 
9 25.56 4.13 'T"" ')C 

vL.~W 0.014 0.014 2.66 
10 29.87 4.47 34.10 0.014 0.014 2.46 
11 34.53 4.84 36.05 0.014 0.014 2.27 

12 39.57 1:' .... .,. 
..J,L.J 38.12 0.014 0.014 2.10 

13 45.04 5.68 40.30 0.014 0.014 1.94 
14 50.95 6.15 42.61 0.014 0.014 1. 79 
15 57.36 6.66 45.04 0.013 0.013 1. 65 
16 64.29 7.21 47.62 0.013 0.013 1.53 

17 71.80 7.81 50.35 0.013 0.013 1. 41 
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18 79.93 8.45 53.23 0.013 0.013 1.30 
19 88.74 9.15 56.28 0.013 0.013 1.20 
20 98.27 9.91 59.50 0.013 0.013 1.11 
21 108.59 10.73 62.91 0.012 0.012 1. 02 
22 119.77 11.62 66.51 0.012 0.012 0.95 
23 131.87 12.58 70.32 0.012 0.012 0.87 
24 144.98 13.63 74.35 0.012 0.012 0.81 
'"IC" 153.33 3.09 26.29 0.015 0.015 3.56 I...J 

Hn UO-U~1F Q Us B EMF CAL Et1F 
1. 09 9.700 0.326 0.10 0.007 0.400 0.401 

2 3.37 9.700 0.341 o. 1 I) 0.007 0.400 0.401 
.:,. 5.84 9.700 0.356 0. 11 0.007 0.400 0.401 
4 8.51 9.700 0.372 0. 11 0.008 0.400 0.401 
C" 11.40 9.700 0.389 0.12 0.008 0.400 0.401 .J 

6 14.53 9.700 0. 406 0.12 0.008 0.400 0.401 
7 17.92 9.700 0. 424 0.13 0.009 0.400 0.401 
8 21.59 9.700 0.443 0. 14 0.009 0.400 0.401 
9 25.56 9.700 0.463 0.14 0.010 0.400 0.402 

10 29.87 9.700 0.484 0.15 0.010 0.400 0.402 
11 34.53 9.700 0.505 0.15 0.011 0.400 0.402 
12 39.57 9.700 0.528 0.16 0.011 0.400 0.402 
13 45.04 9.700 0.551 0.17 0.011 0.400 0.402 
14 50.95 9.700 0.576 0.18 0.012 0.400 0.402 
15 57.:2.6 9.700 0.602 0. 18 0.013 0.400 0.402 
16 64.29 9.700 0.629 0.19 0.013 0.400 0.402 
17 71.80 9.700 0.657 0.20 0.014 0.400 0.402 
18 79.93 9.700 0.686 0.21 0.014 0.400 0.402 
19 88.74 9.700 0.717 ·0.22 0.015 0.401) 0.402 
20 98.27 9.700 0.749 0.23 0.016 0.400 0.403 
21 108.59 9.700 0.782 0.24 0.017 0.400 0.403 
22 11 Cj', 77 9.700 0.817 1).25 0.017 0.400 0.403 
23 131.87 9.700 0.854 0.26 0.018 0.400 0.403 
24 144.98 9.700 0.892 0.27 0.019 0.400 0.403 
25 153.33 9.700 0.394 0.12 0.008 0.400 0.401 

HHT Hn CB/CO CE/CO C/CO CONV 
2.19 1.09 1. 000 0.979 0.979 0.021 

2 4.55 3.37 0.988 0.956 0.957 0.043 
'T 7.12 5.84 0.971 1).933 0.933 0.067 
~· 

4 9.90 8.51 0.952 0.908 0.908 0.092 

" 12.90 11.40 0.931 0.881 0.882 . 0.118 .J 

6 16. 16 14.53 0. 1'09 0.854 0.855 0.145 
7 19.68 17.92 0.886 0.825 0.826 0.174 
8 23.50 21.59 0.862 0.795 0.796 0.204 
9 27.63 25.56 0.837 0.764 0.765 0.235 
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10 32.10 29.87 0.811 0.732 0.733 0.267 
11 36.95 34.53 0.784 0.698 (1.699 0.301 
12 42.19 39.57 0.757 0.664 0.665 0.335 
13 47.88 45.04 0.729 0.629 1).630 0.370 
14 54.03 50.95 0.700 0.593 0.594 0.406 
15 60.69 57.36 0.671 0.556 0.557 0.443 
16 67.90 64.29 0.642 0.519 0.521 0.479 
17 75.70 71.80 0.612 0.482 o. 48.3 0.517 
18 84.16 79.93 0.583 0.445 1).446 0.554 
19 93.31 88.74 0.55::. 0.408 0.409 0.591 
20 103.2.3 98.27 0.523 0.371 0.37.3 0.627 
21 113.96 108.59 0.494 0.336 0.338 0.662 
'"'" 125.58 119.77 0.465 0.301 0.303 0.697 ~.:.. 

23 138.17 131.87 0.437 0.268 0.270 0.730 
24 151.79 144.98 0.409 0.236 0.238 0.762 .,.,. 
,;.-./ 154.88 153.33 0.394 0.229 0.231 o. 769. 

UO= 21.40 CM/S k= 0.150 1/SEC t:.Lmf/Uo= 0.911 

Hn SIZE UB EF'SIL DELTA I<BE 
1. 11 2.23 20.92 0.019 0.019 4.94 

2 3.47 2.49 22.65 0.019 0.019 4.41 
.:, 6.12 2.79 24.52 0.019 0.019 3.94 
4 9.08 3.13 26.55 0.018 0.018 3.51 
5 12.40 3.51 28.75 0.018 0.018 3.14 
6 16.11 3. 9::. 31.13 0.018 0.018 2.80 
7 20.28 4.40 33.70 0.017 0.017 2.50 
8 24.94 4.93 36.49 0.017 0.017 ? .,"T 

~·'-·-· 
9 30.17 .,. C"'"l 

""'·..J~ 39.51 0.017 0.017 1. 99 
10 36.02 6.19 42.77 0.017 0.017 1. 78 
11 42.58 6.93 46.31 0.016 0.016 1.59 
12 49.92 7.76 50.14 0.016 0.016 1.42 
13 58.15 8.70 54.29 0.016 0.016 1.27 
14 67.37 9.74 58.78 0.015 0.015 1. 13 
15 77.70 10.91 63.65 0.015 0.015 1. 01 
16 89.27 12.22 68.91 0.015 0.015 0.90 
17 102.23 13.69 74.61 0.015 0.015 0.80 
18 116.74 15.34 80.78 0.014 0.014 0. 72 
19 133.01 17.19 87.47 0.014 0.014 0.64. 
20 151.23 19.25 94.70 0.014 0.014 0.57 
21 166.20 10.70 62.78 0.015 0.015 1.03 

Hn UO-UMF Q Us B EMF CAL EMF 
1.11 16. 100 0.403 0.12 0.006 0.400 0.401 

" 3.47 16. 100 0.429 0.13 0.006 0.400 0.401 1.. 
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""( 6.12 16.100 0.457 o. 14 0.007 0.400 0.401 ·.I 

4 9.08 16.100 0.487 0.15 0.007 0.400 0.401 
5 12.40 16.100 0.518 0.16 0.007 0.400 0.401 
6 16. 11 16.100 0.551 0.17 0.008 1), 400 0.401 
7 20.28 16.100 1).587 0. 18 0.009 0.400 0.401 
8 24.94 16.100 0.625 0.19 1), 1)1)9 0.400 0.401 
9 30.17 16. 100 0.665 0.20 0.010 1).400 0.402 

10 36.02 16.100 0.708 0.22 0.010 0.400 0.402 
11 42.58 16. 100 0.753 0.23 0.011 0.400 0.402 
12 49.92 16.100 0.80~ 0.25 0.012 o. 400 0.402 
13 58.15 16. 100 0.854 0.26 0.013 0.41)1) 0.402 
14 67.37 16.100 0.909 0.28 1).013 0.400 0.402 
41:' 77.70 16.100 0.967 0.30 0.014 0.400 0.402 l.J 

16 89.27 16.100 1.029 0.31 0.015 0.400 0.402 
17 102.23 16.100 1.096 0.34 0.016 0.400 0.403 
18 116.74 16.100 1.166 0.36 0.017 0.400 0.403 
19 133.01 16. 100 1. 241 o.:::.s 0.019 0.400 0.403 
20 151.23 16.100 1. 321 0.40 0.020 0.400 0.403 
21 166.20 16.100 1).957 0.29 0.014 0.400 0.402 

HHT Hn CB/CO CE/CO C/CO CONV 
2.23 1.11 1.000 0.985 0.985 0.015 

2 4. 72 3.47 0.991 0.968 0.968 0.032 
3 7.51 6.12 0.979 0.950 0.950 0.1)51) 

4 10.64 9.08 0.965 0.929 0.930 0.070 
5 14.15 12.40 0.949 0.907 0.908 0.092 
6 18.08 16.11 0.932 0.883 0.884 0.116 
7 22.48 20.28 !).914 0.857 0.858 0.142 
8 27.41 24.94 0.894 0.829 0.830 0.170 
9 32.93 30.17 0.874 0.799 0.800 0.200 

10 39.11 36.02 0.851 0.766 0.767 0.233 
11 46.04 42.58 0.828 0.731 1).732 0.268 
12 53.80 49.92 0.803 0.693 0.695 0.305 
13 62.50 58.15 o. 778 0.654 0.656 0.344 
14 72.24 67.37 0.751 0.613 0.615 0.385 
15 83.15 77.70 0.724 0.569 0.572 0.428 
16 95.38 89.27 1). 6~'5 0.525 1).527 0.473 
17 109.07 102.23 0.667 0. 479 0.482 0.518 
18 124.41 116.74 0.637 1), 43~. 0.436 0.564 
19 141.60 133.01 0.608 0.387 0.391) 0.610 
20 160.85 151.23 0.578 0.342 0.345 0.655 
21 171.~5 166.20 0.557 0.318 0.321 0.679 
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UO= 10.00 CM/S v-\- 0.200 1/SEC l;lmf /Uo= 2. 600 

Hn SIZE UB EF'Sll DELTA t::BE 
1.08 2.16 20.46 0.012 0.012 5.10 

2 3.29 2.27 21.24 1).012 0.012 4.84 
1 5.63 2.40 22.04 0.012 0.012 4.59 ·.1 

4 8.09 2.53 22.87 0.012 0.012 4.35 
C' 10.69 2.67 23.74 0.011 0.011 4.12 .J 

6 13.43 2.81 24.63 r). 011 0.011 3.91 
7 16.32 2.96 25.56 0.011 0.011 3. 71 
8 19 .. 37 3.13 26.53 0.011 o. 011 3.52 
9 22.58 3.30 27.53 o. 011 (J, 011 3.34 

10 25.96 .3.48 28.58 0.011 0.011 3.16 
11 29.53 3.67 29.66 0.011 0.011 3.00 
12 33.30 3.86 30.78 0. 011 0.011 2.85 
13 37.27 4.08 31.94 0.011 0.011 2.70 
14 41.46 4.30 33.15 0.011 0. 011 2.56 
15 45.87 4.53 34.40 0.011 o. 011 2.43 
16 50.52 4.78 . 35.70 0.011 0.011 2 •. 30 
17 55.43 5.04 37.05 0.010 0.010 2.18 
18 60.61 5.31 38.45 0.010 0.010 2.07 
19 66.06 5.60 39.91 0.010 0.010 1. 96 
20 71.82 5.91 41.41 0.010 0.010 1.86 
21 77.89 6.23 42.98 1).010 0.010 1.77 
"" 84.28 6.57 44.60 0.010 0.010 1.68 .:..t.. 
... ~ ,:..:; 91.03 6.92 46.29 0.010 0.010 1. 59 
24 98.14 7.30 48.04 0.010 0.010 1. 51 
"C' 105.64 7. 70 49.86 o. 010 0.010 1. 43 .. -..! 

26 113.55 8.12 51.74 0.010 0.010 1. 35 
27 121.89 8.56 53.70 0.010 0.010 1. 29 
28 1.30. 68 9.03 55.73 0.01(1 0.010 1. 22 
29 1.39. 07 7.75 50.08 0.010 0.010 1. 42 

Hn UO-UNF Q Us B EMF CAL EMF 
1.08 4.700 0.242 0.07 (!.007 0.400 0.401 

2 3.29 4.700 0.249 0.08 0.008 0.400 0.401 .. 5.63 4.700 0.257 0.08 0.008 0.400 0.401 .J 

4 8.09 4.700 0.264 0.08 0.008 0.400 0.401 
5 10.69 4.700 0.272 0.08 0.008 0.400 0.401 
6 1.'~.43 4.700 0.280 0.09 0.009 0.400 0.401 
7 16.32 4.700 0.289 0.09 0.009 0.400 0.401 
0 19.37 4.700 0.297 0.09 0.009 0.400 0.401 
"' 
9 22.58 4.700 0.306 0.09 0.010 0.400 0.402 

10 25.96 4.700 0.315 0.10 1). 010 0.400 0.402 
11 29.53 4.700 0.324 o. 10 0.010 0.400 0.402 
12 33 •. 30 4.700 0.334 0.10 0.010 0.400 0.402 
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13 37.27 4.700 0.344 0.10 0.011 0.400 0.402 
14 41.46 4.700 0.354 0. 11 0.011 0.400 0.402 
15 45.87 4.700 0.364 0.11 0.011 0.400 0.402 
16 50.52 4.700 0.375 o. 11 0.012 0.400 0.402 
17 55.43 4.700 0.386 0.12 0.012 0.400 0.402 
18 60.61 4.700 0.398 0.12 0.012 ·o.4oo 0.402 
19 66.06 4.700 0.410 0.12 0.013 0.400 0.402 
20 71.82 4.700 0.422 0.13 0.013 0.400 0.402 
21 77.89 4.700 0.434 0.13 0.014 0.400 0.402 
... ~. 84.28 4.700 0.447 0.14 0.014 0.400 0.402 'L ,.,.., 

91.03 4.700 0.460 0.14 0.015 0.400 0.402 L·~· 

24 98.14 4.700 0.474 0.14 0.015 0.400 0.402 
25 105.64 4.700 0.488 0.15 0.015 0.400 0.402 
26 113.55 4.700 0.502 0.15 0.016 0.400 0.403 
27 121.89 4.700 0.517 0.16 0.016 0.400 0.403 
28 130.68 4.700 0.532 0. 16 0.017 0.400 0.403 
29 139.07 4.700 0.490 0.15 0.015 0.400 0.402 

HHT Hn CB/CO CE/CO C/CO CONV 
2.16 1. 08 1.000 0.959 0.959 0.041 

2 4.43 ~ "9 .J,L 0.977 0.917 0.918 0.082 

' 6.83 5.63 0.945 0.876 0.876 0.124 . ., 
4 9.36 8.09 0.910 0.834 0.835 0.165 
" 12.03 10.69 0.872 0.792 0.793 0.207 ..J 

6 14.84 13.43 0.834 0.750 0.751 0.249 
7 17.80 16.32 0.796 0.709 0.710 0.290 
8 20.93 19.37 0.757 0.667 0.668 0.332 
9 24.23 22.58 0.719 0.627 0.628 0.372 

10 27.70 25.96 0.681 0.586 0.587 0.413 
11 31.37 29.53 0.644 0.547 0.548 0.452 
12 7C: ..,.,. 

. .;,.J. i,..j 33.30 0.607 0.508 0.509 0.491 
13 39.31 37.27 0.570 0.470 0.471 0.529 
14 43.60 41.46 0.535 0.433 0.434 0.566 
15 48.14 45.87 0.500 0.397 0.398 0.602 
16 52.91 50.52 0.466 0.363 0.364 0.636 
17 57.95 55.43 0.434 0.330 0.3:1 0.669 
18 63.26 60.61 0.402 0.299 0.300 0.700 
19 68.86 66.06 0.372 0.269 0.270 0.730 
20 74.77 71.82 0.343 0.241 0.242 0.758 
21 81.00 77.89 0.315 0.214 0.215 0.785 
..... ,.., 87.57 84.28 0.288 0.i90 o. 191 0.809 ...... 
'":\';' 94.49 91.03 0.263 0.167 0.168 0.832 ...... 
24 101.79 98.14 0.240 0.146 0.147 0.853 
""" ~..J 109.49 105.64 0.218 0.127 0.127 0.873 
26 117.61 113.55 0.197 0.109 0.110 0.890 
27 126. 17 121.89 0.178 0.093 0.094 0.906 
28 1~5.20 130.68 0. 160 0.079 0.080 0.920 
29 142.94 139.07 0.145 0.069 0.069 0.931 

137 



UO= 15.00 Ct·f/S K= 0.200 1/SEC t:.Lmf/Uo= 1. 73.~ 

Hn SIZE UB EF'SIL DELTA !<BE 
1. 09 2.19 20.66 0.016 0.016 5.03 

..., 
3.37 2.37 21.84 0.016 0.016 4.65 "" 

'7 5.84 2.56 2-~.09 0.015 0.015 4.29 .,;. 

