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ABSTRACT

An experimental investigation of natural convection heat transfer in rectangular

enclosure from one cooled veJ1ical side wall is carried out. [n the experiment the side

wall is cooled by a thermoelcctric module (TEM). The measurements cover the

temperatures of the cold plate and air in the enclosures at different interval of time at

14 different locations which are measured and recorded by data acquisition system.

The power consumed by a thermoelectric module (TEM) during the transient and

steady state conditions is also recorded. [n an experiment lasting I hour. the

enclosure air is cooled down to a minimum of 5"C, when the cold wall temperature is

-40c. With time, temperatures of both cold wall and air within the enclosure

decrease asymptotically to a steady state value.

From the temperature distribution data, stratification within the enclosure is

observed. The stratification indicator y is estimated at three different horizontal

distances from the cold plate for the time interval of 15, 25, 50, 60 and 80 minutes

and found to be decreased with the time.

Heat transfer rate, heat transfer coefficient, Nusselt number and Rayleigh number arc

calculated from the measured experimental data during transient and steady state

regime. The Rayleigh number and Nusselt number cover the range, 1.47 x 10" to

3.08 x 107 and 18.55 to 33.50 respectively.

From the experimental results a correlation is developed in terms of Nusselt number

and Rayleigh number which is found to be capable of correlating all experimental

data within:t 15%.
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CHAPTER-ONE

INTRODUCTION

1.1 Introduction of natural convection and its physical consideration

Natural or free convection is observed as a result of the motion of fluid due to density

changes arising from heating or cooling processes. In natural convection flows, the fluid

velocities are highly dependent on the thermal field and variable properties can have strong

effects on both velocities and temperature. The movement of the fluid in free convection

whether it is a gas or a liquid, results from buoyancy forces imposed on the fluid when its

density in the proximity of heat transfer surface is decreased or increased as a result of

heating or cooling process. Buoyancy forces will not he present if the fluid is not acted upon

by some external force fields such as gravity, although gravity is not the only type of force

field which can produce the free convection currents. A centrifugal force field can create

convection currents. A fluid enclosed in a rotating machine is acted upon by a centrifugal

force field if one or more surfaces in contact with the fluid are heated or cooled. Among all

properties the temperature gradient has been found to be the most common situation In

which a density gradient may arise in a fluid. For gases, density depends on temperature.

Situations for which there is no forced velocity, and yet convection currents exist within the

fluid are referred to as free or natural convection. They originate when a body force acts on a

fluid in which there are density gradients. The net effect is a buoyancy force, which induces

free convection currents. In the most common case, the density gradient is due to a

temperature gradient, and the body force is due to the gravitational field. Since free

convection flow velocities are generally much smaller than those associated with forced

convection, the corresponding convection transfer rates are also smaller. It is perhaps

tempting therefore to attach less significance to free convection processes. This temptation



should be resisted. In many systems involving multi-mode heat transfer effeets, free

eonvection provides the largest resistance to heat transfer and thcrefore plays an important

role in the design or performance of the system. Moreover, when it is desirable to minimize

heat transfer rates or to minimize operating costs, free eonvection is orten preferred to forced

convection.

There are, of course, many applieations. Free convection strongly influences heat transfer

from pipes and transmission lines, as well as from various eleetronic devices. It is important

in transferring heat from electric baseboard heaters or steam radiators to room air and in

dissipating heat from the coil of a refrigcration unit to the surrounding air. It is also relevant

to the environmental sciences, where it is responsible for oceanic and atmospheric motions,

as well as related heat transfer processes.

Physical considerations:

In free convection, fluid motion is due to buoyancy forccs within the fluid, while in forced

convection it is externally imposed. Buoyancy is due to the combined presence of a fluid

density gradient and a body force that is propot1ional to density. In practice the body force is

usually gravitational, although it may be a centrifugal force in rotating fluid machinery or a

Conolis force in atmospheric and oceanic rotational motions. There are several ways in

which a mass density gradient may anse in a fluid, but in the most common situation it is

due to the presence of a temperature gradient. We know that the density of gases and liquids

depends on temperature, generally decreasing ( due to fluid expansion ) with increasing

temperature (op loT < 0).

In this topic we focus on free convection problems in which the density gradient is due to

temperature gradient and the body force is gravitational. However, the presence of a fluid

density gradient in a gravitational field does not ensure the existence of frce convcction

currents. Consider the conditions of Figure 1.1. A fluid is enclosed by two large, horizontal

plates at different temperatures (T, * Tz). [n case (a) the temperature of the lower plate

2



exceeds that of the upper plate, and the density decreases in the direction of the gravitational

force. This condition is unstable, and free convection currents will exist. The gravitational

force on the denser fluid in the upper layers exceeds that acting on the lighter fluid in the

lower layers, and the designated circulation flow paltell1 will commence. The heavier fluid

will descend, being warmed in the process, the lighter fluid will rise and will he cooled by

descending cold fluid. However, this condition does not characterize case (b), for which 1', >

1'2 and thc dcnsity no longcr dccrcascs in thc dircction of the gravitational I'orce. Conditions

are now stablc, and therc is no bulk fluid motion. In casc (a) hcat transfcr occurs from thc

boltom to the top surfacc by frcc convcction; for casc (b) heat transfcr (from top to bottom)

occurs by conduction.

1'1 F1

J T
Unstable, ,

~ flUid Stable
circulatlun 1

"."., T,
'""1' . 0 <II' ..- 0 ,If ~'O '!I!(aj d; ,.. 'd., ....

(b) d. .••. , rI .• " 0

Fig. l.l: Conditions in a fluid between large horizontal plates at differcnt temperatures (a)
Unstable temperaturc gradient (b) Stablc temperature gradient.

In this tcxt wc focus on frec eonvcction flows boundcd by a surface, and a classical example

relates to boundary layer dcvelopment on a heated vertical platc (Figure 1.2a). The plate is

immersed in an extensive, quiescent fluid, and with T, > T, the density of fluid close to the

plate is less than that of fluid at a distancc from thc plate. Buoyancy forces thercfore inducc a

frce convection boundary layer in which the heated fluid rises vertically, entraining fluid

from thc quiescent region. The resulting velocity distribution is unlike that associatcd with

forced convcction boundary layers. In particular the vclocity is zero as y -> 00, as wcll as al y

= O. A free convcction boundary layer also dcvclops if T, < T. In this casc, howcvcr, fluid

motion is downward (Fig. 1.2b).
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Fig. 1.2a: Boundary layer development on a
heated veltieai plate.

1.2 Natural convection in an enclosure

Fig. 1.2b: Boundary layer development on a
cooled vertical platc.

In many engineering applications natural convection plays an important role as a dominating

mechanism of heat transfer. Heat transfer by free convection in enclosed spaces has

numerous engineering applications. For example, double glazing, nuclear insulation,

ventilation room, solar energy collcctor, crystal growth in liquid, the periodic energizing of

electronic devices by tbe on and off heating and cooling mode, effcctive cooling of

microelectronic equipment, refrigeration and air conditioning system with chilled ceiling etc.

There arc two elementary classes of natural convection nows in enclosure, namcly, tbose in

vertical enclosures with two dilTcrentially hcatcd vertical walls and those in horizontal

enclosures with two differentially heated horizontal walls. The enclosurc may be horizontal,

veltical or inclined. The determination of tbe on-set of frce convection and the heat transfer

coefficient in an enclosure associatcd with frec convection has been thc subject of numerous
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investigations. Despite the vast number of experimental and analytical studies of free

convection in enclosed spaces, the heat transfer correlation covering all ranges of parameters

arc not available. Numerous studies on natural convection in enclosure related to either side

heating or bottom heating have been reported. But the natural convection in enclosure with

one side cold and other sides adiabatic is relatively unknown. The natural convection heat

transfer depends on boundary layer thickness. Hcnce the development of the flow is often

strongly influenced by the shape of the boundaries. Therefore the heat transfer rate and heat

transfer coefficient are also dependent on the boundary conditions of enclosure.

1.3 Effect of thermal stratification

Natural convection along a vertical cold wall is the simplest model possible, heat transfer

inter action between a vertical wall and an isothermal semi infinite fluid reservoir is shown in

Fig. 1.3. We take a closer look at the problems of modeling a heat transfer situation involving

natural convection. Vertical walls are rarely in communication with semi infinite isothermal

pools of fluid. More often their height is finite and the cold boundary layer eventually hits the

bottom. At that point the cold stream has no choice but to discharge horizontally into the fluid

reservoir. The direction of this discharge is horizontal because the discharge contains fluid

colder than the rest of the reservoir. The long time effect of the discharge process is the

thermal stratification characterized by warm fluid layers floating on top of colder layers. At

this point it is sufficient to recognize that the air in any room with the door closed is

thermally stratified in such a way that the lower layers assume the temperature of the coldest

wall and the highest layer ncar the ceiling approach the temperature of the warmest wall.

5



. '/ . . ,
...............L./. /. /.../..../..../.../ ..../.../....L.

II

\ Ie

t_~-x
--~777M~~/

('I ~_._-_.._.-.-..---\--.-------1
Fig. 1.3: Natural convection along a cold vertical wall environment.

1.4 Motivation behind the selection of present work

In many engineering applieations natural convection plays an important role as a dominating

mechanism of heat transfer 'II. The phenomenon of natural convection in fluid-filled

enclosure has received considerable attention in recent years. This is mainly becausc of thc

this fact that phenomenon substantially influence the thermal performance of heat transfer

equipment used for cooling of electronie components, refrigeration and air-conditioning

system etc. [2-4J. Many studies have been done regarding natural convection in an enclosure.

Most of the studies on natural convection in an enclosure are related to either vertical wall

heating or boltom surface heating [5-8J. The present work deals with thc natural convcction

in rectangular enclosure where one of its side walls will be cooled and tbe top and bottom

surfaces wi II bc adiabatic.
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1.5 The Present study

An experimental investigation on the natural convection heat transfer in a rectangular

enclosure from one cooled side wall is conducted with the following objectives:

I. To measure temperatures of the cold vertical wall and air at different locations within

the enclosure during transient period.

II. To measure temperatures of the cold vertical wall and of air at different locations within

the enclosure during steady state condition.

111. To study the variation of average natural convection heat transfer coefficient h at

different thermal potentials, liT.

tv. To understand thermal stratification phenomenon for this enclosure.

v. To determine the Rayleigh number at different locations within the enclosure for both

transient and steady state conditions.

VI. To develop a con.elation which will be recommended for estimation of heat transfer

coefficient for natural convection in the rectangular enclosure cooled from one of its

vertical walls.

7



CHAPTER-TWO

LITERATURE REVIEW

2.1 Introduction

Fluid motions and transport processes due to buoyancy effect plays an important role in

various field of science and technology. As a result. this subject is currently discussed in

conferences and journals covering such diverse areas of meteorology, gcophysics,

astrophysics, nuclear reactor systems. matclials processing, solar energy systems, energy

storage and conservation fire control, and chemical, food, and metallurgical industries, as

well as in the more conventional fields of tluid and thermal sciences.

Buoyancy-induced tlows arc complex because of the essential coupling between the flow and

transport. The problems can be classified as either external ones (free convection) or internal

ones (natural convection). The first unified and comprehensive review of this subject was

made by Ostraeh[9]. Later, summaries of free convection were presented by Ede[ 10] and

Gebhan[ll] and other reviews of natural convection were complied by Ostrach[12j.

Catton[ 13], Ostraeh[ 14] and Hogendoorn[ 151. Each of the last three emphasize essentially on

different aspects of the subject.

It was first pointed out by Ostrach[ 16] that internal prohlems arc considerably more complex

than the external ones. This is because at large Rayleigh numbers (the product of Prandtl and

Grashof numbers) classical boundary layer theory yields the same simplifications for external

problems that are so helpful in other f1uid-tlow problems, viz., the region exterior to the

boundary layer is unaffected by the boundary layer. For confined natural convection, on the

other hand, boundary layer forms ncar the walls hut the region exterior to them is enclosed by

the boundary layers and forms a corc region. Since thc core is partially or fully encircled by

the boundary layers, the core flow is not readily determined from the boundary conditions but

8



depends on the boundary layers, which, in turn, is influcnccd by thc core. The interactions

between the boundary layer and the corc constitute a ccntral problem that has remained

unsolved and is inherent to all confined convection configurations, namely. the flow pattern

cannot be predicted a priori from the given boundary conditions and geometry. In fact, the

situation is even more intricate because it often appears that more than one global core flow is

possible and flow subregions, such as cells and layers, may be embedded in the core. This

matter, which has been discussed more fully by Ostrach[ 12- t4], and Ostrach and

Hantman[17], is not merely a subtlety for analysis, but has equal significance for numerical

and experimental studies, as will be indicated later.

It is distressing to note that this crucial aspect of natural convection seems to be essentially

ignored in most existing literature or is treated in a cavalier manner. The core flow is often

merely assumed, estimated in an adhoc manner, or specified from seemingly similar

problems. However, experience has shown that natural convection is cxtrcmely sensitivc to

changes in the container configuration and the imposed boundary conditions so the use of

results from similar problems is dangerous. In numerical studies, the entire matter generally

is ignored and, as a consequence, there have been no truly reliable predictive result of

velocity and temperature distributions. Until the problem is resolved, numerical studies must

be guided and closely coupled with experiments.

Lack of progress on this crucial aspect of natural convection can be attributed to two reasons,

one old and one relatively new. The first is rclated to proper normalization of cquations,

sometimes referred to as dimensional or scaling analysis. As was pointed out by Ostrach, it is

disturbing to note that despite the existence of clear and explicit delineations of how to

normalize natural-convection problems, they are scaled in many different inappropriate ways

(even for identical problems) in the literature. This can lead to errors in analysis and to

considerable numerical problems (see de Yahl Davis, 1986), some of which even lead to

misrepresentation of the physics. Scaling analysis is also essential or indicating the resolution

required in both numerical and experimental studies. The disregard or lack of appreciation of

such vital aspects, which are well documented, is hard to understand. The second aspect

9



alluded to above concerns inherent coupling between the flow and the buoyacy-dri ving force.

This was first indicated by Hantman(18] (1969) and later noted more specifically by

Cormack et al. [19], but was not fully appreciated until relatively recently. In esscnce, this

coupling causes the principal driving force to act in different regions of the enclosure,

depending on conditions. This unusual physical characteristic of natural convection must bc

properly accounted for if meaningful results are to be obtained.

To add to all the complexity it should be recalled that there are essentially two basic modes of

flow generated by buoyancy. The first, usually referred to as conventional convection, occurs

whenever a density gradient (due to thermal and/or concentration effects) is normal to the

gravity vector. In such a case a flow ensues immediately. The second mode, called unstable

convection, occurs when the density gradient is parallel but opposed to the gravity vector. In

this situation the fluid remains in a state of unstable equilibrium (due to heavier fluid being

above the lighter) until a critical density gradient is exceeded. A spontaneous flow then

results that eventually becomes steady and cellular-like. If the density gradient is parallel but

in the same direction as gravity the fluid is stably stratified. As if all this were not sufficiently

difficult to deal with, both conventional and unstable (or stratified) modes can interact in a

given configuration.

