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A B S T R A C T

Closed loop thermosiphons provide an efficient and

economical means of heat transfer in diverse fields of

application. The rate of heat transfer and thermally

induced flow in these systems interact with each other

and depend upon a number of design and operating para

meters in a very complex manner. The prediction of these

rates is the main requirement for the design of units

using a closed-loop thermosiphon system.

The study of natural convective flow and heat transfer

in confined spaces has been conducted by many workers in

the past. These studies are mostly on vertical channels form

ing open thermosiphons. The fluids used were invariably air

or gas with Prandtl number around 0.7. Very few studies

on heat transfer in single phase natural convective flow

of liquids in closed-loop circulation systems seems to have

been reported.

The hydrodynamics and heat transfer in thermosiphon

roboilers have been studied by a number of investigators

over the past two decades. A critical review of the published
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work reveals that most of the studies have been conducted

for uniform wall temperature heating conditions with

saturated liquids. Some studies at high heat fluxes are

also confined to saturated boiling and very limited range

of other important parameters. No systematic study seems to

be available in the literature which gives the exclusive

effect of inlet degree of subcooling and submergence on the

performance of thermosiphon reboilcrs.

In the present work, a systematic experimental study

of heat transfer in the vertical tube of closed-loop thermo-

siphons, both single as well as two-phase systems, has been

carried out under low values of uniform wall flux heating

conditions.

The experimental apparatus used for the study on single

phase systems consisted of a vertical copper tube as test

section connected to a large capacity vessel and a jacketted

pipe forming a closed-loop circulation system. The test

section was of 19.05 mm inside diameter. 1.58 mm wall thick

ness and 940 mm heated length. The electrical heating element-

nichrome wire, in porcelain beads, v/as uniformly wound over

the tube. A stabilized A.C. electrical input to the heater

was regulated through autotransformers and measured by

calibrated wattmeters. The tube wall temperatures were measured

by ten copper-constantan thermocouples whose beads were

embedded in the wall thickness at locations 100 mm apart

starting from the lower end of the heated length. The mixed

mean liquid temperatures were measured by moans of copper-



constantan thermocouple probes inserted at the two ends of

the heated tube. Three liquids-water, ethylene glycol and

glycerol were used as test liquids for single phase natural

circulation studies. Experimental data were generated

imposing constant heat flux ranging from 1.77x10* to

1.066xKr W/m . As a consequence of changing inlet temperature

to the test section and heat flux, wide range of variation

in physical properties was observed in terms of pertinent

dimensionless groups. The values of Gr.Pr ranged from

9.07x10 to 2.11x10', and the corresponding values of Re due

to induced flow from O.39 to 445.

The test section of single vertical tube thermo

siphon reboiler consisted of an electrically heated stain

less steel tube of 21.44 mm inside diameter. 2.O3 mm wall

thickness and 1440 mm heated length. The uniform wall heat

flux was obtained from the measured electrical input. In

order to get the local heat transfer coefficients, the tube

wall temperatures were measured by sixteen copper-constantan

thermocouples whose beads were spot welded on the tube surface

at locations 100 mm apart starting from the lower end. The

inlet and exit liquid temperatures were measured by means of

copper-constantan thermocouple probes separatel}'. The upper

end of the test section was connected to a vapour-liquid

separator, the vapour line from which led to a total condenser.

The liquid line from the separator and condensate line from

condenser wer©. connected to a jacketted vertical tube which
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served as cold leg. The lower ends of test section and cold

leg were joined together through a horizontal tube forming a

closed-loop circulation system. The experiments were conducted

with five test liquids-acetone, ethyl acetate, propan-2-ol,

water and toluene having wide range of boiling points and

thermophysical properties. The uniform heat fluxes in the

range of 3.OXIO-5 to 2*4x10 W/ra were used. The degrees of

subcooling at the test section inlet were varied over a

wide range for all test liquids. During the experimentation

submergence levels around 100,80 and 50 percent were

maintained.

The experimental data of single phase systems were used

to obtain wall and liquid temperature distributions along the

tube iength at various levels of heat flux and inlet liquid

temperatures for all the three test liquids investigated.

The heat transfer coefficients were computed from imposed heat

flux and the resulting local values of temperature difference

and their variation along the tube length have been discussed.

The values of heat transfer coefficient have been found to

increase with heat flux due to the higher levels of tempera

ture setup and increased induced flow rates of the liquids.

At the same heat flux, the transfer coefficients show a decreas

ing order for water, ethylene glycol and glycerol. As a result

of data analyses, dimensionlcss correlations to predict local

and average heat transfer coefficients have been developed.
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For local heat transfer coefficients,

°*388 n^ 0*363

For average heat transfer coefficients,

/„ n , 0.584 -0.131 -0.622(Nu;ayg . 0.049(Gr.Pr)avg (Re;avg (//d)

In natural circulation boiling of liquids, the

experimentally obtained wall and liquid temperature distri

butions along the tube length revealed the varying lengths

of effective boiling and non-boiling sections. In between,

the point of onset of boiling for all the test liquids under

various operating conditions were identified and discussed.

The non-boiling region was identified by the linearly vary
ing' liquid and wall temperatures along trie tube length under

the conditions of constant heat flux. The zone of transition

from nonboiling through subcooled boiling to fully developed
saturated boiling was marked by the attainment .of maximum

wall temperature followed by e sudden decrease in its value

and subsequently becoming aOfisost constant*

The heat transfer coefficient remained almost invariant

with length over the non-boiling section of the tube. It

jumped to much higher values at the onset of boiling condi

tions and became constant in fully developed boiling region

of the tube length. The variation of h with z was found to

be similar for all systems and was affected by heat flux,

inlet liquid subccoling and submergence.
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The onset of fully developed boiling required a minimum

degree of wall superheat for a given liquid and heat transfer

surface. Based on the analytical study of Yin and Abdelmessih[5?o]

the following expression for wall superheat as a function of

q has been developed

2 20* T

The constants a and b in the equation are as under;

System a

Acetone 24.35

Ethyl acetate 23.40

Propan-2-ol 19.89

Vaster I6.42

Toluene 15.84

0.296xl<T3

0.83lxl0~3

0.477xlO~3

0.106x10*"^

0.343x10*"^

The distance along the heated tube required for the

onset of fully developed boiling of a liquid depends upon

wall heat flux, inlet liquid subcooling and submergence. An

empirical correlation for predicting this length has been

developed in the following forms

r 2
OB n,

jt-x 100J =<VPsb> (}\
nc n.

ub'

The values of constant C^ and exponents n,, n~ and B>

for all the five test liquids have been evaluated and are as

under 5
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Acetone 0.095 -0.2890 0.260 1.450

Ethyl acetate 0.266 -CI63O O.34O O.995

Propan-2-ol 0.5ILxlO"~3 O.443O 0.068 1.993
Water 0.54x10":'3 0.0014 O.I33 2.405

Toluene 1«55x10"3 0.4370 0.120 1.740

The heat transfer coefficient in fully developed boiling

region has been found to be strongly dependent on heat flux

due to the dominant role of nucleate boiling mechanism in the

experimental conditions of present investigation. The effect

of inlet liquid subcooling and submergence on the magnitude

of hB was observed to be negligible. However, the length of

tube over which fully developed boiling occurred was found

to increase v/ith the decrease in the values of inlet liquid

subcooling and submergence. Thus, the boiling heat transfer

coefficient averaged out over the fully developed boiling

section of the tube has been expressed as a function of q in

the following power lav; relationship.

hB = c qn

The values of c and n are as underi

System c n

Acetone 45.31 0,387

Ethyl acetate 75.18 O.332

Propan-2-ol 54.36 0.351

Water 17.51 0#556

Toluene 37.29 O.38I
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• System
% %L & !2§

Acetone 0.095 -0.2890 0.260 1.450

Ethyl acetate 0.266 -0,1630 O.34O 0.995

Propan-2-ol 0. 51x10"•3 O.443O 0.068 1.993
Water 0.54x10*:•3 0.0014 O.I33 2.405

Toluene 1.55x10"-3 0.4370 0.120 1.740

The heat transfer coefficient in fully developed boiling
region has been found to be strongly dependent on heat flux

due to the dominant role of nucleate boiling mechanism in the

experimental conditions of present investigation. The effect

of inlet liquid subcooling and submergence on the magnitude

of hB was observed to be negligible. However, the length of

tube over which fully developed boiling occurred was found

to increase v/ith the decrease in the values of inlet liquid

subcooling and submergence. Thus, the boiling heat transfer

coefficient averaged out over the fully developed boiling

section of the tube has been expressed as a function of q in

the following power law relationships

hB = c qn

The values of c and n are as unders

System c n

Acetone 45.31 0,387
Ethyl acetate 75.18 O.332
Propan-2-ol 54.36 0.351

Water ±7,51 0*556

Toluene 37.29 O.38I



The variation of hB with q also showed a good agreement

with the experimental data from earlier studies of similar

nature.

The rate of" heat transfer in nonboiling region of

the reboilcr- tube vras found to be mainly governed by natural

convective flow of liquids in the similar manner as in the

case of single phase thermosiphon. However, the net flow of

liquid through the reboiler tube was higher than that in the

single phase thermosiphon duo to the liquid vapourization

in the upper section. The average values of heat transfer

coefficient for all the five test liquids were best

correlated in terms of same dimensionless groups, used in

single phase thermosiphon, by the following equation with a

maximum deviation of + 30 per cent

NuNB
0.481 n nu zr,u -G#23-0.0126(Gr.Pr) ite££*(3&) '

A correlation for boiling heat transfer coefficient has

also been developed in terms of suitable dimensionless

groups.

0.462 , 0,0134 1,014 VHC0 1.743
NuB = 6.l42(PeB) (^) &r) (-£-)

y"tt VL

The data points of all the five liquids were found to be

well within + 30 per cent deviation from the equation.

Although, the correlation has been developed based on

experimental data at very low values of heat flux and
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small vapour fractions, its form is fairly general and

may be extended to other ranges of parameters.

None of the earlier correlations, available in literature,

has been found to agree weH-ftlth the experimental data of

present investigation.
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CHAPTER 1

INTRODUCTION

Thermosiphons are characterized as those thermal systems

which have the intrinsic function of removing heat from a

prescribed source and transporting heat and mass over a

specific path and finally rejecting the heat and/or mass to

a prescribed sink. In such systems, flow occurs as a result

of thermal buoyancy forces, either locally or in an overall

sense. Thus, a thermosiphon may be defined as'a prescribed

circulating fluid system driven by thermal buoyancy forces'[56]
The thermosiphons are generally categorized based on

a. the nature of boundaries - open or closed to

mass flow,

b. the regime of heat transfer - purely natural convect

ion or mixed natural and forced convection,

c. the number and type of phases present - single or
two-phase state, and

d. the nature of body force - gravitational or rotational.

Of these, closed loop vertical thermosiphons (recirculat

ing type) are of vital importance to industrial applications.



Closed loop thermosiphons essentially consist of a U-tube

type of system with movement of fluid due to density diff

erences in the hot and cold legs. This class of systems,

involving either purely natural convective single phase flow

or boiling resulting in two-phase flow (thermosiphon reboiler),

have inherent qualities of providing high heat transfer rates

apart from their mechanical simplicity and economical operation.

The design of such systems require the fundamental infor

mation on the rate of heat transfer and the resulting flow,

and their interaction with pertinent process parameters.

1.1 SINGLE PHASE CLOSED LOOP THERMOSIPHON

Heat transfer during natural convective flow of fluids has

been widely used for simultaneous extraction and transportation

of thermal energy in power plants and process industries.

Some of the common examples are found in boilers (particularly

during start-up), transformers and engine cooling, liquid-

cooled turbines and the sensible heating section of thermo

siphon reboiler tubes. Recently, the application of natural

convective flow has been included in research and development

in such diverse fields as nuclear, solar and geo-thermal

energy. In nuclear reactors, under certain normal or emergency

operating conditions - upon loss of forced flow as in the case

of pump failure - the heat is transferred from the reactor

core by the natural convective flow of the coolant fluid.

Heat transport from a solar heat collector to its point of

extraction also takes place by the circulation of the transfer



medium through a natural circulation loop. The extraction

and transportation of geo-thermal energy has also recently

employed down-hole heat exchangers working on the principle

of natural convective flow.

In an effort to develop design equations, a number

of studies on natural convective flow and heat transfer in

confined spaces have been reported. Most of the studies

conducted were on vertical channels of widely different

geometries forming open thermosiphons. The fluids used were

invariably air or gas with Prandtl number around 0.7. Very

few studies, regarding heat transfer in single phase

closed loop thermosiphons have been reported todate.These

studies too, are for low Prandtl number fluids, and thus,

do not reveal the heat dissipating characteristics of liquids

in such systems.

Therefore, the present work was planned with a view

to investigate experimentally the heat transfer to high

Prandtl number liquids in natural convective flow through

a vertical tube of a thermosiphon loop. The object of the

study was to obtain the thermal response of heat transfer

coefficient to various parameters affecting the process from

the measured wall and liquid temperature distributions along

the tube length at different levels of heat flux. Also,

based on experimental results, it was aimed to develop

generalized empirical correlations predicting the local as

well as average heat transfer coefficients.



1.2 THERMOSIPHON REBOILER

Thermosiphon reboilers find wide applications in

chemical and petrochemical industries because of their

operation in the nucleate boiling regimes with attract

ively high heat fluxes. The hot leg in these units is a

one pass heat exchanger (Fig. 1.1) v/ith process fluid to be

vapourized in the vertical tubes. These units are generally

hung on the towers, thus minimising foundation, structural

and plot area requirements. The discharge lines are directly

connected to the tower with a minimum pressure drop and

vapour line costs. In evaporator services, the resistance

to some types of fouling and ease of cleaning when fouled,

makes it a preferred unit.

Design of thermosiphon reboilers also require the

knowledge of its interacting hydrodynamic and heat transfer

aspects. Hydrodynamics and heat transfer phenomenon in

these units are complicated owing to the presence of two

phases (liquid and vapour). In such units, various steady

and fluctuating flow modes are encountered depending upon

several operating parameters such as heat flux, inlet liquid

temperature, liquid level in the reboiler tubes, tube geo

metry and orientation and physical properties of flowing

fluids. Various flow patterns Fig.(1.1) affect the hydro-

dynamic conditions near the heated v/all resulting in different

frictional pressure drops and modes of heat transfer. Because

of the changing modes of heat transfer along the length,

sound theoretical analysis of these systems is rather difficult,
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Therefore, a fair amount of empiricism becomes unavoidable

in the studies on thermosiphon reboilers.

During the last two decades, a number of experimental

studies have been conducted to investigate the hydrodynamic

and heat transfer aspects of natural circulation boiling

of liquids in vertical tubes. Most of these studies are

under the conditions of uniform wall temperature heating

v/ith saturated liquids. A few studies for constant wall

flux heating are also reported for high values of heat flux

and low values of inlet liquid subcooling. Based on their

own data, some of the investigators have proposed empirical

correlations for computing circulation rate, pressure drop

and heat transfer coefficient. Most of the proposed correla

tions for heat transfer coefficient assume convective

mechanism and accordingly contain X^. as a major correlat

ing parameter. The nucleate boiling contributions are

accounted for, through various correction factors, using

film temperature difference as the main operating variable

and surface tension as the main transport property.

Recently, some work regarding the performance of thermo

siphon reboilers with respect to the height of liquid level

in the reboiler tube has been reported. These qualitative

studies indicate that submergence has a considerable effect

on the location of point of onset of boiling, which in turn,

governs its performance. No systematic study seems to be

available, depicting the exclusive effect of inlet degree of



subcooling and submergence for low values of heat flux on

the performance of thermosiphon reboilers.

The present experimental investigation was, therefore,

undertaken to study the heat transfer to liquids in a

single vertical tube thermosiphon reboiler. The main

objectives of the present work were:

1. To measure the wall and liquid temperature distri

butions along the heated tube length imposing

various low values of heat flux, wide ranges of

inlet liquid subcooling and different levels of

submergence.

2. To obtain the variation of heat transfer coefficient

along the tube length under the effect of above

mentioned parameters.

3« To identify the conditions of onset of boiling and

relate them to the relevant parameters.

4. To study the effect of heat flux, inlet liquid

subcooling and submergence on heat transfer coeffi

cients.

5. To develop, as a result of data analyses, generalized

correlations for predicting heat transfer coefficients.



CHAPTER 2

LITERATURE REVIEW

The subject of heat transfer to buoyancy induced flow in

vertical tubes has been of considerable interest to research

workers in the past. Hydrodynamics and heat transfer are the

two major aspects of such systems which have been investigated
with aview to provide reliable methods of their design on
industrial scale. The studies reported in the literature are
mostly experimental in nature and have resulted in a number

of empirical and semi-empirical correlations. Keeping in view
the aims of present investigation, the following sections
review the literature.

2.1 SINGLE PHASE THERMOSIPHON SYSTEMS

The study of natural convective flow and heat transfer in

confined spaces has been conducted by many workers. The first
extensive investigation on natural convective flow in verti
cal ducts was carried out by Elenbaas \jQ. Based on his
theoretical and experimental work, Elenbaas established the

heat dissipating characteristics of vertical ducts having such
cross-sectional geometries as the equilateral triangle, square,



rectangle and circle with uniform surface temperatures.

Chato[l|] investigated the natural convective flow in a

vertical three channel configuration with non-uniform heat

inputs both analytically and experimentally. The results

of the study showed the existence of a metastable regime

in which two metastable flow patterns could occur for a

given set of heat input rates. The studies on the develop

ment of natural convective flow in heated vertical open

tubes- include those of DyerQl,32,3J] Kageyama and Izumi(5£J

and Davis and Perona^3H. These studies are extensions of the

work carried out by Bodia and OstereleQ-CT] on natural convective

flow in vertical channel formed by two parallel plates. Dyer

used a finite difference technique to solve the equations

governing the flow in a vertical circular duct imposing

uniform wall temperature and constant wall flux heating

conditions with and without flow restrictions at the bottom.

The theoretical analysis yielded relationships between Nusselt

number and the Rayleigh number for Prandtl numbers around

0.7. Dyer also obtained experimental data with air that agreed

satisfactorily with the theoretical relationship. Kageyama

and Izumi[]5%] reported on the development of flow in uniform

heat flux circular duct for a Prandtl number of 0.72. From the

theoretical analysis, Davis and Perona[£|] calculated the

velocity and temperature distributions throughout the tube for

free convective flow of a gas (Pr = 0.7) in a heated vertical

open tube with constant wall temperature as well as constant

heat flux at the tube wall. Using these velocity and temperature
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profiles, a graphical correlation was proposed between dimen

sionless tube length and the dimensionless rates of volumetric

flow and heat dissipation. Recently, ChurchillQ.8] developed

a general correlating equation, based on earlier theoretical

and experimental results, for buoyancy induced convection

in vertical channels. The equation relating Nusselt number

with Rayleigh number accounts low Prandtl number values of

air. The applicability of the correlation has been claimed

for round tubes and channels formed by parallel plates both

for uniform wall temperature and constant wall flux heating.

The equation has also been claimed to predict approximate

values for other geometries with appropriate characteristic

lengths•

Heat transfer studies on natural convective flow in

closed loop systems, despite their advantageous applications

in many industrial situations, has received the least attent

ion. Holman and Boggs [hT\ applied constant wall flux heating

to Freon-12 near critical state in a closed loop natural

circulation system to judge its heat dissipation characteristics.

The investigation covered a range of temperatures from 150

to 400 °F and pressures from 500 to 950 psi. Separate correla
tions for predicting Nusselt numbers have been reported for

reduced volumes less and greater than one. Results also showed

that there was no appreciable increase in the heat transfer

coefficient in the critical region over that experienced in

the superheat region. Lapin[55] conducted constant wall flux

heating and cooling of water and mercury in a closed loop
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thermosiphon system and compared his experimental data with

a one dimensional constant flux analysis for similar system.

He presented a correlation in dimensionless form for tubulent

experimental results. Recently Madejski and Miki«lewicz[68}

outlined a new application of natural convective flow in

closed loop systems as heat exchanger fins. The authors

constructed a recuperator using constant diameter closed

loop thermosiphons as liquid fins and showed experimentally

that such fins when filled with NaK eutectic have an apparent

conductivity ranging from 50 to 100 times the thermal conducti

vity of the NaK for the same range of operating conditions.

Values of about 150 to 250 were obtained when mercury was used

as circulating fluid.

2.2 THERMOSIPHON REBOILERS

The successful design and operation of a thermosiphon reboiler

requires the prediction of flow and heat transfer rates. The

design variables for such systems include-circulation rates,

pressure drops, flow instabilities, geometry and orientation

of the heating surfaces and tube side heat transfer coefficients.

These design variables have considerable effect of various

operating parameters-pressure, heat input, inlet degree of

subcooling, submergence and type of fluid used. Numerous

studies to this effect have been conducted in past to predict

these design-variables imposing wide ranges of operating

parameters. Several design methods have also been recommended

in the literature &5,36,37,51,52,53,57,6Q but those due to
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Fair [35,36,37] and Hughmark[51,52,53] have received wide

acceptance as they deal with various aspects of vertical

thermosiphon reboilers in detail. MurtifjS] and a review

on thermosiphon reboilers by Mckeejjpreviewed the earlier

design methods.

2.2.1 Hydrodynamics

Hydrodynamics deals with the induced single and two phase

flow inside the tubes and their interactions with heat

transfer resulting in pressure drop and flow instabilities.

Initially Badger et alQO recommended an empirical

correlation for the prediction of liquid velocities in terms

of specific volumes of liquid and vapour and submergence

ratio. Johnson[57] proposed a model predicting recirculation

rates, modifying Kern's method [Si] by including- the

existence of a liquid* zone and using the two-phase pressure

drop correlation of Martinelli and Lokhart \&T] for vapouriza-

tion zone. The model had also been compared with measured

experimental values of Piret and Isbin[76j. Fair [33 earlier

used Kern's method to give a suitable design method for

thermosiphon reboilers. The problems involved in estimating

circulation rates were discussed by Hughmark [5,52] and predic

tion of circulation rate was considered in conjunction with

two-phase pressure drop, which was calculated by means of a

polynomial in terms of Froude number and volume fraction

liquid.

In practice, reboiler tubes partly contain purely single
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phase (liquid) and partly two-phase (liquid and vapour)

flowing within. This two-phase region is more generally

described by the flow regimes present in it. The presence

of these flow regimes, Fig.(1.1), greatly add to the complex

ity of the hydrodynamic and heat transfer characteristics

of the reboiler. Much of the understanding for identificat

ion of these flow regimes has been gained through visualisa

tion studies.

A thorough knowledge of the various types of flow

regimes, conditions of their onset and regions of occurrence,

is essential for a sound design. As such there is no completely

satisfactory method for the prediction of the flow regimes in

vertical co-current two-phase flow. Griffith and Wallis [JJ],

Govier et al {42^ and Collier [21] presented charts for the

identification of flow regimes existing in the pipe for the

given flow conditions. Orttl&zowskiECI » cased on a large

amount of experimental data on co-current two-phase vertical

flow and on the results of Griffith and Wallis [££] , Duns and

RosQo] and Nicklin et al[J£], formulated some useful correla-
f

tions for the identification of flow regimes using dimension

less numbers. Most of the correlations proposed from time to

time are generally based on the experimental data obtained

under isothermal conditions. Recently, Chexal and BerglesQLS]

studied the stability characteristics of a single channel

vertical thermosiphon reboiler. The test section consisted of

electric-resistance heated glass tubing. The glass tubing was

70 percent optically transparent, hence visual observation of
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the two-phase flow process was possible. Seven steady and

fluctuating flow modes were observed for a wide ranges of

inlet subcooling and heat flux. Flow regime maps were

developed in terms of these coordinates for both water and

Freon-113 for a variety of inlet and exit valve settings.

Based on the above studies, the resulting pressure drops

have been studied for different regimes of two-phase flow.

To this effect, majority of the correlations developed are

either semi-empirical or generally derived from momentum and

energy balances. Also a narrow flow region had been covered

in these correlations. The pioneering work was due to

Martinelli and coworkers [§7,6a] with the generalised correla

tion of Lokhart-Martinelli as a standard for comparison. In

the subsequent studies it was found that the graphical

correlations due to Martinelli and co-workers were best suited

for turbulent flow systems regardless of the type of flow

pattern and also particularly for pipe sizes in the range of

usual heat exchanger tubing dimensions. Chisholm and Laird [If]

suggested that Lokhart-Martinelli correlations may be

represented in the form of a polynomial in Lokhart-Martinelli

parameter, Xtt, for turbulent-turbulent region. For vertical

tubes, Davis [24] obtained an improved data fit by using a

modified parameter expressed mainly in terms of X...Hughmark[50]

developed polynomial type of correlation for two-phase frict-

ional pressure drop, considering a homogeneous model and taking

Froude and Reynold numbers as parameters. Recently, a number

n
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of studies have been carried out v/ith friction factors

suitably defined for two phase flow, so that the two

phase frictional pressure drop may be expressed by conven

tional Fanning equation. Typical definition to this effect

is due to Govier and OmerglJ. They poi ,ted out that plots

of such a form do give a systematic spread of data above

the single phase lines and allow easy comparison of trends.

Having established a valid criterion for comparing two-

phase flow correlations for friction loss, Dukler et al [28,29•
developed methods for the calculation of frictional pressure

drop and acceleration terms from a similarity analysis

considering slip and no slip between the phases. It was

observed that this analysis reveals more reliable estimates thcvw

that given by Lokhart-Martinelli method. Anderson and Russel^]
recommended Dukler's method as a general approach and also

find favour in Hughmark »s method g9j . Considering basic

mechanical energy equations and making use of flow regime

knowledge and a large amount of empirical data, Orkiszewski[74!
established correlations for frictional pressure gradient, two-
phase density and acceleration terms in each flow regime.

DeGance and AthertongS] rearranged these equations for their

direct use for computation purposes.

Dynamic hold up of vapour and liquid in the heated zone

of the reboiler tube create problems in estimating the static

head effects. Initial studies to this effect assumed no slip

between the phases but actually the vapour flows faster than

liquid. Hughmark[49] developed a correlation for hold up
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assuming a homogeneous model which was considered as satis

factory by Dukler et al [28,2$]. Martinelli and co-workers

EI>7>62] presented a graphical correlation for the calculat

ion of holdup. This work was based on the assumptions of

homogeneous flow conditions and on the results of holdup

measurements in small horizontal pipes. Chislom and Laird [if]

expressed this graphical correlation in terms of a polynomial

in X.. to be used directly in computations. The use of this

correlation was found to be limited by liquid massflow rates

equal to or higher than 50 lbs/sec-ft . Dukler[S8,2§], based

on his experimental data found that these correlations had

individual limited applicabilities which DeGance and

Atherton[2-5>26] elaborated. Recently Takeda jj36j conducted

experimental holdup studies in natural circulation vertical

annular spaces and presented a correlation with major para

meters as heat flux, length of boiling region and modified

terminal velocity of a single bubble.

2.2.2 Heat Transfer

Boiling heat transfer inside vertical tubes take place by

following two modes:

(i) Heat transfer due to nucleate boiling, and

(ii) Heat transfer due to convective flow.

These modes are due to the various flow patterns v/hich

occur inside the tubes of a thermosiphon reboiler. As shown

in Fig.1.1, the single phase region represents heat transfer
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by convection and if the temperature difference between the

tube wall and the saturation temperature of the liquid

reaches the limit for the nucleate boiling, then the pheno

menon of subcooled boiling (surface boiling) takes place

at the tube wall with the collapse of bubbles into the sub-

cooled liquid. Once the liquid attains the saturation

temperature, fully developed nucleate boiling sets in with

the vapour existing as the second phase. Beyond this, the

quantity of vapour along the tube length continuously

increases due to the heat input, resulting in flow patterns

suggesting convective mechanism.

Heat transfer in single phase region of a thermosiphon

reboiler tube has been approximated by well developed forced

convective equations [5,52,72]. Studies to this effect are

very limited because of the fact that most of the experimental

investigations performed are for saturated liquids entering

the reboiler tubes, thereby neglecting the single phase

region.

The point of onset of nucleation along the tube length

and its required superheat depends upon a number of operating

parameters. Numerous studies to this effect, for forced

convection boiling in vertical tubes, have been reported

predicting superheat through semiempirical approach.These

studies include the effect of various physical parameters-

surface roughness, size and geometry of nucleation sites,

role of surface tension and wettability. Some of the experi

mental studies have also been reported for the influence of
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prior boiling and effect of dissolved gases. Experimental

evidence for the presence of two boiling incipience points,

depending on the direction (increasing or decreasing) of

change in heat flux, has also been shown[46j.

The widely accepted approach for the prediction of

incipient boiling has been the one which is based on the

Gibb's equilibrium theory of bubble in a uniformly super

heated liquid and the one dimensional steady or transient

heat conduction equation. Hsu|7^8j developed analytical

expressions for the size range of active nucleation sites

for constant heat flux at the wall. Bergles and RohsenowQ8 "

developed a criterion of incipient boiling for systems that

have a wide range of cavity sizes which should be applicable

to commercially finished surfaces. They concluded that only

a small additional increase in v/all temperature is necessary

to activate a considerable range of cavity sizes when bubbles

originating from cavities of a particular radius start to grow,

Sato and Matsumura|79] proposed an analytical expression

equivalent to that of Hsu's for the prediction of incipient

nucleate boiling of water at atmospheric pressure. Based on

the analysis of Hsu[48] , Bergles and Rons enow [] 8^| and

Anderson and Davis Q2~] derived an equation for the prediction

of subcooled incipient boiling of water in forced convection.

They concluded that the criterion used in their analysis appear.

satisfactory for determining an upper limit of the liquid

superheat required to initiate nucleate boiling when a wide

range of cavity sizes exist. All these studies successfully
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predicted the boiling incipience for the decreasing heat

flux conditions. Recently, Yin and Abdel-MessihgCF]

investigated the phenomenon of liquid superheat during
incipient boiling in a uniformly heated forced convection

channel. Experimental data were obtained using Freon 11 as

the test medium. Based on certain assumptions and existing
theories, an analytical method predicting both points of

boiling incipience, was developed. The method proposed the
following equation;

(^o2 -l-V-vV *pv
rc 2o CTT •" (2,1)

s

Using the generated experimental data, they computed the

values of (&*/rc) for both incipient conditions and finally
correlated them as linear functions of heat flux. In view

of the basic assumptions involved in the analysis, the applica
bility of Eq.(2.1) have been recommended to water and other

organic liquids of low surface tension in both pool and flow
boiling systems.

Unal[88] considered the effect of pressure on the boiling
incipience under subcooled flow boiling of water in a vertical
tube. Maximum bubble diameters at this point were observed
experimentally and correlated.

As regards to the fully developed flow boiling, numerous

studies justifying either of the two modes have been reported.

Below the point of maximum heat flux, as defined by a
transition from nucleate to film boiling, film coefficients
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are generally correlated on the following basis:

n

q = m(T -T ) t^ ?\

K = m(T -T )n~1 (2 *\

where m and n are nearly constant and depends upon the

characteristics of material being boiled, system pressure and

nature of the heat transfer surface. Based on the above value

of nucleate pool boiling coefficient, hb, the expression for
nucleate boiling with flowing fluid have been recommended

by Fair[35,3d in "the following form:

hN " a hb ... (2.4)

where a is the correction factor which accounts for the varia

tion of nucleate boiling heat transfer coefficient in the

respective flow regimes. ChenQ.52 developed a correlation from

experimental data for nucleation with flow conditions using

Forater and Zuber's analysisQQ for nucleate pool boiling.
Chen's correlation contains suppression factor 's• to

include the suppression effect of the moving fluid on the
boiling rate.

k0.79 c0.45 0,49 0.25
h - n nn-ioof L °L PL Sc ~| , ,°«2Z^ 0«75

... (2.5)

It was also postulated that »s' could be represented as

a function of the local two-phase Reynold's number. Hughmark

mentioned that experimental heat transfer data did not agree

with this postulate and suggested a value of *a*as 0.25 to
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better fit the data when nucleation apparently occurred.

Gel'perin[40] correlated the experimentally observed heat

transfer coefficients for boiling zone with corresponding

heat fluxes in the following form,

hB =aq0'64 ... (2.6)

L 0 2where a = a-j_(^) * and a-^ depends on physicochemical pro

perties of -the liquid.

Most of the studies on flow boiling heat transfer in

vertical tubes assumed convective mode for correlating

purposes. Piret and Isbin[76j investigated six fluidsjwater,

carton tetrachloride, isopropyl and butyl alcohols, 35 wt%

and 50 wt% K^CO, at atmospheric pressure in a 1 nominal

copper tube with 46.5"heated length. They proposed a modified

Dittus Boelter equation to correlate average inside heat

transfer coefficient. In Reynold's number they used logmean

mean velocity assuming a homogeneous flow.

0.8 0.6 G~HoO °»33
Nu = 0.0086(Rern) (Pr) (_£—) ... (2.7)

crL

Guerrieri and Talty[44] studied heat transfer to boiling of

cyclohexane, methyl alcohol, benzene, pentane, and heptane

at atmospheric pressure, in two single tube natural-

circulation vertical reboilers which were light oil-heated

brass tubes 0.75 ID by 6 ft long and 1 ID by 6,5 ft long

respectively. Inside wall and boiling stream temperatures were
a

measured at 6 intervals along the tubes. Film coefficients
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have been expressed as a function of Lokhart-Martinelli

parameter X...

h^ 1 0.45

Wall temperatures were found generally to decrease from

the bottom to the top of the tube. Stream-temperature

distribution displayed the expected maximum at some inter

mediate point. The boiling film coefficients has also been

presented in terms of a nucleate boiling correction factor.

Dengler and Addoms [27] stressed convective boiling mechanism

by conducting forced convective boiling studies in a l"lD

by 20 ft long vertical copper tube using water as test liquid.

Radioactive tracers have been used to measure liquid fractions

along the tube. They presented the ratio of local two-phase

coefficient to the liquid-phase coefficient as a function of

the reciprocal of the Lokhart-Martinelli parameter.

"fpp -j 0.5
_ . 3.5(-1~) ... (2.9)

•L' tt

I

They observed and discussed the suppression of nucleate

boiling by forced convection either externally induced or

vapour induced. Lee et al [?£] used a reboiler consisting

of seven tubes in a bundle. The tubes were of 1" OD, 14 gauge

10 feet long made of admiralty metal. The investigation was

carried out for seven liquids and data were presented for

a pressure range of 2 to 120 psia. Overall coefficients were

expressed as functions of overall temperature differences. The
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average inside-film coefficient and the maximum flux were

presented in terms of dimensionless groups graphically.

The maximum flux was found for each fluid and system pressure.

Vapour locking was reported above maximum flux for each liquid.

Recommendations for a maximum overall coefficient of

500 BTU/hr.ft °F, and the need for giving particular attent

ion to reboiler entrance and exit piping had been given.

Johnson[57] measured circulation rates and overall temperature

driving forces for a 15-in. shell reboiler containing 96 1-in.,

12 gauge, 8-ft long tubes. One tube was equipped with a

temperature probe to obtain local boiling steam temperatures.

The systems investigated were water and a hydrocarbon having

a normal boiling point of 80.8°C. The Lockhart-Martinelli

parameter was used to calculate friction and expansion losses

for the two phase zone. Overall coefficients, driving forces

fluxed, flow, and vapourization rates were tabulated. Typical

temperature profiles were shown for six runs on the hydrocarbon.

Bennett et alLQ carried out experimental studies on heat

transfer to two-phase steam-water mixtures in the liquid

dispersed region in an annulas. They pointed out that below

15 percent dryness, the mechanism of heat transfer was probably

governed by considerations of nucleate boiling whilst at

higher steam qualities (upto app.55-657.) a forced convective

mechanism was suggested. Beyond 65 percent dryness, the heat

transfer rate decreases. In the absence of a fundamental knowledge

of the hydrodynamics of the system, attempts have been made

to correlate the data in the forced convective region by a
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modified form of the Guerrieri and Talty[44] equation.

hrnp n 0.11 .. 0.74
hf -<>•*< |) (xi:) ... (2.10)

WW

where Q/A is in Btu/hr-ft2.

Ladiev[B3] carried out experiments in three tubes

1500 mm long and 24, 28 and 52 mm diameter. Special attent

ion was given to maintain identical conditions in all tubes.

Heat transfer experimental results were correlated graphi

cally for water at atmospheric pressure. The apparent liquid

level in the tube had a significant effect on heat transfer,

which decreased with an increase in the level. The sharp

reduction in heat transfer at boiling in vertical tubes with

inherent circulation was associated with inadequate flow

in the upper part of the tube. Increase in tube diameter had

no significant effect on heat transfer rate but circulation

velocity decreased. Under vacuum, -the general character of

heat transfer was retained but its absolute level was lower

than that at atmospheric pressure.

Claire Q-9] obtained fundamental information regarding

heat transfer in a pilot evaporation plant. The coefficients

of heat transfer for brass tubes and stainless steel tubes

of different lengths (6-ft and 4-ft) and 2.0 in. and 1.5 in o.d.

are compared. Tests with water boiling at atmospheric pressure

indicated that the heat transfer was at maximum when the level

of water was maintained at about 1/3 of the tube height. For

clean tubes the value of U was always higher for brass tubes
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than for stainless steel tubes.

Bergles et al £7j carried out experiments on water

at low pressures (below 100 psia) to investigate the effects

of tube length, inlet temperature, tube diameter, and pressure
on the critical heat flux. The results were related to the

instabilities of the slug-flow regime. Critical heat fluxes

for water were normally considered to start around

0.4x10 Btu/hr ft2, however, the authors have shown values
of half this amount under low pressure conditions.

Beaver and Hughmark£ 5J conducted experiments on twelve
fluids in a 3/4 in. by 8 ft. long carbon steel tubes, heated
electrically, to investigate the reliability of using
developed correlations in vacuum operations. It was concluded
that for wall minus saturation temperature difference less
than 15°F, single phase coefficients dominate and can be
predicted by a modified Dittus-Boelter equation (Sieder-Tate
modification):

0.8 0.4 0.14
Nu „0.023(Re) (Pr) • t^/^) ... (2#11)

For temperature differences greater than 15°F nucleation sets
in and local inside coefficients can be predicted by existing
two-phase correlations.

Shellene et al [§£J carried out plant tests on ahighly
instrumented 110 ft2 reboiler having a14-in. shell, containing
70 A in., 13 gauge, 37/8 in.,12 gauge, 8ft long tubes. The
reboiler was operated in conjunction with an existing distillation
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column and, except for instrumentation, was identical to a

typical commercial unit. Steam was used as the heat source

and the process fluids were benzene, water,isopropyl

alcohol, methyl ethyl ketone, glycerine, and various aqueous

solutions of the alcohol, ketone and glycerine. The particular
pressure was slightly above atmospheric. Of particular

interest in the work was the exploration of the onset of

unstable operation. It was found that the addition of flow

resistance to the inlet line extended the stable operating

range, and the allowable pressure drop across the tubes

decreases as the heat flux increases. Adding flow resistance

to the vapour return line results in a decrease in the

maximum flux. The authors recommend to keep the return line

flow area atleast equal to the total flow area of the tubes.

Maximum heat fluxes were tabulated for the various fluids

with accompanying temperature differences and per cent vapor

ization. Other data were presented as heat flux versus log

mean temperature difference and mass velocity versus pressure
drop.

Takeda et al. [§6] measured the axial distribution of

vapour holdup and boiling heat transfer coefficient in the

armuli of a natural circulation vertical tube evaporator

for pure liquids (water, methanol) and liquid mixtures (10 mole

percent methanol-water, 50 mole percent methanol-water,

H2°~C12H25C6H4~S03 Na C1 gm/lit.). Vapour hold up in the
annuli was expressed in terms of heat transfer rate and

length of boiling region. The effect of vapour holdup on
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the boiling heat transfer coefficients was analysed to give

an empirical dimensionless equation.

Calus et al [11] carried out experimental work on a

single tube natural circulation reboiler to investigate

heat transfer to single component liquids. One copper and

one stainless steel tube each equipped with a single steam

jacket, and one stainless steel tube equipped with a six-

compartment steam jacket were used. All the tubes had

nominal dimensions of 0.5 inch, diameter and 48 in.height.

Three workers worked independently to obtain the length mean

and local point coefficients of heat transfer for water,

isopropanol, n-propanol and their azeotropos. Two-phase heat

transfer coefficients for all five liquids were correlated

by a single equations

hmT. r- - -.r-T_ nr-CrHo0 1°.9nTP r i i r To i r o~h0o ~i

S?" °-065L-fcJ [1%] [-of--I .... (2-«)XL 'L xtt,

All the length mean coefficients from runs with a two-

phase mixture quality of between 0,02 and 0.68 at the tube

exit are correlated well within the + 20 percent accuracy

limits. The same equation correlated point heat transfer

coefficients from runs v/ith a quality in the range of

12 percent to 50 percent within + 30 percent accuracy limits.
T " 0h20

The dimensionless groups (^-) and(«—••) were powerful correla/r
f L

ing factors. The latter group accounts for the differences

in the nucleating properties of the various single component

liquids and its correlating effectiveness indicated that
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nucleation was one of the m-. onanism present in flow boiling.

Calus et al [12] obtained heat transfer data from a

natural circulation single tube reboiler for binary liquid

mixtures of isopropanol, n-propanol, and glycerine each

with water. Two tubes, one of copper and one of stainless

steel, were used to obtain length mean heat transfer coeff

icients. Also one stainless steel tube was used to obtain

local coefficients. All the three tubes had nominal dimensions

of 0.5 in. diameter and 4 ft. length. It was found, in correlat

ing the experimental data,, that the single component correla

tion [IlJ was adequate, provided that the surface tension used

in it is that of the binary liquid of the interfacial concen

tration, 0"L , and that the temperature driving force is the

difference between the wall temperature and the saturation

temperature of the mixture of interfacial concentration. The

latter was found by correcting the apparent temperature

difference ATf with the correction factor F. The length mean

coefficients corresponding to a combination of flow boiling

regimes, excluding the purely bubbly-nucleate and dry wall

regions, were correlated by the equation

hTP , i N To H20 0.9 0.6

where

CT .. 0.5 ,r

) '
m

F - 1 - (v* - xH—UU (—•

D = mass diffusivity
m

y = weight fraction of the more volatile component in
the vapour phase in equilibrium with liquid phase
composition, x.

75 to 95 per cent of the data points, depending upon the
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type of mixture, were within ± 20 percent accuracy limits.

The same equation correlated the local coefficients within

+ 30 percent accuracy limits, if data points for nucleate

boiling or dry wall regimes were rejected. The factor F was

a powerful parameter with binary mixtures having a highly

non-ideal vapour-liquid equilibrium relationship. In the

case of binary mixtures of low relative volatility this

factor is very close to unity.

Nearly all the correlations for two phase coefficients

assumed the convective mechanism proposed by Dengler and

Addoms. Mesler \jl\ mode critical analysis of Dengler and

Addom's experimental data and found severe inconsistencies.

He observed that the analysis given by Dengler and Addoms

was not correct and his data could be better explained by

nucleate boiling mechanism. Based on this finding, he

critically examined the similar data of other authors and

found a support to his analysis. Later, Chaudhari and MeslerQbQ

proposed analytical linear models relating basic parameters

of nucleate boiling as heat flux, q, and- 4T. They included

mass velocity also to take into account the effect of convect

ion. Models were also successfully compared with the experi

mental data of various authors appeared earlier in the

literature.

Most of the studies reported in the literature, as

mentioned above,are for 100 percent submergence. Ladievjlpl]

and Claire Q.9J reported qualitatively the effect of submer

gence on the overall heat transfer performance of reboilers.
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They concluded that the performance of the reboilers

improve when submergence was decreased. Claire [jcf]

recommended an optimum value of submergence as 33 percent

for best overall performance of thermosiphon reboilers.

Smith [§Q also explained the attractive performance of

the reboilers with respect to submergence. Johnson et al[58|

conducted studies on an industrial size of reboiler employ

ing a wide ranges of submergence under vacuum. Through the

effect of submergence on the resulting length of boiling

and nonboiling zones, they recommended that optimum

practical operating conditions for vacuum reboilers are

50 percent liquid driving head and 50 percent vapourization.

Shah |jSi] explained some trouble shooting methods

with respect to the design and operational difficulties

generally encountered in thermosiphon reboilers.



CHAPTER 3

EXPERIMENTAL SET-UP AND EQUIPMENT

3.1 SINGLE PHASE CLOSED LOOP THERMOSIPHON SYSTEM

The experimental set-up used Tor the study of heat transfer
in the vertical tube of aolosed looo thermosiphon system is
shown schematically in Figure 3.1. The natural circulation
loop consisted of two vortical tubes whoso bottom ends were
connected together by ahorizontal pipe while the top ones
through alarge capacity vessel. Tho heated tube (net leg)
served as test section and the other Jacketed pipe formed the
cold log of the thermosiphon.

The test section consisted ef acopper tube of 19.05 mm
inside diameter, l.5e mm wall thickness and 940 mm heated
length. The tube was heated externally by an electrical heating
element which was £2 gauge nichrome wire, having an electrical
resistance of 3.48 ohms/m. The porcelain beads of proper size
over the element were usad for electrical insulation. Tho
heating element was uhiformly wound on the tube and tho terminals
were screwed to especially designed brass rings. Each ring was
held on the tube by means of throe screws which were insulated
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1 - Test section

2 - Wall Thermocouples

3 - Liquid thermocouples

U - Glass tubes

5 - Coding jacket

6 - Liquid level indicator

7 - Vessel

8 - Cup mixing device

V^Vg - Control valves

Fig.3.1 Experimental set up for studies on single phase
closed loop thermosiphon
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by placing mica sheet between their tips and the tube.

The electrical power to the heater was supplied from a

stabilized 220 volts A.C. source. It was regulated by means

of autotransformer and measured by calibrated wattmeter.

All the electrical connections were made by thick copper

wires to minimize the resistance of electrical wiring and

thus ensuring the conversion of all the electrical energy

into heat only in the heating element over the tube.

One of the objectives in the present work was to measure

local heat transfer coefficients at various positions along

the tube with the thermally induced flow of liquids. It

was, therefore, necessary to obtain the wall and liquid

temperature distribution along tho test section length at

imposed uniform heat flux. The temperatures of the heat

transfer surface were measured by ten copper-constantan

thermocouples fixed at intervals of 100 mm starting from

the lower end of the heated section. Thermocouple beads were

embedded in the tube wall thickness and the leads were wound

along the circumference before taking them out to the e.m.f.

measuring system. The temperatures so obtained were directly

taken as the inside surface temperature because the temperature

drop between the thermocouple bead location and the inner

surface of the tube was negligible (Appendix D). The inlet

liquid temperature was measured by a calibrated copper-

constantan thermocouple probe inserted just before the lower

end of the heating section. In order to get the bulk temperature

of heated liquid emerging out of test section, a cup mixing



34

device was provided in the exit line just before the thermo

couple probe. All the thermocouples were connected to a

reference junction and a d.c. potentiometer through a twelve

point selector sv/itch. The reference junction was maintained

at 0 C by dipping it in melting ice bath. The potentiometer

was a precision instrument provided with a sensitive spot

reflecting galvanometer which made it possible to measure

the thermocouple e.m.f. upto 0.001 mV with an accuracy of

0.01 per cent.

The upper and lower ends' of the test section were

connected to two sections of glass tubes having same inside

diameter through gland and nut arrangements. The glass tubes

were carefully aligned with the test section to make the

axes of all the three tubes coincide. The glass tube sect

ions were provided for visual observation of flowing liquid

and ensuring the absence of any disturbance caused by escape

of air bubbles in the loop. This was important during the

start-up of experiments particularly of high heat flux values.

The exit end of the loop after cup nixing device (in the •

upper horizontal pipe) was connected to a cylindrical vessel

of 282 mm inside diameter and 425 mm long with a conical

bottom and a flanged top cover. The vessel helped in attain

ing the steady performance by providing a liquid reservoir

in the circulation loop and dampening out any temperature

fluctuations by absorbing the thermal transients.

The conical bottom of the tank was connected to the
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inlet end of thermosiphon loop through a jacketed vertical

tube of same Inside diameter as the test section. The cooling'

water to the jacket was supplied from a constant level tank.

The inlet temperature of the test liquid was controlled by

regulating the water flow rate to the jacket.

The set-up was thoroughly lagged with glass wool and

wrapped with thin aluminium sheet to minimise the heat losses

to the surroundings.

3.2 THERMOSIPHON REBOILER

The expeiimental unit to generate the data on natural circula

tion boiling of liquids in a vertical tube was constructed

as a modified version of the set-up described in section 3.1.

A photographic view of the unit is shown in Photo 3.1 and the

schematic diagram is given in Fig.3.2. The experimental facility

comprised mainly of the following:-

• Natural circulation loop

. Power supply system

. Instrumentation.

3.2.1 Natural Circulation Loop

The thermosiphon reboiler loop was essentially a U-tube shape

circulation system with liquid boiling in an electrically

heated vertical tube which served as test section. The vapouris-

ing liquid flowed upwards through a glass section and entered

into a vapour-liquid separator. The liquid drained down the

bottom of the separator while vapours went to a water cooled
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Photo. 3.1 Overall view of the experimental Thermosiphon Reboiler
unit
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To bubbler

Test section

Copper block

Wall Thermocouples

Liquid thermocouple
probes

Glass tube

Metal to glass fitting

View port for inlet liquid

Vapour liquid separator

Condenser vessel

Spiral coil condenser

Helical coil condenser

Cooling jacket

Test liquid filling point

Liquid level indicator

Control valves

Fig.3.2 Schematic diagram of the thermosiphon reboiler
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condenser. The condensed liquid joined the other liquid

coming from separator into the top of a downflow pipe

through which the total liquid circulated back to the inlet

of the test section.

The details of heat transfer section are shown in

Fig.3.3. The test section was made of a stainless steel(304 AISI)

tube 21.44 mm I.D. and 25.50 mm O.D. The total length of the

tube was 1550 mm out of which, a length of 1440 mm was tapped

between two thick copper clamps for electrical heating by

connecting them to a stabilized low voltage power supply

system. The clamps were carefully designed and fabricated to

provide a good electrical contact with negligible contact

resistance. Copper constantan thermocouples made from 24 3WG

wires with glass fibre sleeve insulation were spot welded on

the outer surface of the tube at intervals of 50 mm upto a

length of 200 mm from the bottom and 100 mm over the remaining

length. The two ends of the tube were provided with flanged

joints using thick gaskets of pressed asbestos. Thus the

flanges screwed to the test section were insulated electrically

from their respective pairs v/ith the help of backelite

backflanges and insulating rings around the bolts as depicted

in Fig.3.3.This arrangement proved to be very effective in

isolating the heat transfer section, electrically from rest of

the set-up. The flanges at the lower end connected the tube

to an inlet liquid view port as detailed in Fig.3.4. Through

this view port the liquid coming out of the downflow pipe

could be observed visually to ensure the complete absence of
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-Test section

Copper
block

Scale |:l

All dimensions in mm

Fig.3.3 Details of heat transfer section
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Fig.3.4 Inlet liquid view port and thermocouple
probe assembly
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any air or vapor bubbles before its entry to the test section.

A copper constantan thermocouple probe was also fitted in the

view port cavity to sense the liquid temperature. To the upper

end of the test section was fitted a glass tube of the same

I.D. through a glass to metal joint assembly as shown in Fig.3.5.

The glass section of about 160 mm length helped in the visual

observation of the boiling liquid emerging out of the test

section. In order to measure the temperature of boiling liquid,

another copper constantan thermocouple probe v/as inserted into

the exit line leadi-g to the vapour liquid separator.

The vapour liquid separator was a cylindrical vessel

of 240 mm I.D. and 240 mm long having dished end covers. The

inlet line of 38 mm I.D. was connected tangentially at the

middle of the cylindrical wall. The bottom end of the vessel

was connected to the top end of liquid-downflow pipe by means

of 12.5 mm tube through a control valve. A 38 mm I.D. pipe

served as vapour line and connected the top end cover of the

separator to the condensers.

The complete condensation of vapours from the separator

was achieved by two water cooled surface condensers connected

in series. Figure 3.6 shows the flow arrangement and layout of

their components. The condenser to which the vapours enter

first consisted of a cylindrical vessel 250 mm I.D, and 260 mm

long with a flanged top cover and a dished bottom. A spiral

coil fitted just below the top cover provided a surface for

condensation. The condensed liquid drained down the bottom of

the condenser vessel through a vertical pipe 50 mm I.D. and
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320 mm long fitted to the dished bottom. The lower end of

the condensate collecting pipe was connected to the top end

of liquid downflow pipe by means of 12.5 mm tube through a

control valve. The liquid level in this pipe was indicated

by a level indicator attached with it. The uncondensed vapours

and non-condensibles, if any, from this condenser entered a

small helical coil which was placed in a vessel 100 mm I.D.

and 150 mm long. The cooling water was circulated through

the vessel submerging the coil. The exit end of this second

condenser was connected through a flexible tube to a glass

tube w.ith its free end dipped into the test liquid placed

in a beaker. This arrangement helped in observing visually

the removal of last traces of dissolved air from the test

liquids. The cooling water to the condensers was supplied

by means of a centrifugal pump from a small storage tank

to which the fresh water supply was maintained. The water

entered first to the second condenser from where it went

to the spiral coil and finally to the drain. In order to

estimate the total rise in the cooling water temperature,

thermocouple probes were fitted at the inlet point to the

second condenser and exit from the spiral coil. A thermo

couple probe was also inserted in the lowermost-section

of coaciaagtata collecting pipe.