4 8.51 2.78 24.41 0.015 0.015 3.96 
r:: 11.40 3.01 25.81 0.015 0.015 3.66 u 

6 14.53 3.26 27.29 0.015 0.015 3.38 
7 17.92 "3.52 28.85 0.015 0.015 3.12 
8 21.59 3.82 30.51 0.015 0.015 2.88 
9 25.56 4.13 32.25 0.014 0.014 2.66 

10 29.87 4.47 34.10 0.014 0.014 2.46 
11 .... .~~ C' .... 

.j..-. ,J·2• 4.84 .36.05 0.014 0.014 2.27 . ..., 39.57 r:: "'" 38.12 0.014 0.014 2.10 •.:. ,J,.;,,J 

13 45.04 5.68 40.30 0.014 0.014 1. 94 
14 50.95 6.15 42.61 0.014 0.014 1. 79 
15 57.36 6.66 45.04 0.013 0.013 1. 65 
16 64.29 7.21 47.62 0.013 0.013 1. 53 
17 71.80 7.81 50.35 o.on 0.013 1. 41 
18 79.93 8.45 53.23 0.013 0.013 1.30 
19 88.74 9.15 56.28 0.013 0.013 1. 20 
20 98.27 9.91 59.50 0.013 0.013 1. 11 
21 108.59 10.73 62.91 0.012 0.012 1.02 
22 119.77 11.62 66.51 0.012 0.012 0.95 
...,_ 
i.,..) 131.87 12.58 70.32 0.012 0.012 0.87 
24 144.98 13.63 74.35 0.012 0.012 0.81 
25 153.33 3.09 26.29 0.015 0.015 3.56 

Hn UO-Ut1F Q Us B EMF CAL EMF 
1. 09 9.701) 0.326 0.10 0.007 0.400 0.401 

..., 3.37 9.700 0.341 0.10 0.007 0.400 0.401 .:. 
'7 5.84 9.700 0.356 1), 11 1).007 0.400 0.401 . .:,. 

4 8.51 9.700 1).372 0.11 0.008 0.400 0.401 

" 11.40 9.700 0.389 I). 12 0.008 0.400 0.401 u 

6 14.53 9.700 0.406 0.12 0.008 0.400 0.401 
7 17.92 9.700 1).424 0.13 0.009 1).400 0.401 
8 21.59 9.700 0.443 0.14 0.009 0.400 0.401 
9 25.56 9.700 0.463 0.14 0.010 0.400 0.402 

10 29.87 9.700 0.484 0. 15 0.010 0.400 0.402 
11 34.53 9.700 0.505 0.15 0.011 0.400 1),402 
12 39.57 9.700 0.528 0.16 0.011 0.400 0.402 
13 45.04 9.700 0.551 0.17 0.011 0.400 0.402 
14 50.95 9.700 0.576 0.18 0.012 0.400 o. 402 
15 57.36 9.700 0.602 0.18 0.013 0.400 0.402 
16 64.29 9.700 0.629 0.19 0.013 0.400 0.402 
17 71.80 9.700 0.657 0.20 0.014 0.400 0.402 
18 79.93 9.700 0.686 0.21 0.014 0.400 0.402 
19 88.74 9.700 0.717 0.22 1).015 0.400 0.402 
20 98.27 9.700 0.749 0.23 0.016 0.400 0.403 
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21 108.59 9.700 0.782 0.24 
22 119.77 9.700 0.817 0.25 
23 131.87 9.700 0.854 0.26 
24 144.98 9.700 0.892 0.27 
25 153.33 9.700 0.394 0.12 

0.017 0.400 0.403 
0.017 0.400 0.403 
0.018 0.400 0.403 
0.019 0.400 0.403 
0.008 0.400 0.401 

HHT 
2.19 

2 4.55 
.:. 7.12 
4 9.90 
5 12.90 
6 16. 16 
7 19.68 
8 23.50 
9 27.63 

10 32.10 
11 36.95 
12 42.19 
13 47.88 
14 54.03 
15 60.69 
16 67.90 
17 75.70 
18 84.16 
19 93.31 
20 103.23 
21 113.96 
22 125.58 
23 138.17 
24 151.79 
25 154.88 

Hn 
1. 09 
3.37 
5.84 
8.51 

11.40 
14.53 
17.92 
21.59 
25.56 
29.87 
34.53 
39.57 
45.04 
50.95 
57.36 
64.29 
71.80 
79.93 
88.74 
98.27 

108.59 
119.77 
131.87 
144.98 
153.33 

CB/CO 
1.1)1)0 
0.984 
0.962 
0.937 
0.910 
0.881 
0.852 
0.821 
0.790 
0.758 
0.725 
0.692 
0:659 
0.625 
0. 592 
0.558 
0.525 
0.492 
0.460 
0.428 
0.398 
0.369 
0.341 
0.314 
0.299 

CE/CO 
0. 972 
0.942 
0.911 
0.879 
0.846 
0.811 
0.775 
0.738 
0.700 
o. 661 
0.621 
0.581 
0.541 
0.500 
0.460 
0.420 
0.381 
0.343 
0.306 
0.270 
0.237 
0.205 
0.176 
0.149 
0.143 

C/CO 
0. 972 
0.943 
0.912 
0.880 
0.847 
0.812 
0.776 
0. 739 
0.701 
0.662 
0.623 
0.583 
0.542 
0.502 
0.462 
0.422 
0.383 
0.344 
0.308 
0.272 
0.239 
0.207 
0.178 
0.151 
0.146 

COIN 
0.028 
0.057 
0.088 
o. 120 
0.153 
0.188 
0.224 
0.261 
0.299 
0.338 
0.377 
0.417 
0.458 
0.498 
0.538 
0.578 
0.617 
0.656 
0.692 
0.728 
0. 761 
0.793 
0.822 
0.849 
0.854 

UO= 21. 40 CM/S K= 0. 200 1/SEC l~lmf /Uo= 1. 215 

2 
.j 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Hn 
1. 11 
3.47 
6.12 
9.08 

12.40 
16. ! 1 
20.28 
24.94 
30.17 
36.02 
42.58 
49.92 
58.15 

SIZE 
2.23 
2.49 
2.79 
3.13 
3.51 
3.-93 
4.40 
4.93 
10 10.., 
....J •.•• u .. 

6.19 
6.93 
7.76 
8.70 

UB EPSIL 
20.92 0.019 
22.65 0.019 
24.52 0.019 
26.55 0.018 
28.75 0.018 
31.13 0. 018 
33.70 0.017 
36.49 0.017 
39.51 0.017 
42.77 0.017 
46.31 0.016 
50.14 0.016 
54.29 0.016 
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DELTA 
0.019 
0.019 
0.019 
0.018 
0.018 
0.018 
0.017 
1).017 
0.017 
0.017 
0.016 
0.016 
0.016 

KBE 
4.94 
4.41 
3.94 
3.51 
3.14 
2.80 
2.50 
2.23 
1.99 
1. 78 
1.59 
1.42 
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14 67.37 9.74 58.78 0.015 0.015 1.13 
15 77.70 10.91 63.65 0.015 0.015 1. 01 
16 89.27 12.22 68.91 0.015 0.015 0.90 
17 102.23 13.69 74.6i 0.015 0.015 0.80 
18 116.74 15.34 80.78 0.014 0.014 0.72 
19 133.01 17.19 87.47 0.014 0.014 0.64 
20 151.23 19.25 94.70 0.014 0.014 0.57 
21 166.20 10.70 62.78 0.015 0.015 1 •. 03 

Hn UO-UMF Q Us B El1F CAL El1F 
1. 11 16.100 0.403 0.12 0. (H)6 0.400 0.401 

.., 3.47 16.100 0.429 1\13 0.006 0.400 0.401 .. 
3 6.12 16.100 0.457 0.14 0.007 0.400 0.401 
4 ~-. 08 16.100 0.487 0. 15 0.007 0.400 0.401 
r: 12.40 16.100 0.518 o. 16 0.007 0.400 0.401 ..., 

6 16. 11 16.100 0.551 0.17 0.008 0.400 0.401 
7 20.28 16.100 0.587 0.18 0.01)9 0.400 0.401 
8 24.94 16.100 0.625 1). 19 0.009 0.400 0.401 
9 30.17 16.100 0.665 0.20 0.010 0.400 0.402 

10 36.02 16.100 0.708 0.22 0.010 0.400 0.402 
11 4'7 C:Q -•.J\J 16.100 0.753 0.23 o. 011 0.400 0.402 
12 49.92 16.100 0.802 0.25 0.012 0.400 0.402 
13 58.15 16.100 0.854 1),26 0.013 0.400 0.402 
14 67.37 16.100 0.909 0.28 0.013 0.400 0.402 
15 77.70 16.100 0.967 0.30 0.014 0.400 0.402 
16 89.27 16.100 1.029 0.31 1).1)15 0.400 0.402 
17 102.23 16.100 1.096 0.34 0.016 0.400 0.403 
18 116.74 16.100 1.166 0.36 0.017 0.400 0.403 
19 133.01 16.100 1. 241 0.38 0.019 0.400 0.403 
20 151.23 16.100 1. 321 0.40 0.020 0.400 0.403 
21 166.20 16.100 0.957 0.29 0.014 0.400 0.402 

HHT Hn CE:/CO CE/CO C/CO CONV 
.., ,..,( 
.:.. • .:..·J 1.11 1.000 0.980 0.980 0.020 

2 4. 72 3.47 0.989 0.958 0.958 1).042 
< 
~· 7.51 6.12 0.973 0.933 0.934 0.066 
4 10.64 9.08 0.954 0.907 0.908 0.092 
5 14.15 12.40 0.933 0.879 0.880 0. 120 
6 18.08 16. 11 0. 911 0.848 0.849 0.151 
7 22.48 20.28 0.888 0.815 0.816 0.184 
8 27.41 24.94 0.863 0.780 0.781 0.219 
9 32.93 30.17 0.836 0.742 0.743 0.257 

10 .31j•. 11 36.02 0.808 0.702 0.704 0.296 
11 46.04 42.58 0.779 0.660 0.662 0.338 
12 53.80 49.92 0.749 1).615 0.618 0.382 
13 62.50 58.15 0. 718 0.570 0.572 0.428 
14. 72.24 67.37 0.686 0.523 0.525 0.475 
15 83.15 77.70 0.654 0.475 0.477 0.523 
16 95.38 89.27 0.621 0.427 0.429 0.571 
17 109.07 102.23 0.588 0.379 0.382 0.618 
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18 124.41 116.74 0.555 0 •. 332 0 •. 335 0.665 
19 141. 60 13.3.01 ·o.523 0.286 0.290 0.710 
20 160.85 151.23 0.491 0.243 0.246 0.754 
21 171.55 166.20 0.469 0.2:?1 0.225 0. 775 
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APPENDIX C-5 

COKPUTER OUTPUT BASED ON NEW nODEL <nASSIMILLA> 
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UO= 3.40 CM/S K= 0.045 1/SEC I:Lmf/Uo= 0. 761 

Hn SHE UB EPSIL DELTA KBE 
0.02 0.04 3.66 0.425 0.042 286.65 

2 0.08 0.09 5.52 0.425 0.042 125.56 
'T 0.23 0.20 8.35 0.425 0.042 55.00 ·.I 

4 0.55 0.46 12.61 0.425 0.042 24.09 
5 1.30 1.04 19.06 o. 425 0.042 10.55 
6 3.02 2.38 28.79 0.425 0.042 4.62 
7 6.92 5.43 43.51 0.4:5 0.042 2.02 
8 15.84 12.41 65.74 0.425 0.042 0.89 
9 36.21 28.32 99.33 0.425 0.042 0.39 

10 55.46 10.18 59.54 1. (J(H) 0.042 1. 08 

Hn UO-UMF Q Us B EMF CAL Et·1F 
0.02 2.960 0.154 0.05 0.014 0.400 0.402 

., 0.08 2.960 0.232 0.07 0.022 0.400 0.404 i. 

'T 0.23 2.960 0.351 0.11 0.035 0.400 0.406 " 
4 1).55 2.960 0.530 o. 17 0.056 . 0.400 0.409 
5 1.30 2.960 0.801 0.25 OJJ94 0.400 0.416 
6 3.02 2.960 1.210 0.38 0.168 0.400 0.429 
7 6.92 2.960 1.828 0.58 0.354 0.400 0.466 
8 15.84 2.960 2. 762 1).88 1. 316 0.400 0.845 
9 36.21 2.960 4.174 1.32 -1.640 0.400 0.242 

10 55.46 2.960 2.502 0.79 0.847 0.400 1).605 

HHT Hn CB/CO CE/CO C/CO CONV 
0.04 0.02 1.000 1. 000 1.000 0.001) 

2 0.13 0.08 0.999 0.999 0.999 0.001 
3 1).33 0.23 1. 000 0.997 0.998 0.002 
4 0.78 0.55 1).994 0.994 0.994 0.006 
C' 1.83 1 •. 30 0.994 0.986 0.986 0.014 ..! 

6 4.21 ~ .• 02 0.986 (J, 968 0.969 o. 02·1 
7 9.64 6.7'2 0.975 0.929 0.931 0.069 
8 22.04 15.84 1).956 0.847 0.852 0.148 
9 50.37 36.21 0.926 0.694 0.704 0.296 

10 60.54 55.46 0.909 0.643 0.654 0.346 

UO= 5.20 C~l/S I(= 0.045 1/SEC Klmf/Uo= 0.497 

Hn SIZE UB EF'SIL DELTA !::BE 

0.05 0.11 6.15 1).433 0.055 101. 17 
2 0.24 0.26 9.60 0.433 0.055 41.59 ,. 0.69 0.64 14.97 0.433 0.055 17.09 •.I 

4 1.80 1. 57 23.35 .0.433 0.055 7.03 
5 4.49 3.81 36.43 0.433 0.055 2.89 
6 11.02 9.27 56.82 0.433 0.055 1.19 
7 26.93 22.54 88.62 0.433 0.055 0. 49 
8 49.79 23.17 89.84 0.941 0.055 (1.47 
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Hn UO-UNF Q Us B EMF CAL n1F 
0.05 4.760 0.338 0.11 0.021 0.400 0.403 

,., 0.24 4.760 0.528 0.17 0.034 0.400 0.406 .:. 