For many years research on natural convection tn enclosures centered around two basic

configurations, viz., horizontal cylinders and rectangular cavities. The height-to-width

(aspect) ratio of the rectangular cavities ranged from values equal to or greater than unity.

Most attention has been given to each mode of convection separately, i.e., where the density

gradients in a gravitational field were either horizontal or vertical with the gradient increasing

upward. Most density variations were considered to be the result of temperature gradients.

Less attention has been given to situations in which the buoyancy is due to concentration

differences. Catton[13] reviewed work done when both modes occurred simultaneously, as,

in tilted rectangular enclosure.

10



More recently, due to motivations from diverse applications, the research scope has expanded

in many ways. The configurations now being considered are low-aspect-ratio rectangles,

parallelograms, annuli, and three-dimensional enclosures. The fluids now may be radiation

participating media, or be changing phase, or be in porous media. Some problems are now

being considered with heat flow in more than a single direction, either by direct imposition or

by inclination of the cavity. Problems arc being considered in which the imposed thermal

conditions are not specified but must be determined from the interaction between the

enclosure heat transfer and the environment or cover only part of the surface. Increasing

attention is being given to situations in which the buoyancy is due to the combined effects of

temperature and concentration gradients, which have various orientations relative to

themselves and to gravity.

Clearly, with the limited space allotted to this paper, it is impossible to present a

comprehensive review of all ongoing research. Because many physical and mathematical

questions remain unresolved and others are introduced by some new works, emphasis will be

given to refocusing on the crucial aspects of the conventional convection problem and on

presenting insights on how to deal with them. In this way, some other older work will be

revisited and some of the most recent work will be discussed.

2.2 Overview of Early Work

The early work done on fully developed flows in channels and tubes, closed-end tubes, and in

a shallow right circular cylinder that rotate about its axis and is heated at its lower surfacc

was reviewed by Ostrach[II-12].

The earliest investigation of natural convection in a completely confined configuration seems

to have been made by Lewis[20], who considered the heat transfer of foam type commercial

insulating materials, which consist of gas filled cells dispersed throughout a solid material.

The natural convection in the cells was of particular interest. To simplify the analysis a

spherical cell was treated as a horizontal cylinder of circular cross section and infinite length.

II



A cosine wall temperature was specified, with the maximum and minimum wall temperatures

on opposite ends of the horizontal diameter. This temperature corresponds to that which

would occur in the solid without gas bubbles. Since the cells were very small, Lewis

eonsidered only the case of Rayleigh number less than unity for whieh no boundary-layer

phenomena are encountered. A similar problem was treated by Zhukovitd[21 J. An excellent
survey of low Rayleigh number problcms is prcscntcd by Ostroumov[221. Low Rayleigh

number convection in a sphcrical cavity was investigated to Drakhin[23].

The heat transfer through gas layer confined in rectangular cavities composed of isothermal

vertical walls and either perfectly conducting or perfectly insulating horizontal surfaces was

investigated by Batchelor[241 for the cases of height-to-width ratios of layers between 5 and

200. It was reasoned that several different flow regimcs could occur within the cavity

depending on the values of the height-to-width ratio lid and the Rayleigh number Ra. For

small Ra Batchclor[24] used a pcrturbation scheme similar to that of Lewisl25] and, as

expected, concluded that convection was unimportant compared to conduction. Conduction

was also found to be the sole means of heat transfer in the asymptotic case of lid (X and

general Ra. In such cases, the temperature distribution in the air was found to vary linearly

between the walls and fluid flow was entirely vertical. Conduction was restricted to the upper

and lower ends of the cavity and as Ra approached values appropriate for boundary layers,

these effects propagated into the rest of the cavity. This asymptotic case of infinite aspect

ratio had been investigatcd earlier by Ostrach[26] who treated it as a special casc in a gcneral

analysis of natural convcction bctwcen parallel and vcrtical isothermal plate.

None of the aforementioned difficulties were encountered 111 those problcms because the

flows were not of the boundary layer type.
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2.3 Empirical Correlations: Enclosures

Many engineering applications frequently involve heat transfer surfaces that are at different

temperatures and are separated by an enclosed tluid. Now we present correlations that are

pertinent to the most common geometries.

2.3.1 Rectangular Cavities

The rectangular cavity, shown schematically in Fig. 2.1, has bccn studied extensively and

comprehensive reviews of both experimental and theoretical results are available in the

literature [27,28]. The tilt angle 1: between the heated and cooled surfaces of the cavity and

the horizontal plane strongly intluences the heat tlux across the cavity. This tlux may be

ex pressed as

...... 2.1

The horizontal cavity heated from below (1: = 0) has been considered by many investigators.
It is known that when

p(T -T )1.)
Ra '" g I 2 > 1708

av

Fig. 2.1: Free convection in a rectangular cavity.
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conditions are thermally unstable and there is heat transfer by frcc convcction. As a first

approximation, the convcction cocfficicnt may hc obtaincd from a corrclation proposcd by

Globe and Dropkin [29).

NUL = hL = 0.069Ra~3 Pr01l74

k
3xlO' < RaL < 7xlO'I ..... 2.2

where all properties are cvaluated at the average temperature, T '" (T, +T2)!2. More detailed

correlations, which apply over a wider range of RaL, havc been proposed [30-31]. In each

case, however, thc ratios UH and Uw wcrc small, and thc cffccts of latcral boundarics on

heat transfer were negligible. For RaL < 1708 or for, = 180°, heat transfer bctwecn thc

surfaces occurs by conduction and NUL= 1.

In the vertical rectangular cavity (, = 90°) thc vertical surfaccs arc heated and coolcd,

whereas the horizontal surfaces are adiabatic. For aspect ratios in the range I «HlL) < 10, thc

following correlations have bcen suggested [28].

_ _ {pr . )0"( H )-114
NUL -0.2 ---Ra, -

0.2+ Pr . L

[

2 < (H/L) < 10]
Pr < 105

RaL < 10'°

_ {pr )0''1NUL = 0.1 ---RaL0.2 + Pr

[

I < (H/L) < 2 ]
10-3 < Pr < 10-5

10-3 > (RaL Pr)!(0.2 + Prj

14
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For larger aspect ratios, the following correlations have becn proposed [27]:

[
10 < (HI L) < 40]

NUL = 0.42Ra::' PrOtll'<II1U-OJ 1< Pr < 2xlO'

10' > Ral. < 10'

[

I «H/L)<40 ]
NUL =0.46Ra~J I<Pr<20

10">Ra <10"L

..... 2.5

..... 2.6

Convection coefficients computed from the foregoing expressions are to be used with

Equation 2.1. Again, all propetties arc evaluated al the mean temperature, (T, + T2)/2.

Many publications have appeared in recent years conccrning frec convcction heat transfer in

inclined, rectangular spaces, with pmticular attention given to solar collector applications. For

large aspect ratios, (HlL»I 2, and tilt angles less than the critical value T* given in Table 6

the following correlation due to Hollands et al. 133J is in excellent agreement with available

data.

Nul. = 1+ 1.44[1- 1708 ]. [I 1708(sin 1.8T)''']
RaL COST RaL COST

+[(RaLCOST)"J -I]' [(H/L»12]
5830 0 < T:S T*

..... 2.7

The notation [ ]* implies that, if the quantity in brackets is negative, il must be set equal to

zero. For small aspect ratios Catton [28] suggests that reasonable results may be obtained

from a correlation of the form

NUL = Nu L(T = 0) [NU L = (T = 90)]'''' (sin T*)"/4,,, [(H / L) < 12]
NUL=(T=O) O<T:ST*

15
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Beyond the critical tilt angle, the following correlations due to Ayyaswamy and Canton and

Arnold et al. [31], respectively, have been recommended [28] for all aspect ratios (H/L) .

NUL= 1+[Nul.('t=90")-I]sin't 90" <T< 180"

16
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CHAPTER-THREE

MATHEMATICAL MODELING OF THE PROBLEM

3.1 Description of the Problem

The natural convection heat transfer in a rectangular enclosure is a complex problem of

temperature, boundary conditions, position of the enclosure and the properties of the confined

fluid. The rectangular enclosure of the present investigation has a cold side wall. The other

side walls, boltom surface and ceiling are adiabatic as shown Fig. 3.1. The convective fluid is

air. The flow, temperature and concentration fields are taken as two dimensional. At time less

than or equal to zero, the fluid in the enclosure is quiescent and the temperature is uniform.

For time t>O cold plate absorbs heat from the air. The fluid comes in contact with the cold

plate, the temperature of the cold plate is gradually decreasing and finally reaches a steady

state value. During transient and steady state condition the heat flux q" was transfetTed to the

cold plate by convection.

3.2 Governing Equation

The geometry considered is a two-dimensional all' layer confined by two horizontal

impenneable and adiabatic rigid walls and two vertical walls. The air of the enclosure is

initially at rest and isothennal at room temperature T" at which the density of air is minimum.

The back side is cooled gradually in lower temperature.

17



Fig. 3.1: Schematic configuration of thc problem and coordinatc systcm.

For measuring temperature of air in the enclosure at different locations, twelvc

thermocouples are placed in three columns and four rows, thus, four vertical air sub-layers

are formed with various density gradients. The flow is assumed to be Newtonian, two

dimensional buoyancy induced flow with negligible viscous dissipation. The governing

equations are the continuity, momentum and energy equations:

V.u = 0
au I ,p
- + u.Vu = --Vp + vV-u +-g
at Po Po

at ,
- + u.VT = kV-Ta,
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where u is the velocity vector, v the kinetic viscosity, T the temperature, p the pressure, t the

time, Po the minimum density at Tn and g is the acceleration due to gravity.

There are several models for predicting the density-temperature behavior of air around the

maximum density region. A parabolic density temperature relationship is given by

Debler[34].

2.. = 1.0 - v (To - T Y --------------------(4)
Po

Later, by adding cubic term in equation (4) this model can be expanded to decrease the

temperature in the range 27 and _7°C.

2.. = 1.0 - V I (To - T Y + V 2 (To - TY --------------------(5)
Po

The non-slip boundary condition is imposed at all rigid walls. The initial and boundary

conditions are specified as follows:

(i) for time T < 0

u=O;T=To't:!x,'t:!y

(ii) forT> 0

u = 0; T = To at x = 0

u=O;T=Thatx=L

or
u = O' - =0 at y = O' y = H, ay ,.

----------------- (6)

-------- ---------(7)

The dimensionless variables (geometry, velocity, temperature, pressure and time) are

introduced as follows:
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X=~
L

y=l-
L

u = u 'S = To-T
~..[(RaPr)' Th -T,
L

P= P .t= T
k 'L2

~..[(Ra Pr) -..[(Ra Pr)
L k

------------- (8)

where L is the enclosure length, k the thermal diffusivity, and J.l the dynamic viscosity. The

Rayleigh number, Ra, and the Prandtl number, Pr, are defined as

Ra = gy(T - T, )2LJ

kv
v

Pr=-
k

--------------- (9)

-------------- (10)

Thus, with the definitions in (8) the dimensionless governing equations expressing

conservation of mass, momentum, and energy are written as:

V.u=o

..[ Ra (dU + u.v.u) = -VP +V2U _..[ Ra S2
p, dt p,

..[(Ra p, {~~ +u.v.s) = V2S

----------- (II)

----------(12 )

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

From equation (12) it can be seen that the buoyancy effect is characterized by the ratio of two

dimensionless parameters: Ra and Pr. In this study, Pr is kept fixed at 0.7.
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The heat transfer rate at the vertical walls is described by the Nussclt number, which is a

function of both time and space. In terms of dimensionless parameters the local Nusselt

number is defined as:

Nu-lao[ax x=O.1
-------- (14)

The average Nusselt number is the integral of the local Nusselt number over the length of the

vertical wall

- I HNu=_r
A Jo [aol dYax ,=0.1

-----------( 15)

3.3 Mathematical Equations

A two dimensional (2D), steady state and transient incompressible laminar flow model is

considered in the present study. All properties are assumed to be constant except the effect of

density.

The mathematical equations that are used to calculate the natural convection heat transfer co-

efficient, Nusselt number, and Rayleigh number are given below:

Q = -kfA aT = hA(Ta -T,)
ax

NuH = h,L/K

RaH = g13~TI3/ V2 X P,

~T
Y = -

H
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CHAPTER-FOUR

EXPERIMENTAL SETUP

4.1 General Description of the Experimental Facility

This chapter describes the experimental aspects of the investigation and includes a detailed

description of the experimental facility. Fig. 4.1 presents schematically the experimental set

up and test section respectively. Major components of test apparatus are, rectangular

enclosure, thermoelectric module, fan, rectifier converter heat sink, cold plate and data

acquisition system.

The dimensions of the rectangular enclosure are: base 40 cm x 35 cm and height 50 cm.

Internal space of the rectangular enclosure is: base 32cm x 32cm and height 45cm. The

enclosure is made of mild steel sheet. Each of the walls is thermally insulated with styrofoam.

A thermoelectric module of size 9x4x7cm is placed at the center of one of the vertical walls

of the enclosure. An aluminum plate of size 22cm x 22cm and of thickness 5mm is screwed

to the thermoelectric module. In course of the experiment, cooling of the aluminum plate is

accomplished by the thermoelectric module (TEM). In first setting, 14 thermocouples arc

used out of which 12 thermocouples, are used to measure the temperature of air within the

enclosure at different locations along and from the cold plate (Fig. 4.2). The other two

thermocouples are used to measure cold plate temperature and room temperature. The input

current is measured by a precision ammeter. Forced convection heat sink (fins) of area 1080

cm2 are used on the hot side of the heat exchanger to give off the heat to the surrounding air.

For forced convection 220 volt (AC), 50hz, \4 hp fan is used over the sink. For supplying 10

volt (DC) to the thermoelectric module a rectifier is used. A data acquisition system is used to

record the data from the thermocouples.
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4.2 Test Section

The test section consist of:

I. Rectangular enclosurc

II. Thermoelectric module

III. Data acquisition system

IV. Fan

v. Fins

vi. Rectifier

vii. Thermocouples

Details of the test section is shown in the Fig. 4.1

4.2.1 Rectangular enclosure

All walls of the enclosure are made of mild steel. The thickness of the mild steel sheet is

Imm. All walls are thermally insulated with styrofoam. The thickness of the styrofoam is

2.54cm. There is a door on the front side of the enclosure. The provision of the door is kept

for placing the thermocouple at different locations in the enclosure and also for screwing up

the aluminum plate with the thermoelectric module. The thermoelectric module is placed at

the centre of one of the vertical walls. Heat sink (fin) is used on the hot side of the heat

exchanger to give off the heat to the surrounding air. For force a convection low capacity fan

is used over the sink Fig. 4.1.

4.2.2 Thermoelectric module

For cooling the internal space of the enclosure a thermoelectric module is used (Fig. 4.3). The

dimension of thermoelectric module is of 9cm x 4cm and height 7cm. The thermoelectric

module has II couples. The module is composed of two ceramic substrates that serve as a

foundation and electric insulation for P-type and N-type bismuth telluride dice that are
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connected electrically in series and thermally parallel between the ceramics. The ceramics

also serve as insulation between modules, internal electric elements and a heat sink that must

be in contact with the hot side as an object against the cold side surface. An electrically

conductive material, copper pads attached to the ceramics, maintain electric connections

inside the module. Solder is used at the joints to enhance the electric connection and hold the

module together.