The liquid lines from the separator bottom and that

from the condensate collecting pipe were connected to a

vertical liquid downflow pipe 27 mm I.D. and about 1600 mm

long. A length of 880 mm of the pipe was jacketed by means
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of mother nine having 52 mm I.-. with stuffing box arrange

ments at the ends. Cooling water from a constant level tank

was circulated through the jacket. The temperature of the test

liquids leaving tho downflow pipe and entering the test

section were adjusted and controlled at a desired value by
regulating the water flow rate to the jacket. A level

indicator was provided with the downflow pipe to measure the

liquid submergence. Thermocouple probes were inserted into

the downflow pipe from its top and bottom ends to measure

the temperatures of the test liquid at these locations. The

temperature rise of the cooling water was also estimated by
thermocouple probes fitted at its inlet and exit locations

in the jacket. The lower end of the downflow pipe was connected
to the inlet liquid view port by a horizontal tube. Over this

tube a nichrome wire heating element with porcelain beads as

electrical insulator was wound uniformly to form a700 ¥ pre-
heater. The preheater helped further in maintaining the desire*
inlet liquid temperature particularly close to the saturation
values.

The test section, vapor liquid separator, condensers

and all the connecting lines were thermally insulated by first
winding with asbestos ropes, then lagging with thick layer
of glass wool and finally wrapping with thin aluminium sheet

in order to reduce the heat losses to a negligibly small
value.
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3.2.2 Power Supply System

A line diagram showing the details of the electrical circuit

for supplying a stabilized, variable low voltage electric

current to the test section is given in Fig.3.7. 220 volts

A.C. single phase power was supplied to an automatic servo

motor controlled voltage stabilizer through a double pole
switch and a 28A single phase autotransformer. The auto-

transformer was helpful in adjusting the stabilizer input
whenever the line voltage changed beyond the specified limit

of 180-260 volts. The output "of the voltage stabilizer was

fed to a power transformer through another 28A autotrans-

former. The low tension output tapping of the transformer was

connected to the copper clamps provided on the test section

by means of thick bus bars suitable for the high current.

The bus bars were bolted to the clamps and transformer

tappings using 12.5 mm brass bolts to ensure a good electrical

contact. Across the copper clamps, was connected a voltmeter

of 0-10 volts range. To one of the bus bars, a calibrated

1000j5 current transformer was fitted to which an ammeter of

0-5A was connected.With the above mentioned arrangement the
stabilized power input to the test section was varied by

varying the primary voltage to the power transformer with

the help of second autotransformer. The electrical energy

converted to heat in the wall of the test section could be

precisely known from the voltmeter and ammeter readings. The

power to the liquid preheater (auxiliary heater; was regulated

by a 10A auto-transformer and indicated by a wattmeter.
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Indicating lights, voltmeters and ammeters were

fitted at suitable locations for operational convenience.

3*2.3 Instrumentation

The experimentation required the measurement of the following:

• Temperature

• Electrical energy to the test section
. Flow rate

A photographic view of the instrument panel housing all the

instruments used for measuring temperature and electrical

power la shown in Photo 3.2.

The temperatures were sensed by means of copper constantar

thermocouples made out of 24 SWG wires placed in glass fibre

sleeve insulation. For measuring the surface temperatures, the

thermocouples were attached as described in Section 3.2.1.

The liquid temperatures were monitored by thermocouple probes.

A thermocouple probe was made by placing the thermocouple

into a 3 mm bore stainless steel tube, with its bead just

projecting out at one end while the lead wires taken out

through the other. The ends were sealed by an adhesive. The

e.m.f. of all the thermocouples were measured the same way as

discussed in Section 3.1. Three 12-Point selector switches

with silver and gold plated studs were used in this case to

accommodate ?P-ge number of thermocouples. In order to block

any A.C. pick-up by the thermocouples, their leads were

twisted over each other before connecting them to the selector

switches which had built in shield arrangement.
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Photo.3.2 Instrument Panel
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The electric power input, which got converted into
heat in the test section wall, va8 obtained as product of
voltage across the tube and current flowing through it. The
voltage was measured by avoltmeter of 0to 10 volts range
having an accuracy class index 1.0 per cent. An ammeter of
0to 5amperes range having an accuracy class index 1.00
percent measured the current with the help of acurrent
transformer.

The flow rates of cooling water to the condensers and
Jacket were measured by two calibrated rotameters of 0to 10
litres per minute range.

bctrai unm mrmm of mum



CHAPTER 4

EXPERIMENTAL PROCEDURE

4.1 CALIBRATION OF MEASURING DEVICES

All the devices and instruments used for the measurement

of temperatures, electrical energy input to the test sections

and liquid flow rates were calibrated before their installa

tion on the experimental set-ups.

4.1.1 Thermocouples

The thermocouple beads were carefully prepared to avoid

the formation of any secondary junction, and checked for

continuity. They were calibrated against a standard mercury-

in-glass thermometer of 0.1°C least count by measuring

their e.m.f. with the help of precision potentiometer and

its accessories. The performance of all the wall and liquid

thermocouples of both the set-ups, after their installation

in position, were also examined. This was done by circulat

ing a liquid through the set-up at constant temperature for

sufficient time till the thermal equilibrium between the

liquid and tube wall was attained under fully insulated

condition. The readings of thermocouples as well as thermo

meter placed in the liquid were recorded. The maximum
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deviation between the readings of thermocouples and the

thermometer was observed to be 0.15 percent, while in most

cases the difference in the readings of various thermo

couples in the same set-up did not exceed 0.1°C as reported

in Table A-l of Appendix A.

4.1.2 Electrical Instruments

The wattmeter used for the measurement of electrical energy

input to the test section in single phase thermosiphon

system was calibrated against a substandard instrument,BS-89,

Precision Grade, supplied by M/S Cambridge Instrument Co.

Ltd., England. The calibration readings as given in Table A-2

of Appendix A, show a maximum deviation of 1.7 per cent.

The calibration of ammeter and voltmeter which measured

the power input to the electrically heated tube of thermosiphon

reboiler, was done with the help of a sub-standard A.C. test-

set manufactured by M/S Cambridge Instrument Co.Ltd.,England.

The total measurement uncertainty of the system employed for

calibration of the instruments was within 0.1 per cent. The

calibration results are given in Tables A-3 and A-4 of

Appendix A.

4.1.3 Rotameters

The rotameters measuring the flow rates of cooling water

to condenser and jacket were calibrated by direct measure

ment of liquid volume collected over a known period of time

corresponding to various float positions. The measured



53

values of flow rates against those indicated are reported in
Table A-5 of Appendix A.

4.2 OPERATING PROCEDURE

After fabrication and assembly of the experimental units,

the entire set-up was hydraulically tested to ensure the

absence of leaks. The set-ups were flushed with water

and cleaned thoroughly. The electrical and thermocouple

connections were then made and the performance of measuring

system was examined. The electrical insulation of heaters

from the apparatus was ensured to avoid any short circuiting

or formation of bypass circuit. The units were lagged to

prevent heat losses and thus were ready for experimentation.

Some preliminary experiments on both the set-ups were

invariably performed using water with forced convection to

check the heat balance and standardization of the apparatus.

The main experiments were conducted with distilled water and

other organic liquids. While changing over from one test

liquid to the other, the circulation system was freed completely
from the previous liquid by draining and blowing out with

compressed air. The set-up was flushed with water and drained.

It was then connected to a vacuum pump to suck out the liquid

from all sections of the unit. The heaters were also kept on

with very low heat input adjusted to facilitate the removal

of last traces of the liquid. The set-up was rinsed with the

liquid to be charged for further experimentation.
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4.2.1 Single Phase Closed Loop Thermosiphon System

For preliminary experimentation with forced convection

using set-up shown in Fig.3.1, a water supply line from

constant level tank was temporarily connected to the unit

through control valve Vj. The valves V^ V£,V4 and V6 were
closed. A flexible hose pipe leading to drains was connected

through valve Y.^ which was kept open. Water was allowed to

flow at a desired flow rate. The test heater was switched on

and an electrical input was adjusted. The flow rate was

measured and wattmeter reading noted. The readings of wall

and liquid thermocouples were recorded after a steady state

condition was established. Similar runs were taken at various

other flow rates, covering the entire range available. Data

at high flow rates could not be taken because the rise in

liquid temperature became very small, introducing a large

error even when the heater was adjusted at its maximum capacity.

A maximum deviation of about 2 per cent in heat balance

indicated negligible heat losses and satisfactory performance
of various measurement systems.

In order to generate the data on heat transfer in single

phase thermosiphon, the valves V3 and V? were closed and the
water supply disconnected. The valves V-, , V0 and V were

x & 4

opened and the loop was filled with distilled water upto a

level corresponding just sufficient to submerge the upper
horizontal pipe connecting the test section and the separator

vessel. Valve V± was then closed and the heaters were switched on.

The liquid temperature was raised to its boiling point and
it was boiled for several hours to drive out any air entrapped
in the circulation system. This was an important precaution
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particularly for the initial runs with a test liquid, as the

dry test surface always entraps a very thin film of air.

This air on heating takes the shape of tiny air bubbles which

leave the surface on further heating and join the liquid.

Thus, there sets in, microconvection near the heat transfer

surface in addition to the convections due to density diff

erences. The additional turbulence so caused forms a major

source of error and can be avoided by removing the last

traces of air from the system. When the release of air

bubbles ceased, cooling water to the jacket was allowed to

flow and the desired heat flux adjusted. The system was then

left to attain equilibrium conditions. The readings of

wattmeter, wall thermocouples and liquid thermocouples were

recorded under steady state conditions. Similar runs were

taken at various values of heat flux with water, ethylene

glycol and glycerol of high purity. The experimental data so

collected have been tabulated in Table C-1 of Appendix C. The

range of various parameters covered in the study are given in

Table 5.1 of Chapter 5.

4.2.2 Thermosiphon Reboiler

The standardization runs on the reboiler test section were

taken by supplying water to it from a constant level tank

through valve V± (Fig.3,2}, closing valves V2, V ,Vg and
Vy. The hot water flowed out of the separator to drains through

valve V^ which was kept open. The experiments were conducted

following similar procedure as discussed in Section 4.2.1.The
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readings of ammeter and voltmeter measuring the electrical

power input to the test section were recorded. The water

flow rate was maintained constant with the help of rotameter

provided in the line and was measured by collecting a known

quantity and noting the time required. The wall and liquid

thermocouple readings were noted after they became constant

indicating the steady state conditions. The heat balance

calculations based on these data at various water flow rates

indicated negligible heat losses to the surroundings and

satisfactory performance of measuring devices employed.

After collecting the forced convective heat transfer

data, the water supply was disconnected and valve V, was

closed. Valves Vn and V-. were opened. A thermocouple was

fitted through valve Vg as shown in Fig.3.2. The reboiler

was filled v/ith distilled water upto the top of the test

section and a thermocouple probe was fitted through valve V-,.

The test surface was energized and the circulation of coolant

water to the condensers was resumed. The jacket was emptied

to avoid any subcooling of the liquid so that the saturated

boiling conditions are obtained. The set-up was kept under

operation for many hours followed by aging in order to obtain

the stable tube wall nucleating characteristics* This is

a very important precaution for the reproducibility of

experimental data. A few runs were conducted to check the

overall heat balance under the conditions of boiling. The

water flow rates to the condensers and jacket were adjusted

to give appreciable temperature rise. The readings of electrical
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energy input, cooling water flow rates and all the thermo

couples were taken when a thermal equilibrium was established.

A good agreement between the electrical energy supplied to

the test section and heat energy removed in the condensers and

the jacket ensured negligible heat losses from the set-up

and reliable measurements on the condensers and the jacket.

During the start up of reboiler operation for conduct

ing a series of runs, the test liquid was boiled off for

about 4 to 6 hours to drive out the dissolved air completely,

which was indicated by the disappearance of the air bubbles

in the bubbler. A desired heat flux was then adjusted and

cooling water flow rate to the condenser was regulated to

give a maximum temperature rise consistent with no loss of

vapour due to inadequate condensation. This increased the

accuracy of heat balance around the condenser. The electrical

power to the preheater was also adjusted just to raise the

liquid temperatures to the desired value close to saturation

but without the generation of vapour bubbles which could be

observed through the inlet liquid view port. The liquid level

in the down flow pipe, was adjusted and the reboiler was allowed

to operate. With the layout designed for a closed system opera

tion and with stabilized power supply, the unit once charged

and started could be continued running for sufficient time to

attain thermal equilibrium. After the steady state conditions

were achieved, the readings of ammeter, voltmeter and rotameters

were noted and the e.m.f. of all the surface and liquid

thermocouples were measured. The liquid level in the down
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flow pipe was observed and noted from the level indicator

provided for the purpose. The heat flux was changed to

another value and necessary adjustments made to maintain

almost the same value of inlet degree of subcooling and

liquid submergence. All the above mentioned observations were

made after the steady state conditions had reached. Similar

runs were conducted at various heat fluxes maintaining

approximately the same liquid submergence and close values

of inlet degree of subcooling. The effect of inlet liquid

subcooling was investigated by varying the test liquid tempera
ture entering the test section with the help of cooling jacket
and preheater. The experimental data were generated at three

different levels of liquid submergence varying heat fluxes

and inlet liquid subcooling as mentioned above. The experi
mental data so collected have been tabulated in Table C-2 of
Appendix C.

At the end of experimentation, the power to the test

section was cut off and the coolant water flow rates to the

condensers and the jacket were maintained till all the vapours
condensed and liquid cooled.



CHAPTER 5

OBSERVATIONS AND CALCULATIONS

5.1 STANDARDIZATION OF THE SET-UPS

The preliminary runs carried out with forced convective

heat transfer yielded the experimental data which were

utilized in checking the heat balance and standardization

of the set-ups. The directly measured electrical energy

input to the test sections were compared with the computed

heat gain by the liquid flowing through the tube to deter

mine the heat losses, which were observed to be less than

2 per cent. The average values of heat transfer coefficient

were computed by

q

havg • H-TT-i&3' J #•• (5'x'° x w L w avg

The temperature drop (/.>TW; , between the thermocouple bead

and the inside surface, could be estimated using appropriate

conduction equations and was found to be negligibly small

(Appendix D) as compared to the temperature drop between

the heating surface and the liquid. The Nusselt number was

computed from the heat transfer coefficients so determined,

using arithmetic mean of (T - T^)at various thermocouple
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locations equally spaced along the tube length.

The experimentally obtained Nusselt numbers were

compared with those calculated using Sieder and Tate

equation with correction suggested by Kern and Othmer[55~l

as applicable to the experimental conditions.

. 1/3 uT 0.14
Nu = 1.86(Re.Pr. g) (Ji) % •

where . .

2.25[1+0.010(Grr/33

log Re

The comparison between the experimental Nusselt numbers

and those predicted by Eq.(5.2) is shown in Fig.5.1 for both

the experimental set-ups.A maximum deviation of about +15 per

cent indicates that the overall measurement is quite reliable

and the experimental data generated on the set-ups are of

acceptable standard.

5.2 SYSTEMS AND PARAMETERS STUDIED

5.2.1 Single Phase Closed Loop Thermosiphon

The main objective of the experimental programme with single

phase thermosiphon was to study the variation of heat transfer

coefficient during natural convective flow of high Prandtl

number liquids through the vertical tube of the closed loop

thermosiphon. Since the development of flow and other

important parameters effecting the rate of heat transfer

could be varied only through the thermophysical and transport

properties of the systems involved, it was thought desirable
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to generate experimental data with liquids having widely
varying and strongly temperature dependent physical proper

ties. The liquids chosen for experimentation were water,

ethylene glycol and glycerol. Distilled water was prepared

in the departmental laboratories while the laboratory reagent

grade ethylene glycol and glycerol were procured from

Glaxo Laboratories (India) Ltd. The experiments conducted

at various levels of heat flux yielded the data with wide

range of relevant parameters - dimensionless numbers as

given in Table 5.1. The experimental data have been tabulated

in Table C-1 of Appendix C.

Table 5-1 RANGE OF PARAMETERS IN SINGLE PHASE
CLOSED LOOP THERMOSIPHON STUDY

System j q, W/n£ I z/d Gr J Pr Re

Water 1.77xl03 - 10.50-42.00 3-75x10^ to 5.2 to 120-445
1.066x104 9.28x10° 1.8

Ethylene 1.77x10?- 10.50-42.00 5.5xloVto 127.5to 9-200
glycol 1.066xkA 1.52x10° 13.3
Glycerol 1.77x10;* - 10.50-42.00 76 to 1173 to 0.4-95.?

Y 8.88x10^ 9.7xl05 17-3

5.2.2 Thermosiphon Reboiler

The liquids used for heat transfer studies on the thermo

siphon reboiler were selected keeping in view the variation

of important properties like boiling point, latent heat of

vaporization and surface tension which have a strong influence

on boiling process. The experimental data were collected on



63

distilled water and four organic liquids-acetone, ethyl

acetate, propan-2-ol and toluene enabling a wide variation

in the above properties. The test liquids were laboratory

reagent grade chemicals obtained from B.D.H.(India) Ltd. The

operating parameters investigated v/ith each liquid were heat

flux, inlet liquid subcooling and submergence on a fixed

geometry and heating surface characteristics. All the runs

were taken at atmospheric pressure. The ranges of experimental

parameters covered in the present investigation are presented

in Table 5.2 and experimental data are tabulated in Table C-2

of Appendix C.

Table 5.2 RANGE OF EXPERIMENTAL PARAMETERS FOR
THERMOSIPHON REBOILER

System q, W/m2 at , S
sub I ° x

Acetone 3548-14500 0.9-26.7 44-100 0.005-0.70

Ethyl Acetate 3775-18800 2.5-44.5 28-97 0.025-0,62

Propan-2-ol 3342-21765 1.2-54.2 39-97 O.OO4-O.59

Water 3486-24086 I.O-73.OO 36-IOO 0.002-0.50

Toluene 2042-14900 5.5-68.3 35-97 O.O3O-O.63

5.3 DATA REPRODUCIBILITY

A few runs were made under the same operating conditions but

on different dates in order to check the reproducibility of

the experimental data, while working with the same test liquid.
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The reproducibility of heat transfer surface characteristics

of thermosiphon reboiler were checked by conducting check

runs with water at various heat fluxes after completing the

experiments with every test liquid. Some of the data, so

obtained,have been presented in Fig.5.2. A good agreement

between these data shows that they are reproducible within

experimental error.

The experimental data on single phase thermosiphon

showed a linear variation of wall and liquid temperatures

along the tube length which is quite expected trend under

uniform heat flux conditions. Similar variations were obtained

over the lower sensible heating regions of thermosiphon re

boiler test section.The variation of q with AT on log-log

plot was also linear for the upper section of the tube where

fully developed nucleate boiling took place. All the above

mentioned observations indicated that the data generated on

the experimental facility are by and large consistent.

The excursions in the adjusted values of experimental

parameters were negligible except in liquid submergence which

fluctuated significantly during a run at full submergence.The

oscillations almost subsided and stable operation was observed,

when the runs were made at low submergence values. The mode of

varying the heat flux values was also obtained to have an

important effect on the reproducibility and consistency of the

boiling heat transfer data. All "the runs on thermosiphon

reboiler, therefore, were conducted successively with an

increasing order of heat flux.
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5.4 CALCULATION OF CIRCULATION RATE, LIQUID TEMPERATURE
AND HEAT TRANSFER COEFFICIENT

5.4.1 Single Phase Closed Loop Thermosiphon

The rate of liquid circulation caused by buoyancy induced

flow through the test section was evaluated by making a heat

balance around the test section from the knowledge of total

heat input and liquid temperatures at inlet and exit positions,

as given below:

Q =u dLq =m CL <Tout-Tln) ... (5.3)
tc d L q ,

or m » r' ww* '"Jt—I"""— •••• +***'
uLuout *in;

where CL is at arithmetic average of Tin and Tout»

Having known the mass flow rate of liquid, through the

tube, the bulk liquid temperatures at locations corresponding

to those of wall thermocouples were computed by striking heat

balance around each section of the tube between two successive

thermocouple positions allowing the variation in the value of

liquid specific heat with temperature. The liquid temperatures

so obtained have been tabulated along with measured wall

temperatures in Appendix C.

The local heat transfer coefficient have been calculated

by dividing wall heat flux with local values of temperature

difference between the wall and liquid as expressed by

equation

v> _ ,,,., „.. ,..,.. „. ... (5.5;
n " I - TT

W L

The wall temperatures were taken directly from wall
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thermocouple readings because the temperature drop between

the location of thermocouple beads and the heat transfer

surface was found to be negligibly small.

The average values of heat transfer coefficient were

obtained using the Equation (5.1).

5.4.2 Thermosiphon Reboiler

In such type of studies, liquid enters the tube at a

temperature below the corresponding saturation temperature.

Because of uniform heat flux distribution, the .liquid bulk

temperature starts to increase and continues upto the satura

tion value if all the heat added to the system would go to

raise the temperature of the liquid only. After that, the

liquid bulk temperature would remain constant at the satura

tion value and all the heat added would go to generate vapour.

This is the thermal equilibrium model[78) • Based on this

model the circulation rates and liquid bulk temperature distri

butions in the thermosiphon reboiler have been determined by

making a heat balance on the test section.

In order to compute the liquid circulation rate, it was

necessary to know the length of effective non-boiling or

sensible heating region over which the liquid temperature

varied linearly. The effective boiling and non-boiling zones

over the entire heated length were determined from the amount

of net vapour generation which could be obtained as the vapour

condensed in the condenser. From heat balance around condenser
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we have

F CUV-T-,)
M = -P.-fL>A.. ... (5.6;

where Rv • rate of vapour generation, kg/s

C^ • heat capacity of cooling water at average
c bulk temperature, J/kg °C

Thus

ZB = tc d q ••• (5*7>

and Znb= L - zB ... (5.8)

The total liquid circulation rate was estimated by making

heat balance over the non- boiling section of the tube in a

similar manner as in Section 5.4.1. The equation expressing

the rate may be written as

71 d ZNB q
m " cTTT*'rfj ••• (5.9)

Lv s in'

The circulation rates could alternately be evaluated by

writing a local material and heat balance around the point

at which the liquid streams from separator and condenser

join together and flow through the liquid down flow pipe.

Ignoring the heat losses to the surroundings and assuming a

good mixing at the point of junction, the balances may be set

up as follows t,

Material balance

m - ML+ \ ... (5.10;



69

Enthalpy balance

mCLTm - MLCLTs+MvCLTSc — (5-11^

where

ML m liquid flow rate from separator, kg/sec

Tm = temperature of total liquid after the two
streams joined, C

The values of ML and m can be evaluated solving the

simultaneous Equations (5.10) and (5.11) from the knowledge

of Mv as mentioned earlier.

The validity of above mentioned methods based on heat

balance around condenser were checked by computing the

circulation rates alternately based on heat balance on

jacketted portion of the cold leg for a few runs with liquid

submergence above 95 per cent. The agreement between the

prediction made by two independent methods were found to be

very good. At lower submergences, the measurements of mixed

liquid temperature Tffl was not feasible and accordingly the

applicability of methods requiring Tffl was limited to higher

submergence levels ohly above the top of jacket. Hence, the

circulation rates for all the runs on thermosiphon reboiler

were computed using Equations (5.6) to (5.9) based on heat

balance on condenser.The fraction of vapour in two-phase

mixture coming out of test section was taken as

x - m ... (5.12)

The test liquid temperature distributions along the

tube length in the non-boiling section was represented by a
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linear relationship as given below:

T - T.

TL --2- tt z + T ... (5.13;u zNB in

where

z •£ ZNB

The temperature of liquid in the boiling section of

the tube was taken as constant at its saturation value

ignoring the effect of hydrostatic head on boiling point.

This assumption did not introduce appreciable error because

the test section length was not large.

The calculation of heat transfer coefficients in

boiling as well as non-boiling sections was done following

the same procedure as discussed in the earlier sections of

this chapter using Equations (5.1) and (5.5). The average

values were evaluated over two sections referred above

separately.

5.5 ESTIMATION OF PHYSICAL PROPERTIES OF TEST LIQUIDS

The physical properties of various test liquids used were

available in the literature[54,75,83,85,89~] over different

ranges of temperature. For the range of temperatures involved,

in the present study, extrapolation was desired for some

test liquids. Therefore, using the discrete values obtained

from the literature, third and fourth degree polynomials

were fitted with minimum error. The available properties

were either in CGS or MICS units. These were first converted

into internationally accepted SI units before polynomial equations
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were developed. The general form of the equations was:

P -A+BT +CT2 +DT3 +ET4 ... (5.34)

where

P = property

T = temperature, °C

and

A,3,C,D,E = constants of the equations.

All the properties are well represented by this general

equation except the viscosity of glycerol. It was observed

that the viscosity of glycerol changes exponentially with

temperature, hence, this property was fitted by a third

degree polynomial in exponential form as below:

P=Exp(A+BT+CT2-i-DT3) ### (5.15)

The constants of polynomials thus obtained for different

physical properties are given in Appendix B.

5.6 CORRELATING METHOD

After evaluating various pertinent parameters indicating flow

and heat transfer characteristics, suitable dimensionless

groups were estimated. Based on these groups, generalized

correlations were developed.

The development of all the correlations was done through

use of linear regression analysis [4?]. The equations thus

developed were finally used to predict the performance of the
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systems in terms of various parameters. The deviations were

also evaluated based on predicted values so obtained,

Y - Y

Percent deviation =( y-ESSS) x 100 ... (5.16)
prod

where Y d is the predicted value through correlation for

the corresponding experimental value, Y.

In the present study, all the computations were performed

on DEC 2050 computer with necessary modifications in the

various developed programmes used for estimating and correlat

ing different parameters.



CHAPTER 6

RESULTS AND DISCUSSION

The results of experimental investigation carried out on

heat transfer during natural convective flow and nucleate

boiling of liquids in closed loop thermosiphon system have

been presented here. The effect of various important para

meters on heat transfer rates and resulting liquid circulation

and their interaction are discussed in the light of under

lying principles of heat transfer involved in such system.

The important results are finally correlated to lend them

selves more useful and are compared with the previous work

reported in literature.

6.1 HEAT TRANSFER IN NATURAL CONVECTIVE FLOW OF LIQUIDS
THROUGH TEE VERTICAL TUBE OF CLOSED LOOP THERMOSIPHON

6.1.1 Variation of Wall and Liquid Temperatures along the
Heated Length of tho Tube

The experimentally measured wall temperatures at various

positions along the tube length and corresponding bulk liquid

temperatures computed for all the three liquids-water,

ethylene glycol and glycerol have been tabulated in Appendix C.

The representative plots of wall and liquid temperatures
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versus heated tube length at some selected heat fluxes

have been shown in Figures 6.1, 6.2 and 6.3 for water,

ethylene glycol and glycerol respectively. From these

figures the following may be noted:

a. The bulk liquid temperature, TL varies linearly

with distance along the test section.

b. The wall temperature, T shows a linear variation

along the heated tube length except near the

entrance of test section (z (200 mm).

c. The slopes of wall and liquid temperature profiles

rise with increase in the values of imposed heat

flux. At higher heat fluxes the difference of wall

and liquid temperature is also higher though not

in the same proportion.

d. The wall and bulk liquid temperature profiles for

all the three systems studied is similar. However,

the change in slopes of temperature distribution

lines shows a diminishing tendency from water

through ethylene glycol to glycerol. The spread

between wall and liquid temperature profiles at

any given heat flux is also found to change signi

ficantly with the system.

The bulk liquid temperature variation can be represented

very well by a linear distribution equation

dTT
TL =(^) z+T.n ... (6.1)
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The slope ,(dTL/dz) in Eq. (6.1) denotes the rise in liquid

temperature and depends upon the heat received by the

liquid according to the equation

m CT dTT
q.^yO ... (6.2)

At a given uniform wall heat flux, the mass flow rate

attains a constant value and hence the change in slope

depends only upon the variation of heat capacity of liquid

with temperature. Since the heat capacities of liquids

studied do not vary significantly over the temperature

ranges involved, the values of slopes were found to be

almost constant exhibiting linear liquid temperature

profiles. As the heat flux is raised, the values of m and

(dTL/dz) both increase to adjust the additional heat transfer,

making the profiles steeper. In case of ethylene glycol and

glycerol, the rise of temperature affect the flow properties

relatively more than in case of water resulting in a higher

increase in m and consequently the steepening tendency of

profiles is diminished as observed in Figures 6.2 and 6.3.

The wall temperature profiles are indicative of heat

dissipating characteristics of liquids. Since the variation

of liquid temperatures is governed by heat balance require

ments, the wall temperature distribution adjusts itself to

provide the necessary temperature gradient for overcoming the

thermal resistance to heat transfer. The wall to liquid heat

transfer may be expressed as

q = h (Tw-TL) ... (6.3)
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For a linear distribution of TL along the tube length at

uniform heat flux, the wall temperature may also vary

linearly if the variation in h is either insignificant or

linear with tube length. This depends upon the extent to

which the flow and thermal conditions are developed. In the

present study, the flow is dependent on the change in

physical properties of liquids and hence there exists a

mutual adjustment of velocity and temperature profiles

in the heated tube. The linear variation of wall temperature

along the test section except near entrance seems to be

the result of such an adjustment into either a fully

developed condition or a developing condition where the

change in profiles is very slow. The initial portions of

wall temperature distribution are obviously due to the

entrance effect with developing boundary layer.

The general characteristic features of wall temperature

profiles for all the three systems at various heat fluxes

investigated are observed to be similar. However, a relatively

wider spread between the wall and liquid temperature distri

bution curves, at the same wall heat flux, for ethylene

glycol and glycerol irdicates poorer heat dissipating character

istics of these liquids as compared to those of water. This

may be attributed mainly to the lower liquid flow rates

established with these systems because of their higher

viscosities than that of water. A comparison of heat

transfer coefficients for water, ethylene glycol and

glycerol at the same heat flux is shown in Fig.6.4. At
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higher values of imposed heat flux, the wall temperature

profiles become not only steeper, almost parallel to liquid

temperature profiles, but also they are spread wider to

correspond higher values of temperature difference, At. An

increase of about 1.7, 1.3 and 1.1 times in the values of

At are observed with water, ethylene glycol and glycerol

respectively for about two-fold variation of heat flux. An

increase in the value of wall heat flux raises the levels

of wall and liquid temperatures and necessitates the establish

ment of higher liquid flow rates through the heat transfer

section. This results in better heat transfer characteristics

and consequently tho rise in At is not in the same proportion

as that of heat flux. In case of water the enhancement of h

for a two-fold increase in q seems to be only about 30 percent

exhibiting an appreciable rise of about 70 percent in At. With

glycerol, on the other hand, the increase observed in At is

only about 10 percent because of the significant change in

physical properties and other conditions making the values

of h higher to account for almost 90 percent of additional

rate of heat transfer required due to the increased heat flux.

6.1.2 Correlations

A complete description of heat transfer rates from wall to

the liquid under natural convective flow through a vertical

tube of closed loop thermosyphon, as used in the present

study, would include many independent variables. Written in
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dimensionless form these may be grouped as dynamic ratio (Gr),

property ratio (Pr) and geometrical ratio (z/d), A functional

relationship between heat transfer coefficient and the

variables influencing it, in their dimensionless form, may

therefore be expressed by the following equation:

Nu = f(Gr,Pr,z/d) ... (6.4)

In all the previous studies on natural convection, analyti

cal as well as experimental, the dimensionless numbers Gr

and Pr have generally been grouped together denoted by Rayleigh

number. This proved to be very convenient particularly for

systems with strongly temperature dependent physical properties.

6.1.2.1 Local heat transfer coefficients

In the present investigation, the wall and liquid temperatures

varied significantly along the tube length resulting in the

simultaneous wide spread variation of all the groups in Eq. (6.4).

The loc^l values of Nu, therefore, were plotted against Gr.Pr

at various locations z/d, in Fig.6.5 for water, ethylene

glycol and glycerol. The experimental data represented by only

linear wall and liquid temperature profiles (z/d>10.5) were

considered in these plots. In this figure, it is seen that all

the data points of glycerol lie on a family of parallel straight

lines corresponding to various z/d ratios. It clearly indicates

that at a given location in the tube the value of Nu depends

exclusively upon Gr.Pr and may bo expressed as

Nu =C1(Gr.Pr) 1 ... (6.5)
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The value of exponent r^ for all z/d ratios is approxi

mately the same. However, the coefficient C]L strongly depends

upon z/d. V/ith ethylene glycol and water a similar behaviour

seems to be exhibited but the lines are not distinctly

separated. The slope of the lines are almost the same as that

for glycerol. Thus the data points of all the three systems

may be correlated by Eq.(6.5) with'the same value of

exponent nr The coefficient C± depends upon z/d ratio for

the three systems differently. In order to obtain a unified

value of C± for all the data points it was argued to choose

a parameter which is strongly influenced by the local convect

ions in the tube expressed through the following functions

Rc = f(Gr) ... (6.6)

A plot of Re versus Gr in Fig.6.6 suggests the relationship

Re =C2 Gr^ ... (6.?)
The average value of n2 for all the systems was found to be

0.66 while the coefficient C£ corresponded to z/d ratios almost

in the same way as C1? Thus the correlation finally assumed

the following form

n n3
Nu =C3(Gr.Pr) ^Re/Gr0'66) ... (6.8)

The values of n±, n^ and C3 in Eq.(6.8) were computed by
regression analysis on a digital computer using experimental

data points of water, ethylene glycol and glycerol to yield

the following generalized correlation, "
°-388 n ^ °-863

Nu - 1.14(Gr.Pr) (Re/Gr0'66) 9 ... (6.9)
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Figure 6.7 shows a comparison between the experimentally

found values of Nu and those computed using Eq.(6.9). About

90 percent of 96 data points on all the systems studied are

found to be within a maximum deviation of + 20 percent. The

correlation is based on the values of Gr.Pr ranging from
4 7

9.07x10 to 2.11x10 and corresponding Re from 0,39 to 445

over z/d ratios of 10,5 to 42.0. The physical properties

for the local dimensionless groups in Equation (6.9) were

taken at tile arithmetic average of wall and liquid tempera

tures for any desired location along the tube length,

6.1.2.2 Average heat transfer coefficients

The average values of heat transfer coefficient were computed
by dividing heat flux with average temperature difference

over the tube length under consideration. Three lengths of

600, 700 and 800 mm were selected for this purpose. The heat

transfer coefficient in their dimensionless form for water,
ethylene glycol and glycerol wore found to be best correlated
by the following equations

°»584 -0.131 -0,622
Nuavg =0.049(Gr.Pr)avg (Re)avg (//d) ,..(6.10)

A comparison of experimental average Nu with those predicted

by Eq.(6.10) is shown in Fig.6.8. The maximum scatter is about
±10 percent. The generalized correlation as proposed above is

applicable for Gr.Pr ranging from I.l3xl05 to 7.34xl06 with

the corr, sponding Re varying from 0.5 to 298. The physical
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properties of liquids for this correlation were taken at the
arithmatic mean of average wall and liquid bulk temperatures

over the tube lengths under consideration.

6.2 NUCLEATE BOILING OF LIQUIDS IN VERTICAL TUBE OF
CLOSED LOOP THERMOSIPHON

6.2.1 Wall and Liquid Temperature Distributions along
the Heat Transfer Section

The wall temperature distribution along the heated length of

test section were obtained from the experimentally measured

values of surface temperatures at sixteen locations on it.

The liquid temperatures corresponding to the above mentioned

locations were computed by the method discussed in Chapter 5.

The effect of heat flux, inlet liquid subcooling and sub

mergence on these temperature distributions were studied

extensively for each test liquid investigated. The data

generated on thermosiphon reboiler as aresult of all the 266
runs using acetone, ethyl acetate, propan-2-ol, water and

•bpluene have been tabulated in Appendix C. Some of the runs

on every system were selected to show the characteristic

behaviour of wall and liquid temperature profiles graphically.

The typical plots showing the variation of wall temperatures

along "the length of heat transfer surface with heat flux, degree

of subcooling at inlet and submergence as parameters are given

in Figures 6.9 to 6.11 for acetone, 6.12 to 6.14 for ethyl
acotatc, 6.15 to 6.17 for propan-2-ol, 6.18 to 6.22 for water
and 6.23 to 6.25 for toluene. The variation of liquid tempera

tures have been shown corresponding to lowermost curves of

wall temperatures only in Figures 6.9, 6.13,6.16, 6.18 and 6.24.

KOQudUBM
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Fig.6.9 Variation of wall and liquid temperatures along the
heated length for Acetone with heat flux as
parameter
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Fig.6.10 Variation of wall temperatures along the heated
length for Acetone with degree of subcooling as
parameter
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Fig.6.11 Variation of wall temperatures along the heated length
for Acetone with submergence as parameter
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Fig.6.12 Variation of wall temperatures along the heated
length for Ethyl Acetate with heat flux as parameter
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Fig.6.13 Variation of wall and liquid temperatures along the
heated length for Ethyl Acetate with degree of
subcooling as parameter
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Fig.6.U Variation of wall temperatures along the heated
length for Ethyl Acetate with submergence as
parameter
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Fig.6.16 Variation of wall and liquid temperatures along the
heated length for Propan-2-ol with degree of
subcooling as parameter
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Fig.6.17 Variation of wall temperatures along the heated length
for Propan-2-ol with submergence as parameter
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Fig.6.18 Variation of wall and liquid temperatures along the
heated length for Water with heat flux as parameter



o
o

m

Fig.6.19 Variation of wall temperatures along the heated
length for Water with heat flux as parameter
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Fig.6.20 Variation of wall temperatures along the heated
length for Water with degree of subcooling as
parameter
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Fig.6.21 Variation of wall temperatures along the heated length
for Water with submergence as parameter
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Fig.6.23 Variation of wall temperatures along the heated
length for Toluene with heat flux as parameter
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Fig.6.24 Variation of wall and liquid temperatures along the
heated length for Toluene with degree of subcooling
as parameter
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Fig.6.25 Variation of wall temperatures along the heated
length for Toluene with submergence as parameter
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examining these figures, the following may be
observed.

a. The liquid temperature, TL, varies linearly with
distance, z along the test section upto apoint

beyond which it becomes almost constant. The value

of liquid temperature corresponding to the horizontal

portion of the profile is the saturation tempera
ture of the liquid.

b. The will temperature, Tw, increases at afast rate
with distance, z, along the heated length upto a
point where it attains a maximum value. Beyond this
point a steep fall in the wall temperature is

observed and further it changes gradually to become
almost horizontal over the remaining portion of the
test section. However, in case of some highly volatile
organic liquids, the wall temperature tends to rise
near the exit end at higher values of heat flux.

c At approximately same values of inlet subcooling and
submergence, the shape of profiles is almost similar

at various heat flux values but their relative positions
are altered. The curves at higher values of heat flux

are shifted to higher wall temperatures than those
at lower levels of heat flux.

d. The inlet liquid subcooling seems to have astrong
effect on the varying wall and liquid temperature

portion of the curves. The curves move towards higher
wall temperatureswhen the degree of subcooling is
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reduced. The peak values of wall temperatures are
also affected the same way as may be clearly seen
in Figures 6.10, 6.I3, 6.16, 6.20 and 6.24. At

higher values of inlet subcooling, the straight
line portions of the curves are longer than those
at smaller degree of subcooling.

e. The maximum value of wall temperature and the posi
tion where it is attained at afixed value of heat
flux and degree of subcooling is strongly influenced
by the submergence. V/ith the decrease in its value
from full submergence, the peak wall temperature
diminishes and the distance required to attain this
value also decreases resulting in relatively longer
horizontal portions of the curves at lower submergence
values. The above mentioned effect is exhibited by
Figures 6.11, 6.14, 6.17, 6.21, 6.22 and 6.25.

f. The effect of heat flux, degree of subcooling and
submergence on the general nature of wall and liquid
temperature distributions are similar for all the
five test liquids investigated. However, the maximum
values of wall temperatures and relative lengths of
varying and almost constant temperature portions of
curves are different for different systems.

The above mentioned characteristic features of wall and
liquid temperature distributions indicate the basic modes of
heat transfer in the vertical tube ofthermosiphon reboiler.
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The linear rise of liquid temperature as it moves upward

through the tube is due to the sensible heating under

uniform wall heat flux conditions till the saturation

temperature is attained.The linear variation of wall temper

atures in this region almost parallel to liquid temperature

line may be attributed to the heat transfer by natural

convection with surface boiling taking place in the vicinity

of maximum wall temperature conditions. At high degree of

subcooling the longer straight line portions of the curves

are quite similar to those of single phase thermosiphon

and hence the same explanation may be given as discussed in

Section 6.1. The linear portions of wall temperature curves

extend even beyond the saturation temperature of liquids

due to the requirement of a minimum degree of superheat

for bubble nucleation as observed in pool boiling investiga

tions. The values of wall superheat which are attained before

the wall temperatures start decreasing have been found to be

much higher compared to those in pool boiling as observed exp

erimentally for acetone and water in the earlier studiesj^lJ.

This is presumably because the process of bubble nucleation

and subsequent growth is suppressed by the induced flow of

liquid through the tube. The points at which the curves

deviate from the straight lines, mark the onset of effective

subcooled boiling. The bubbles nucleate at the surface and

create additional turbulence resulting in slow change of wall

temperature. As the liquid moves up further, its temperature

also increases facilitating the nucleation and growth of
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bubbles to bigger sizes and thus making the boiling process

increasingly effective which is responsible for the fall in

wall temperature. Once the liquid attains the saturation

temperature, fully developed nucleate boiling sets in. All

the heat supplied goes to evaporate the liquid and vapour

exists as a second phase whose quantity increases along the

tube length. The rate of heat transfer in this region is

governed by the interaction between nucleate boiling and

convection. As the vapour quantity increases along the tube

length and hence the fluid velocity, the convective heat

transfer mechanism becomes significant but the nucleation is

gradually suppressed [gZ]. The two mechanisms, forced

convective and nucleate boiling, seem to counteract each

other in the region of saturated nucleate boiling and thus

contribute to almost horizontal portions of wall temperature

distribution curves. Since the bulk temperature is constant

in this region, the heat transfer coefficient also does not

change. However, in some cases the suppression of the nuclea

tion as the quality is increased along the boiling channel

leads to a temporary reduction of heat transfer coefficient

and accordingly wall temperature tends to rise.

With increase in heat flux, the shifting of curves to

higher wall temperatures over nonboiling natural convective

heat transfer region may be explained the same way as it was
done for single phase thermosiphon in Section 6.1, In nucleate

boiling regions, the increase in wall temperatures with heat

flux is relatively small due to the larger number of nuclei
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for bubble formation becoming active at higher heat flux

and thus enhancing the heat transfer coefficient.

The displacement of straight line portions of curves

in Figures 6.10, 6.I3, 6.16, 6.20 and 6,24 with changes in

degree of subcooling indicate that at a given heat flux

and submergence the temperature drop between wall and liquid

is not significantly influenced by the liquid temperature.

Therefore, any decrease in inlet subcooling and corresponding

rise of liquid inlet temperature results in the elevated

wall temperatures. The locations of maximum wall temperatures

are also accordingly adjusted. Once the liquid attains satura

tion temperature, the wall temperature is governed by nucleate

boiling and becomes independent of liquid subcooling. This

explains the closeness of horizontal lines in the above

mentioned figures.

Under the conditions of nearly full submergence, the

non-boiling regions are longer than those at smaller values

of submergence mainly because of relatively higher circulation

rates established. At lower submergence,the liquid level in

the downflow pipe becomes small and the amount of liquid rising

upward in two phase mixture is reduced with most of the liquid

falling back in the tube. The nucleate boiling mechanism plays

a dominant role similar to pool boiling conditions and thus

the horizontal portions of the temperature distribution curves

are stretched longer and peak values become smaller as the

submergence is reduced. A typical variation of circulation

rates with submergence may be seen for the curves of



Figures 6.21 and 6,22 as reproduced in Table 6.1.

Table 6.1 CIRCULATION RATES FOR THE CURVES
OF FIGURES 6*21 AND 6»22

112

Run |
No. | q

sub

i

1 S m
i

23 14515 21.25 97 1.209xl0~2
116 14515 19.75 75 8.3xl0~3

130 14474 19.35 50 3.61x10"3

3 8412 1.9 97 5.7xlO~2
112 8598 1.7 75 3.25x10"2
124 8412 1.9 54 1.07xl0"2

6.2.2 Variation of Heat Transfer Coefficient with
Distance along the Tube Length

The heat transfer coefficient at various thermocouple locat

ions have been computed and plotted as a function of distance

for some representative runs. Figure 6.26 shows the effect of

heat flux on the variation of h with z for water. At a constant

heat flux, heat transfer coefficient remains almost constant

over a certain, length of the tube from inlet and then undergoes

a steep rise to much higher values. The initial portions of

the curves exhibiting nearly constant values of h, may be

attributed to the non-boiling natural convective mechanism of

heat transfer similar to those observed in Fig.6.4. The remaining

portion of curves represent the subcooled and saturated nucleate
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Fig.6.26 Variation of heat transfer coefficient along the
heated length for Water with heat flux as
parameter
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boiling of liquid resulting in high heat transfer coefficient.

As the heat flux is changed to a higher value, the curves also

shift to higher values of heat transfer coefficient. The

increase in h with q over nonboiling section seems to be due

to the enhancement of circulation rates through the tube. The
boiling heat transfer coefficient attains higher values as

q is raised because increasingly larger number of nuclei for

bubble generation become active at higher heat flux.

The effect of inlet liquid subcooling and submergence
on heat transfer coefficient has been shown in Fig.6.27.

In Fig.6.27(o) it is seen that the heat transfer coefficient is
almost independent of inlet liquid temperature. However, the
boiling heat transfer coefficient becomes slightly higher at
low degree of subcooling. Figure 6.27(b) shows that the

position at which the mode of heat transfer changes from non-
boiling to nucleate boiling is shifted downward along the tube
as the submergence is reduced. Thus the region of nucleate
boiling with high heat transfer coefficient occupies alonger
tube length at lower submergence. The magnitude of h in the
natural convective region seems to be unaffected while that in
nucleate boiling region increases slightly with decrease in

submergence. Apart from much higher values of length-mean heat
transfer coefficient at lower submergence as inferred from
the above, the performance of the thermosiphon reboiler was
also found to be more stable compared to the near full sub
mergence conditions.

A comparison of h as a function of z under certain
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conditions of q, £Tsub and S has been made in Fig.6.28 for

water, ethyl acetate and propan-2-ol. Similar plots are

given for toluene and acetone in Fig.6.29. From these

figures it is obvious that the variation of h with z for

all the test liquids is essentially similar. However, the

values of heat transfer coefficient in the two regions are

quite different for different liquids at the same location

in the tube and with approximately the same values of q,

^Tsub and S# The lGngi*Ls of non-boiling and nucleate boil

ing regions are also somewhat changed. The above mentioned

behaviour may be attributed to the widely varying physical

properties of various liquids.

6.2.3 Onset of Boiling

From the discussion of wall temperature distributions in

Section 6.2.1, it is clear that boiling process becomes

effective only when the heating surface temperature exceeds

the saturation temperature of liquid appreciably.The onset

of fully developed boiling requires a minimum degree of wall

superheat for a given liquid and heat transfer surface.

Efforts were made by many earlier workers to develop a

criterion of incipient boiling both empirically as well as

analytically. Most of the existing models have achieved

reasonable success when applied to predict the boiling inci

pience with decreasing heat flux conditions. Yin and

Abdelmessih [§<3] have developed a more generalized equation

which permits the direct computation, from other measurable
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quantities, of 5*/rc and was selected to correlate the
experimentally obtained values of wall superheat and heat

flux corresponding to incipient boiling for various test

liquids used in the present study. The analytically derived
expression is given belowt

c^)2 - (w2 *l *p.;
rc 2 q 0-T *•• (6,11)

s

The computed values of &*/rc from Eq.(6.11) using the

experimentally measured (Tw-Ts) corresponding to the maximum
Values of wall temperatures attained for a run are plotted
as a function of q for all the five test liquids in

Figures 6.30 to 6.?2. The scatter of data points in these

figures is mainly due to highly unstable point of maxima

followed by a steep fall in wall temperature distribution

curves from which the values of (y V arG tak™- T:^
data shown in the figures arc fitted by the equation

representing a family of straight lines in the following

form for simplicity and convenience,

~s8"b(5 ... (6.12)
c

where a and b are constants, characteristics of liquids under
consideration.

Substituting Eq.(6.12) into Eq.(6.11) gives

(VV2-(a -ba)2iji%_ , ... (6.13;
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Equation (6.I3) may be used to predict the degree of super
heat required for onset of boiling at a given hG,t flux

using the physical properties of liquid and constants a and

b. The values of a and b determined for the experimental
conditions of the present study are given in Table 6.2.

Table 6.2 VALUES OF CONSTANTS IN EQ.(6.l3)

System ; S t AT | q j "

Acetone 44-100 0.9-26.7 3548-14500 24-35 0.296xl0"3

acetate ^'^ 2'5"44-5 3775-18800 23.40 0.83lxl0-3
Propan-2- 39-97 1,2-54.2 3342-21765 19.89 0.477xl0"3

Water - 36-IOO I.O-73.O 3486-24086 16.42 0.106xlO~3

Toluene 35-97 5.5-68.3 2042-I49OO 15.84 0.343xlO"3

The length of heated tube required for the onset of
fully developed boiling is influenced by wall heat flux,
submergence and inlet subcooling. In order to determine a
functional relationship, a typical variation of (2ob/L)x100
with q expressed as PcB and with Shas been shown on log-log
plot in Fig.6.33 for some systems. Similar plots of tube
length for oncsot of boiling as a function of K the

sub* u

dimensionless degree of subcooling are given in Fig.6.34. All
the data points presented in Figures 6.33 and 6.34 seem to bo
well represented by straight lines which suggest the correlat-
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of the following form

Z0B , n/, n, xirr- x 100 . c4(PeB) Vsub) 5S6 ... (6.14)

The values of indices n^, n? and n6 and constant C in
Eq.(6.14) were determined,system wise,by regression analysis
using the data points of all the runs. They are presented
in Table 6.3.

Table 6.3- VALUES OF CONSTANT AND EXPONENTS
IN BQ.(6.14)

System 1 cL4 1 n4 1 n5 n6

Acetone 0.095 -0.2890 0.260 1.450

Ethyl acetate 0.266 -O.I63O O.34O 0.995

Propan-2-ol 0.51xlO~3 O.443O 0.068 1.993
Water 0.54x10"3 0.0014 O.I33 2.405

Toluene 1.55x10"3 0.4370 0.120 1.740

A comparison between the experimental values of znD and
OB

those predicted by using Eq.(6.l4) has been made in Fig,6.35.
Majority of data points are found to lie within + 40 percent
error lines. All the physical properties required in comput
ing PeB and Ksub were taken at the saturation temperatures
of test liquids.
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6.2.4 Boiling Curves

The plots of heat flux versus wall superheat at different

distances from the point of onset of boiling have been

shown in Figures 6.36 to 6.38 for various test liquids. The

boiling curves are straight lines similar to those of

nucleate pool boiling but their slopes are smaller than

those in pool boiling. The curves shift to lower values

of (Tw-Tg) with change in position from the onset of boiling

to fully developed boiling. The shifting of curves is almost

insignificant once the fully developed boiling conditions

are attained.

6.2.5 Effect of Heat Flux on Boiling Heat
Transfer Coefficient

The observations made in Sections 6.2.1 and 6.2.2 clearly

indicated that the heat transfer coefficient during fully

developed saturated boiling does not vary significantly with

tube length at a given heat flue: and approximately constant

values of ATgufe and submergence. Similar inference may be

made from the results of Figures 6.36 to 6.38. The average

values of boiling heat transfer coefficient for that region,

therefore,is taken tc study the effect of heat flux.

Figure 6.39 shows a log-log plot of experimentally obtained

values of hB as a function of heat flux for water and

propan-2-ol. The experimental data of some earlier workers

[11,27,761 along v/ith the dimensional correlation of

Gel'perin etalJ40] representing their experimental data have

been superimposed on the same plot for comparison. A
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reasonably good agreement between the data of present study

and earlier investigations is observed with some scatter

expected in such studies due to different experimental

conditions. The experimental data at various values of S and

ATsub have been Presented on hB versus q plot for acetone,

ethyl acetate and propan-2-ol in Fig.6.40 and for water and

toluene in Fig.6.41. It is noted from these figures that

boiling heat transfer coefficient increases with increase

in heat flux. The data points covering wide ranges of LT ^
sub

and S for a system lie close to each other forming a band

which may be approximately represented by a straight line.

Thus the boiling heat transfer coefficient may be conveniently

correlated by simple dimensional relationship of the follow

ing form

hB • c 3n ... (6.15)

The values of c and n in Eq.(6.15) for all the five test

liquids were determined separately by the method of least

square curve fitting. They are reported in Table 6.4.

Table 6.4 VALUES OF CONSTANT AND
EXPONENT IN EQ.(6.15)

System
r— >——

! c I n

Acetone 45.31 0.387

Ethyl acetate 75.18 0.332
Propan-2-ol 54.36 0.351

Water 17.51 0.556

Toluene 37.29 O.38I
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It is evident from Table 6.4 that the exponents n

for all the liquids are much less than that of 0.7 in pool

boiling conditions. This may be explained by considering

the basic mechanism of bubble nucleation and growth through
which q affects hfi. The minimum radius of curvature, r

' nun'

for bubble nucleation is

20"

rmin =TdEwm T~\ ••• (6.16)
s^dT/:s^Tw~T-''

As the heat flux is raised, the degree of superheat

increases making the rrain small. Thus the smaller nuclei

also become active resulting in greater number of active

sites for bubble birth on the heating surface.The increased

turbulence due to the generation of larger number of bubbles

accounts for the enhancement in hB with increase in q. In

case of boiling of liquids in a tube, the mass velocity of

fluid due to induced flow also increases with increase in

quality as q is raised. This imposition of forced convection

suppresses the nucleation process and henco the rate of

increase in hB with q is reduced which is exhibited by smaller

value of n in Eg.(6.15) than that obtained for pool boiling.
Further the effect of boiling on flow velocities is more

pronounced for volatile organic liquids than water. This

explains relatively smaller values of n for organic liquids
compared to that of water.

Figure 6.42 shows a comparison between the experimentally
obtained values of hB and those computed from Eq.(6.15)
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using the constants and exponents as given in Table 6.4.

Almost all the data points are found to be within + 20

per cent deviation.

6.2.6 Generalized Correlations

The results of previous sections have clearly demonstrated

that there exist two distinct regions of heat transfer over

the tube length of a thermosiphon reboiler;

a. Single phase natural convective nonboiling region.

b. Fully developed saturated boiling region.