'" 0.69 4.760 0.823 0.27 0.057 0.400 0.409 
4 1.80 4.760 1.284 0.41 1), 100 0.400 0.417 
r:: 4.49 4.760 2.002 0.65 0.191 0.400 0.433 .; 

6 11.02 4.760 3.123 1. 01 (1, 459 0.400 0.490 
7 26.9~ 4.760 4.871 1. 57 4.524 0.400 -0.494 
8 49.79 4.760 4.939 1.60 5.769 0.400 -0.306 

HHT Hn CB/CO CEICO C/CO CONV 
!) • 11 0.05 1. (11)1) 0.999 0.999 0.001 

2 0.37 0.24 0.998 0.998 0.998 0.002 ,. 1. 02 0.69 0.998 0.995 0.995 0.005 ·.J 

4 2.58 1.80 0.994 0.987 0.988 0.012 
<: 6.39 4.49 0.988 0.969 0.970 0.030 .; 

6 15.66 11.02 0.978 0.925 0.928 o. 072 
7 . 38.20 26.93 0.960 0.830 0.837 0.163 
8 61.37 49.79 0.944 0.742 o. 75~- 0.247 

UO= 7. 90 Ct1/S K= 0.045 1/SEC KLmf/Uo= 0.327 

Hn SIZE UB EF'SIL DELTA !(BE 
0.16 0.31 10.42 0.443 0.071 35.28 

2 0.73 0.83 16.99 0.443 0.071 13.28 
1' 2.24 2.20 27.70 0.443 0.071 5.00 ..., 

4 6.27 5.85 45.15 0.443 0.071 1.88 
r:: 16.97 15.55 73.60 0.443 0.071 0.71 .; 

6 43.59 37.69 114.59 0.443 0.071 0.29 

Hn UO-UMF Q Us B EMF CAL EMF 
0.16 7.460 0.741 0.24 0.032 0.400 0.405 

,., 0.73 7.460 1.208 0.40 0.055 0.400 0.409 .:. 
"1 2.24 7.460 1.969 0.65 0.102 0.400 0.417 ~· 

4 6.27 7.460 3.209 1.06 0.210 0.400 0.437 
5 16.97 7.460 5.232 1.73 0.602 0.400 0.527 
6 43.59 7.460 8.145 2.69 -10.209 0.400 0.079 

HHT Hn CB/CO CE/CO C/CO CONV 
0.31 o. 16 1. 000 0.999 0.999 0.001 

2 1. 14 0.73 0.998 0.996 0.996 0.004 
"1 .3 .. 34 2.24 0.996 0.989 0.990 0.010 •J 

4 9.19 6.27 0.991 0.970 0.972 0.028 
5 24.75 16.97 0.982 0.922 0.927 1).073 
6 62.44 43.59 0.967 0.819 0.829 0.171 
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UO= 10.00 C11/S )(: 0.045 l!SEC F:Lmf/Uo= 0.259 

Hn SIZE UB EF'SIL DELTA !<BE 
0.29 0.59 14.32 1).450 o.oe:::. 18.69 

"' 1. 42 1. 67 24.10 0.450 0.083 6.60 L 

< 4.62 4. 72 40.56 0.450 0.083 .... .,..., 
·-· £.I •.:.•·~· 

4 13.67 13.38 68.26 0.450 1).1)8~. 1).82 
0:: 39.30 37.89 114.88 0.450 0.083 1).29 .J 

6 60.73 4.98 41.64 0.674 0.456 2.21 

Hn UO-Ut1F Q Us B E11F CAL ENF 
0.29 9.560 1.182 0.40 0.041 0.400 0.407 

2 1.42 9.560 1.989 0.67 0.077 0.400 0.413 
< 4.62 9.560 3.348 1.13 0.155 0.400 0.426 -· 
4 13.67 9.560 5.634 1. 89 0.398 0.400 0.476 
5 39.30 9.560 9.483 3.19 5.650 o. 400 -0 .. 317 
6 60.73 9.560 18.997 14.01 -0.847 0.400 0.299 

HHT Hn CB/CO CE/CO C/CO CDNV 
0.59 0.29 1. 000 0.998 0.999 0. (!1)1 

2 2.26 1.42 0.998 0.994 o. 9~'4 0.006 
"T 6.98 4.62 1).995 0.982 0.983 0.017 "" 
4 20.35 13.67 0.988 0.949 0.952 0.048 
5 58.24 39.30 0.976 0.862 0.872 0.128 
6 63.22 60.73 0.970 I). 779 0.866 0.134 

UO= 14.30 CM/S 1::= o. 045 1/SEC llmf!Uo= 0.181 

Hn SIZE UB EF'SIL DELTA KBE 
0.89 1. 78 24.93 0.463 0.106 6.17 

., 4.6:::. 5.69 44.53 0.463 0.106 1. 93 .:.. 
"I 16.56 18.16 79.54 0.463 0.106 0.61 ·• 
4 45.25 39.22 116.89 0.463 0.106 0.28 

Hn UO-U11F Q Us B H1F CAL EMF 
0.89 i3.860 2.636 0.92 0.070 0.400 0.412 

"' 4. 6~. 13.860 4.71)8 1. 64 0.153 0.400 0.426 L 

"! 16.56 13.860 8.410 2.92 0.444 0.400 0.486 ~· 

4 45.25 13.860 12.358 4.30 1.981) 1).400 1. 921 

HHT Hn CB/CO CE/CO C/CO CONV 
1. 78 1).89 1. 000 0.997 0.997 0.003 

2 7.48 4.63 0.997 0.~87 0.988 0.012 
< 25.64 16.56 0.992 1).955 0.959 0.041 ·-· 
4 64.86 45.25 0.983 0.890 0.900 0.100 
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APPENDIX C-6 

COMPUTER OUTPUT BASED ON NEW HODEL <LEWIS> 
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UO= 4.80 C~l!S 1;:= 0. 930 1/SEC I~:Lmf/Uo= 8.137 

Hn 
0.04 
0.14 
0.26 

SIZE 
0.09 
0.11 
0.13 
0.17 
0.21 
0.26 
0 . .33 
0.40 

UB EF'Sll DELTA I;:BE 
128.54 
102.29 
81.53 
65.09 
52.08 
41.79 
33.64 
27.19 

3 
4 
5 
6 
7 
8 

0.41 
0.60 
0.84 
1.13 
1. 50 

5.86 0.461 
6.57 0.461 
7 .. :..6 o. 461 
8.24 0.461 
9.21 0.461 

10.28 0.461 
11.46 0.461 
12.75 0.461 

0.101 
0.101 
0.101 
0.101 
0.101 
0.101 
0.101 
0.101 

9 1.95 0.50 14.14 0.461 0.101 22.09 
10 2.51 
11 3. 18 
12 4.00 
13 4.98 
14 6.14 
15 7. 50 
16 9.08 
17 !0. 90 
18 12.94 
19 15.22 
20 17.72 
21 20.44 

0.61 15.65 o. 461 0.101 
0.74 17.25 0.461 0.101 
0.89 18.93 0.461 0.101 
1.07 20.69 0.461 0.101 
1.26 22.49 0.461 0.101 
1.47 24.30 0.461 0.101 
1.69 26.09 0.461 0.101 
1.93 27.82 0.461 0.101 
2.16 29.48 0. 461 0.101 
2. 39 31.01 0. 461 0.101 
2.62 32.42 0.461 0.101 
2.82 33.67 0.461 0.101 

18.05 
14.85 
12.32 
10.32 
8.74 
7.48 
6.49 
5.71 
5.09 
4.59 
4.20 
3.90 
3.65 
3.46 
3.31 
3.19 
3.09 
3.01 

..,.., 
J.<. 

23 
24 
25 
26 
27 
28 
29 

23.36 
26.46 
29.71 
33.10 
36.61 
40.21 
43.90 
46.24 

3.01 34.78 0.461 
3.18 35.74 0.461 
3.33 36.55 0.461 
3.45 37.24 0.461 
3.56 37.81 0.461 
3.65 38.29 0.461 
3.72 38.67 0.639 
0.97 . 19.69 0.780 

Hn UO-U~lF Q 
0.04 4.490 0.593 

2 0.14 4.490 0.664 
3 0.26 4.490 0.744 
4 0.41 4.490 0.833 
5 0.60 4.490 0.931 
6 0.84 4.490 1.040 
7 1.13 4.490 1.159 
8 1. 50 4. 490 1. 289 
9 1. 95 4. 490 1. 4.30 

10 2.51 4.490 1.582 
11 3.18 4.490 1.744 
12 4.00 4.490 1.914 
13 4.98 4.490 2.09Z 
14 6.14 4.490 2.273 
15 7.50 4.490 2.456 
16 9.08 4.490 2.637 

Us 
0.20 
0.2.3 
0.26 
0.29 
0.32 
0.36 
0.40 
0.45 
0.49 
0.55 
0.60 
0.66 
o. 7'2. 
0.79 
0.85 
0.91 

147 

0.101 
0.101 
0.101 
0.101 
0.101 
0.101 
0.398 
0.634 

2.95 
11.39 

B E11F CAL H1F 
0.044 0.400 0.407 
0.050 0.400 0.408 
0.057 0.400 0.409 
0.065 0.400 0.411 
0.075 0.400 0.412 
0.086 0.400 0.414 
0.099 0.400 0.416 
0.114 0.400 0.419 
0.132 0.400 0.422 
0.153 0.400 0.426 
0.177 0.400 0.430 
0.206 0.400 0.436 
0.240 0.400 0.442 
1);279 0.400 0.450 
0.325 0.400 0.460 
0.379 0.400 0.471 



17 10.90 4.490 2.813 0.97 0.439 0.400 0.485 
18 12.94 4.490 2.980 1. 03 0.508 0.400 0.502 
19 15.22 4.491) 3.135 1. 08 0.585 0.400 0.522 
20 17.72 4.490 3.277 1.13 0.668 0.400 0.546 
21 20.44 4.490 3.404 1.18 0.757 0.400 0.574 
..,.., 

23.36 4.490 3.516 1. 21 0.850 0.400 0.606 kt. 

23 26.46 4.490 3.61.3 !. 25 0.945 0.400 0.643 
24 29.71 4.490 3.695 1. 28 1. 039 0.400 0.684 
..,.,. 33.10 4.490 3.765 1 •. 31) 1.129 0.400 0.729 .:..; 

26 36.61 4.490 3.823 1. 32 1. 214 0.400 0.778 
27 40.21 4.490 3.871 1. 34 1. 293 0.400 0.828 
28 43.90 4.490 15.405 9.58 -0.544 0.400 0.329 
29 46.24 4.490 12.479 21.25 -!. 014 1).400 0.285 

HHT Hn CB/CO CE/CO C/CO cor-w 
0.09 0.04 1.000 0.990 0. S'91 0.009 

'2 0.19 0.14 0.979 0.980 0.980 0. Cl20 
< 0.33 0.26 0.981 0.965 0.967 0.033 ~· 

4 0.50 0.41 0.954 0.949 0.950 0.050 
c 0.71 0.60 0.947 0.927 0.929 0.071 .; 

6 0.97 0.84 0.921 0.903 0.904 0.096 
7 1. 30 1.13 0.899 0.872 0.875 0.125 
8 1. 70 1. 50 0.870 0.836 0.839 0.161 
9 2.20 1. 95 0.837 f), 794 0.798 0.202 

10 2.81 2.51 0.800 0.745 0.751 0.249 
11 3.55 3.18 0.757 0.690 0.697 0.303 
12 4.44 4.00 0.710 0.630 0.638 0.362 
13 5.51 4.98 0.659 0.566 0.575 0.425 
14 6.77 6.14 0.605 0.499 0.510 0.490 
15 8.24 7.50 0.549 0.432 0.443 0.557 
16 9.93 9.08 0.492 0.366 0.379 0.621 
17 11.86 10.90 0.435 0.304 0.317 0.683 
18 14.02 12.94 0.380 0.248 0.261 0.739 
19 16.42 15.22 0.328 0.199 0.212 0.788 
20 19. o~. 17.72 0.280 0.156 0.169 0.831 
..,, 

21.86 20.44 0.236 0.121 0.133 0.867 i.! 

""' 24.87 23.36 0.198 0.093 0.104 0.896 ,!.,~ 

23 28.05 26.46 0.164 0.071 0.08(1 0.920 
24 31.37 29.71 0.134 0.053 0.062 0.938 
..,,. 34.83 33.10 0.110 0.040 0.047 0.953 i.o.J 

26 38.39 36.61 0.089 0.030 0.036 0.964 
27 42.03 40.21 0.071 0.022 0.027 0.973 
28 45.76 43.90 0.057 0.005 0.026 0.974 
29 46.72 46.24 0.048 -0.011 0.026 0.974 

UO= 9.30 CM/S I(= 0.930 1/SEC I<Lmf /Uo= 4. 200 

Hn SIZE UB EF'SIL DELTA KBE 
(J, 18 0.36 11.95 0.508 0.180 30.95 
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2 0.59 0.47 13.78 0.508 0.180 23.25 
3 1.14 0.62 15.84 0.508 0.180 17.61 
4 1.86 0.82 18.11 0.508 0.180 13.47 
~ 2.80 1.05 20.58 0.508 0.180 10.43 ,.J 

6 4.00 1. 34 23.21 0.508 0.180 8.20 
7 5.50 1.68 25.94 0.508 0.180 6.57 
8 7.37 2.05 28.69 0.508 0.180 5.37 
9 9.62 2. 45 31.38 0.508 0.180 4.49 

10 12.27 2.86 33.91 0.508 0.180 3.84 
11 1r ~~ 

.1. .J, ..... ..} 3.26 36.21 0.508 0.180 3.37 
12 18.79 3.64 38.23 0.508 0.180 3.02 
13 22.59 3.97 39.95 0.508 0.180 2.77 
14 26.71 4.26 41.37 0.508 0.180 2.58 
15 31.09 4.50 42.52 0.508 0.180 2.44 
16 35.69 4.69 43.42 0.508 0.180 2.34 
17 40.46 4.85 44.12 0.508 0.180 2.27 
18 45.36 4.97 44.66 0.658 0.430 "' ..,., 

J.,L ... 

19 49.54 3.40 36.94 0.783 0.638 3.24 

Hn UO-UMF Q Us B Et1F CAL E1'1F 
0.18 8.990 2.155 0.84 0.097 0.400 0.416 

"' 0.59 8.990 2.486 0.97 0.117 0.400 0.420 <. 

"'I 1. 14 8.990 2.857 L 12 0.142 0.400 0.424 .... 

4 1.86 8.990 3.267 1. 28 0.174 0.400 0.430 
5 2.80 8.990 3.713 1. 45 0.213 0.400 0.437 
6 4.00 8.990 4.187 1.64 0.263 0.400 0.447 
7 5.50 8.990 4.679 1. 83 0.325 0.400 0.460 
8 7 .. 37 8.990 5.175 2.03 0.403 0.400 0.477 
9 9.62 8.990 5.659 !""\ ,...,,..... 0.499 0.400 0.500 ~.,;;...!.. 

10 12.27 8.990 6.116 2.40 0.617 0.400 0.531 
11 15.33 8.990 6.5::.1 2.56 0.758 0.400 0.574 
12 18.79 8.990 6.896 2.70 0.921 0.400 0.633 
13 22.59 8.990 7.206 2.82 1.105 0.400 0.717 
14 26.71 8.990 7.462 2.92 1. 304 0.400 0.836 
15 31.09 8.990 7.669 3.01 1.510 0.400 1. 010 
16 35.69 8.990 7.832 3.07 1. 714 0.400 1.272 
17 40.46 8.990 7.959 3.12 1. 906 0.400 1. 684 
18 45.36 8.990 19.220 13.09 -0.752 0.400 0.308 
19 49.54 8.990 23.555 41.31 -1.050 0.400 0.282 

HHT Hn CB/CO CE/CO C/CO CONV 
0.36 0.18 1.000 0.979 0.983 0.017 

.., 0.83 0.59 0.978 1).957 0.961 0.039 .:. 
"'I ·-· 1.45 1.14 0.958 0.926 0.932 0.068 
4 "' ..,~ 

.:..~1 1.86 0.933 0.888 0.896 0.104 
" ,.J 

"'I "'I" ..., ..... ~. 2.80 0.902 0.842 0.853 0.147 
6 4.67 4.00 0.866 0.787 0.801 0.199 
7 6.34 5.50 0.824 0.723 0.741 0.259 
8 8.39 7.37 0. 776 1).653 0.675 0.325 
9 10.84 9.62 0.725 0.580 0.606 0.::.94 
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10 13.70 12.27 0.669 0.505 0.535 0.465 
11 16.97 15.33 0.612 0.433 0.465 0.535 
12 20.61 18.79 0.555 0.366 0.400 0.600 
13 24.58 22.59 0.498 0.305 0.340 0.660 
14 28.84 26.71 0.443 0.253 0.287 0.713 
15 33.34 31.09 0.391 0.208 0.241 0.759 
16 38.0:::: 35.69 0.34:. 0.171 0.202 0.798 
17 42.88 40.46 0.290 0.141) 0.168 0.832 
18 47.85 45.36 0.258 0. 077 0.155 0.845 
19 51.24 49.54 0.221 0.033 0.153 0.847 

UO= 15.30 Ct~/S r.= o. 9:.o 1/SEC Klmf/Uo= 2.553 

Hn SIZE UB EF'SIL DELTA KBE 
0.51 1. r) 1 20.15 0.574 0.289 10.88 

2 1. 70 1.38 23.56 0.574 0.289 7.96 
3 3. ~.1 1.84 27.20 0.574 0.289 5.97 
4 5:43 2.39 30.96 0.574 0.289 4.61 
"' 8.11 2.99 34.64 0.574 0.289 3.68 ..J 

6 11. 41 3.61 38.07 0.574 0.289 3.05 
7 15.32 4.20 41.09 0.574 0.289 2.62 
8 19.79 4.74 43.63 0.574 0.289 2.32 
9 24.75 5.19 45.66 0.574 0.289 2.12 

10 30.12 5.55 47.22 0.574 0.289 1. 98 
11 35.81 5.83 48.38 0.574 0.289 1. 89 
12 41.74 6.03 49.23 0.574 0.289 1. 82 
13 47.85 6.18 49.84 0.697 0.495 1. 78 
14 54.09 6.29 50.27 0.790 0.649 1. 75 
15 58.17 1.87 27.41 0.834 0.724 5.88 

Hn UO-UMF Q U;; B E~lF CAL EMF 
0.51 14.990 5.831 2.80 0.210 0.400 0.437 

., 1. 70 14.990 6.816 3.28 0.275 0.400 0.449 .:.. 