Most modules have even number of P-type and N-type dice and one of each sharing has an

electrical interconnection and is known as, "a couple." The above module would be described

as an II-couple module.

While both P-type and N-type materials are alloys of bismuth and tellurium, both have

different free electrical densities at the same temperature. P-type dice are composed of

material having a deficiency of electrons and N-type has an excess of electrons. As current

(amperage) flows up and down through the module it attempts to establish a new equilibrium

within the materials. The current treats the P-type material as a hot junction needing to be

cooled and the N-type as a cold junction needing to be heated. Since the material is actually

at the same temperature, the result is that hot side becomes hotter whi Ie the cold side

becomes colder The direct current will determine if a particular die will cool down or heat

up.

4.2.3 Data acquisition system

The system consist of (I) data acquisitor (2) UPS (3) CPU (4) Monitor

Data acquisitor

The data acquisitor used to measure temperature at different locations is the component

number 2 as shown in Fig. 4.1. The acquisitor model is COLE-PARMER PCA-14. From the

24



certifications of construction the resolution and accuracy are found to be 16 bits and :to.02%

respectively. The dimension is height 35cm, width IOcm and depth 22.5 em.

The software supplied is menu driven and very easy to use with BASIC interpreter supplied

with any computer. The menu appears on the monitor and enables to identify each channel,

set up the name of data file, vary the time between storing sets of data on disk, display disk

directories etc. No knowledge of programming is needed.

4.2.4 Rectifier

To supply the DC power to the thermoelectric module and data aquisitor two rectifiers are

used. The input and output of the rectifiers are 200-250v A.C ,50 Hz and IOv D.C,3A

respectively. Out put voltage variation is :t 0.1 %(max).

4.2.5 Thermocouples

T type thermocouple are employed in this experiment.

a. Position of the thermocouples in the enclosure:

To measure the temperature of air within the enclosure at different height and different

locations along and from the cold plate 12 thermocouples are used as shown in Fig. 4.2.

Thermocouples are placed in three columns and four rows. The position of three columns are

30mm, 150mm and 300mm apart from the cold plate and the position of rows are 20mm.

150mm 300 mm and 400 mm apart from the bottom surface of the enclosure. Two

thermocouples are used to measure cold plate temperature and room temperature.

4.3 Details of the cold plate assembly

To receive heat from air in the enclosure cold plate assembly is placed on the back vertical

wall of the enclosure .To make all walls adiabatic, 2.54 cm thick styrofoam is used. A
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rectangular hole of size 9 x 4 cm is made at the middle of the back vertical wall of the

enclosure. Then a thermoelectric module of 9cm x 4cm and height 7cm is placed in the

rectangular hole. An alumininim (cold) plate of size 23cm x 25cm and of thickness 5mm is

screwed to the inside (cold side) of the thermoelectric module. Heat sink (fins) about 1080-

square cm is used on the outside (hot side) of the thermoelectric module to give off the heat

to the surrounding air. For forced convection a fan is placed against the sink (fig. 4.4).
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CHAPTER-FIVE

EXPERIMENTAL MEASUREMENT AND TEST PROCEDURE

5.1 Instrumentation

In the present investigation provision are made for measuring temperature of air within the

enclosure at different locations and the temperature of the cold plate. AC to DC converter is

used to supply the necessary voltage at different sections of the experimental set up. A data

acquisition system is used to record the data from thermocouples. Details of the

instrumentation and measurement procedure are as follows.

5.2 Calibration of Thermocouple

Calibration of one of the thermocouples is done with the help of a J-type thermocouple. At

first, leads of both the thermocouples are connected with respective meters. The junctions of

both thermocouples are put into a bowl containing tap water. At the steady state condition,

both the meters read 27°C temperature which are rccorded. Then some ice chips is mixed

with the water of the bowl. After stirring for some time, both the thermocouple meters

become static and their readings are recorded. Again, some more ice chips are added to the

water until a steady temperature of _2°C is reached. The calibration curve is shown in Fig.

5.1.

5.3 Temperature Measurement

Fourteen 36 SWG T-type thermocouples are used in this experiment. Twelve thermocouples

are placed at different locations within the enclosure [Fig. (4.1)] to measure the temperature

of air. Other two thermocouples are used to measure the room and cold plate temperature.

Data acquisition system is used to record the data from the thermocouples at every five-
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minute interval until steady state condition IS reached. Recorded data IS stored m the

computer.

5.4 Current and Voltage Measurement.

Power is measured indirectly by using a digital volt meter and a precision ammeter. The

digital volt meter of model LEADER LDM-853A is employed to measure the voltage across

the thermoelectric module which absorbs the necessary heat to from the air within the

enclosure. The volt meter has the accuracy of :to.3% and the range of the voltmeter is 0.2 -

1000 v.

A precision ammeter of model WESTING HOUSE 936234E is used to measure the current

supplied to the experimental thermoelectric module. It has the sensitivity of :to.01 amp.

5.5 Experimental Procedure and Data Analysis

A rectangular enclosure having a height of 450 mm and length 320 mm is used. The

experimental fluid is air at atmospheric pressure. The experiment is carried out under

transient as well as steady state conditions.

The overall test procedure is as follows:

I. First one end of the fourteen thermocouples are placed at different locations in the

enclosure. Other ends of the thermocouples are connected to the aquisitor.

2. Then aquisitor is connected to the CPU of the computer.

3. Electric power is supplied to the aquisitor through a rectifier.

4. Electric power is also supplied to the thermoelectric module through another rectifier.
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5. The computer is then started and PCA-14 is run.

6. From main menu fourteen channels are selectcd.

7. Then data are rccorded till stcady state condition is reached.

8. Then recorded data are analyzed for finding out heat transfer co-efficient, Nusselt

number and Rayleigh number.
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CHAPTER-SIX

RESULT AND DISCUSSION

6.1 Discussion on the Results and Finding

Figures 6.1 to 6.5 show the temperature distribution of the air within the enclosure. The data

arc presented at different height 'Y' in the enclosure at different distance 'X' from the cold

plate at different interval. The data at the interval of 15, 25, 50, 60 and 80 minutes arc

analyzed. From the temperature distribution profile in the enclosure the heat transfcr rate Q,

heat transfer coefficient "h" and average Nusselt number are calculated.

For finding out heat transfer rate Q temperature data and distance are plotted in sigma plot-

2000, and curve fitting is done. It is found that the single rectangular hyperbola fitted the data

very well and the nature of the equation can be gi ven as:

T = To + ax / (b + x)

Where

To = cold wall temperature

T = Air temperature of the enclosure

From the above equation dT/dx is calculated for each curve and the average dT/dx was also

calculated for each interval and Q is calculated by using the following equation

Q = -kr A dT/dx = hA (T - To)

Where Q is the total heat transfer from the air to the cold plate during that time.

It is found that the value of heat transfer rate Q increases with the interval of time.
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For calculating temperature gradient y, a general model for gravitational force driven flow

near the cold vertical wall is considered as shown in Fig. 6.0. Now the fluid of enclosure is

linearly stratified.

T (y) = 1'.0 + Y Y

y
I,

,--yH--[
,._-._..-t ... -- ..~--...-.-._--.----'-"--1
: I I
! I ,I, I
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. I

I
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Fig. 6_0: The effect of stratification in a cold vertical wall enclosure.
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T.O being the lowest temperature in the aITangement and y is constant temperature gradient.

The dashed line shown in the figure the location of the isothermal reservoir model employed

so far (y = DC 1m).

Now y is calculated by the following equation.

y = tot I H DC/m

where tot is the temperature difference between the lowest and highest temperature of nuid

line.

For calculating Rayleigh number, the average temperature of last column i.e. (x = O.3m) is

calculated then the temperature difference between the average temperature and cold plate is

calculated. And vertical height of cold plate is considered for calculating Rayleigh number.

where

H is the height of the cold plate

Tc is the cold plate temperature

T a is the average air temperature of the last column

For calculating Nusselt number, vertical height of the cold plate is considered and the value

of heat transfer coefficient is considered for particular interval.

Nu = h(T)L
H k

f
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For finding out the value of heat transfer coefficient "h" for each interval the average

temperature of twelve thermocouples which have been recorded through data acquisition is

calculated. Then temperature difference between the average temperature and cold plate is

calculated and the following equation is used.

Q = hA (~t)

Findings of the experimental investigation are discussed below. The rectangular enclosure

has an adiabatic surrounding, therefore, it is expected that the heat transfer rate from air to the

cold plate would be unaffected by the presence of surrounding from the enclosure.

Fig. 6.1 to 6.5 show the temperature distribution of the air within the enclosure at different

intervals. It is found from the figures that the temperature of air at any point gradually

decreases with time and air is colder closer to the cold wall and near the bottom of the

enclosure.

Again from Fig. 6. J to 6.5 it is found that fluid layers developed with interval of time which

floats on top of increasingly colder layers. It is due to the finite height of the enclosure and

eventually cold boundary layer hits the bottom of the enclosure. At that point the colder

stream has no choice but discharge horizontally from air of the enclosure. So, the direction of

discharge is horizontal because the cold boundary layer contains fluid colder than the rest of

the enclosure. In this way thermal stratification is developed in the enclosure.

From Fig. 6.6 to 6.10 it is found that the effect of the enclosure stratification on the heat

transfer from air to the gradually decreasing cold wall temperature with interval of time. It is

found that the value of temperature gradient, decreases with the interval of time. (Fig. 6.11).

It means the temperature difference between the adjacent layer decreases with the interval of

time i.e. the temperature difference among the warm fluid layers floating on top and of

increasingly colder layers is decreasing and y value is decreasing with time and approaching a

constant value at each section in the enclosure.
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Fig. 6.12 shows the average Nussell number increases with the interval of time, so heat

transfer coefficient also increases with the interval of time. This argument holds that heat

transfer rate in the enclosure increases with time until steady state condition was reached.

The experimental data of Nusselt number and Rayleigh number is plotted in Fig. 6.13. The

plots are given in term of Nusselt number versus Rayleigh number for different time of

interval and for constant aspect ratio. From the graph it is found out that the relation between

Nusselt number and Rayliegh number are linear. Fig. 14 shows the Rayleigh number also

increases with the interval of time.

Fig. 6.15 shows the variation of temperature with respect to time. It can be seen from this

graph that the temperature decreases rapidly initially. The rate of variation then decreases and

finally the temperature stabilized at a steady value.

Fig. 6.16 shows air temperature difference between top most and bottom most layer of air at

different x axis distance with respect to time. It can be seen from the graph that the

temperature difference after some time almost same. This argument holds there is no

significant change of heat transfer coefficient is established.

Fig. 6.17 shows average temperature difference of top most and bottom most layer versus

time. It can be seen that after some time there is no significant change of average temperature

difference with time.

Fig. 6.18 is found that the value of y is decreasing with time. It shows that at any distance

from the cold plate temperature of the stratified layers is approaching a steady state value.
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CHAPTER-SEVEN

CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions:

The important conclusions as a consequence of the present investigation are enumerated

below:

1. The temperature of air at different parts of the enclosure decreases asymptotically to

the steady state value.

2. Temperature difference between top most and bottom most layer of air at different x

value increases initially and then remains constant.

3. The result shows that the air in a part of the enclosure is substantially stratified.

4. Stratification indicator y decreases with the increase of time.

5. The natural convection heat transfer coefficient, Nusselt number and Rayleigh

number increase with the increase of time.

6. The experimental data are well correlated with the following correlation
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7.2 Recommendations

The following recommendations are put forward as future extension of the present
investigations:

I. Further investigation can be carried out with fluid filled rectangular enclosure driven

by a single vertical wall with warm and cold regions:

2. A numerical model may be developed for the study of natural convection heat transfer

in a rectangular enclosure from one cooled side wall.

3. For comprehensive investigation of natural convection heat transfer of the similar

type, a test rig consisting of a pressure as well as a vacuum vessel may be helpful. For

finding out the effect of Prandtl number experiments may be carried out with different

fluids.
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Fig. 6.1 Temperature at different height' y , in the enclosure at
different distance I x ' from cold plateafter 15 minutes.
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•
at height .02m, T=7.55+ 8.090*x/(.0394+x)
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~ at height .3m, T=2.568+12.22*X/(.0096+X)
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Table-1 Temperature TOe at different height from the base

and at different distance from the cold plate after 15 minutes

Dist.from Height from the base of the enclosure y in meter / Temperature

cold plate 0.02/ToC 0.15/T °c 0.3/T °c OA/T °c
meter, x

0 11.11 11.11 11.11 11.11
0.03 14.29 15.94 17.85 18.98
0.15 16.34 18.61 19.78 21.19

0.3 17.89 19A1 20.1 21.19

Table-2 Temperature TOe at different height from the base

and at different distance from the cold plate after 25 minutes

Dist.from Height from the base of the enclosure y in meter / Temperature

cold plate 0.02/ToC 0.15/ToC 0.3/T °c OA/T °c
meter, x

0 7.5 7.5 7.5 7.5

0.03 11.2 13.04 15.19 16.65

0.15 13.36 15.9 17.31 19.37
0.3 14.99 16.84 17.68 19.34



Table-3 Temperature TOe at different height from the base

and at different distance from the cold plate after 50 minutes

DisUrom Height from the base of the enclosure y in meter f Temperature
cold plate 0.02fToC 0.15fT °c 0.3fT °c O.4fT °c
meter, x

0.00 2.57 2.57 2.57 2.57

0.03 7.73 9.81 11.83 13.44

0.15 9.78 12.54 14.04 16.58

0.30 11.51 13.61 14.41 16.58

Table-4 Temperature TOe at different height from the base

and at different distance from the cold plate after 60 minutes

DisUrom Height from the base of the enclosure y in meter f Temperature
cold plate 0.02fToC 0.15fT °c 0.3fT °c O.4fT °c
meter, x

a -1.06 -1.06 -1.06 -1.06

0.03 6.8 9.14 11.22 12.34

0.15 8.96 11.88 13.4 16.05

0.3 10.76 12.95 13.83 16.04



Table-5 Temperature TOe at different height from the base

and at different distance from the cold plate after 80 minutes

Dist.from Height from the base of the enclosure y in meter / Temperature

cold plate D.D2/ToC D.15/ToC D.3fT °c D.4fT °c
meter, x

0 -2.471195 -2.471195 -2.471195 -2.471195

0.03 6.067409 8.392873 10.49329 12.13401

0.15 8.23096 11.13024 12.71549 15.43087

0.3 9.993936 12.19525 13.14354 15.43848

Table-6 Critical angle for inclined rectangular cavities

(H/L) 1 3 6 12 >12
t* 25 53 60 67 70
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02-24-2003 #### 14 CHAN 0 MINS
CHANNEL 2 3 4 5 6 7 8 9 10 11 12 13 14
Time ad)b 12 em24 em36 emmid b 12 em24 em36 emdoor t 12 em24 em36 em room plate