The two regions over the tube length are separated by

a zone of transition from non-boiling through subcooled boil

ing to fully developed saturated boiling. The non-boiling

region is considered to extend from the inlet of heat transfer

section to a point where tube wall attains the minimum degree

of superheat required for effective surface boiling to occur.

This point is identified by the peak value of wall temperature

as seen in Section 6.2.1. A detailed discussion on boiling

incipience has already been given in Section 6.2.3 with an

empirical correlation, Eq.(6.14), for predicting the distance

along the heated length at which the effective boiling sets

in. The fully developed boiling region corresponds to that

portion of the tube over which wall as well as liquid tempera

ture distribution curves are horizontal as seen in Sec.6.2.1

or heat transfer coefficient remains constant as represented

by Figures 6.26 to 6.29.

The heat transfer in non-boiling region of the reboiler



139

tube in the present study is mainly governed by natural

convective flow of liquid. The values of heat transfer

coefficient, therefore, depend on the same parameters

as encountered in Section 6.1, and a generalized correlation

for average values of heat transfer coefficient may be

sought in the same form as Eq.6.10. The determination of

various exponents and constant yields the following

correlation:

0.481 0.064 z0B -0.23
(NuNB) =0.0126(Gr.Pr) (Re) (-3-) ... (6.17;

avg

A comparison between the experimental Nusselt numbers

and those predicted by Eq.(6.17) as shown in Fig.6.43 indicates

that the majority of data points for all the five test liquids

are well represented by the equation with a maximum deviation

of about + 30 per cent. The physical properties used in

computing the dimensionless groups have been taken at arith-

matic mean of inlet and saturation temperatures of the liquids.

The nonboiling tube length in the last group of the equation

has been taken as zQB for convenience although the actual

length would be slightly smaller than this owing to the

presence of surface boiling over some length near onset of

boiling. The above correlation is applicable for Gr.Pr ranging

from 6.58xl06 to 1.72x10s, corresponding Re from 9.0 to

4.1xl04 and ratio (zQB/d} from 13*99 to 46.64.

The boiling heat transfer, as discussed in Section 6.2.5,

is found to depend upon the interaction between the micro-

convections resulting from bubble nucleation and growth on
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the heating surface and macro convection due to the bulk

flow of two phase fluid through the tube. The important

parameter which governs the nucleate boiling is heat flux

while the convective heat transfer is affected by mass

velocity which in turn is influenced by the quality of

fluid in addition to the physico-thermal properties of

liquids and heat transfer surface characteristics. In

natural circulation boiling of a liquid at high heat flux

conditions, the forced convective mechanism of heat transfer

dominates and vapour fraction expressed as Lokhart Martinelli

parameter Xtt is the main correlating factor. However,

in the present study, low heat flux values were used at

which the nucleate boiling mechanism dominates similar to

pool boiling conditions owing to very small vapour fraction.

It was, therefore, thought desirable to use heat flux in

its dimensionless form as Peclet number and vapour fraction

as Xtt alon6 with Prandtl number for correlating heat

transfer coefficient expressed as Nusselt number. The

general functional relationship may be expressed as

NuB =(J)(P^, 1 Pr) „# (6#18)
tt

A plot of NuB versus Peg, as shown in Fig.6.44, was

made selecting the data points having approximately the

same range of l/xtt values for all the five test liquids.

The data points of different systems are well represented

by separate but almost parallel straight lines having an

average slope of O.46 except those of toluene which show
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some scatter. Similar preliminary assessment indicated

that all the systems except propan-2-ol could be correlated

by the parameters mentioned in Eq.(6.18). An additional

term, therefore, was included and the following generalized

correlation resulted from the regression analysis:

0.462 1 O.OI34 1.014 VH20 1.743
NuB = 6.l42(PeB) (£- ) (Pr) (-*-)

... (6.I9)

A comparison between tho experimental Nusselt numbers

and those predicted by the Eq.(6.l9) >is presented in

Fig.6.45. It is evident in the figure that the data points

of all the five test liquids-acetone, ethyl acetate,

propan-2-ol, water and toluene lie along the line describ

ing the correlation well within a maximum deviation of

+ 30 per cent. The Eq.(6.l9) is applicable to PeB ranging

from 39 to 46O, characteristic of low heat flux values,

and correspondingly small vapor fractions yielding l/X4H-

from 0.069 to 30.4. However, the form of Eq.(6.19) is

general and may correlate the data points of higher heat

flux ranges also with properly selected values of exponents

on various dimensionless parametersv

All the physical properties required in computing the

dimensionless groups' in Eq.(6.19;, have been taken at the

saturation temperature of the liquids.

6.2.7 Comparison of Boiling Heat Transfer Coefficients
Obtained in Present Investigation with Those Predicted
by the Earlier Correlations

Some of the Important correlations proposed by earlier workers

based on their experimental studies* were selected to check
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their validity for the experimental data of present investi

gation. The experimental values of hB have been plotted

against those predicted by Equations (2.8), (2.9), (2.10)

and (2.12) in Figures 6,46, 6.47, 6.48 and 6.49 respectively

From these figures the following points may be noted:

a. A small fraction of data points for acetone and water

lie close to the diagonal lines representing the

correlations of Guerrieri and TaltyfZi^] and Dengler

and Addoms [27], (Figs.6.46 and 6.47). The remaining

points in these figures and all the data points in

Figs.6.48 and 6.49 are found to be displaced much

above the diagonal lines. This indicates that the

predicted values of hg are much smaller than those

obtained experimentally.

b. The scatter of the data is generally very high in

all the figures except Fig.6.48 in which the data

points form a relatively less wider band almost

parallel to' the diagonal line.

The above mentioned observations may be explained by

considering the role of Xtt played in the earlier correla

tions. These equations are based on the forced convective

mechanism of hoat transfer under the conditions of high

heat flux and vapour fractions. The experimental data of

the present study have been generated at low heat flux

values and hB depends strongly on q rather than X,...

Therefore, the Equations (2.8) and (2.9) which have relative^
smaller value of exponent on 1/Xtt agree well with some
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data on acetone and water presumably at high values of

heat flux and vapour fraction resulting in forced

convective mechanism. The large scatter may be attributed

to the absence of q, which could account for nucleate

boiling, in these equations. The correlation of BennettQ6 Ji

contains q though with a very small value of its exponent,

in addition to X^.^ and hence shows a tendency to correlate

the present experimental data with changed coefficient.



CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

7.1 CONCLUSIONS

1. The heat transfer rate in natural convective flow systems

depends upon the interacting effects of wall and liquid

temperature differences, physical properties of liquids and

the net flow of liquids through the tost section. The

values of heat transfer coefficient have been found to

increase with heat flux due to the higher levels of tempera

ture set up and increased induced flow rates of liquids.

At tho sane heat flux, the transfer coefficients show a dec

reasing prder for water,ethylene glycol and glycerol.

2. The experimentally measured local values of heat transfer

coefficients for water, ethylene glycol and glycerol in

single phase thermosiphon system have been correlated by the

following equation v/ith a maximum error of about +20 percent

Nu - 1.14(Gr.Pr)°-388(Re/Gr0-66)0-863

3. A correlation, for average heat transfer coefficients, based

on the arithmetic average of local (TW-TL) over the tube

length under consideration, has been proposed as given below

, , 0.584 -O.I3I -0.622
(Nu;avg .0.049(Gr.Pr)avg (Re)avg (//d)
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This equation correlated the experimental data with a

maximum error of + 10 per cent.

4. There exist two distinct regions of heat transfer

over the heated length of a vertical tube of thermo

siphon reboiler. The non-boiling natural convective

region extends from the inlet of reboiler tube to a

point where effective surface boiling sets in. The

fully developed saturated boiling region starts

immediately after the point of boiling incipience when

the liquid has attained its saturation temperature.

The non-boiling region is identified by the linearly

varying liquid and wall temperatures along the tube

length under the conditions of constant heat flux. The

zone of transition from non-boiling through subcooled

boiling to fully developed saturated boiling is marked

by the attainment of maximum wall temperature followed

by a sudden decrease in its value and subsequently

becoming almost constant.

5. The heat transfer coefficient remains almost Invariant

with length over the nonboiling section of the tube.

It jumps to much higher values at the onset of boiling

conditions and becomes constant in fully developed

boiling region of the tube length. The variation of h

with z is found to be similar for all systems and is

affected by heat flux, inlet liquid subcooling and

submergence.
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6. The onset of fully developed boiling requires a

minimum degree of wall superheat for a given liquid

and heat transfer surface. Based on the analytical

study of earlier workers, the following expression

for wall superheat has been developed,

a 2 0*T

The above equation can predict the wall superheat

required for onset of boiling at a given heat flux.

The physical properties of liquids and constants a

and b have been determined (Table 6.2) for various

liquids investigated based on experimental data of the

present study.

7. The distance along the heated tube required for the

onset of fully developed boiling of a liquid depends

upon wall heat flux, inlet liquid subcooling and

submergence. An empirical correlation for predicting

this length has been developed in the following form

zntJ n. n,- rir^2 xioo .c4(pSb: «-(Ksub) 5s6

The values of constant C, and exponents n, , ne and n6

for all the five liquids have been evaluated and given

in Table 6.3.

8. The inlet liquid subcooling and submergence do not

affect the magnitude of hB vary appreciably but they
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do affect the position of boiling incipience. The

length of tube over which fully developed boiling

occurs, increases v/ith the decrease in the values of

inlot liquid subcooling and submergence.

9. The heat transfer coefficient in fully developed boil
ing region has been found to be strongly dependent on

heat flux due to the dominant role of nucleate boiling
mechanism in the experimental conditions of present

investigation. The boiling heat transfer coefficient

averaged out over the fully developed boiling section

of the tube can bo expressed as a function of q in

the following power law relationship

hB = c qn.

The values of c and n are listed in Table 6.4. The

variation of hB with q also shows a good agreement with

the experimental data from earlier studies of similar
nature.

10. The rate of heat transfer in nonboiling region of the
reboiler tube is mainly governed by natural convective

flow of liquid in the similar manner as in case of

single phase thermosiphon. However, the net flow of

liquid through the reboiler tube is higher than that

m the single phase thermos-iphoh due to the liquid

vaporization in the upper section. The average values '

of heat transfer coefficient for all the five liquids

arc best correlated in terms of same dimensionless
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groups, used in single phase thermosiphon, by the

following equation

r™ ,, °*481 0.064 znp -0.23(NuNB^avg • 0.012.6(Gr4Pr)6vg (Re)evg (-§£)

Majority of data points are found to lie within a

maximum deviation of + 30 per cent.

11. A correlation for boiling heat transfer coefficient

has been developed in terms of dimensionless groups

selected based on tho probable mechanism of heat

transfer. The equation as given below, correlates all

the data points of acetone, ethyl acetate, propan-2-ol,

water and toluene successfully with a maximum error of

± 3° percent.

0*462 -, 0,0134 1.014 VH„0 1.743NuB = 6.142(PeB) (i- ) (Pr) (.-J_) '*3

Although, the correlation has been developed based on

experimental data at very low values of heat flux and

small vapour fractions, its form is fairly general and

may be extended to other ranges of parameters.

None of the earlier.correlations, available in literature,
has been found to agree well with the experimental
data of present investigation.

7.2 RECQMMEETDATIONS

1. The experimental study on single phase closed loop
thermosiphons with different geometries and orientations
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of heat transfer section may be conducted using

other liquids having widely varying physical properties,

to cover v/ider ranges of relevant parameters. The vali

dity of proposed correlation in the present study may

be checked and necessary modifications incorporated,

if required.

2. Mathematical models may be derived based on momentum

and energy balances incorporating the mechanism of

fluid flow and heat transfer in closed loop thermo

siphon. The resulting equations may be solved by

numerical methods and the results compared with

experimental ones. This will not only help in under

standing the process thoroughly but should provide a

basis for the development of generalized correlation.

3. Extensive experimentation on boiling of liquids in

vertical tubes under the conditions of natural circulat

ion at relatively higher heat fluxes with wide range of

inlet liquid subcooli.jg and submergence should bridge

the gap between the present investigation and those

reported in literature. A large number of industrially

important liquids may be used to study.and generate

the design data to cover wide ranges of various important

thermophysical properties.

4. The theoretical analysis of incipient boiling already

available in literature may be modified to suit the

experimental results more accurately. The generalized
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correlations for computing wall superheats and

heated lengths for onset of boiling may be developed
with the help of above analysis and experimental
measurements of boiling incipience.

The general form of the proposed correlation may
be used to represent all the data points to be

generated and those of earlier workers with a view

to obtain asingle correlation for boiling heat
transfer over complete range of heat flux generally
encountered in procoss'lndustries. The relative

effects of different mechanisms controlling heat
transfer may be accounted for through the change of
exponents and/or use of suitable correction factors.
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TABLES AND CHARTS OF CALIBRATIONS

A-l Performance of Thermocouples
A-2 Calibration of Wattmeter

A-3 Calibration of Ammeter

A-4 Calibration of Voltmeter

A-5 Calibration of Rotameters

A-6 Standardization Experimental Data



Table A-1 PERFORMANCE OF THERMOCOUPLES

(Set up - I )

Standard

Thermo

meter °C

mv

or

°C

Inlet liquid

thermo

couple

Wall Thermocouples
z , m

Outlet

liquid

thermo
couple0.0 0.I 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 — — —

— — —

60.50

mv 2.4 7 0 2.468 2.466 2.4 71 2 466 2.468 2.466 2.470 2.470 2.469 2 471 - — — — — — 2.466

°C 60.50 60.45 60.40 60.50 60.40 60.45 6 0.40 60.50 60.50 60.45 60.50 — — - — — — 60.40

76.30

mv 3.1 6 6 3.I64 3.I68 3.I64 3.I68 3.165 3.166 3.168 3.164 3.167 3.166 — — — — — —
3.164

°C 76.35 76.30 76.40 76.30 76.40 76.35 76.35 76.40 76.30 76.40 76.35 — — — — — —
7 6.30

95.00

m v 4.0 I 2 4.009 4.007 4.0II 4.010 4.010 4.010 4.012 4.0(1 4.010 4.014 — — —
— — —

4.009

°C 95.05 95.00 94.95 95.05 95.00 95.00 95.00 95.05 95.05 95.00 95.10
"

— — - — —
95.00

(Setup - II )
z , m

* *

0.05 0.10 0.15 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40

2 6.00

m v 1.030 1.040 1.03 4 1.034 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030 1.030

0

C 2 6.05 2 6.30 26.15 26.15 26.05 26.05 2 6.05 26.05 2 6.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05 26.05

92.5 0

mv 3.93 I 3.935 3.933 3.931 3.931 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.930 3.93 0

°C 92.50 92.60 92.55 92.50 92.50 92.50 92.50 92.50 92.50 92.5.0 92.50 92.50 92.50 92.50 92.50 92.50 92.50 92.50

* Used for Single Phase Closed Loop Thermosiphon
-**- Used for Thermosiphon Reboiler

CD
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Table A-2 CALIBRATION OF WATTMETER

;.No.i Wattmeter

Standard

readings,Watts

Under-test

1%Error
1
!

1. 640 650 + 1.56

2. 960 950 - 1.04

3- 1200 1180 - 1.67

4. 1340 1320 - 1.49
5, 1485 1470 - 1.01

S.No.

Table A-3 CALIBRATION uF AMMETER

Ammeter readings, amperes

Standard Under-test
/. error

1. 1.00 1.00 0.00
n

1.50 1.50 0.00

3. 2.03 2.00 - 1.48

4. 2.58 2.55 - 1.16

5. 3.05 3.00 - I.64
6. 3.55 3.50 - 1.41

7. 4.07 4.00 - 1.72

8. 4.55 4.50 - 1.09

9. 5.08 5.00 - 1*57
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Table A-4 CALIBRATION OF VOLTMETER

S.No. J ... Voltmeter readings, volts •A error

1 Standard j Under-test

1. 1.00 1.00 0.00

2. 2.00 2.00 0.00

3. 3.00 3.00 0.00

4. 4.00 4.00 0.00

5. 5.00 5.00 0.00

6. 6.00 6.00 0.00

7. 8.00 8.00 0.00

8. 9.00 9.00 0.00

9. 10.00 10.00 0.00

Table A-5 CALIBRATION OF ROTAMETERS

S.No. Rotarae

Indicated

ter re:idings, lit/mt

. .._ _ Measured R- .1* Measured H^Z*k~

1. 1.00 0.90 0.90
2. 2.00 1.88 1.88

3- 3.00 2.80 2.84
4. 4.00 3.80 3.82
5. 5.00 4.75 4.82
6. 6.00 5.70 5.80
7. 7.00 6.70 mm.

8. 8.00 ' 7.65 _

9. 9.00 8.60 ,

10. 10.00 9.50
-

x R-l stands for Rotameter I , used for condenser flow
measurements.

** R-2 stands for Rotameter II, used for jacket flow measurements,
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Table A-6 STANDARDIZATION EXPERIMENTAL DATA

(Set-up I}"

7- 0.0 °1 0.2 .' 0.3 0.4 0.5 0.6 0.7 0.8 0.9

..«.•«•.•.«. act... . *oo.ao•„«.««».as.c .a u....a.,,...aaa...««.. ••.•4•.

SYSTEM-WATER

•..«......».e«eo.e.^o....a..e..o • t, * 0«a.a... a»....eae.....•...«.,•..

ROW N0.= 1 A0= 8,88 0= 1.80 TIN- 23.18 TCUT= 27,17

Tw 26.1 33.8 37.5 40.2 44,2 44.0 46„3 47„6 50.4 51*9

°.oo .. v..o. e„ a , ooooo.„o r. .., .o E> a aeao oooo•ee. •••,pa»,a,„e00„.,,e,0f.e

RUM NO.- 2 AQ=12344 C= 1.80 TIN- 23*35 T0UT= 28.95

TV' 27.5 37.3 42„4 45.6 50.5 5ao6 5306 54.8 58.5 60.1

•*«... ...e.. a. auoa.eo o....0..0..O0..0. a. ««.«»«... .UOOC.OOOCd .....

RUN NO.* 3 AQ.13.99 Q* 1.80 TIN- 24.20 T0UT= 31.41

Tw 29.5 41o4 47.0 50.8 57.0 56.3 59.7 60.8 65.a 67.1

RUN N0.« 4 AQ-19.55 0= 1.80 TIN- 24.43 T0UT= 33.17

TW 30.7 44,8 50.9 5502 61c7 61.5 65.4 66.6 71.7 73.6

• «.o«u«...ooo.coo.. „..a.co. a......... vODoOouOuu«oo.ac.o..o.oo...

f Used, for Single Phase Closed-Loop Thermosiphon



Table A-6 continued
(Set-up II)T?

aaaeaa........»

« ,.c ».„ „.„ „.,. ^••.^••„:s;--;:K".:«"0:K"0:«»j:»r.j:jo...;«......
eua.eoce.s

• aoQaoeaaoaau. u a r - -, , „-e 0, .. e c. u aa u o cc , , ., o c o ... „, , 00 „ 0

"OCOOOOo.oc, OOOOCO
oeococoeoooooo

TW 2Q.20 29,5" 2ctto. ,ool> a%45 °^90 3^.^ ;35 JIN- 28.25 T0UT= 29o05
——'-..;.*... ..... .................... ..... !!.!!! 31°65 31°70 31°90 32°^ 32.35 32.55 32.70
TW 29.65 30.15 30.60 ,0.85 31.35 31c75 31.90 32"l5 « « *l « af X 5 T0UT= 29°*0
•••—• ::..:::!?.?? !.?.2;35 32°53 32°7° 32°75 "»Cn 33.10 33.25 33.35

r run ^°»= 5 ao= ..A453 ;: : ;;r";r; -TW 33.55 34.8- 35.95 ,6.65 37.4- £% 39.33 ZolSS 40.50 4l!So 41 4^ 41 7n JT* 32°10....................................... ., ... " 40c3' 41o0j 41^5 «.70 42.40 42.85 43.10 43.20
RUN N0.« 6 AQ= 1.8722 P- in*" " ° ° ' " ' r r° T, ' ' ' ° !* ° ° ° ° ' ° ' ° c «e' • • • -•" • «- . - . . . . . . . .T* 3l.6o 32.30 33.-5 ,3.5- 34.40 ""5 35.35 ^5 8I%« 2' J ^ ,f8°3C T0UT= 30.75 *I.:".:: !!.;!;f5 36-2:5 36-5° 36°75 3^5 37.35 37.6C 37.85 38.oo

T,i 3P.4.. 4- .45 42.-5 ,2.95 44.50 45c7n 46.6- 46.ib 45.70 45 70 J a"/-, c T°UT= 36o9G
•' ' 45°7 U6'6° 47»60 4S.05 48.75 49.20 49.75

6.2.p 37.35 38.2C 39.6* 4-06o 41.10 41 75 43 2* J J! 28o5° TOUT- 33.70

—"?: !-f?::?-:::f5.!?:::.:?;:?.!!:!!-- !!;- »"5 37--7.70 3^38^.20 37.85

Used for Thermosiphon Reboiler

ooc.3ooej.ii » a • x a

...O.aa.aa........ woooooo
0 1.40

SYSTEM-WATER"

TW 31.45 32.4, 32.9* ,3.60 34.9. 3,o2o 36.2~ 36 5,7e2, ,J ^ "•*> fc TOUT- 29.95
RUN NO.- 2 A0= 3.0330 Q= « ItL' "1 * a

TW 32.3- 33.50 34.25 34.75 35.95 36.65 37.25 37 ll 38 ap J'^ J8'05 T0UT= 31°10
RUM NO.- 3 AQ= 0.8046 q. lm35 "^n:"*::' 11 o o o o c o

0>
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APPENDIX B

PHYSICAL PROPERTIES OB1 TEST LIQUIDS

B-1 Physical Properties of Acetone

B-2 Physical Properties of Ethyl Acetate

B-3 Physical Properties of Propan-2-01

B-4 Physical Properties of Water

B-5 Physical Properties of Toluene

B-6 Physical Properties of Ethylene Glycol

B-7 Physical Properties of Glycerol



Table B-1 PHYSICAL PROPERTIES OF ACETONE

Mot. Formula : C3HgO

P
cnt

A - 5.23 x10 5 J/kg

£7.66 x 105N /m2

Mol . Weight : 58.1

Tcrjt . 235.0 °C

N.B.R: 56.1 C

Pcrit- 273.0 kg/ nrv

aiv : 8.278 x 10~6Ns/m2 Pv : 2.152 kg / m"

Constants of Polynomial for Different Physical Properties

Properties
1

kg / m3 Ns/m2 W/m °C J / kg °C N /m

Range f °C 20-80 0-60 0- 100 0-50 0-80

A + 0.81396 E+03 + 0.38900 E-03 + 0.177Z.Z, E + 00 +0.21U3 E + 04 + 0.2619 1 E - 01

B -0.12256 E+01 -0.56934 E-05 -0.23258E-03 +0.16557 E +01 -0.11782 E-03

C + 0.27652E-02 + 0.1182 5 E-06 + 0.13010 E-08 +0.49798 E- 01 -0.27690E-06

D -0.30248E-04 -0.12725 E- 08 -0.21338 E -10 -0.991 U E-03 + 0.23024E-08

E + 0.56959 E-07 +0.2U35 E*11 +0.1067 1 E - 12 + 0.87487 E-05 + 0.53939 E-13

Maxm Error,% +0.30166 E- 01 -0.42526 E-05 -0.55879 E-04 -0.231 1 6 E- 01 -0.1139 1 E + 00
en

en



Table B-2 PHYSICAL PROPERTIES OF ETHYL ACETATE

Mol. Formula: CZ(H802 Mol. Weight . 88.1 N.B.R: 77.1 °C

Pcrit : 38.44x 105 N/m2 Tcrjt-. 250.1 °C Pcrit- 308 kg/m3

X: 3.68x105J/kg aiv . 8.889x 106 Ns / m2 pv : 3.0674 kg/m3

Constants of Polynomial for Different Physical Properties

Properties
kg/m3 Ns/m2

kL

W/m °C

CL

J/ kg °C N /m

Range ( C 0—90 20—80 16 — 60 10- 93 0—80

A + 0.92468E+03 + 0.62428E-03 + 0.68906 E-01 + 0.19097E + 04 +0.26951E-01

B - 0.1 3796 E+ 0 1 -0.92212 E-05 + 0.10018 E-01 + 0.72059E + 00 -0. 12 591 E- 03

C + 0.14260E-01 + 0.11 083 E- 06 -0.41388 E-03 + 0.57958 E-02 -0.62309E-06

D -0.33299E-03 -0.97315 E-09 + 0.68419 E-05 + 0.59306E-04 +0.17428 E-07

E + 0.22163E-05 + 0.37200E-11 -0.40587E-07 -0.75961 E -06 -0.12 286 E- 09

Maxm Error, % -0.16629 E+00 -0.75159 E-04 -0.33923E-03 -0.11 789 E-04 -0.21052 E+00
en



Table B-3 PHYSICAL PROPERTIES OF PROPAN-2-OL

Mol.Formula : C3HgO Mol. Weight : 60.1 N.B.P : 82.3 °C

Pcrit- 51.98x105N/m2 Tcrit : 235.6 °C Pcrit '• 274 kg/m3

A: 6.78xl05J/kg aiv • 9.389 x10~6 Ns /m2 pv: 2.0 62 kg/m3

Constants of Polynomial for Different Physical Properties

Properties
1

Ug/m3 Ns/m2

kL

W/m °C

CL

J/ kg °C N /m

Range , C 0 -30 0-100 0-75 10-93 10 - 100

A + 0.80120E+03 + 0.45903 E-02 + 0.15349 E+00 + 0.24847E+04 + 0.25138E-01

B - 0.8 11 70 E-00 - 0.15406E-03 - 0.90057E-04 + 0.93784 E+01 - 0.37278E-04

C + 0.25848E-05 - 0.24396E-05 + 0.10395 E+00 -0.17829E-05

D - 0.22422E-07 + 0.17148E-07 - 0.14885 E-02 + 0.24733E-07

E + 0.77673E-10 + 0.51059E-10 + 0.75063E-05 -0.1 1 155 E-09

Max'10 Errorf% + 0.14862E-02 + 0.19 718 E+01 - 0.28878E-05 + 0.22416 E-04 + 0.23441 E*00
en

oo



Table B-4 PHYSICAL PROPERTIES OF WATER

Mol. Formula : H^ 0

P
crit

22.13 x 106 N/m2

A : 22.598x 10b J / kg

Mol. Weight : 18

Tcrjt : 374.15 °C

Aiv : 11.972 x 106 Ns /m2

Constants of Polynomial for Different Physical

N.BR : 100.0 C

Pcr|t : 307 kg/m3

pv : 0.588 kg/m3

Properties

. Properties
kg/m3 Ns/m2

kL

W/m °C J/kg °C N /m

Range ; °C 10 - 100 10-100 10 - 100 10 - 100 10 - 100

A +0.10000E+ 04 + 0.16473 E - 02 +0.54828E + 00 + 0.42 044E +04 +0.70438 E-01

B +0.30844E - 01 -0.39308 E -04 +0.28505 E-02 -0.14695 E + 01 + 0.57399E-03

C -0.67227E-02 + 0.43057E -06 -0.19347 E-04 + 0.16179 E-01 -0.28569 E-04

D +0.30274E-04 -0.17472E -08 + 0.43056E-07 + 0.49681 E-04 + 0.411 04 E-06

E -0.77817 E-07 -0.48445E-06 -0.19333 E-08

Maxm Error,% -0.55437E- 02 + 0.28593 E+ 01 +0.15622E + 00 -0.34454E-01 +0.48690 E+01 en

to



Table B-5 PHYSICAL PROPERTIES OF TOLUENE

Mol. Formula : CgH^Ch^

Pcrit : 39.23 x105 N/m2

A: 3.604 x105 J /kg

Mol. Weight : 92.134

Tcnt: 320.8 °C

/av: 9.158 x10~6 Ns/ m2

N.BP .110.625 C

pcr|t: 290 kg/m-

Pv -. 2.93 kg/m3

Constants of Polynomial for Different Physical Properties

Properties
PL

kg/m3 Ns/m2

kL

W/m °C

CL

J/ kg °C N/m

Range , C 25 - 110 10 - 120 0 - 120 0 - 100 10 - 100

A + 0.88556 E+03 + 0.76203 E-03 + 0.1395 3 E + 00 + 0.16304 E +04 + 0.30891 E-01

B -0.93334E+00 -0.10432E-04 -0.23256E-03 + 0.91781 E+00 -0.1 1512 E-03

C + 0.24532E-03 + 0.93828 E-07 + 0.40856 E-10 + 0.63491 E-01 -0.24879E-06

D -0.61 391 E-05 -0.49406 E-09 -0.61255 E-12 -0.20605 E-03 + 0.58546 E-08

E + 0.14434 E-07 + 0.10775E-11 +•0.26896 E-14 -0.18619 E-05 -0.31459 E-10

Max™ Error,% + 0.43267 E-02 -0.19579 E+00 -0.4311 7 E-05 -0.74506 E-05 + 0.35591 E+00
CD



Table B-6 PHYSICAL PROPERTIES OF ETHYLENE GLYCOL

Mol. Formula : C2Hg02 Mol. Weight : 62.07 N.B.R -197.3 °C

Constants of Polynomial for Different Physical Properties

Properties
kg/m3 Ns/m2 W/m °C

CL

J/ kg °C

Range-';, °C 25 - 115 25 - 115 25-115 25 - 115

A + 0.11368 E + 04 + 0.40303 E-01 + 0.26279E+00 + 0.10216 E + 04

B - 0.11 500 E+01 -0.10689 E-02 + 0.4,5 2 17 E + 01

C + 0.10471 E-04 B

D — -0.36014E-07

Maxm Error,% — -0.85793 E + 01



Table B-7 PHYSICAL PROPERTIES OF GLYCEROL

Mol. Formula : C3Hg03 Mol . Weight : 92.1 N.B.P : 290.0 C

Constants of Polynomial for Different Physical Properties

Properties
1

kg/m3 Ns/m2

kL

W/m °C

CL

J/ kg °C

Range , °C 30 — 180 30 — 180 30 — 180 30 — 180 —

A + 0.12743 E+04 + 0.11 50 1 E-02 + 0.28372E+00 + 0.51079E+03 —

B -0.62500E+00 -0.76956E-05 — + 0.60289 E+01 —

C — + 0.66781E-08 —
—

D + 0.13519 E-10 — —

Maxm Error, % + 0.64708E+01



APPENDIX C

EXPERIMENTAL DATA

C-1 Experimental Data for Single Phase
Closed Loop Thermosiphon

C-2 Experimental Data for Thermosiphon
Reboiler

NOTATIONS FOR TABLES C-1 AND C-2

Distance along the test section,
TW Wall temperature, °c
TL Liquid temperature, °c

HT Heat Transfer Coefficients, kW/m2 °C
AQ Heat flux kW/m2
TIN Inlet liquid temperature °C
TOUT Outlet liquid temperature °C
Tl Condenser inlet temperature °C
T2 Condenser outlet temperature °C
QC Condenser flow rate lit/mt
S Submergence percent
DELTSUB Degree of subcooling °c
TC Condensate temperature °C

m
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Table C-1 gPfgJMTAL^ATA FOR SINGLE PHASE CLOSED

,„L. L: 0s2 0o3 °°4 °°5 °°6 0.7 Oo8 Oo9.............. ..............
SYSTEM-WATER

ooooooooooooooooocooo o o «. „ . « ,

run no0= i . ; ;;rooooeoHoogi°i»"""—'
AQ lo77 TIN= 17o65 TOUT= 47ol0

..A.::.??.: r •"» -» °- °-- °- °- £&RUN N0.= 2 iol ••"•"•••••';•••••• •
„'!'.: TIN= 20-"0 TOUT* 54.50

^ ^ oflll ,$. 0s« -;j „»;; „«.. 0«.j o«;j o-
....?•!............*? .!:" TIN" 21°80 TOUT- 63.35

^ .Si! o-2 o!,0^ ,S;! „£; .^? o^ .SjJ .Stf .3;;
...................:;... : TIN- 22°55 t°ut= 96oio

TL 22°5 30°I ™°? !!*J 68°9 75°2 84°5 93^ 102.2 102.7
JS*h :.; &.» -° „:;s. .ns „:;;; .- -

AQ- 8.88 TIN- 24o05 TOUT= 96o40

............... . A°-10°66 TIN= 25,20 TOUT= 97ol0

HT Ssi oSU •»: .3;. 0ft| .a: 0^ ol!;, o!6;8.55}
0.••.*......,...«....•.«,.,,. 0....... „
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Table C-1 continued

7 O.T "ol 0.2 0.3 0.4 Co 5 0.6 0-7 0°8 o°9
\

OOOti^oooJuCOO-- E>t*©©uO© e©O0€}©©<i©0«O4j o^-uuoaoc o. -..•..-... j u ..-, ,.i . •_> v. o .• 0 c o o o o o o o u

system-ethylene glycol

oooooj0w^ovjyo»;ot<i].>Ci.;t<;OL.oooi;^cio-.^OuO»;o'j(>oeooccijij^ou<>t*Oi>coooeo«oo«o»

RUN MO.* 7 A0 = 1.77 TIN= 24.65 TOUT= 46.75

ooousOOaDcC;Oi_fOwaou*jcc©0 5;OvOcc^oaooOLjJooGoooooctJ*>o^t'e«oo«*>oouOo«co»

TW 31.4 38.4 41.9 44.7 47.1 49.9 53.6 55.6 50.8 59.3
TL 24.7 27.0 29.4 31.8 34.2 36.6 38.9 41.2 43.6 45.9
HT .'.264 0.155 %l4l 0.137 ~d37 0.133 0.120 0.122 0.116 0.132

OOOOO*-0!- J^OO > O © O e 0 DOt^OOtbtOOlOOBHbtutt • ©©»©« •• O C a ••; u * Xi 3 o o • ft fl o o o o O •

RUN W0.« 8 A0= 3.55 TIN* 30.45 T0UT= 64.60
© O O O i_- '- © ft O •> •- O t> O oOPOiJCOqCOOOCviJcOi' OOOOOO*. j r• O '! o ;.- J 0 Cj O £ C O U I (. '.• r O c O O t> • © « ©

TW 42.7 55.2 61.4 65.8 68t7 69.6 73o8 77.7 81.7 82.5
TL 30.5 34.2 37.9 41.6 45.3 48.9 52.6 56.2 59.7 63.3
HT 0.291 0.169 0.151 0.146 0.151 0.171 0.167 0.165 0cl61 0.184

(•Odob^DOMOoa ooo «.o-.'^(j!>oooooao&ocowjif0iioc»o ©*© o * © o a o © •* © o a o • • o • • 4 o o • •

RUN M0.= 9 AQ= 5.33 TIN= 35.00 T0UT= 78.95
O O o o o © © J O r-> W v o O tf C O *.< O L. O 0 O O O C t> O O O o O U :j o _ o 0 " ^ o O <". i> C C a 'J O u O O © O O C Q ft W i o • o • • *

TW 49.9 66.^ 73.^ 78.5 01c4 82.7 88.6 93.2 98.4 99.5
TL 35.' 39.9 ^4„7 49.5 54.2 50.9 63.5 68.2 72.8 77.3
HT ".357 ".204 01°5 0.183 0.196 0„2?3 0.212 0.213 0.208 0.240

o e o o u J " u ^i o a o o 'j o o -• .. ^ s, ai a c d o .., o c o 0 c• o t; ,, o a o 0 c © r» c 00 9 o o © ':• o 0 © © o • <j e e • o o © « o • o

RUN N0.=1~ AQ= 7.11 TIN= 37.85 T0UT= 88.95

000000-0(-'»J^',JJ,-*J,5C'GOOOoObOL;Oi:.OL,or. OC- 0 .: Q©0.-OOC©UC-wdOO©ti©OU©0©©©©0©©0©

TW 55.0 73.9 82.5 87o9 90.8 92.9 100.3 105.1 111.3 113.0
TL 37.9 43.5 49,2 54.7 50.3 65.7 71.2 76.5 81.8 87.1
HT 0.415 ">.233 o2l3 0.214 0.233 0.261 0.244 0,248 0.241 0.274

o o o y o 0 o 0 * j o 0 o y c g o ~ o u >-• s o v o ^1 o .; o- o o o o ;. o c o e ,- ;~ o o o o o c « D o 0 C u © c o a © •* o o • © e o ft *

RUN fv<0.«ll AG= 8.88 TIN= 41.15 TOUT= 94.95
©©oo©oooo©occ-©joot. ©Oueyoe©e©o&ooo'do©^«©cw©©o©wuc6©s. ©©•••©©•©© •••••©

TV 60.5 81.7 90o7 95.5 98.1 1O0.O 107.8 112.5 118.7 120.5
TL 41.2 47.2 53.1 59.0 64„8 70.6 76.2 81.9 87.5 93.0
HT 0.460 0.257 „??6 ^.243 r.266 0.302 ^.231 0.290 0.284 0.322

oooocjO&oooouoo c o © u LOtpOwou-^oooouo-o "looooc cvoc&iiufc-jOaftoeoofto© oooo©c

RUN MO.=12 AQslC.66 TIN= 44.85 TOUT=103.70

• •#00© oc*o:j;)oocnooooo«jo0-0'-OOCo©^0^c-03°tt«JC-^--fl^Oooc©o©J«'«oftaoooo<>

TW 65.3 9%C 99.5 103.9 106o2 109.5 117.1 122.3 129.2 132.2
TL 44.9 51.5 58.0 64.4 70.8 77.1 63.3 89.5 95.6 101.6
HT r>.493 0.276 0.2*6 0.269 0.301 0.329 0.315 0.325 0.317 0.343

0©©00©Q©4V©©0©ti90<l©^0^©COO©00«oo©©©^©V«&©UOO©©0©©©©0©04©©©©©©*©©©©



176

Table C-1 continued

7 ;>.0 'ol %2 0o3 0.4 0,5 0.6 0.7 0.8 0,9
......... w..... . o. ...... «f... ......«.u........we,.............•.••••

system-glycerol

...... ........coo ccs....»..«.....i..........•>».»•»...............
RUN M0.-13 A0= 1.77 TIN* 31.00 T0UT= 82.15
• «•........••• . » -- . ......... ......... o o........ «.u..............*..

TV 45.8 59.5 60.8 76.4 83,9 90.6 9^7 107.8 113.4 113.4
TL 31.0 36.8 40,5 48.2 53.7 59.2 64.6 69.9 75.2 80.4
HT '.119 0.^78 o0f7 0,062 n.058 0.056 0.050 0.046 ?.046 0.053

• eo .... ....... o. »•. . fcfco»o.o.o....o..c. . o o • •••..•.••.••••.•••• ......
RUN M0u=l4 AQ* 3.55 TIN* 33.00 T0UT= 99.65
. , . o , . . . c 0 a , . . -. e . L . o ,•' f. o . . o . . . o . , -, . o a . . . . o o =. u . . S o 9 * - o « • . « , . . . . . . o 0

TW 52.9 73.2 84.7 93.4 101.8 107.° 117.7 126,6 134.8 134,8
TL 33o^ 4'.7 48.3 55.7 62.9 70.1 77.1 84,0 90.8 97.5
HT 0.178 0.1O9 ' 0"o7 0.094 o.noi 0.^93 0.087 0.083 0.O80 0.095

RUn"m0.*15 A0= 5.33 TIN* 39.30 TOUT=112.35
............. . ... . v............ . . • - . . - „,..............••♦....••«

Tw 61.4 84.5 07c,l 1^6.0 114.7 120.9 131.0 140.7 143.8 151.1
TL 39.3 47.8 56.1 64.2 72.2 80.1 87.0 95.3 102.8 110.1
HT 0.241 "»145 ol'" 0.107 0.125 0.130 0.121 0.117 ".115 0.130

.....:... ..o.e»b-..e.v .«•••.•• •••*«..••# »• • •
RUN 140.«16 A0= 7.11 TIM- 45.20 TOUT=124.00
»••©..»o.«»« a o. .« ».«»•••••. co«. » « o .. . y «.«»»•

TW 68.7 93.6 106.5 116.1 124„9 102.2 143.2 151.1 162.9 166.7
TL 45.2 54,4 63.4 72.2 80.8 B9o3 97.6 105.7 113.7 121.6
HT 0.3-2 ".181 "olf5 o0i62 0.161 0.165 0ol55 0.156 0.1*4 0.157

.............. -o.o ................ ..«..».....•«...'....«.......•*•
RUN M0.-17 AQ= 8.88 TIN* 51.00 T0UT=131.20

TW 76.1 102.6 115.7 125.1 134.5 140.5 150.0 160.6 170.8 175.9
TL 51.0 60.4 69.0 78.5 87.3 95.9 104.3 112.6 120.8 128.8
HT 0.353 3.21C '.102 0.19? 0.188 0.109 0.194 0.185 0.177 0.188

. .. a. . o ..,..„...'... c , . o o .... ...» . . cue „........•«.... * ..... . ...... ••



Table C-2 EXPERIMENTAL DATA FOR THERMOSIPHON REBOILER

iT\*6*65*'o^io""6*i 5**6*27) **6*56*"oUo^*6*56^^

SYSTEM-WATER

RUN*N6! ="M"*S="'96l8 8,*AO=,i4!359*,pEbTSUB=' " *1 *90QC ="2 "5500 " *Tl =" *15 ! 85 ****f 2= ' *21 "76 **TC= "55 "75
TW 104.9 107.4 108.5 108.9 110,9 111.5 114.0 114.2 116.7 110.0 107.1 105.8 106.0 105.1 105.1 105.1
TL 98.9 99.0 99.2 99.3 99.5 99.7 100.0 1.00.2 100.5 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.40 1.71 1.54 1.48 1.27 1.22 1.02 1.03 0.88 1.54 2.26 2.82 2.71 3.23 3.23 3.23

RUN* *]6* =**2**S=*'96*88* "A0=,li!228"DELfsUB=' " 1*30OC= ' 2 *3500 " *f 1=" 20 '. 35 *" *T2= '* 25 *15 *"f C= *38 "I 5
TW 103.4 104.Q 105.6 106.6 108.1 108.7 110.2 111.7 111.9 111.7 107.3 106.2 105.6 104.9 104.3 104.5
TL 99.5 99.5 99.6 99.7 99.8 100.0 100.1 1O0.3 100.4 100.6 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.82 2.10 1.8R 1.62 1.36 1.29 1.11 0.98 0.98 1.01 1.71 2.04 2.29 2.67 3.12 2.95

RUn'n6* ="*5"*S*:"'97*5V *AQ=**8*4iV"DELT^UB=" **1 *90QC=' 1"§800 "' f 1=* ' 20 ! 35 ' * ' *T2=* *2% " 45 **TC="59*55
TW 102.2 103.6 103.6 1.05.6 107.3 107.9 109.6 111.9 111.9 110.4 106.2 105.8 104.9 104.3 103.6 1.03.6
TL 98.7 98.8 99.0 99.1 99.3 99.6 99.8 100.0 100.3 100.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 2.42 1.75 1.79 1.29 1.06 I.01 0.86 0.71 0.72 0.85 1.48 1.59 1.91 2.22 2.67 2.67

RUN*'j6* =""'t'"s=""96*i8' *AQ=* *5*886**DELTSUB=" "*i.*96QC=*i *4o6o"t 1=-" *20 *80 "* " T2= " "23! 29 ' *TC=*26*8 0
TW 101.1 103.3 104.1 106.6 107.4 107.9 108.5 109.8 110.4 110.6 108.1 106.4 106.0 104.7 103.4 102.8
TL 98.3 98.4 98.5 98.6 98.8 99.0 99.2 99.4 99.6 99.8 100.1 100.1 100.1 100.1 100.1 100.I
HT 2.07 1.20 1.04 0.73 0.68 0.66 0.63 0.57 0.54 0.54 0.73 0.93 0.99 1.26 1.73 2.14

RriN,N6., =**5""s=**96!88*"A6=,\5l931 *"DELTS!'B=' " *1 *90QC= *1! 4000 *"*H =*' 20 ! 80 *" *"T2= **23 *3I ' *TC= "26 "80
TW 101.8 104.1 105.1 106.9 108.5 108.5 1.08.9 110.9 110.4 112,4 108.5 107.7 106.6 104.7 103.3 103.1
TL 98.3 98.A 98.5 98.6 98.8 99.0 99.2 99.4 99.6 99.8 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.70 1.03 0.89 0.72 0.61 0.62 0.61 0.52 0.55 0.47 0.70 0.78 0.91 1.28 1.85 1.98

RL,N,^J6! =,'6*^H"*96!88*"A6=, "3167 2* *DELfsUB='* *{ ' 450C=*J*40 00 **ff«'"H*©$" *T2 =**22 *86' "TC= *28 t 80
TW 98.8 100.I 101,6 102.8 103.6 104.3 105.4 106.2 106.6 107.4 107.4 106.2 104.5 103.1 102.0 102.0
TL 98.5 98.5 98.6 98.7 98.8 99.0 99.1 99.3 99.4 99.6 99.7 99.8 99.9 99.9 99.9 99.9
HT 11,. 21 2.44 1.25 0.89 0.76 0.69 0.59 0.53 0.51 0.47 0.47 0.58 0.79 1.15 1.71 1.71

RUN*n6' ="* V-'s=*'96"*8**AQ=**5*93i"'D"^
TW 101.8 103.9 104.7 105.6 107.5 108.3 108.9 110.9 110.3 108.1 105.1 103.9 103.3 10.3.3 102.8 102.8
TL 99.1 99.2 99.3 99.4 99.6 99.8 100.1 100.3 100.5 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.24 1.27 1.10 0.96 0.75 0.70 0.67 0.56 0.61 0.80 1.33 1.85 2.33 2.33 2.82 2.82

RUN,n6* =,*8"#S=**97"57,'aQ="\^!652*'dELTSUB='^ *23 *76 *'TC= *25 *55
TW 82.3 84.6 86.2 87.8 91.0 93.1 96.9 99.9 102.4 104.9 106.4 103.1 102.4 102.2 102.0 102.0
TL 81.1 82.1 83.1 84.1 86.1 88.1 90.1 92.1 94.1 96.1 98.1 100.1 100.1 100.1 100.1 100.1
HT 3.04 1.40 1.16 0.99 0.74 0.72 0.53 0.47 0.44 0.41 0.44 1.22 1.57 1.71 1.89 1,89

PUN*No' ="9* *S= "95*49* "AQ= *11* "19§" DELTSUB= '"72"70QC="1* 8800" fl =*'20*60"**'T2=* *22!§5''fC=* 24"16
TW 48.9 52.4 55.7 59.4 65.3 73.2 79.7 86.9 93.5 101.6 107.3 112.1 105.8 104.3 103.9 104.1
TL 30.9 34,2 37.5 40.8 47.4 54.0 60.6 67.2 73.9 80.5 87.1 93.7 100.3 100.3 100.3 100.3
HT 0.62 0.61 0.62 0.60 0.63 0.58 0.59 0.57 0.57 0.53 0.55 0.61 2.03 2.80 3.11 2.95

RUN'N6! =,i6"*S=,"94*i6'*AQ=Mi*i92'*DELTSU *66'8000='1 *§800**fl =" 21 *55"''*T2=*"24 *23 " TC='25'56
TW 53.3 57.1 59.2 63.3 69,0 75.9 81.9 89.7 95.0 102.0 109.1 105.8 103.9 103.7 103.4 103.4
TL 36.4 39.7 43.1 46.4 53.1 59.8 66.5 73.1 79.8 86.5 93.2 99.9 99.9 99.9 99.9 99.9 ^
HT 0.66 0.64 0.70 0.66 0.70 0.70 0.73 0.68 0.74 0,72 0.70 1.88 2.76 2.91 3.11 3.11 >o

....,, *•»»



I

Z 0.05 0.10 0.15 0.26 6.30 6.40 0.50 0.60 0.70 0.§6 0.90 1.00 1.10 1.20 1.30 I.46

RUN*N6I=*n**S="*94l79"*AQ='li*19§**6ELfsUB=,"57!io6c='il886
TW 61.2 64.2 66.9 70.3 76.5 81.ft 87.1 93.5 97.9 104.8 110.0 114.6 106.6 104.7 104.3 104.3
TL 46.0 48.6 51.2 53.8 59.0 64.2 69.4 74.5 79.7 84.9 90.1 95.3 100.5 100.5 100.5 100.5
HT 0.74 0.72 0.71 0.68 0.64 0.64 0.63 0.59 0.61 0.56 0.56 0.58 1.83 2.66 2.95 2.95

RUN'N6" =*12"*S='*92*7i' 'AQ="11 *1* 92 '"DELTSUB=**48 *75GC=*1*4000**T1 =*'21!35 *" *T2=""25 "22 " TC= "24*80
TW 68.1 71.9 73.4 77.0 81.6 86.6 91.4 96.9 101.4 106.2 111.7 105.4 103.9 103.9 103,9 103.9
TL 53.7 56.2 58.6 61.0 65.9 70.8 75.7 80.5 85.4 90,3 95.2 100.0 100,1 100.1 100.1 100.1
HT 0.78 0.71 0.76 0.70 0.71 0.71 0.71 0.68 0.70 0.70 0.68 2.11 2.91 2.91 2.91 2.91

RUN*M6! = 'i3''s=,'9KM**A6=,U*192**DELfsUB=*'42*90QC='i!4665'*
TW 72.8 76.5 78.6 81.9 86.6 90.4 95.2 100.5 104.3 109.1 113.4 107.1 105.4 105.1 104.7 104.9
TL 60.6 62.7 64.9 67.0 71.3 75.6 79.9 84.2 88.5 92.7 97.0 101.3 101.4 101.4 101,4 101.4
HT 0.92 0.81 0.82 0.75 0.73 0.76 0.73 0.69 0.71 0.68 0.68 1.95 2.80 2.95 3.34 3.11

TW 75.9 79,3 80.8 82.5 87.8 90.8 96.1 100.7 104.3 108.9 112.8 105.8 104.5 104.3 104.1 104.1
TL 62.3 64.3 66.4 68.4 72.4 76.5 80.5 84.5 88.6 92.6 96.7 100.7 100.7 100.7 100.7 100.7
HT 0.83 0.76 0.78 0.80 0.73 0.79 0.72 0.70 0.72 0.69 0.70 2.21 2.96 3.13 3.31 3.31

RUn"n6" = '*5*'$=* '92'7l'**AQ=** 1*264* ' DELTSUR= *' *8 *90GC =' 1 *4000 ' ' T* =* ' 21 ' 60 *" *"f2= " 26 *57 " f C= *26 *6§
TW 100.9 104.8 106.0 107.4 108.8 107.9 109.8 112.1 113.1 113.6 111.7 105.8 104.8 104.3 104.3 104.3
TL 92.1 92.6 93.1 93.6 94.6 95.6 96.5 97.5 98.5 99.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 1.28 0.93 0.87 0.81 0.79 0.91 0.85 0.77 0.77 0.80 1.01 2.13 2.65 2.96 2.96 2.96

RUN NO.s 16 S=
TW 8 3.4 8 6.2
TL 69.8 71.2
HT 0.83 0.75

RUN NO.= 17 S=
TW 92.9 96.1
TL 81.9 82.7
HT 1.03 0.85

RUN NO.= 18 S=
TW 58.7 62.6
TL 38.5 41.4
HT 0.70 0.67

RUN NO.= 19 S=
TW 68.1 71.6
TL 49.9 52.3
HT 0.7 8 0.7 3

PUN NO.= 20 S=
TW 75.9 78.3
TL 57.1 59.2
HT 0.75 0.74

96.18 AQ=
87.8 89.3
72.7 74.1

0.75 0.74

100.35 AO=
96.3 97.9
83.5 84.3
0.89 0.83,

99.65 AQ=
65.1 68.8
44.4 47.3
0.68 0.66

98.96 AQ=
74.1 76.3
54.7 57.2
0.73 0.74

99.65 AO=
77.9 79.9
61.3 63.4
0.85 0.85

11.264 DFLTSUB= 32.00OC= 1.4000 Tl =
90.8 94.6 97.9 101.1 104.7 107.9 110,
77.0 79.9 82.8 85.7 88.7 91.6 94,

0.82 0.77 0.75 0.7 3 0.70 0.69 0,

11.300 DELTSUB= 19.10QC= 1.4000 Tl=
99.0 101.1 103.1 105.6 107.7 108.9 111,
85.9 87.5 89.1 90.7 92.3 93.9 95,
0.86 0.83 0.81 0.76 0.73 0.75 0,

14.111 DELTSUBr 65.2000= l.§800 Tl=
73.9 79.7 85.3 90.8 95.6 102.2 108,
53.3 59.2 65.1 71.0 77.0 82.9 88,
0.69 0.69 0.70 0.71 0.76 0.73 0,

21.30 T2= 24.27 TC = 32.30
9 113.6 105.6 104.1 103.9 103.9
5 97.4 100.3 100.3 100.3 100.3
69 0.69 2.12 2.96 3.13 3.13

19.85 T2= 21.94 TC= 37.90
5 112.6 113.2 106.2 104.3 104.3
5 97.1 98.7 1.00.3 100.3 100.3
71 0.73 0.78 1.90 2.79 2.79

22.10 T2= 24.88 TC= 30.40
3 114.0 107.7 105.6 105.1 105.1
8 94.7 100.7 100.7 100.7 100.7
72 0.73 2.00 2.88 3.17 3.17

14.111 DELTSUB= 53.4500= 1.8800 Tl= 22.30 T2= 25.10 TC= 26.55
79.7 84.7 90.0 95.6 100.1 103.7 109.1 114.6 107.3 105.8 105.1 105.4
62.0 66.9 71.7 76.6 81.4 86.3 91.2 .96.0 100.9 100.9 100.9 100.9
0.80 0.79 0.77 0.74 0.76 0.81 0.78 0.76 2.21 2.91 3.32 3.17