' 3.31 14. 9S'O 7.871 3.79 0.362 0.401) 0.468 ·J 

4 5.43 14.990 8.957 4.31 0. 482. 0.400 0.496 
"' 8. 11 14.990 10.023 4.82 0.649 0.400 0.540 w 
6 11.41 14.990 11.015 5.30 0.878 0.400 0.617 
7 15.32 14.990 11.890 5.72 1.192 0.400 o. 764 
8 19.79 14.990 12.624 6.07 1. 612 0.400 1.126 
9 24.75 14.990 13.211 6.35 2.161 0.400 2.950 

10 30.12 14.990 13.663 6.57 2.852 0.400 -2.843 
11 35.81 14.990 14.000 6.73 3.680 0.41)0 -0.848 
12 41.74 14.990 14.246 6.85 4.617 0.400 -0.472 
13 47.85 14.990 24.680 20.78 -1.119 0.400 0.276 
14 54.09 14.990 32.647 62.91 -1.271 0.400 0.265 
15 58.17 14.990 19.842 100.96 -6. 137 0.~00 0.116 

HHT Hn CB/CO CE/CO C/CO CONV 
1. 01 0.51 1.000 0.964 0.975 0.025 
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") 2.39 1. 70 0. 977 0.927 0.942 0.058 i-

3 4.23 3.31 o. 95(1 0.879 0.900 0.100 
4 6.62 5.43 0.917 0.821 0.849 0.151 
,. 9.61 8.11 0.879 0.754 0.790 0.210 -..! 

6 13.21 11.41 0.835 0.682 0.727 0.273 
7 17.42 15.32 0.787 0.609 0.660 0.340 
8 22.16 19.79 0.736 0.537 0.594 0.406 
9 27 •. 34 24.75 0.684 0.469 0.531 0.469 

10 32.90 30.12 0.630 0.408 0.473 0.527 
11 38.72 35.81 0.577 0.355 0.419 0.581 
12 44.76 41.74 0.526 0.308 0.371 0.629 
13 50. ~·4 47.85 0.476 0.218 0.346 0.654 
14 C''"F ,.,.,. 

..JJ • .:...J 54.09 0.419 0.172 0.332 1).668 
15 59.10 58.17 1).384 0.184 0.329 0.671 

UO= 19.30 CM/S I<= 0. 930 1/SEC KLmf/Uo= 2.024 

Hn SIZE UB EF'SIL DELTA I~ BE 
0.82 1.63 25.59 0.623 0.371 6.75 

2 2.74 2.22 29.85 0.623 0.371 4.96 

' 5.30 2.91 34.18 0.623 0.371 3.78 
"' 
4 8.58 3.65 38.31 0.623 0.371 3.01 
5 12.61 4.39 42.01 0.623 0.371 2.50 
6 17.34 5.07 45.12 0.623 0.371 2.17 
7 22.69 5.63 47.58 0.623 0.371 1. 95 
8 28.55 6.08 49.43 0.623 0.371 1.81 
9 34.80 6.42 50.78 0.623 0.371 1. 71 

10 41.34 6.66 51.72 0.623 0.371 1.65 
11 48.08 6.83 52.38 0.705 0.508 1.61 
12 54.97 6.95 52.83 o. 776 0.627 1.58 
13 61.96 7.03 53.13 0.831 0.719 1. 57 
14 66.12 1.30 22.84 0.857 0.762 8.47 

Hn UO-UMF Q Us B EMF CAL EMF 
0.82 18.990 9.493 5.50 0.353 0.400 0.466 

., 2.74 18.990 11.076 6.42 (i. 491 0.400 0.498 t. 

3 5.30 18.990 12.681 7.35 0.698 0.400 0.555 

4 8.58 18.990 14.214 8.24 1.019 0.400 0.675 
5 12.61 18.990 15.587 9.03 1.530 0.400 1. 031 
6 17.34 18.990 16.738 9.70 2.382 0.400 8.454 
7 22.69 18.990 17.651 10.23 .3. 901 0.400 -0.714 
8 28.55 18.990 18.339 10.63 6.953 0.400 -0.225 
9 34.80 18.990 18.838 10.92 14.859 0.400 -0.081 

10 41.34 18.990 19.190 11. 12 63.573 0.400 -0.016 
11 48.08 18.990 26.608 23.50 -1.582 0.400 0.245 
12 54.97 18.990 33.145 53.94 -1. 452 (1.400 0.253 
13 61.96 18.990 38.198 175.46 -2.609 0.400 0.196 

14 66.12 18.990 17.418 593.45 74.900 0.400 -0.014 
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HHT Hn CB/CO CE/CO C/CO CONV 
1. 63 0.82 1.000 0.955 0.972 0.028 

"' .3.85 2.74 0. 977 0.910 0.935 0.065 1.. 

3 6.76 5.30 0.949 0.855 0.890 0.110 
4 10.41 8.58 0.915 0.791 0.837 0.163 
5 14.81 12.61 0.876 0.723 0.779 0.221 
6 19.87 17.34 1).833 0.652 0.719 0.281 
7 25.51 22.69 0. 786 0.585 0.659 0.341 
8 31.59 28.55 0.738 0.521 0.602 0.398 
9 38.01 34.80 ('. 688 . 0.464 0.547 0.453 

I (I 44.67 41.34 0.639 0.414 0.497 0.503 
11 51.50 48.08 0.59(1 0.335 0. 465 0.535 
12 58.45 54.97 0.536 0.287 0.443 0.557 
13 65.47 61.96 0.484 0.282 (1.427 0.573 
14 66.77 66.12 0.459 0.313 0.424 0.576 

UO= 26.00 CM/S K= 0.930 1/SEC Klmf/Uo= 1. 502 

Hn SIZE UB. EPSIL DELTA KBE 
1.48 2.96 34.50 0.720 0.533 3.71 

2 4.91 3.90 39.58 o. 720 0. 53.3 2.82 
.,. 9.29 4.85 44.14 0.720 0.533 2.27 .;r 

4 14.57 5.72 47.93 !).720 0.53.3 1. 92 
5 20.65 6.43 50.83 0.720 0.533 1. 71 
6 27.35 6.97 52.93 0.720 0.533 1.58 
7 34.52 7.36 54.38 0.720 0.533 1. 49 
8 42.01 7.62 55.34 0. 720 0.533 l. 44 
9 49.73 7.80 55.97 0.762 0.603 1. 41 

10 57.58 7.91 56.38 0.798 0.663 1.39 
11 65.53 7.99 56.63 0.828 0.714 1.38 
12 73.54 8.03 56.80 0.855 0.758 1.37 
13 81.58 8.06 56.90 0.877 0.795 1. 36 
14 87.79 4.36 41.84 0.892 0.820 2.52 

I Hn UO-UMF Q Us B EMF CAL EMF 
1. 48 25.690 18.393 17.98 1.103 0.400 0.716 

.., 4.91 25.690 21.101 20.63 1.966 0.400 1.872 1.. 

7 9.29 25.690 23.537 23.01 4.362 0.400 -0.537 .,:.1 

4 14.57 25.690 25.554 24.98 26.150 0.400 -0.042 
~ 20.65 25.690 27.103 26.50 -11.213 0.400 0.073 ,J 

6 27.35 25.690 28.222 27.59 -5.797 0.400 0.121 
7 34.52 25.690 28.993 28.35 -4.421 0.400 0.144 
8 42.01 25.690 29.515 28.87 -3.833 0.400 0.158 
9 49.73 25.690 33.730 46.72 -2.402 0.400 0.204 

10 57.58 25.690 37.358 80.88 -2.402 0.400 0.204 
11 65.53 25.690 40.446 169.48 -3.354 0.400 0.171 
12 73.54 25.690 43.059 893. 16 -12.665 0.400 0.066 
13 81.58 25.690 45.262 -.398. 28 4.229 0.400 -1).578 
14 87.79 25.690 34.320 -155.1:2 3.351 o. 400 -1.176 
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HHT Hn CB/CO CE/CO C/CO CONV 
2.96 1. 48 1.000 0.940 0.972 0.028 

2 6.86 4.91 0.978 0.891 0.937 0.063 ,. 11.71 9.29 0.951 0.835 0.897 0.103 ·-· 
4 17.43 14.57 0.919 0.776 0.852 0.148 
5 23.86 20.65 0.884 o. 717 0.806 0.194 
6 30.84 27 •. 35 o. 8·17 0.661 0.760 0.240 
7 38.20 34.52 0.807 0.610 0.715 0.285 
8 45.83 42.01 0.766 0.564 0.672 0.328 
9 53.62 49.73 0.726 0.506 0.638 0.362 

!G 61.54 57.58 0.682 0.472 0.611 0.389 
11 69.52 65.53 0.641 0.458 0.589 0.411 
12 77.55 73.54 0.605 0.458 0.570 0.430 
13 85.61 81.58 0.577 0.462 0.553 0.447 
14 89.97 87.79 0.560 0.479 0.545 0.455 

UO= 35.00 CM/S I(= 0.930 1/SEC Klmf/Uo= 1.116 

Hn CT7~ 
1.1.1'-'- UB EF'SIL DELTA KBE 

2.61 C' _,_, 45.79 0.890 0.817 2.11 ._; • ..;:.4, 

'"' 8.40 6.35 50.51 0.890 0.817 1. 73 <. 

3 15.21 7.27 54.05 0.890 0.817 1.51 
4 22.82 7.94 56.49 0.890 0.817 1.38 
c: 30.99 8.40 58.08 0.890 (!.817 1.31 ,J 

6 39.53 8.69 59.08 0.890 0.817 1. 27 
7 48.31 8.87 59.69 0.894 0.823 1.24 
8 57.24 8.98 60.06 0.899 0.831 1. 22 
9 66.25 9.05 60.29 0.903 0.839 1.22 

10 75.32 9.09 60.42 0.908 0.847 1. 21 
11 84.42 9.11 60.49 0.912 0.854 1. 21 
12 93.54 9.12 60.54 0.916 0.861 1. 21 
13 102.67 9.13 60.57 0.920 0.867 1.20 
14 111.80 9.14 60.58 o. ~'24 0.874 1.20 
15 120.94 9.14 60.59 0.928 0.880 1. 20 
16 130.08 9.14 60.60 0. S'31 0.886 1.20 
17 139.23 9.14 60.60 0.935 0.891 1. 20 
18 148.37 9. 14 60.60 0.938 0.896 1. 20 
19 157.51 9.14 60.61 0.941 0.901 1. 20 
20 166.66 9.14 60.61 0.944 0.906 1.20 
21 175.80 9.14 60.61 0.946 0.910 1.20 
22 184.95 9.14 60.61 0.949 0.915 1. 20 
2~· 194.09 9.14 60.61 0.951 0.919 1. 20 
24 203.24 9.14 60.61 0.954 0.923 1. 20 
25 212.38 9.14 60.61 0.956 0.926 1.20 
26 221.52 9.14 60.61 0.958 0.930 1. 20 
27 "':',.,.., 1:'0 

.i....:..J.Uu 2.97 34.55 0.959 0:932 3.70 
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Hn UO-UMF Q Us B EMF CAL EI·IF 
1 2.6i :;.4.690 37.397 -182.00 13.924 0.400 -0.088 
2 8.40 34.690 41.253 -200.76 5.887 0.400 -0.295 
~ 15.21 34.690 44.138 -214.80 4.310 0.400 -0.552 ~· 

4 22.82 34.690 46.131 -224.51 3.698 0.400 -0.835 
" .30. 99 34.690 47.432 -230.84 3.404 0.400 -1.106 ...) 

6 39.53 34.690 48.249 -:34.81 3.250 I). 400 -1. .334 
7 48. :;.1 34.690 49.112 -211.83 2.661 0.400 -6.218 
8 57.24 34.690 49.913 -186.49 2.114 0.400 2.587 
9 66.25 34.690 50.576 -167.42 1. 731 0.400 1.301 

10 75.:.2 34.690 51.147-152.62 1.450 0.400 0.953 
11 84.42 34.690 51.653 -140.87 1. 236 0.400 0.791 
1" .:. 93.54 34.690 52.114 -131.33 1.068 0.400 0.698 
13 102.67 34.690 52.539 -123.46 0.93.3 0.400 f), 6~.8 

14 111.80 34.690 52.935 -116.88 0.823 0.400 0.596 
15 120.94 34.690 53.308 -111.29 0.731 0. 400 0.565 
16 130.08 34.690 53.661 -106.50 0.653 0.400 0.542 
17 139.23 34.690 53.995 -102.36 0.588 0.400 0.523 
18 148.37. 34.690 54.312 -98.74 0.531 0.400 0.508 
19 157.51 34.690 54.613 -95.56 0.482 0.400 0.495 
20 166.66 34. 69(! 54. 899 -92.74 0.439 0.400 0. 485 
21 175.80 34.690 55.172 -90.24 0.401 0.400 0.476 
..,., 184;95 34.690 55.432 -87.99 0.368 0.400 0.469 L.:.. 
.,~ 

,;..:.,, 194.09 34.690 55.679 -85.97 0.338 0.400 0.463 
24 203.24 34.690 55.914 -84.15 0.312 0.400 0.457 
25 212.38 34.690 56.138 -82.50 0.288 0. 400 0.452 
26 221.52 34.690 56.351 -81.00 0.266 0.400 0.448 
27 227.58 34.690 32.201 -45.65 -1.109 0.400 0.277 

HHT Hn CB/CO CE/CO C/CO CONV 
" ..,., ..J,.:..L 2.61 1.000 (1.923 0.986 0.('14 

., 11.57 8.40 0.980 0.921 0.969 0.031 L 

.) 18.85 15.21 0.966 0.880 0.950 0.050 
4 26.79 22.82 0.948 0.853 0.930 0.070 

" 35.19 30.99 0.929 0.827 0.910 0.090 .J 

6 43.88 39.53 0.909 0.803 0.890 0.110 
7 52.75 48.31 0.889 0.781 0.870 0.130 
8 61.73 57.24 0.869 0.765 0.851 0.149 
9 70.78 66.25 0.850 0.751 0.834 0.166 

10 79.87 75.32 0.832 0.739 0.818 0.182 
11 88.98 84.42 0.815 0.728 0.802 0.198 
p .:. 98.10 93.54 0.799 0.717 0.788 0.212 
13 107.23 102.67 0.784 0.707 0.774 0.226 
14 116.37 111.80 0.770 0.698 0.761 0.239 
15 125.51 120.94 0.757 0.690 0.749 0.251 
16 134.65 130.08 0.745 0.682 0.738 0.262 
17 143.80 139.23 0.733 . 0.674 0.727 0.273 
18 152.94 148.37 0.723 0.667 0.717 0.283 
19 162.09 157.51 0.713 0.660 0.707 0.293 
20 171.23 166.66 0.703 0.654 0.698 0.302 
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21 180.37 175.80 0.694 0.648 0.690 0.310 
"" 189.52 184.95 0.686 0.642 0.682 0.318 ,:_,:., 

... ~ 
~.:. 198.66 194.09 0.678 0.637 0.674 0.326 
24 207.81 203.24 0.670 0.631 0.667 0.333 
""' 216.95 212.38 0.663 0.627 0.661 0.339 .:...; 

26 226.10 221.52 0.657 0.622 0.654 0.346 
27 229.07 227.58 0.652 0.647 0.652 0 .. ~.48 
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APPEIIDIX D-1 

COftPUTER OUTPUT BASED 011 KATO-WEN nODEL CFRYER> 
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UO= 2.17 CM/S K= 0. 330 1/SEC I::Lmf/Uo= 3.513 

SIZE HEIGHT CB/CO CEICO C/CO CDrNERSION 
1.268 1.268 0.947 0.275 0.285 0.715 

'") 1.340 2.608 0.895 0.250 0.260 o. 740 
.3 1. 416 4.024 0.846 0.227 0.236 0.764 
4 1.497 5.521 o. 799 0.206 0.215 0.785 
~ 1.582 7.104 0.754 0.186 0.195 0.805 .J 

6 1.673 8.776 0.710 0.168 0.176 0.824 
7 1. 768 10.544 0.669 0.152 0.160 0.840 
8 1.869 12.413 0.630 0.137 0.144 0.856 
9 1.975 14.388 0 ~o'? • .J.- 0.123 0.130 0.870 

10 2.088 16.476 0.557 0. 111 0.117 0.883 
11 2.207 18.682 0.523 1).1)99 0.106 0.894 
12 2. 332 21.015 1), 491 0.089 0.095 0.905 
13 2.442 23.456 0.461 0.081 0.086 0.914 

UO= 2.67 CM/S I<= 0. 330 1/SEC I<Lmf/Uo= 2.855 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
1. 541 1. 541 0.931 0 •. 362 0.378 0.622 

2 1. 649 3.190 0.866 0.322 0.337 0.663 
' 1. 766 4.956 0.804 0.286 0.301 0.699 ·-· 
4 1.890 6.846 0.744 0.254 0.267 0. 733 
r 2.024 8.870 0.689 0.224 O.'D7 0.763 .J 