HH:MM:SSdeg e deg e deg deg e deg e deg e deg c deg e deg e deg e deg e deg e deg e deg c
07:47:42 23.52 23.50 23.50 23.51 23.55 2357 23.60 2352 2355 2355 2357 23.54 22.37 21.38
07:52:42 20.3720.3721.6522.1921.50224322.9023.132261 22.7322.9223.0922.3515.72
07:5742 16.8017.9219.6820.5318.65205021.3222.23197321.08 21.54 22.2122.9213.11
08:02:42 14.2915.9417.8518.9816.3418.61 19.7821.1917.81 194120.1021.1923.1511.11
08:07:42 1244 14.32 16.40 17.70 14.58 17.18 1846 20.22 1643 1806 1882 20.22 23.21 4.24
08:12:42 11.2013.0415.1916.6513.3615.9017.31 19.3714.9916.8417.6819.34 23.35 7.51
08:17:42 10.21 12.11 14.1815.7012.1714.87163818.5413.7415.9616.751855 2347 5.83
08:22:42 9:4211.31 1341 14.9711.51 14.131561 17.9713.05151216.0017.9623.52 6.59
08:27:42 848 10.65 12.78 14.37 10.64 13.42 14.98 17.36 1242 1451 1538 17.37 23.64 -0.21
08:32:42 8.0610.1312.1813.7810.11 12.881441 1694 11.7913.8814.8016.9323.84 5.34
08:37:42 7.73 9.81 11.831344 9.7812.5414.0416.5811.51 1361 1441 16.5823.81 2.57
08:42:42 7.32 9:4411.5013.11 94312.1813.7316.3310.9513.1814.11 16.3023.98 1.67
08:47:42 680 9.1411.2212.79 8.9611.88 13401605107612.9513.8316.0423.88 -1.06
08:52:42 6.58 8.80 10.94 12.60 8.71 1153 13.11 1583 1043 12.66 13.55 15.8023.79 2.72
08:57:42 6.39 8.6910.7612.40 8.5911:4313.0015.6610.3612.51 13:4215.6723.85 2.81
U~.UL.qL O.L~ O.OL IU.O,,+ IL.LO 0 ..;)1 II.L£f IL.OU 10.01 IU.Llf 1"::::.':>01.).L~ 10.00 L'),OO -L.LI

09:07:42
09:12:42
09:17:42
09:22:42
09:27:42
09:32:42
09:37:42
09:42:42
09:47:42
09:52:42
09:57:42
10:02:42
10:07:42
10:12:42
10:17:42
10:22:42
10:27:42
10:32:42

610:37:42
10:42:42
10:47:42
10:52:42
10:57:42
11:02:42
11:07:42
11:12:42
11:17:42
11:22:42
11:27:42
11:32:42

607 8.3910:4912.13 8.2311.1312.72 1543 9.9912.2013.1415:442410 -2:47
6.20 8:4510:4612.04 8.31 11.1212.57153710.0012.1513.0615.3924.10 -0.11
6.20 8.5010.5012.12 83811.1512.691541 10.1912.2313.1015:4024.25 1.98
6.27 8.49105012.12 8.3011.1712.701541 10.0712.2313.1615.41 24.32 0.07
6.03 8:45105712.16 8.2411.1912.71 154410.1412.2913.1815:4524:41 0.64
6.29 8.5710.5912.25 8:4911.3512.8415.5810.3912.3613.2515.5724.56 1.33
6.21 8.51 10.5812.24 84011.24 12.7915.5410.2212.37 13.2015.5224.50 -0.28
6.12 8.4610.5512.19 8.3311.2412.7815.5610.1912.3013.2015.5324:44 -0.12
6.19 8.5010.5712.21 8.3611.2812.7915.5410.221232131815.5224.39 -0.29
6.18 8.5010.5312.19 8.3011.2412.7615.5210.031231 13:2215.51 24.51 1:40
6.24 8:4810.5512.19 838112412.77 15.54 10.08 1232 13.20 15.51 24.61 -0.30
606 8.41 10.51 12.21 8.3011.21 12.7415.5310.1312.3213.2015.5024.69 1.20
6.22 8.50106212.22 8.3611.2412.7615581029123413:21 15.5724.75 1.52
6.29 8.56 10.58 12:25 8.53 11.33 12.85 15.61 1021 1236 13.26 15.63 24.67 0.15
632 8.52 1061 12.26 853 11.30 12.82 1562 1039 12.35 1326 15.5924.72 -0.24
6.21 8.5610.6412.25 83311.2712.82156210.01 12.3513.2215.6324.77 2.08
6.31 8.57106212.28 8:4711.31 12.8415.61 10.2912.3813.2615.5924.81 0.38
6.26 8.60106512.27 84411.3212.87 1565 103012.3613.31 156624.78 1.17
6.37 8.5410.6212.28 84711.3312.8315.63104712.3713.28156024.77 2.02
6.38 8.5910.6412.29 8.51 11.3412.8415701041 12.3513.3315.6424.77 1.70
6:28 853 1062 12.29 8:47 11.30 12.85 1565 10.31 12.36 1330 15.67 2486 2.00
6.37 8.6810.7412.37 8.5511.3912.9615.71 10.3712.5013.3415.7124.97 1.85
6:48 8.6810.7512.34 8.61 11:41 12.9615.73103812.50133915.7525.02 089
6:45 8.67 10.79 12:40 8.62 11:42 12.98 1575 10.09 12.51 13:40 15.71 24.95 0.91
657 8.7310.7612.39 87511.5013.0015.8010.6212.5513:4415.8025.00 036
643 8.6710.7612.37 8.5411.4712.9615.77 10.27 12.53 1342 15.7625.01 -0.01
652 8.7910.881248 8.7611.6013.11 158910.4812.6413.5415.8625.06 0.34
645 8.7910.8712:49 8.6511.5313.07 15.86105212.58134715852500 1.34
6.62 8.851091 12.55 8.8411.6513.13159410.61 12.7013.571591 25.25 0.38
663 8.83109212.53 8.8211.61 13.121590104212.6313.5415.9025.05 2.12



11:37:42
11:42:42
11:47:42
11:52:42
11:57:42
12:02:42
12:07:42
12:12:42
12:17:42
12:22:42
12:27:42
12:32:42
12:37:42
12:42:42
12:47:42
12:52:42
12:57:42
13:02:42
13:07:42
13:12:42
13:17:42
13:22:42
13:27:42
13:32:42
13:37:42
13:42:42
13:47:42
13:52:42
13:57:42
14:02:42
14:07:42
14:12:42
14:17:42
14:22:42
14:27:42
14:32:42
14:37:42
14:42:42

664 8.8910.9712.57 8.841166132015.98106212.77 13.57 15.9725.14 1.33
6.59 8.81 109312.57 8.78116213.16159510.59126913.5815.9525.17 1.71
664 8.9010.9412.60 8.7911.62131515.9810.5712.641361 15.9625.42 2.01
6.72 8.9311.01 1267 8.8511.70132216.0310.6012.7813.7016052526 2.35
6.72 8.9511.0412.72 8.8011.74132816.11 10.5212.7813.7416.0725.39 2.12
6.85 9.04 11.11 12.77 90211.81 1331 1611 10.8212.86137516.1525.36 2.48
6.76 90811.1212.77 89011.8313.34161010:4912.8413.77 16.142532 1.54
6.86 9.0811.1612.78 90211.8313.3716.14107612.88138216.1625:43 0:48
6.84 8.9911.141279 9.0011.8313.3516.19108912.8913.8516182539 1.24
6.77 9.09 11.20 12.87 8.98 11.89 13:40 1620 1076 12.93 13.84 16.1825:43 2.05
690 9.1011.2412.87 90611.9213:4416251074129613.87162525:44 0.38
6.89 9.06 11.21 12.81 9.1211.8813:40162010.77 12.93 1384 16.2025.43 0.37
6.91 90811.21 12.88 907118913.43162210.7912.97138616252562 1.63
6.74 9.08112512.90 8.9511.9213.5016321087130213.90162925.51 1.90
6.93 9.1411.3012.93 91711.9713.4816.331093130613.94162925.53 2.45
6.94 9.1911.301292 9.1212.01 13.5416:41 10.9013.02139716352553 1.51
6.91 9.1711.3012.96 90811.9913.5316.371071 13.101401 163625.54 1.53
7.05 9.1911.3012.97 9.261201135716371120130913.9616.3725.68 0.45
7.03 9.22113413.01 922120313.61 16.441108131214.0416:4125.57 1.37
7.15 9.2611:41 13.02 92312.14136716.51 10.9613.19140916:4825.72 263
7.01 9.21 11.3713.07 92412.07136616:421097131314.0916:4525.75 1.39
7.11 9.3211:4213.08 92212.11 13.6916.5210.88132514.1316.5425.73 0.64
7.10 9.2911:4413.10 9.2312.10136716.54107313.1714.13165425.85 2.67
7.16 9.3911.4713.09 9.3212.191372 1660 11.21 13.3314.1416.5825.77 0.78
7.09 9.3911.4913.19 9.34122613761660111713291421 16.6425.76 082
7.23 9.4011.501316 9:43122013.7516.57112813.31 142016.6325.67 2.51
721 9.4711.5413.19 9.42122213.81 166411.3613.30142516.672586 1.22
726 9.3811.5413.20 9.44122813.7916.6711.1613.31 14.2416.6325.78 2.58
7.23 9:4611.581326 93712.311382166710971336142516.6425.95 1.67
7.31 9.5511.651329 9:4312.351391 16.71 112213.37143216.7125.87 1.19
7.18 9.51 11.671328 93412.391391 167211.3413:43143616.752584 283
7.30 9.5811.6413.31 9:4012.3513.91 1672 1124 13:46 14.32 16.72 25.98 2.74
7.39 9.51 11.6913.30 956123913951672 11.17 13:46 14.37 16.72 2579 1.94
7.53 9.6511.7313.35 9.6312:45139816.78112513.5214.3816.77 25.99 2.10
7.44 9.5711.6913.35 962123813.9616.75113913.5014.41 16.7425.71 0.76
7.46 9.71 11.71 1339 9.6612:4513.9816.8211.57135814.3716.8125.77 2.04
7.32 9.6311.72 1339 95012:41 14.01 16.8811.2313.5714.4216.8725.87 2.82
7.55 9.6711.7613.47 96612.4714.021689112813.4814.4516.8925.96 3.08
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Time
HH:MM:SS
07:02:25
07:07:25
07:12:25
07:17:25
07:22:25
07:27:25
07:32:25
07:37:25
07:42:25
07:47:25
07:52:25
07:57:25
08:02:25
08:07:25
08:12:25
08:17:25
08:22:25
08:27:25
08:32:25
08:37:25
08:42:25

08:47:25
08:52:25
08:57:25
09:02:25
09:07:25
09:12:25
09:17:25
09:22:25
09:27:25
09:32:25
09:37:25
09:42:25

09:47:25
09:52:25
09:57:25
10:02:25
10:07:25
10:12:25
10:17:25
10:22:25
10:27:25
10:32:25
10:37:25
10:42:25

10:47:25

0.29 14.00 CHANN 0.00 MINS

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00

2mm 150mm300mm 400mm 2mm 150mm300mm 400mm 2mm 150mm 300mm 400mm room plale
degCdegC~cdegCdegCd~Cd~cd~cdegC~gCd~cdegCdegCdegc
25.30 25.31 25.26 25.30 25.25 25.29 25.32 25.24 25.25 25.24 25.26 25.19 23.06 28.06
22.13 22.14 23.28 23.79 23.15 24.10 24.56 24.71 24.27 24.38 24.57 24.71 23.52 16.27
16.42 19.46 21.15 21.94 20.27 21.99 22.85 23.68 21.80 22.62 22.98 23.67 23.54 15.15
15.79 17.23 19.18 20.34 18.01 19.96 21.12 22.51 19.50 20.77 21.41 22.50 24.09 12.57
13.78 15.52 17.60 18.97 16.03 18.35 19.67 21.48 17.70 19.22 20.04 21.45 23.92 10.23
12.28 14.25 16.30 17.73 14.54 17.09 18.44 20.51 16.06 18.05 18.86 20.51 24.08 9.43
11.21 13.11 15.24 16.77 13.47 15.93 17.45 19.62 15.06 16.97 17.85 19.61 24.08 4.79.
10.30 12.26 14.34 15.91 12.62 15.12 16.58 18.94 14.48 16.13 16.98 18.92 24.12 7.21.
9.53 11.58 13.68 15.25 11.78 14.34 15.91 18.33 13.49 15.38 16.30 18.30 24.06 3.07

8.81 11.00 13.11 14.71 11.05 13.80 15.31 17.83 12.80 14.82 15.76 17.81 24.27 0.80 '~._
8.25 10.49 12.65 14.23 10.62 13.26 14.84 17.44 12.63 14.35 15.29 17.39 24.32 0.26 _

8.02 10.20 12.31 13.92 10.31 12.96 14.54 17.14 12.03 13.98 14.97 17.16 24.60 -0.62
7.74 9.90 12.01 13.63 9.99 12.68 14.21 16.92 11.76 13.80 14.66 16.90 24.71 5.01_
7.51 9.80 11.81 13.47 9.84 12.60 14.07 16.75 11.33 13.60 14.51 16.75 24.83 4.91
7.45 9.64 11.66 13.30 9.70 12.37 13.86 16.63 11.32 13.40 14.37 16.65 24.99 4.29
7.32 9.58 11.62 13.27 9.50 12.27 13.83 16.62 11.19 13.41 14.29 16.58 25.00 -0.96
7.17 9.51 11.58 13.18 9.40 12.25 13.78 16.53 10.76 13.27 14.21 16.52 25.02 3.96
7.14 9.52 11.51 13.14 9.41 12.28 13.77 16.51 11.40 13.25 14.17 16.49 24.85 5.01
7.16 9.43 11.45 13.07 9.47 12.17 13.67 16.43 11.24 13.14 14.08 16.40 25.13 5.01

6.95 9.37 11.39 13.04 9.27 12.14 13.62 16.41 11.12 13.18 14.07 16.41 25.29 4.11
7.07 9.29 11.41 13.07 9.32 12.09 13.63 16.43 10.88 13.12 14.07 16.40 24.98 3.15

6.88 9.21 11.36 13.07 9.29 12.14 13.63 16.37 11.16 13.18 14.06 16.38 25.33 -1.80
6.76 9.19 11.36 13.01 9.21 12.02 13.56 16.36 10.98 13.07 14.01 16.33 25.29 -1.62
6.90 9.28 11.35 12.98 9.28 12.10 13.56 16.43 10.93 13.12 14.05 16.41 25.54 4.52
6.96 9.32 11.35 13.01 9.36 12.03 13.61 16.46 11.21 13.04 14.09 16.43 25.59 4.38
7.02 9.35 11.47 13.07 9.48 12.18 13.71 16.44 11.32 13.23 14.17 16.46 25.68 -1.15
7.08 9.36 11.51 13.15 9.39 12.20 13.72 16.54 11.03 13.26 14.16 16.54 25.46 -1.08
6.97 9.47 11.57 13.15 9.41 12.27 13.80 16.56 11.29 13.37 14.23 16.53 25.64 4.74
7.18 9.49 11.57 13.22 9.46 12.27 13.81 16.62 11.22 13.39 14.24 16.55 25.78 -1.11
7.11 9.48 11.64 13.25 9.46 12.35 13.86 16.63 11.35 13.37 14.31 16.66 25.89 -1.15
7.33 9.61 11.71 13.38 9.71 12.44 13.95 16.76 11.52 13.47 14.44 16.77 25.98 4.54
7.21 9.65 11.76 13.37 9.57 12.47 13.96 16.78 11.38 13.52 14.40 16.77 26.04 2.99