14.11.1 DELTSUB= 46.1000= 2.8000 Tl= 22.80 - T2B 24,68 TC= 26.55
85.4 89.7 93.8 98.4 102.4 106.6 110.9 115.1 107.1 105,8 105.6 105.6
67.6 71.8 75.9 80.1 84.3 88.5 92.7 96.9 101.1 101.1 101.1 101.1
0.79 0.79 0.79 0.77 0.78 0.78 0.78 0.77 2.36 3.03 3.14 3.14

oo



s-

...................................................................... ......•.,•,,..••.••.....••••

Z 0.05 0.10 0.15 0.20 0.30 0.40 6.50 0.60 0,70 6.80 6.90 1.00 1.10 1.20 1.30 1.40

$un'n6'="5*' 'ii',i^fi§*,l6"M4I5S5*'6lfcfS0S«"*54!l566«*Kft666",fi«*"HIi6**' *t2="25*56**tc=*26I65
TW 80,1 82.9 83.4 84.0 88.6 92.1 96.5 99.9 103.4 107.7 111.1 114.9 105.8 104.7 104.3 104.3
TL 62.5 64.3 66.1 67.9 71.5 75.0 78.6 82.2 85.8 89.3 92.9 96.5 100.1 100.1 100.1 100.1
HT 0.81 0.77 0.83 0.88 0.83 0.84 0.80 0.81 0.80 0.78 0.78 0.78 2.50 3,06 3.35 3.35

RUN "NO* =*22 "iR=**99* 65* *AQ=* 14*i11 **DELTSUB= **29 "3000="2"8000 **f* ="2i"§6* T2= "*23 '68*'TC= "26'56
TW 88.6 91.9 91.9 91.2 96.3 97.5 101.1 104.7 107.1 111.1 113.4 116.5 106.6 104.9 104.5 104.7
TL 72.5 73.9 75.2 76.5 79.2 81.9 84.5 87.2 89.8 92.5 95,2 97.8 100.5 100.5 100.5 100.5
HT 0.88 0.78 0.85 0.96 0.83 0.90 0.85 0.81 0.82 0.76 0.77 0.76 2.31 3.17 3.53 3.36

RUn'n6' ="25*'s=*'96*88**AQ=" 14*524*'^
TW 94.8 98.4 99.4 100.3 101.1 103.3 106.0 108.3 110.6 112.6 115.1 116.8 107.9 105.8 105.1 105.1
TL 80.8 81.8 87.7 83.7 85.6 87.6 89.5 91.4 93.4 95.3 97.2 99.2 101.1 101.1 101.1 101.1
HT 1.04 0.88 0.87 0.88 0.94 0.93 0.88 0.86 0.84 0.84 0.82 0.83 2.13 3.09 3.59 3.59

ftfifi,rH6*li*S4"*>&«*|d6*55" *,&6i"i4!'SS4- "6i£rfSfi&»" *££ .i§5r!:si*iI4666" "f,£»"*51IiS.*>*" "fii" '25" i5"Tc=* 41*66
TW 100.9 103.6 105.6 107.9 109.4 108.9 110.0 111.3 113.4 114.2 113.6 114.4 109.6 106.2 105.1 104.9
TL 89.P 90.3 90.8 91.3 92.3 93.3 94.4 95.4 96.4 97.4 98.5 99.5 100.5 100.5 100.5 100.5
HT 1.30 1.09 0.98 0.87 0.85 0.93 0.93 0.91 0.85 0.87 0.96 0.97 1.60 2.55 3.12 3.26

r6n'n6' = *25"*R=* "99*65* *a6='*8*4*V'd^
TW 102.4 104.1 104.5 106.2 107.3 109.4 111.4 1,13.4 113.1 112.8 111.6 106.9 104.9 104.8 103.9 103.9
TL 98.0 98.2 98.5 98.7 99.2 99.7 100.1 100.6 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
HT 1.91 1.43 1.40 1.12 1.04 0.87 0.75 0.66 0.70 0.72 0.81 1.46 2.19 2.31 3.01 3.01

PUN*N6! =*26*'s='*96*88""AQ=*"8*4i V*DELTSUB=* "72*750C=* *'8§56'*fI* =" 22"60 "" *T2=" "24!27 *"TC= *29 *40
TW 48.9 52.2 55.2 58.9 65.8 72.8 79.9 87.1 93.8 101.1 107.9 110.0 105.8 104.9 104.3 104.5
TL 32.1 35.4 38.7 42.0 48.7 55.3 61.9 68.5 75.1 81.7 88.4 95.0 101.6 101.6 101.6 101.6
HT 0.50 0.50 0.51 0.50 0.49 0.48 0.47 0.45 0.45 0.43 0.43 0.56 1.98 2.48 3.06 2.85

RUN'N6! =*27"s=,"94l79**A6="8*4i7* *DELTSUB= *"64 **5QC=* 1*8800 **Tl =*'21 "80'***T2="*55 *97* "TC= "55*56
TW 52.7 5ft.4 59.8 63.3 69.9 76.8 83.4 90.1 96.7 102.4 108.1 107.1 104.9 104.8 104.3 104.3
TL 40.a 43.6 46.8 50.0 56.4 62.9 69.3 75.7 82.1, 88.5 94.9 101.3 101.4 101.4 101.4 101.4
HT 0.68 0.66 0.65 0.64 0.63 0.61 O.fto 0.58 0.58 0.61 0.64 1.47 2.34 2.48 2.85 2.85

RUN* NO*":* 28 **S=**94*'6"a6="* §1417 "dELTSUBs" 5^ 85QC=* 1! 8800 **I'U **21" 53 ""**T2=*"23!47 "'TC=" 54'60
TW 61.2 *4.6 67.4 70.5 75.9 81.6 87.1 93.6 99.2 104.9 108.9 104.8 103.4 103,3 103.1 103.1
TL 49.8 52.5 55.1 57.8 63.1 68.3 73.6 78.1 84.2 89.5 94.8 100.1 100.1 100.1 100.I 100.1
HT 0.74 0.69 0.69 0.66 0.66 0.64 0.62 0.58 0.56 0.54 0.59 1.79 2.48 2.63 2.81 2.81

run'n6' =*29*'s=*'92*7**"a6=* "|*41V *6i£$hti&m' "441 §56c" *£18866* *H«* *$6!$6****!$•/* *|KiV *f6«*34! &§
TW 69.4 72.1 73.6 76.8 81.4 86.4 91.6 Q6.4 100.3 105.8 107.9 103.4 102.6 102.6 102.6 102.6
TL 56.7 59.0 61.2 63.5 68.0 72.5 77.0 SI.4 85.9 90.4 94.9 99.4 99.4 99.4 99.4 99.4
HT 0.66 0.64 0.68 0.63 0.63 0.60 0.57 0.56 0.59 0.55 0.65 2.08 2.63 2.63 2.63 2.63

RUn"noI ="36*'s ='"92!71'*"aQ=*"8*41V*DELTv5UB=' ' 38 ! 45QC=* 1! §§56 " *fi r " 56 *§6 " " * ' T2=" "22 "97 **TC= *54 *56
TW 74.5 77.4 78.3 81.4 85.6 89.1 93.8 99.0 102.2 106.6 108.5 103.4 102.6 102.6 102.2 102.4
TL 63.1 65.0 67.0 68.9 72.7 76.6 80.4 84.3 88.1 92.0 95.8 99.6 99.6 99.6 99.6 99.6 _^
HT 0.74 0.68 0.74 0.67 0.66 0.68 0.63 0.57 0.60 0.57 0.66 2.22 2.85 2.85 3.30 3.06 • vj

U3



z'**6*65"6"i6"6*i5* '6156**6*36* "6* 45 **6*56"6*6S**5*7o"6*§6* "6*96**1165* '***5"i."26"i'55"t*46

RUN"N6I =*5i''s=""96*ft§'"AQ="*§l54i"*DELfSUB=' " 7'55QC=*1*4656'*f1=**511 l5 " *"f5= '* 55 *56 *"T0='56 *65
TW 99.2 102.2 102.P 104.8 106.2 106.0 107.4 109.6 110.6 111.3 112.4 112.6 107.4 105.6 103.6 103.3
TL 92.8 93.2 93.^ «3.9 94.6 95.2 95.9 96.6 97.3 98.0 98.7 99.4 100.0 100.1 100.1 100.1
HT 1.34 0.95 0.92 0.79 0.73 0.79 0.74 0.66 0.64 0.64 0.62 0.65 1.15 1.55 2.37 2.67

ftur*"*6I**Si* *&•" *4^!SI* *A6«* *SIS*)5**6e£t5uS«* "Sir5§66i*£I46d6* **l£»*"rS£'!£d""'* "T5«"*5|ISft" "f^**5i4ri6
TW 88.4 91.2 91.9 94.4 96.1 98.6 101.1 103.7 106.2 108.9 1.11.3 111.9 106.4 103.3 102.8 102,8
TL 80.0 80.9 81.9 82.8 84.7 86.6 88.6 90.5 92.4 94.3 96.2 98.1 100.0 100.1 100.1 100.1
HT 1.02 0.83 0.86 0.74 0.76 0.72 0.68 0.65 0.62 0.59 0.57 0.62 1.35 2.68 3.12 3.12

run'n6'=*55"'s='"96**8*"a6=*,8*4'V"del^
TW 83.4 86.0 87.3 89.1 92.9 94.4 98.8 101.8 105.1 108.5 111.3 111.5 104.5 103.6 103.3 103,3
TL 73.8 75.0 76.3 77.5 80.1 82.6 85.1 87.6 90.1 92.7 95.2 97.7 100.2 100.3 100.3 100.3
HT 0.88 0.77 0.76 0.73 0.66 0.71 0.61 0.60 0.56 0.53 0.52 0.61 1.97 2.48 2.81 2.81

PUN*N6I = '54*"s='"98l96**AQ="Ul554"*DEI*TSUB=*"*2l6o6c=""!8§66" *Tl =" ' 20 ' 10 *" " *T2=" 56 ' 58 * ' TC= *55 *25 •
TW 103.4 105.4 105.1 106.9 108.8 UO.O 111.3 113.0 107.4 106.2 105.6 104.7 104.3 104.1 103.8 104.1
TL 97.9 98.0 98.2 98.3 98.6 98.9 99.2 99.5 99.7 99.8 99.8 99.8 99.8 99.8 99.8 99.8
HT 2.61 1.99 2.08 1.70 1.43 1.31 1.20 1.07 1.89 2.25 2.50 2.93 3.19 3.34 3.69 3.34

RUN* NCI* ='35'*S= "97* 57* "AQ=*ii!565 **DELTSUB=* " 5" 20QC=* 1*8§66 " f 1=" 21*70 " " t5 =" 56 *4*> " TC=" 4l I 75
TW 103.4 105.1 106.2 106.9 108.1 110.2 112.1 114.4 107.1 106.4 106.4 106.4 105.1 104.3 104.3 104.3
TL 97.9 98.2 98.4 98.6 99.1 99.5 1.00.0 100.4 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9
HT 2.05 1.62 1.45 1.37 1.25 1.06 0.93 0.81 1.84 2.05 2.05 2.05 2.66 3.32 3.32 3.32

ft0ft*fi6"!«#54*"Si* *>5ftI§S*"i6«""fi«448* "6fe£fSu6«" **|"4od$**£C4866**f£»* "55I65*' ***f^«**|4«ftS* -f^i"4£I^5
TW 102.0 103.6 104.7 105.4 107.7 108.8 110.6 113.1 109.1 108.3 107.7 107.1 106.2 105.1 103.6 103.6
Tt 97.4 97.6 97.9 98.1 98.6 99.2 99.7 100.2 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 1.82 1.40 1.24 1.17 0.93 0.88 0.77 0.65 1.00 1.11 1.21 1.33 1.54 1.90 2.86 2.86

RUN*n6*='5"*S="
TW 95.4 97.5
TL 88.1 88.7
HT 0.80 0.67

RUN NO.= 38 S-
TW 79.0 81.4
TL 73.6 74.R
HT 1.08 0.89

RUN NO.= 39 S=
TW 69.0 71.4
TL 63.8 65.7
HT 0.70 0.64

98.96 AQ= 5.880 DELTSUB= 12.75QC= 1.4000 T1 = 21.60 T2= 23.14 TC= 37.40
98.4 99.4 100.5 102.0 103.1 105.4 107.1 109.6 110.4 111.3 110.9 104.3 103.1 102.6
89.2 89.8 91.0 92.1 93.3 94.5 95.6 96.8 97.9 99.1 100.3 100.3 100.3 100.3
0.65 0.61 0.62 0.60 0.60 0.54 0.51 0.46 0.47 0.48 0.55 1.45 2.10 2.50

99.65 AQ= 5.880 DELTSUB=
82.1 8 3.8 87.8 91.0 94.6
76.1 77.3 79.9 82.4 84.9

0.99 0.91 0.75 0.68 0.61

27.7500= 1.4000 Tl= 21.10 T2= 22.66 TC= 28.95
98.4 101.4 104.5 107.9 110.6 104.9 103.1 102.6 102.6
87.4 90.0 92.5 95.0 97.5 100.0 100.1 100.1 100.1
0.54 0.52 0.49 0.46 0.45 1.20 1.96 2.31 2.31

99.65 A0= 3.631. DELTSUB= 38.15QC= 5.§000 Tl= 20.60 T2= 22.54 TC= 27.80
17.9 75.4 79.6 83.6 88.4 93.1 97.3 102.2 106.0 104.7 103.1 102.2 101.8 101.8
67.6 69.5 73.3 77.1 81.0 84.8 88.6 92.4 96.2 100.0 100.1 100.1 100.1 100.1
0.68 0.62 0.57 0.56 0.4Q 0.44 0.42 0.37 0.37 0.78 1.21 1.69 2.14 2.14

RUN N0.= 40 S= 99.65 AQ= 3.631 DELTSUB= 12.3500= 0.9000 Tl= 20.60 T2= 22.55 TC= 26.30
TW 88.8 91.0 91.4 93.1 95.0 96.9 99.0 101.6 103.3 105.1 107.4 104.7 102.6 102.0 101.8 101.8
TL 87.9 88.5 89.2 89.8 91.0 92.2 93.5 94.7 95.9 97.2 98.4 99.6 99.6 99.6 99.6 99.6
HT 4.12 1.47 1.62 1.09 0.91 0.78 0.66 0.53 0.50 0.46 0.40 0.72 1.23 1.55 1.73 1.73 00

o



>'

r**6:65**6:{6"*6:i5**o:26*"5:56"6:46"6:56"6:g5"5:^6**6:§5**6:§o**i:66"!:i5"":56"i:56"i:45

ft0ft*ft6Zii«*4I* *#** *§^ISi" "Ad** 'ir#S4* 'STfTufSOS*" "|»irS66*5«*ir*5d66* *f£i" "51,18*"" *f5»" "i4t44* "*f6t«*5*irid
TW 72.1 74.1 75.6 78.8 82.9 87,1 91.6 96.7 100.7 105.1 109.4 107.1 103.3 102.8 102.6 102.6
TL 62.7 64.7 66.6 68.6 72.5 76.5 80.4 84.3 88.2 92.2 96.J 100.0 100.1 100.1 100.1 100.1
HT 0.63 0.62 0.65 0.57 0.56 0.55 0.52 0.47 0.47 0.45 0.44 0.83 1.83 2.13 2.30 2.30

PUn">6' =*42"s="99*65*'aQ=* "5'906 *"0ELTSUB=* "*9*5500='6*9555''fl =**51!55 ***"T2=* "55 *75*"TC=" 26"55
TW 89.5 91.6 92.5 93.8 96.7 97.5 100.1 102.6 104.8 107.1 109.1 HO.4 105.8 103.3 102.8 J02.8
TL 81.8 82.7 83.6 84.5 86.3 88.1 89.8 91.6 93.4 95.2 96.9 98.7 100.5 100.5 100,5 100,5
HT 0.77 0.66 0.66 0.64 0.57 0.63 0.58 0.54 0.52 0.50 0.48 0.50 1.11 2.15 2.57 2.57

RUn'n6* =*45*'s='*97*57" *ao=" *5'652'*DELTSUPs *"56 *§5QC=* 5*§555 *"f1=*" 5i" §6" ***f5="' 54' 5i **fC=* 541 55
TW 76.5 78.6 80.7 82.9 87.3 90.4 94.1 9«.l 102.2 106.2 105.6 102.8 102.4 102.4 102.0 102.2
TL 70.9 72.6 74.3 76.1 79.5 , 82.9 86.3 89.8 93.2 96.6 100.0 100.1 100.1 100.1 100.1 100.1
HT 0.65 0.62 0.57 0.53 0.47 0.49 0.47 0.43 0.40 0.38 0,66 1.33 1.55 1.55 1.87 1.70

feOfi* fidl«*44* "§«* *§5I48* *li6i* |4*££| *'6f:ii*}§6i»" **i"§§d£»V"4I')''l65* "#£•**S|C£*»*** "f$i* *5$I*I6* "*I£iib*SA.'I6
TW 103.9 106.0 106.6 108.3 110.3 111.9 114.9 115.3 106.9 107.3 107.4 106.4 104.9 104.7 104.7 104.5
TL 97.3 97.5 97.7 97.9 98.4 98.8 99.2 99.6 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 2.14 1.66 1.59 1.36 1.19 1.08 0.90 0.90 2.07 1.96 1.91 2.22 2.88 3.03 3.03 3.17

rl5fi*r46I*"4f **i«* "4*5! 85""A8•*££*8£5**^*££'JS6*i••*," *S*S*lQfi»"4I5§5d" #*f£*i""*l£I£8"# ""•Jri**" *|5"*i*l# "fii'lllf8
TW 102.6 103.9 104.1 106.0 107.7 109.1 111.9 114.2 107.1 106.6 106.6 107.4 106.9 104.9 103.9 103,9
TL 96.9 97.2 97.4 97.7 98.1 98.6 99.1 99.6 100.0 100.1 100.1 100,1 100.1 100.1 100.1 100.1
HT 1.95 1.64 1.65 1.32 1.15 1.04 0.86 0.75 1.57 1.68 1.68 1.49 1.62 2.25 2.86 2.86

RUN*N6'= '46"5=**6o"55**AQ="8*i6§"DELTSUB^
TW 100.9 102.6 102.2 104.1 106.0 107.7 109.6 111.7 108.3 109.4 109.1 107.3 106.6 104.9 103.6 103.4
TL 96.3 96.6 96.9 97.2 97.8 98.3 98.9 99.5 100.1 100.1 100,1 100.1 100.1 100.1 100.1 100.1
HT 1.78 1.36 1.53 1.17 0.98 0.87 0.76 0.66 0.98 0.87 0.89 1.13 1.24 1.65 2.25 2,38

run'n6' ="47"s="66*55"aq=* '5*67 3"deltsub='" '5* *6qc=*4*7566"t* =" "56*'6""t5="*55*54"tC="36*90
TW 93.3 95.2 95.6 97.3 98.6 101.4 102.2 104.5 106.0 107.4 108.9 111.1 109.6 108.8 103.9 105.8
TL 88.3 88.9 89.4 90.0 91.1 92.2 9.3.3 94.4 95.5 96.6 97.7 98.8 99.9 99.9 99.9 99.9
HT 1.13 0.89 0.91 0.77 0.76 0.62 0.63 0.56 0.54 0.52 0.50 0.46 0.58 0.64 1.40 1.92

6u*j*N6*.i*4§""S»#"t58*£8""Afii"*|"|8*l""SETuifSu^a"**i!4S*3*5**5**f888*"*l£*i***i|!i8* ""t5="54'47" *ic="54*25 .
TW 102.1 104.9 106.0 107.6 109.8 110.6 111.9 112.4 111.5 111.5 108.1 105.1 103.6 103,3 102.6 102.6
TL 96.7 96.9 97.2 97.4 97.9 98.4 98.9 99.4 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.53 1.05 0,95 0.82 0.70 0.68 0.64 0.64 0.72 0.72 1.01 1.58 2.20 2.46 3.04 3.04

fti3"i*"i6Z«"48" "#•" *fflil4"»* "Ij8*»* "81588" *6*i£fSd8i" "8iI458*w*B*i*f 888* *f£ •*" Ji3i!l8* **"*i5*«*"44*88" *f":i*S4!*J8
TW 57,5 59.8 63.7 66.9 72.9 78.3 85.6 91.2 97.1 103.3 109.1 107.9 103.6 102.6 102.4 102.4
TL 39.4 42.6 45.7 48.9 55.3 61.6 68.0 74.3 80.7 87.0 93.4 99.6 99.6 99.6 99.6 .99.6
HT 0.46 0.48 0.4ft 0.46 0.47 0.50 0.47 0.49 0.51 0.51 0.53 1.01 2.09 2.83 3.04 3.04

RUN*No"i* §8* *i»* *$$!8***A&*^!4!488*"&|".$iu8£* "48 !8866«*8!" 888*"fji""55!88*"" "T5="55'98"fc='56*45
TW 73.6 76.8 79.3 82.5 87.1 89.9 95.4 10O.3 104.3 108.8 113.0 113.4 105.8 104.7 104.3 104.3
TL 54.4 56.6 58.8 60.9 65.3 69.7 74.1 78.4 82.8 87.2 91.5 95.9 100.3 100.3 100.3 100.3 _
HT 0.75 0.71 0.70 0.67 0.66 0.71 0.67 0.66 0.67 0.67 0.67 0.82 2.62 3.24 3.56 3.56 oo
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i"'b'.os' '5* 16* "lis" 5*2o"6*3o"6" 46 "6*55"6*6o* "6*76* "5*85' "6* 96 "iI66"i'i6"il25"i'35"K46
RUN*Nn",=2 31. "s=* *5311 3 " *AQ=* 'SI 727* *DELTSUBs* ' *5 *4000s *0 *9565 " *Ti ="i9*.85* "T2s " 3 3 I 51 "TCs ' 58 " 90
TW 117.6 117.4 119.6 122.8 119.1 117.4 117.1 117.6 117.6 117.6 117.6 117.6 117.8 118.4 118.2 119.4
TL 102.0 103.7 105.5 107.2 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT , 0.56 0.64 0.61 0.S6 1.04 1.30 1.34 1.26 1.26 1.26 1.26 1.26 1.23 1.13 1.16 0.99

RU*i*Nn!s232"s=**53.*3' "AO= " 5! 957 " DELTSUB= *"12 I4000= *6 *900 5**Ti ="'9*85' T2=" 30 *18" TC =' 55 I56
TW 116.3 116.3 119.4 117.6 116.1 115.5 115.9 116.3 116.1 116.3 116.3 1.16.3 116.3 116.9 116.7 117.6
TL 101.8 104.9 108.0 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1
HT 0.41 0.52 0.52 0.92 1.19 1.35 1.24 1.15 1.19 1.15 1.15 1.15 1.15 1.03 1.06 0.92

RUN* NO l =233" S=" 53.1 3*" AQs "*3 '.154" DELTSUB=" 17 *100C="0 I 90 00 " "Tls *' J 9 *85 " " T2s ' "26 *23 "f0= *59 "15
TW 110.6 116.5 117.4 116.3 115.1 114.7115.1 115.3 115.3 115.3 115.3 115.3 115.5 115.7 115.5 115.9
TL 98.9 103.2 107.5 111.7 1H.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7
HT 0.32 0.2R 0.38 0.81 1.10 1.24 1.10 1.04 1.04 1.04 1.04 1.04 0.98 0,93 0.98 0.89

RUN"N6Is2U**vS=''35!6V*AQs*i4*H5*"DELTSUB=* * \ 7 ' 75QC ?* 1. ' 8500 **T1= " 20 l 10 * ' " T2= " 31 I 37 ' ' TC =*61 ' 65
TW 114.6 120.9 121.3 121.1 120.3 119.9 120.3 120.7 120.9 121.1 121.3 121.5 12/2.6 124.1 123.9 127.1
TL 97.1 100.1 103.0 106.0 111.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9 HI.9 111.9 111.9
HT 0.85 0.72 0.82,0.99 1.78 1.87 1.78 1.69 1.66 1.62 1.58 1.55 1.40 1.23 1.25 0.98

ftufi*fi6*,«2IS" *s»* "SS*65* *jt6»#i*|,ift*3>" *6££*lildfiat'> "i§*^5dc*aI*lft§66" 'fis**56Ii6' "T2="32"36"fc=" 61.65
TW H4.6 120.3 121.1 120.9 120.3 119.9 120.3 120.9 120.9 121.1 121.5 121.5 122.6 124.3 124.3 127.1
TL 98.0 102.6 107.3 111.9 111.9 111.9 111.9 HI.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9
HT 0.89 0.85 1.08 1.66 1.78 1.87 1.78 1.66 1.66 1.62 1.55 1.55 1.40 1.21 1.21 0.98

SYSTEM-ETHYL*ACETATE

PUN NO.=236 S= 97.57 A0=
TW 79.9 80.3 79.0 78.8
TL 56.7 58.2 59.7 61.2
HT 0.37 0.39 0.45 0.49

RUN NO.=237 S= 97.57 AQ=
TW 71.9 66.9 67.9 70.3
TL 45.7 48.0 50.4 52.7
HT 0.33 0.46 0.49 0.49

RUN NO.s238 S= 97.57 AQs
TW 64.2 60.8 61.7 64.6
TL 39.2 41.6 44.1 46.5
HT 0.34 0.45 0.49 0.47

RUN NO.=239 S= 96.18 AQ=
TW 93.1 99.6 84.3 83.8
TL 69.7 72.9 76.1 76.1
HT 0.64 0.56 1.83 1.94

PUN NO.=240 Mm 97.57 AQs
TW 89.3 94.6 99.0 100.1
TL 70.2 71.4 72.6 73.8
HT 0.61 0.50 0.44 0.44

8.634 DELTSUB=
82.9 84.1 86.6
64.2 67.1 70.1
0.46 0.51 0.52

8.634 DELTSUBs
73.6 76.3 80.1
57.4 62.1 66.7
0.53 0.61 0.65

8.572 DELTSUBs
68.8 72.5 76.5
51.5 56.4 61.3
0.50 0.53 0.56

14.937 DELTSUBs
85.6 84.7 85.8
76.1 76.1 76.1
1.58 1.74 1.54

11.55 3 DELTSUBs
84.7 84.4 85.1
76.3 76.3 76.3
1.37 1.41 1.31

20.9000= 0.9000 Tl= 21.80
87.5 82.3 81.8 81.8 81.6
73.1 76.1 76.1 76.1 76.1
0.60 1.39 1.51 1.51 1.58

T2= 29.11
82.5 82.5
76.1 76.1
1.35 1.35

32.7500= 0.9000 Tl= 21.80 T2= 28.91
82.9 82.7 82.5 82.5 82.5 83.1 82.9
71.4 76.1 76.1 76.1 76.1 76.1 76.1
0.75 1.30 1.35 1.35 1.35 1.22 1.26

39.40QCs 0.9000 Tl= 21.80 T2= 27.71
80.8 82.7 82.5 82.5 82.3 82.9 82.7
66.2 71.2 76.1 76.1 76.1 76.1 76.1
0.59 0.74 1.34 1.34 1.38 1.25 1.30

9.65QCs 0.9000 Tls 21.60 T2= 43.49
83.8 83.6 83.4 83.8 85.4 84.9 86.0
76.1 76.1 76.1 76.1 76.1 76.1 76.1
1.94 1.99 2.06 1.94 1.61 1.70 1.51

7.25QCS 0.9000 Tls 2*.60 T2s 36.51
83.8 83.6 83.1 83.4 84.7 84.1 84.9
76.3 76.3 76.3 76.3 76.3 76.3 76.3
1.53 1.57 1.67 1.63 1.37 1.48 1.34

TC= 63.70
82.1 82.9
76.1 76.1
1.45 1.26

TC= 69.00
82.3 83.4
76.1 76.1
1.39 1.18

TC= 75.20
82.5 83.4
76.1 76.1
1.34 1.17

TC= 66.90
85.1 86.0
76.1 76.1
1.66 1.51

TC= 66.00
84.1 85.1
76.3 76.3
1.48 1.31
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z'**6:65**6:i5**6:i5**6:55**6:36**6:45**6:56**6:66**6:56**6:§6**6:96**i:65"i:i5**?:55"i:36"i:45

RUN NO.=251 S= 75.35 AQs 5.931 DELTSUBs
TW 82.5 83.6 84.1 85.8 89.1 91.4 95.2
TL 64.6 65.5 r-6.4 67.4 69.2 71.0 72.8
HT 0.33 0.33 0.34 0.32 0.30 0.29 0.27

12.80QC= 0.9000 Tl= 20.10 T2=
98.1 86.2 80.9 80.7 80.5 80.7
74.7 76.5 76.5 76.5 76.5 76.5
0.25 0.61 1.33 1.41 1.48 1.41

25.14 TC= 63.50
80.9 80.9 81.4
76.5 76.5 76.5
1.33 1.33 1.21

RUN NO.S252 S= 78.13 AQ= 8.448 DELTSUBs 3.30QC=
TW 90.6 93.8 95.6 97.3 100.t 101.1 101.6 83.6 83,
TT, 73.5 73.8 74.0 74.3 74.9 75.4 76.0 76.5 76,
HT 0.49 0,42 0.39 0.3 7 0.3 4 0.3 3 0.3 3 1.19 1,

0.9000 Tl=
6 82.9 82,
5 76.5 76,
19 1.31 1,

20.85 T2= 28.82 TC= 67.85
1 81.8 81.8 82.1 81.8 82.9
5 76.5 76.5 76.5 76.5 76.5
52 1.59 1.59 1.52 1.59 1.31

RUN NO.=253 S=
TW 96.5 101.6
TL 75.1 75.9
HT 0.53 0.44

71.88 AQ= 11
82.3 8 2.5 8 3
76.7 76.8 76
2.07 1.98 1

373 DELTSUBs
4 82.7 83,*
8 76.8 76.8
7 2 1.91 1.61

2.450C= 0.9000 Tl= 21.10 T2= 37.49
85.1 84.3 83,8 83.6 83.4 83.4 84.3
76.8 76.8 76.8 76.8 76.8 76.8 76.8
1.36 1.52 1.61 1.66 1.72 1.72 1.52

TC= 69.00
83.6 84.9
76.8 76.8
1.66 1.40

RUN NO.=254 S= 61.46 AG =
TW 83.1 82.5 82.5 82.9
TL 75.1 76.5 76.5 76.5
HT 1.82 2.44 2.45 2.28

RUN NO.=255 S= 66.32 AQs
TW 92.7 95.0 94.6 93.6
TL 70.3 71.2 72.1 73.0
HT 0.38 0.36 0.38 0.42

RUN NO.s256 S= 60.07 AQs
TW 82.3 82.5 82.9 83.1
TL 72.2 72.8 73.4 74.0
HT 1.13 1.18 1.20 1.26

RUN NO.s257 S= 55.21 AQs
TW 83.6 84.1 84.3 84.4
TL 73.4 73.8 74.3 74.7
HT 1.46 1.45 1.49 1.5 3

RUN NO.=258 S= 53.85 AQ=
TW 84.1 81.1 80.5 79.9
TL 72.1 75.4 75.4 75.4
HT 0.50 1.03 1.17 1.32

RUN NO.s259 %m 52.43 AQ=
TW 81.6 83.6 87.9 88.4
TL 69.3 70.7 72.1 73.5
HT 0.94 0.89 0.72 0,77

RUN NO.s260 S= 55,21 AQ=
TW 63.5 71.2 77.4 84.3
TL 37.4 43.0 4 8.5 54.1
HT 0.33 0.31 0.30 0.29

14.689 DELTSUB= 2.80QC=
84.0 83.6 84.9 85.6 85,
76.5 76.5 76.5 76.5 76,
1.96 2.07 1.75 1.6*$ *<

1.8500 Tl= 21.10 T2= 31.82
1 85.1 84.9 84.6 84.6 85.8
5 76.5 76.5 76.5 76.5 76.5
71 1.71 1.75 1.80 1.80 1.59

TC= 68.30
84.9 86.6
76.5 76.5
1.75 1.45

8.572 DELTSUB= 7.0500=
97.8 8 3.8 83.4 82.7 82,
74.7 76.5 76.5 76.5 76,
0.37 1.17 1.25 1.38 1,

0.9000 Tl= 22.35 T2= 32.33
3 82.3 82.1 82.3 82.3 82.7
5 76.5 76.5 76.5 76.5 76.5
49 1.49 1.54 1.49 1.49 1.38

TCs 68.30
82.3 83.4
76.5 76.5
1.49 1.25

11.445 DELTSUBs
84.7 84.1 82.9
75.3 76,5 76.5
1.21 1.52 1.77

14.854 DELTSUBs
86.4 85.8 83.8
75.6 76.5 76.^
1.37 1.60 2.03

5.957 DELTSUB=
80.1 79.9 79.9
75.4 76.4 75.4
1.27 1.32 1.32

11.517 DELTSUBs
84.1 82.7 82.5
76.3 76.3 76,3
1.48 1.79 1.84

8.634 DELTSUBs
90.8 81.6 82.1
65.2 76.3 76.3
0.34 1.62 1.50

4.90GCs 0.9000 Tl= 21.80 T2= 35.05
82.7 82.3 82.1 82.1 82.5 82.3 82.3
76.5 7b.S 76.5 76.5 76.5 76.5 76.5
1.85 1.97 2.06 2.06 1.91 1.97 1.97

TC= 69.45
83.4 84.9
76.5 76.5
1.67 1.36

3.550Cs 0.9000 Tls 21.80 T2s
84.1 83.4 83.4 83.4 83.6 83.8
76.5 76.5 76.5 76,5 76.5 76.5
1.97 2.17 2.17 2.17 2.09 2.03

6.65QC= 0.9000 Tl= 21.60 T2=
80.1 79.7 79.7 79.4 79.4 79.2
75.4 75,4 75.4 75.4 75.4 75.4
1.27 1.39 1.39 1.47 1.47 1.57

8.40QCs 0.§000 Tls
82.9 82.7 82.9 82,
76.3 76.3 76.3 76,
1.72 1.79 1.72 1,

21.80 T2s
7 82.7 82.1
3 76.3 76.3
79 1.79 1.99

44.45QCs 0.9000 Tls 21.35 T2s
82.1 81.9 81.6 81.9 81.9 81.9
76.3 76.3 76.3 76.3 76.3 76.3
1.50 1.56 1.63 1.56 1,56 1.56

39.02 TC= 69.20
83.6 85.1 86.6
76.5 76.5 76.5
2.09 1.73 1.46

30.31 TCs 72.05
79.4 79.4 80.5
75.4 75.4 75.4
1.47 1.47 1.17

56.42 TCs 69.20
82.1 82.7 81.8
76.3 76.3 76.3
1.99 1.79 2.08

31.31 TC= 69.90
82.5 82.5 82.3
76.3 76.3 76.3

1.39 1.39 1.44
IMJ
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z* *5!65*"6!I6**6Ii5*"6I55''6*56""6!46""5!56*"6l66''5!76**5I§6*'6!§6'"i!65"*i!i5*"i!55*'i!56*"i!46
RUN*n6! =*6'"s="95*57**a6=" *8l575""l*)ELfsUB=*''5!95QC="iI4666""Ti=""5i!86'"""T5=**55!38*"TC="55l56
TW 103.1 106.0 106.8 108.3 109.3 110.7 111.3 112.3 111.7 113.1 110.7 109.9 109.3 106.4 103.9 103.3
TL 97.1 97.2 97.4 97.6 97.9 98.2 98.5 98.9 99.2 99.5 99.8 99.9 99.9 99.9 99.9 99.9
HT 1.43 0.98 0.91 0.80 0.75 0.69 0.67 0.64 0.69 0.63 0.79 0.85 0.91 1.31 9.14 2.52

r7in"6* ="65""s=*'96*88* *a6"'8!572 "'DELTSUBs'" 5*56<")C= "*!4666" fl' =''51!§6" "f2=" 56!05" TC="55!05
TW 102.6 104.2 105.2 105.8 107.8 109.2 110.0 109.4 111.2 110.6 109.4 106.2 104.2 103.6 103.2 105.2
TL 97.9 98.0 98.2 98.3 98.6 98.9 99.2 99.5 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.82 1.39 1.22 1.15 0.93 0.83 0.79 0.86 0.75 0.81 0.92 1.39 2.07 2!41 2*72 2^72

8ufi"ft6!*;"8|"*|«**88*i8**Ji8«*f£I|88**5**;"iT8"f§*'*' "£!*>8oc**iri888""f£i" **ii»88* *" *!*!"•* "5§!*,S**ff5**S8!18
TW 103.6 106.2 106.6 107.4 108.4 110.2 112.0 114.9 115.9 107.8 105.8 104.8 104.6 104.0 104.0 104.0
TL 98.5 98.6 98.7 98.8 99.0 99.2 99.4 99.6 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 2.18 1.48 1.42 1.31 1.20 1.03 0.90 0.74 0.70 1.46 1.97 2.38 2.48 2.86 2.86 2.86

RUN*n6! =*64"s='*97*57" *AO= *14'. s54 *"DFLTSUB=" **1*70OC="*"8856' '"•*«" *»J !88* "" t5= " 57 !13 " TC=* 59!§6
TW 103.8 105.4 106.4 1.08.4 109.8 111.2 U3.2 115.0 113.8 110.8 109.6 107.6 107.2 106.8 104.8 104.8
TL 98.3 98.4 98.5 9R.6 98.9 99.1 9Q.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 2.63 2.07 1.84 1.49 1.33 1.20 1.05 0.94 1.04 1.33 1.49 1.87 1.98 ?.09 2.93 2.93

6u*i"ft6I »"88""fi* "88188* **i*5"t*££ri88**6i*.f8uft*** ***;!£oqc*i*£!8888* **I,|i***E£*i8*** "fft«* *§8* *"$* *f *:i*i9li8
TW 103.4 105.8 105.8 106.8 109.8 110.8 111.8 114.4 114.6 112.0 110.0 109.8 108.0 107.0 105.4 104.8
TL 98.3 98.4 98.5 98.7 98.9 99.2 99.5 99.7 100.0 100.2 100.3 100.3 100.3 100.3 100.3 100.3
HT 2.19 1.53 1.56 1.39 1.04 0.97 0.92 0.77 0.77 0.96 1.16 1.18 1.46 1.67 2.19 2.48

ftOft" fi6**«*88* *S»* *88 *rS«l" *H&i* *8r§£8* *6r*:£'lr*ly*S**t* **£I88ff»6«" £18888* **f f«* *5II48" ****fW *i4r**8* **f6»«*4i,66
TW 102.2 104.1 104.1 106.0 107.5 108.8 109.8 112.9 112.9 108.9 107.1 106.8 105.3 104.9 103.9 103.9
TL 98.3 98.4 98.5 98.6 98.9 99.1 99.3 99.6 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 2.16 1.49 1.52 1.15 0.99 0.88 0.81 0.64 0.65 0.96 1.22 1.26 1.62 1.75 2.21 2!21

Sun"n6! ='67*'s="9R!96* *AQ= ' *5! 880 **DELTSUB= """5! 80QC="1I4666*'fl =' "51! 45"""f5=" "55! 83* "fc="46!75
TW 100.3 103.1 102.9 104.5 105.0 106.6 107.9 109.1 109.1 109.1 108.9 108.8 107.1 105.1 103.6 103.1
TL 96.5 96.7 96.9 97.1 97.5 97.9 98.4 98.8 99.2 99.6 100.0 100.1 100.1 100.1 100.1 100.1
HT 1.55 0.92 0.9Q n.79 0.79 0.67 0.62 0.57 0.59 0.62 0.66 0.68 0.83 1.15 1.63 1.96

RUN"N6! ='68"'s=""92!7i**AQ="i4!ii""DELfsuB='*"2!556c='5!§555'"f ' ='*26!i5""f5="55!62"tc=*59!75
TW 104.9 107.7 107.4 109.6 110.4 113.1 115.3 116.9 119.2 105.8 106.0 106.0 105.1 104.9 104.7 104.9
TL 98.3 98.5 98.6 98.8 99.1 99.4 99.7 100.1 100.4 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.12 1.5.3 1.60 1.31 1.24 1.03 0.91 0.84 0.75 2.79 2.66 2.66 3.17 3.32 3.53 3.32

ftOft* fi6*«*88" *8***8*t*,*'£** *i6**«*£4*£££* *6*:ru*!'S"i8ai* **"*r88tS^***|*8888* **l'£i***!£*£8**" '•I'Ji* "54^8*'* *f**:ai* *t§I'l8
TW 104.9 107.3 107.9 109.4 111.7 112.8 113.6 117.1 118.6 106.6 106.2 105.8 105.4 105.1 104.9 104.9
TL 98.3 98.5 98.6 98.8 99.1 99.4 99.7 100.1 100.4 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.12 1.61 1.52 1.34 1.12 1.06 1.02 0.83 0.77 2.39 2.57 2.79 3.03 3.17 3.32 3.32

run "S8!«*f8* "si" 'ill I8""£8**"U!48q**d*:lt8u8«'**$!458*'«*S!*588^" *#£•" '55! 65* "* "H«* *88!58 **$**:»* 88!88
TW 105.6 107.6 108.0 108.6 111.4 113.6 114.6 112.1 108.4 108.3 107.4 106.1 104.6 104.4 104.0 104.0
TL 97.3 97.6 97.9 98.2 98.7 99.3 99.9 100.4 100.4 100.4 1.00.4 100.4 100,4 100,4 100.4 100.4 —
HT 1.75 1.44 1.43 1.38 1.13 1.01 0.98 1.23 1.80 1.85 2.07 2.53 3.43 3.60 4.06 4.06 oo

to



2"*"6:55"6.*i6**6:i§"6:56"6!56"6:45"6!55"6!65"5!^5"6!§5"6!96"i!66""{!i5"!!56"i."56"i!46

ftOii" *t6! •j*aI'£**8»**88* 54* *A8**£4*488* *6*l*i"'8"'6«***S!888***f* 8! 5r888* *f£»"*"{81*'5** ""fSi** |8*|S***f6*t*5*iIf8
TW 105.7 106.6 109.1 110.9 113.0 115.1 109.1 108.1 107.6 107.6 105.6*104.7 104.5 104.3 104.3 104.3
TL 97.4 97.8 98.2 98.6 99.3 100.1 100.8 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9
HT 1.74 1.65 1.31 1.17 1.05 0.96 1.73 1.99 2.13 2.13 3.06 3.74 3.95 4.17 4.17 4.17

RUN*N6! =*72*"s=**89!24**AQ=*U!4o5""DELfsup=' *5! s66c=* 5!7 566* *f i=" 55!75"" "f2="56!55"fc='55!55
TW 105.8 10e.3 109.4 111.8 113.4 113.4 109.1 108.9 109.1 107.4 105.8 104.7 104.7 104.7 104.3 104.3
TL 97.7 98.1 98.5 98.9 99.6 100.4 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
HT 1.80 1.41 1.33 1.12 1.05 1.11 1.80 1.85 1.80 2.29 3.13 4.06 4.06 4.06 4.57 4#57

RUN Nfl.= 73
TW 106.2 108
TL 97.4 98,
HT 1.64 1,

PUN NO.= 74
TW 64.1 67,
TL 41.3 44,
HT 0.63 0,

RUN N0.= 75
TW 102.8 105
TL 97.6 97
HT 1.58 1

S= 81.60 A0= 14.400 DELTSUB= 4.25QC=
5 110.4 111.8 114.3 111.3 110.0 109.4 109,
0 98.5 99.0 100.1 101.1 101.1 101.1 101,
37 1.20 1.13 1.02 1.42 1.63 1.76 1,

S= 89,93 AQ= 14.400 DELTSUB= 62.7500=
4 70.5 73.4 77.4 84.3 91.3 98.2 103
5 47.6 50.7 57.0 63.2 69.5 75.8 82
63 0.63 0.64 0.71 0.69 0.66 0.64 0

S= 89.24 AO= 8.170 DELTSUB= 2.1500=
4 106.2 107.1 109.8 110.6 112.6 113.8 113
8 97.9 98.0 98.3 98.6 98.8 99.1 99
08 0.98 0.91 0,71 0.68 0.60 0.56 0

5.7000 Tl= 24.30 T2= 27.15 TC= 34.50
4 106.4 105.1 105.1 104.7 104.7 104.5 104.5
1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
76 2.74 3.65 3.65 4.06 4.06 4.30 4.30

5.7000 Tl= 23.80 t5= 25.00 TC= 34.50
4 110.0 112.6 105.4 104.8 104.3 104.1 104.3
0 88.3 94.6 100.8 100.9 100.9 100.9 100.9
67 0.66 0.80 3.18 3.79 4.30 4.65 4.30

5.7000 T1= 20.10 T2= 21.10 TC= 30.45
8 108.9 104.8 103.4 103.1 103.1 102.6 102.8
4 99.6 99.6 99.6 99.6 99.6 99.6 99.6
57 0.88 1.60 2.15 2.40 2.40 2.77 2.59

PUN NO.= 76 S= 89,24 AQ= 14.400 DELTSUB= 3,J0QC= 5.7000 Tl= 22.80 T2= 24.83 TC= 35.00
tw 103.6 106.6 107.1 108.9 111.1 111.7 114.9 115.9 110.6 109.1 107.7 106.2 105.1 104.9 104.5 104.8
TL 98.8 99.0 99.2 99.4 99.9 100.3 100.8 101,2 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 2.95 1.89 1.84 1.51 1.28 1.27 1.02 0.°8 1.60 1.92 2.38 3.16 4.11 4.43 5.05 4.65

8fiN*N6!i**)"**sa*'88!84**l6«*i4!48o**Di£i8u8a" *"4!88o"j**4!$888*'fi«**8:*»!88*" *f2="55!55"fc="55!7o
TW 104.5 107.1 108.9 110.5 113.2 114.4 114.3 109.1 108.6 108.9 105.8 104.1 103.3 103.3 103.3 103.3
TL 95.5 95.9 96.2 96.5 97.2 97.9 98.5 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
HT 1.61 1.29 1.13 1.03 0.90 0.87 0.92 1.45 1.54 1.48 2.18 2.94 3.56 3.56 3.56 3.56

ri*jn*n6! = '78"s="76!64"aq=" '4!455**DELfsuB="75!70Qc="4!7566"" ti =**22! 80 **" 'f2="55!54""fc=*5i! 16
TW 56.2 61.0 65.1 69.9 78.8 88.8 97.9 10R.R 106.0 103.9 103.9 103.6 103.6 103.6 103.6 103.6
TL 34.0 39.0 44.1 49.1 59.2 69.3 79.4 89.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 0.65 0.66 0.69 0.69 0.74 0.74 0.78 0.75 2.25 3.39 3.39 3,60 3.60 3.60 3.60 3.60

RUN'N6! =*79'"s=''8^l85'*A6=*i4!466*"DELfsuB=*' *5! 55oo=" 5! 5566' *? i =' '54!55""f5="2*>!55"fc='56!55
TW 106.0 107.7 108.3 110.6 113.2 115.1 115.9 116.1 108.8 107.7 107.9 106.9 106.2 106.0 105.8 105.8
TL 100.0 100.2 100.4 100.6 100.9 101.3 101.7 102.0 102.4 102.4 102.4 102.4 102.4 102.4 102.4 102.4
HT 2.41 1.92 1.82 1.43 1.17 1.04 1.01 1.02 2.27 2.72 2.62 3.24 3.79 4.00 4.24 4.24

run* n8! «"85" *s«**8*)!8S* *A8*t"£4r488* *D*:LT8u8aB" *44!|oQCai*§!9888* *•**£*•" **r8"So"" "t5="26!78*"tc=*34!66
TW 78.3 81.6 83.6 84.7 89.1 95.2 100.3 104.3 108.8 114.9 112.6 106.6 106.2 106.0 106.0 106.0
TL 60.5 63.0 65.4 67.9 72.9 77.9 82.8 87.8 92.8 97.7 102.7 102.8 102.8 102.8 102.8 102.8
HT 0.81 0.77 0.79 0.86 0.89 0.83 0.83 0.87 0.90 0.84' 1.46 3.79 4.24 4.50 4.50 4.50 oo



4-

z**'6!65'"6!io""6;"5""6I56"*5!55""6!46**6!56"6l65"5!76"5!§6"5;96"i!66"i!i5"i!56"i!55"i!46
RUN*N6I ='8i'*s=*"§§!54"*AQ=*i4!iu""DELfsuB=***i !,3oqc="5I7666" *ti =**56!55""t5="55!65"tc="56!*6
TW 104.5 106.9 107.3 108.1 110.9 111.5 113.0 112.1 110.3 108.3 106.9 105.8 104.5 104.5 104.5 104.5
TL 98.7 98.8 98.9 99.0 99.2 99.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 2.42 1.75 1.68 1.55 1.21 1.17 1.06 1.15 1.36 1.67 2.02 2.37 3.03 3.03 3.03 3.03

*tu*f*N8I«*8|""a»**8£!S*t* *A8»*£4!488**6*:L*,su8ai* *" *,!i56"*i"8!f886"**!'£i*"5S"S8" *" "Ti"8" *55!88*****!i"i8!f8
TW 104.7 106.3 105.6 108.1 108.5 110.6 111.5 111.8 111.9 111.3 106.6 105.8 105.6 105.1 104.7 104.7
TL 99.5 99.7 99.8 99.9 100.2 100.5 100.7 101.0 101.3 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 2.79 2.19 2.51 1.76 '1.74 1.42 1.34 1.34 1.35 1.48 2.85 3.43 3.60 4.00 4.57 4.57

RUN *NO!='85**S= " H !7^ " AQ= *14!455 " DELT^G
TW 105.6 108.5 109.8 112.1 112.4 111.1 108.5 108.8 106.0 104.9 104.1 103.9 103.9 103.9 103.9 103.9
TL 95.7 96.4 97.1 97.8 99.3 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 1.46 1.19 1.14 1.01 1.10 1.38 1.85 1.79 2.72 3.43 4.24 4.50 4.50 4.50 4.50 4.50

run"n6! =*84"s='*76I74"aq="i4!455" *6l£f808«*"*i!888ici*S!i)888*"f|*«*"*!$!88* *"f5=* *56!65""fc="55!55
TW 105.8 109.1 110.7 111.8 112.6 109.6 108.8 108.9 105.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6
TL 95.7 96.4 97.0 97.7 99.1 100.5 100.5 100.5 100.5 100,5 100,5 100.5 100.5 100.5 100.5 100.5
HT 1.43 1.13 1.05 1.03 1.07 1.59 1.75 1.71 2.97 4.00 4.57 4.57 4.57 4.57 4.57 4.57

PUN*n6! =*85'*S=**74!65* *A.Q='I4!466 **DELTSUB= **'5 '. 7000=*5*7000*'T* ='*25!30 *""f2=**5§!15"fC='54!55
TW 107.1 110.5 111.8 113.2 114.3 111.5 110.1 110.3 105.8 104.9 104.9 104.9 104.9 104.9 104.9 104.9
TL 96.6 97.3 98.0 9R.7 100.1 101.5 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101,6 101.6
HT 1.37 1.09 1.05 0.99 1.02 1.45 1.69 1.66 3.39 4.24 4.24 4.24 4.24 4.24 4.24 4.24

fiuN'N6!«*88**8«**f4!88**A8«"14!488"*6l:£l*,808«**"S!88§6«*8!f888* *ti="55!45" "t5='*28!56"tc='54!85
TW 106.6 110.3 112.4 113.6 114.1 109.6 109.8 108.9 106.0 1,05.1 105.1 105.1 105.1 105,1 105.1 105.1
TL 96.5 97.2 98.0 98.7 100.2 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 1.42 1.10 1.00 0.97 1.04 1.81 1.77 1.97 3.31 4.24 4.24 4.24 4.24 4.24 4.24 4.24

ru*'*n6! ='87"s=*'§4!58*'a6=* *4!466"deltsub=' '*5!95Qc="5!7656"f i="24!65* ' "t5=* *56!9S"tc="56!55
TW 104.5 106.4 107.3 108.5 110.0 109.4 108.8 107.9 106.6 105.6 105.6 105.1 105.1 105.1 104.9 105.1
TL 99.6 99.9 100.3 100.7 101.4 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1
HT 7.92 2.23 2.07 1.84 1.68 1.99 7.18 2.50 3.24 4.24 4.24 4.80 4.80 4.80 5.14 4.80

fefir*i"r*i6I»«*lr8* *8«* *88I*S£ **a6«* £4!!488* *5*l*uTSd8ai* **4I*J,866»»* SI7888* *fl*i*"5"i4!88*** 'f*!-** *i**r84* **f^»*S8*!4i
Tw 105.6 108.5 110.3 111,1 113.0 111.1 108.5 109.1 108.3 105.4 104.3 104.1 103.9 103.9 103.9 )o5.9
TL 96.3 96.9 97.5 98.1 99.3 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 1.56 1.25 1.13 1.1) 1.05 1.36 1.80 1.66 1.85 2.97 3.79 4.00 4.24 4.24 4.24 4.24

RUN*n6! ='§9'*S="*,8I§5"aq="'4!456" "DELfsUB=*'*4!656c='5l7665*'T1 ="*24!55*"*"T2=" *26!§7"TC='39!§6
TW 105.8 108.1 110.1 111.9 114.9 111.3 108.9 109.4 108.9 106.4 104.9 104.7 104.5 104.5 104.3 104.3
TL 96.8 97.4 98.0 98.6 99.7 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9
HT 1.61 1.35 1.19 1.08 0.95 1.38 1.80 1.70 1.80 2.62 3.60 3.79 4.00 4.00 4.24 4.24

RUN'*l6! =*96"*S ='*86!96**AO=*i4!406**D*:LTSUB=' *5!65QC=*5!7565"t" ="24!55""t5="57!5§"*TC='39!65
TW 106.0 108.9 110.7 112.8 114.9 110.4 108.9 109.4 107.9 105.6 104.7 104.5 104.5 104.5 104.5 104.5
TL 96.7 97.3 97.9 98.6 99.8 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
HT 1.55 1.24 1.13 1.01 0.96 1.54 1.85 1.75 2.12 3.24 4.00 4.24 4.24 4.24 4.24 4.24

cx>
en



i***8!88**8!£8"5!£8"*8!56"*8!J8**8!48*"8!88"*8!86"8!58**8!88**8!86"*i!88**I!I6**J!88"*i!J8**i!48
RUN N0.= 91 S= 89.24 AQ= 11
TW 104.1 106,9 107.4 108.9 110,
TL 98.9 99.0 99.1 99.2 99
HT 2.13 1.41 1.3 3 1.14 0,

120 DELTSUBs 1.45QC=
9 112.1 114.0 115.3 117,
3 99.5 99.7 99.9 100,
96 0.88 0.78 0.72 0,

5.7000 Tl= 20.30 T2= 21.64 TC= 38.40
8 107.9 104,9 104.1 103.9 103.9 103.6 103.6
1 100.2 100.3 100.3 100.3 100.3 100.3 100.3
63 1.45 2.37 2.89 3,05 3.05 3.27 3.27

RUN NO,= 92 Sa 89.24 AQ= 5,
TW 101.6 103.6 103.6 105.1 106,
TL 98.9 98.9 99.0 99.1 99,
HT 2.12 1.21 1.22 0.94 0,

673 0ELTSUB= 1.00QC=
6 107.1 107.3 108.1 107,
2 99,4 99.5 99.7 99,
76 0.73 0.73 0.67 0,

5.7000 Tl= 20.60 T2= 21.40 TC= 35.70
3 105.8 103.6 103.6 102.9 102.9 102.2 102.0
8 99.8 99.8 99.8 99.8 99.8 99.8 99.8
76 0.95 1.47 1.47 1.86 1.86 2.36 2.51

RUN N0.= 93 S = 75.35 AO= 11,
TW 105.8 108.8 109.8 111.5 111,
TL 95.4 95.9 96.3 96.7 97,
HT 1.09 0.88 0.84 0.77 0,

337 DELTSUB= 5.25QC=
7 111.5 113.4 107.7 104,
6 98.5 99.4 100.2 100,
81 0.87 0.81 1.52 2,

1.4000 Tl= 19.85 T2= 27.30 TC= 27.55
3 103.6 103.6 103.6 103.6 103.6 103.6 103.6
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
90 3.33 3.33 3.33 3.33 3.33 3.33 3.33

RUN N0.= 94 S= 76.04 AO= 8.603 DELTSUBs 5.2500= 1.4000 Tl= 20.80 T2= 26.47 TC= 25.80
TW 103.3 105.1 106.8 107.9 108.8 110.0 111.7 107.1 103.9 103.4 103.3 103.3 103.3 103.3 103.3 103.3
TL 95.4 95.9 96.3 96.7 97.6 98.5 99.4 100.2 100.3 100.3 100.3 100.3 100.3 1.00.3 100.3 100.3
HT 1.10 0.93 0.82 0.77 0.77 0.75 0.70 1.26 2.36 2.69 2.87 2.87 2.87 2.87 2.87 2.87

ftfift* ft6*«*88* *s«**7Sl88" 'Ada** "8*888* *6*:*.*?fl56i* **8* *r8*»r!:ai* |*4888* *f£ai***j£I#S*** "*f5«* *55Z48* *»|dai***f4!!88
TW 99.4 101.6 102.4 103.3 106.4 107.3 107.7 104.5 103.0 102.8 102.8 102.6 102.6 102.4 102.4 105.4
TL 95.4 95.9 96.3 96.7 97.6 98.5 99.4 100.2 100.3 100.3 1.00.3 100.3 100.3 100.3 100.3 100.3
HT 1.49 1.04 0.97 0.91 0.67 0.67 0.71 1.39 2.15 2.32 2.32 2.51 2.51 2.75 2.75 2.75

RUN NO.= 96 S=
TW 82.5 85.3
TL 71.1 7 3.8
HT 0.75 0.74

RUN N0.= 97 S=
TW 77.9 81.6
TL 70.8 73.4
HT 0.8 3 0.72

RUN N0.= 98 S=
TW 80.9 85.1
TL 81.7 83.8
HT -4,81 2.74

RUN N0.= 99 S=
TW 78.6 82.9
TL 71.7 74.8
HT 0.53 0.45

RUN NO.=100 S=
TW 72.9 79.0
TL 64.0 69.2
HT 0.41 0.37

75.35 AQs 8.541 DELTSUB= 31.7500= 0.9000 Tl=
87.1 93.1 96.3 102.0 107.9 104.9 103.1 103.1 103,
76.4 79.1 84.4 89.6 94.9 100.2 100.3 100.3 100.