6 2.167 11.037 0.636 0.197 0.210 0.790 
7 2.320 13.357 0.586 0.173 0.185 0.815 
8 2.483 15.840 0.539 0.152 0.163 0.837 
9 2.659 18.499 0.495 0.13::. 0.143 0.857 

10 2.846 21.345 0.455 o. 116 0.125 0.875 
11 2.422 23.767 0.419 0.120 0.128 0.872 

UO= 4. 27 Ct1/S !(= o. 330 1/SEC Klmf/Uo= 1. 785 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
1. 621 1.621 0.933 0.556 1),581 0.419 

2 1. 808 3.428 0.867 0.493 0.517 0.483 
~· 2.016 5.444 0.802 0.434 0.4~8 0.542 
4 2.248 7.693 0.739 1).379 0.403 0.597 
c 
~' 2.508 11), 200 1), 677 0.329 0.352 0.648 
6 2.797 12.997 0.618 C\2i:J3 1).305 0.695 
7 .3.119 16.117 0.562 0.242 0.'2~5 0.737 
8 3.479 19.596 0.508 0.205 0.225 0.775 
9 3.880 23.476 0.458 1), 173 o. 191 0.809 

. 10 1.220 24.696 0.432 0.28~ 0.296 0.704 
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UO= 4.80 Gl!S IC= 0. 330 1/SEC Klmf/Uo= 1.588 

SIZE HEIGHT CB/CO CE/CO C/CO COtNERSION 
1. 907 1. 907 0.932 0.546 0.573 0.427 

2 2.156 4.063 0.864 0.479 0.507 0. 49~. ,. 2.438 6.501 0.797 0.417 0.445 1).555 "' 
4 2.756 9.257 0.732 0. ~.61) (1.387 0.613 
C" 3.116 12.373 0.669 0.308 0.334 0.666 J 

6 3.523 15.895 0.608 0.262 0.287 0. 713 
7 :! .. 983 19.878 0.550 0.220 0.244 o. 756 
8 4.502 24.380 0.495 0.184 0.206 0.794 
9 0.516 24.896 0.481 0.407 0.413 0.587 

UO= 8.00 CM/5 K= 0.330 1/SEC Klmf/Uo= 0.953 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
3.592 3.592 0.932 0.500 0.546 0.454 

... 4.409 8.001 0.861 0.417 0.465 0.535 .;; 

.) 5.412 13.414 0.790 0.342 0.390 0.610 
4 6.644 20.057 0.720 0.275 0 •. 323 0.677 
5 5.809 25.866 0.659 0.273 0.315 0.685 

UO= 10. 13 CM/S K= 0. 3~.() 1/SEC ICLmf /Uo= 0. 753 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
4.717 4.717 0.933 0.477 0.534 0.466 

2 6.118 10.836 0.863 0.384 0.444 0.556 ,. 7.936 18.772 0.791 0.302 0.363 0.637 " • 7.612 26.384 0.727 1).284 0.339 0.661 .. 
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APPENDIX D-2 

COftPUTER OUTPUT BASED ON KATO-WEN ftODEL <CALDERBANK> 
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UO= 5.75 CM/S k= 0.029 !/SEC I:Lmf/Uo= 0.500 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
o. 1)16 0.016 1. 000 0.999 0.999 0.001 

2 0.018 0.034 1.000 0.998 0.998 0.002 
3 0.020 0.054 1.000 0.998 0.998 0.002 
4 0.022 0.077 1.000 0.998 0.998 0.002 
r: 0.025 o. 102 1.000 0.997 0.998 0.002 ..1 

6 o. 028 . 0.130 0.999 0.997 0.997 0.003 
7 0.031 o. 161 0.999 1}.997 0.997 0.003 
8 0.035 0.196 0.999 0.996 0.996 0.0(14 
9 0.039 0.234 0.999 0.996 0.996 0.004 

10 0.043 0.278 0.999 0.995 0.995 0.005 
11 0.048 0.326 0.998 0.994 0.994 0.006 
12 0.054 0.379 0.998 0.993 0.994 0.006 
11' 
• ·.J 0.060 0.439 0.998 0.993 0.993 0.007 
14 0.067 0.506 0.998 0.991 0.992 0.008 
15 0.074 0.580 0.997 0.990 0.990 0.010 
16 0.083 0.663 0.997 0.988 0.989 0.011 
17 0. 092 0.755 0.996 0.986 0.987 0.013 
18 0.103 0.858 0.996 0.983 0.984 (1.016 
19 0.115 0.972 0.995 0.978 0.979 0.021 
20 0.128 1.100 0.995 0.962 0.963 0.037 
21 0.142 1.242 1).995 1.071 1.069 -0.069 
.,., 0.159 1. 401 0.994 1. 001 1. 001 -0.001 L1.. .,, 
.:_._. 0. 177 1.578 0.993 0.992 0.992 0.008 
24 0. 197 1. 776 0.992 0.987 0.987 0.013 
"" 0.220 1. 996 0.991 0.983 0.983 0.017 .;.,J 

26 0.245 2.241 0.990 0.979 0.980 0.020 
27 1).273 2.514 0.988 0.976 0.976 0.024 
28 0.305 2.819 0.987 0.972 0.972 0.028 
~.n 0.340 3.159 0.985 0.968 0.968 0.032 .:.7 

30 0.379 3.537 0.984 0.963 0.964 0.036 
31 0.422 3.959 0.982 0.959 0.960 0.040 
.,.., 0.471 4.430 0.979 0.953 0.954 0.046 -..!~ 

33 0.525 4.955 1). 977 0.948 1).949 0.051 
34 0.585 5.539 0.974 0.941 0.943 O.CJ57 
l't:" 
·-·..I 0.652 6.191 0.971 0.934 0.936 0.064 
36 0.727 6.918 0.%8 0.927 0.928 0.072 
37 0.810 7.728 0.964 0.918 0.920 0.080 
38 0.903 8.631 0.961) 0.909 0.911 0.089 
39 1.007 9.638 0.956 0.899 0.901 0.099 
40 1.122 10.760 0.951 0.888 0.891 0.109 
41 1. 251 12.011 0.946 0.876 0.879 0.121 
42 1.394 13.405 0.940 0.863 0.866 0.134 
43 1.554 14.959 0.934 0.849 0.852 0.148 
44 1. 733 16.692 0.927 0.834 0.-837 0.163 
45 1. 932 18.624 0.919 0.817 0.821 0.179 
46 2.153 20.777 0.910 0.799 0.803 0.197 
47 2.400 23.178 0.901 0. 780 0.784 0.216 
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48 2.676 25.853 0.891 0.759 0.764 0.236 
49 2.983 28.836 1).881 0.737 0.742 0.258 
50 '7 71"'\C' 

..:.• I ... ~/_,J 32.162 0.869 0.714 0.720 0.280 
51 3.707 35.868 0.857 0.689 0.695 0.305 
52 4.132 40.000 0.843 0.663 0.670 0.330 
~., 4.606 44.607 0.829 0.636 0.643 0.357 ..).,;, 

54 5.135 49.742 0.814 0.608 0.616 0.384 
~" 5.724 55.466 0.797 0.579 0.587 0.413 o.J..J 

56 6.381 61.84 7 0.780 0.549 0.557 0.443 
57 7.113 68.960 0.762 0.518 0.527 0.473 
58 7.929 76.889 0.743 0.487 0.497 0.503 
59 8.839 85.728 0.723 0.456 0.466 0.534 
61) 9.854 95.582 0.703 0.425 0. 435 0.565 
61 7.349 102.931 1).686 0. 462 0.470 0.530 

UO= 5. 75 CI1/S K= 0.064 !/SEC I(Lmf /Uo= 1.103 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.016 0.016 1. 000 0.997 0.997 0.00.3 

" 0.018 0.034 1.000 0.996 0.997 0.003 .:. 

3 0.020 1).054 0.999 0.996 0.996 0.004 
4 0.022 0.077 0.999 0.995 0.995 0.005 
" 0.025 0.102 0.999 0.994 0.995 0.005 ,J 

6 0.028 0.130 0.999 0.994 0.994 0.006 
7 0.031 0.161 0.998 0.993 0.993 0.007 
8 0.035 0.196 0.998 0.992 0.992 0.008 
9 0.039 0.234 0.998 0.990 0.991 0.009 

10 0.043 0.278 0.997 0.989 0.989 0.011 
11 0.048 0.326 0.997 0.987 0.988 0.012 
12 0.054 0.379 0.996 0.986 0.986 0.014 
n 0.060 0.439 0.995 0.984 0.984 0.016 
14 0.067 0.506 0.995 0.981 0.982 0.018 
15 1),(174 0.580 0. 9S'4 0.978 0.979 0.021 
16 0.083 0.663 0. 99.3 0.975 0.976 0.024 
17 0.092 0.755 0.992 0.970 0.971 0.029 
18 0. 103 0.858 0.991 0.964 0.965 0.035 
19 0.115 0.972 0.990 0.953 0.954 0.046 
20 0.128 1.100 0.989 0.920 0.922 0.078 
21 0.142 1.242 0.990 1.176 1.169 -0.169 
"" 0.!59 1.401 0.988 1. 004 1.003 -0.003 .:....:.. 

23 0.177 1.578 0.986 0.983 0.984 0.016 
24 0.197 1. 776 0.984 0.973 0.973 0.027 
25 0.220 1. 996 0.982 0.964 0.965 0.035 
26 0.245 2.241 0.979 0.957 0.957 0.043 
..,., 0.273 2.514 0.976 0.949 0.950 0.050 .:.I 

28 0.305 2.819 0.973 0.941 0.942 0.058 
29 0.340 3.159 0.970 0.932 0.934 0.066 
~.o 0.379 3.537 0.966 0.923 0.925 o.b7s 
31 0.422 3.959 0.962 0.913 0.915 0.085 
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7.., 0.471 4.430 0. S'57 0.903 0.905 0.095 -:.·.:. 

33 0.525 4.955 0.952 0.891 0.894 0.106 
A 0.585 5.539 0.947 0.879 0.881 0. 119 
7c::" 0.652 6.191 0.941 0.865 0.868 0.132 .;,J 

36 0.727 6.918 0.934 0.850 0.853 0.147 
37 0.810 7.728 0.927 0.834 0.838 o. 162 
38 0.903 8.631 0.919 0.817 0.821 0.179 
39 1.007 9.638 0.910 0.799 0.803 0.197 
40 1.122 10.760 0.900 0.779 0.783 0.217 
41 1. 251 12.011 0.890 0.757 0.762 0.238 
42 1. 394 13.405 0.879 0.735 0.740 0.260 
43 1.554 14.959 0.867 0.711 0.717 (1.283 

44 1. 7.33 16.692 0.854 0.686 0.692 0 •. 31)8 

45 1. 932 18.624 0.841 0.659 0.666 0.334 
46 2.153 20.777 0.826 0.631 0.639 0.361 
47 2.400 23.178 0.810 0.603 0.610 0.391) 
48 2.676 25.853 0.793 0.573 0.581 0. 419 
49 2.983 28.836 0.776 0.543 0.551 0.449 
50 .3 .. 325 32. 162 0.757 0.512 0.521 0.479 
51 3.707 35.868 0.738 0.480 0.490 0.510 
52 4.132 40.000 0.718 0.449 0.459 0.541 

"' J·-· 4.606 44.607 0.697 0.418 0.428 0.572 
54 5.135 49.742 0.675 0.387 0.397 0.603 
55 5.724 55.466 0.653 0.356 0.367 0.633 
56 6.381 61.847 0.630 0.326 0.338 0.662 
57 7.113 68.960 0.607 0.298 0.309 0.691 
58 7.929 76.889 0.584 0.270 0.282 0.718 
59 8.839 85.728 0.560 0.244 0.256 0.744 
60 9.854 95.582 0.536 0.219 0.231 0.769 
61 7.349 102.931 0.516 0.249 0.259 0.741 

UO= 5. 75 Ct-1/S K= 0.122 1/SEC Klmf/Uo= 2.102 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.016 0.016 1.000 0.994 0.994 0.006 

.., 0.018 0.034 0.999 0.993 0.993 0.007 .:. 

3 0 •. 020 0.054 0.999 0. 992 0.992 0.008 
4 0.022 0.077 0.998 0.991 0.991 0.009 
5 0.025 0.102 0.998 0.989 0.990 0.010 
6 0.028 0.130 0.997 0.988 0.988 0.012 
7 0.031 0.161 0.997 0.986 0.986 0.014 
8 0.035 0.196 0.996 0.984 0.985 (1.015 
9 0.039 0.234 0.995 0.'7'82 0.982 0.018 

10 0.043 0.278 0.994 0.979 0.980 0.020 
11 0.048 0.326 0.993 0.976 0. 977 0.023 
12 o.o:A 0.379 0.992 0.973 0.974 0.026 
13 0.060 0.439 0. 9S'l 0.969 0.970 0.030 
14 0.067 0.506 0.990 0.965 0.966 (1.034 
15 0.074 0.580 0.989 0.959 0.961 0.039 
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1.~ 0.083 0.663 0.987 0.953 0.954 0.046 
17 0.092 0. 755 0.985 0.945 0.946. 0.054 
18 0.103 0.858 0.983 0.933 0.935 0.065 
1 s· 0.115 0.972 0.981 0.913 0.916 0.084 
20 0.128 1.100 0.981) 0.857 0.862 0.138 
21 0.142 !. 242 0.987 1. 413 1.397 -0.397 
...... 0.159 1. 401 0.983 1.014 1. 013 -0.013 ..!.'--

2.3 0.177 1. 578 0.900 0.975 0.975 0.025 
24 0.197 1. 776 0.976 0.955 0.956 0.044 
25 ·o.22o 1. 996 0.972 0.939 0.941 0.059 
26 0.245 2.2ql 0.967 0.925 0.927 0.073 
27 0.273 2.514 0.962 0.912 0.913 0.087 
28 0.305 2.819 0.956 0.897 0.901) 0.100 
29 0.340 .3.159 0.950 0.882 0.885 0.115 
30 0.379 3.537 0.943 0.867 0.870 0.130 
31 0.422 3,1j'59 o.n.6 0.850 0.853 0.147 
~~ 0.471 4.430 0.928 0.832 0.835 0.165 ._•.;.. 

77 0.525 4.955 0.919 0.813 0.817 0.183 .;,_ .. _. 