7.26 9.67 11.75 13.37 9.69 12.53 14.02 16.82 11.48 13.56 14.44 16.81 26.12 -0.45
7.47 9.74 11.85 13.48 9.77 12.51 14.09 16.89 11.51 13.59 14.56 16.86 26.18 0.11
7.49 9.83 11.96 13.56 9.83 12.60 14.18 16.97 11.49 13.67 14.61 16.96 26.29 -0.29
7.50 9.81 11.92 13.60 9.86 12.61 14.18 17.00 11.68 13.66 14.65 16.96 26.33 1.97
7.64 9.88 11.97 13.63 9.92 12.69 14.24 17.00 11.42 13.81 14.69 17.00 26.31 -0.70
7.56 9.97 12.07 13.70 9.81 12.77 14.30 17.08 11.47 13.87 14.74 17.08 26.20 4.31
7.65 10.07 12.15 13.75 10.04 12.90 14.38 17.17 11.81 13.89 14.80 17.15 26.42 2.64
7.73 9.99 12.06 13.76 10.02 12.78 14.32 17.13 11.71 13.81 14.79 17.10 26.28 2.09
7.61 10.01 12.11 13.80 9.89 12.78 14.34 17.18 11.65 13.87 14.84 17.16 26.36 4.66
7.83 10.09 12.14 13.78 10.12 12.91 14.42 17.18 11.96 13.94 14.83 17.18 26.55 2.48
7.76 10.06 12.21 13.84 10.10 12.90 14.45 17.22 11.76 13.97 14.91 17.24 26.43 1.49
7.81 10.18 12.27 13.87 10.17 13.05 14.52 17.29 11.84 14.02 14.99 17.27 26.46 2.57
7.77 10.11 12.24 13.93 10.09 12.94 14.52 17.31 11.69 14.03 14.99 17.30 26.46 3.56
7.88 10.29 12.34 13.96 10.28 13.01 14.57 17.38 12.06 14.08 15.05 17.36 26.59 5.62



10:52:25 7.82 10.24 12.34 14.00 10.18 13.08 14.58 17.38 12.08 14.10 15.06 17.37 26.62 3.6810:57:25 7.92 10.29 12.39 14.03 10.28 13.13 14.64 17.44 11.93 14.21 15.07 17.44 26.68 2.7511:02:25 8.10 10.42 12.46 14.08 10.41 13.14 14.73 17.48 12.15 14.24 15.12 17.47 26.63 5.7711:07:25 8.06 10.37 12.50 14.08 10.38 13.22 14.71 17.49 12.15 14.26 15.14 17.49 26.75 2.8211:12:25 8.07 10.45 12.53 14.11 10.40 13.21 14.73 17.53 12.26 14.31 15.20 17.53 26.82 3.3811:17:25 8.09 10.50 12.57 14.22 10.46 13.25 14.78 17.58 12.26 14.36 15.27 17.54 26.64 3.7611:22:25 8.33 10.61 12.63 14.26 10.66 13.36 14.90 17.63 12.37 14.42 15.32 17.63 26.89 4.3611:27:25 8.37 10.65 12.70 14.35 10.67 13.45 14.94 17.71 12.37 14.45 15.39 17.70 26.88 1.9811:32:25 8.32 10.60 12.72 14.33 10.63 13.40 14.93 17.70 12.36 14.46 15.39 17.70 26.66 3.8311:37:25 8.39 10.60 12.74 14.31 10.66 13.43 14.94 17.72 12.32 14.51 15.41 17.71 26.89 2.9911:42:25 8.48 10.75 12.83 14.39 10.81 13.53 15.02 17.77 12.66 14.59 15.45 17.76 26.80 2.081I :47:25 8.35 10.78 12.78 14.39 10.64 13.53 14.99 17.82 12.42 14.56 15.45 17.79 26.92 2.6111:52:25 8.59 10.74 12.85 14.43 10.85 13.59 15.06 17.81 12.49 14.65 15.48 17.81 27.02 2.171I :57:25 8.57 10.78 12.86 14.45 10.84 13.57 15.07 17.85 12.50 14.63 15.54 17.85 26.96 4.1712:02:25 8.50 10.79 12.92 14.53 10.76 13.64 15.15 17.90 12.69 14.70 15.60 17.90 27.03 4.2112:07:25 8.55 10.87 12.91 14.54 10.86 13.68 15.16 17.94 12.79 14.73 15.63 17.94 26.92 4.6012:12:25 8.68 10.97 13.00 14.61 10.97 13.68 15.21 17.99 12.70 14.79 15.70 17.99 27.18 3.9412:17:25 8.65 10.93 12.97 14.61 10.97 13.70 15.21 18.05 12.64 14.80 15.66 18.00 27.36 2.2712:22:25 8.57 10.95 13.03 14.67 10.90 13.71 15.27 18.05 12.82 14.82 15.72 18.00 26.89 3.8412:27:25 8.48 10.95 13.07 14.68 10.86 13.80 15.32 18.06 12.55 14.85 15.74 18.05 27.09 2.2812:32:25 8.63 10.97 13.05 14.67 10.96 13.85 15.31 18.07 12.86 14.82 15.78 18.05 27.12 2.4312:37:25 8.64 10.98 13.08 14.68 10.92 13.79 15.33 18.13 12.41 14.83 15.81 18.11 27.07 3.6212:42:25 8.66 10.95 13.13 14.75 11.06 13.79 15.37 18.14 12.64 14.92 15.82 18.14 27.17 4.2712:47:25 8.54 10.96 13.06 14.70 10.94 13.79 15.34 18.13 12.78 14.90 15.78 18.13 27.21 3.5812:52:25 8.66 11.03 13.10 14.74 11.03 13.81 15.37 18.17 13.03 14.95 15.83 18.17 27.45 2.8112:57:25 8.79 11.05 13.18 14.80 11.10 13.82 15.42 18.21 12.81 14.98 15.88 18.19 27.11 4.0813:02:25 8.75 11.09 13.18 14.83 11.10 13.91 15.43 18.27 12.76 15.02 15.93 18.26 27.74 2.8213:07:25 8.71 11.06 13.13 14.83 11.07 13.85 15.39 18.28 12.75 14.95 15.86 18.26 27.41 3.9913:12:25 8.85 11.08 13.22 14.89 11.20 13.94 15.49 18.34 13.01 15.04 15.95 18.32 27.40 2.1613:17:25 8.97 11.14 13.25 14.93 11.34 14.01 15.57 18.36 13.30 15.06 16.01 18.36 27.35 2.1113:22:25 8.74 11.13 13.27 14.88 11.06 13.99 15.56 18.39 12.79 15.09 16.03 18.39 27.30 3.0313:27:25 8.73 11.06 13.19 14.89 11.10 13.96 15.52 18.38 12.83 15.02 16.04 18.36 27.67 4.6413:32:25 8.79 11.08 13.25 14.89 1I .21 13.99 15.56 18.35 12.80 15.06 16.02 18.40 27.28 2.3213:37:25 8.82 11.20 13.29 14.95 11.22 14.00 15.62 18.45 13.05 15.06 16.04 18.46 27.49 4.6713:42:25 8.74 11.10 13.27 14.97 11.13 14.04 15.60 18.44 13.08 15.11 16.07 18.40 27.69 3.0913:47:25 9.00 11.31 13.38 15.02 11.28 14.12 15.69 18.48 13.12 15.24 16.10 18.50 27.85 3.1613:52:25 8.85 11.28 13.40 15.07 11.31 14.09 15.67 18.52 13.14 15.21 16.13 18.51 27.40 3.1713:57:25 8.82 11.21 13.37 15.09 11.18 14.10 15.67 18.53 13.00 15.22 16.20 18.53 27.32 4.1714:02:25 8.88 11.28 13.45 15.06 11.24 14.20 15.77 18.52 13.08 15.31 16.20 18.56 27.51 2.48



Nonlinc"r kcgres:-ion

{Variables]
x = 001(1)
Y"'l.:ol(2)
[Parameters)
yO=min(y) "Aulo {{previous: 11.1611}}
a =max()')-min(y) "Aulo {{prc"iolls: 7.J648R: ~
h 0:0 x.'iO(x,j'-min()'» "I\llin Ilpr-c\'l(llls: 0.04.'1.'145.'1: l
[Equatiun}
f=yOla.X/(blx)
lit I' to)'
rflpli~msJ
tulerance=().()(K' 100
stcpsize= I 00
itcrnttons= I 00
[C(ITls(rainls J

(1.'1 MlTls)

R = 0.99263805 Rsqr = 0.98533029 Adj Rsqr = O.9559908R

Siandmd Error (lfEshnlillc = tl.{ll..J.fl

CoefflCient Std. Error
)iJ 11.1611 t1.(1125
a 7.:\649 1.0.173
b 0.0453 0.024(,

I
lK2229
7.1000
1.~45(,

P
0.0349
O.mNI
0.31(>1

AnalysIs of VflriHncc.
. OF

Regression 2
ResidUllI 1
Tnl,,1 J

PIUiSS = 60.2294

1>nrhin.Wals(ITl SI,llistlC"" J.OX(,(l

SS
253719
0.:'777
2.'1 74'J7

MS
l2.(,KW
03777
K.'ix.12

F
H ..:'X.U:

P
0.1211

Normality Test: Passed tp = 0.59R7)

Ctlflslanl Vim,lTlCC 1'csl: (I' '" <o,OO() 1)

Powerofpcrformed test with alpha = 0.0500; 0.7997

The f'llwcr (I]"Ihe pLTr(lTTned lest (O.7\J\J7) is hcllJ\\ (lie dl.:.~m..'(J fl(l\\t'T oro xooo
You shuuld il1lerpreL the IIt,zativc finJinjo!,scauliuusl\'.

Regression Diagnostics:
How Pn.-dicted He,iI!U:.I1 Sill.~l'~.
1 11.1611 -0.0511 -o.OXJ2
2 14.0936 0.1964 0.J1')6
3 ]6.l:(]M -0,4764 -lI7751
-1 17.5589 (LUll o.5.~~6

influ(,.'1lcc Diagnostics:
Row Cook'"l)i!lt Lc,'('ra~(' IWt'lTS
I -17.84% 0.9931 0.0000
2 2.9289 0.8978 {loom
3 0.2215 0.3992 (+inO
4 n,XI.'ih 0.7(1)1) (+illl)

95% Confidence:
Ron' Pn-dicfcd RC2r.5°/. RC2r.95%
I 11.16 J 1 J ..17X9 IX'HH
2 14.093(, (..c,9;1l) 2149J2
] 16.8164 11.8K22 21.7506
-1 17.55Xf) lOf)7f)3 24 1:\1\(,

Slu,1. H.l'~.
-1.0000
O.')')')l)

-1.0000
I.oono

Pop. 5%
o l,lh2
.1..135.1
7.57Xl)
7.3471

Slut!. Ill'!. Rc~.
0.0000
(I.iJO()()

(+mt)
(+illl)

Pop. 95°/.
n.IXw
24.X51X
2(dJ5JIJ
27.771'1(,



Nonlinear Rcgrcssit11l (I'iMlIIs)

IVariables]
x =col(l)
y = col(\)
IParamctcrsl
yO =min(y) "Auto {{pre\,ious: 11.114S}}
a = maxo')-min(y) "Aulo {{prn-iOllS: K91542}}
h = x50(x,y-mm(y)) "1\111(1 Ilprc\"illllS 0.02.'i7932: l
IEquatil>n!
f=yOfa.xltb+x)
lit flo}'
IOph(lUsj
tolenlllcc=O.OOO I00
stcpsizc= I00
itcmtions"" 100
IConslminlsJ

R=O.99975150 Rsqr = 0.99950.306 Adj Rsqr = 0.9lJS50') 17

Slimdiml ETWTof Eslirn,llc = O. 1446

Coefficient Std. Error
).() IJ.1I4~ Cl.1445

" ~915,1 n.llH
b 0.0258 0.0025

I
7(19140
.11.5X05
10,3749

r(lomn
IHll.i.~
0.0(,12

Regression
Residual
T(ll.d

I\nlllysis ('If Vnriancc:
DF
2
1
)

PRESS = 19.3.334

Durhin-W.lIstm SI,.hshc =: 2.9175

Normality Tcsl;

SS
42.0488
0,02D?
42,06\)7

I.P =: 0.5.314)

MS
21,0244
0.0209
140:;.12

F
1005.(1476

P
0.022.3

CUllSlilnl Vilnmu;e;: Tesl; (11= -:0 ODDI)

Power of performed test nilh alpha = (1.0500: 0.9IJ44

H.cgrcSS1(m DI.Igmlslics:
Ro¥, Predicted Re'lidual Std. Rc~
1 11.1148 -{),0048 -0.03:1:;
2 15'!l1~6 OOJ14 0216IJ
J 18.7221 -{I. I 121 -0.7755
4 19.3244 0.0856 0.5920

Intlucncc Diagnostics'
Row CfKlk '1l0i1l1 Lcvel':ll~e DFFlTS
1 299.3310 0.99~9 OJIO(IO
2 6.7512 0.95:10 0.0000
) O.220IJ 11.3\)~(1 0,0000
,1 0.6179 0.64% t+inO

95% ConJidCllC<.':
Ruw P~dicCed Rcgr.5-1 •• "h'~r.95°/.
1 11.1148 9.2787 12.9510
2 15.9086 14,1152 17.7021
) IK7221 17.5(,2.1 II) SS20
'\ 19.3244 17.8-1.17 20.X051

Stud.R~s,
-0./)991)
O.l)\}lJ\}

-1.0000
1.0000

Pop. 5°/.
8.5174
P.:l412
Hl.54lJ4
Ih,I)MX

Stud. Dl'L Rl'5,.
O.O()()()

0.0000
0.0000
( • int)

Pup. 95°/.
D.712:\
1X.47(, 1
20JilJ4X
21.hX.10



(!.) Mins)

IVariables I
x = 001(1)
)' == l,;ill(4)

IParamelel SI
yO = min(y) "Aulo {{prcl;ou..<;: 11.9099}}
II= mllx(y)-min(J) "Auto {{previous: 8.555~9}}
h ~ x)n(x.y-tnlTl()')) "'\lIln llprc\'iolls: O.OI32(J2: I
IEquation)
f=yO~a.x1{b+X)
lit ftoy
IOpllonsJ
tulcrancc=O.OOOI00
stepsizc= I 00
itcrations=l00
ICnnslminlsj