0.80 0.61 0.72 0.69 0.66 1.80 3.05 3.05 3,

74.65 AQ= 5.906 DELTSUB= 31,9500= 0.9000 Tl=
84.7 88.4 95.6 101.8 105.6 103.3 102.8 102.8 102,
76.1 78.7 84.0 89.4 94.7 100.0 100.1 100.1 100,

0.68 0.61 0.51 0.48 0.54 1.81 2.15 2.15 2,

75.35 A0= 3.652 DELTSUBs 20.6000= 0.9000 Tl=
88.6 93.3 102.0 103.0 102.6 102.8 102.6 102.6 102,
85.8 87.o 92.0 96.1 100,2 100,3 100,3 100.3 100,

1.32 0.67 0.37 0.53 1.55 1.43 1.55 1.55 1,

21.10 T2= 29.84 TC= 26.80
1 103.1 103.1 103.1 103.1 103.1
3 100.3 100.3 100.3 100.3 100.3
05 3.05 3.05 3.05 3.05 3.05

20.80 T2= 26.85 TC= 25,55
8 102.6 102.6 102.6 102.6 105.6
1 100.1 100.1 100.1 100.1 100.1
15 2.32 2.32 2.32 2.32 2.32

21.10 T2= 25.30 TC= 24.55
6 102.4 102.2 102.2 102.2 102.2
3 100.3 100.3 100.3 100.3 100.3
55 1.70 1.87 1.87 1.87 1.87

75.35 A0= 3.652 DELTSUBs 31.7500= 0.9000 Tl= 21.30 T2= 25.49 TC= 24.80
86.9 91.6 101.6 103.3 103.0 103.0 102.8 102.8 102.6 102.6 102.6 102.2 102.2 102.2
78.0 81.2 87.5 93.8 100.1 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
0.41 0.35 0.26 0.39 1.27 1.33 1.43 1.43 1.55 1.55 1.55 1.87 1.87 1.87

74.65 A0= 3.652 DELTSUB= 41.35QC= 0.9000 Ti= 21.30 T2= 25.94 TC= 24.30
84.4 90.1 101.1 102.8 102.8 102.8 102.6 102.6 102.6 102.4 102.2 102.2 102.2 102.2
74.3 79.5 89.8 100.0 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
0.36 0.34 0.32 1.32 1.43 1.43 1.55 1.55 1.55 1.70 1.87 1.87 1.87 1.87 oo

en



Z 6.05 0.10 0.15 0.20 0.30 6.4o 0.50 0.60 0.70 5.80 6.§6 1.00 £.10 1.20 1,30 1.46

RUN *n6! =16l*"s=**73!96**AQ=**5!956*"DELTSUBs'* 45 I5000=* 5[9666 *"Tl="*5l!55'" " T2= " 27!57**TC="54 I6§
TW 70.5 74.9 79.2 84.3 94.4 102.2 103.9 103.4 103.2 103.2 103.0 103.0 102.8 102.6 102.4 102.4
TL 61.3 64.8 68.4 71.9 79.0 86.0 93.1 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.64 0.58 0.54 0.48 0.38 0.37 0.55 1.84" 2.00 2.00 2.15 2.15 2.32 2.51 2.75 2.75

RUn"n6!s'52'*Ss*'7^!57"'aGs"8!44§" *DELTSUB=* *45 '. 4500="5!9666 *"T* =" 5l! 55 '" *T2='*59!98 " TC=" 54!05
TW 71.4 75.9 79.9 84.7 92.9 100.7 107.9 104.1 103.4 103.4 103.4 103.3 103.3 103.3 103.1 103.1
TL 63.0 66.3 69.7 73.1 79.8 86.5 93.3 100.0 100.1. 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.89 0.8.3 0.73 0.64 0.60 0.58 2.06 2.48 2.48 2.48 2.64 2.64 2.64 2.82 2.82

run'n6!=i 65 "s="*7 lies' "A8i**.l!$i**'8|L**Su8«**S9!"»o8*:i*o!888o" *ti ="2*!56"""t2=* '55!95"tc='54!56
TW 76.5 80.7 83.8 87.9 94.4 100.7 108.5 105.4 104.1 104.1 104.1 104.1 103.9 103.9 103.9 103.9
TL 63.9 67.2 70.5 73.8 80.4 87.0 93.6 100.7 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.90 0.84 0.85 0.80 0.81 0.83 0.76 2.21 2.94 2.94 2.94 2.94 3.11 3.11 3.11 3.11

*U**!*N6! =l*64"s="7l"'8* *AQs ** 4! 485" DELTSUBs* '5§ I75GC="6 '. 9566 " f1=" 51!10 " "f5=" *5s! 95* *TC="25!55
TW 78.3 83.1 86.2 89.9 96.7 102.8 109.8 106.6 104.5 104.5 104.5 104.5 104.5 104.5 104.5 104.5
TL 63.6 66.9 70.2 73.5 80.1 86.8 93.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.99 0.89 0.91 0.88 0.88 0.90 0.88 2.19 3.25 3,25 3.25 3.25 3.25 3.25 3.25 3.25

RUN""46!si65"*S="'75!35**A6s**4!iu"*DELTSUB=" *4 '. 85QC="4!7500 " Tl s" 56!6*5 " " f5='"55!98 **TC="58!16
TW 105.8 110.0 110.6 113.8 115.3 115.1 111.9 108.9 104.7 104.3 104.3 104.3 104.3 104.3 104.1 104.1
TL 95.6 96.2 96.8 97.4 98.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.38 1.02 1.02 0.86 0.85 0.93 1.17 1.55 2.91 3.17 3.17 3.17 3.17 3.17 3.32 3.32

i^un *Nd.<«£88* *i«"" fSISS" *AS** ££"848" "DE£iT858*t* **7! £86c»«"4! 5888* **i£*«**58"88*** 't2=*"55!74*"tc=*27!"6
TW 103.9 107.3 108.5 109.8 109.4 110.9 112.6 107.5 104.1 103.6 103.4 103.4 103.4 103.4 103.4 103.4
TL 93.3 93.9 94.5 95.1 96.3 97.5 98.7 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.05 0.83 0.79 0.75 0.84 0.83 0.79 1.44 2.60 2.91 3.07 3.07 3.07 3.07 3.07 3.07

8fi8*88!*«i8i**ia*i*"")8!S8***kj«"*8!i8f **5r|****I'§G6'«* *£§**|5§£»»* £•8S66" "'•fi•i**•5£'!i6*,* ****!•«" **S8*5'*f *''tfi.w'SSrSS
TW 97.1 99.9 100.7 102.2 105.6 108.8 111.5 108.3 104.9 103.9 103.4 103.4 103.4 103.3 103.3 103.4
TL 88.8 89,9 90.9 92.0 94.1 96.2 98.4 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 1.01 0.84 0.86 0.82 0.73 0.67 0.64 1.07 1.88 2.46 2.83 7.83 2.83 3.04 3.04 2.83

RUN'n6!si 08**S=**75!55**AQs""§!555**DELTSUBs*''9!05QC="4!7500''f1="'56!60 *'* *T2= " 22!56 *"tC='26I05
TW 100.1 102.0 102.0 103.4 105.6 107.3 110.3 104.5 102.8 102.8 102.8 102.8 102.8 102.8 102.8 lo5.8
TL 91.6 92.3 93.1 93.8 95.3 96.8 98.4 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 0.97 0.85 0.92 0.85 0.81 0.79 0.69 1.77 2.79 2.79 2.79 2.79 2.79 2.79 2.79 2.79

ftdfi*N6I *t£88* *8»* ••>8*88* *Ii8i* *8"8*I8* "drlfifSCftat*' *8r888*r*»*4**>888* **ti«* *58*S8* ***»I*ia>«rf*i| *48* 'ffti*58118
TW 95.6 98.1 98.6 101.1 104.3 105.8 106.9 103.4 102.0 101.8 101.8 101.8 101.8 101.8 101.8 101.8
TL 90.9 91.7 92.5 93.3 94.9 96.5 98.0 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.20 0.88 0.93 0.73 0.60 0.61 0.64 1.48 2.41 2.70 2.70 2.70 2.70 2.70 2.70 2.70

pun"n6!sh6""ss'*75!35*"a6="*4!554'*deltsl!b=''*"!956cs**!8866*'Tis*"5i!§6'''*T2=*"56!65**TC="56!56
TW 106.6 109.1 109.8 112.1 114.2 108.9 1.07.1 106.6 104.9 104.5 104.5 104.5 104.5 104.5 104.5 104.5
TL 98.6 98.8 99.1 99.3 99.8 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 1.81 1.41 1.35 1.13 1.01 1.67 2.14 2.29 3.09 3.42 3.42 3.42 3.42 3.42 3.42 3.42 oo



-*.

z*""6!65"*6!i5"*6!i§"*6!55**6!55"*6!46**6!56""6!6o**6!76""6!§6""5!96""i!56""i!i6'"i!55*"i!55**i!46
RUN *N0 Isif 1* "ss"*75!35**AQs*n*4§i'*DELfsUB='*"l"!95QCs*'*§§66""fis" *55!§5*"'t5s"57!77"tCs"55!86
TW 106.2 108.8 109.4 111.7 114.4 110.6 108.1 105.8 104.8 104.1 103.9 103.9 103.9 103.9 103.9 103.9
TL 98.6 98.8 99.1 99.3 99.8 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 1.51 1.16 1.11 0.93 0.78 1.10 1.46 2.07 2.55 2.98 3.15 3.15 3.15 3.15 3.15 3.15

frufi* So* •££ *t* *s*t***,8*SS* *I46i" *S"885" 'BeltSuSib* **£ l78&^-«*£ 14888* "*r£*i**28*88*** "t*!*"" *S5.8*!* "t":**58188
TW 104.8 107.4 109.4 110.0 112.8 111.1 106.9 105.1 103.9 103.6 103.4 103.3 103.3 103.1 103.1 103.1
TL 98.6 98.8 99.0 99.2 99.6 100.0 100.1 100.t 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.39 0.99 0.83 0.80 0.66 0.78 1.27 1.69 2.23 2.39 2.53 2.69 2.69 2.87 2.87 2.87

RUN*N6!=H3*'s=*"H!64""A6=*"5!93i"*DELTsuB=*" 5! 15oc= *5! §565"t *s " 56! §6" "*T2=*"5§!55"fcs"55!56
TW 103.3 104.8 105.6 107.3 108.5 108.3 105.6 104.5 103.1 102.6 102.6 102.4 102.4 102,4 102.4 102.4
TL 98.2 98.4 98.7 99.0 99.5 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.17 0.94 0.87 0.72 0.66 0.72 1.08 1.33 1.98 2.33 2.33 2.52 2.52 2.52 7.52 2.52

RUN *n6!s* 14' **|i****S!S8*" AGs* *5!693* *DELTSUBs' ** 5! 1* 5QC= "6! 9566 " Tls" *21! 56" "t5= " 5§! 99 *' TC= *55! 05
TW 100.7 102.4 102.8 103.9 105.4 103.2 102.8 102.6 102.2 102.0 101.8 101.6 101.6 101.6 101.6 101.6
TL 98.2 98.4 98.7 99.0 99.5 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.46 0.93 0.90 0.75 0.63 1.17 1.34 1.45 1.72 1.89 2.17 2.46 2.46 2.46 2.46 2.46

8*i*i*86!«ii8**i»***)8!S8"il8a*i4!854" *peltsub=""9!556c='5!9566"t i="" 201 §6" ""t5="55!67"tc=*26!56
TW 104.3 107.7 108.5 108.8 109.1 112.4 113.8 109.6 104.9 104.5 104.5 104.3 104.3 104.3 104.3 104.3
TL 91.3 92.1 92.9 93.7 95.3 96.9 98.5 100.0 100.1 100.1 100.1 100.1 100.1. 100.1 100.1 100.1
HT 1.12 0.93 0.93 0.97 1.05 0.94 0.95 1.52 2.96 3.26 3.26 3.42 3.42 3.42 3.42 3.42

run"m8!«££8**8*»" **t*8l58* *A8*" £4*854* *5el**888*>* "£$r7886»*6!8888" 'f" ="56!86* ""t5s" "55! 96* "fcs*56!56
TW 94.6 98.8 100.3 100.5 104.5 107.7 1.11.3 113.6 106.0 104.5 104.3 104.3 104.3 104.3 104.3 104.3
TL 81.7 83.1 84.5 85.9 88.8 91.6 94.4 97.2 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.13 0.93 0.97 1.00 0.92 0.90 0.86 0.89 2.43 3.26 3.42 3.42 3.42 3.42 3.42 3.42

run"n6!s"'"*s="75!35* 'a6s'".*!445* *DELTSUBs*' 56! 6ooc=* 6! 9655' 'Ti="'56!86*"*T5="5i!i5* *tc='56!55
TW 94.1 96.3 97.3 98.6 102.6 105.4 110.0 111.5 105.4 103.9 103.9 103.9 103.9 103.9 103.9 103.9
TL 80.9 82.4 83.9 85.3 88.3 91.2 94.2 97.1 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.87 0.83 0.85 0.87 0.80 0.81 0.72 0.79 2.15 2.97 2.97 2.97 2.97 2.97 2.97 2.97

888* **•*>! «i 18* *8«**14!85"*.8«"* 8!84!**6iL$8ii8i** ill 88">**«*8!8888**f J«**58!88***"f8i**88!18**f *:i*58!8S
TW 89.3 93.3 95.6 97.3 101.4 104.5 1.09.1 104.9 103.4 103.3 103,3 103.3 103.3 103.3 103.3 103.3
TT 82.1 83.8 85.4 87.0 90.3 93.5 96.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.20 0.89 0.83 0.83 0.77 0.78 0.69 1.73 2.51 2.67 2.67 2.67 2.67 2.67 2.67 2.67

ftflft*N8!i!i8**8»""M!88""A8«**8!8Si**8fefi",888*«*'5!!588*!*«*8!8888**f!i' '2i!55""t5=**55!38**tc="56!55
TW 89.1 91.9 94.1 96.6 101.6 105.4 1.06.6 104.3 103.4 103.3 103.3 103.3 103.1 103.1 103.1 103.1
TL 90.8 82.5 84.3 86.1 89.6 93.2 96.7 100.7 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.72 0.64 0.60 0.56 0.50 0.49 0.60 1.46 1.85 1.98 1.98 1.98 2.12 2.12 2.12 2.12

RUN*N6!si20"ss"*73!26' " AQ =*14! 154" *DELTSt" B= *" 5§! 556c=' 6! 9666" ' Tl =' *56! §5 " '"t5="55!67"tC=*26!56
TW 86.4 90.6 92.3 95.2 99.6 105.8 1.11.3 107.7 105.1 104.5 104.7 104.3 104.3 104.3 104.3 104.3
TL 74.4 76.7 79.0 81.4 86.0 90.7 95.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.21 1.05 1.10 1.05 1.07 0.96 0.91 1.89 2.85 3.26 3.12 3.42 3.42 3.42 3.42 3.42 oo

OO



>

£***8!88**8!i8**8!iS**8!58"8!58**8!48**8!S8**8!88**8!f8"*8!88"6!88**I!88**i!!8**!!58**i!88**i!48
RUN*N6! =i5i"s="^5!56* *a^s"H!35"*deltsubs* "56l80QC="5!9566"f i ="56!6o""f5="55!5i"fc="56!56
TW 83.1 87.1 88.8 92.3 98.1 103.3 109.4 105.8 103.9 103.6 103.6 103.6 103.6 103.6 103.6 103.6
TL 71,8 74.4 76.9 79.5 84.6 89.8 94.9 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.89 0.96 0.89 0.84 0.84 0.78 1.96 2.94 3.15 3.15 3.15 3.15 3.15 3.15 3.15

*atuN**id*ai£'l"t" *8** *S£r*'4*" *i8ai*£4r48S" *&£r*i**su8«* **£Ii8*t***i*£*4888* ***•£•* *£8I88"'* **f5«" *I4*54* ***"cai*28r88
TW 108.1 108.8 105.8 105.4 103.6 103.1 103.3 103.6 103.4 103.4 103.6* 103.6 103.6 10.3.6 103.9 105.9
TL 98.8 99.2 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.55 1.52 2.35 2.52 3.62 4.26 4.02 3.62 3.81 3.81 3.62 3.62 3.62 3.62 3.45 3.45

RUN 'NO !s{53**5= "*53! 13*' AGs" i" .'556 " DELTSUBs' "1* !9000="1!4566 *'* *="*20!16'"**T2=**31 !52 **TC=*26!05
TW 10-8.1 108.3 107.3 104.1 103.2 102.8 102.8 103.2 103.0 103.0 103.2 103.2 103.2 103.2 103.2 103.2
TL 98.6 99.2 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.19 1.24 1.52 2.66 3.37 3.83 3.83 3.37 3.59 3.59 3.37 3.37 3.37 3.37 3.37 3.37

RUN*NO! =124*"8**" "85!82**AQ=" 8!4l" 'DELTSUBs' " 1!956c="1!4566" Tl =" 56!55' f5= " 5§!86 " fC='5§!55
TW 106.0 107.3 104.7 103.0 102.R 102.4 102.6 103.0 103.0 103.0 103.0 103.0 102.8 102.8 102.8 102.8
TL 98.6 99.2 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.13 1.05 1.73 2.67 2.85 3.30 3.06 2.67 2.67 7.67 7.67 2.67 2.85 2.85 2.85 2,85

RUN"N6! =i25*'s="55*85''AQ=**5!886*'DELTSUBs*" " *25QC=*5!966S " Tl =" 56!55" " t5= " 56!61 " fC="55!10
TW 104.3 103.3 102.2 101.9 102.2 101.9 101.9 102.4 101.9 101.9 102.2 101.9 101.9 101.9 101.9 101.9
TL 99.2 99.8 99.9 99.9 99.9 99,9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.16 1.72 2.50 2.P0 2.50 2.80 2.80 2.31 2.80 2.80 2.50 2.80 2.80 2.80 2.80 2.80

8:8N**idrai£58* "8*«*"84".8£* *A4«* *8*888* *6§£i*'808«* **£ r888t**»*8*8888* *#£•* '58188*" **f5*5* "58*88* *i*;»**tir£8
TW 103.3 103.4 100.7 101.6 101.9 101.8 102.2 102.4 102.2 102.4 102.4 102.4 102.4 102.4 102.2 102.2
TL 98.8 99.3 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.33 1.43 6.78 3.46 2.80 3.09 2.50 2.31 2.50 2.31 2.31 2.31 2.31 2.31 2.50 2.50

888"86!«!5J"*$•"*88!88* *AQs*i4!4§5"'DELTsuBs**"4!666cs"6!9565'"Hs*'56!86*"**f5=""45!59'"Tc=,25!86
TW 108.5 112.1 110.9 107.1 104.3 103.6 103.9 104.1 104.1 104.1 104.1 l54.1 104.3 104.3 104.3 104.3
TL 97.4 98.7 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.30 1.08 1.34 2.07 3.41 4.02 3.81 3.58 3.58 3.58 3.58 3.58 3.41 3.41 3.41 3.41

fi68*N6!il58*"8«"*Si!84**A8a*»"H!8iV*8l"Jf808«**i8!888*:*«"8!8888**fiii**58!88" *"t5="5§!45"tc='56!56
TW 104.7 108.5 107.7 104.7 103.4 1.03.1 103.1 103.4 103.4 103.4 103.4 103.4 103.4 103.4 103.4 103.4
TL 92.8 96.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.95 0.94 1.46 2.44 3.33 3.78 3.78 3.33 3.33 3.33 3.33 3,33 3,33 3.33 3.33 3.33

ftfi8*fi8!il58**8«**8i!f4**88»"*8!448""6*,*jf8u8a**ii!856*:*""8!8886**ti*i*"58!88""" "t5="55!8§"tc="26!65
TW 102.0 106.9 104.1 102.6 102.4 102.4 102.6 107.8 102.8 102.8 102.8 102.8 102.8 102.8 102.8 102.8
TL 91.9 95.8 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 0.84 0.77 1.94 3.07 3.31 3.31 3.07 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

RUN *NO!si 56 "ss"56! 35* 'AQs' l4!4§5* 'DELTSUBs" 19!350C=" 5!9000"*T1=" 55!60 " " T2= " 46!75" TC='56!56
TW 99.2 104.3 108.3 110.4 104.3 103.6 103.9 104.1 104.1 104.1 104.1 104.1 104.1 104.1 104.1 104,1
TL 83.9 87.1 90.3 93.6 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.95 0.84 0.81 0.86 3.35 4.02 3.81 3.58 3.58 3.58 3.58 3.58 3.58 3.58 3.58 3.58 oo

U3



z,**6!65**6!i6'"6!*5""6!26*,6!35'*6!46''5!56**6!65*"6!^5**6!§6"*5!96*"i!65""i!I6"'i!56'"i!56""i!46
RUN*N6! ='3*"ss*"5'!*'4"AQs"ii !5o8*"D"*LTS*JB*:'*19!7 56c="8!9o8o'"f i ='"20!66'""*T2=""S7!6V*TC*:*58!55
TW 96.3 102.6 107.7 104.7 103.4 103.3 103.3 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
TL 85.2 90.1 95.0 99.9 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.I 100.1 100.I 100.1 100.1
HT 1.02 0.91 0.89 2.37 3.32 3.53 3.53 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3!l4

run* *id! *>£i5" *8«**8£**'4" *aq=* ,§!54i**Dh*.TsuR='*i9!3o6c=*5!9566**H="*26!65*"*"T2="*54!55**TC="2 6!36
TW 95.6 104.3 103.4 103.1 102.8 102.8 102.8 103.1 102.8 102.8 102.8 102.8 102.8 102.8 102.8 103.1
TL 87.1 93.5 99.9 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.79 2.43 2.85 3.11 3.11 3.11 2.85 3.11 3.11 3.11 3.11 3.11 3!ll 3 11 2.85

RUN NO.=133 S= 51.04 AQ= 11.300 DELTSUB= 28
TW 92.3 100.9 106.4 104.1 103.6 103.3 103.4 103
TL 78.7 85.8 93.0 100.1 100.3 100.3 100.3 100
HT 0.84 0.75 0.84 2.82 3.32 3.77 3.53 3

65QC= 0.9000 Tls 20.80 T2s 37.89 TCs 26.05
6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32

RUN NO.s)34 km 51.74 AQ= 8.448 DELTSUBs 32
TW 91.2 102.2 103.6 103.1 102.8 102.8 1.02.8 103
TL 76.0 83.9 91.9 99.8 100.1 100.1 100.1 100
HT 0.56 0.46 0.72 2.63 3.07 3.07 3.07 2

0000= 0.9000 Tl= 20.60 T2= 33.37 TC= 26.05
1 102.8 102.8 102.8 102.8 102.8 102.8 102.8 105.8
1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
82 3.07 3.07 3.07 3.07 3.07 3.07 3.07 3.07

RUN NO.=135 S= 50.35 AQs 14.483 DELTSUBs 40,
TW 83.6 93.1 100.3 107.9 103.9 103.6 103.6 104,
TL 66.4 73.1 79.9 «6.6 100.1 100.3 100.3 100,
HT 0.84 0.72 0.71 0.68 3.90 4.26 4.26 3,

6500= 0.9000 Tls 20.60 T2= 40.74 TC= 26.05
1 103.9 103.9 104.1 104.1 104.3 104.3 104.3 104.3
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
76 4.02 4.02 3.76 3.76 3.58 3.58 3.58 3.58

RUN NO.sl36 S= 50.35 AQs 11.300 DELTSUBs 41.5500= 0.9000 Tl= 20.80 T2= 36.51 TC= 26.05
TW 84.7 94.4 102.6 105.6 103.4 103.4 103.4 103.6 103.6 103.6 103.9 103.9 103.6 103.9 103.9 105.9
TL 65.6 72.5 79.4 86.3 100.1 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.59 0.52 0.49 0.59 3.36 3.53 3.53 3.32 3.32 3.32 3.14 3.14 3.32 3.14 3.14 3!l4

RUN NO.=137
TW 104.9 108,
TL 92.6 94,
HT 1.15 0,

RUN NO.=138
TW 100.3 106
TL 8 8.6 92
HT 0.94 0

RUN NO.=139
TW 95.6 107,
TL 77.1 84,
HT 0.78 0,

RUN NO.=140
TW 67.6 84,
TL 38.9 50,
HT 0.50 0,

S= 52.43 AQs 14.111 DELTSUBs 8.45QC= 4.7500 Tl= 21.10 T2= 24.80 TC= 28.35
9 111.5 111.5 105.6 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9
0 95.4 96.8 °9.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
94 0.88 0.96 2.36 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32

Ss 52.43 AGs 11.012 DELTSUBs 14.90QC= 4.7500 Tls 21.10 T2= 24.25 TC= 27.l5
,0 108.9 105.6 103.4 102.8 103.1 103.3 103.3 103.3 103.3 103.3 103.3 10.3.3 103.3 103.3
,3 96.1 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8
81 0.85 1.90 3.02 3.67 3.39 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19

S= 48.26 AQ= 14.400 DELTSUBs 28.70QCs 4.7500 Tl= 21.60 T2= 25.68 TC= 31.85
1 108.9 106.6 103.6 103.0 103.0 10.3.0 103.0 103.0 103.0 103.0 103.0 103.0 103.0 103.0
3 91.4 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6
81 0.82 1.80 2.85 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27

S= 48.26 AQs 14.400 DELTSUB= 72.85QC= 4.7500 Tl= 23.05 T2= 26.78 TC= 35.25
3 99.0 105.8 103.4 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
9 63.0 75.1 99.2 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
43 0.40 0.47 3.40 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 CD

O



h

............................................. ............................................ ......«,,

Z 5.05 6.10 0.15 0.56 0.30 0.45 0.56 0.60 0.70 6.80 0.90 1.00 1.10 i.5o i.5o 1.45

RUN'N6! =l4t "S="99!65"*AQs" §'.91V 'DELTSUBs* " 5!45QCs"6!9666 *"Tls* *54!05*" *T5=" *57!4§ "fC='75!55
TW 101.4 103.4 104.5 106.0 108.3 108.5 108.9 109.1 109.4 110.4 110.9 110.9 104.1 103.6 102.8 103.3
TL 96.7 96.8 97.0 97.1 97.4 97.8 98.1 98.4 98.7 99.0 99.3 99.6 99.9 99.9 99.9 99.9
HT 1.91 1.35 1.19 1.01 0.83 0.84 0.82 0.83 0.84 0.78 0.78 0.80 2.16 2.43 3.15 2.72

RUN"N6! =U5*"ss""93!46*"AQs"i"!955*'DELTSUBs' *"5!55QC='6!9666 **T1 =" 54!05'""T2=**55!§5"TC="47!45
TW 103.1 104.7 105.8 106.9 108.8 110.9 112.6 112.1 108.5 107.3 106.0 103.9 103.1 103.1 102.2 103.1
TL 97.3 97.5 97.7 97.9 98.3 98.7 99.1 90.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 2.08 1.66 1.47 1.33 1.14 0.98 0.89 0.94 1.32 1.53 1.82 2.69 3.32 3.32 4.35 3.32

RUN NO.=143 S= 90.63 AQ= 15,
TW 104.7 106.6 107.9 108.9 111,
TL 98.3 98.4 98.6 98.7 99,
HT 2.44 1.92 1.68 1.53 1,

RUN NO.=144 S= 73.96 AQ= 19,
TW 104.9 107.4 110.0 111.7 113,
TL 96.1 96.5 96.9 97.3 98,
HT 2.21 1.79 1.50 1.36 1,

RUN NO.=145 S= 70.49 AQ= 24,
TW 107.2 109.6 110.6 110.9 109,
TL 96.2 96.8 97.4 98.0 99,
HT 7.20 1.89 1.83 1.88 2,

638 DELTSUBs 1.5000= 1.4000 Tl= 22.10 T2s 33.01 TC= 58,00
9 113.4 110.9 110.3 108.1 106.9 106.0 104.5 104.3 104.5 104.5 104.5
0 99.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
72 1.11 1.39 1.48 1.85 7.17 7.46 3.22 3.36 3.22 3.22 3.22

589 DELTSUBs 3.3500= 1.8500 Tl= 21.10 T2= 32.51 TC= 59.15
6 112.9 106.9 106.2 105.1 104.1 103.6 103.6 103.9 104.5 104.5 104.7
2 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0
27 1.40 2.50 2.72 3.19 3.84 4.21 4.21 4.00 3.56 3.56 3.44

086 DELTSUBs 3.55QC= 1.8500 Tl= 21.35 T2= 36.38 TC= 72.50
4 109.9 109.9 108.3 106.2 104.7 104.5 104.5 104.5 105.1 105.1 105.4
2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
37 2.26 2.26 2.65 3.44 4.38 4.54 4.54 4.54 4.05 4.05 3.92

RUN NO.=146 S= 76.04 AQ= 11.950 DELTSUB= 16.25QC= 0.9000 Tl= 21.60 T2= 32.05 TC= 44.10
TW 96.3 98.6 99.4 100.3 104.1 105.8 109.4 112.6 104.5 103.5 103.5 103.3 103.3 103.5 103.5 103.5
TL 84.3 85.5 86.6 87.8 90.1 92.4 94.7 97.1 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.00 0.91 0.94 0.96 0.85 0.89 0.82 0,77 2.34 2.91 2.91 3.10 3.10 2.91 2.91 2.91

RUN'"j6! =l4"\s="7* *88* *A0=" is! 638** DELTSUB=* ""4!85QC=* 6!9656 " f1=" 21 !16" "t5=" 46!12 " TC= *50!60
TW 106.4 110.3 112.1 113.1 114.3 112.9 108.1 106.9 104.3 103.9 103.9 103.7 103.7 104.1 104.1 104.1
TL 95.2 95.8 96.4 97.0 98.2 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.40 1.08 0.99 0.97 0.98 1.16 1.81 2.11 3.22 3.51 3.51 3.68 3.68 3.36 3.36 3.36

RUN'N6! =i4§"*S=*"55!95" *A0="19!*>45 *"DELTSUB= "*"§!6500='1!5666'"f1=""55!05 *""*t5=**57!1" 'TC="56!60
TW 108.5 111.5 110.6 111.7 113.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6 103.9 104.5 103.6 104.5
TL 92.1 93.7 94.7 95.3 97.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.19 1.07 1.19 1.19 1.73 4.38 4.89 4.89 4.89 4.89 4.89 4.89 4.60 4.03 4.89 4.03

58ft*ftd!*H5 **&«** 85! 43* *A8«* 55!835"*M£f888 *^**8!888*:a*i! 4888 **H«* '54! 65' ""f5=**4$!56*"TCs"76!6S
TW 110.0 110.0 109.4 108.9 109.6 104.8 104.3 104.5 104.3 104.3 104.3 104.3 104.5 105.4 105.1 105.8
TL 95.0 97.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.60 1.89 2.45 2.57 2.41 4.69 5.15 4.93 5.15 5.15 5.15 5.15 4.93 4.20 4.35 3.89

RUN*N6!si55"s="5*>!46" "W«*5S!8S5**68if8fl8«"*5r!8So"!*»*i!8888**fi«**5|!58****i5«"*48!4","*56*i*iS!88
TW 106.9 107.9 103.6 103.4 103.9 103.6 1.03.6 104.3 104.1 104.3 104.3 104.3 104.9 105.6 105.4 106.4
TL 85.3 92.4 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.11 1.55 5.89 6.30 5.63 5.98 5.98 5.15 5.38 5.15 5.15 5.15 4.52 4.02 4.20 3.55 <£>



h

............................................. ............................................ ......«,,

Z 5.05 6.10 0.15 0.56 0.30 0.45 0.56 0.60 0.70 6.80 0.90 1.00 1.10 i.5o i.5o 1.45

RUN'N6! =l4t "S="99!65"*AQs" §'.91V 'DELTSUBs* " 5!45QCs"6!9666 *"Tls* *54!05*" *T5=" *57!4§ "fC='75!55
TW 101.4 103.4 104.5 106.0 108.3 108.5 108.9 109.1 109.4 110.4 110.9 110.9 104.1 103.6 102.8 103.3
TL 96.7 96.8 97.0 97.1 97.4 97.8 98.1 98.4 98.7 99.0 99.3 99.6 99.9 99.9 99.9 99.9
HT 1.91 1.35 1.19 1.01 0.83 0.84 0.82 0.83 0.84 0.78 0.78 0.80 2.16 2.43 3.15 2.72

RUN"N6! =U5*"ss""93!46*"AQs"i"!955*'DELTSUBs' *"5!55QC='6!9666 **T1 =" 54!05'""T2=**55!§5"TC="47!45
TW 103.1 104.7 105.8 106.9 108.8 110.9 112.6 112.1 108.5 107.3 106.0 103.9 103.1 103.1 102.2 103.1
TL 97.3 97.5 97.7 97.9 98.3 98.7 99.1 90.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 2.08 1.66 1.47 1.33 1.14 0.98 0.89 0.94 1.32 1.53 1.82 2.69 3.32 3.32 4.35 3.32

RUN NO.=143 S= 90.63 AQ= 15,
TW 104.7 106.6 107.9 108.9 111,
TL 98.3 98.4 98.6 98.7 99,
HT 2.44 1.92 1.68 1.53 1,

RUN NO.=144 S= 73.96 AQ= 19,
TW 104.9 107.4 110.0 111.7 113,
TL 96.1 96.5 96.9 97.3 98,
HT 2.21 1.79 1.50 1.36 1,

RUN NO.=145 S= 70.49 AQ= 24,
TW 107.2 109.6 110.6 110.9 109,
TL 96.2 96.8 97.4 98.0 99,
HT 7.20 1.89 1.83 1.88 2,

638 DELTSUBs 1.5000= 1.4000 Tl= 22.10 T2s 33.01 TC= 58,00
9 113.4 110.9 110.3 108.1 106.9 106.0 104.5 104.3 104.5 104.5 104.5
0 99.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
72 1.11 1.39 1.48 1.85 7.17 7.46 3.22 3.36 3.22 3.22 3.22

589 DELTSUBs 3.3500= 1.8500 Tl= 21.10 T2= 32.51 TC= 59.15
6 112.9 106.9 106.2 105.1 104.1 103.6 103.6 103.9 104.5 104.5 104.7
2 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0
27 1.40 2.50 2.72 3.19 3.84 4.21 4.21 4.00 3.56 3.56 3.44

086 DELTSUBs 3.55QC= 1.8500 Tl= 21.35 T2= 36.38 TC= 72.50
4 109.9 109.9 108.3 106.2 104.7 104.5 104.5 104.5 105.1 105.1 105.4
2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
37 2.26 2.26 2.65 3.44 4.38 4.54 4.54 4.54 4.05 4.05 3.92

RUN NO.=146 S= 76.04 AQ= 11.950 DELTSUB= 16.25QC= 0.9000 Tl= 21.60 T2= 32.05 TC= 44.10
TW 96.3 98.6 99.4 100.3 104.1 105.8 109.4 112.6 104.5 103.5 103.5 103.3 103.3 103.5 103.5 103.5
TL 84.3 85.5 86.6 87.8 90.1 92.4 94.7 97.1 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.00 0.91 0.94 0.96 0.85 0.89 0.82 0,77 2.34 2.91 2.91 3.10 3.10 2.91 2.91 2.91

RUN'"j6! =l4"\s="7* *88* *A0=" is! 638** DELTSUB=* ""4!85QC=* 6!9656 " f1=" 21 !16" "t5=" 46!12 " TC= *50!60
TW 106.4 110.3 112.1 113.1 114.3 112.9 108.1 106.9 104.3 103.9 103.9 103.7 103.7 104.1 104.1 104.1
TL 95.2 95.8 96.4 97.0 98.2 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.40 1.08 0.99 0.97 0.98 1.16 1.81 2.11 3.22 3.51 3.51 3.68 3.68 3.36 3.36 3.36

RUN'N6! =i4§"*S=*"55!95" *A0="19!*>45 *"DELTSUB= "*"§!6500='1!5666'"f1=""55!05 *""*t5=**57!1" 'TC="56!60
TW 108.5 111.5 110.6 111.7 113.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6 103.9 104.5 103.6 104.5
TL 92.1 93.7 94.7 95.3 97.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.19 1.07 1.19 1.19 1.73 4.38 4.89 4.89 4.89 4.89 4.89 4.89 4.60 4.03 4.89 4.03

58ft*ftd!*H5 **&«** 85! 43* *A8«* 55!835"*M£f888 *^**8!888*:a*i! 4888 **H«* '54! 65' ""f5=**4$!56*"TCs"76!6S
TW 110.0 110.0 109.4 108.9 109.6 104.8 104.3 104.5 104.3 104.3 104.3 104.3 104.5 105.4 105.1 105.8
TL 95.0 97.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.60 1.89 2.45 2.57 2.41 4.69 5.15 4.93 5.15 5.15 5.15 5.15 4.93 4.20 4.35 3.89

RUN*N6!si55"s="5*>!46" "W«*5S!8S5**68if8fl8«"*5r!8So"!*»*i!8888**fi«**5|!58****i5«"*48!4","*56*i*iS!88
TW 106.9 107.9 103.6 103.4 103.9 103.6 1.03.6 104.3 104.1 104.3 104.3 104.3 104.9 105.6 105.4 106.4
TL 85.3 92.4 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.11 1.55 5.89 6.30 5.63 5.98 5.98 5.15 5.38 5.15 5.15 5.15 4.52 4.02 4.20 3.55 <£>



*

i"'b'.os' '5* 16* "lis" 5*2o"6*3o"6" 46 "6*55"6*6o* "6*76* "5*85' "6* 96 "iI66"i'i6"il25"i'35"K46
RUN*Nn",=2 31. "s=* *5311 3 " *AQ=* 'SI 727* *DELTSUBs* ' *5 *4000s *0 *9565 " *Ti ="i9*.85* "T2s " 3 3 I 51 "TCs ' 58 " 90
TW 117.6 117.4 119.6 122.8 119.1 117.4 117.1 117.6 117.6 117.6 117.6 117.6 117.8 118.4 118.2 119.4
TL 102.0 103.7 105.5 107.2 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT , 0.56 0.64 0.61 0.S6 1.04 1.30 1.34 1.26 1.26 1.26 1.26 1.26 1.23 1.13 1.16 0.99

RU*i*Nn!s232"s=**53.*3' "AO= " 5! 957 " DELTSUB= *"12 I4000= *6 *900 5**Ti ="'9*85' T2=" 30 *18" TC =' 55 I56
TW 116.3 116.3 119.4 117.6 116.1 115.5 115.9 116.3 116.1 116.3 116.3 1.16.3 116.3 116.9 116.7 117.6
TL 101.8 104.9 108.0 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1
HT 0.41 0.52 0.52 0.92 1.19 1.35 1.24 1.15 1.19 1.15 1.15 1.15 1.15 1.03 1.06 0.92

RUN* NO l =233" S=" 53.1 3*" AQs "*3 '.154" DELTSUB=" 17 *100C="0 I 90 00 " "Tls *' J 9 *85 " " T2s ' "26 *23 "f0= *59 "15
TW 110.6 116.5 117.4 116.3 115.1 114.7115.1 115.3 115.3 115.3 115.3 115.3 115.5 115.7 115.5 115.9
TL 98.9 103.2 107.5 111.7 1H.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7
HT 0.32 0.2R 0.38 0.81 1.10 1.24 1.10 1.04 1.04 1.04 1.04 1.04 0.98 0,93 0.98 0.89

RUN"N6Is2U**vS=''35!6V*AQs*i4*H5*"DELTSUB=* * \ 7 ' 75QC ?* 1. ' 8500 **T1= " 20 l 10 * ' " T2= " 31 I 37 ' ' TC =*61 ' 65
TW 114.6 120.9 121.3 121.1 120.3 119.9 120.3 120.7 120.9 121.1 121.3 121.5 12/2.6 124.1 123.9 127.1
TL 97.1 100.1 103.0 106.0 111.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9 HI.9 111.9 111.9
HT 0.85 0.72 0.82,0.99 1.78 1.87 1.78 1.69 1.66 1.62 1.58 1.55 1.40 1.23 1.25 0.98

ftufi*fi6*,«2IS" *s»* "SS*65* *jt6»#i*|,ift*3>" *6££*lildfiat'> "i§*^5dc*aI*lft§66" 'fis**56Ii6' "T2="32"36"fc=" 61.65
TW H4.6 120.3 121.1 120.9 120.3 119.9 120.3 120.9 120.9 121.1 121.5 121.5 122.6 124.3 124.3 127.1
TL 98.0 102.6 107.3 111.9 111.9 111.9 111.9 HI.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9
HT 0.89 0.85 1.08 1.66 1.78 1.87 1.78 1.66 1.66 1.62 1.55 1.55 1.40 1.21 1.21 0.98

SYSTEM-ETHYL*ACETATE

PUN NO.=236 S= 97.57 A0=
TW 79.9 80.3 79.0 78.8
TL 56.7 58.2 59.7 61.2
HT 0.37 0.39 0.45 0.49

RUN NO.=237 S= 97.57 AQ=
TW 71.9 66.9 67.9 70.3
TL 45.7 48.0 50.4 52.7
HT 0.33 0.46 0.49 0.49

RUN NO.s238 S= 97.57 AQs
TW 64.2 60.8 61.7 64.6
TL 39.2 41.6 44.1 46.5
HT 0.34 0.45 0.49 0.47

RUN NO.=239 S= 96.18 AQ=
TW 93.1 99.6 84.3 83.8
TL 69.7 72.9 76.1 76.1
HT 0.64 0.56 1.83 1.94

PUN NO.=240 Mm 97.57 AQs
TW 89.3 94.6 99.0 100.1
TL 70.2 71.4 72.6 73.8
HT 0.61 0.50 0.44 0.44

8.634 DELTSUB=
82.9 84.1 86.6
64.2 67.1 70.1
0.46 0.51 0.52

8.634 DELTSUBs
73.6 76.3 80.1
57.4 62.1 66.7
0.53 0.61 0.65

8.572 DELTSUBs
68.8 72.5 76.5
51.5 56.4 61.3
0.50 0.53 0.56

14.937 DELTSUBs
85.6 84.7 85.8
76.1 76.1 76.1
1.58 1.74 1.54

11.55 3 DELTSUBs
84.7 84.4 85.1
76.3 76.3 76.3
1.37 1.41 1.31

20.9000= 0.9000 Tl= 21.80
87.5 82.3 81.8 81.8 81.6
73.1 76.1 76.1 76.1 76.1
0.60 1.39 1.51 1.51 1.58

T2= 29.11
82.5 82.5
76.1 76.1
1.35 1.35

32.7500= 0.9000 Tl= 21.80 T2= 28.91
82.9 82.7 82.5 82.5 82.5 83.1 82.9
71.4 76.1 76.1 76.1 76.1 76.1 76.1
0.75 1.30 1.35 1.35 1.35 1.22 1.26

39.40QCs 0.9000 Tl= 21.80 T2= 27.71
80.8 82.7 82.5 82.5 82.3 82.9 82.7
66.2 71.2 76.1 76.1 76.1 76.1 76.1
0.59 0.74 1.34 1.34 1.38 1.25 1.30

9.65QCs 0.9000 Tls 21.60 T2= 43.49
83.8 83.6 83.4 83.8 85.4 84.9 86.0
76.1 76.1 76.1 76.1 76.1 76.1 76.1
1.94 1.99 2.06 1.94 1.61 1.70 1.51

7.25QCS 0.9000 Tls 2*.60 T2s 36.51
83.8 83.6 83.1 83.4 84.7 84.1 84.9
76.3 76.3 76.3 76.3 76.3 76.3 76.3
1.53 1.57 1.67 1.63 1.37 1.48 1.34

TC= 63.70
82.1 82.9
76.1 76.1
1.45 1.26

TC= 69.00
82.3 83.4
76.1 76.1
1.39 1.18

TC= 75.20
82.5 83.4
76.1 76.1
1.34 1.17

TC= 66.90
85.1 86.0
76.1 76.1
1.66 1.51

TC= 66.00
84.1 85.1
76.3 76.3
1.48 1.31
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z'**6:65**6:i5**6:i5**6:55**6:36**6:45**6:56**6:66**6:56**6:§6**6:96**i:65"i:i5**?:55"i:36"i:45

RUN NO.=251 S= 75.35 AQs 5.931 DELTSUBs
TW 82.5 83.6 84.1 85.8 89.1 91.4 95.2
TL 64.6 65.5 r-6.4 67.4 69.2 71.0 72.8
HT 0.33 0.33 0.34 0.32 0.30 0.29 0.27

12.80QC= 0.9000 Tl= 20.10 T2=
98.1 86.2 80.9 80.7 80.5 80.7
74.7 76.5 76.5 76.5 76.5 76.5
0.25 0.61 1.33 1.41 1.48 1.41

25.14 TC= 63.50
80.9 80.9 81.4
76.5 76.5 76.5
1.33 1.33 1.21

RUN NO.S252 S= 78.13 AQ= 8.448 DELTSUBs 3.30QC=
TW 90.6 93.8 95.6 97.3 100.t 101.1 101.6 83.6 83,
TT, 73.5 73.8 74.0 74.3 74.9 75.4 76.0 76.5 76,
HT 0.49 0,42 0.39 0.3 7 0.3 4 0.3 3 0.3 3 1.19 1,

0.9000 Tl=
6 82.9 82,
5 76.5 76,
19 1.31 1,

20.85 T2= 28.82 TC= 67.85
1 81.8 81.8 82.1 81.8 82.9
5 76.5 76.5 76.5 76.5 76.5
52 1.59 1.59 1.52 1.59 1.31

RUN NO.=253 S=
TW 96.5 101.6
TL 75.1 75.9
HT 0.53 0.44

71.88 AQ= 11
82.3 8 2.5 8 3
76.7 76.8 76
2.07 1.98 1

373 DELTSUBs
4 82.7 83,*
8 76.8 76.8
7 2 1.91 1.61

2.450C= 0.9000 Tl= 21.10 T2= 37.49
85.1 84.3 83,8 83.6 83.4 83.4 84.3
76.8 76.8 76.8 76.8 76.8 76.8 76.8
1.36 1.52 1.61 1.66 1.72 1.72 1.52

TC= 69.00
83.6 84.9
76.8 76.8
1.66 1.40

RUN NO.=254 S= 61.46 AG =
TW 83.1 82.5 82.5 82.9
TL 75.1 76.5 76.5 76.5
HT 1.82 2.44 2.45 2.28

RUN NO.=255 S= 66.32 AQs
TW 92.7 95.0 94.6 93.6
TL 70.3 71.2 72.1 73.0
HT 0.38 0.36 0.38 0.42

RUN NO.s256 S= 60.07 AQs
TW 82.3 82.5 82.9 83.1
TL 72.2 72.8 73.4 74.0
HT 1.13 1.18 1.20 1.26

RUN NO.s257 S= 55.21 AQs
TW 83.6 84.1 84.3 84.4
TL 73.4 73.8 74.3 74.7
HT 1.46 1.45 1.49 1.5 3

RUN NO.=258 S= 53.85 AQ=
TW 84.1 81.1 80.5 79.9
TL 72.1 75.4 75.4 75.4
HT 0.50 1.03 1.17 1.32

RUN NO.s259 %m 52.43 AQ=
TW 81.6 83.6 87.9 88.4
TL 69.3 70.7 72.1 73.5
HT 0.94 0.89 0.72 0,77

RUN NO.s260 S= 55,21 AQ=
TW 63.5 71.2 77.4 84.3
TL 37.4 43.0 4 8.5 54.1
HT 0.33 0.31 0.30 0.29

14.689 DELTSUB= 2.80QC=
84.0 83.6 84.9 85.6 85,
76.5 76.5 76.5 76.5 76,
1.96 2.07 1.75 1.6*$ *<

1.8500 Tl= 21.10 T2= 31.82
1 85.1 84.9 84.6 84.6 85.8
5 76.5 76.5 76.5 76.5 76.5
71 1.71 1.75 1.80 1.80 1.59

TC= 68.30
84.9 86.6
76.5 76.5
1.75 1.45

8.572 DELTSUB= 7.0500=
97.8 8 3.8 83.4 82.7 82,
74.7 76.5 76.5 76.5 76,
0.37 1.17 1.25 1.38 1,

0.9000 Tl= 22.35 T2= 32.33
3 82.3 82.1 82.3 82.3 82.7
5 76.5 76.5 76.5 76.5 76.5
49 1.49 1.54 1.49 1.49 1.38

TCs 68.30
82.3 83.4
76.5 76.5
1.49 1.25

11.445 DELTSUBs
84.7 84.1 82.9
75.3 76,5 76.5
1.21 1.52 1.77

14.854 DELTSUBs
86.4 85.8 83.8
75.6 76.5 76.^
1.37 1.60 2.03

5.957 DELTSUB=
80.1 79.9 79.9
75.4 76.4 75.4
1.27 1.32 1.32

11.517 DELTSUBs
84.1 82.7 82.5
76.3 76.3 76,3
1.48 1.79 1.84

8.634 DELTSUBs
90.8 81.6 82.1
65.2 76.3 76.3
0.34 1.62 1.50

4.90GCs 0.9000 Tl= 21.80 T2= 35.05
82.7 82.3 82.1 82.1 82.5 82.3 82.3
76.5 7b.S 76.5 76.5 76.5 76.5 76.5
1.85 1.97 2.06 2.06 1.91 1.97 1.97

TC= 69.45
83.4 84.9
76.5 76.5
1.67 1.36

3.550Cs 0.9000 Tls 21.80 T2s
84.1 83.4 83.4 83.4 83.6 83.8
76.5 76.5 76.5 76,5 76.5 76.5
1.97 2.17 2.17 2.17 2.09 2.03

6.65QC= 0.9000 Tl= 21.60 T2=
80.1 79.7 79.7 79.4 79.4 79.2
75.4 75,4 75.4 75.4 75.4 75.4
1.27 1.39 1.39 1.47 1.47 1.57