34 0.585 5.539 0.909 0.792 0.797 0.203 
7"' ·-··J 0.652 6.191 0.899 0. 770 0.775 0.225 
36 0.727 6.918 0.887 0.747 0.753 0.247 
37 0.810 7.728 0.875 0.723 0.728 0.272 
38 0.903 8.631 0.862 0.697 0.703 0.297 
39 1.007 9.638 0.848 0.670 0.677 0.323 
40 1.122 10.760 0.833 0.642 0.649 0.351 
41 1.251 12.011 0.817 0.612 0.620 0.380 
42 1.394 13.405 0.800 0.582 0.590 0.410 
43 1.554 14.959 0.782 0.551 0.560 0.440 
44 1.733 16.692 0.764 0.520 0.529 0.471 
45 1. 932 18.624 0.744 0.488 0.498 0.502 
46 2.153 20.777 0.723 0.456 0.466 0.534 
47 2.400 23.178 0.702 0.424 0.434 0.566 
48 2.676 25.853 0.680 0.392 0.403 0.597 
49 2.983 28.836 0.658 0.361 0.373 0.627 
50 3.325 32.162 0.634 0.331 0.343 0.657 
51 .3. 707 35.868 0.611 0.302 0.314 0.686 
C'1 4.132 40.000 0.587 0.274 0.286 0.714 ,_;.:_ 

C7 
,J-~· 4.606 44.607 0.563 0.247 0.259 0.741 
54 5.135 49.742 0.539 0.222 0.234 0.766 
ec 5.724 55.466 0.515 0.199 0. 211 0.789 .J,J 

56 6.381 61.847 0.491 0.177 0.189 0.811 
<=7 ,J, 7.113 68.960 0.467 0.157 0.169 0.831 
58 7.929 76.889 0.444 0.138 0.150 1).850 
59 8.839 85.728 0.421 0.122 0.133 0.867 
60 9.854 95.582 0.399 0.106 0.117 0.883 
61 7.349 102.931 0.380 o. 125 0.134 0.866 
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UO= 5.75 CM/S 1~:= 0. 302 i/SEC J;:Lmf /Uo= 5. 203 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.016 0.016 0.999 1).986 0.986 0.014 

2 0.018 0.034 0.998 0.984 0.984 0.016 
"!' 0.020 0.054 0.997 o. ~·s1 0.981 0.019 ·-· 
4 0.022 0.077 0.996 0.978 0.978 0.022 
" 0.025 0.102 0.995 0.974 0.975 0.025 ..J 

6 0.028 0.130 0.994 0.971 0.971 0.029 
.., 0.031 0.161 0.992 0.966 0.967 0.033 I 

8 0.035 0.196 0.990 0.961 0.963 0.037 
9 0.0:::.9 0.234 0.989 o. ~·56 (1.957 0.043 

10 0.043 0.278 0.987 0.951) 0.951 0.049 
11 0.048 0.326 0.~'84 0.943 0.945 0.055 
12 0.054 0.379 0.982 0.936 0.937 0.063 
p 
·~· 0.060 0.439 0.979 0.927 0.929 0.071 
14 0.067 0.506 0.976 0.917 0.919 0.081 
15 0.074 0.580 0.973 0.905 0.907 0.093 
16 0.083 0.663 0.969 0.891 0.894 0.106 
17 0.092 0.755 0.965 0.873 0.876 0.124 
!8 I). 103 0.858 0.961 0.848 0.853 0.147 
19 0.115 o. 972 0.958 0.808 0.814 0.186 
20 0.128 1.100 0.958 0. 707 0.717 0.283 
21 0.142 1. 242 1.130 4.478 4.352 -3.352 
1"", ... , 0.159 1. 401 1.121 1. 211 1.208 -0.208 i...!. 
..,.,. 0.177 1.578 1.112 1.098 1. 098 -0.098 .!,..j 

24 0.197 1. 776 1.101 1. 044 1.046 -0.046 
25 0.220 1. 996 1.089 1. 004 1. 007 -0.007 
26 0.245 2.241 1. 077 0.969 0.973 0.027 
..,.., 0.273 2.514 1.063 0.936 0.940 0.060 Ll 

28 0.305 2.819 1.049 0.903 0.908 0.092 
29 0.340 3.159 1.033 0.869 0.875 0.125 
30 0.379 3.537 1. 017 0.835 0.841 0.159 
31 0.422 3.959 0.999 0.799 0.807 0.193 
.,..., 

0.471 4.430 0.980 0.763 1), 771 0.229 .j,:_ 

77 0.525 4.955 0.960 0.726 0.735 0.265 .J·~· 

.34 0.585 5.539 0.9.39 0.688 0.697 0.303 
35 0.652 6.191 0.917 0.649 0.659 0.341 
36 0.727 6.918 0.893 0.610 0.621 0.379 
37 0.810 7.728 0.869 0.571 0.582 0.418 
38 0.903 8.631 0.844 0.532 0.543 0.457 
39 1.007 9.638 0.817 0.493 0.505 0.495 
40 1.122 10.760 0.790 0.455 0.467 0.533 
4! 1.251 12.011 0.763 0.417 0.430 0.570 
42 !.394 13.405 0.735 0.381 0.394 0.606 
43 1. 554 14.959 0.706 0.346 0.360 0.640 
44 1. 733 16.692 0.977 0.313 0.327 0.673 
45 1.932 18.624 0.648 0.282 0.296 0.704 
46 , 1t:"":" 

.::. • .,J.,J·.J 20.777 0.619 0.252 0.266 0.734 
47 2.400 23.178 0.590 0.225 0.239 0.761 
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48 2.676 25.853 0.561 0.199 0. 21.3 0.787 
49 2.983 28.836 0.533 0.176 0. 189 0.811 
50 3.325 32.162 0.505 0.155 0.168 0.832 
51 3.707 35.868 0.478 0.135 0.148 0.852 
52 4.132 40.000 0.452 0.118 0.131 0.869 
C:"1 
..J·~ 4.606 44.607 0.426 0. 102 0.115 0.885 
54 5.135 49.742 0.401 0.089 0.100 0.900 
55 5.724 55.466 0.377 0.076 0.088 0.912 
56 6.381 61.847 0.354 0.066 0.076 0.924 
c:-. 7.113 68.960 0.332 0.056 0.067 0.933 ,J/ 

58 7.929 76.889 0.311 1),1)48 0.058 0.942 
59 8.839 85.728 0.291 0.041 0.050 0.950 
60 9.854 95.582 0.271 0.035 0.044 0.956 
61 7.349 102.931 0.254 0.042 0.050 0.950 

UO= 5. 75 Ct1/S K= 0.668 l!SEC I~:Lm f /Uo= 11. 508 

SIZE HEIGHT CBIC6 CE/CO C/CO CONVERSION 
0.016 0.016 0.998 0.969 0.971 0.029 

2 0.018 0.034 0.996 0.964 0.965 0.035 
< 0.020 0.054 1).994 0.950 0.960 I),(JI\0 •J 

4 0.022 0.077 0.992 0.952 1).954 0.046 
c: 0.025 0.102 0.989 0.945 0.947 0.053 ..J 

6 0.028 0.130 0.986 0.937 0.939 0.061 
7 0.031 0. 161 0.983 0.928 0.930 0.070 
8 0.035 0.196 0.980 0. 918 0.921 0.079 
9 0.039 1). 2~.4 0.976 0.908 0.910 0.090 

10 0.043 0.278 o. 972 0.896 0.898 0.102 
11 0.048 0 •. 326 0.967 0.882 0.885 0.115 
12 0.054 0.379 0.962 0.867 0.871 0.129 
13 0.060 0.439 0.956 (1.851 0.855 0.145 
14 0.067 0.506 0.951 0.832 0.836 0.164 
15 0.074 0.580 0.944 0.810 0.815 0.185 
16 0.083 0.663 0.938 0.785 0.791 0.209 
17 o. 092 0.755 0.931 0.754 0.761 0.239 
18 0. 103 0.858 0.925 0.714 0.722 0.278 
19 0.115 0.972 0.921 0.654 0.664 0.336 
20 0.128 1.100 0.931 0.522 0.537 0.463 
21 0.142 1. 242 0. 707 -1.081 -1.014 2.014 
22 0.159 1. 401 0.696 0.833 0.828 0.172 
,.,~ 0.177 1.578 0.683 0.664 0.665 0.335 .:.., . .:,. 

24 0.197 1. 776 0.669 0.597 1).599 0.401 

"" .;..) 0.220 1. 996 0.654 0.551 0.554 0.446 
26 0.245 2.241 0.639 0.513 0.517 0.483 
27 0.273 2.514 0.623 0.478 0.484 0.516 
28 0.305 2.819 0.606 0.446 0.452 0.548 
"C) 
'-· 1), .340 3.159 0.589 0.415 0.422 0.578 
30 0.379 .., C''T.., 

·~· • .J-...• I 0.571 0.385 0.392 0.608 
31 0.422 3.959 0.553 0.356 0.364 0.636 
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32 0.471 4. 430 0.5~.4 1).328 0.336 o. 664 
77 0.525 4.955 0.515 0.30(1 0.309 0.691 -~·-~· 

34 0.585 5.539 0.496 0.274 0.282 0.718 
(C 
·J.J 0.652 6.191 0.476 0.249 0.257 0.743 
36 0.727 6.918 0.456 0.225 0.2:.4 0.766 ,., 0.810 7. 728 0.436 0.202 1), 211 0.789 ·-'1 

<O 0.903 8.631 0.416 0.181 0.190 0.810 ->U 

39 1.007 9.638 0.396 0.161 0.170 0.830 
41) 1.122 10.760 0.376 0.143 0.152 0.848 
41 1. 251 12.011 0.356 0.126 0.135 0.865 
42 1..394 13.405 0.337 o. 111 0.119 0.881 
43 1.554 14.959 0.319 0.097 0.105 0.895 
44 1. 733 16.692 0,300 0.084 0.092 0.908 
45 1.932 18.624 0.283 0.073 0.081 0.919 
46 2.153 20.777 0.265 0.063 0.071 0.929 
47 2.400 23.178 0.249 0.054 0.062 0.9.38 
48 2.676 25.853 0.233 0.046 0.054 0.946 
49 2.983 28.836 1).218 0.040 0.046 0.954 
50 .,. .,."c 

.:; . ..:.·~~ 32.162 0.204 0.034 0.040 0.960 
51 3.707 35.868 0.190 0.029 0.035 0.965 
52 4.132 40.000 0.177 0.024 0.030 0.970 
53 4.606 44.607 0.164 0.021 0.026 0.974 
54 5.135 49.742 0.152 0.017 0.022 o. 978 
55 5.724 55.466 0.141 0.015 0.019 0.981 
56 6.381 61.847 0.131 0.012 0.017 0.983 
57 7.113 68.960 0.121 0.010 0.014 0.986 
58 7.929 76.889 0.112 0.009 0.012 0.988 
59 8.839 85.728 0.10.3 0.007 0.011 0.989 
60 9.854 95.582 0.095 0.006 0.009 0.991 
61 7.349 102.931 0.088 0.007 0.010 0.990 

UO= 5.75 CM/S 
,,_ 
,- 1.248 1/SEC I(Lmf/Uo=21.500 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.016 0.016 0.997 0.944 0.946 0.054 

'"' 0.018 0.034 0.993 0.935 0.937 0.063 :.. 
< -· 0.020 0.054 0.989 0.925 0.928 0.072 
4 0.022 0.077 0.985 0.914 0.917 0.083 
1:" 0.025 0.102 0.981 0.902 0.905 0.095 .J 

6 0.028 0.130 0.976 0.888 0.892 0.108 
7 0.031 0.161 0.970 0.873 0.877 0.123 
8 0.035 0.196 0.964 0.857 0.861 0.139·. 
9 0.0:8 0.234 0.957 0.84(1 0.844 0.156 

10 0.043 0.278 0.950 0.820 0.825 0.175 
11 0.048 0.326 0.943 0.799 0.805 o. 195 
12 0.054 1).379 0.935 o. 776 0.782 0.218 
13 0.060 0.439 0.926 0.751 0.758 0.242 
14 0.067 0.506 0.917 0.724 0.731 1).269 
15 0.074 0.580 0.908 0.693 0.701 0.299. 
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16 0.083 0.663 0.898 0.659 0.668 0.332 
17 0.092 0.755 0.890 0.619 0.629 0.371 
18 0.103 0.858 0.883 0.569 0.581 0.419 
19 0.115 0.972 0.883 0.501 0.515 0.485 
20 0.128 1. 100 0.916 0.372 0.392· 0.608 
21 0.142 1.242 0.674 -0.323 -0.285 1.285 
22 0.159 1. 401 0.659 0.950 0.939 0.061 .,.., 
~·-· 0.177 1.578 0.636 0.605 0.606 0.394 
24 0.197 1. 776 0.612 0.500 0.504 0.496 
"'C 0.220 1. 996 0.58~' 0.436 0.442 0.558 L.J 

26 0.245 2.241 0.566 0.388 0.~.94 0.606 
.,.., 0.273 2.514 0.543 0.347 0.354 0.646 Ll 

28 0.305 2.819 0.520 0. :.11 0.319 0.681 
29 1).340 3.159 0.497 0.279 0.287 o. 713 
30 0.379 3.537 0.474 0.249 0.258 0.742 
31 0.422 3.959 0.451 0.222 0.231 o. 769 
~,., 0.471 4.430 0.429 0.197 0.206 0.794 •J.:.. ,., 
~·oJ 0.525 4.955 0.406 0.174 0.183 0.817 
34 0.585 5.539 0.385 0.153 o. 162 0.838 
"'(C 
oJ.J 0.652 6.191 0.363 0.134· 0.143 0.857 
36 0.727 6.918 0.342 0.117 0.126 0.874 
37 0.810 7. 728 0.322 0.102 0.110 0.890 
38 0.903 8.631 0.302 0.088 0.096 0.904 
1'0 1. 007 9.638 0.283 0.076 0.084 0.916 ·-'; 

40 1.122 10.760 0.265 0.065 0.073 0.927 
41 1.251 12.011 0.247 0.056 0.063 0.937 
42 1.394 13.405 0.231 1). 048 0.055 0.945 
43 1. 554 14.959 0.215 0.041 0.047 0.953 
44 1.733 16.692 0.199 0.034 0.041 0.959 
45 1.932 18.624 0.185 0.029 0.035 0.965 
46 2.153 20.777 0.171 1).024 0.030 0.970 
47 2.400 23.178 0.158 0.021 0.026 0.974 
48 2.676 25.853 0.146 0.017 0.022 0.978 
49 2.983 28.836 0.135 0.014 0.019 0.981 
50 3.325 32.162 0.124 0.012 0.016 0.984 
51 3.707 35.868 0.114 0.010 0.014 0.986 
e., 4.132 40.000 0.105 0.008 0.012 0.988 .J"-

53 4.606 44.607 0.096 0.007 0.010 0.990 
e' 5.135 49.742 0.088 0.006 0.009 0.991 ,J'I 

55 5.724 55.466 0.081 0.005 0.008 0.992 
56 6.381 61.847 0.074 0.004 0.006 0.994 
57 7.113 68.960 0.067 0.003 0.006 0.994 
58 7.929 76.889 0.061 1).003 0.005 0.995 
59 8.8.39 85.728 0.056 0.002 0.004 0.996 
60 9.854 95.582 0.050 0.002 0.004 0.996 
61 7.349 102.931 0.046 0.002 0.004 0.996 

167 



APPEIIDIX D-3 

COnPUTER OUTPUT BASED Oil KATO-WEII nODEL <KOBAYASHI> 
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UO= 5.00 C~1/S I(= 0.600 1/SEC l(lmf /Uo= 8. 040 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.060 0.060 0.999 1. 244 1. 230 -0.230 

.., 0.069 0.129 0.992 1. 027 1. 025 -0.025 1.. 

·-· 0.080 0.209 0.983 0.975 0.976 0.024 
4 0.092 !).301 0.973 0.942 0.944 0.056 
5 0.106 0.407 0.961 0.914 0.916 0.084 
6 0.122 0.530 0.949 0.886 0.889 0.111 
7 0.141 0.671 0.935 0.857 0.861 0.139 
8 0.163 0.833 0.919 0 •. 826 0.831 0.169 
9 0.188 1.021 0.902 0.794 0.800 0.200 

10 0.216 1.238 0.882 0.759 0.766 0.234 
11 0.250 1.487 0.861 0.722 0.730 0.270 
12 0.288 1. 775 0.838 0.683 0.692 0.308 
n 0.332 2.107 0.814 0.642 0.651 0.349 
14 0.383 2.490 0.787 0.599 0.609 0.391 
15 0.441 2.931 0.758 0.555 0.566 0.434 
16 0.509 3.440 0.727 0.510 0.522 0.478 
17 0.587 4.027 0.695 0.465 0.477 0~523 

18 0.677 4.703 0.662 0.419 0.433 0.567 
1 s· 0.780 5.484 0.627 0.375 0.389 0.611 
20 0.900 6.384 0.592 0.333 0.347 0.653 
21 1.038 7.422 0.556 0.292 1).307 0.693 
..,.., 

1.197 8.618 0.520 0.254 0.269 0.731 4.:.. 
..,~ 

,:_.) 1.380 9.998 0.484 0.219 0.233 0. 767 
24 1.591 11.590 0.440 0.186 0.201 0.799 
"'" 1.835 13.425 0.413 0.158 0.172 0.828 .;.,J 

26 2.116 15.541 0.380 0.132 0.146 0.854 
27 2.440 17.981 0.347 0.109 0.123 0.877 
28 2.814 20.795 0.316 0.090 0.103 0.897 
29 3.245 24.040 0.287 0.074 0.086 0.914 
30 3.742 27.782 0.260 0.060 0.071 0.929 
31 4.315 32.097 0.2-34 0.048 0.058 0.942 
"f"' 4.976 37.074 0.211 0.038 0.048 0.952 -..!~ ,,. 5.738 42.812 0.189 o. 0-31 0.039 0.961 ·-··-· 
34 6.617 49.429 0.169 1).024 0.032 0.968 
7t:" 7.631 57.060 0.150 0.019 0.026 0.974 -~·J 

36 8.799 65.859 0.134 0.015 0.022 (1.978 
37 5.115 70.974 0.120 0.021 0.027 0.973 

UO= 10.00 CM/S K= 0.600 1/SEC Klmf/Uo= 4.020 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.097 0.097 0.995 0.998 0.998 0.002 

.., 0.129 0.226 0.988 0.967 0.969 0.031 .:. 
< 0.172 0.398 0. 97~· 0.937 0.941 0.059 ·-· 
4 0.229 0.628 0.968 0.902 0. 91)9 0.091 
5 (1 •. 305 0.933 0.953 0.860 0.870 o. 130 
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6 0.407 1.339 0.935 0.810 0.823 0.177 
7 0.541 1. 881 0.912 0.750 0.767 0.233 
8 0.721 2.602 0.885 0.682 0.702 0.298 
9 0.960 3.562 0.852 0.605 0.631 0.369 

10 1. 279 4.840 0.814 0.524 0.554 0.446 
11 1.703 6.543 0. 772 0.441 0.475 0.525 
12 2.268 8.811 0.725 0.360 0.398 0.602 
1.3 3.021) 11.830 0.675 0.286 0.~.26 0.674 
14 4.021 15.852 0.623 0.220 0.262 0.738 
15 5.356 21.207 0.571 0.165 0.207 0.793 
16 7. 132 28.339 0.519 0.121 0.162 0.838 
17 9. 4~'8 37.837 0.469 0.087 0.126 0.874 
18 12 . .649 50.486 0.422 0.061 0.098 (J.902 
19 16.845 67.331 0.377 0.043 0.077 0.923 
20 7.336 74.666 0.342 0.078 0.105 0.895 

UO= 15.00 CM/S t::= 0.600 1/SEC Klmf/Uo= 2.680 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.129 0.129 0.996 0.990 0. 9<7'1 0.009 

'") 0.199 0.327 0.989 0.956 0.960 0.040 ... 
.:, 0.306 0.634 0.979 0.913 0.922 0.078 
4 0.473 1.106 0.964 0.855 0.869 0. 131 
5 0.729 1.835 0.944 o. 777 0.799 0.201 
6 1. 125 2.960 0.916 0.679 0. 711 0.289 
7 1. 735 4.695 0.880 0.565 0.607 0.393 
8 2.676 7.371 0.836 0.444 0.496 0.504 
9 4.128 11.500 0.785 0.329 0.390 0.610 

10 6.368 17.868 0.729 0.230 0.296 0.704 
11 9.824 27.691 0.670 0.153 0.222 o. 778 
12 15.154 42.845 0.611 1).098 0.166 0.834 
13 23.376 66.221 0.553 0.060 0.126 0.874 
14 11.008 77.230 0.507 0.106 0.159 0.841 . 