R = 0.99999911 Rsqr = O.99999R43 Adj Rsqr = 0.99999529

Shmd,ml Errnr llf E:-lirnalc == 1l,1}()X2

Coefflcienl Sid. Error t p
Ii} 11.9099 OOOX2 14445532 0.0004
• K.5559 (WI I j 7.].1'll).~j lUiOO')
h 0.0132 O.(){)OI 15.l.-lR4CJ 0.0041

Annlysis of Vnrillncc.
DF SS MS F P

Rcgression 2 43.2965 21.64X.~ 31R4.11 IOK2 O.OOl3
Residual 1 o.onOI II 0001
Tnl,ll J 43.2l)()() 14.4.,22

PRESS = O.6R II

Durbin-WlIlsllT! SI.lli:-lic ~ 2.7970

NOrrrlHlity Tcst: Passed (P = 0.462X)

C'lJ1sl,ml V,manec Tc."I: (p .. <0 (}()!!I)

Pm ••..cr ofpcrfonncd tcst with alpha = 0.0500: 1.0000

HcgressitlTll)lOIgon.slic.s:
Row Predicted
1 11.9099
2 17.H512
.1 19.77.17
4 20.1052

Jnllurncc Dingnoslics:
Row Cook'!lDid
I JJ22.70J5
2 14.6918
1 O.23M)
,1 0.51G6

95% Coulidcncc:
Row Pred"=tetl

11.9099
2 17.8512
3 19.7737

" 20.1052

RC!lidu».1
O.IXlOl
-(U}(1I2
0.006,1
-0,0052

Le\er.t.2c
0.9999
O.977X
0414.')
O.(,(J78

H:c~r.S"I.
I1.R052
17.7476
19_70(,2
2u.(J2.~;)

Sid. Rc~.
0.0100
-0 14X1)

O,7(lSl
-0.(,2(,3

DFFITS
0.0000
(+inn
(+mf)
0.0000

Rc~r. lJSu;.
12.0147
17.'J54t<
]9X411
20,IXM';

Slud. Rc!C.
1.0000
.1,0000
1,lIono
.1.0000

Pup. 511/ ••

J 1.7(-18
17.7OJ'J
196491
1').lJ72~

Stud. DeL RCI!.
0.0000
(+lot)
(+irlt)
0.0000

Pup. 95"/0
12.0581
17.9986
19:-\9X:;
20.2,~~O



Nonlinear Rcgrcssil'n (I.') Mills)

IVariablesl,= col(1)
y :: C<l1(5)
(Palamclers]
yO=minty) "Aulo {{prcvious: 11.IOX6;:.
u =mn"'l\')~min(y) "Auto {{prc\ious: 1O.574(,)}
h = ,,50(x,y-min(y)) "AIIIII Ilprc"illlL'; 0.01014.');;::
IEyuuliolll
FyO.ta*v{htx:t
lit fto)'
I( >P11(lTlSI
lolerallt:C=Q.OOO I00
slepsizc=IOO
ilcralions=)OO
IC(mslr:nnls]

R = 0.99960800 Rsqr = 0.99921616 Adj Rsqr= O.99764R47

SI<1Jl,LIft\ Errur (If Estimate = 0.2:;21

cocmcient Std. Enor I p
)-1) J 1.I0~6 {} 2321 ..1-7 X(>()l) (lOI:n

" 10.574(; IUI91 .nIH.l OOI').:!
b 0.0101 00017 ('.ll7l-l O,lO:W

Anolysis or Vnrionce:
OF SS MS F I'

Regression 2 68.6756 J-I.JJ78 6J7JRJR 0.0280
Residual 0,0539 0.0539
T'Il;li > f1R72l)5 n,l)()')x

PRESS = 1443.7697

Dlirhin.Willson Stalistic = 2.7675

Normality Test: Passed (I' = 0.4508)

Clmslaol VlInnnce Tesl: Finlctl (P '" <1Wl)() I)

Power ofpt.'Tfonncd tcsl with alpha = 0.0500: O.9R95

HcgrcssillJl l>i,lgJIlISlics:
Row Predicted Rl:!Jidual Std. Rl:!i.
I J 1.IOR6 0.0014 (l.O061
2 II).UIO!" -UUJU!" ~o1l21}
1 21.0111 n.17(,7 07(JI.~
4 21.317) '{1.l47) •.(J.{,J4(.

JnJhlence 1)i<lgrJoslics:
Row Conk'lIDid lc\'t~r-"'ee DFFITS
I 8912.5534 1.00lXl O.(l{lOO
2 185401 O.fJR2J (+inJ)
1 0.2417 0,4204 (+llll)
,1 0..1945 0.5973 0,0000

95% Contidl'THx':
Row Prl:didl:d Rc~r. S-/. Rc~r. '.Iso;..

11.10"(. ~.1595 14.0577
2 19.01118 16.0878 21.lJUlJ
3 21.01U 191012 22nS4
4 21.J.171 19.0579 2.l.hlh6

Siud. RC!i.

0.999.'
-I.OOO(l
I.noon
~1.0000

Pup. 5°/.
(,.9:l7X
14.85R5
174l)X5
17.fllll)l)

Siud. DeL Rl::'I.,
0.0000
(+ml)
(+int)
O.()()(XI

Pup. 950/••
15.279J
23,1632
24.52S1
25,(Kj,16



Nonlincilr I{CgJC'sslun (25 Mins)

IVmiahlc:-;J
x ='1::01(1)
y = col(5)
IParamdersj
yO -= mintY) "1\11111 f lPlc"illtl, •• 7A979.'\::
a =' maxlv)-min(y) "Aulo {{prc\;nus: 12.4(,55}}
h = x50(x.y-minlv» "Auto ~{prcv;OlL'l: 0.01(6754):-
II:quuli(lllJ
f=-,'O+n.x!(h+'I:)
fit'ftoy
IOptions}
1(,il."fllncc""'t-'.OOO 100
stcpsih--=IOO
iterations= I 00
IConstraints J

Standard Error of Estimate =O.3(lKI

Cneffictt-nt Sid. f,rnlr I p
yO 7.4979 0.J081 14.3349 0.0261
• 12.4655 0.424(. 21U6(l4 0.0217
h {H1107 00019 .<i.<;21.\ 011<11

Analysis ()f Variance:
DF SS MS F P

Rcp,lcs.:-;ion 2 1),1.7(,52 .17..'\X2(i .199 OK') ~ n,Il.'\ lh
Residual 1 0.0949 OJ)949
Total 3 9-t.R60J 31,6200

PI~F.SS = 2101.99:52

Durbin-WaL"on Statistic = 2.7726

Ntlrlllality Tesl: PassCtI (P = 0.4'527)

Constant Variance Test: Failed tP = <.0.000 l)

rom ...•r of pl..•rfUlIllCtllcst willi [jlplta -- 0.0500 O.9K')(i

Regression Diagnostics:
No,,' Prc-dil"h:d
1 7.4979
2 16.6918
3 }9.1:\52
" 19 ..5:\,<; I

Innucncc Diagnostics:
Roft. Cook'!lDld
I 736fl.122I
2 17.7780
3 0.2407
4 O.4l)~O

95% Confidence:
Row Predicted
1 7.4979
2 16,C,91R
3 19.1352
4 19.5351

Rl"!lidu~1
0.0021
-0.0418
O.234K
-O,lllSI

LCH:ragc
I.ooon
0.981(,
0.4193
O.59n

Regr.5%
1.51(m
12.8129
16.6001
16.5046

Sid. Nl'!I.
O.tIO(17
-0,1357
0.7620
--Of,HI

DFFITS
ounoo
O.()(XIO
O.(X)OO
(+1nJ)

Rl.~r. 95%
114.]2')
20.5707
21.6703
22.5656

Shld, Rl".
1.0000
-1.0000
1.0000
-I OIHH)

Pop. 5%.
1%1.1
11.1~O(,
144710
14.5842

Shul. DrI, N("!I.

0.0000
0.0000
0.0000
(+in!)

Pop. 95°/.
l.1.t04fl
22.2<130
23.7993
24.48(,0



NUTllmc;Jr Hcgn..-ssioll (25 MillS)

[Variables I
,~ col(1)
Y'" cnl(4)
II)aramelersl
yO=min(y) "Auto {{prc"iou.<,:7.50009}}
a = rna'l,;(v)-min(y) "Auto t fprnious: I0.55fl7}}
II '" x.'iO(:'Is-miJl(Y» "1\1110 llplcviolls iJ n 11 H,t}')::
Iliquatiun]
f=yO la-x1th Ix)
lit flO\'
I( )[1lil~.'\J
tolcranet.=O.OOO I00
stcpsizc= I 00
iterations= I00
IClmslIllinlsJ

R ~ 0.99999883 Rsqr = 0.99999766 Adj Rsqr =O.999992')X

SlaTJt~lT(1 Ern'T IJfE. ••lirnale = l).O 126

CoeffICient Sid. Error I p
.yO 7.5001 0.0126 yn.1227 OliOll

" 10.5.\07 0017] hOR2.l<1X non 10
h 0.0112 0.0001 11('.9R70 0.0054

Annlysis {)f VlIriancc'
DF SS MS F p

Regression 2 67.45RR .1.1.7194 21.17X('.147X (l.OOIS
l~l.'Sldual I 0.0002 /lOOm
Tnlal J h7.4.'iIJ(J 2241'(,";

PRESS = 2.9475

DlUhin-WalsfJII SI;llislic =- 2.7774

Normality Tcst: Passt.-'d 0>= 0.4545)

Cmu;l;ml V:triancc Tesl: F:tiled (1'=-<nIHIOI)

Power ofpcrfonncd tcsl wilh alpha =O.05(XJ: I.OO()()

Rcgrc."silm Tliag.Tltlslics:
Row Predicled
I 7.5001
2 15.1~l:.n
:\ 17.31%
4 17.(,721

Innllcnct~ l)illgJloslics:
Row Cook'ilIDid
I 6208.0909
2 17.1083
~ O.2~97
4 0.5018

95% Confid •..-ncc:
Ron- Predicted
1 7.5001
2 15.1883
3 17.31%
<1 17.6721

Re~idual
-U.()(Xll
00017
-0.0096
0.0079

Le"CnlRC
0.9999
0.9809
n.4IK~
0.GOO9

H:t.-gl". S%
7.3405
15.0302
17.2}(~
17.S4X,1

Sid. Rc.,.
-0.007.1
II I)~2
..()7627
0.(,) IX

DFFITS
(tinO
00000
(l1)(I(H)

(+inl)

Rl'e", IJSo/••
7'[,597
153463
17.422X
17 795>;

Slud. Rc"l.
.I.C\()il()

10000
-IOOll!)
1.(K)(X)

Pltll. Su;,.
7.2744
14.%36
17.1295
17.'1701

Siud. DcL RCill.

{+inl)
OO(l()(l

(WOOO
(I inl)

PU'), 9So/••
7.715R
15.4129
175097
17,X7.1lJ



(25 Mill")

(Variahlcsl
x = 001(1)
y '" r.:ol(J)
IParumctcrsl
yO= min(y) "Auto {{pre"ious: 7.5065J:}
u = ma'l((y)-min(y) "Auto {{pn:"ous: 9.~)5J7~q }
h = x511(x,y-rnin(y» NAllin Ill'll~\'iullS: 0024409 J : l
IEquationl
f=y(Ha.x1lbtx)
lil rto j'

(DpljclTIs)
tolerallcc=O.OOO 100
slcpsize= 100
itcrations= I00
(C(1J1s1mmls]

R = 0.99956026 Hsqr=O.99912071 Adj Rsqr=O.997J6213

:'ilillul;ml F.rnJf IlfEslimlllc""" 0.21 S9

CoeffICient Sid. Error , r
)tl 7.5065 ll.215~ J4.7~92 II U J X:l

" 9,95~X cUln ~l,l297 \Jo21H
b 0.0244 0.(1031 7.7589 0.081(,

Analysis of Vnrinnce:
DF SS MS F P

Regression 2 52.9510 26.4755 568.J40J 0.0297
Residual 1 0.0466 0.04(,(.
T\llal 3 52.997(, i7flMJJ

PRESS = 52.1053

DllThiTI-WillsUTI :'i1;llislic = 2.9042

Nonnalily Test: Passed I.P = 0.5235.1

Fmled ll' ;. <(1,000 I)

Power ofpcrfonncd test with alpha = 0.0500: O.9X78

Rt':gTCssilln DillgTll)Slics:
Rot", Predicled
1 7.5065
2 12.1J1J4tt
3 16.0673
4 1('.7114

ln11ulmceDiagnostics:
Row Cook'IIDi.,&
1 363.2736
2 7.2764
~ Cl22\9
4 0.6057

95%, Conlidcncc:
Row Pn~"ktt'd
1 7.50G5
2 12.9948
3 16.0613
-1 16.7114

Rc:'!idual
-D.()()65
0.0452
-0.167.1
O.128G

lA:\'t."nt~t."

0.9991
0.9562
(Uf.Jl)7

0.("t50

.h-er.5%
4.7649
10.3127
14-3332
14.5mt5

Std. Re~.
-O.D:l03
()2(1)2
-0 77,lx
O.5IJ5X

DFFITS
0.0000
O.O(X)()

00000
("i.inn

Rt'ef".9510/0
1O.24R2
15.6770
17:-\014
IK\JIH

Siud. Rell.
-0.9999
O.~91)l)

-1.0000
I.DOOO

P"IJ. 5"/0
3.(,2R4
9.15R5
12 :-\222
Il. J 9,~.1

Siud. DeL Re:'!.
O.{)()(KJ
00000
O,tJOOO
(linn

POIJ. 115%

II.JR47
16.8312
ltJ.312J
20.229,!



NlIlllinC<lr I<eg,ressilln (2.) MillS)

IVariahlcli I
x = col( 1)
}' =~11(2)
IParamctcrs I
yO =mintY) "Auto {{prc\ious: 7.54504}}
n =max(v)-min(y) "Auto {fprc\ious: 7.99?~ I}}
h'" xSO{x.y-rniTl(Y» "Aultl Ilprc\'ltlll~: tl.O~lJ.,S21) II
(Equationl
f=yO.fstxl(b+x)
lit ftoy
[UplitJns'l
lolerallCt,~.OOO I00
stC'J"'ize= 100
iterations'" 100
ICuTlslntinls!

R = 0.99279497 Rsqr=O.9~564IX5 AJj Rsqr = 0.95692555

Siandard Error llrEslimlk =- 0.h720

Coefficient Std. Error t P
)1' 7.5450 0(,705 11 252(, 005(,4

" 7.999R 1.0lH9 7.n,to (UlR5x
h 0.0394 0.0207 l.{)OII{ O.JOR2

AnalYSIS of Vorinnce:
DF SS MS F p

Regression 2 31.0025 15.5012 .14.3234 0.119l<:
RI.'Sidual 1 0.4516 0.451(.
Tulal 3 ~ 1 4S4] IO.4X.17

PRESS = 108.1224

Dlirhin-WillstlTl Sialisllc = J.O;\X6

Normality Test: Passed I.P= 0.62(6)

Ctlllsl:ml Van,lJlcc Tesl: Faded (I' '-'--.:O.IllHI!)