8.40QCs 0.§000 Tls
82.9 82.7 82.9 82,
76.3 76.3 76.3 76,
1.72 1.79 1.72 1,

21.80 T2s
7 82.7 82.1
3 76.3 76.3
79 1.79 1.99

44.45QCs 0.9000 Tls 21.35 T2s
82.1 81.9 81.6 81.9 81.9 81.9
76.3 76.3 76.3 76.3 76.3 76.3
1.50 1.56 1.63 1.56 1,56 1.56

39.02 TC= 69.20
83.6 85.1 86.6
76.5 76.5 76.5
2.09 1.73 1.46

30.31 TCs 72.05
79.4 79.4 80.5
75.4 75.4 75.4
1.47 1.47 1.17

56.42 TCs 69.20
82.1 82.7 81.8
76.3 76.3 76.3
1.99 1.79 2.08

31.31 TC= 69.90
82.5 82.5 82.3
76.3 76.3 76.3

1.39 1.39 1.44
IMJ
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V

i*"8!8S*"8!i8""8!i$*"8!56**8!38**8!48**6!88**8!88**8!*)8"*8!88*"6!58*"i!88"*i!I8**I!88"*l!38**i!48
RUN*
TW
TL
HT

NO.=151 S= 73.26 AQ= 15.638 DELTSUBs 14.350C= 0.9000 Tls 20.60 T2= 34.14 TOs 48.90
97.9 100.9 102.4 102.0 106.0 108.1 111.7 112.9 103.6 102.4 102.0 102.0 102.0 102.4 102.4 102.8
84.8 85.8 86.9 87.9 89.9 92.0 94.0 96.1 98.1 98.1 98.1 98.1 98.1 98.1 98.1 98.1
1.19 1.04 1.01 1.11 0.97 0.97 0.89 0.93 2.84 3.68 4.06 4.06 4.06 3.68 3.68 3.36

RUN N0.sl52 S= 73.96 AQs 15.638 DELTSUBs 62.2500= 0.9o5() Tl= 20.10 T2= 33.65 TC= 48.20
TW 60.3 65.8 69.4 73.6 83.1 90.8 100.3 109.4 103.4 107.4 102.4 102.4 102.4 102.4 102.8 102.6
TL 39.9 44.4 48.8 53.3 62.2 71.1 79.9 88.8 97.7 97.8 97.8 97.8 97.8 97.8 97.8 97.8
HT 0.77 0.73 0.76 0.77 0.75 0.79 0.77 0.76 2.73 3.36 3.36 3.36 3.36 3.36 3.10 3.22

PUN NO.=153 S= 89.24 AQ=
TW 70.1 73.9 75.9 76.3
TL 50.0 50.4 50.8 51.2
HT 0.42 0.36 0.33 0.33

RUN NO.=154 S= 93.40 AQ=
TW 63.7 65.6 64.9 64.4
TL 43.2 44.0 44.8 45.6
HT 0.41 0.39 0.42 0.44

PUN NO.=165 S= 93.40 A0=
TW 71.1 76.1 77.9 78.3
TL 46.3 46.9 47.5 48.1
HT 0.46 0.38 0.37 0.37

RUN N0.sl56 S= 93.40 AQ=
TW 70.9 76.5 78.6 79.9
TL 46.8 47.4 48.0 48.6
HT 0.47 0.39 0.37 0.36

RUN NO.=157 S= 99.65 A0=
TW 60.5 61.4 61.0 60.3
TL 39.9 40.9 41.8 42.8
HT 0.41 0.41 0.44 0.48

RUN NO.=158 S= 96.88 AO=
TW 64.6 66.7 67.9 68.5
TL 46.7 48.1 49.4 50.8
HT 0.46 0.44 0.*5 0.47

RUN NO.=159 S= 82.29 A0=
TW 68.8 71.9 74.1 76.1
TL 55.0 55.3 55.6 55.8
HT 0.59 0.49 0.44 0.40

RUN NO.=160 S= 79.51 AQ=
TW 69.4 73.2 75.4 77.4
TL 55.7 55.9 56.2 56.4
HT 0.59 0.47 0.42 0.39

SYSTEM-ACETONE

8.355 DELTSUBs
75.4 74.9 76.6
51.9 52.7 53.4
0.36 0.37 0.36

8.355 DELTSUB=
66.4 68.3 70.5
47.1 48.7 50.3
0.43 0.43 0.41

11.228 DELTSUBs
77.9 77.6 80.1
49.3 50.5 61.7
0.39 0.41 0.40

11.228 DELTSUBs
79.2 78.3 80.1
49.7 50.9 52.0
0.38 0.41 0.40

8.355 DELTSUBs
63.5 65.8 67.4
44.8 46.8 48.7
0.45 0.44 0.45

8.294 DELTSUBs
70.5 63.7 63.5
53.6 56.3 56.3
0.49 1.13 1.16

8.108 DELTSUB=
74.8 64.2 64.4
56.4 56.4 56.4
0.44 1.04 1.01

8.108 DELTSUBs
72.8 64.6 64.6
56.P 56.8 56.8

0.51 1.05 1.05

6.7500= 0.9000 Tls 23.55 T2s 28.48
7«.l 78.8 79.9 62.1 61.4 61.2 62.1
54.2 54.9 55.7 56.4 56.4 56.4 56.4
0.35 0.35 0.34 1.47 1.65 1.74 1.47

14.2000= 0.90&0 Tl= 23.80 T2= 28.73
72.3 73.9 75.6 64.4 62.8 62.1 62.3
51.9 53.4 55.0 56.6 56.6 56.6 56.6
0.41 0,41 0.41 1,07 1.35 1.52 1.45

10.6500= 0-.9005 Tls 23.30 T2s 59.93
81.8 82.9 84.0 64.4 64.6 63.7 63.9
52.9 54.0 55.2 56.4 56.4 56.4 56.4
0.39 0.39 0.39 1.40 1.37 1.54 1.49

TC= 52.20
61.4 62.6
56.4 56.4
1.65 1.35

TCs 52.45
61.7 63.0
66.6 56.6
1.65 1.31

TC= 52.20
63.3 64.6
56.4 56,4
1.64 1.37

10.35QCS 0.9000 Tls 23.30
82.5 83.8 85.3 64.6 64.1
53.2 54.3 55.5 56.6 56.6
0.38 0.38 0.38 1.40 1.49

T2s 29.92 TC= 52.65
63.9 64.1 63.3 64.9
56.6 56.6 56.6 56.6
1.53 1.49 1.69 1,36

17.70QC= 0.9000 Tl= 23.05
69.7 71.2 72.9 70.7 65.3
50.7 52.7 54.6 56.6 56.6
0.44 0.45 0.46 0.59 0.96

11.0500= 0.9000 Tl= 22.30
62.6 62.3 62.1 61.9 62.1
56.3 56.3 56.3 56.3 56.3
1.33 1.38 1.44 1.49 1.44

1.65QC= 0.9000 Tl= 21.60
63.9 63.3 62.8 61.7 61.4
56.4 56.4 56.4 56.4 56.4
1.07 1.18 1.27 1.54 1.61

1.4000= 0.9000 Tl= 22.10
64.4 63.5 62.8 62.3 62.1
56.8 56.8 56.8 56.8 56.8
1.07 1.22 1.36 1.47 1.54

T2= 27.97 TC= 52.70
65.1 63.0 61.9 63". 0
56.6 56.6 56.6 56.6
0.98 1.31 1.58 1.31

T2= 31.67 TC= 53.35
62.3 61.7 61.9 62.3
56.3 56.3 56.3 56.3
1.38 1.56 1.49 1.38

T2s 31.73
61.4 61.2
56.4 56.4
1.61 1.69

T2= 32.18
61.9 61.7
56.8 56.8

1.61 1.69

TC= 51.50
61.4 62.1
56.4 56.4
1.61 1.42

TC= 53.15
62.3 62.8
56.8 56.8

1.47 1.36 to
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*

i"'b'.os' '5* 16* "lis" 5*2o"6*3o"6" 46 "6*55"6*6o* "6*76* "5*85' "6* 96 "iI66"i'i6"il25"i'35"K46
RUN*Nn",=2 31. "s=* *5311 3 " *AQ=* 'SI 727* *DELTSUBs* ' *5 *4000s *0 *9565 " *Ti ="i9*.85* "T2s " 3 3 I 51 "TCs ' 58 " 90
TW 117.6 117.4 119.6 122.8 119.1 117.4 117.1 117.6 117.6 117.6 117.6 117.6 117.8 118.4 118.2 119.4
TL 102.0 103.7 105.5 107.2 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT , 0.56 0.64 0.61 0.S6 1.04 1.30 1.34 1.26 1.26 1.26 1.26 1.26 1.23 1.13 1.16 0.99

RU*i*Nn!s232"s=**53.*3' "AO= " 5! 957 " DELTSUB= *"12 I4000= *6 *900 5**Ti ="'9*85' T2=" 30 *18" TC =' 55 I56
TW 116.3 116.3 119.4 117.6 116.1 115.5 115.9 116.3 116.1 116.3 116.3 1.16.3 116.3 116.9 116.7 117.6
TL 101.8 104.9 108.0 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1
HT 0.41 0.52 0.52 0.92 1.19 1.35 1.24 1.15 1.19 1.15 1.15 1.15 1.15 1.03 1.06 0.92

RUN* NO l =233" S=" 53.1 3*" AQs "*3 '.154" DELTSUB=" 17 *100C="0 I 90 00 " "Tls *' J 9 *85 " " T2s ' "26 *23 "f0= *59 "15
TW 110.6 116.5 117.4 116.3 115.1 114.7115.1 115.3 115.3 115.3 115.3 115.3 115.5 115.7 115.5 115.9
TL 98.9 103.2 107.5 111.7 1H.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7
HT 0.32 0.2R 0.38 0.81 1.10 1.24 1.10 1.04 1.04 1.04 1.04 1.04 0.98 0,93 0.98 0.89

RUN"N6Is2U**vS=''35!6V*AQs*i4*H5*"DELTSUB=* * \ 7 ' 75QC ?* 1. ' 8500 **T1= " 20 l 10 * ' " T2= " 31 I 37 ' ' TC =*61 ' 65
TW 114.6 120.9 121.3 121.1 120.3 119.9 120.3 120.7 120.9 121.1 121.3 121.5 12/2.6 124.1 123.9 127.1
TL 97.1 100.1 103.0 106.0 111.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9 HI.9 111.9 111.9
HT 0.85 0.72 0.82,0.99 1.78 1.87 1.78 1.69 1.66 1.62 1.58 1.55 1.40 1.23 1.25 0.98

ftufi*fi6*,«2IS" *s»* "SS*65* *jt6»#i*|,ift*3>" *6££*lildfiat'> "i§*^5dc*aI*lft§66" 'fis**56Ii6' "T2="32"36"fc=" 61.65
TW H4.6 120.3 121.1 120.9 120.3 119.9 120.3 120.9 120.9 121.1 121.5 121.5 122.6 124.3 124.3 127.1
TL 98.0 102.6 107.3 111.9 111.9 111.9 111.9 HI.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9
HT 0.89 0.85 1.08 1.66 1.78 1.87 1.78 1.66 1.66 1.62 1.55 1.55 1.40 1.21 1.21 0.98

SYSTEM-ETHYL*ACETATE

PUN NO.=236 S= 97.57 A0=
TW 79.9 80.3 79.0 78.8
TL 56.7 58.2 59.7 61.2
HT 0.37 0.39 0.45 0.49

RUN NO.=237 S= 97.57 AQ=
TW 71.9 66.9 67.9 70.3
TL 45.7 48.0 50.4 52.7
HT 0.33 0.46 0.49 0.49

RUN NO.s238 S= 97.57 AQs
TW 64.2 60.8 61.7 64.6
TL 39.2 41.6 44.1 46.5
HT 0.34 0.45 0.49 0.47

RUN NO.=239 S= 96.18 AQ=
TW 93.1 99.6 84.3 83.8
TL 69.7 72.9 76.1 76.1
HT 0.64 0.56 1.83 1.94

PUN NO.=240 Mm 97.57 AQs
TW 89.3 94.6 99.0 100.1
TL 70.2 71.4 72.6 73.8
HT 0.61 0.50 0.44 0.44

8.634 DELTSUB=
82.9 84.1 86.6
64.2 67.1 70.1
0.46 0.51 0.52

8.634 DELTSUBs
73.6 76.3 80.1
57.4 62.1 66.7
0.53 0.61 0.65

8.572 DELTSUBs
68.8 72.5 76.5
51.5 56.4 61.3
0.50 0.53 0.56

14.937 DELTSUBs
85.6 84.7 85.8
76.1 76.1 76.1
1.58 1.74 1.54

11.55 3 DELTSUBs
84.7 84.4 85.1
76.3 76.3 76.3
1.37 1.41 1.31

20.9000= 0.9000 Tl= 21.80
87.5 82.3 81.8 81.8 81.6
73.1 76.1 76.1 76.1 76.1
0.60 1.39 1.51 1.51 1.58

T2= 29.11
82.5 82.5
76.1 76.1
1.35 1.35

32.7500= 0.9000 Tl= 21.80 T2= 28.91
82.9 82.7 82.5 82.5 82.5 83.1 82.9
71.4 76.1 76.1 76.1 76.1 76.1 76.1
0.75 1.30 1.35 1.35 1.35 1.22 1.26

39.40QCs 0.9000 Tl= 21.80 T2= 27.71
80.8 82.7 82.5 82.5 82.3 82.9 82.7
66.2 71.2 76.1 76.1 76.1 76.1 76.1
0.59 0.74 1.34 1.34 1.38 1.25 1.30

9.65QCs 0.9000 Tls 21.60 T2= 43.49
83.8 83.6 83.4 83.8 85.4 84.9 86.0
76.1 76.1 76.1 76.1 76.1 76.1 76.1
1.94 1.99 2.06 1.94 1.61 1.70 1.51

7.25QCS 0.9000 Tls 2*.60 T2s 36.51
83.8 83.6 83.1 83.4 84.7 84.1 84.9
76.3 76.3 76.3 76.3 76.3 76.3 76.3
1.53 1.57 1.67 1.63 1.37 1.48 1.34

TC= 63.70
82.1 82.9
76.1 76.1
1.45 1.26

TC= 69.00
82.3 83.4
76.1 76.1
1.39 1.18

TC= 75.20
82.5 83.4
76.1 76.1
1.34 1.17

TC= 66.90
85.1 86.0
76.1 76.1
1.66 1.51

TC= 66.00
84.1 85.1
76.3 76.3
1.48 1.31

IMJ
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z'**6:65**6:i5**6:i5**6:55**6:36**6:45**6:56**6:66**6:56**6:§6**6:96**i:65"i:i5**?:55"i:36"i:45

RUN NO.=251 S= 75.35 AQs 5.931 DELTSUBs
TW 82.5 83.6 84.1 85.8 89.1 91.4 95.2
TL 64.6 65.5 r-6.4 67.4 69.2 71.0 72.8
HT 0.33 0.33 0.34 0.32 0.30 0.29 0.27

12.80QC= 0.9000 Tl= 20.10 T2=
98.1 86.2 80.9 80.7 80.5 80.7
74.7 76.5 76.5 76.5 76.5 76.5
0.25 0.61 1.33 1.41 1.48 1.41

25.14 TC= 63.50
80.9 80.9 81.4
76.5 76.5 76.5
1.33 1.33 1.21

RUN NO.S252 S= 78.13 AQ= 8.448 DELTSUBs 3.30QC=
TW 90.6 93.8 95.6 97.3 100.t 101.1 101.6 83.6 83,
TT, 73.5 73.8 74.0 74.3 74.9 75.4 76.0 76.5 76,
HT 0.49 0,42 0.39 0.3 7 0.3 4 0.3 3 0.3 3 1.19 1,

0.9000 Tl=
6 82.9 82,
5 76.5 76,
19 1.31 1,

20.85 T2= 28.82 TC= 67.85
1 81.8 81.8 82.1 81.8 82.9
5 76.5 76.5 76.5 76.5 76.5
52 1.59 1.59 1.52 1.59 1.31

RUN NO.=253 S=
TW 96.5 101.6
TL 75.1 75.9
HT 0.53 0.44

71.88 AQ= 11
82.3 8 2.5 8 3
76.7 76.8 76
2.07 1.98 1

373 DELTSUBs
4 82.7 83,*
8 76.8 76.8
7 2 1.91 1.61

2.450C= 0.9000 Tl= 21.10 T2= 37.49
85.1 84.3 83,8 83.6 83.4 83.4 84.3
76.8 76.8 76.8 76.8 76.8 76.8 76.8
1.36 1.52 1.61 1.66 1.72 1.72 1.52

TC= 69.00
83.6 84.9
76.8 76.8
1.66 1.40

RUN NO.=254 S= 61.46 AG =
TW 83.1 82.5 82.5 82.9
TL 75.1 76.5 76.5 76.5
HT 1.82 2.44 2.45 2.28

RUN NO.=255 S= 66.32 AQs
TW 92.7 95.0 94.6 93.6
TL 70.3 71.2 72.1 73.0
HT 0.38 0.36 0.38 0.42

RUN NO.s256 S= 60.07 AQs
TW 82.3 82.5 82.9 83.1
TL 72.2 72.8 73.4 74.0
HT 1.13 1.18 1.20 1.26

RUN NO.s257 S= 55.21 AQs
TW 83.6 84.1 84.3 84.4
TL 73.4 73.8 74.3 74.7
HT 1.46 1.45 1.49 1.5 3

RUN NO.=258 S= 53.85 AQ=
TW 84.1 81.1 80.5 79.9
TL 72.1 75.4 75.4 75.4
HT 0.50 1.03 1.17 1.32

RUN NO.s259 %m 52.43 AQ=
TW 81.6 83.6 87.9 88.4
TL 69.3 70.7 72.1 73.5
HT 0.94 0.89 0.72 0,77

RUN NO.s260 S= 55,21 AQ=
TW 63.5 71.2 77.4 84.3
TL 37.4 43.0 4 8.5 54.1
HT 0.33 0.31 0.30 0.29

14.689 DELTSUB= 2.80QC=
84.0 83.6 84.9 85.6 85,
76.5 76.5 76.5 76.5 76,
1.96 2.07 1.75 1.6*$ *<

1.8500 Tl= 21.10 T2= 31.82
1 85.1 84.9 84.6 84.6 85.8
5 76.5 76.5 76.5 76.5 76.5
71 1.71 1.75 1.80 1.80 1.59

TC= 68.30
84.9 86.6
76.5 76.5
1.75 1.45

8.572 DELTSUB= 7.0500=
97.8 8 3.8 83.4 82.7 82,
74.7 76.5 76.5 76.5 76,
0.37 1.17 1.25 1.38 1,

0.9000 Tl= 22.35 T2= 32.33
3 82.3 82.1 82.3 82.3 82.7
5 76.5 76.5 76.5 76.5 76.5
49 1.49 1.54 1.49 1.49 1.38

TCs 68.30
82.3 83.4
76.5 76.5
1.49 1.25

11.445 DELTSUBs
84.7 84.1 82.9
75.3 76,5 76.5
1.21 1.52 1.77

14.854 DELTSUBs
86.4 85.8 83.8
75.6 76.5 76.^
1.37 1.60 2.03

5.957 DELTSUB=
80.1 79.9 79.9
75.4 76.4 75.4
1.27 1.32 1.32

11.517 DELTSUBs
84.1 82.7 82.5
76.3 76.3 76,3
1.48 1.79 1.84

8.634 DELTSUBs
90.8 81.6 82.1
65.2 76.3 76.3
0.34 1.62 1.50

4.90GCs 0.9000 Tl= 21.80 T2= 35.05
82.7 82.3 82.1 82.1 82.5 82.3 82.3
76.5 7b.S 76.5 76.5 76.5 76.5 76.5
1.85 1.97 2.06 2.06 1.91 1.97 1.97

TC= 69.45
83.4 84.9
76.5 76.5
1.67 1.36

3.550Cs 0.9000 Tls 21.80 T2s
84.1 83.4 83.4 83.4 83.6 83.8
76.5 76.5 76.5 76,5 76.5 76.5
1.97 2.17 2.17 2.17 2.09 2.03

6.65QC= 0.9000 Tl= 21.60 T2=
80.1 79.7 79.7 79.4 79.4 79.2
75.4 75,4 75.4 75.4 75.4 75.4
1.27 1.39 1.39 1.47 1.47 1.57

8.40QCs 0.§000 Tls
82.9 82.7 82.9 82,
76.3 76.3 76.3 76,
1.72 1.79 1.72 1,

21.80 T2s
7 82.7 82.1
3 76.3 76.3
79 1.79 1.99

44.45QCs 0.9000 Tls 21.35 T2s
82.1 81.9 81.6 81.9 81.9 81.9
76.3 76.3 76.3 76.3 76.3 76.3
1.50 1.56 1.63 1.56 1,56 1.56

39.02 TC= 69.20
83.6 85.1 86.6
76.5 76.5 76.5
2.09 1.73 1.46

30.31 TCs 72.05
79.4 79.4 80.5
75.4 75.4 75.4
1.47 1.47 1.17

56.42 TCs 69.20
82.1 82.7 81.8
76.3 76.3 76.3
1.99 1.79 2.08

31.31 TC= 69.90
82.5 82.5 82.3
76.3 76.3 76.3

1.39 1.39 1.44
IMJ
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z* *5!65*"6!I6**6Ii5*"6I55''6*56""6!46""5!56*"6l66''5!76**5I§6*'6!§6'"i!65"*i!i5*"i!55*'i!56*"i!46
RUN*n6! =*6'"s="95*57**a6=" *8l575""l*)ELfsUB=*''5!95QC="iI4666""Ti=""5i!86'"""T5=**55!38*"TC="55l56
TW 103.1 106.0 106.8 108.3 109.3 110.7 111.3 112.3 111.7 113.1 110.7 109.9 109.3 106.4 103.9 103.3
TL 97.1 97.2 97.4 97.6 97.9 98.2 98.5 98.9 99.2 99.5 99.8 99.9 99.9 99.9 99.9 99.9
HT 1.43 0.98 0.91 0.80 0.75 0.69 0.67 0.64 0.69 0.63 0.79 0.85 0.91 1.31 9.14 2.52

r7in"6* ="65""s=*'96*88* *a6"'8!572 "'DELTSUBs'" 5*56<")C= "*!4666" fl' =''51!§6" "f2=" 56!05" TC="55!05
TW 102.6 104.2 105.2 105.8 107.8 109.2 110.0 109.4 111.2 110.6 109.4 106.2 104.2 103.6 103.2 105.2
TL 97.9 98.0 98.2 98.3 98.6 98.9 99.2 99.5 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.82 1.39 1.22 1.15 0.93 0.83 0.79 0.86 0.75 0.81 0.92 1.39 2.07 2!41 2*72 2^72

8ufi"ft6!*;"8|"*|«**88*i8**Ji8«*f£I|88**5**;"iT8"f§*'*' "£!*>8oc**iri888""f£i" **ii»88* *" *!*!"•* "5§!*,S**ff5**S8!18
TW 103.6 106.2 106.6 107.4 108.4 110.2 112.0 114.9 115.9 107.8 105.8 104.8 104.6 104.0 104.0 104.0
TL 98.5 98.6 98.7 98.8 99.0 99.2 99.4 99.6 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 2.18 1.48 1.42 1.31 1.20 1.03 0.90 0.74 0.70 1.46 1.97 2.38 2.48 2.86 2.86 2.86

RUN*n6! =*64"s='*97*57" *AO= *14'. s54 *"DFLTSUB=" **1*70OC="*"8856' '"•*«" *»J !88* "" t5= " 57 !13 " TC=* 59!§6
TW 103.8 105.4 106.4 1.08.4 109.8 111.2 U3.2 115.0 113.8 110.8 109.6 107.6 107.2 106.8 104.8 104.8
TL 98.3 98.4 98.5 9R.6 98.9 99.1 9Q.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 2.63 2.07 1.84 1.49 1.33 1.20 1.05 0.94 1.04 1.33 1.49 1.87 1.98 ?.09 2.93 2.93

6u*i"ft6I »"88""fi* "88188* **i*5"t*££ri88**6i*.f8uft*** ***;!£oqc*i*£!8888* **I,|i***E£*i8*** "fft«* *§8* *"$* *f *:i*i9li8
TW 103.4 105.8 105.8 106.8 109.8 110.8 111.8 114.4 114.6 112.0 110.0 109.8 108.0 107.0 105.4 104.8
TL 98.3 98.4 98.5 98.7 98.9 99.2 99.5 99.7 100.0 100.2 100.3 100.3 100.3 100.3 100.3 100.3
HT 2.19 1.53 1.56 1.39 1.04 0.97 0.92 0.77 0.77 0.96 1.16 1.18 1.46 1.67 2.19 2.48

ftOft" fi6**«*88* *S»* *88 *rS«l" *H&i* *8r§£8* *6r*:£'lr*ly*S**t* **£I88ff»6«" £18888* **f f«* *5II48" ****fW *i4r**8* **f6»«*4i,66
TW 102.2 104.1 104.1 106.0 107.5 108.8 109.8 112.9 112.9 108.9 107.1 106.8 105.3 104.9 103.9 103.9
TL 98.3 98.4 98.5 98.6 98.9 99.1 99.3 99.6 99.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1
HT 2.16 1.49 1.52 1.15 0.99 0.88 0.81 0.64 0.65 0.96 1.22 1.26 1.62 1.75 2.21 2!21

Sun"n6! ='67*'s="9R!96* *AQ= ' *5! 880 **DELTSUB= """5! 80QC="1I4666*'fl =' "51! 45"""f5=" "55! 83* "fc="46!75
TW 100.3 103.1 102.9 104.5 105.0 106.6 107.9 109.1 109.1 109.1 108.9 108.8 107.1 105.1 103.6 103.1
TL 96.5 96.7 96.9 97.1 97.5 97.9 98.4 98.8 99.2 99.6 100.0 100.1 100.1 100.1 100.1 100.1
HT 1.55 0.92 0.9Q n.79 0.79 0.67 0.62 0.57 0.59 0.62 0.66 0.68 0.83 1.15 1.63 1.96

RUN"N6! ='68"'s=""92!7i**AQ="i4!ii""DELfsuB='*"2!556c='5!§555'"f ' ='*26!i5""f5="55!62"tc=*59!75
TW 104.9 107.7 107.4 109.6 110.4 113.1 115.3 116.9 119.2 105.8 106.0 106.0 105.1 104.9 104.7 104.9
TL 98.3 98.5 98.6 98.8 99.1 99.4 99.7 100.1 100.4 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.12 1.5.3 1.60 1.31 1.24 1.03 0.91 0.84 0.75 2.79 2.66 2.66 3.17 3.32 3.53 3.32

ftOft* fi6*«*88" *8***8*t*,*'£** *i6**«*£4*£££* *6*:ru*!'S"i8ai* **"*r88tS^***|*8888* **l'£i***!£*£8**" '•I'Ji* "54^8*'* *f**:ai* *t§I'l8
TW 104.9 107.3 107.9 109.4 111.7 112.8 113.6 117.1 118.6 106.6 106.2 105.8 105.4 105.1 104.9 104.9
TL 98.3 98.5 98.6 98.8 99.1 99.4 99.7 100.1 100.4 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 2.12 1.61 1.52 1.34 1.12 1.06 1.02 0.83 0.77 2.39 2.57 2.79 3.03 3.17 3.32 3.32

run "S8!«*f8* "si" 'ill I8""£8**"U!48q**d*:lt8u8«'**$!458*'«*S!*588^" *#£•" '55! 65* "* "H«* *88!58 **$**:»* 88!88
TW 105.6 107.6 108.0 108.6 111.4 113.6 114.6 112.1 108.4 108.3 107.4 106.1 104.6 104.4 104.0 104.0
TL 97.3 97.6 97.9 98.2 98.7 99.3 99.9 100.4 100.4 100.4 1.00.4 100.4 100,4 100,4 100.4 100.4 —
HT 1.75 1.44 1.43 1.38 1.13 1.01 0.98 1.23 1.80 1.85 2.07 2.53 3.43 3.60 4.06 4.06 oo

to



2"*"6:55"6.*i6**6:i§"6:56"6!56"6:45"6!55"6!65"5!^5"6!§5"6!96"i!66""{!i5"!!56"i."56"i!46

ftOii" *t6! •j*aI'£**8»**88* 54* *A8**£4*488* *6*l*i"'8"'6«***S!888***f* 8! 5r888* *f£»"*"{81*'5** ""fSi** |8*|S***f6*t*5*iIf8
TW 105.7 106.6 109.1 110.9 113.0 115.1 109.1 108.1 107.6 107.6 105.6*104.7 104.5 104.3 104.3 104.3
TL 97.4 97.8 98.2 98.6 99.3 100.1 100.8 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9
HT 1.74 1.65 1.31 1.17 1.05 0.96 1.73 1.99 2.13 2.13 3.06 3.74 3.95 4.17 4.17 4.17

RUN*N6! =*72*"s=**89!24**AQ=*U!4o5""DELfsup=' *5! s66c=* 5!7 566* *f i=" 55!75"" "f2="56!55"fc='55!55
TW 105.8 10e.3 109.4 111.8 113.4 113.4 109.1 108.9 109.1 107.4 105.8 104.7 104.7 104.7 104.3 104.3
TL 97.7 98.1 98.5 98.9 99.6 100.4 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
HT 1.80 1.41 1.33 1.12 1.05 1.11 1.80 1.85 1.80 2.29 3.13 4.06 4.06 4.06 4.57 4#57

RUN Nfl.= 73
TW 106.2 108
TL 97.4 98,
HT 1.64 1,

PUN NO.= 74
TW 64.1 67,
TL 41.3 44,
HT 0.63 0,

RUN N0.= 75
TW 102.8 105
TL 97.6 97
HT 1.58 1

S= 81.60 A0= 14.400 DELTSUB= 4.25QC=
5 110.4 111.8 114.3 111.3 110.0 109.4 109,
0 98.5 99.0 100.1 101.1 101.1 101.1 101,
37 1.20 1.13 1.02 1.42 1.63 1.76 1,

S= 89,93 AQ= 14.400 DELTSUB= 62.7500=
4 70.5 73.4 77.4 84.3 91.3 98.2 103
5 47.6 50.7 57.0 63.2 69.5 75.8 82
63 0.63 0.64 0.71 0.69 0.66 0.64 0

S= 89.24 AO= 8.170 DELTSUB= 2.1500=
4 106.2 107.1 109.8 110.6 112.6 113.8 113
8 97.9 98.0 98.3 98.6 98.8 99.1 99
08 0.98 0.91 0,71 0.68 0.60 0.56 0

5.7000 Tl= 24.30 T2= 27.15 TC= 34.50
4 106.4 105.1 105.1 104.7 104.7 104.5 104.5
1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
76 2.74 3.65 3.65 4.06 4.06 4.30 4.30

5.7000 Tl= 23.80 t5= 25.00 TC= 34.50
4 110.0 112.6 105.4 104.8 104.3 104.1 104.3
0 88.3 94.6 100.8 100.9 100.9 100.9 100.9
67 0.66 0.80 3.18 3.79 4.30 4.65 4.30

5.7000 T1= 20.10 T2= 21.10 TC= 30.45
8 108.9 104.8 103.4 103.1 103.1 102.6 102.8
4 99.6 99.6 99.6 99.6 99.6 99.6 99.6
57 0.88 1.60 2.15 2.40 2.40 2.77 2.59

PUN NO.= 76 S= 89,24 AQ= 14.400 DELTSUB= 3,J0QC= 5.7000 Tl= 22.80 T2= 24.83 TC= 35.00
tw 103.6 106.6 107.1 108.9 111.1 111.7 114.9 115.9 110.6 109.1 107.7 106.2 105.1 104.9 104.5 104.8
TL 98.8 99.0 99.2 99.4 99.9 100.3 100.8 101,2 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 2.95 1.89 1.84 1.51 1.28 1.27 1.02 0.°8 1.60 1.92 2.38 3.16 4.11 4.43 5.05 4.65

8fiN*N6!i**)"**sa*'88!84**l6«*i4!48o**Di£i8u8a" *"4!88o"j**4!$888*'fi«**8:*»!88*" *f2="55!55"fc="55!7o
TW 104.5 107.1 108.9 110.5 113.2 114.4 114.3 109.1 108.6 108.9 105.8 104.1 103.3 103.3 103.3 103.3
TL 95.5 95.9 96.2 96.5 97.2 97.9 98.5 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
HT 1.61 1.29 1.13 1.03 0.90 0.87 0.92 1.45 1.54 1.48 2.18 2.94 3.56 3.56 3.56 3.56

ri*jn*n6! = '78"s="76!64"aq=" '4!455**DELfsuB="75!70Qc="4!7566"" ti =**22! 80 **" 'f2="55!54""fc=*5i! 16
TW 56.2 61.0 65.1 69.9 78.8 88.8 97.9 10R.R 106.0 103.9 103.9 103.6 103.6 103.6 103.6 103.6
TL 34.0 39.0 44.1 49.1 59.2 69.3 79.4 89.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 0.65 0.66 0.69 0.69 0.74 0.74 0.78 0.75 2.25 3.39 3.39 3,60 3.60 3.60 3.60 3.60

RUN'N6! =*79'"s=''8^l85'*A6=*i4!466*"DELfsuB=*' *5! 55oo=" 5! 5566' *? i =' '54!55""f5="2*>!55"fc='56!55
TW 106.0 107.7 108.3 110.6 113.2 115.1 115.9 116.1 108.8 107.7 107.9 106.9 106.2 106.0 105.8 105.8
TL 100.0 100.2 100.4 100.6 100.9 101.3 101.7 102.0 102.4 102.4 102.4 102.4 102.4 102.4 102.4 102.4
HT 2.41 1.92 1.82 1.43 1.17 1.04 1.01 1.02 2.27 2.72 2.62 3.24 3.79 4.00 4.24 4.24

run* n8! «"85" *s«**8*)!8S* *A8*t"£4r488* *D*:LT8u8aB" *44!|oQCai*§!9888* *•**£*•" **r8"So"" "t5="26!78*"tc=*34!66
TW 78.3 81.6 83.6 84.7 89.1 95.2 100.3 104.3 108.8 114.9 112.6 106.6 106.2 106.0 106.0 106.0
TL 60.5 63.0 65.4 67.9 72.9 77.9 82.8 87.8 92.8 97.7 102.7 102.8 102.8 102.8 102.8 102.8
HT 0.81 0.77 0.79 0.86 0.89 0.83 0.83 0.87 0.90 0.84' 1.46 3.79 4.24 4.50 4.50 4.50 oo



4-

z**'6!65'"6!io""6;"5""6I56"*5!55""6!46**6!56"6l65"5!76"5!§6"5;96"i!66"i!i5"i!56"i!55"i!46
RUN*N6I ='8i'*s=*"§§!54"*AQ=*i4!iu""DELfsuB=***i !,3oqc="5I7666" *ti =**56!55""t5="55!65"tc="56!*6
TW 104.5 106.9 107.3 108.1 110.9 111.5 113.0 112.1 110.3 108.3 106.9 105.8 104.5 104.5 104.5 104.5
TL 98.7 98.8 98.9 99.0 99.2 99.4 99.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 2.42 1.75 1.68 1.55 1.21 1.17 1.06 1.15 1.36 1.67 2.02 2.37 3.03 3.03 3.03 3.03

*tu*f*N8I«*8|""a»**8£!S*t* *A8»*£4!488**6*:L*,su8ai* *" *,!i56"*i"8!f886"**!'£i*"5S"S8" *" "Ti"8" *55!88*****!i"i8!f8
TW 104.7 106.3 105.6 108.1 108.5 110.6 111.5 111.8 111.9 111.3 106.6 105.8 105.6 105.1 104.7 104.7
TL 99.5 99.7 99.8 99.9 100.2 100.5 100.7 101.0 101.3 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 2.79 2.19 2.51 1.76 '1.74 1.42 1.34 1.34 1.35 1.48 2.85 3.43 3.60 4.00 4.57 4.57

RUN *NO!='85**S= " H !7^ " AQ= *14!455 " DELT^G
TW 105.6 108.5 109.8 112.1 112.4 111.1 108.5 108.8 106.0 104.9 104.1 103.9 103.9 103.9 103.9 103.9
TL 95.7 96.4 97.1 97.8 99.3 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7 100.7
HT 1.46 1.19 1.14 1.01 1.10 1.38 1.85 1.79 2.72 3.43 4.24 4.50 4.50 4.50 4.50 4.50

run"n6! =*84"s='*76I74"aq="i4!455" *6l£f808«*"*i!888ici*S!i)888*"f|*«*"*!$!88* *"f5=* *56!65""fc="55!55
TW 105.8 109.1 110.7 111.8 112.6 109.6 108.8 108.9 105.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6
TL 95.7 96.4 97.0 97.7 99.1 100.5 100.5 100.5 100.5 100,5 100,5 100.5 100.5 100.5 100.5 100.5
HT 1.43 1.13 1.05 1.03 1.07 1.59 1.75 1.71 2.97 4.00 4.57 4.57 4.57 4.57 4.57 4.57

PUN*n6! =*85'*S=**74!65* *A.Q='I4!466 **DELTSUB= **'5 '. 7000=*5*7000*'T* ='*25!30 *""f2=**5§!15"fC='54!55
TW 107.1 110.5 111.8 113.2 114.3 111.5 110.1 110.3 105.8 104.9 104.9 104.9 104.9 104.9 104.9 104.9
TL 96.6 97.3 98.0 9R.7 100.1 101.5 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101,6 101.6
HT 1.37 1.09 1.05 0.99 1.02 1.45 1.69 1.66 3.39 4.24 4.24 4.24 4.24 4.24 4.24 4.24

fiuN'N6!«*88**8«**f4!88**A8«"14!488"*6l:£l*,808«**"S!88§6«*8!f888* *ti="55!45" "t5='*28!56"tc='54!85
TW 106.6 110.3 112.4 113.6 114.1 109.6 109.8 108.9 106.0 1,05.1 105.1 105.1 105.1 105,1 105.1 105.1
TL 96.5 97.2 98.0 98.7 100.2 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6 101.6
HT 1.42 1.10 1.00 0.97 1.04 1.81 1.77 1.97 3.31 4.24 4.24 4.24 4.24 4.24 4.24 4.24

ru*'*n6! ='87"s=*'§4!58*'a6=* *4!466"deltsub=' '*5!95Qc="5!7656"f i="24!65* ' "t5=* *56!9S"tc="56!55
TW 104.5 106.4 107.3 108.5 110.0 109.4 108.8 107.9 106.6 105.6 105.6 105.1 105.1 105.1 104.9 105.1
TL 99.6 99.9 100.3 100.7 101.4 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1 102.1
HT 7.92 2.23 2.07 1.84 1.68 1.99 7.18 2.50 3.24 4.24 4.24 4.80 4.80 4.80 5.14 4.80

fefir*i"r*i6I»«*lr8* *8«* *88I*S£ **a6«* £4!!488* *5*l*uTSd8ai* **4I*J,866»»* SI7888* *fl*i*"5"i4!88*** 'f*!-** *i**r84* **f^»*S8*!4i
Tw 105.6 108.5 110.3 111,1 113.0 111.1 108.5 109.1 108.3 105.4 104.3 104.1 103.9 103.9 103.9 )o5.9
TL 96.3 96.9 97.5 98.1 99.3 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 1.56 1.25 1.13 1.1) 1.05 1.36 1.80 1.66 1.85 2.97 3.79 4.00 4.24 4.24 4.24 4.24

RUN*n6! ='§9'*S="*,8I§5"aq="'4!456" "DELfsUB=*'*4!656c='5l7665*'T1 ="*24!55*"*"T2=" *26!§7"TC='39!§6
TW 105.8 108.1 110.1 111.9 114.9 111.3 108.9 109.4 108.9 106.4 104.9 104.7 104.5 104.5 104.3 104.3
TL 96.8 97.4 98.0 98.6 99.7 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9 100.9
HT 1.61 1.35 1.19 1.08 0.95 1.38 1.80 1.70 1.80 2.62 3.60 3.79 4.00 4.00 4.24 4.24

RUN'*l6! =*96"*S ='*86!96**AO=*i4!406**D*:LTSUB=' *5!65QC=*5!7565"t" ="24!55""t5="57!5§"*TC='39!65
TW 106.0 108.9 110.7 112.8 114.9 110.4 108.9 109.4 107.9 105.6 104.7 104.5 104.5 104.5 104.5 104.5
TL 96.7 97.3 97.9 98.6 99.8 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1 101.1
HT 1.55 1.24 1.13 1.01 0.96 1.54 1.85 1.75 2.12 3.24 4.00 4.24 4.24 4.24 4.24 4.24

cx>
en



i***8!88**8!£8"5!£8"*8!56"*8!J8**8!48*"8!88"*8!86"8!58**8!88**8!86"*i!88**I!I6**J!88"*i!J8**i!48
RUN N0.= 91 S= 89.24 AQ= 11
TW 104.1 106,9 107.4 108.9 110,
TL 98.9 99.0 99.1 99.2 99
HT 2.13 1.41 1.3 3 1.14 0,

120 DELTSUBs 1.45QC=
9 112.1 114.0 115.3 117,
3 99.5 99.7 99.9 100,
96 0.88 0.78 0.72 0,

5.7000 Tl= 20.30 T2= 21.64 TC= 38.40
8 107.9 104,9 104.1 103.9 103.9 103.6 103.6
1 100.2 100.3 100.3 100.3 100.3 100.3 100.3
63 1.45 2.37 2.89 3,05 3.05 3.27 3.27

RUN NO,= 92 Sa 89.24 AQ= 5,
TW 101.6 103.6 103.6 105.1 106,
TL 98.9 98.9 99.0 99.1 99,
HT 2.12 1.21 1.22 0.94 0,

673 0ELTSUB= 1.00QC=
6 107.1 107.3 108.1 107,
2 99,4 99.5 99.7 99,
76 0.73 0.73 0.67 0,

5.7000 Tl= 20.60 T2= 21.40 TC= 35.70
3 105.8 103.6 103.6 102.9 102.9 102.2 102.0
8 99.8 99.8 99.8 99.8 99.8 99.8 99.8
76 0.95 1.47 1.47 1.86 1.86 2.36 2.51

RUN N0.= 93 S = 75.35 AO= 11,
TW 105.8 108.8 109.8 111.5 111,
TL 95.4 95.9 96.3 96.7 97,
HT 1.09 0.88 0.84 0.77 0,

337 DELTSUB= 5.25QC=
7 111.5 113.4 107.7 104,
6 98.5 99.4 100.2 100,
81 0.87 0.81 1.52 2,

1.4000 Tl= 19.85 T2= 27.30 TC= 27.55
3 103.6 103.6 103.6 103.6 103.6 103.6 103.6
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
90 3.33 3.33 3.33 3.33 3.33 3.33 3.33

RUN N0.= 94 S= 76.04 AO= 8.603 DELTSUBs 5.2500= 1.4000 Tl= 20.80 T2= 26.47 TC= 25.80
TW 103.3 105.1 106.8 107.9 108.8 110.0 111.7 107.1 103.9 103.4 103.3 103.3 103.3 103.3 103.3 103.3
TL 95.4 95.9 96.3 96.7 97.6 98.5 99.4 100.2 100.3 100.3 100.3 100.3 100.3 1.00.3 100.3 100.3
HT 1.10 0.93 0.82 0.77 0.77 0.75 0.70 1.26 2.36 2.69 2.87 2.87 2.87 2.87 2.87 2.87

ftfift* ft6*«*88* *s«**7Sl88" 'Ada** "8*888* *6*:*.*?fl56i* **8* *r8*»r!:ai* |*4888* *f£ai***j£I#S*** "*f5«* *55Z48* *»|dai***f4!!88
TW 99.4 101.6 102.4 103.3 106.4 107.3 107.7 104.5 103.0 102.8 102.8 102.6 102.6 102.4 102.4 105.4
TL 95.4 95.9 96.3 96.7 97.6 98.5 99.4 100.2 100.3 100.3 1.00.3 100.3 100.3 100.3 100.3 100.3
HT 1.49 1.04 0.97 0.91 0.67 0.67 0.71 1.39 2.15 2.32 2.32 2.51 2.51 2.75 2.75 2.75

RUN NO.= 96 S=
TW 82.5 85.3
TL 71.1 7 3.8
HT 0.75 0.74

RUN N0.= 97 S=
TW 77.9 81.6
TL 70.8 73.4
HT 0.8 3 0.72

RUN N0.= 98 S=
TW 80.9 85.1
TL 81.7 83.8
HT -4,81 2.74

RUN N0.= 99 S=
TW 78.6 82.9
TL 71.7 74.8
HT 0.53 0.45

RUN NO.=100 S=
TW 72.9 79.0
TL 64.0 69.2
HT 0.41 0.37

75.35 AQs 8.541 DELTSUB= 31.7500= 0.9000 Tl=
87.1 93.1 96.3 102.0 107.9 104.9 103.1 103.1 103,
76.4 79.1 84.4 89.6 94.9 100.2 100.3 100.3 100.

0.80 0.61 0.72 0.69 0.66 1.80 3.05 3.05 3,

74.65 AQ= 5.906 DELTSUB= 31,9500= 0.9000 Tl=
84.7 88.4 95.6 101.8 105.6 103.3 102.8 102.8 102,
76.1 78.7 84.0 89.4 94.7 100.0 100.1 100.1 100,

0.68 0.61 0.51 0.48 0.54 1.81 2.15 2.15 2,

75.35 A0= 3.652 DELTSUBs 20.6000= 0.9000 Tl=
88.6 93.3 102.0 103.0 102.6 102.8 102.6 102.6 102,
85.8 87.o 92.0 96.1 100,2 100,3 100,3 100.3 100,

1.32 0.67 0.37 0.53 1.55 1.43 1.55 1.55 1,

21.10 T2= 29.84 TC= 26.80
1 103.1 103.1 103.1 103.1 103.1
3 100.3 100.3 100.3 100.3 100.3
05 3.05 3.05 3.05 3.05 3.05

20.80 T2= 26.85 TC= 25,55
8 102.6 102.6 102.6 102.6 105.6
1 100.1 100.1 100.1 100.1 100.1
15 2.32 2.32 2.32 2.32 2.32

21.10 T2= 25.30 TC= 24.55
6 102.4 102.2 102.2 102.2 102.2
3 100.3 100.3 100.3 100.3 100.3
55 1.70 1.87 1.87 1.87 1.87

75.35 A0= 3.652 DELTSUBs 31.7500= 0.9000 Tl= 21.30 T2= 25.49 TC= 24.80
86.9 91.6 101.6 103.3 103.0 103.0 102.8 102.8 102.6 102.6 102.6 102.2 102.2 102.2
78.0 81.2 87.5 93.8 100.1 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
0.41 0.35 0.26 0.39 1.27 1.33 1.43 1.43 1.55 1.55 1.55 1.87 1.87 1.87

74.65 A0= 3.652 DELTSUB= 41.35QC= 0.9000 Ti= 21.30 T2= 25.94 TC= 24.30
84.4 90.1 101.1 102.8 102.8 102.8 102.6 102.6 102.6 102.4 102.2 102.2 102.2 102.2
74.3 79.5 89.8 100.0 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
0.36 0.34 0.32 1.32 1.43 1.43 1.55 1.55 1.55 1.70 1.87 1.87 1.87 1.87 oo

en



Z 6.05 0.10 0.15 0.20 0.30 6.4o 0.50 0.60 0.70 5.80 6.§6 1.00 £.10 1.20 1,30 1.46

RUN *n6! =16l*"s=**73!96**AQ=**5!956*"DELTSUBs'* 45 I5000=* 5[9666 *"Tl="*5l!55'" " T2= " 27!57**TC="54 I6§
TW 70.5 74.9 79.2 84.3 94.4 102.2 103.9 103.4 103.2 103.2 103.0 103.0 102.8 102.6 102.4 102.4
TL 61.3 64.8 68.4 71.9 79.0 86.0 93.1 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.64 0.58 0.54 0.48 0.38 0.37 0.55 1.84" 2.00 2.00 2.15 2.15 2.32 2.51 2.75 2.75

RUn"n6!s'52'*Ss*'7^!57"'aGs"8!44§" *DELTSUB=* *45 '. 4500="5!9666 *"T* =" 5l! 55 '" *T2='*59!98 " TC=" 54!05
TW 71.4 75.9 79.9 84.7 92.9 100.7 107.9 104.1 103.4 103.4 103.4 103.3 103.3 103.3 103.1 103.1
TL 63.0 66.3 69.7 73.1 79.8 86.5 93.3 100.0 100.1. 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.89 0.8.3 0.73 0.64 0.60 0.58 2.06 2.48 2.48 2.48 2.64 2.64 2.64 2.82 2.82

run'n6!=i 65 "s="*7 lies' "A8i**.l!$i**'8|L**Su8«**S9!"»o8*:i*o!888o" *ti ="2*!56"""t2=* '55!95"tc='54!56
TW 76.5 80.7 83.8 87.9 94.4 100.7 108.5 105.4 104.1 104.1 104.1 104.1 103.9 103.9 103.9 103.9
TL 63.9 67.2 70.5 73.8 80.4 87.0 93.6 100.7 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.90 0.84 0.85 0.80 0.81 0.83 0.76 2.21 2.94 2.94 2.94 2.94 3.11 3.11 3.11 3.11

*U**!*N6! =l*64"s="7l"'8* *AQs ** 4! 485" DELTSUBs* '5§ I75GC="6 '. 9566 " f1=" 51!10 " "f5=" *5s! 95* *TC="25!55
TW 78.3 83.1 86.2 89.9 96.7 102.8 109.8 106.6 104.5 104.5 104.5 104.5 104.5 104.5 104.5 104.5
TL 63.6 66.9 70.2 73.5 80.1 86.8 93.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.99 0.89 0.91 0.88 0.88 0.90 0.88 2.19 3.25 3,25 3.25 3.25 3.25 3.25 3.25 3.25

RUN""46!si65"*S="'75!35**A6s**4!iu"*DELTSUB=" *4 '. 85QC="4!7500 " Tl s" 56!6*5 " " f5='"55!98 **TC="58!16
TW 105.8 110.0 110.6 113.8 115.3 115.1 111.9 108.9 104.7 104.3 104.3 104.3 104.3 104.3 104.1 104.1
TL 95.6 96.2 96.8 97.4 98.6 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.38 1.02 1.02 0.86 0.85 0.93 1.17 1.55 2.91 3.17 3.17 3.17 3.17 3.17 3.32 3.32

i^un *Nd.<«£88* *i«"" fSISS" *AS** ££"848" "DE£iT858*t* **7! £86c»«"4! 5888* **i£*«**58"88*** 't2=*"55!74*"tc=*27!"6
TW 103.9 107.3 108.5 109.8 109.4 110.9 112.6 107.5 104.1 103.6 103.4 103.4 103.4 103.4 103.4 103.4
TL 93.3 93.9 94.5 95.1 96.3 97.5 98.7 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.05 0.83 0.79 0.75 0.84 0.83 0.79 1.44 2.60 2.91 3.07 3.07 3.07 3.07 3.07 3.07

8fi8*88!*«i8i**ia*i*"")8!S8***kj«"*8!i8f **5r|****I'§G6'«* *£§**|5§£»»* £•8S66" "'•fi•i**•5£'!i6*,* ****!•«" **S8*5'*f *''tfi.w'SSrSS
TW 97.1 99.9 100.7 102.2 105.6 108.8 111.5 108.3 104.9 103.9 103.4 103.4 103.4 103.3 103.3 103.4
TL 88.8 89,9 90.9 92.0 94.1 96.2 98.4 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5 100.5
HT 1.01 0.84 0.86 0.82 0.73 0.67 0.64 1.07 1.88 2.46 2.83 7.83 2.83 3.04 3.04 2.83

RUN'n6!si 08**S=**75!55**AQs""§!555**DELTSUBs*''9!05QC="4!7500''f1="'56!60 *'* *T2= " 22!56 *"tC='26I05
TW 100.1 102.0 102.0 103.4 105.6 107.3 110.3 104.5 102.8 102.8 102.8 102.8 102.8 102.8 102.8 lo5.8
TL 91.6 92.3 93.1 93.8 95.3 96.8 98.4 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 0.97 0.85 0.92 0.85 0.81 0.79 0.69 1.77 2.79 2.79 2.79 2.79 2.79 2.79 2.79 2.79

ftdfi*N6I *t£88* *8»* ••>8*88* *Ii8i* *8"8*I8* "drlfifSCftat*' *8r888*r*»*4**>888* **ti«* *58*S8* ***»I*ia>«rf*i| *48* 'ffti*58118
TW 95.6 98.1 98.6 101.1 104.3 105.8 106.9 103.4 102.0 101.8 101.8 101.8 101.8 101.8 101.8 101.8
TL 90.9 91.7 92.5 93.3 94.9 96.5 98.0 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.20 0.88 0.93 0.73 0.60 0.61 0.64 1.48 2.41 2.70 2.70 2.70 2.70 2.70 2.70 2.70

pun"n6!sh6""ss'*75!35*"a6="*4!554'*deltsl!b=''*"!956cs**!8866*'Tis*"5i!§6'''*T2=*"56!65**TC="56!56
TW 106.6 109.1 109.8 112.1 114.2 108.9 1.07.1 106.6 104.9 104.5 104.5 104.5 104.5 104.5 104.5 104.5
TL 98.6 98.8 99.1 99.3 99.8 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 1.81 1.41 1.35 1.13 1.01 1.67 2.14 2.29 3.09 3.42 3.42 3.42 3.42 3.42 3.42 3.42 oo



-*.

z*""6!65"*6!i5"*6!i§"*6!55**6!55"*6!46**6!56""6!6o**6!76""6!§6""5!96""i!56""i!i6'"i!55*"i!55**i!46
RUN *N0 Isif 1* "ss"*75!35**AQs*n*4§i'*DELfsUB='*"l"!95QCs*'*§§66""fis" *55!§5*"'t5s"57!77"tCs"55!86
TW 106.2 108.8 109.4 111.7 114.4 110.6 108.1 105.8 104.8 104.1 103.9 103.9 103.9 103.9 103.9 103.9
TL 98.6 98.8 99.1 99.3 99.8 100.2 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 1.51 1.16 1.11 0.93 0.78 1.10 1.46 2.07 2.55 2.98 3.15 3.15 3.15 3.15 3.15 3.15

frufi* So* •££ *t* *s*t***,8*SS* *I46i" *S"885" 'BeltSuSib* **£ l78&^-«*£ 14888* "*r£*i**28*88*** "t*!*"" *S5.8*!* "t":**58188
TW 104.8 107.4 109.4 110.0 112.8 111.1 106.9 105.1 103.9 103.6 103.4 103.3 103.3 103.1 103.1 103.1
TL 98.6 98.8 99.0 99.2 99.6 100.0 100.1 100.t 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.39 0.99 0.83 0.80 0.66 0.78 1.27 1.69 2.23 2.39 2.53 2.69 2.69 2.87 2.87 2.87