UO= ::;0.00 CM/S K= 0.600 1/SEC KLmf/Uo= 2.010 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.161 0.161 0."/96 0.986 0.987 0.013 

2 0.290 0.451 0.989 0.943 0.950 0.050 ,. 0.520 0.971 0.977 0.878 0.893 0.107 ·-· 
4 0.934 1.905 0.958 0.780 0.807 0.!93 
5 1. 677 3.582 0.929 0.646 0.690 0.310 
6 3.010 6.592 0.889 0.489 0.551 0.449 
7 5.405 11.997 0.839 0.335 0.413 0.587 
8 9.704 21.701 0.781 0.208 0.297 0.703 
9 17.422 39.122 0.720 0.120 0.213 0.787 

10 31.278 70.401 0.656 0.065 0.157 0.843 
11 8.899 79.299 0.613 0.174 0.242 0.758 
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APPENDIX D-4 

COKPUTER OUTPUT BASED 011 KATO-WEN HODEL CGRACE> 
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UO= 10.00 CI1/S ~~·-'.- 0.100 1/SEC l~lmf/Uo= 1.300 

SIZE HEIGHT CB/CO CE/CO C/CO CDrJVERSION 
2.157 2.157 0.981 0.928 0.934 0.066 

2 2.275 4.432 0.962 0.898 0.905 0. 1)95 ,. 2 .. 398 6.830 0.943 0.869 0.877 0.123 " 
4 2.529 9.359 0.923 0.840 0.849 0.151 
5 2.667 12.026 0.903 0.811 0.821 0.179 
6 2.812 14.8.38 0.882 0.783 0.794 0.206 
.., 2.965 17.803 0.861 0.755 0. 766 0.234 I 

8 3. 126 20. S'29 0.839 0.727 0.739 0.261 
9 ""( ,...0,. 

·-'•..;..' I 24.226 0.818 0.699 0.712 0.288 
10 3.476 27.702 0.796 0.672 0.685 0.315 
11 3.6b5 31.367 0. 773 0.644 0.658 o. ~.42 
12 ~ CLt:-

·-·· '...J•.J.J 
-:e ,.,i":' .... ..~ ........... 0.751 0.617 0.631 0.369 

13 4.075 39.307 0.728 0.590 0.605 0.395 
14 4.297 43.605 0.705 0.563 0.578 0.422 
1"" • ..J 4. 5.31 48.136 0.682 0.537 0.552 0.448 
16 4.778 52. 91~· 1).659 0.511 0.527 0.473 
17 5.038 57.951 0.636 0.485 0.501 0.499 
18 5.312 63.264 0.612 0.460 0.476 0.524 
19 5.601 68.865 0.589 0.435 0.452 0.548 
20 5. ~'06 74.771 0.566 0.411 0.428 0.572 
21 6.228 80.999 0.543 0.388 0.404 0.596 
,, 6.567 87.566 0.520 0.365 0.381 0.619 '-~ 
,~ 

.:...:.! L 0""" '.J' • ._._} 94.491 0.498 0.342 0.359 0.641 
24 7.301 101.792 0.476 0 • .321 0.337 0.663 
""" 7.699 109.491 0.454 0.300 o. :.16 0.684 .:...; 

26 8.118 117.609 0.432 0.279 0.296 0.704 
27 8.560 126.170 o. 411 0.260 0.276 0.724 
28 9.026 1:.5.196 0.390 0.241 0.257 0.743 
,, '7'. 518 144.713 0.370 0.224 0.239 1).761 .:.7 

30 0.707 145.420 0.368 0 .. 328 0.333 0.667 

UO= 15.00 CM/S f'-\- 0.100 1/SEC J:lmf/Uo= 0.867 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
2.187 2.187 0.988 0.997 0.995 0.005 

, 2.368 4.555 0.975 0.969 0.970 0.030 
~ 

3 2.564 7.119 0.962 1).942 0.945 0.055 
4 2.77.'::J 9.895 0.947 0.915 0.921 !).079 

"" 3.006 12.901 0.932 0.889 0.896 0.104 ·.! 

6 "'! ....,COt:' 
.:.. .• .:.,,J.J !6.156 0.916 0.862 0.871 0.129 

7 .., C',.,C" 
. .; •• ..;~J 19.681 0.899 0.835 0.846 0.154 

8 3.816 23.497 0.881 0.807 0.820 0.180 
9 4.132 27.630 0.862 0.779 0.793 1),21)7 

10 4.474 32.104 0.843 0.750 0.766 0.234 
11 4.845 ~.6. 949 o. 82.3 0. 721 0.738 0.262 • 
12 5.246 ~2. 195 0.801 0.691 0.710 0.290 
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13 5.680 47.875 0.779 0.661 0.681 0.319 
14 6.151 54.02.~ f). 757 0.630 0.652 0.348 
15 6.660 60.686 0.733 0.600 0.622 0.378 
16 7.211 67.897 0.709 0.568 0.592 f\408 
17 7.808 75.705 0.685 0.537 1).562 0.438 
•o 
1W 8.455 84.159 0.660 0.506 0.532 0.468 
117' 9.155 93.314 0.634 0.475 1).502 0.498 
20 9.912 103.227 0.608 0.445 0.472 0.528 
21 10.733 113.960 . -0.58i 0.414 0.443 0.557 
~'":\ 11.622 125.581 0.555 0.385 0.414 0.586 ~.:.. 

.... ~ 12.584 138.165 0.529 0.356 0.385 0.615 ,;;.._. 

24 r:..626 151.791 0.5;)2 0 .. 328 0.357 0.643 

'"'" 4.543 156.334 0.491 0.436 0.445 0.555 .:...J 

UO= 21. 40 Ct·l/S J;:: 0.100 !/SEC J::LmfiUo= 0.607 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSiON 
2.226 2.226 0.992 1. 025 1. 018 -0.018 

.... 2.494 4.720 0.983 6.998 0.995 0.005 -
7 2.794 7.514 o. 97~. 0. 972 0.972 0.028 .. : .. 
4 3.130 10.644 0.962 0.946 0.950 0.050 
t:' 3.506 14. 150 0.950 0.920 0.927 0.073 ,J 

6 3.928 18.077 0.937 0.894 0.903 0.097 
7 4.400 22.477 0.923 0.866 0.878 0.122 
8 4.929 27.406 0.907 0.837 0.852 0.148 
9 5.522 32.928 0.890 0.806 0.825 0.175 

10 6.185 39.113 o. 872 0.774 0.796 0.204 
11 6.929 46.042 0.852 0.741 0.765 0.235 
12 7.762 53.804 0.831 0.706 0.733 0.267 
13 8.696 62.500 0.808 0.670 0.700 0.300 
14 9.741 72.241 0.785 0.633 0.666 0.334 
15 10.912 83.154 0. 757' 0.595 0.631 0.369 
16 12.225 95.378 0.733 0.556 0.595 0.405 
17 13.694 109.07.3 0.705 0.517 0.558 0.442 
18 15.341 124.414 0.677 0.478 0.521 0.479 
19 17.186 141.599 0.647 0.43~ 0.484 0.516 
20 19.252 160.851 0.617 0.400 0.448 0.552 
21 5.459 166.310 0.606 0.550 0.562 0.438 

UO= 10.00 CI1/S 1'-,,- 0.150 1/SEC I<Lmf/Uo= 1.950 

SIZE HEIGHT CB/CO CE/CO C/CO CDrNERSION 
2.157 2.157 0.973 0.896 0.904 0.096 

.., 1"'\ ""t-1:' 4.432 0.945 0.854 0.863 0.137 .:. ... ,;../.J ,. 2.398 6.830 0.917 0.813 0.824 0.176 -· 
4 2.529 . 9.359 0.889 0.774 0.786 0.214 

"' 2.667 12.026 0.861 0.736 0.749 0.251 ,J 

6 2.8i2 14.838 0.832 0.700 0.714 0.286 
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7 2.965 17.80.3 0.804 0.664 0.679 0.321 
8 3.126 20.929 0. 775 O.b2S· 0.645 0.355 
9 3.297 24.226 0.746 0.595 0.611 0.389 

10 3.476 27.702 0.718 0.562 0.579 0.421 
11 3.665 31.367 0.690 0. 53(1 0.547 0.453 
12 3.865 1'r:" ,.,.,., 

•.,.I.J I.;_ .• '.:_ 0.662 o. 1l99 0.517 0.483 
13 4.075 39.307 0.634 0.469 0.487 0.513 
14 4.297 43.605 0.606 0.440 0.458 0.542 
15 4.531 48.136 0.579 0.412 0.430 0.570 
16 4.778 52.913 0.552 o. :.85 0.41)3 0.597 
17 5.o:.s 57.951 0.525 0.359 0.376 0.624 
18 5.312 6.3.264 1), 4 99 0.334 0.351 0.649 
19 5.601 68.865 0.474 0.310 0.327 0.673 
20 5.906 74.771 0.449 0.287 0. -304 0.696 
21 6.228 80.999 0.425 0.265 0.282 0.718 
22 6.567 87.566 0.401 0.244 0.261 0.739 
?"I -·-' 6.925 94.491 0.378 0.225 0.241 0.759 
24 7.301 101.792 0.356 0.206 0.222 o. 778 
25 7.699 109.491 0.335 0.189 0.204 0.796 
26 8.118 117.609 o:314 0.173 0.188 0.812 
27 8.560 126.170 0.294 o. 157 (;.172 0.828 
':10 9.026 135.196 0.275 0.14.3 0.157 0.843 4'-' 

29 9.518 144.713 0.257 0.130 0.143 0.857 
30 0.707 145.420 0.255 0.216 0.220 0.780 

UO= 15.00 CM/S K= 0. 150 1/SEC I'Lmf /Uo= !. ;.(11) 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
2.187 2.187 0.982 0.995 0.993 0.007 

2 2.3t.8 4.555 0.963 0.954 0.955 0.045 
"1 2.564 7.119 0.943 0.914 0.919 0.081 -.J 

4 2.776 9.895 0.922 0.877 0.884 0.116 
5 3.006 12.901 0.900 0.839 0.850 0.150 
6 3.255 16. 156 0.877 0.802 0.815 0.185 
7 ., C'"'C' 

.,;. .• ..Jk..J 19.681 0.854 0.766 0.780 0.220 
8 3.816 2: .. 497 0.829 0.729 0.746 0.254 
9 4.132 27.630 0.804 0.693 0.711 0.289 

10 4.474 32.104 o. 777 0.656 0.677 0.323 
11 4.845 36.949 0.751 0.620 0.642 0.358 
12 5.246 42.195 0.723 0.584 0.607 0.393 
13 5.680 47.875 0.695 0.548 0.573 0.427 
14 6.151 54.026 0.667 0.513 0.539 0.461 
15 6.660 60.686 0.638 0.478 0.505 0.495 
16 7. 211 67.897 0.609 0.444 0.472 0.528 
17 7.808 75.705 0.580 0.411 0.4:-9 0.561 
18 8.455 84.159 . 0.551 0.379 0.408 0.592 
19 9.155 93.314 0.522 0.348 0.377 0.623 
20 9.912 103.227 0.493 0.318 0.348 0.652 
21 t•:;, 733 113.960 0.465 0.290 0.319 0 • .!:.81 
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22 11. 6i2 125.581 0.4~.7 0.263 0.292 0.708 
"11' 12.58~ 138.165 0.410 0.237 0.266 o. 734 ... _. 

24 .13.626 151.791 0.383 0.213 0.242 0.758 
25 4.543 156.334 0.370 0.311 0.321 0.679 

UO= 21. 4(1 Ct1/S ,._ .. - 0.150 1/SEC l:lmf/Uo= 0. 911 

SIZE HEIGHT CB/CO CE/CO C/CO COr·IVERS I ON 
2.226 2.226 0.988 1. 039 1.028 -0.028 

"' 2.494 4.720 1).975 0.997 0.992 0.008 L 

-~· 2.794 7.514 0.960 0.958 0.959 0.041 
4 3.130 10.644 0.944 0.921 0.926 0.074 
" 3.506 14.150 0.927 !).884 0.893 0.107 ,J 

6 3.928 18.077 0.91)8 0.846 0.859 0.141 
7 4.400 22.477 0.887 0.808 0.825 0.175 
8 4.929 27.406 0.865 0.768 0.790 0.210 
9 C' t:,.,'i 

..Jo..JLL .32. ~'28 0.842 0.728 0.753 0.247 
10 6.185 3S' .113 0.817 0.687 0.715 0 "::•PO::: 

11 6.S'29 46.042 0.790 0.645 0.677 0.323 
12 7. 762 53.804 0.763 0.603 0.638 0.362 
13 8.696 62.500 0.734 0.560 0.598 0.402 
14 9.741 72.241 0.704 0.518 0.558 0.442 
15 10.912 83.154 0.673 0.475 0.518 0.482 
16 1" "'"'" i..-~~J 95.378 0.641 0.4~.4 0.479 0.521 
17 13.694 109.07.3 0.608 0.393 0.440 0.560 
18 15.341 124.414 0.576 0.354 0.402 0.598 
19 17.186 141.599 0.543 0 •. 317 0 •. 366 0.634 
20 19.252 160.851 0.510 0.281 0.331 0.669 
21 5.459 166.310 0.496 0.430 0.445 0.555 

UO= 10.00 C~1/S K= 0.200 1/SEC I<Lmf/Uo= 2.600 

SIZE HEIGHT CB/CO CE/CO CiCO CONVERSION 
2.157 2.157 0.964 0.865 0.876 0.124 

") ,.... 1""\~1:' 4.432 0.928 0.812 0.825 0.175 .:.. LoLi.J 
"1 2.398 6.830 0.893 0.763 o. 776 0.224 " 
4 ,., C''"\Q 

~.J~i 9.359 0.857 0.716 0.731 0.269 
5 2.667 12.026 0.822 0.671 0.687 0.313 
6 2.812 14.838 0.787 0.628 0.645 0.355 
7 2.965 17.803 0.753 0.588 0.605 0.395 
8 .3.126 20.929 0.718 0.549 0.567 0.43~. 