Po\\--"(:rofpcrformcd lesl with alpha = 0.0500: 0.8027

I<cgressitlTl Dwg,Tl{'r.'lics:
Row Predicted
I 7.5450
2 11.0055
., UJUQ.'l

4 14.6172

lnl1uence lJingnosltcs:
Row Cnok'llDid
1 7J.R545
2 3.6469
;\ O.21X6
4 0.7496

95% ConJidcncc:
Row Predicted
1 7.5450
2 11.0055
~ 13.l:(~23
,1 1.16172

Residual
-0,0450
0.11)45
-lJ.522.'l
0.3728

LC\--CnII2C
0.9955
O.916~
O.3%1l
0.(>922

Rt'J=.r.5%.
-0.9747
2.RJ20
~.50~6
7512C)

Std. Rc.'\.
..0.0(,70
(I2XIJ,:I

-07772
O.554X

DFFITS
OO{)OO
O.r~~l{)
(+1111)
I.+inl)

Rt~2r. 1J5%
I (,.OMR
)1),1791
1925)'1
2172J.1

Stud. Rc~.
-1.0(}(lO
10000
-I 0000
1.0000

Pop. 5%,
-4.517.1
-OJ{I ..Hi
:;.7I)J2
, .ill')'

Stud. DeL RCll.

0.0000
!l.UDOO
(+illl)
~I inl)

Pup. 95°/••
I {H,OD

22.8259
2J.n14
2"; 72.io



(SO Mills)

IVariables I
x = colO)
)' '" cn1(2)
IParametersl
yO=min(y) "Auto {{prc,~oUs: ~1.45934}}
a = max{y)-mmfy) "Auto /{prcl,.iolls: 12.4765}}
h"'" ,,51l(,.)'-min(y» "'\lll" llpw\"ioll .••()014607X::
II~qualit)Jll
f=yOla.x1(blxl
Iii floy
II )J'Jinrl"l
tolelllllce=O.OOO I00
stcpsiL.c=IOO
ilcrnlions= I00
«:'lnslwinlsj

R ~ 0.99569050 Rsqr=O.99139958 Adj Rsqr= 0.97.J 19873

Standard ErwT nrEsl1mllc = (J XXf,~}

CoeffKi~nt Std. Error
)i.l -2.459J (l.~X(,X
OJ 12.4765 12H9
h 0.014(, 0.00(,7

I
-2.7733
IOlnOl
2.1701

r
lI22(n
{)Oh,ll
0.2749

Anaty;<:is of Vammcc'
. DF

Regression 2
Residual
Tolal ~

1'Rl,SS ~ 5481.5541

DurbiJl-W;lls(lU Slaljshc '" 1.81()2

SS
90.6642
0.7865
"J14S07

MS
45 ..1:121
niXf,."
,'11)4X'1(,

F
57.(,.1(,7

I'
0.0917

Normality Test: PaSSf..-d tV = 0.4689)

Cllllst;mlVllrlan~ T~l: Fmlt~J (P=<OOOOI)

Po".'cr ofpcrfonncd lest with alpha = 0.0500; 0.866.1

H:t:~rcsSHlnDjil~m)slic.,,'
Rot'f PlTtlicied
1 -2.4593
2 SlJ31S
.1 R9100
4 9.4379

Inllumce Uillg;TlllShcs'
Row Cook' .•Di.d
1 1308.1446
2 13.32()2
3 0.2337
4 0.5167

95% C onfidcncc:
~ow Pn:did~11
I -2.4593
2 5.9315
:\ K9100
" 9.4.179

Re~idual
-00107
n 13KS
..(l.{,ROn
0.551 I

L~ve•.•~
0.9999
0.9756
04121
0.6124

Re.'gr.5-/.
-13.7271
~5.1988
16760
/l.hl?]

Sid. R~~.
-0.0120
1/ 15(,2
-07(,(,7
(J.{.22(,

DFFITS
0.0000
O.O(}OO

uoooo
(+inl)

H:c.'~r. 1J5"1••
R.8084
170617
161440
1>-;,2.')h.)

Siud. RC:rl.
- J.()()1I11
fll}I)t)9

-1.0000
1.1.1000

P"II.5%,
-I HYJ50
-9.9072
--44XU7
-.unll

Siud. Del. Re!l.
n.oo()(l

000110
oOIM'ln
~I inn

PUI" 95"1••
iJ.47('.l
21.7702
223007
2.l 7,lM'



N(lTIIII1C"rHl-'gn.:ssiull

[Variables I
x =001(1)
y -0 C(11(1)

(Parametefsl
}1.l=minly) "Awo {{prC\-;ous: ~2.46679}}
a =max('r')-min(y) "Auto {{prc\ious: 14.99%} 1
h ~ x50(x.)'-min(y)) "Allio IIJJTl:\1tlllS: fUll I %9: :
IEquati(luj
[=yO fa.xI(bh)
lil floy
fl JplltJns]
tolerancc9>.OOOlOO
slcpsize= I00
iterations= 100
ICo1l.'dminisl

R = 0.99945020 Rsgr =0.99890071 Ad) RS'lr '= O.9W,70211

Slalli~ml Error of Eslimalc '-' Il.JX.'i4

CoeffICient Sid. Error
yO -2.4668 0.'1'<.54

" 14.99% OSH2
b 0.0120 O.(lO21

I
-f,40011
2x 07h7
5.s~(){,

r
o own
00227
lUll'>

Anal)'sis (11'Vllrianec:

Regrcssion
Residual
Ttll"l

OF
2
I

.'

SS
135.ooJ 1

0.14X6
I 1.'U.'i 17

MS
67.5016
O.14K6
.t'i O.'iOf,

F
454.JJ77

P
0.03.12

PRESS '= 2144.6482

Durbin-W:llsOTl Sl~llisl-ic= 2. 7X51

Nonnalily Tcst Passl-d (p '= 0.4576)

Cllnsl;ml Variance Tesl' (1'= ..:::00(01)

PO\',:crofpcrfonnl-d test with alpha = 0.0500: 0.9838

kl~gTl-~SIOTI[)wgllllslics"
Row Predicted
I -2.466X
2 Xl;;)
.' 11.424,1
4 11.9573

InHu<':IlCC 1)lllgJIoslics:
Row Cf",k'~Dhlt
I 4793.5366
2 16.0991
3 o.2J~2
4 05075

95% Confidcncc:
Row P~dided
1 -2.466H
2 X.2551
3 )1.4244
4 11.957J

RCliidual
-0.0032
00549
-0.2944
0.2427

I.t'venl~e
0.9999
0.9797
n.4IM,
O.(,O)G

Rcw. SD/.
-7.3642
).4074
K2626
K152.1

Sid. Rt.'!II.

~J.OOH_1
01424
-07h.:n
0.(,2%

DFFITS
(I infl
0.0000
00000
(+inO

Rt'~r.lJ~o;.,
2,43()(,
D.102R
I 45X(,1
IS.7(i2l

Stud. RI:.',
-1.0{)i.~)
10000
.1.0000
1.0000

POll. S%,
-9.3929
1.J641
,,51)49
575.'>.l

Stud. DeL Re.,.
(+in!)
0,0000
0,0000
(' in!)

POI)' lJ~.I.
4.459J
15.1461
17.2539
I R. I :)c).'l



150 Mm ..•)

(Variablesj
x=col(1)
y = col(4)
(paramctcrsl
yO =minty) "Auto {{prc\-ious: -2.46983:,}
a =max(y)~min(.v) "Aulo {lprcvi(lus: 15.9J23}:
h = x5fl(x,y-min(y» "AlIlu lll'n~\-11111"': IJ,OOf,~l)92.): l
IEqwtion]
f=yO-ta.),i(btx)
lit no y
IOpli(llIsj
tolerance=O.OOOIOO
slepsizc=IOO
iterations= 100
ICUJlslminlN J

R = 0.99999062 Rsqr = 0.99998123 Adj RS(lr= 0.999')4J70

Coefftcient Std. Enol" , p
)i.l ~2.469~ 0.0554 -4457f1(l 0014,
• 15.9.12.1 11.0751 212 259~ (lOtnO
h 0.0069 {WOOl JO.9.132 0.020(,

Anal}'sis (If Vllnllnce.'
DF SS MS F P

Regression 1 163.6323 XI.X162 2664J.X937 0.004.1
Residual 1 0.00.11 {H10J I
Tulal .1 161hU4 ."14."14."11

PRESS = 3X6.6743

Normality Test: (P= 0,4413)

Ccmslanl V;ln;lJlu,' Te...•t: Faileel (I' = .:()000 I)

Pow!.,!, ofpl,:rform!.'I.i test with alpha = 0.0500: 1.0000

Rl'gfl."Ssioll [)i:lgJJuslics:
Row Pn=dicted
1 -1.469R
2 1tl.4~36
J 12,7619
4 13.1043

Inl1ueTlc,e DWgTlPNllcs:
Ron' COOk'llJ)id
I 41947.8179
2 24.3155
J 024Rk
4 0.4711

95% Confidence:
RU\" Pl"Cdicll~d
I -2.469R
2 IOAR36
3 12.7619
.1 11.104.1

RC.'Iidual
~O.0002
O'<)(l(-.4
-0,0419
(J.0.157

I.c'CnlI2c
1.0000
O.9~65
04274
0.5H61

Ree,I".5"/.
-3.1739
9.7R41
123016
12.5(15.'

Sid. Rl'S.

~O.00.10
0.I1(l2
-0.75(17
0.(,.1..14

I)FFITS
pill(l
n.noon
/I 0000
(+inJ"l

RI'}::I". ',15"/••
~1.7(,57
11.1 lQ~)
I) 22n
n.M.',1

Stud. Rc.\.
-1.0.1X2
j) l)l)l)'}

~J 0000
1.0001

PUI). 51t
/ ••

.3.4(,5(,
').'1')12
IJ n(H
12217h

Siud. Del. Rl'."
(+inn
o (l(l(l(1

OOllt)(J
l. 1 int)

PIlII. 95"/.
-1.4741
11,475/)
1.1.(ll1.12
11.9911



(.'ill Mms)

[Variables]
x = col(l)
y:: cnl(S)
(Parameters I
yO= minI.)') "Auto {{previous: -2.47128;;'
a =max(y)-min(y) "Auto: {previous: 1R60~7l}
h = x.'iO(x,y-min(y» "Atilt, I :l'rcvil'II~:{)oox IO,'S: :
IEquationl
f=yO la*x1tb Ix)
iii floy
fOplillTlsl
tolerancc=O.OOOIOO
skpsizc= 100
itcmtions= 100
IClmslTilinf~1

R = 0.99975910 Rsqr = 0.99951825 Adj Rsqr = 0.99855475

SI;lTll~JT(1EITllT (11' E:.;lJmalc :: (U24"J

CoeffICient Std. Error I p
)1) -2.4713 0.3249 -7J,or,1) o OX32

" I R.fiOR7 O,H25 .12 n'iflO OlliS I
h O.OORI 0.0012 ('.7~G9 0.09.12

Anfl1p:is (11' Vllrianc.c:
DF SS MS F P

Regression 2 218.9806 109,490.1 10.17.3857 0.0219
Residual 0,1055 0.1055
Tnfal .1 2IIJ.OMI 7102X7

PRESS = ()529.4791

Dmhin-W;llsllTl Sf;llistic = 2.747IJ

Nonnalit), Test: (p = 0.4442)

(iJ"""'<onool)

Pmn.Torpcrfonncd test with alpha = 0.0500: 0.9946

Rl-'gTl~ssinn Dillgw>slics'
Row P~dk:ted
1 -2.47lJ
2 12.179R
1 15.IRl6
4 15.6479

Jnl1l1m(',C J.>iagnosllC'S:
Row Cook'lIDid
I 20597.6015
2 21.9265
.1 OZ401
-1 0..l802

95% ConJidrncc:
Rfln' P~diclt~d
I -2.471.1
2 12.179{{
3 IS.nur.
4 15.M79

R~"idual
().OOI~
..fln39X
0.2.1(,.1
-0.2079

1.~\'cr"'2e
1.0000
0.9R50
0.4247
0.5903

~~2r.~.I"
.('.5992
R.OR28
12.4934
12.47fi,1

Std. Rc.~.
0.003')
-Ii 1224
07.'iK'l
-0.1>401

DFFITS
O.IJOOO
(+inl)
(+ml)
0.0000

~c.'er.lJ~"I••
1.(,5(,(,
16.2767
17 :-;737
IXXI'H

Stud. H:c~.
O.l)lJOX
-I 0000
I lJOtli1
-1.0000

Pflll_ 5D
/ ••

-X.JO'J I
6.363')
10 25r~4
10 'i,121

Stud. Dt:'L H:c,.
0.0000
(+ml)
(+illJ)
0.0000

POJ'. lJ5''Io
.'1. .'1(,(,5

17.9957
2(lllm
20XS1'l



IVariablcsl
x = 001(1)
Y "" C{11(2)
IParametcrs]
yO "" min!..y) "Auto {{prc"ious: -1.04685}}
a"" max(y)-min(y)"Auto {{prc\io~: 11.K.5(.5}:
h"" x5U(x.y-min(y)) "Aulo IlpreVltlllS. 11.l111l20{, II
IEquatiollj
f=yO+a.X/(bix)
fit rto r
IOptions]
lolcrancc=O.OOO 100
!itcpsizc"" I00
iterations= I 00
ICIJnslrainls]

R =0.99498097 Rsqr"" 0.9899S712 Adj Rsqr"" 0.96996 137

Slimdanl ETWTof Eslim"rc = fl,l.J{12h

Cocff'lCient Std. Error
)Q -I.046X 0.902.5

" II.R565 1.2755
b 0.OJ(,2 (}.OO7X

I
-I 1599
\j 21).).1

2.0X49

I'
0.4530
\I ofl~2
O.2X47

Regression
Residual
Tlll,d

AnalysIs of Vnnnnce:
OF
2
I
.1

PRESS = .1870.2242

Durhm-Wablln Sfalislic == 2JQ5X

SS
80,5552
0.8147
XI.36l)\)

MS
402776
O.X147
27.12.n

P
0.1001

Norm.ality Test: Passed {v = 0.4767)

Clms!,ml VOITi:mcc Test: 0' "-'<O.OO(l I)

PO\H.'rofpcrforrm:d tcst with alpha"" 0.0500: OJ~491

Regression Di,tgnuslics:
Row Predicted
1 -1.046R
2 6.6512
1 9.6516
4 10.2020

InJll1C1lCC DlllgrJo!iIlCS:

Row Cook'~OiI'I
I 1569.3698
2 11.9327
.1 0.2.112
4 0.5390

95% Conlidl'llCC:
Row Pred;ckd
1 -1.04(,R
2 66512
3 9.6536
4 10.2020

Re:'lidual
-0.0132
U.14ijt(
-O.691fl
0.5580

LC"Cr'll2C

0.9998
0.9728
lJ.40l),)
0.6179

I{c~r.5%
-12.5147
-4.6609
2.3]-42
1.18';8

Std. Rc~.
-O.()l46
O.IMS
-O.7M~,1
0.(1182

OFFITS
0.0000
0.0000
(JOOOO

l+inl)