RUN*N6!=H3*'s=*"H!64""A6=*"5!93i"*DELTsuB=*" 5! 15oc= *5! §565"t *s " 56! §6" "*T2=*"5§!55"fcs"55!56
TW 103.3 104.8 105.6 107.3 108.5 108.3 105.6 104.5 103.1 102.6 102.6 102.4 102.4 102,4 102.4 102.4
TL 98.2 98.4 98.7 99.0 99.5 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.17 0.94 0.87 0.72 0.66 0.72 1.08 1.33 1.98 2.33 2.33 2.52 2.52 2.52 7.52 2.52

RUN *n6!s* 14' **|i****S!S8*" AGs* *5!693* *DELTSUBs' ** 5! 1* 5QC= "6! 9566 " Tls" *21! 56" "t5= " 5§! 99 *' TC= *55! 05
TW 100.7 102.4 102.8 103.9 105.4 103.2 102.8 102.6 102.2 102.0 101.8 101.6 101.6 101.6 101.6 101.6
TL 98.2 98.4 98.7 99.0 99.5 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.46 0.93 0.90 0.75 0.63 1.17 1.34 1.45 1.72 1.89 2.17 2.46 2.46 2.46 2.46 2.46

8*i*i*86!«ii8**i»***)8!S8"il8a*i4!854" *peltsub=""9!556c='5!9566"t i="" 201 §6" ""t5="55!67"tc=*26!56
TW 104.3 107.7 108.5 108.8 109.1 112.4 113.8 109.6 104.9 104.5 104.5 104.3 104.3 104.3 104.3 104.3
TL 91.3 92.1 92.9 93.7 95.3 96.9 98.5 100.0 100.1 100.1 100.1 100.1 100.1. 100.1 100.1 100.1
HT 1.12 0.93 0.93 0.97 1.05 0.94 0.95 1.52 2.96 3.26 3.26 3.42 3.42 3.42 3.42 3.42

run"m8!«££8**8*»" **t*8l58* *A8*" £4*854* *5el**888*>* "£$r7886»*6!8888" 'f" ="56!86* ""t5s" "55! 96* "fcs*56!56
TW 94.6 98.8 100.3 100.5 104.5 107.7 1.11.3 113.6 106.0 104.5 104.3 104.3 104.3 104.3 104.3 104.3
TL 81.7 83.1 84.5 85.9 88.8 91.6 94.4 97.2 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.13 0.93 0.97 1.00 0.92 0.90 0.86 0.89 2.43 3.26 3.42 3.42 3.42 3.42 3.42 3.42

run"n6!s"'"*s="75!35* 'a6s'".*!445* *DELTSUBs*' 56! 6ooc=* 6! 9655' 'Ti="'56!86*"*T5="5i!i5* *tc='56!55
TW 94.1 96.3 97.3 98.6 102.6 105.4 110.0 111.5 105.4 103.9 103.9 103.9 103.9 103.9 103.9 103.9
TL 80.9 82.4 83.9 85.3 88.3 91.2 94.2 97.1 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.87 0.83 0.85 0.87 0.80 0.81 0.72 0.79 2.15 2.97 2.97 2.97 2.97 2.97 2.97 2.97

888* **•*>! «i 18* *8«**14!85"*.8«"* 8!84!**6iL$8ii8i** ill 88">**«*8!8888**f J«**58!88***"f8i**88!18**f *:i*58!8S
TW 89.3 93.3 95.6 97.3 101.4 104.5 1.09.1 104.9 103.4 103.3 103,3 103.3 103.3 103.3 103.3 103.3
TT 82.1 83.8 85.4 87.0 90.3 93.5 96.8 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.20 0.89 0.83 0.83 0.77 0.78 0.69 1.73 2.51 2.67 2.67 2.67 2.67 2.67 2.67 2.67

ftflft*N8!i!i8**8»""M!88""A8«**8!8Si**8fefi",888*«*'5!!588*!*«*8!8888**f!i' '2i!55""t5=**55!38**tc="56!55
TW 89.1 91.9 94.1 96.6 101.6 105.4 1.06.6 104.3 103.4 103.3 103.3 103.3 103.1 103.1 103.1 103.1
TL 90.8 82.5 84.3 86.1 89.6 93.2 96.7 100.7 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.72 0.64 0.60 0.56 0.50 0.49 0.60 1.46 1.85 1.98 1.98 1.98 2.12 2.12 2.12 2.12

RUN*N6!si20"ss"*73!26' " AQ =*14! 154" *DELTSt" B= *" 5§! 556c=' 6! 9666" ' Tl =' *56! §5 " '"t5="55!67"tC=*26!56
TW 86.4 90.6 92.3 95.2 99.6 105.8 1.11.3 107.7 105.1 104.5 104.7 104.3 104.3 104.3 104.3 104.3
TL 74.4 76.7 79.0 81.4 86.0 90.7 95.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.21 1.05 1.10 1.05 1.07 0.96 0.91 1.89 2.85 3.26 3.12 3.42 3.42 3.42 3.42 3.42 oo

OO



>

£***8!88**8!i8**8!iS**8!58"8!58**8!48**8!S8**8!88**8!f8"*8!88"6!88**I!88**i!!8**!!58**i!88**i!48
RUN*N6! =i5i"s="^5!56* *a^s"H!35"*deltsubs* "56l80QC="5!9566"f i ="56!6o""f5="55!5i"fc="56!56
TW 83.1 87.1 88.8 92.3 98.1 103.3 109.4 105.8 103.9 103.6 103.6 103.6 103.6 103.6 103.6 103.6
TL 71,8 74.4 76.9 79.5 84.6 89.8 94.9 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.89 0.96 0.89 0.84 0.84 0.78 1.96 2.94 3.15 3.15 3.15 3.15 3.15 3.15 3.15

*atuN**id*ai£'l"t" *8** *S£r*'4*" *i8ai*£4r48S" *&£r*i**su8«* **£Ii8*t***i*£*4888* ***•£•* *£8I88"'* **f5«" *I4*54* ***"cai*28r88
TW 108.1 108.8 105.8 105.4 103.6 103.1 103.3 103.6 103.4 103.4 103.6* 103.6 103.6 10.3.6 103.9 105.9
TL 98.8 99.2 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.55 1.52 2.35 2.52 3.62 4.26 4.02 3.62 3.81 3.81 3.62 3.62 3.62 3.62 3.45 3.45

RUN 'NO !s{53**5= "*53! 13*' AGs" i" .'556 " DELTSUBs' "1* !9000="1!4566 *'* *="*20!16'"**T2=**31 !52 **TC=*26!05
TW 10-8.1 108.3 107.3 104.1 103.2 102.8 102.8 103.2 103.0 103.0 103.2 103.2 103.2 103.2 103.2 103.2
TL 98.6 99.2 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.19 1.24 1.52 2.66 3.37 3.83 3.83 3.37 3.59 3.59 3.37 3.37 3.37 3.37 3.37 3.37

RUN*NO! =124*"8**" "85!82**AQ=" 8!4l" 'DELTSUBs' " 1!956c="1!4566" Tl =" 56!55' f5= " 5§!86 " fC='5§!55
TW 106.0 107.3 104.7 103.0 102.R 102.4 102.6 103.0 103.0 103.0 103.0 103.0 102.8 102.8 102.8 102.8
TL 98.6 99.2 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.13 1.05 1.73 2.67 2.85 3.30 3.06 2.67 2.67 7.67 7.67 2.67 2.85 2.85 2.85 2,85

RUN"N6! =i25*'s="55*85''AQ=**5!886*'DELTSUBs*" " *25QC=*5!966S " Tl =" 56!55" " t5= " 56!61 " fC="55!10
TW 104.3 103.3 102.2 101.9 102.2 101.9 101.9 102.4 101.9 101.9 102.2 101.9 101.9 101.9 101.9 101.9
TL 99.2 99.8 99.9 99.9 99.9 99,9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.16 1.72 2.50 2.P0 2.50 2.80 2.80 2.31 2.80 2.80 2.50 2.80 2.80 2.80 2.80 2.80

8:8N**idrai£58* "8*«*"84".8£* *A4«* *8*888* *6§£i*'808«* **£ r888t**»*8*8888* *#£•* '58188*" **f5*5* "58*88* *i*;»**tir£8
TW 103.3 103.4 100.7 101.6 101.9 101.8 102.2 102.4 102.2 102.4 102.4 102.4 102.4 102.4 102.2 102.2
TL 98.8 99.3 99.8 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 1.33 1.43 6.78 3.46 2.80 3.09 2.50 2.31 2.50 2.31 2.31 2.31 2.31 2.31 2.50 2.50

888"86!«!5J"*$•"*88!88* *AQs*i4!4§5"'DELTsuBs**"4!666cs"6!9565'"Hs*'56!86*"**f5=""45!59'"Tc=,25!86
TW 108.5 112.1 110.9 107.1 104.3 103.6 103.9 104.1 104.1 104.1 104.1 l54.1 104.3 104.3 104.3 104.3
TL 97.4 98.7 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.30 1.08 1.34 2.07 3.41 4.02 3.81 3.58 3.58 3.58 3.58 3.58 3.41 3.41 3.41 3.41

fi68*N6!il58*"8«"*Si!84**A8a*»"H!8iV*8l"Jf808«**i8!888*:*«"8!8888**fiii**58!88" *"t5="5§!45"tc='56!56
TW 104.7 108.5 107.7 104.7 103.4 1.03.1 103.1 103.4 103.4 103.4 103.4 103.4 103.4 103.4 103.4 103.4
TL 92.8 96.4 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.95 0.94 1.46 2.44 3.33 3.78 3.78 3.33 3.33 3.33 3.33 3,33 3,33 3.33 3.33 3.33

ftfi8*fi8!il58**8«**8i!f4**88»"*8!448""6*,*jf8u8a**ii!856*:*""8!8886**ti*i*"58!88""" "t5="55!8§"tc="26!65
TW 102.0 106.9 104.1 102.6 102.4 102.4 102.6 107.8 102.8 102.8 102.8 102.8 102.8 102.8 102.8 102.8
TL 91.9 95.8 99.7 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9 99.9
HT 0.84 0.77 1.94 3.07 3.31 3.31 3.07 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86 2.86

RUN *NO!si 56 "ss"56! 35* 'AQs' l4!4§5* 'DELTSUBs" 19!350C=" 5!9000"*T1=" 55!60 " " T2= " 46!75" TC='56!56
TW 99.2 104.3 108.3 110.4 104.3 103.6 103.9 104.1 104.1 104.1 104.1 104.1 104.1 104.1 104.1 104,1
TL 83.9 87.1 90.3 93.6 100.0 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 0.95 0.84 0.81 0.86 3.35 4.02 3.81 3.58 3.58 3.58 3.58 3.58 3.58 3.58 3.58 3.58 oo

U3



z,**6!65**6!i6'"6!*5""6!26*,6!35'*6!46''5!56**6!65*"6!^5**6!§6"*5!96*"i!65""i!I6"'i!56'"i!56""i!46
RUN*N6! ='3*"ss*"5'!*'4"AQs"ii !5o8*"D"*LTS*JB*:'*19!7 56c="8!9o8o'"f i ='"20!66'""*T2=""S7!6V*TC*:*58!55
TW 96.3 102.6 107.7 104.7 103.4 103.3 103.3 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
TL 85.2 90.1 95.0 99.9 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.I 100.1 100.I 100.1 100.1
HT 1.02 0.91 0.89 2.37 3.32 3.53 3.53 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3.14 3!l4

run* *id! *>£i5" *8«**8£**'4" *aq=* ,§!54i**Dh*.TsuR='*i9!3o6c=*5!9566**H="*26!65*"*"T2="*54!55**TC="2 6!36
TW 95.6 104.3 103.4 103.1 102.8 102.8 102.8 103.1 102.8 102.8 102.8 102.8 102.8 102.8 102.8 103.1
TL 87.1 93.5 99.9 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
HT 1.00 0.79 2.43 2.85 3.11 3.11 3.11 2.85 3.11 3.11 3.11 3.11 3.11 3!ll 3 11 2.85

RUN NO.=133 S= 51.04 AQ= 11.300 DELTSUB= 28
TW 92.3 100.9 106.4 104.1 103.6 103.3 103.4 103
TL 78.7 85.8 93.0 100.1 100.3 100.3 100.3 100
HT 0.84 0.75 0.84 2.82 3.32 3.77 3.53 3

65QC= 0.9000 Tls 20.80 T2s 37.89 TCs 26.05
6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32

RUN NO.s)34 km 51.74 AQ= 8.448 DELTSUBs 32
TW 91.2 102.2 103.6 103.1 102.8 102.8 1.02.8 103
TL 76.0 83.9 91.9 99.8 100.1 100.1 100.1 100
HT 0.56 0.46 0.72 2.63 3.07 3.07 3.07 2

0000= 0.9000 Tl= 20.60 T2= 33.37 TC= 26.05
1 102.8 102.8 102.8 102.8 102.8 102.8 102.8 105.8
1 100.1 100.1 100.1 100.1 100.1 100.1 100.1 100.1
82 3.07 3.07 3.07 3.07 3.07 3.07 3.07 3.07

RUN NO.=135 S= 50.35 AQs 14.483 DELTSUBs 40,
TW 83.6 93.1 100.3 107.9 103.9 103.6 103.6 104,
TL 66.4 73.1 79.9 «6.6 100.1 100.3 100.3 100,
HT 0.84 0.72 0.71 0.68 3.90 4.26 4.26 3,

6500= 0.9000 Tls 20.60 T2= 40.74 TC= 26.05
1 103.9 103.9 104.1 104.1 104.3 104.3 104.3 104.3
3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
76 4.02 4.02 3.76 3.76 3.58 3.58 3.58 3.58

RUN NO.sl36 S= 50.35 AQs 11.300 DELTSUBs 41.5500= 0.9000 Tl= 20.80 T2= 36.51 TC= 26.05
TW 84.7 94.4 102.6 105.6 103.4 103.4 103.4 103.6 103.6 103.6 103.9 103.9 103.6 103.9 103.9 105.9
TL 65.6 72.5 79.4 86.3 100.1 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3 100.3
HT 0.59 0.52 0.49 0.59 3.36 3.53 3.53 3.32 3.32 3.32 3.14 3.14 3.32 3.14 3.14 3!l4

RUN NO.=137
TW 104.9 108,
TL 92.6 94,
HT 1.15 0,

RUN NO.=138
TW 100.3 106
TL 8 8.6 92
HT 0.94 0

RUN NO.=139
TW 95.6 107,
TL 77.1 84,
HT 0.78 0,

RUN NO.=140
TW 67.6 84,
TL 38.9 50,
HT 0.50 0,

S= 52.43 AQs 14.111 DELTSUBs 8.45QC= 4.7500 Tl= 21.10 T2= 24.80 TC= 28.35
9 111.5 111.5 105.6 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9 103.9
0 95.4 96.8 °9.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
94 0.88 0.96 2.36 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32 3.32

Ss 52.43 AGs 11.012 DELTSUBs 14.90QC= 4.7500 Tls 21.10 T2= 24.25 TC= 27.l5
,0 108.9 105.6 103.4 102.8 103.1 103.3 103.3 103.3 103.3 103.3 103.3 10.3.3 103.3 103.3
,3 96.1 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8 99.8
81 0.85 1.90 3.02 3.67 3.39 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19 3.19

S= 48.26 AQ= 14.400 DELTSUBs 28.70QCs 4.7500 Tl= 21.60 T2= 25.68 TC= 31.85
1 108.9 106.6 103.6 103.0 103.0 10.3.0 103.0 103.0 103.0 103.0 103.0 103.0 103.0 103.0
3 91.4 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6 98.6
81 0.82 1.80 2.85 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27 3.27

S= 48.26 AQs 14.400 DELTSUB= 72.85QC= 4.7500 Tl= 23.05 T2= 26.78 TC= 35.25
3 99.0 105.8 103.4 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6 103.6
9 63.0 75.1 99.2 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
43 0.40 0.47 3.40 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 3.60 CD

O



h

............................................. ............................................ ......«,,

Z 5.05 6.10 0.15 0.56 0.30 0.45 0.56 0.60 0.70 6.80 0.90 1.00 1.10 i.5o i.5o 1.45

RUN'N6! =l4t "S="99!65"*AQs" §'.91V 'DELTSUBs* " 5!45QCs"6!9666 *"Tls* *54!05*" *T5=" *57!4§ "fC='75!55
TW 101.4 103.4 104.5 106.0 108.3 108.5 108.9 109.1 109.4 110.4 110.9 110.9 104.1 103.6 102.8 103.3
TL 96.7 96.8 97.0 97.1 97.4 97.8 98.1 98.4 98.7 99.0 99.3 99.6 99.9 99.9 99.9 99.9
HT 1.91 1.35 1.19 1.01 0.83 0.84 0.82 0.83 0.84 0.78 0.78 0.80 2.16 2.43 3.15 2.72

RUN"N6! =U5*"ss""93!46*"AQs"i"!955*'DELTSUBs' *"5!55QC='6!9666 **T1 =" 54!05'""T2=**55!§5"TC="47!45
TW 103.1 104.7 105.8 106.9 108.8 110.9 112.6 112.1 108.5 107.3 106.0 103.9 103.1 103.1 102.2 103.1
TL 97.3 97.5 97.7 97.9 98.3 98.7 99.1 90.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 2.08 1.66 1.47 1.33 1.14 0.98 0.89 0.94 1.32 1.53 1.82 2.69 3.32 3.32 4.35 3.32

RUN NO.=143 S= 90.63 AQ= 15,
TW 104.7 106.6 107.9 108.9 111,
TL 98.3 98.4 98.6 98.7 99,
HT 2.44 1.92 1.68 1.53 1,

RUN NO.=144 S= 73.96 AQ= 19,
TW 104.9 107.4 110.0 111.7 113,
TL 96.1 96.5 96.9 97.3 98,
HT 2.21 1.79 1.50 1.36 1,

RUN NO.=145 S= 70.49 AQ= 24,
TW 107.2 109.6 110.6 110.9 109,
TL 96.2 96.8 97.4 98.0 99,
HT 7.20 1.89 1.83 1.88 2,

638 DELTSUBs 1.5000= 1.4000 Tl= 22.10 T2s 33.01 TC= 58,00
9 113.4 110.9 110.3 108.1 106.9 106.0 104.5 104.3 104.5 104.5 104.5
0 99.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
72 1.11 1.39 1.48 1.85 7.17 7.46 3.22 3.36 3.22 3.22 3.22

589 DELTSUBs 3.3500= 1.8500 Tl= 21.10 T2= 32.51 TC= 59.15
6 112.9 106.9 106.2 105.1 104.1 103.6 103.6 103.9 104.5 104.5 104.7
2 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0
27 1.40 2.50 2.72 3.19 3.84 4.21 4.21 4.00 3.56 3.56 3.44

086 DELTSUBs 3.55QC= 1.8500 Tl= 21.35 T2= 36.38 TC= 72.50
4 109.9 109.9 108.3 106.2 104.7 104.5 104.5 104.5 105.1 105.1 105.4
2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
37 2.26 2.26 2.65 3.44 4.38 4.54 4.54 4.54 4.05 4.05 3.92

RUN NO.=146 S= 76.04 AQ= 11.950 DELTSUB= 16.25QC= 0.9000 Tl= 21.60 T2= 32.05 TC= 44.10
TW 96.3 98.6 99.4 100.3 104.1 105.8 109.4 112.6 104.5 103.5 103.5 103.3 103.3 103.5 103.5 103.5
TL 84.3 85.5 86.6 87.8 90.1 92.4 94.7 97.1 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.00 0.91 0.94 0.96 0.85 0.89 0.82 0,77 2.34 2.91 2.91 3.10 3.10 2.91 2.91 2.91

RUN'"j6! =l4"\s="7* *88* *A0=" is! 638** DELTSUB=* ""4!85QC=* 6!9656 " f1=" 21 !16" "t5=" 46!12 " TC= *50!60
TW 106.4 110.3 112.1 113.1 114.3 112.9 108.1 106.9 104.3 103.9 103.9 103.7 103.7 104.1 104.1 104.1
TL 95.2 95.8 96.4 97.0 98.2 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.40 1.08 0.99 0.97 0.98 1.16 1.81 2.11 3.22 3.51 3.51 3.68 3.68 3.36 3.36 3.36

RUN'N6! =i4§"*S=*"55!95" *A0="19!*>45 *"DELTSUB= "*"§!6500='1!5666'"f1=""55!05 *""*t5=**57!1" 'TC="56!60
TW 108.5 111.5 110.6 111.7 113.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6 103.9 104.5 103.6 104.5
TL 92.1 93.7 94.7 95.3 97.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.19 1.07 1.19 1.19 1.73 4.38 4.89 4.89 4.89 4.89 4.89 4.89 4.60 4.03 4.89 4.03

58ft*ftd!*H5 **&«** 85! 43* *A8«* 55!835"*M£f888 *^**8!888*:a*i! 4888 **H«* '54! 65' ""f5=**4$!56*"TCs"76!6S
TW 110.0 110.0 109.4 108.9 109.6 104.8 104.3 104.5 104.3 104.3 104.3 104.3 104.5 105.4 105.1 105.8
TL 95.0 97.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.60 1.89 2.45 2.57 2.41 4.69 5.15 4.93 5.15 5.15 5.15 5.15 4.93 4.20 4.35 3.89

RUN*N6!si55"s="5*>!46" "W«*5S!8S5**68if8fl8«"*5r!8So"!*»*i!8888**fi«**5|!58****i5«"*48!4","*56*i*iS!88
TW 106.9 107.9 103.6 103.4 103.9 103.6 1.03.6 104.3 104.1 104.3 104.3 104.3 104.9 105.6 105.4 106.4
TL 85.3 92.4 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.11 1.55 5.89 6.30 5.63 5.98 5.98 5.15 5.38 5.15 5.15 5.15 4.52 4.02 4.20 3.55 <£>



h

............................................. ............................................ ......«,,

Z 5.05 6.10 0.15 0.56 0.30 0.45 0.56 0.60 0.70 6.80 0.90 1.00 1.10 i.5o i.5o 1.45

RUN'N6! =l4t "S="99!65"*AQs" §'.91V 'DELTSUBs* " 5!45QCs"6!9666 *"Tls* *54!05*" *T5=" *57!4§ "fC='75!55
TW 101.4 103.4 104.5 106.0 108.3 108.5 108.9 109.1 109.4 110.4 110.9 110.9 104.1 103.6 102.8 103.3
TL 96.7 96.8 97.0 97.1 97.4 97.8 98.1 98.4 98.7 99.0 99.3 99.6 99.9 99.9 99.9 99.9
HT 1.91 1.35 1.19 1.01 0.83 0.84 0.82 0.83 0.84 0.78 0.78 0.80 2.16 2.43 3.15 2.72

RUN"N6! =U5*"ss""93!46*"AQs"i"!955*'DELTSUBs' *"5!55QC='6!9666 **T1 =" 54!05'""T2=**55!§5"TC="47!45
TW 103.1 104.7 105.8 106.9 108.8 110.9 112.6 112.1 108.5 107.3 106.0 103.9 103.1 103.1 102.2 103.1
TL 97.3 97.5 97.7 97.9 98.3 98.7 99.1 90.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 2.08 1.66 1.47 1.33 1.14 0.98 0.89 0.94 1.32 1.53 1.82 2.69 3.32 3.32 4.35 3.32

RUN NO.=143 S= 90.63 AQ= 15,
TW 104.7 106.6 107.9 108.9 111,
TL 98.3 98.4 98.6 98.7 99,
HT 2.44 1.92 1.68 1.53 1,

RUN NO.=144 S= 73.96 AQ= 19,
TW 104.9 107.4 110.0 111.7 113,
TL 96.1 96.5 96.9 97.3 98,
HT 2.21 1.79 1.50 1.36 1,

RUN NO.=145 S= 70.49 AQ= 24,
TW 107.2 109.6 110.6 110.9 109,
TL 96.2 96.8 97.4 98.0 99,
HT 7.20 1.89 1.83 1.88 2,

638 DELTSUBs 1.5000= 1.4000 Tl= 22.10 T2s 33.01 TC= 58,00
9 113.4 110.9 110.3 108.1 106.9 106.0 104.5 104.3 104.5 104.5 104.5
0 99.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
72 1.11 1.39 1.48 1.85 7.17 7.46 3.22 3.36 3.22 3.22 3.22

589 DELTSUBs 3.3500= 1.8500 Tl= 21.10 T2= 32.51 TC= 59.15
6 112.9 106.9 106.2 105.1 104.1 103.6 103.6 103.9 104.5 104.5 104.7
2 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0 99.0
27 1.40 2.50 2.72 3.19 3.84 4.21 4.21 4.00 3.56 3.56 3.44

086 DELTSUBs 3.55QC= 1.8500 Tl= 21.35 T2= 36.38 TC= 72.50
4 109.9 109.9 108.3 106.2 104.7 104.5 104.5 104.5 105.1 105.1 105.4
2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2 99.2
37 2.26 2.26 2.65 3.44 4.38 4.54 4.54 4.54 4.05 4.05 3.92

RUN NO.=146 S= 76.04 AQ= 11.950 DELTSUB= 16.25QC= 0.9000 Tl= 21.60 T2= 32.05 TC= 44.10
TW 96.3 98.6 99.4 100.3 104.1 105.8 109.4 112.6 104.5 103.5 103.5 103.3 103.3 103.5 103.5 103.5
TL 84.3 85.5 86.6 87.8 90.1 92.4 94.7 97.1 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.00 0.91 0.94 0.96 0.85 0.89 0.82 0,77 2.34 2.91 2.91 3.10 3.10 2.91 2.91 2.91

RUN'"j6! =l4"\s="7* *88* *A0=" is! 638** DELTSUB=* ""4!85QC=* 6!9656 " f1=" 21 !16" "t5=" 46!12 " TC= *50!60
TW 106.4 110.3 112.1 113.1 114.3 112.9 108.1 106.9 104.3 103.9 103.9 103.7 103.7 104.1 104.1 104.1
TL 95.2 95.8 96.4 97.0 98.2 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4 99.4
HT 1.40 1.08 0.99 0.97 0.98 1.16 1.81 2.11 3.22 3.51 3.51 3.68 3.68 3.36 3.36 3.36

RUN'N6! =i4§"*S=*"55!95" *A0="19!*>45 *"DELTSUB= "*"§!6500='1!5666'"f1=""55!05 *""*t5=**57!1" 'TC="56!60
TW 108.5 111.5 110.6 111.7 113.4 104.1 103.6 103.6 103.6 103.6 103.6 103.6 103.9 104.5 103.6 104.5
TL 92.1 93.7 94.7 95.3 97.5 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.19 1.07 1.19 1.19 1.73 4.38 4.89 4.89 4.89 4.89 4.89 4.89 4.60 4.03 4.89 4.03

58ft*ftd!*H5 **&«** 85! 43* *A8«* 55!835"*M£f888 *^**8!888*:a*i! 4888 **H«* '54! 65' ""f5=**4$!56*"TCs"76!6S
TW 110.0 110.0 109.4 108.9 109.6 104.8 104.3 104.5 104.3 104.3 104.3 104.3 104.5 105.4 105.1 105.8
TL 95.0 97.3 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.60 1.89 2.45 2.57 2.41 4.69 5.15 4.93 5.15 5.15 5.15 5.15 4.93 4.20 4.35 3.89

RUN*N6!si55"s="5*>!46" "W«*5S!8S5**68if8fl8«"*5r!8So"!*»*i!8888**fi«**5|!58****i5«"*48!4","*56*i*iS!88
TW 106.9 107.9 103.6 103.4 103.9 103.6 1.03.6 104.3 104.1 104.3 104.3 104.3 104.9 105.6 105.4 106.4
TL 85.3 92.4 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6 99.6
HT 1.11 1.55 5.89 6.30 5.63 5.98 5.98 5.15 5.38 5.15 5.15 5.15 4.52 4.02 4.20 3.55 <£>



*

i"'b'.os' '5* 16* "lis" 5*2o"6*3o"6" 46 "6*55"6*6o* "6*76* "5*85' "6* 96 "iI66"i'i6"il25"i'35"K46
RUN*Nn",=2 31. "s=* *5311 3 " *AQ=* 'SI 727* *DELTSUBs* ' *5 *4000s *0 *9565 " *Ti ="i9*.85* "T2s " 3 3 I 51 "TCs ' 58 " 90
TW 117.6 117.4 119.6 122.8 119.1 117.4 117.1 117.6 117.6 117.6 117.6 117.6 117.8 118.4 118.2 119.4
TL 102.0 103.7 105.5 107.2 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT , 0.56 0.64 0.61 0.S6 1.04 1.30 1.34 1.26 1.26 1.26 1.26 1.26 1.23 1.13 1.16 0.99

RU*i*Nn!s232"s=**53.*3' "AO= " 5! 957 " DELTSUB= *"12 I4000= *6 *900 5**Ti ="'9*85' T2=" 30 *18" TC =' 55 I56
TW 116.3 116.3 119.4 117.6 116.1 115.5 115.9 116.3 116.1 116.3 116.3 1.16.3 116.3 116.9 116.7 117.6
TL 101.8 104.9 108.0 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1
HT 0.41 0.52 0.52 0.92 1.19 1.35 1.24 1.15 1.19 1.15 1.15 1.15 1.15 1.03 1.06 0.92

RUN* NO l =233" S=" 53.1 3*" AQs "*3 '.154" DELTSUB=" 17 *100C="0 I 90 00 " "Tls *' J 9 *85 " " T2s ' "26 *23 "f0= *59 "15
TW 110.6 116.5 117.4 116.3 115.1 114.7115.1 115.3 115.3 115.3 115.3 115.3 115.5 115.7 115.5 115.9
TL 98.9 103.2 107.5 111.7 1H.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7
HT 0.32 0.2R 0.38 0.81 1.10 1.24 1.10 1.04 1.04 1.04 1.04 1.04 0.98 0,93 0.98 0.89

RUN"N6Is2U**vS=''35!6V*AQs*i4*H5*"DELTSUB=* * \ 7 ' 75QC ?* 1. ' 8500 **T1= " 20 l 10 * ' " T2= " 31 I 37 ' ' TC =*61 ' 65
TW 114.6 120.9 121.3 121.1 120.3 119.9 120.3 120.7 120.9 121.1 121.3 121.5 12/2.6 124.1 123.9 127.1
TL 97.1 100.1 103.0 106.0 111.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9 HI.9 111.9 111.9
HT 0.85 0.72 0.82,0.99 1.78 1.87 1.78 1.69 1.66 1.62 1.58 1.55 1.40 1.23 1.25 0.98

ftufi*fi6*,«2IS" *s»* "SS*65* *jt6»#i*|,ift*3>" *6££*lildfiat'> "i§*^5dc*aI*lft§66" 'fis**56Ii6' "T2="32"36"fc=" 61.65
TW H4.6 120.3 121.1 120.9 120.3 119.9 120.3 120.9 120.9 121.1 121.5 121.5 122.6 124.3 124.3 127.1
TL 98.0 102.6 107.3 111.9 111.9 111.9 111.9 HI.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9
HT 0.89 0.85 1.08 1.66 1.78 1.87 1.78 1.66 1.66 1.62 1.55 1.55 1.40 1.21 1.21 0.98

SYSTEM-ETHYL*ACETATE

PUN NO.=236 S= 97.57 A0=
TW 79.9 80.3 79.0 78.8
TL 56.7 58.2 59.7 61.2
HT 0.37 0.39 0.45 0.49

RUN NO.=237 S= 97.57 AQ=
TW 71.9 66.9 67.9 70.3
TL 45.7 48.0 50.4 52.7
HT 0.33 0.46 0.49 0.49

RUN NO.s238 S= 97.57 AQs
TW 64.2 60.8 61.7 64.6
TL 39.2 41.6 44.1 46.5
HT 0.34 0.45 0.49 0.47

RUN NO.=239 S= 96.18 AQ=
TW 93.1 99.6 84.3 83.8
TL 69.7 72.9 76.1 76.1
HT 0.64 0.56 1.83 1.94

PUN NO.=240 Mm 97.57 AQs
TW 89.3 94.6 99.0 100.1
TL 70.2 71.4 72.6 73.8
HT 0.61 0.50 0.44 0.44

8.634 DELTSUB=
82.9 84.1 86.6
64.2 67.1 70.1
0.46 0.51 0.52

8.634 DELTSUBs
73.6 76.3 80.1
57.4 62.1 66.7
0.53 0.61 0.65

8.572 DELTSUBs
68.8 72.5 76.5
51.5 56.4 61.3
0.50 0.53 0.56

14.937 DELTSUBs
85.6 84.7 85.8
76.1 76.1 76.1
1.58 1.74 1.54

11.55 3 DELTSUBs
84.7 84.4 85.1
76.3 76.3 76.3
1.37 1.41 1.31

20.9000= 0.9000 Tl= 21.80
87.5 82.3 81.8 81.8 81.6
73.1 76.1 76.1 76.1 76.1
0.60 1.39 1.51 1.51 1.58

T2= 29.11
82.5 82.5
76.1 76.1
1.35 1.35

32.7500= 0.9000 Tl= 21.80 T2= 28.91
82.9 82.7 82.5 82.5 82.5 83.1 82.9
71.4 76.1 76.1 76.1 76.1 76.1 76.1
0.75 1.30 1.35 1.35 1.35 1.22 1.26

39.40QCs 0.9000 Tl= 21.80 T2= 27.71
80.8 82.7 82.5 82.5 82.3 82.9 82.7
66.2 71.2 76.1 76.1 76.1 76.1 76.1
0.59 0.74 1.34 1.34 1.38 1.25 1.30

9.65QCs 0.9000 Tls 21.60 T2= 43.49
83.8 83.6 83.4 83.8 85.4 84.9 86.0
76.1 76.1 76.1 76.1 76.1 76.1 76.1
1.94 1.99 2.06 1.94 1.61 1.70 1.51

7.25QCS 0.9000 Tls 2*.60 T2s 36.51
83.8 83.6 83.1 83.4 84.7 84.1 84.9
76.3 76.3 76.3 76.3 76.3 76.3 76.3
1.53 1.57 1.67 1.63 1.37 1.48 1.34

TC= 63.70
82.1 82.9
76.1 76.1
1.45 1.26

TC= 69.00
82.3 83.4
76.1 76.1
1.39 1.18

TC= 75.20
82.5 83.4
76.1 76.1
1.34 1.17

TC= 66.90
85.1 86.0
76.1 76.1
1.66 1.51

TC= 66.00
84.1 85.1
76.3 76.3
1.48 1.31

IMJ
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z'**6:65**6:i5**6:i5**6:55**6:36**6:45**6:56**6:66**6:56**6:§6**6:96**i:65"i:i5**?:55"i:36"i:45

RUN NO.=251 S= 75.35 AQs 5.931 DELTSUBs
TW 82.5 83.6 84.1 85.8 89.1 91.4 95.2
TL 64.6 65.5 r-6.4 67.4 69.2 71.0 72.8
HT 0.33 0.33 0.34 0.32 0.30 0.29 0.27

12.80QC= 0.9000 Tl= 20.10 T2=
98.1 86.2 80.9 80.7 80.5 80.7
74.7 76.5 76.5 76.5 76.5 76.5
0.25 0.61 1.33 1.41 1.48 1.41

25.14 TC= 63.50
80.9 80.9 81.4
76.5 76.5 76.5
1.33 1.33 1.21

RUN NO.S252 S= 78.13 AQ= 8.448 DELTSUBs 3.30QC=
TW 90.6 93.8 95.6 97.3 100.t 101.1 101.6 83.6 83,
TT, 73.5 73.8 74.0 74.3 74.9 75.4 76.0 76.5 76,
HT 0.49 0,42 0.39 0.3 7 0.3 4 0.3 3 0.3 3 1.19 1,

0.9000 Tl=
6 82.9 82,
5 76.5 76,
19 1.31 1,

20.85 T2= 28.82 TC= 67.85
1 81.8 81.8 82.1 81.8 82.9
5 76.5 76.5 76.5 76.5 76.5
52 1.59 1.59 1.52 1.59 1.31

RUN NO.=253 S=
TW 96.5 101.6
TL 75.1 75.9
HT 0.53 0.44

71.88 AQ= 11
82.3 8 2.5 8 3
76.7 76.8 76
2.07 1.98 1

373 DELTSUBs
4 82.7 83,*
8 76.8 76.8
7 2 1.91 1.61

2.450C= 0.9000 Tl= 21.10 T2= 37.49
85.1 84.3 83,8 83.6 83.4 83.4 84.3
76.8 76.8 76.8 76.8 76.8 76.8 76.8
1.36 1.52 1.61 1.66 1.72 1.72 1.52

TC= 69.00
83.6 84.9
76.8 76.8
1.66 1.40

RUN NO.=254 S= 61.46 AG =
TW 83.1 82.5 82.5 82.9
TL 75.1 76.5 76.5 76.5
HT 1.82 2.44 2.45 2.28

RUN NO.=255 S= 66.32 AQs
TW 92.7 95.0 94.6 93.6
TL 70.3 71.2 72.1 73.0
HT 0.38 0.36 0.38 0.42

RUN NO.s256 S= 60.07 AQs
TW 82.3 82.5 82.9 83.1
TL 72.2 72.8 73.4 74.0
HT 1.13 1.18 1.20 1.26

RUN NO.s257 S= 55.21 AQs
TW 83.6 84.1 84.3 84.4
TL 73.4 73.8 74.3 74.7
HT 1.46 1.45 1.49 1.5 3

RUN NO.=258 S= 53.85 AQ=
TW 84.1 81.1 80.5 79.9
TL 72.1 75.4 75.4 75.4
HT 0.50 1.03 1.17 1.32

RUN NO.s259 %m 52.43 AQ=
TW 81.6 83.6 87.9 88.4
TL 69.3 70.7 72.1 73.5
HT 0.94 0.89 0.72 0,77

RUN NO.s260 S= 55,21 AQ=
TW 63.5 71.2 77.4 84.3
TL 37.4 43.0 4 8.5 54.1
HT 0.33 0.31 0.30 0.29

14.689 DELTSUB= 2.80QC=
84.0 83.6 84.9 85.6 85,
76.5 76.5 76.5 76.5 76,
1.96 2.07 1.75 1.6*$ *<

1.8500 Tl= 21.10 T2= 31.82
1 85.1 84.9 84.6 84.6 85.8
5 76.5 76.5 76.5 76.5 76.5
71 1.71 1.75 1.80 1.80 1.59

TC= 68.30
84.9 86.6
76.5 76.5
1.75 1.45

8.572 DELTSUB= 7.0500=
97.8 8 3.8 83.4 82.7 82,
74.7 76.5 76.5 76.5 76,
0.37 1.17 1.25 1.38 1,

0.9000 Tl= 22.35 T2= 32.33
3 82.3 82.1 82.3 82.3 82.7
5 76.5 76.5 76.5 76.5 76.5
49 1.49 1.54 1.49 1.49 1.38

TCs 68.30
82.3 83.4
76.5 76.5
1.49 1.25

11.445 DELTSUBs
84.7 84.1 82.9
75.3 76,5 76.5
1.21 1.52 1.77

14.854 DELTSUBs
86.4 85.8 83.8
75.6 76.5 76.^
1.37 1.60 2.03

5.957 DELTSUB=
80.1 79.9 79.9
75.4 76.4 75.4
1.27 1.32 1.32

11.517 DELTSUBs
84.1 82.7 82.5
76.3 76.3 76,3
1.48 1.79 1.84

8.634 DELTSUBs
90.8 81.6 82.1
65.2 76.3 76.3
0.34 1.62 1.50

4.90GCs 0.9000 Tl= 21.80 T2= 35.05
82.7 82.3 82.1 82.1 82.5 82.3 82.3
76.5 7b.S 76.5 76.5 76.5 76.5 76.5
1.85 1.97 2.06 2.06 1.91 1.97 1.97

TC= 69.45
83.4 84.9
76.5 76.5
1.67 1.36

3.550Cs 0.9000 Tls 21.80 T2s
84.1 83.4 83.4 83.4 83.6 83.8
76.5 76.5 76.5 76,5 76.5 76.5
1.97 2.17 2.17 2.17 2.09 2.03

6.65QC= 0.9000 Tl= 21.60 T2=
80.1 79.7 79.7 79.4 79.4 79.2
75.4 75,4 75.4 75.4 75.4 75.4
1.27 1.39 1.39 1.47 1.47 1.57

8.40QCs 0.§000 Tls
82.9 82.7 82.9 82,
76.3 76.3 76.3 76,
1.72 1.79 1.72 1,

21.80 T2s
7 82.7 82.1
3 76.3 76.3
79 1.79 1.99

44.45QCs 0.9000 Tls 21.35 T2s
82.1 81.9 81.6 81.9 81.9 81.9
76.3 76.3 76.3 76.3 76.3 76.3
1.50 1.56 1.63 1.56 1,56 1.56

39.02 TC= 69.20
83.6 85.1 86.6
76.5 76.5 76.5
2.09 1.73 1.46

30.31 TCs 72.05
79.4 79.4 80.5
75.4 75.4 75.4
1.47 1.47 1.17

56.42 TCs 69.20
82.1 82.7 81.8
76.3 76.3 76.3
1.99 1.79 2.08

31.31 TC= 69.90
82.5 82.5 82.3
76.3 76.3 76.3

1.39 1.39 1.44
IMJ
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V

i*"8!8S*"8!i8""8!i$*"8!56**8!38**8!48**6!88**8!88**8!*)8"*8!88*"6!58*"i!88"*i!I8**I!88"*l!38**i!48
RUN*
TW
TL
HT

NO.=151 S= 73.26 AQ= 15.638 DELTSUBs 14.350C= 0.9000 Tls 20.60 T2= 34.14 TOs 48.90
97.9 100.9 102.4 102.0 106.0 108.1 111.7 112.9 103.6 102.4 102.0 102.0 102.0 102.4 102.4 102.8
84.8 85.8 86.9 87.9 89.9 92.0 94.0 96.1 98.1 98.1 98.1 98.1 98.1 98.1 98.1 98.1
1.19 1.04 1.01 1.11 0.97 0.97 0.89 0.93 2.84 3.68 4.06 4.06 4.06 3.68 3.68 3.36

RUN N0.sl52 S= 73.96 AQs 15.638 DELTSUBs 62.2500= 0.9o5() Tl= 20.10 T2= 33.65 TC= 48.20
TW 60.3 65.8 69.4 73.6 83.1 90.8 100.3 109.4 103.4 107.4 102.4 102.4 102.4 102.4 102.8 102.6
TL 39.9 44.4 48.8 53.3 62.2 71.1 79.9 88.8 97.7 97.8 97.8 97.8 97.8 97.8 97.8 97.8
HT 0.77 0.73 0.76 0.77 0.75 0.79 0.77 0.76 2.73 3.36 3.36 3.36 3.36 3.36 3.10 3.22

PUN NO.=153 S= 89.24 AQ=
TW 70.1 73.9 75.9 76.3
TL 50.0 50.4 50.8 51.2
HT 0.42 0.36 0.33 0.33

RUN NO.=154 S= 93.40 AQ=
TW 63.7 65.6 64.9 64.4
TL 43.2 44.0 44.8 45.6
HT 0.41 0.39 0.42 0.44

PUN NO.=165 S= 93.40 A0=
TW 71.1 76.1 77.9 78.3
TL 46.3 46.9 47.5 48.1
HT 0.46 0.38 0.37 0.37

RUN N0.sl56 S= 93.40 AQ=
TW 70.9 76.5 78.6 79.9
TL 46.8 47.4 48.0 48.6
HT 0.47 0.39 0.37 0.36

RUN NO.=157 S= 99.65 A0=
TW 60.5 61.4 61.0 60.3
TL 39.9 40.9 41.8 42.8
HT 0.41 0.41 0.44 0.48

RUN NO.=158 S= 96.88 AO=
TW 64.6 66.7 67.9 68.5
TL 46.7 48.1 49.4 50.8
HT 0.46 0.44 0.*5 0.47

RUN NO.=159 S= 82.29 A0=
TW 68.8 71.9 74.1 76.1
TL 55.0 55.3 55.6 55.8
HT 0.59 0.49 0.44 0.40

RUN NO.=160 S= 79.51 AQ=
TW 69.4 73.2 75.4 77.4
TL 55.7 55.9 56.2 56.4
HT 0.59 0.47 0.42 0.39

SYSTEM-ACETONE

8.355 DELTSUBs
75.4 74.9 76.6
51.9 52.7 53.4
0.36 0.37 0.36

8.355 DELTSUB=
66.4 68.3 70.5
47.1 48.7 50.3
0.43 0.43 0.41

11.228 DELTSUBs
77.9 77.6 80.1
49.3 50.5 61.7
0.39 0.41 0.40

11.228 DELTSUBs
79.2 78.3 80.1
49.7 50.9 52.0
0.38 0.41 0.40

8.355 DELTSUBs
63.5 65.8 67.4
44.8 46.8 48.7
0.45 0.44 0.45

8.294 DELTSUBs
70.5 63.7 63.5
53.6 56.3 56.3
0.49 1.13 1.16

8.108 DELTSUB=
74.8 64.2 64.4
56.4 56.4 56.4
0.44 1.04 1.01

8.108 DELTSUBs
72.8 64.6 64.6
56.P 56.8 56.8

0.51 1.05 1.05

6.7500= 0.9000 Tls 23.55 T2s 28.48
7«.l 78.8 79.9 62.1 61.4 61.2 62.1
54.2 54.9 55.7 56.4 56.4 56.4 56.4
0.35 0.35 0.34 1.47 1.65 1.74 1.47

14.2000= 0.90&0 Tl= 23.80 T2= 28.73
72.3 73.9 75.6 64.4 62.8 62.1 62.3
51.9 53.4 55.0 56.6 56.6 56.6 56.6
0.41 0,41 0.41 1,07 1.35 1.52 1.45

10.6500= 0-.9005 Tls 23.30 T2s 59.93
81.8 82.9 84.0 64.4 64.6 63.7 63.9
52.9 54.0 55.2 56.4 56.4 56.4 56.4
0.39 0.39 0.39 1.40 1.37 1.54 1.49

TC= 52.20
61.4 62.6
56.4 56.4
1.65 1.35

TCs 52.45
61.7 63.0
66.6 56.6
1.65 1.31

TC= 52.20
63.3 64.6
56.4 56,4
1.64 1.37

10.35QCS 0.9000 Tls 23.30
82.5 83.8 85.3 64.6 64.1
53.2 54.3 55.5 56.6 56.6
0.38 0.38 0.38 1.40 1.49

T2s 29.92 TC= 52.65
63.9 64.1 63.3 64.9
56.6 56.6 56.6 56.6
1.53 1.49 1.69 1,36

17.70QC= 0.9000 Tl= 23.05
69.7 71.2 72.9 70.7 65.3
50.7 52.7 54.6 56.6 56.6
0.44 0.45 0.46 0.59 0.96

11.0500= 0.9000 Tl= 22.30
62.6 62.3 62.1 61.9 62.1
56.3 56.3 56.3 56.3 56.3
1.33 1.38 1.44 1.49 1.44

1.65QC= 0.9000 Tl= 21.60
63.9 63.3 62.8 61.7 61.4
56.4 56.4 56.4 56.4 56.4
1.07 1.18 1.27 1.54 1.61

1.4000= 0.9000 Tl= 22.10
64.4 63.5 62.8 62.3 62.1
56.8 56.8 56.8 56.8 56.8
1.07 1.22 1.36 1.47 1.54

T2= 27.97 TC= 52.70
65.1 63.0 61.9 63". 0
56.6 56.6 56.6 56.6
0.98 1.31 1.58 1.31

T2= 31.67 TC= 53.35
62.3 61.7 61.9 62.3
56.3 56.3 56.3 56.3
1.38 1.56 1.49 1.38

T2s 31.73
61.4 61.2
56.4 56.4
1.61 1.69

T2= 32.18
61.9 61.7
56.8 56.8

1.61 1.69

TC= 51.50
61.4 62.1
56.4 56.4
1.61 1.42

TC= 53.15
62.3 62.8
56.8 56.8

1.47 1.36 to
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Laaaiallaal>lia,lallaalallaaIallallatlaalallMiail*alalIaal,llaai*li*aiai!aalatlaaiail'aiaiiaai'll
Z 0.05 0.16 O.IS 0.20 0.30 0.40 0.50 0.60 0.70 5.86 5.90 1.00 1.10 1.20 1.35 1.45

PUN*Nn*=22i'*S=**96l88**AQ=" '5*957* *DELTSUBs **5f *80OCs *6.9056 *'fl" "55 "60'""t2=" 54 "I8**TC= *60I30
TW 79.0 84.9 86.6 87.3 92.7 97.9 104.1 109.8 115.1 120.5 125.6 123.2 120.3 117.8 117.4 117.9
TL 56.9 59.7 62.6 65.4 71.1 76.8 82.4 88.1 93.8 99.5 105.2 110.8 110.9 110.9 110.9 110.9
HT 0.27 0.24 0.25 0.27 0.28 0.28 0.28 0.27 0.28 0.28 0.29 0.48 0.63 0.86 0.92 0.84

RUn"n6I =222"ss"*76*64"aQs""2!642"dELTSUBs*' *5!75QC='6.9666" TIs" '2i.36""T2s"24'6*.' *TCs*50.86
TW 109.6 113.6 114.9 115.9 114.7 113.6 114.0 114.2 114.0 114.0 114.0 113.6 113.8 113.6 113.6 113.8
TL 106.1 107.0 108.0 108.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9
HT 0.58 0.31 0.30 0.29 0.53 0.74 0.65 0.61 0.65 0.65 0.65 0.74 0.69 0.74 0.74 0.69

RUN*n6.s223"ss'*76'64"aQs'"3*734"d^
TW 114.9 116.7 115.7 115.9 118.2 118.8 117.1 116.3 115.3 115.1 114.9 114.7 114.9 114.9 114.7 115.1
TL 105.1 105.7 106.3 107.0 108.2 109.4 HO.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 HO.6
HT 0.38 0.34 0.40 0.42 0.37 0.40 0.57 0.66 0.80 0.84 0.88 0.92 0.88 0.88 0.92 0.84

RUN*n6's224"*Ss'"76'64* *A6s"{*589"DEL.fsUB=* **5 | 75qc= *0 *9666 " ' Tl =" 21 . 60 " **T2=" 14 "91 " TC= ' 59 "85
TW 119.3 119.6 119.9 120.3 121.8 123.8 126.3 124.2 121.9 120.9 120.1 119.4 119.6 120.3 119.9 121.5
TL 105.4 105.9 106.3 106.8 107.8 108.7 109.7 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT 0.84 0.84 0.86 0.86 0.83 0.77 0.70 0.86 1.03 1.13 1.23 1.32 1.29 1.21 1.26 1.07

ftON'fid.iBJi'lis" "s**"il$,£6" 'ASi'Iil'iS'l" *&i;ru'}a>lu&iB"" "iS,§5QC»"5,5ddd" **H***iH lifi" '"T2="38.73"fc=*6i!65
TW 119.6 119.6 120.1 120.5 122.8 125.0 126.4 123.6 121.8 121.1 120.5 120.3 120.7 121.5 120.9 123.0
TL 105.2 105.7 106.2 106.7 107.7 108.7 109.7 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT 1.03 1.06 1.07 1.08 0.99 0.91 0.88 1.15 1.34 1.42 1.51 1.55 1.48 1.37 1.45 1.20

RUN *NO "s226**S= "68*40* *AQ =*14! 854 " DELTSUBs ' " 5! 95QC= "5 ' 9000 ' 'fis"*2i*85* T2=" 36 . 77 " TC= "61 *4s
TW 120.3 120.1 119.4 120.3 122.8 123.2 122.4 123.4 121.9 121.3 120.9 121.1 121.3 122.1 121.5 123.8
TL 105.8 106.2 106.6 107.1 107.9 108.8 109.6 110.5 111.3 111.3 111.3 111.3 111.3 111.3 111.3 111.3
HT 1.03 1.07 1.16 1.1,3 1.00 1.03 1.17 1.15 1.39 1.49 1.55 1.52 1.49 1.37 1.46 1.19

RUN NO.=227 S= 76.04 AQ= 8.696 DELTSUB= 6.7500=
TW 119.4 119.1 117.4 118.2 120.4 121.5 120.7 121.5 119,
TL 104.6 105.1 105.5 106.0 107.0 108.0 108.9 109.9 110,
HT 0.S8 0.62 0.74 0.71 0.65 n.fr4 0.74 0.75 0,

RUN NO.=228 S= 76.74 AQ= 6.086 DELTSUB= 5.95QC=
TW 118.9 117.8 116.7 117.1 119.4 120.1 119.4 118.8 117,
TL 1.05.5 106.1 106.7 107.3 108.5 109.7 110.9 110.9 110,
HT 0.46 0.52 0.61 0.62 0.55 0.59 0.71 0.77 0

RUN NO.=229 Mm 53.13 AQs 14.854 DELTSUB= 5.550r=
TW 119.6 121.7 123.0 124.0 123.0 120.9 120.4 120.9 120,
TL 106.2 107.2 108.1 109.0 110.9 110.9 110.9 110.9 HO,
HT 1.11 1.02 1.00 0.99 1.22 1.48 1.55 1.49 1,

0.9000 Tl= 21.10 T2= 29.97 TC= 58.20
6 118.6 117.8 117.6 117.8 118.4 118.0 119.4
9 110.9 110.9 110.9 110.9 110.9 110.9 110.9
99 1.12 1.26 1.30 1.26 1.15 1.22 1.01