9 ,. '"'0 ... 
·-'• ._'I 24.226 0.685 0.512 0.530 0.470 

10 3.476 27. 7t)2 0.652 0.476 0.4S'5 0.505 
11 3.665 ::.r.::.67 0.620 0.442 0.461 0.539 
1" .:.. 3.865 35.232 0.588 0.410 0.429 0.571 
13 4.075 39.307 0.557 0.380 0.399 0.601 
14 4 ')Q'T 

•~• I 43.605 0.527 0.351 0.369 0.631 
15 4.531 48.136 0.498 0.323 0.342 0.658 
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16 4.778 52.913 0.469 0.297 0 .. 315 0.685 
17 5.038 57.951 1).442 0.273 0.291 0.709 
18 5.312 63.264 0.415 0.250 0.267 0.7.33 
19 5.601 68.865 0.389 0.228 0.245 0.755 
20 5.906 74.771 0.364 0.208 0.224 0.776 
21 6.228 80.999 0.341 0.189 1).205 o. 795 
,.,,., 6.567 87.566 0 •. 318 0. 171 0.187 0.813 ... ~ 
'"'' 1...· .. • 6.925 94.491 0.296 0.155 o. 170 0.830 
24 7.301 101.792 0.276 0. 140 0.154 0.846 
'"'" I....J 7.699 109.491 1).256 0.126 o. 140 1).860 
26 8. 118 !17.609 0.237 0. 113 0.127 0.87::. 
l')i 
~I 8.560 126.170 0.220 0.102 0.114 0.886 
28 9.026 135.1 '1'6 0.203 0. 0'1'1 0. 10~· :).897 
29 9.518 144.713 0.187 0.081 (1,092 0.908 
30 0.707 145.420 0.186 0.150 o. !54 0.846 

UO= 15.00 CI1/S 1::= 0.200 1/SEC I<Lmf /Uo= 1. 733 

SIZE HEIGHT CB/CO CE/CO C/CO CmJVERSION 
2.187 2.187 0.976 0.993 0.990 0.010 

., 2.368 4.555 0.951 0.939 0.941 0.059 '-..,. 2.564 7.119 0.925 0.888 0.894 0.106 .,:, 

4 2.776 9.895 0.898 0.840 0.850 0.150 
5 3. (11)6 12.901 1).870 0.793 0.806 0.194 
6 "t '"'C'I:' . .~ . .:...;..; 16.156 0.841 0.748 0.764 0.236 
7 ( c:''iC" 

._ •• ..J.!..J 19.681 0.811 0.704 0.722 0.278 
8 3.816 23.497 0.781 0.660 0.681 0.319 
9 4.132 27.630 0.750 0.618 O.MO 0.360 

10 4.474 32.104 0.719 o. 577 0.601 0.399 
11 4.845 36.949 0.687 0.536 0.562 0.438 
!" ... 5.246 42.195 0.655 0.497 0.524 0.476 
13 5.680 47.875 0.623 0.459 0.487 0.513 
14 6.151 54.026 0.591 0.422 0.451 0.549 
15 6.660 60.686 0.560 0.387 0.416 0.584 
16 7.211 67.897 1).528 0.353 0.383 0.617 
17 7.808 75.705 0.497 0.321 0.351 0.649 
18 8.455 84. !59 0.466 0.2'1'0 0.320 0.680 
19 9.155 93.314 0.437 0.262 0.291 0.709 
20 9.912 103.227 0.407 0.235 0.264 0.736 
21 10.73:. 113.960 0.379 0.210 0.238 0.762 
22 1!. 622 125.581 0.352 0.187 0.215 0.785 

'"'' '-" 12.584 138.165 0.326 0.165 0.192 0.808 
24 13.626 151.791 0.301 0. 146 0.172 0.828 
25 4.543 156 •. 334 0.288 0.230 0.240 0. 761) 



UO= 21.40 G11S K= 0.200 1/SEC !;tmf /Uo= 1. 215 

SIZE HEIGHT CP./C(l CE/CO C!CO CONVERSION 
2.226 2.226 0.984 1. 053 1.o:.s -o.o::.s 

2 2.494 4.720 0.967 0.996 0.990 0.010 
"T 2.794 7.514 1), 9·16 0.945 0.946 0.054 ·~ 

4 .3.130 10.644 0. 927 0.896 0.903 0.097 
c 3.506 14.150 0.904 0.8417' 0.861 0.139 ,_) 

6 3.928 18.077 0.879 0.802 0.819 0.181 
7 4.400 22.477 0.853 0.755 0. 776 0.224 
0 4.929 27.406 (1.826 0.707 0.733 0.267 \J 

9 C' r:'.., .... 32.928 0.797 0.660 0.690 0.310 ...J,..JLi.. 

10 6.185 39.113 0. 767 0.613 0.646 0.354 
11 6.929 46.042 0. 7.35 0.566 0.603 0.397 
12 7.762 53.804 0.703 0.519 0.55~' 0.441 
13 8.696 62.500 0.669 0.474 0.516 0.484 
14 9.74~ 72.241 0.635 0.429 0.474 0.526 
15 10.912 83.154 0.600 0.386 0.433 0.567 
16 1" "":·I:' .:. • .:...:...! 95.378 0.566 0.346 0.394 0.606 
17 13.694 109.073 0.531 0.307 0.356 0.644 
18 15.341 124.414 (1.496 0.271 0.320 0.680 
19 17. 186 141.599 1), 462 0.237 0.286 0.714 
20 19.252 160.851 0.429 0.206 0.255 0.745 
21 5.459 166.310 0.414 0 •. 344 0.360 0.640 
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APPENDIX D-5 

CDnPUTER OUTPUT BASED ON KATO-WEN nODEL <nASSiniLLA> 
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UO= 3.40 CN/S 
,,._ 
\- 0.045 1/SEC l:lmf/Uo= 0.761 

SIZE HEIGHT CB/CO CE!CO C/CO CONVERSION 
0.038 0.038 1. 001) 0.996 0.996 0.004 

2 1\ 1)51 0.089 0.999 0.995 0.995 0.005 
"'I 0.068 0.157 0.998 0.992 0.99~. 0.007 ·-· 
4 o.os·o 0.247 0.997 0.989 0.990 0.010 
" 0.120 0.367 0.995 0.985 0.986 0.014 ..; 

6 0.160 0.527 0. 99.3 0.980 0.981 1),019 
7 0.212 0.739 0.991 0.973 0.974 0.026 
8 0.282 1. 0:21 0.987 0.964 0.965 0.035 
!j' 0.375 1.396 0.983 0.952 0.953 0.047 

10 0.499 1. 895 0.977 0.937 0.938 0.062 
11 0.663 2.558 0.970 0.917 0.919 0.081 
12 0.882 3.439 0.960 0.891 0.894 0. 106 
13 1.172 4.611 0.947 0.859 0.863 0.137 
14 1.559 6.170 0.931 0.820 0.825 0.175 
15 2.072 8.242 0. 1'11 0.772 o. 778 0.222 
16 "' ... C' .. ,:_,/..Jb 10.998 0.886 0.715 0.722 0.278 
17 3.664 14.662 0.856 o. 649 0.658 0.342 
18 4.872 19.535 0.821 0.576 0.587 0.413 
19 6.479 26.013 0.781 0.499 0.511 0.489 
20 8.614 34.628 0.735 0.420 0.433 0.567 
21 11. 454 46.082 0.686 0.343 0.358 0.642 
..,") 14.604 60.686 0.635 0.279 0.295 0.705 

UO= 5.20 CM/S 
,,._ 
.. - 0.045 1/SEC I(Lmf/Uo= 0.497 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
0.!09 0.!09 0.999 o. 992 0.992 0.008 

.., 0.169 0.278 0.998 0.987 0.987 0.013 .:. 

"'I 0.262 0.540 0.996 0.979 0.980 0.020 ·-' 

4 0.407 0.946 0.993 0.966 0.968 0.032 
" 0.631 1. 578 0.988 0.948 0.950 0.050 ..J 

6 0.980 2.558 0.980 0.920 0.924 0.076 
7 1.522 4.080 0.970 0.880 0.885 0.115 
8 2.363 6.443 0.954 0.823 0.831 0.169 
'1' ~ .. 668 10.110 0.932 0.748 0.758 0.242 

10 5.694 15.804 0.901 0.652 0.666 0. ~.34 
11 8.840 24.644 0.863 0.541 0.559 0.441 
12 13.723 38.367 0.816 0.424 0.446 0.554 
1'1' . ·-' 21.303 59.670 0.761 0.313 0.338 0.662 
14 1. 818 61.488 0.752 0.670 0.675 0.325 

Ui)= 7.90 CM/S 
,,._ 
· .. - 0.045 1/SEC I:Lmf/Uo= 0.327 

SIZE HEIGHT CB/CO CE!CO C/CO CmNERSION 
0.312 0.312 0.998 0.982 0.984 0.016 
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') 0.617 0.929 0.91'5 1), 964 0.966 0. !)3tl .. 
<' 1.222 2. !51 0.'789 o.9::.o 0.934 0.066 ·-· 
4 2.419 4.570 0.978 0.868 0.875 0.125 
5 4.789 9.360 0.959 0.765 0.779 o. 221 
6 9.482 18.842 0.928 0.618 0.640 0.360 
7 18.772 37.614 0.884 0.443 0.475 0.5:5 
8 24.812 62.426 0.037 1),:!,62 0.::.95 0.605 

UO= 10.00 CM/5 K= 0.045 1/SEC l<Lmf /Uo= 0.259 

SIZE HEIGHT Ct:!CO CE/CO C/CO COtNERSION 
0.589 0.589 (1, 9S'8 0.971 0.974 O,lj26 

.., 
1. 428 2;1)17 0.992 0. ~·31 0.936 0.064 <. 

<' 3.464 5.481 0.980 0.844 0.855 0.145 ·..! 

4 8.404 13.885 0.956 0.688 0.709 0.291 
5 20.387 34.271 0.917 0.470 0.506 0.494 
6 28.761 63.03::. 0.873 0.373 0.413 0.587 

UO= 14.30 C~l/S K= 0.045 1/SEC i::lmf/Uo= 0.181 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
1.784 1. 784 0.995 0.932 0.938 0.062 

2 7.031 8.815 0.980 1).771 0.791 0.209 
<' 27.706 36.521 0.944 0.457 0.503 0.497 ·-' 

4 27.561 64.082 0.910 0.441 0. 486 0.514 
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APPEIIDIX D-6 

ConPUTER OUTPUT BASED ON KATD-WEN nODEL <LEWIS> 
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UO= 4.80 CM/S !::= 0.930 1/SEC Klmf/Uo= 8.137 

SIZE HEIGHT CB/CO CE!CO C/CO CONVERSION 
0.081 0.081 0.987 0.935 0.940 0.060 

2 0.093 0.174 0. 972 0.914 0.920 0.080 
·-· 0.107 0.281 0.955 0.890 0.897 0.103 
4 0.122 0.403 0.937 0.8611 0.872 0.128 
5 0.140 0.543 0.917 0.836 0.844 0.156 
6 0.160 0.704 0.894 0.805 0.814 0.186 
7 0.184 0.888 1),870 o. 771 0.782 0.218 
8 0.211 1.098 0.843 0.735 0.746 0.254 
9 0.241 1.339 o.sr.:: 0.696 0.709 0.291 

10 0.276 1. 616 0.782 0.655 0.669 0.331 
11 0.316 1.932 0.748 0.612 0.627 0.373 
12 0.363 2.294 0.712 0.568 0.583 0.417 
13 0.415 2.710 0.674 0.522 0.538 0.462 
14 0.476 3.185 0.635 1).476 0.493 0.507 
15 0.545 3.730 0.594 0.429 0.447 0.553 
16 o:624 4.355 0.552 0.384 0.401 0.591 
17 0.715 5.070 0.510 0.339 0.357 0.643 
18 0.819 5.889 0.468 0.296 0.314 0.686 
19 0.938 6.827 0.426 0.256 0.274 0.726 
20 1.075 7.902 0 .. 385 0.218 0.236 0.764 
21 1.231 9.134 0.345 0.184 0.201 0.799 
22 1. 411 10.544 0.307 0.153 0.170 0.8.30 
23 1. 616 12.160 0.271 0.126 0.142 0.858 
24 1.851 14.012 0.238 0.103 0.117 0.883 
25 2.121 16.132 0.207 0.083 0.096 0.904 
26 2.429 18.562 0.179 0.066 0.078 0.922 
27 2.783 21.344 0.154 1).052 0.062 0.938 
28 3.188 24.532 0.131 0.040 0.050 0.950 
29 3.652 28.184 0.111 0.031 0.039 0.961 
30 4.183 32.367 0.094 0.024 0.031 0.969 
31 4.792 37.160 0.079 0.018 0.024 0.976 
"r'"' 
·..}~ 5.490 42.649 0.066 0.013 0.019 0.981 
or-r 
•.,}\ .. • 4.303 46.952 0.055 0.014 0.018 0.982 

UO= 9.30 CM/S I(= 0. 930 1/SEC l:lmf/Uo= 4.200 

SIZE HEIGHT CB/CO CE/CO C/CO CmNERSION 
0.350 0.350 0.975 0.832 0.85.3 0.147 

.., 0.456 0.806 0.945 0.772 0.797 0.203 .:. 
T 0.594 1.399 0.909 0.703 0.732 0.268 
~· 

4 0.773 2.173 0.867 0.627 0.661 0.339 
5 1.007 3. 180 0.819 0.546 0.585 0.415 
6 1.312 4.492 0.767 0.464 0.507 0.493 
7 1.709 6.202 0.710 1).383 0.430 0.570 
8 2.227 8.428 0.65(: 0.308 0.357 G~643 

9 2.901 11.329 0.590 0.241 0.291 1).709 
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1!) .3. 778 15.107 0.529 (!. 183 0.233 0.767 
11 4.922 20.029 0.471 0.136 0.184 0.816 
12 6.412 26.441 0.416 0.099 0.144 0.856 
1~. 8.352 34.793 0.364 0.070 o. 112 0.888 
14 10.879 ~e L""7.., 

"'t~euli.. 0.317 0.049 0.087 0.913 
15 3.355 49.027 0.286 0.107 o. 132 0.868 

UO= 15.30 CM/S 1'- 0.930 1/SEC l:lmf/Uo= ., CC:7 
..::.-. ,J,_J._;. 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
1. 078 1. 078 0.963 0.680 o. 729 0.271 

.., 1.673 2. 751 0.916 1).555 0.619 0.381 :.. 

., 
2.596 5.346 0.860 0.427 0.503 o. 497 ·J 

ft 4.028 . 9. 374 0.796 o .. :.o9 0.395 0.605 ., 
" 6.250 15.624 0.729 o. 211 (1,31)2 0.698 .J 

6 9.699 25.323 0.660 0.137 0.229 0. 771 ., 
15.050 40.373 0.593 0.086 0.175 0.825 I 

8 10.60:2 50.975 0.537 .o. 104 0. 181) . 0.820 

UO= 19.30 CMiS 1'-.. - 0. 9.30 1/SEC t::Lmf/Uo= 2.024 

SIZE HEIGHT CB/CO CE/CO C/CO CONVERSION 
1.864 1.864 0.957 0.581 0.653 o. ~.47 

2 3.263 5.127 0.903 0.422 0.514 0.486 
"I 5.711 10. 8~.s 0.840 0.279 0.387 0.613 -· 
4 9.994 20.832 o. 771 0. 171 0.286 0.714 
5 17.491 38.323 0.702 0.098 0.214 0.786 
6 13.685 52.008 0.642 I). 110 0.212 0. 788 

UO= 26.00 CM/S 1'-.. - 0.930 1/SEC I~Lmf /Uo= 1.502 

SIZE. HEIGHT CB/CO CE/CO C/CO CONVERSION 
3.923 3.923 0.951 0.433 0.544 0.456 

2 8.481 12.403 0.891 0.247 0.385 0.615 

' 18. ~.33 30.736 0.825 0.124 0.274 0.726 -' 

4 22.713 53.449 0. 761 0.095 0.238 0.762 

UO= 35.00 CM/S 1::= 0. 930 1/SEC I(Lmf /Uo= 1.116 

SIZE HEIGHT CB/CO CE/CO CiCO CONVERSION 
8.953 8.953 0.948 0.278 0.436 0.564 

.., 26.480 35.433 0.887' 0. 108 0.29.3 0.707 
' 19.577 55.010 0.833 0.132 0.298 0.702 ·.I 

183 



d-.
VITA 

Hagyoung Lee 

Candidate for the Dearee of 

naster of Science 

Thesis: ftODELLING AND SCALE-UP OF INDUSTRIAL CATALYTIC 
FLUIDIZED BED REACTORS 

ftajor Field: Chemical Engineering 

Biographical: 

Personal Data: Born in ftunmag, GangNeon-do, ~orea, 
February 25, 1951, the son of Hotaek Lee and 
Seonok Yoo. 

Education: Received Bachelor of Science in Chemical 
Engineering fraa ~orea University in February, 
1973; received naster of Science in Chemical 
Engineering fro. Korea University in February, 
1978; attended the University of Illinois at 
Chicago from September, 1983 until August, 1985; 
transferred to Okalahoma State University in 

1iJianuary, 1986; completed requirements for the 
··:naster of Science degree at Oklahcaa State Univer
sity in July, 1988. 

Professional Experience: Research Scientist, ~orea 
Advanced Institute of Scienc·,~ari'd Technology, 
1978-1983; Graduate Research Assistant, School of 
Chemical Engineering, Oklahoma State University, 
1987; Teaching Assistant, School of Chemical Engi
neering, Oklahama State University, 1987-1988. 