0.9000 Tls 21.10 T2s 29.14 TCs 53.60
4 116.5 116.3 116.1 116.3 116.7 116.3 117.4
9 110.9 110.9 110.9 110.9 110.9 110.9 110.9
94 1.08 1.12 1.16 1.12 1.04 1.12 0.94

0.9000 Tl= 21.10 T2= 44.26 TC= 60.05
4 120.4 120.4 120.3 120.9 121.5 121.3 123.2
9 110.9 110.9 110.9 110.9 110.9 110.9 110.9
55 1.55 1.55 1.58 1.49 1.39 1.42 1.20

RUN NO.=230 S= 53.13 AQ= 11.625 DELTSUBs 5.750Cs 0.9000 Tls 20.30 T2= 38.30 TC= 61.65
TW 119.4 120.6 121.9 123.2 121.5 119.4 119.1 119.4 119.4 119.4 119.4 119.3 119.6 120.3 120.1 121.9
TL 106.1 107.0 108.0 108.9 110.9 110.9 11.0.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9 110.9
HT 0.87 0.85 0.83 0.81 1.09 1.35 1.42 1.35 1.35 1.35 1.35 1.38 1.32 1.24 1.26 1.05 CO

CO



*

i"'b'.os' '5* 16* "lis" 5*2o"6*3o"6" 46 "6*55"6*6o* "6*76* "5*85' "6* 96 "iI66"i'i6"il25"i'35"K46
RUN*Nn",=2 31. "s=* *5311 3 " *AQ=* 'SI 727* *DELTSUBs* ' *5 *4000s *0 *9565 " *Ti ="i9*.85* "T2s " 3 3 I 51 "TCs ' 58 " 90
TW 117.6 117.4 119.6 122.8 119.1 117.4 117.1 117.6 117.6 117.6 117.6 117.6 117.8 118.4 118.2 119.4
TL 102.0 103.7 105.5 107.2 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6 110.6
HT , 0.56 0.64 0.61 0.S6 1.04 1.30 1.34 1.26 1.26 1.26 1.26 1.26 1.23 1.13 1.16 0.99

RU*i*Nn!s232"s=**53.*3' "AO= " 5! 957 " DELTSUB= *"12 I4000= *6 *900 5**Ti ="'9*85' T2=" 30 *18" TC =' 55 I56
TW 116.3 116.3 119.4 117.6 116.1 115.5 115.9 116.3 116.1 116.3 116.3 1.16.3 116.3 116.9 116.7 117.6
TL 101.8 104.9 108.0 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1 111.1
HT 0.41 0.52 0.52 0.92 1.19 1.35 1.24 1.15 1.19 1.15 1.15 1.15 1.15 1.03 1.06 0.92

RUN* NO l =233" S=" 53.1 3*" AQs "*3 '.154" DELTSUB=" 17 *100C="0 I 90 00 " "Tls *' J 9 *85 " " T2s ' "26 *23 "f0= *59 "15
TW 110.6 116.5 117.4 116.3 115.1 114.7115.1 115.3 115.3 115.3 115.3 115.3 115.5 115.7 115.5 115.9
TL 98.9 103.2 107.5 111.7 1H.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7 111.7
HT 0.32 0.2R 0.38 0.81 1.10 1.24 1.10 1.04 1.04 1.04 1.04 1.04 0.98 0,93 0.98 0.89

RUN"N6Is2U**vS=''35!6V*AQs*i4*H5*"DELTSUB=* * \ 7 ' 75QC ?* 1. ' 8500 **T1= " 20 l 10 * ' " T2= " 31 I 37 ' ' TC =*61 ' 65
TW 114.6 120.9 121.3 121.1 120.3 119.9 120.3 120.7 120.9 121.1 121.3 121.5 12/2.6 124.1 123.9 127.1
TL 97.1 100.1 103.0 106.0 111.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9 HI.9 111.9 111.9
HT 0.85 0.72 0.82,0.99 1.78 1.87 1.78 1.69 1.66 1.62 1.58 1.55 1.40 1.23 1.25 0.98

ftufi*fi6*,«2IS" *s»* "SS*65* *jt6»#i*|,ift*3>" *6££*lildfiat'> "i§*^5dc*aI*lft§66" 'fis**56Ii6' "T2="32"36"fc=" 61.65
TW H4.6 120.3 121.1 120.9 120.3 119.9 120.3 120.9 120.9 121.1 121.5 121.5 122.6 124.3 124.3 127.1
TL 98.0 102.6 107.3 111.9 111.9 111.9 111.9 HI.9 HI.9 111.9 111.9 111.9 111.9 111.9 111.9 111.9
HT 0.89 0.85 1.08 1.66 1.78 1.87 1.78 1.66 1.66 1.62 1.55 1.55 1.40 1.21 1.21 0.98

SYSTEM-ETHYL*ACETATE

PUN NO.=236 S= 97.57 A0=
TW 79.9 80.3 79.0 78.8
TL 56.7 58.2 59.7 61.2
HT 0.37 0.39 0.45 0.49

RUN NO.=237 S= 97.57 AQ=
TW 71.9 66.9 67.9 70.3
TL 45.7 48.0 50.4 52.7
HT 0.33 0.46 0.49 0.49

RUN NO.s238 S= 97.57 AQs
TW 64.2 60.8 61.7 64.6
TL 39.2 41.6 44.1 46.5
HT 0.34 0.45 0.49 0.47

RUN NO.=239 S= 96.18 AQ=
TW 93.1 99.6 84.3 83.8
TL 69.7 72.9 76.1 76.1
HT 0.64 0.56 1.83 1.94

PUN NO.=240 Mm 97.57 AQs
TW 89.3 94.6 99.0 100.1
TL 70.2 71.4 72.6 73.8
HT 0.61 0.50 0.44 0.44

8.634 DELTSUB=
82.9 84.1 86.6
64.2 67.1 70.1
0.46 0.51 0.52

8.634 DELTSUBs
73.6 76.3 80.1
57.4 62.1 66.7
0.53 0.61 0.65

8.572 DELTSUBs
68.8 72.5 76.5
51.5 56.4 61.3
0.50 0.53 0.56

14.937 DELTSUBs
85.6 84.7 85.8
76.1 76.1 76.1
1.58 1.74 1.54

11.55 3 DELTSUBs
84.7 84.4 85.1
76.3 76.3 76.3
1.37 1.41 1.31

20.9000= 0.9000 Tl= 21.80
87.5 82.3 81.8 81.8 81.6
73.1 76.1 76.1 76.1 76.1
0.60 1.39 1.51 1.51 1.58

T2= 29.11
82.5 82.5
76.1 76.1
1.35 1.35

32.7500= 0.9000 Tl= 21.80 T2= 28.91
82.9 82.7 82.5 82.5 82.5 83.1 82.9
71.4 76.1 76.1 76.1 76.1 76.1 76.1
0.75 1.30 1.35 1.35 1.35 1.22 1.26

39.40QCs 0.9000 Tl= 21.80 T2= 27.71
80.8 82.7 82.5 82.5 82.3 82.9 82.7
66.2 71.2 76.1 76.1 76.1 76.1 76.1
0.59 0.74 1.34 1.34 1.38 1.25 1.30

9.65QCs 0.9000 Tls 21.60 T2= 43.49
83.8 83.6 83.4 83.8 85.4 84.9 86.0
76.1 76.1 76.1 76.1 76.1 76.1 76.1
1.94 1.99 2.06 1.94 1.61 1.70 1.51

7.25QCS 0.9000 Tls 2*.60 T2s 36.51
83.8 83.6 83.1 83.4 84.7 84.1 84.9
76.3 76.3 76.3 76.3 76.3 76.3 76.3
1.53 1.57 1.67 1.63 1.37 1.48 1.34

TC= 63.70
82.1 82.9
76.1 76.1
1.45 1.26

TC= 69.00
82.3 83.4
76.1 76.1
1.39 1.18

TC= 75.20
82.5 83.4
76.1 76.1
1.34 1.17

TC= 66.90
85.1 86.0
76.1 76.1
1.66 1.51

TC= 66.00
84.1 85.1
76.3 76.3
1.48 1.31

IMJ

o
o



2
0

1

•
o

•
4

*
X

•
i
n

—
.
-
l
a

m

"
i
n

—
m

c
M

X

a
C

4
*

m
-
H

©
•
o

a
—

4
©

X

>
in

*
-
4

m
—

i
m

•
m

x
m

©
a

•
m

x
x

—

C
M

•
m

x
x

c
m

C
M

•
o

r
-
o

c
M

X
"
i
n

x
i
n

—
•

»
—

4

•
O

«
m

•
«

o
x
©

•
m

x
r
-

•
x

•
m

•
ll*

*
—

—

•
a

m
X

-
H

»
x
x
r
-

•
X

>
a

o

•
ll

—
m

<
*

>
»

—
4

X
—

H

•
m

x
r
-

>
x

•

•
m

•
H

r
-
m

m

•
>

a
x
—

4

•
m

r
-
r
-

•
r
-

i

'
C

M

•
n

o
—

m

•
«

m
x
c
M

•
a

x
r
—

•
x

1
—

4

•
l
i
x
m

x

•
»

m
x
c
M

•
a

x
r
—

t

•
X

i

•
ii

x
m

x

•
»

m
x
—

4

•
a

x
r
-

i

•
X

•
m

•
ll

m
x
*

*

>
«

m
x
—

t

•
a

x
r
—

•
X

>
o

•
ll

m
x
m

>
»

©
i
n

-

•
m

x
r
-

i

•
X

»
X

•
ii

a
a

*
*

•
•
—

4
X

—
4

•

•
i
-
x
r
-

•

>
x

•
a

—
4

•

a
ii

r
-
m

*
*

•

•
o

•C
M

•
E

-
a

x
—

•
r
-
r
-

•
o

X

"
H

C
M

X
—

a
X

I
—

»
©

C
M

,
Q

\
m

m
^

"
E

h
C

X
-

•
X

I
—

>
—

X

•
o

a
m

c
M

•
E

-
a

x
—

•
r
-
r
-

•C
M

*
*

i
>

X
*

*
—

4
—

4

•
H

m
x
-
H

•
x
r
-

•
m

.
e
—

•
r
-
x
m

m

•
E

-
m

x
—

•
X

I
-

i

»
m

—
t

i

•
r
—

x
m

x

•E
-C

M
X

—
*

•
X

I
—

•
m

*
*

i
x

jic
r
i\s

>
r
n

•E
-i

C
M

X
—

•
x
r
-

•
©

m

•
a

m
x
«

*

a
E

-
a

i
n

—
•

r
-
r
-

•
X

X

•
i
n

m
a

c
M

•
H

e
x
—

•
>

X
I
—

•

i
n

x
•

»
©

—
i
n

c
m

•

•
—

4

•
©

.
—

4

»
*

*
©

x
©

•
C

M
x
r
-

•
X

•
ii

—
—

a

a
©

C
M

X
—

•
m

x
r
-

•
m

>
ll

x
m

i
n

l
J
—

O
X

-
4

>
c
m

x
i—

•
m

i

•
l
l
r
-
m

m

•
*

*
a

x
—

•
c
M

i
-
r
-

.
C

M
i

•
n

o
-
m

i •
—

4
m

x
—

4

•
m

x
r
-

•
O

i

•
l
l
—

m
r
-

•
—

f
t
n

x
—

4

•
m

x
r
-

•
m

t

•
i
|
4

*
m

x
i •

a
c
M

x
—

•
C

M
X

I
—

i

.
X

i

•
n

-
4

x
m

•
a

c
M

x
—

•
C

M
X

I
—

•
C

M
t

•
ii

a
x
x

•
m

o
m

-

•
C

M
x
r
-

.
X

i

•
i
i
a

o
*

*

"
X

-
X

—
•

•
C

M
x
r
—

•

>
X

•

•
i
i
m

m
*

*
•

»
—

4

•
O

•
O

•
E

h
O

X
C

•
X

I
—

•
X

,
m

—
x

"
E

-
-
4

X
-
4

>
x
r
-

i

.
m

i

•
x
m

m

•
E

h
O

X
—

4
>

x
r
-

t

i
C

M
t

>
-
.
m

c
M

•
E

-
a

x
-

•
r
-
r
-

i

•
C

M
i

•
©

—
t
m

i •
H

i
n

x
—

i
x
r
-

i

.
*

*
i

i
a

m
i
-

i •
E

-
m

x
—

•
X

I
—

t

>
i
n

•

•
*

*
m

x
t •E

-
C

M
X

-
h

c
o

r
-

t

.
X

t

•
—

x
m

i •E
h

—
4

X
—

*
•

X
I
—

t

•
O

i

•
x
x
r
-

•
E

-
a

m
—

4

•
r
-
i—

•

.
x

•

•
c
r
c
t
^

i •
E

-
©

X
—

•
>

X
I
—

•

>
X

•

•
m

m
.
*

•

.
-
4

«
©

•
a

•
m

o
x
c

•
»

x
r
-

•
—

4
1

•
c
m

m
i

•
a

—
m

i
x

—
x
—

i

>
.
x
r
-

i

>
©

t

>
C

M
X

t
•

—
m

.
*

•m
—

x
—

'

•
«

x
r
-

i

'4
-
4

t

•cm
m

t

•
—

m
o

i
f
i
a

x
—

•
«

r
-
r
-

t

•
©

t

•c
m

m
i

•
C

M
—

C
M

i

-
4

*
*

X
—

4

•
.
x
r
-

i

•
4

-
4

1

•C
M

—
i

•
x
m

x

>
-
H

i
n

x
—

t

.
.
x
r
-

t

•
—

4
t

•C
M

-
4

t

•
x
m

x
i

X
C

M
X

—
4

i
i

>
x
r
-

•

1
—

H
1

iC
M

©
t

•
m

x
m

i

X
—

X
—

•
«

x
r
-

i

—
4

1

C
M

C
M

i

•
a

x
x

•
x
a

m
-

•
»

r
-
r
-

•O
i

•C
M

O
i

•
—

a
*

*

•
—

<
O

X
—

4
•

•
»

x
r
-

•

•4
-
4

,

•C
M

-
4

.

•
r
-
m

*
j

«

•
©

•
o

•
X

•
I
I

C
M

X
©

•
—

x
r
-

•E
->

,
X

.
m

—
«

*

•
ll

cM
>

r
—

>
-
H

X
I
—

1

•
c
-

>
X

i

»
—

im
*

*
i •

II
C

M
X

—
>

-
4

X
I
-

•E
-

•
m

.
*

*
m

r
-

i '
I
I
C

i
C

-
•
—

r
-
r
-

i

•
H

<
»

m
i

•
c
m

—
o

;
i •

li
m

x
—

•
—

x
r
-

i

•E
->

•
i—

i

•
*

*
m

*
*

i •
M

i
n

x
—

i
•
—

X
I
—

t

•E
h

i
•

C
M

t

•
(
*

i
f
l
^

i •
II

C
M

X
—

i
i
—

X
I
-

i

•E
-

t
•

o
t

•
m

x
m

i •11
-
4

X
—

—
x
r
-

•
H

i
>

X
i

.
—

x
m

•
li

c
m

—
•
—

x
r
-

i

•E
-

•
©

i

•
r
tO

>
4

f
i •

I
I
O

X
—

•
•
-
4

X
I
-

,
•E

-t
.

•
—

4
.

•
t
-
m

*
»

•

•
c

•
o

•
t—

•
c
*

*
x
c

.
©

X
I
-

K
J
s

i

.
,

—
4

•
o

m
—

4
X

•
C

C
M

X
-

i

>
©

X
I
-

t

•
a

i

i
«

X
t

i
©

—
m

*
*

t •0
*

*
X

O
i

•
©

x
r
—

t

•
a

i
.

—
4

1

o
x
m

x
t •

o
a

x
—

4
i

•
o

r
-
r
-

t

a
t

.
*

*
i

O
4

*
—

4
—

4
1

©
X

X
—

i

©
x
r
-

t

a
i

•
•

X
t

©
m

i
m

x
t

O
X

X
-
4

t

•
O

X
I
—

i

a
i

•
•

r
-

•

o
i
n

m
x

t •
O

C
M

X
-

t

©
X

t
-

i

a
i

•
m

i

o
m

x
.
*

t

O
C

M
X

—
i

o
x
r
-

i

a
i

•
•

m
•

o
m

x
t

«
*

t •
c
©

m
-

t

•
o

x
r
-

i

a
i

.
.

X
t

o
a

a
—

t

©
©

X
—

4
»

•
o

x
r
-

»

•
a

.
•

«
—

4
•

•
c
r
-
m

*
*

•

•
o

•
o

•
X

•
I
I
C

M
X

O
t

•
U

x
r
-

i
•
O

t
•
m

m
t

•
m

a
—

m
i

II
C

M
X

—
t

u
x
r
-

t

>
o

i
m

x
•

x
—

m
*

*
'

H
m

x
©

t

u
x
r
-

•
>

o
t

©
x

•

•
a

—
4

m
r
-

•

ii
a

x
—

t

U
r
-
r
-

t

>
o

i
m

o
<

•
x
a

—
o

t

ii
a

c
m

©
t

•
u

x
r
-

t
.©

t

O
1—

t

O
x

r
r

r
-

< •
i
i
a

c
M

©
<

•
U

x
r
-

i

o
*

*
•

i
x
«

*
m

r
-

t

II
C

M
X

—
i

u
x
r
-

<

•
O

i
m

a
•

m
a

x
—

t

H
C

M
X

-
4

t

u
x
r
-

i

a
t

O
©

t

—
X

X
I
-

i

ii
c
m

—
i

U
x
r
-

t

•C
t

o
a

<
•
O

X
m

c
M

t

I
I
O

X
—

•
U

x
r
-

•
•
ao

m
•

m
a

t
n

m
»

•
c

•
©

•
m

•
O

C
M

X
C

•

•
—

x
r
-

t

•
C

M
i

•
n

*
*

*
*

*
*

i iC
M

C
M

X
—

t

x
r
-

•

>
X

i

•
l
i
a

m
c
M

i

*
*

<
*

X
C

t
X

I
-

t

>
m

•

ll
m

m
m

t

C
M

O
X

—
t

>
—

r
-
r
-

t

.
o

i
•
ii

a
—

-
o

• 'C
M

I
-
X

O
t

m
x
x

t

•
C

i

•
ll

x
s
m

r
-

• •—
X

X
O

t

m
x
x

i

•
4

-
1

1

'li<
*

«
*

r
-

t

in
r
r
,t£

)
^

'
i

m
x
r
—

t

•
m

•

H
C

M
x
m

t

O
X

X
C

i

4
*

x
r
-

t

•
m

i
U

^
d

-
m

t '—
*

*
*

*
C

i
>

—
a

r
-

i

>
©

•
l
i
r
-
i
-
m

i •
m

o
x
—

•

i
—

x
r
-

•

•
—

4
.

li*
*

m
c
M

•

•
o

•
©

•
*

*

•
3

m
*

j
©

t

•
w

a
r
-

t

•
H

i
•
3

m
•

•
fa

j4
*

X
*

*
1

3
C

M
X

-
4

i

w
x
r
-

t

tr<
i

3
X

t
ifa

im
c
M

m
t

©
C

M
r
n

o
t

w
a

r
-

t

E
-

i
3

m
t

i
f
a

j
a

r
-
m

t o
a

x
—

•

w
r
-
r
-

t

H
t

3
C

M
t

ifa
im

—
n

X
I

3
m

*
*

©
t

>
W

X
X

t

•
H

t
3

*
*

t

•
f
a

i
x
m

x
t

3
m

*
*

c
«

w
a

x
t

•E
h

i
3

*
*

4
f
a

.X
*

*
X

i

3
i
n

c
©

t

w
a

r
-

t

E
-

<
3

X
t

'f
a

i
x
r
-
m

t

3
*

*
a

c
t

•
w

a
x

t

H
i

3
X

•
fai

a
c
v

m
i •

3
C

M
C

M
O

t

•
w

o
^
r
-

•

E
-»

i
3

C
M

t
f
a

i
i
n

-
m

i

3
—

4
X

—
4

•

•
w

x
r
-

•

E
-<

•
3

I
-

•

u
:
*

*
m

x
•

•
©

•
o

•
m

•
—

C
M

©
i

•
X

I
-

i

•
m

t

«
r
-

a
•

•
i
—

m
x
m

t 1
C

M
X

—
4

l

.
a

o
r
-

•

•m
i

o
—

i

X
l
-
X

*
*

t

—
«

*
C

t

a
r
-

t

m
*

*
i

>
a

*
*

x
m

t •
C

M
X

C
i

X
I
-

i

r
»

i

.—
4

*
.

>
x

—
a

c
m

t

m
o

o
i

X
X

t

r
-

t

m
m

i
•
a

<
*s

m
*

*
t >

m
o

o
t

X
X

i

r
-

i

m
x

a
.
a

4
-4

4
*

*
*

i

X
*

*
©

t
X

X
•

>
m

i

©
m

a
x
*

*
a

m
t •

x
m

o
t

X
X

i

m
i

©
x

•
x
m

i
n

m
t

a
—

t
©

i

x
r
-

t

<
m

c
m

•
d

'<
T

<
^

r
r
,

i •
m

x
©

•
X

I
—

•
—

t
.

m
m

•

O
i
i
n

x
m

.

•
o

•
o

•
C

M

•
m

©
©

c
<

•
x
r
-

<

•
ll

r
-

t
•
O

C
M

—
m

t

x
x
m

o
•

a
r
-

<

ll
—

«

m
—

m
o

t

a
r
-

t

II
X

t
O

m
o

m
t

m
a

c
M

O
t

X
I
—

t

II
X

t
'O

m
r
-
C

M
t

*
*

a
x
©

t
—

x
m

t

>
||

x
•

>
Q

C
firrt<

&
, •

*
*

a
x
©

•

i
—

x
m

<

II
x

•
•O

—
4

*
*

*
*

<

a
o

m
x
o

<

x
m

•

II
x

•
o

x
a

m
t

X
©

X
C

i

x
m

•

11
X

t
0

*
*

x
m

t

m
r
-
a

©
•

>
X

X
t

•
11

*
*

<
O

**•
©

m
t •

r
n

a
c
M

©
•

x
r
-

•

ii
r
-

•
•
o

a
x
m

•

•
©

•
m

•
—

4

•
a

o
-
c
^

t

•
r
-
x

t

•
X

t

.—
i

X
t

•
«

x
c
M

m
t

X
«

*
©

t

i
a

r
-

t

r
-

t

.
o

«
*

t

•
*

*
X

*
t

• •
a

m
c

t

X
I
—

t
1

4
*

t

c
m

r
-

t

•
a

x
m

i >
*

J
"
C

T
s©

t

x
x

t

•
m

t

m
x

t

.
«

X
-

C
M

i •
*

*
C

M
O

t

•
x
m

i

•
m

t

'*
*

X
t

•
•
—

4
m

*
i

i

m
c
M

ic
•

>
x
m

'
i

m
i

•*
*

a
<

•
.—

m
*

*
i

X
C

M
©

t

r
-
m

t

r
-

t

m
x

t
.—

4
O

-
m

i

m
o

c
t

r
-
*

j
t

•X
t

•C
M

X
t

•
m

m
m

i

m
a

c
i

'
X

X
•

•
m

t

*
*

m
t

•
"
m

e
s
m

i

*
*

X
©

•

X
X

•
©

•

>
—

X
•

•
«

m
x
m

•

•
©

•
o

•
a

x
x

o
t

.
r
-
x

•

•
ll

r
-

<
•
W

x
m

m
t

X
*

*
*

*
©

t

a
t
-

i

li
—

•
w

r
s
m

m
t

X
X

C
M

©
t

x
r
-

t

ll
r
-

t
w

*
t

c
m

m
t

r
-

—
x
c

i

X
X

i

II
O

t
w

t
M

i
n

m
i •

!
-

—
C

©
>

>
a

m
-

t

•
ll

m
•

w
*

*
m

*
}

i «
r
-
-
o

©
i

•
x
m

•

•
II

r
-

<
K

m
m

*
*

t

r
-
*

*
a

©
•

i
-
*

»
t

II
x

•
w

m
a

m
t

t
-
O

X
©

t

r
-
4

*
t

ll
r
-

•
w

*
*

—
m

t

r—
*

*
r
-

©
t

>
X

X
•

II
*

*
t

w
a

*
»

m
t •
X

C
M

X
©

•

-
X

X
•

II
X

•
w

o
r
n

•

•
©

•
m

•
©

•
r
-
r
-
o

t

•
—

r
-
x

a
•
*

*
.

•C
M

—
<

•
II

x
«

*
*»

•

—
*

*
o

<

C
M

a
>

r
-

t

*
*

•

C
M

C
M

t

ll
x

a
x

i

X
C

M
©

t

m
x
r
-

>

*
*

t
c
m

m
<

n
a

x
«

*
i

a
x
©

t
*

*
l
—

X
t

i*
*

t

C
M

X
t

H
*

*
a

m
t •

—
X

C
t

m
x
*

*
<

•*
*

t

4tM
O

t
ll

x
m

*
*

t i
c
o

c
o

<

X
X

*
*

4
• 4

*
•

>
C

M
—

4
•

n
a

m
*

*
<

o
x
o

•

r
-
r
-
*

*
i

*
*

i

C
M

C
M

i

ll
m

e
m

<

x
m

©
t

x
x
*

*
a

*
*

i
c
m

m
t

II
x

a
m

t

m
x
©

t

a
x
x

a
.4

*
t

C
M

X
t

•
II

m
x
m

t

—
*

*
©

•
o

x
x

•

•
m

•

c
m

m
•

ll
x
a

m
•

•
o

•
N

•
o

m
x
c

t
•
z
r
-
x

t

•
Z

i

•
3

3
C

3
H

>
•
X

E
-
E

-
X

t

O
r
-
m

o
t

z
x
r
-

t

•
Z

t

3
3

t
3

E
~

'
X

E
-
E

-
X

' 'O
*

*
—

O
t

'
Z

X
I
-

t

>
Z

i

•3
S

3
E

-
t

•
X

E
-
E

-
X

t •
o

m
*

*
o

-
>

z
r
-
x

t

•5
2

i

3
3

.
3

H
'

•
X

E
-
H

X
i •

O
m

x
©

i
•
z
x
*

»
•

•2
t

•
-
3

3
E

-
•
X

E
-
E

-
X

i •
O

C
M

X
©

t
Z

X
*

*
t

>
z

•

O
i
J
H

i
•
X

E
-
E

-
X

i 'O
©

*
*

©
t

Z
I
-
*

J
t

z
•

3
3

.
3

E
-

'
X

E
-
E

-
X

•

o
m

a
©

t
<

Z
\C

r
r
,

t

z
•

3
3

S
3

E
-

i
X

E
-
E

-
X

i •
o

c
M

i
n

©
i

•Z
X

X
i

•
z

•

Q
3

J
H

•
X

E
-
E

-
X

t •
c
a

c
v
o

•
•
z
r
-
x

•

>
z

•

'3
3

1
3

E
-

•
•
X

E
-
E

-
X

•



X

^

z'**6:65**6:i5**6:i5**6:55**6:36**6:45**6:56**6:66**6:56**6:§6**6:96**i:65"i:i5**?:55"i:36"i:45

RUN NO.=251 S= 75.35 AQs 5.931 DELTSUBs
TW 82.5 83.6 84.1 85.8 89.1 91.4 95.2
TL 64.6 65.5 r-6.4 67.4 69.2 71.0 72.8
HT 0.33 0.33 0.34 0.32 0.30 0.29 0.27

12.80QC= 0.9000 Tl= 20.10 T2=
98.1 86.2 80.9 80.7 80.5 80.7
74.7 76.5 76.5 76.5 76.5 76.5
0.25 0.61 1.33 1.41 1.48 1.41

25.14 TC= 63.50
80.9 80.9 81.4
76.5 76.5 76.5
1.33 1.33 1.21

RUN NO.S252 S= 78.13 AQ= 8.448 DELTSUBs 3.30QC=
TW 90.6 93.8 95.6 97.3 100.t 101.1 101.6 83.6 83,
TT, 73.5 73.8 74.0 74.3 74.9 75.4 76.0 76.5 76,
HT 0.49 0,42 0.39 0.3 7 0.3 4 0.3 3 0.3 3 1.19 1,

0.9000 Tl=
6 82.9 82,
5 76.5 76,
19 1.31 1,

20.85 T2= 28.82 TC= 67.85
1 81.8 81.8 82.1 81.8 82.9
5 76.5 76.5 76.5 76.5 76.5
52 1.59 1.59 1.52 1.59 1.31

RUN NO.=253 S=
TW 96.5 101.6
TL 75.1 75.9
HT 0.53 0.44

71.88 AQ= 11
82.3 8 2.5 8 3
76.7 76.8 76
2.07 1.98 1

373 DELTSUBs
4 82.7 83,*
8 76.8 76.8
7 2 1.91 1.61

2.450C= 0.9000 Tl= 21.10 T2= 37.49
85.1 84.3 83,8 83.6 83.4 83.4 84.3
76.8 76.8 76.8 76.8 76.8 76.8 76.8
1.36 1.52 1.61 1.66 1.72 1.72 1.52

TC= 69.00
83.6 84.9
76.8 76.8
1.66 1.40

RUN NO.=254 S= 61.46 AG =
TW 83.1 82.5 82.5 82.9
TL 75.1 76.5 76.5 76.5
HT 1.82 2.44 2.45 2.28

RUN NO.=255 S= 66.32 AQs
TW 92.7 95.0 94.6 93.6
TL 70.3 71.2 72.1 73.0
HT 0.38 0.36 0.38 0.42

RUN NO.s256 S= 60.07 AQs
TW 82.3 82.5 82.9 83.1
TL 72.2 72.8 73.4 74.0
HT 1.13 1.18 1.20 1.26

RUN NO.s257 S= 55.21 AQs
TW 83.6 84.1 84.3 84.4
TL 73.4 73.8 74.3 74.7
HT 1.46 1.45 1.49 1.5 3

RUN NO.=258 S= 53.85 AQ=
TW 84.1 81.1 80.5 79.9
TL 72.1 75.4 75.4 75.4
HT 0.50 1.03 1.17 1.32

RUN NO.s259 %m 52.43 AQ=
TW 81.6 83.6 87.9 88.4
TL 69.3 70.7 72.1 73.5
HT 0.94 0.89 0.72 0,77

RUN NO.s260 S= 55,21 AQ=
TW 63.5 71.2 77.4 84.3
TL 37.4 43.0 4 8.5 54.1
HT 0.33 0.31 0.30 0.29

14.689 DELTSUB= 2.80QC=
84.0 83.6 84.9 85.6 85,
76.5 76.5 76.5 76.5 76,
1.96 2.07 1.75 1.6*$ *<

1.8500 Tl= 21.10 T2= 31.82
1 85.1 84.9 84.6 84.6 85.8
5 76.5 76.5 76.5 76.5 76.5
71 1.71 1.75 1.80 1.80 1.59

TC= 68.30
84.9 86.6
76.5 76.5
1.75 1.45

8.572 DELTSUB= 7.0500=
97.8 8 3.8 83.4 82.7 82,
74.7 76.5 76.5 76.5 76,
0.37 1.17 1.25 1.38 1,

0.9000 Tl= 22.35 T2= 32.33
3 82.3 82.1 82.3 82.3 82.7
5 76.5 76.5 76.5 76.5 76.5
49 1.49 1.54 1.49 1.49 1.38

TCs 68.30
82.3 83.4
76.5 76.5
1.49 1.25

11.445 DELTSUBs
84.7 84.1 82.9
75.3 76,5 76.5
1.21 1.52 1.77

14.854 DELTSUBs
86.4 85.8 83.8
75.6 76.5 76.^
1.37 1.60 2.03

5.957 DELTSUB=
80.1 79.9 79.9
75.4 76.4 75.4
1.27 1.32 1.32

11.517 DELTSUBs
84.1 82.7 82.5
76.3 76.3 76,3
1.48 1.79 1.84

8.634 DELTSUBs
90.8 81.6 82.1
65.2 76.3 76.3
0.34 1.62 1.50

4.90GCs 0.9000 Tl= 21.80 T2= 35.05
82.7 82.3 82.1 82.1 82.5 82.3 82.3
76.5 7b.S 76.5 76.5 76.5 76.5 76.5
1.85 1.97 2.06 2.06 1.91 1.97 1.97

TC= 69.45
83.4 84.9
76.5 76.5
1.67 1.36

3.550Cs 0.9000 Tls 21.80 T2s
84.1 83.4 83.4 83.4 83.6 83.8
76.5 76.5 76.5 76,5 76.5 76.5
1.97 2.17 2.17 2.17 2.09 2.03

6.65QC= 0.9000 Tl= 21.60 T2=
80.1 79.7 79.7 79.4 79.4 79.2
75.4 75,4 75.4 75.4 75.4 75.4
1.27 1.39 1.39 1.47 1.47 1.57

8.40QCs 0.§000 Tls
82.9 82.7 82.9 82,
76.3 76.3 76.3 76,
1.72 1.79 1.72 1,

21.80 T2s
7 82.7 82.1
3 76.3 76.3
79 1.79 1.99

44.45QCs 0.9000 Tls 21.35 T2s
82.1 81.9 81.6 81.9 81.9 81.9
76.3 76.3 76.3 76.3 76.3 76.3
1.50 1.56 1.63 1.56 1,56 1.56

39.02 TC= 69.20
83.6 85.1 86.6
76.5 76.5 76.5
2.09 1.73 1.46

30.31 TCs 72.05
79.4 79.4 80.5
75.4 75.4 75.4
1.47 1.47 1.17

56.42 TCs 69.20
82.1 82.7 81.8
76.3 76.3 76.3
1.99 1.79 2.08

31.31 TC= 69.90
82.5 82.5 82.3
76.3 76.3 76.3

1.39 1.39 1.44
IMJ
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APPENDIX D

SAMPLE CALCUUTIONS

D-1 Single Phase Closed Loop Thermosiphon Studies

D-2 Thermosipiion Reboiler Studies



D-1 SINGLE PHASE CLOSED LOOP THERMOSIPHON
STUDIES

D-l.l General

D-1,1.1 Heat transfer area

d m 0.01905 m

L = 0.94 m

.*. A = 71x0.01905x0.94 = 0.05625 m2

D-1.1.2 Area of cross section

a = 2. x (0.01905)2 = 2.85xl0~4 m2

D-1.1.3 Heat flux

q =I - cuim25 •17'76 Q v'/m2
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D-1,2 Standardization Calculations

Run No. = 4, Table A-6 (set up-I;
Mean wall temperature - 61.27°C

Mean liquid temperature= £&*Ik2£25& m28.6°C

At these temperatures ,

PL = 995.98 kg/m3
CL . 4176.33 J/kg °C
kL a 0.61537 W/m °C
i^L = 8.3059x10"4 Ns/m2
P = 2.8965xl0'"4 °C~1
ttw =4.5333xl0"4 Ns/m2

D-1.2.1 Temperature drop across the wall of the
test section

The temperature drop across the wall of a cylindri

cal test surface with conductive heat transfer may be computed
by the equation,

q d ' d
m O a

\; - 2F" Xn d
w

O



n 06

where dQ = d + 2 (waii thickness between inner
surface and thermocouple bead)

= 0.02063 m

LT = ^9*g5*lQ3*^Q20fr? /r, 0.02063w 2x377.9 —* <<n OI§o!
= 0.0425 °c

where k^ for copper = J77.9 W/m °C

D-1,2,2 Heat balance

Heat input = 19.55xl03x0.05625
= 1099.7 W

Heat output = ^8°XP*99598x4176.33x(33*17-26.43,
60*

« 1090.63 W

•'. Heat loss =10%.^1090 ,J53_ 1Q0
IO90.63 x 1(J(J

= 0.33*/.

D-1...3 Forced convective Nusselt numbers
u 19.55x10^
exptl (61.27-28.87

= 602.094 W/m2 °C

Nu - 602_.094x0.01905
""exptl- TCS15$7 """

= 18.64

NUpred . 1.86(Ro Pr g) ' '(^-f " 7 ... Eq.(5.2)1/3 |J.r 0.14
f"
w

where

y 2.25[lH-0.01(Gr)1/5J
log* Re"

Re a ~^JigggjcL^60jg295..98x1000x2.777axlcT*
8.3059xl0~4x 10Kx 2.85xl0~4

= 2404.6
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Pr - 4-1-Z£O^8iJ059xl0~4
0.61537 '

= 5.637

Gr •9^j^(0^l9g5)3x2.8965xl0"4x(6l.27-28.8)x^S.Qfl)2
(8.3059xl0~4)^~

= 9.17144x105
r- C 1/32.250-1-0.01(9.17144x10^) -J

log 2404.6

m 1.318

••• <%re<r l-86C2404.6x5.637x -^^l)^ [£%*»&]
= 17.41

Deviation =.18,6^ •- 17>frl x 100
.4:

= 7.065%

D-1.3 Thermosiphon Calculations

•Run No. = 6, Table C-1, system-water

Mean liquid temperature a,2.^-2.0^.?7*10.
= 61.1'5°C

At this temperature,

CL = 4179.6 J/kg°C

D-1.3.1 Temperature drop across the v/all

&T . 10• 66xl£^x0.02Q63 j„ 0_.02063
w 2x377.9 /n oTo"T§OT

= 0.023°C

D-1.3.2 Circulation rate

m = 3r?..d L 3 . L°^6Al.oio._05625
^Tout"^ln; ^17^6xX^l0--J2Tr50T" *** Ec^5-4)
1.99533x10"3 kg/sec.
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D-1.3,3 Liquid temperatures

(TL) =2^iq+ ( .
L z1

where

z1 = z-0.1

0.9,;-zi0.1

Using this expression, TL values at different z are as under

z 0.0 0.1 .2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Tw 33.8 49.4 57.3 64.2 74.3 79-6 87.7 95.6 104.2 105.6

TL 25.2 32.8 40.5 48.2 55.8 63.4 71.1 78.7 86.4 94.1

D-1.3,4 Local Nusselt numbers

At z = 0.4 m

Mean film temperature » 74*39+55,.80
* o

= 65.05 C

At this temperature,

PL = 980.5 kg/m3

CL = 4182.25 J/kg°C

kL = 0.6637 W/m°C

[iL =4ol35xl0~4 Ns/m2
p = 5.446xl0~4 °C~1

(a) Experimental Nusselt number

h „ 10.66x103
exptl (74.30-55.8O)

=5^6 W/m2 °C

Nu 576x0.01905
exptl : 0.6"637*

= 16.53



(b) Predicted Nusselt number

%red " 1-WOr W)°'» (Re/Or0-66)0*863
Re = 0i01.?P.5xl. 9953JxiO"^ _

4.3l35xlO~4x2.85xl0~4""
= 309.2

Pr ,. 4182.25x6.3l3>r
O.6637

= 2.72

10~4
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... Eq.(6.9)

Gr =^^^^^1905.1^5,/i^^^i74^^r^5.80)x(980. 50 )2
(4.3-l35xlO~4;

= 3.53x106

*'* Kupred "!-!4(3.53xl06x2.72, 088|309.2/(3.53xl06)°-6 |̂

(c; Percent deviation

Deviation ,„^o« 53~15»
33

- 7.83*/.

x 100

D-1.3.5 Average Nusselt numbers

At //d = 42.0 between z = 0.0 to 0.8

Mean film _ 33.8+25.2^06.2+86.6
temperature 4. ^ "r' ' •|,TT-

= 62.4°C •

At this temperature,

PL = 981.92 kg/m3

CL = 4180.4 j/kg °C

kL = O.66I3 W/m°C

\xL = 4.665x10' 4 Ns/m2

3 = 5.3xl0~4 °c~1



(a; Experimental Nusselt number

(at) -(^•^25i2^+j[l04.2-86.4)
, avg ' ~2 " "' ' "

- 13.2°C

.*.(h .-) = lo^fcoof
exptlyavg iy"

= 807.58 V:/m2 °C

no

and

fNa 807.58x0.01905
V * ' l*A I **1 i SS *™*a»S"iaaaat™». MB* -•- - •» ^» ;»»._- t% •-ngLimvm^m*exptl'avg 0.6613

= 23.264

(b; Predicted Nusselt number

<Nupred>avg - °-°«(Gr Pr.^fV. ^IS^-G.esz^ ((.>lo;
(Gr) - Sl§JX.(0:Si205i^c5.3xl0~4xr-).2x(q81.92)2

fe (4.465x10 4)2
= 2.295xl06

(Pr; - 4l80.4x4.465xl0~4 0 QOOC
^rr;avg ~ "~*1)76613 " £"8225

(Re) a QyS19p5x1.99533xl0~3
' avg 4.465xl0"4x2.85xl0~4

= 293.7

•'•(Nuprod^avg - 0.049(2.'295xl06x2.8225)0'584 (298.7r°*1312
. 21.56 * (42.0)-0*622

(c) Percent deviation

Deviation = 2^A26^721*^ x 100
«i±.t>o

- 7.9*/.
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D-2 THERMOSIPHON REBOILER STUDIES

D-2.1 General

D-2.1,1 Heat transfer area

d = 0.02144 m

L = 1,44 m

A = %x 0.02144x1.66 = 0.097 m2

D-2.1,2 Area of cross section

a = J>-x (0.02164)*

= 3.6lxl0~4rn2

D-2.1.3 Heat flux

q " I =07§97 • 10-"1 Vx I V//m2

D-2.2 Standardisation Calculations

Run No. = 5f Table A-6 (Setup-II)
Mean wall .r 55or
temperature = ^•tLtL L

Mean liquid _29.2+52.1
temperature ~ ~2

* 30.65°C

At these temperatures,

PL = 995.43 kg/m3 •
CL = 6175.54 J/kg°C

kL = 0.61877 W/m°C

HL = 7.963xlO"4 Ns/m2
P - 3-065xl0~4 °C~1

Hw = 6.49xl0"4 Ns/m2
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D-2,2,1 Temperature drop across the wall of
the test section

The temperature drop across the v/all of a cylindrical

test surface with simultaneous heat generation and conduction

may be computed by the equation,

° »2s

w 2*Lkw(D2-d2) l d 2 I
3665.3x0.097 ..

x

2.71x1.44x16.262[ (0.0255) -(0.02166) 3 2
r/n n,_-x2 , 0.0255 ri0.0255)2-(0._02166jj'I(0.0255J £n 0-775232^ —ST"

= 0.2°C

where k for the tube = 16.262 W/m C

D-2,2.2 Heat balance

Heat input = 3445.3x0.097

s 334*2 W

Hn*t ontrs.rt- 1*65x995.43x6175.56x(32.1-29.2)
Heat output- 10u0x601000x60

= 331.4775 W

Heat loss =-S^|-g^75 ^ 100
= 0.82*/.

D-2.2.3 Forced Convective Nusselt numbers

h . -JL^jJU
exptl " (40.22-30.557

= 360 W/m2 °C

Nu
560x0.02164

exptl- _0."6T877*"
= 12.474
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%red -!•*<*• Pr r)1/3(^)°'14 / ... Eq,(5.2)

2.25|l+0.01(Gr;1/3^

w

where

% = -
log Re

Re m-.^0gl44xl_.65x60x295.43x1000x2.7778x10"^
7.963x10 4xl0gx3.6lxl0"4

= 2041.7

,-4p_ 417 5.54x7•963X10"4
0.61877

= 5.3735

Gr =9T81x^0.02166)3x3.065xl0"4x(60.22---30.65)x(995.63)a
(7.963xlO~4}2(7.963xl0~4)

= 4.43x10'°

2.25[U0.0l(4.43xl05)1/33]
/, = log 204l.7

= 1.202

Nu
prod =1.86(2041.7x5.3735x P^2.^4}^ Og^gl^

I.44 ' A ^o749xicFZr;

= 12.62 x 1'20Z

. *. Deviation * 12"^4g|— x 100
= -1.1577.

D-2.3 Reboiler Calculations

Run no. =6, Table C-2,System-Water

D-2.3.1 Temperature drop across the wall

£T m 3.672x0.097 ..>^_
2-tcx1.44x16.262f(0,0255] - (0.02166)Zj

v2f/0 02^)2, 0.02.55 -<0*0255)2-(0r02l66)2J-1
jjO.02 9; Xn 0702-17^4 ~T J

= 0.21 °C



D-2.3.2 Boiling and Non-boiling Sections

Mean liquid _ 98.35+99.8 QQ n7t- or
temperature 2 yy.oo o

At this temperature„
CL1 " 4219«24 J/kg °C

At T . 99.8 °C,

'L2
= 422.0.2 J/kg°C

^5X =22.598x10^ J/kg

Averag.: bulk temperature of condenser water

21.6+22,8
C.

f. r\ r* O *1
= £.«:.» £. U

at this temperature,

CL =4180.16 J/kg°C

Therefore, length of boiling section,

- rFJ^(T2"Ti^ /
jtdq
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. Eq.(5.7)

" 0.0224x6180.16x1.2 "1 / n M.-t -_„~—„,„—„ „.. , t—.— _ i %xq #o 2144X367 2
L- (22.598xKP+4220.2x71) -1'

= 0.4 m

Zj^g = 1.66-0.4
= 1.04 m

D-2.3.3 Circulation rate

%d Zjto q.
CT,(T -T" )'m =

Tixl.04x3672x0,02144
- 62l9.24($9,d-$8'35)

= 0,042 kg/sec

... Eq.(5.9)



D-2.3.4 Vapour fraction at exit of test section:

FxCIiCx(T2-T1)
X+CT 9xTT~o-T )"

L2 N s SCy

m

0.0226x6180.16x1.2

22,598x105+4220.2x71

215

t

... Eq.(5.12)

0.042

= 1.0453xlO~3

D-2.3.5 Local liquid temperatures and heat
transfer coefficients

(Ts " Tin)TL ,- Znb~ xz -f T.n ... Eq.(5.l3)

LT = (T -TT )
z v w L'z

and

q

hz =Z^~
z

Using these expressions, say for z =0.2 m

TL "T^Sf" x°-2 +98.35
=98.63°C

LTz= 102.76-98.63
=4.13°C

hz =889 W/m2 °C
(rest values- are tabulated in Table C-2)

D-2.3.6 Onset of boiling;

(a) Determination of point of onset of boiling:



,Z0B 6 0.00143(-E- x 100)pred =544.899x10 b(PeB)

Physical properties at T = 99.8°C

PL = 958.5 kg/m3

Pv = 0.588 kg/m3
CL = 4220.2 J/kg °C

kL = 0.683 W/m°C

G~L = 0.06 N/m

X = 22.598xl05 J/kg

Using these properties,

3672x958.5x4220.2

0.588x22.598xl05x0.68*3 n

= 41.363

K K . (1 + £%5 1^450
sub v + 07588 x 99.8'

= 24.68

and S = 96.874

x (S) 2.405

216

0.1326

sub1'

... Eq.(6.14)

0.0~6"~
"9T8U6,/(9b8.5-0.588T'

J0B 0.00143•. C-j x 100)prod = 566.899x10 6(41.363) "(26.68)
x (96.874)2*405

0.1326

50.13

Deviation .^J^^23Lx100
= 38.6'/.

(b) Determination of b*/r at the point
of onset of boiling

^,)^ xp7
^r ''exptl 2q 0 T\ ... Eq.(6.1l)



•WoB " 7*6 °C

.36

kr 'exptl
(7.6) xQ.683x22.598x105xO.588

2x3T72xO;06T372~.9o" ~~

= 17.86

217

ana
rc'pred = 16.42 0^10576 a

10d0 ' ... Eq.(6.12)

= 16.62 - 0-10576x3672
'^ 1660 '—

= I6.032

Deviation = 17.86-16.032 _._
U.632" " "x 10°

= 11.6%

D-2.3.7 Non-Boiling Region

Mean average bulk ^in + Ts
temperature = "2'"""

_ 98.35+99.8
2

= 99.075 °C

At this temperature,

PL = 959.00 kg/m3

kL = 0.6827 W/m °C

CL = 4220.3 J/kg °C

3 = 7.432xl0~4 V'1

HL = 2.797xl0~4 ^#

(a) Experimental

(/:TNB;avg

(hNB'' avg

m

Average Nusselt number

5.75°C

^672
T.75

638.6 W/m2 °C



(Nu ) - ™^^6xj^02244
UNUNB;avg ~ 0.6827
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(b) Predicted Average Nusselt number

0.481 O.O638 *0*23
(NuNB>avg =0.ol26(Gr Pr;8Vg (Re)avg ' UQB/d)

... Eq.(6.17)

(Gr) =9.81x(0.021441^5.75x7.632xl0"4x(959)2
'avg (2.797xl0~4)2

o
=4.857x10

(Pr) .k^9jL^J27Z^l!l
v ;avg " 0.6827

= 1.729

(Re) _ 0*02166x6x0.062 m
avg 3.16x(0.02144}2x2.797xl0~4

= 8922

Z0B _0.9
0.02166

41.98

(Num,)^ =0.0126(4,857xl06xl.729)°*481(8922)0-C638

,x (41.98r0*23
"NB'avg

= 20.4

(c) Percent deviation

Deviation =d^SS^^Qsk x 100
t.U»4

= -1.72'/,

D-2,3.8 Boiling Region:

(a, Heat transfer coefficient

*nB;exptl ~ I-Tg"

rf§5=5OT7 =1707*9 ^m2 °C
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(hB)prQd =17.509 q0*556 ... Eq.(6.15)
0.556

= 17.509 (3672)

= 1680.15 W/m2 °C

n ... 1707.9-1680.15 „ ,nn
Deviation = f 16§0.l5 X 10°

= 1.65V.

(b) Nusselt numbers

(NuB}exptl '- %~
1707.9x0.02166

V 3.6

0.462 - O.OI34 1.0143 VHP0 1.743
<NVPred =6.162^) (j-*-) (Pr) (-72--)

and

at T^ = 99.8 °C
4HL = 2.762x10 ^Ns/m

s-6 „H = 11.972x10 u Ns/m'

P"B = 41.363

VHn0
c

== 1.00vL

GL ^lL
Pr

—

x"
4220.2xg .762x10"-4

= 0". '683 "

_ 1.7066

0.9 p„ 0.5 |iT 0.1-

Att L~ * PL ^v -J -1

r i „ °«9 P„ 0.5 nT O.l-i'1 -QJgL-) <# (A ]

... Eq.(6.19)

I\ 1-1.0453x10 3 s0.9 0.588x0.5/2^762x10 4 sO.l
= ( t^^>, ^ j (n<A gJ (—-— _aJ

1- i.(

= 0.06I3

TS ' s.q<A 5-' ^ —™"—T6-1.0453x10 3 ^o.o 11.972x10 c
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•'• * (NVprod = 6*M2(41.363;0-462(o.06l3)0*0l34(1.7066)1'°."U':
= 56.8

Deviation =5>^6'8 x 100
= -5.63% .

D-2.3.9 Comparison of experimental hB with those predicted
by earlier correlations:

(i) Gel'perin,et al [46]
T 0, c. ^ r 1

(h ) • ^.^8f~> n'J,b4^nB'pred ~ >^°^p <*

=3-38^oT64i47r)0,2(3672)0'64
= 1499.3 W/m2 oc

Deviation = 21^9-1^. 3 x 1QQ
1499.3

= 13.9%

(ii; Dengler and Addoms [27]

(i^£) . * 5(-i-)°*5^hL 'pred " ^V^^T"/

where,

hTd

" = 0.023(Re)0,8(Pr)0,4
L

rg = 4drn 4 x 0,02144x0.042
it d |̂-i L 3.16x(0.02144)2x2.762x10

= 9035

Pr = 1.7066

•'•^pred • 0.023x(9035;°*8x(1.7066)°*4x glgg^,
= 1325.9 W/m2 °C

and (hTP;pred =13--5.9x3-5(0.06l3)0,5
= 1149.0 VM2 °c

-4
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Deviation . 170^9-1149 x 100
= 68.6%

(iii) Guerrieri and Talty [44]
rhTPN , ,(1)0,45^pred " 3'4(^}
where,

hTd 6d m (I**) 0.8 ^0.6
Ji- = 0.023( m ) (Pr;
kL %d^\xL
here

kMjgSl = 9035x(l-1.0453xlO""3)
Rd nL „ 9025.56

(hL>pred - 0.023x(9025.56) ' x(1.7066)°-4x gSgf-gj
. I324.82 W/m2 °C

and, (hTp)pred= I324.82x3.4(0.06l3)°^5
= 1282.3 W/m2 °C

„ . M 1707.9-128253 „ im
Deviation = ' T2b273—

- 33- 2%

(iv) Bennett, et al Q6"]

hTP , S0*11,! s3 . 0.64(q ) (^—;
hL tt
where, q = heat flux, BTU/hr ft

and hT = all liquid heat-transfer coefficient
as calculated in (iii)

» 0.86xq
hence, q = Z^ggg—

0.86x5672
- 4.882

= 646.85 BTU/hr ft2



and

,- r °«H O.74
hTp = 0.66x1326.82(666.85) (O.O6I3)

= 218.9 W/m2 °C

Deviation ^°7^f^ x100
= 680*/.

(v) Calus et al [ll]

Average heat transfer coefficient

*> 6T
*- n

Experimental ClT^) « —n • ,.
B avg n

_ 6.64-6.7+3.2+2.15+2.15
5 —

= 3.72°C

.'.Experimental G%)avg -3f?fs =987.1 W/m2 °C

Average vapour fraction over two phase region,

(x) . S - l'0453xlQ-3
avg 2 2

= 5.2265xl0"4

222

.) „ ^^22c65xlO^_,0'9 Q5gQ 0.5 2.762xlG-6 <
-avg 5.>^65^?4^) (95iT5 } („ :r,:-^

= 30.46

„ ,, •• r0*042x0.02l44x(l-5.2265xl0~4; -.0#6and, predicted (hL) = O.023. v ' ; 1L'avg

(1.7066)°-** °^g_
54

1325.35 W/m2 °C

2.762xl0~4x3.6lxl0"4 " J
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•. Predicted (h^)^ =0.065x1325.35(^)Cf^f) (1)°'9
- 75.88 W/m2 °C

Deviation =S^L^^SS^ x 100

= 1200*/.
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