I{l.~r.95111
/ ••

10.4210
17.963J
16.I)I)J(l

19.217.1

Stud. Rl'~.
- U8l()(l
1.0000
-I.ooon
1.0000

Pop. 5"/••
-17.1(,57
-9A57')
-3.%27
~URfil

Siud. DeL Res.
o.ooon
(lOOOO
O,()(){l(j

( finO

Pup. 95D
/ ••

15.1710
22.7603
23,27lHI
2,1,7902



NtmlinL:ilr l~cF-n.,'ssitlfl (hO Min")

(Variables I
x = col(l)
y = cul(~)
fParamelcl'S ]
yO=minty) "Auto {{previous: -J.05652}}
a =max(y)-min(y) "Auto {{prc\ious: 14.32,)1}:
h"" .x50(x.y-min()')) "All111 Ilpre\1ulls: 0.0 123\)4~ II
IEquation)
f=yO+a..x,,\btx)
fit fto)'
[OpIH1IlS]
tolcrancc=Q.OOOIOO
stcpsizc= 100
itcrntions"" I00
[CllflslmiJ11s]

R = 0.99937620 Rsqr = 0.99R75279 AJj Rsqr ""0.9%25R3R

SllInd.ard .Error ofEstimalc = O.:W12

Coefficient Std. Error I r
)\J -1.0565 0.3912 -2.7005 o 225X
a 1,1..1291 0.\<\11 2hJ7H 011.1-1 I
b 0.0124 0.(){123 5.3255 O.II~2

Anal}'sis of Vanancc:
DF SS MS F P

Regression 2 1225ROO 61.290(l '"'00.3%2 00353
Residual 1 0.1531 n 1531
1"01.,1 3 122.733 I 40')1 I(J

PIWSS = 1939.7578

Normality Test Passt.'d lP = 0.4594)

FmlC(l (1' = «UlOO I)

Pawt.'r ofpcrn>rmed lest with alpha"" 0.0500: 0.9811

Rcgn,'ssillll Dmgnuslics:
Ro'ft. Predicted
1 -1.0565
2 9m04
.~ 12.1790
4 12.7041

1nllllCIlcc Dwgnostics:
Ro\\' Cook'tDid
1 4206.3503
2 15.5937
3 0.2374
4 0.5106

95% Confidence:
ROl" Predided
1 -1.0565
2 9.0834
3 12.]791..1
" 12.7041

Residual
-0.Om5
00566
-Il 2')90
0.2459

l..c,enl~e
0.9999
0.n91
0.41(,0
0.(,{)50

H:e~r.5%
-Q.0276
4.1644
K972N
RR~H

Sid. RCfoi.
..().(){1~9

01447
-07(,,12
1l.(,2X5

DFFITS
0.0000
0.0000
(J.OOO{)

(+inf)

H.t'j!r.9,S%
J.9145
14.002.4
15.3:'<52
lCi.57 10

Siud. Ret.
-1.0000
1llOOO
-10000
1.0000

Pop. 5"1..
-8.0H(,g
2.0~{)r)
(.2(,35
h,IO(,o

Stud. Del R""".
O.(KIOO
(lOO(lU
110000
( 1inl)

Pop. 95°/"
5.973H
16,0769
IK0945
Il}1I022



(60 Mms)

IVariables I
x = 001(1)
)'==1,;(11(4)

IParameters]
yO= min{)") "Auto {{prc\,ious: -1.05979} i
a = maxly)-min(~.) "Auto {{prc\;ous: 15.2022:}
h == ".~()(x,Y-lTlitl{,,)) "Au III I :prC\'iIlIlS: tJ.ll1l7162IJ I : I
IEquationl .
f=yO-l-a.xJ(bh)
lit fto)'
I<)pliltnsl
lolcr81ICI.-=O.OOO I00
stcpsiJ'.c"" I 00
iterntions= I 00
[C(mslwinlsj

R = 0.99998555 Rsqr = 0.99997110 Adj Rsqr = 0.99991JJO

Slandmd Errm Ilf EsliIl1alt~= O.{ltl).)

a
b

Coefficient
-1.0598
15.2022
0.0072

Std. Error
0.0655
O.O~~8
0.(XI03

I
.161x61
171.20.D
2,.,(,(,()

l'
0.0393
OIHI.H
0.0249

Rewcssion
Rcsidunl
Tulal

Analj.sis of Vurillnce;
OF
2
1

.'
PRESS = 458.5315

Durhm-WalsuTJ Slllllshc = 2.73XX

SS
14K3D6
0.004.1
14X;l17lJ

MS
74. 166X
0.004.1
4lJ446!l

F
I7.100.1M7

P
0.005-1

Nonnality Test: PassL"l.1 1.1'=0.4419)

Cnnsl,mt VariOlm:c T csl: Flnletl w == <0 (){}lll)

Power orpt.'rfonned test with alpha = 0.0500. 1.0000

HI.'gTCSSlOJl DmgJl(ISIICS:

Row Predided
1 -1.0598
2 11.2123
.~ n.44Y6
4 13.7879

Inl1uC'I1ce lJmg;nosltcs.
Row Cook'.Did
I .15626.7491
2 23.7702
3 O,24X2
,1 0,.1738

95% Confidence:
Row P~dided
I -1.0598
2 11.2123
3 13.44~6
-1 n.7K79

RC!'IiduMI
-0.0002
00077
..0.1),\96
0.0421

Le,'er ••~c
1.00()()
0.9862
0.4208
0.5870

Rl'~r.S./.
-1.~917
10.3861
12.90MI
1.1.1505

Sid. R,",~.
.o,oo:n
ll.II7(,
..07571
O.M27

OFFITS
{tinO
O(lfl(XI
(J.{HIOO

l+inl)

R,",~r.'}S"/"
-0.227X
12.OJR5
BlJ'nl
J,1-125\

Siud. Res.
-I ,02~-l
(I\)'Jt)9

..10000

1.0000

Pop. 5°/p
-2.23(,.~
1O.0.1IJX
J2.455X
12.7.19')

Stud. Del Rl'~.
(+inn
ll(lOOO
II 0000
{-I in!)

Pop. 9So/••
O.ll(,H

12.3848
14.44~U
1'1XH,ll



Nllnlinc:tr Regressi(1tl (flllMms)

[Variables 1
x = col(l)
)' ,."col{S)
(Paramctersl
yO =min(y) "AUln { {pre\.;ous: -1.06234};
a =mox(J)-min(y) "Auto {{PCC''';OllS: 17.9304;}
h = x.'iO(x,y-min(y» "Auln llprc\'lIllls; ()Olll)I)XOOflll
IE4uatiollj
f=yOta.x1(h+x)
lit flo j'
[OpJi\msl
tolcrancc=O.OOO 100
sll-psize= 100
iterations= 100
ICunslminl.s]

R ~ 0.99960629 Rsqr = 0.99921274 i\dj l~sqr = O.997t'i.1S21

Sllllltlani Error nr Eslimale = O.31)4\)

CoeffK:ient Std. Error I I'
yO -J0623 0.3Y49 -2 flYO~ (l.22(,~
a 17.9.'()4 0.5,12,1 \.\.(51)2 (J IJ Il).~
b 0.0100 00017 (,.(Jon 0.1051

Analysis or V,mance:
I)F SS MS F PRegression 2 197.f(881 9R.9441 6.14.6110 O.OlXI

Residual 1 0.1559 0.1559
1'nlal , II)K0441 660147

PRESS = 4445.277,

Normality Tt.-st: lP = 0.4502)

CllTIsl~mlV"n1lT1CC Tc..•.•( Fill led <I' -;-<0 OOD 1)

Power ofpcrformed tesl \\ilh alpha = 0.0500: O.9S95

KCgJ"t:.•••l'lllTll>JllgmlSlil.:s:
Row Predich.o.d
I -1.0623
2 12.3921
.1 15.7495
4 16.2907

JollUeIlCC lJiagnosllcs:
Row CfHlk'~Di:d
1 9482.9187
2 18.7864
3 (1.2421
.1 0.4933

95% Confidence:
Rm" Pn:dk-ted
I -1.0(,23
2 12.3921
3 15.7495
4 lfi.2907

Re!lidual
0.0023
~I(l521
tUtX)5
~1.25(l7

Le\cra=e
1.0000
0.9826
0.4207
0.596R

Re~r.So/••
..(,Jl794

7.41 R9
12.4953
12.4 1,19

Std. RC!i.
0.0059
-0, IJ20
O.7hll
-0.(,.'50

OFFITS
(UX)OO
(+1111)
(+ml)
0.0000

H:c~r.')5"/.
3.9547
17.3654
II) OOJ(,
20,lhh:)

Stud. RC!i.
0.9992
-) ,0000
l.ooon
-I.(X)OO

Pop. so;..
.K 157(,
5.n7R
9.7(,1)4
9.9j()l)

Siud. DeL RC!I.
0.0000
(+ml)
(+illl)
(l.<KW

Pop. 95"'/••
(,.ony
1'>.4565
21.721)(,
22.6.'06



(XOMirl")

IVariables i
x = cc>I(1)
)' = col(21
IPm8uu:lcIS]
yO = minty) "AUlO { {prellOl.lS: .2.45934;:
a = max(y)-min(y) "Auto {{previous: 12.47('Sl}
h ='" ,\.~(J(\,Y.lJlill(Y) "Alilo llprcvl0lls: O,Olol(,1I7X::
Ihillation]
f=yO+a.x/(btx)
iii fto)'
JOpiiollsJ
h)lcrancc={).OOO I00
stcpsizc= 100
iterations= I 00
lCllTlslwinlsl

R =0.99569050 Rsqr = 0.991.3995H i\t1j Rsqr = 0.'>74 IIJX7.1

Cocfficit'nt Sid. El"rol" I r
yO -2.459.1 lU\XM\ -277JJ (\ 220J

" 12A7(j5 1.2H9 10,II~n,~ o OflU
b 0.014(, (J.()0(,7 2.170j (l.27.~~,)

Annlp:is or VnrinnCl!'
DF SS MS F P

Regression 1 90.6642 45.3321 57.6367 0.0?::7
Residual 1 0.7865 O,7R("
Tolill .- I)lol507 .10olK""H.

PRESS = 54X2,5542

POWl"!"of pcrforml.'I.1tcst with alpha = 0.0500; 0.8663

CIlIlsl.1I11 V••riam;c Tcsl:

Hegrcss1I11l Dwgmlslics;
Ro,,' Predicted
1 -2.4593
2 5931S
1 K9100
4 lJ.4379

Slud. Del Rc~.
0.0000
()0000
O.OI){}!)

(linn

Pup_ l)5°/n
L"I.47('J
21,7702
22.:lO1l7
217.1h9

Stud. Rc~.
~I.OOOO
II \)9\)l)

-IOOOlJ
10000

PUI'. 51t/n
-IKJ950
-9.lJ072
--44~07
-I X711

ShL R,,~.
-o.OI~(I
(l 1562
~O,7hh7
0(.22(.

DFF'ITS
0.0000
0.01100
Ol}!}!}!)

(+illO

H.L'l!r. '}511/n
R.ROR4
17.0617
1(. 1440
IKL')('.i

(I' = <0 00(1)FiIl1cd

(I) = 0.46891

I,C"Cr.l~C

0.')999
0.9756
0,4 121
0.(,12.1

Rt'.~idu)ll
-{).0I07
o I3XS
-OhXOO
0.5521

RL'~r.5%
-D.7271
.5.198~
I (,7W
OhI9:~

PassedNormality Test:

inllulmec.' DWgJI()slics'
Row Cuok'~Did
I nOR,144(,
2 13.3262
.1 O,2.U7
4 0.5267

95% Conlit1cncc:
Ron' PndiL.tt'd
1 -2.4593
2 5.9:t15
.1 X,9 JOO
,I 9.H79





(X!lMlI1s)

IVariablesj
x = col(l)
j' "" col(l)
(paramctcrs]
j{) =min(y) "Auto {{pre,.;ou.<;:-2-466791 J
a =max(y)-min(y) "Aulo I{prcvious: 14.9'J%}:
h", ,'\50(x,y-min()")) "Aulu IlpfC"j(lll.••: lUll J ')(,l): :

(Equationl
f9{)-tll"x.'tbh)
lit flO)'
(Oplil1nsJ
tolcrance=O.OOOIOO
stepsizc= 100
itcrations=IOO
(elmslminlsl

R = 0.99945020 Rsqr =O.99~90071 Ad;j Rsqr ", 0.9%702J 2

Slimdiml Error (If EsliIllillc'" O.3X54

CoefTl£knt Std. Error I p
)" -2.46('X 0.3~54 "(.4(HHl n Cl9X7

" 1,1.9996 0.5.'\.12 2~ 0767 0,0227
b 0.0120 0,0021 5.5RO(, 0.1129

Analysis 01'Vnnancc'
OF SS MS F p

Regression 2 135.0031 67.50!(, .154.3377 0.0332
Residual 0.1486 O.14R6
Tlllal 3 11.\I.'iJ7 4.'i.O.'ior.

PRESS = 2144.64R2

Durhm.Wilison SllllisJic '" 2.7R.'i1

Normality Test: Passed 0) = 0.4576)

Cons1;lnt V;m'Jncc Test: (1'= <n,Il[HlI)

I)owcrofp<.'l"formed test with alpha"" 0.0500; O.c,nOM

kegrcssitm Di.lgmlslics:
Row Predicted
1 -2.4668
2 K2551
3 11.4244
4 11.9573

Influence L>i.agnostics:
Row Cook'~Di.'II
I 4793.5366
2 16.0991
3 0,2382
-1 0.5075

95~/OCnnlidcnce:
Row P"-"dicl~d
I -2.4G6R
2 8.2551
3 11.4244
-1 11.957,l

Re~idu~d
-o.DOn
(l.O549
-0.2<).14
0.2427

Le\'enl2.~
0.999')
0.9797
0.416X
O.W3G

R~~r.so/••
.7.3(.42
3.4074
K2(12(.
R15l.'

Sid. Rc~.
-0.0083
0.1424
-O.7h.17
0.62%

OFFITS
( linf!
0.0000
(J.II0(Hl
(+1111)

J{l'~r.9Slt
/ ••

2.4J()(,
B.102S
145X(.j
I.S.7()2.~

Stud. Rc~.
-1.0000
1.0000
-I.OOIMl
1.0000

POI)' S%,
-9..1929
1.3641
~ )')49
:; 755.~

Stud. DeL Rc~
(+inn
() OO{lO
(UlOOO
t lin[)

Pop. IJS%.
4.4593
15.14(,1
17.2539
IR 159.~



Nonlincm Rcgression (XOMin~)

{Variablcsl
x =<:<>1(1)
y =1,;01(4)
IParameters I
yO =min(y) "Auto {{previous: -2.46983}}
a =max(y)-min(y) "Auto {{prc\;OllS: 15.?J2.1}}
h = x50(x,y~min(y)) "Alilo I /prC\'WllS' 1I.0()(,}(l)l):.!.): :
IEquationl
f=yO fa.x1{b I x)
lit fto,"
1(>Plitl~sJ
lolcrance=O.OOO 100
stcpsi7.c= 100
iterations= I 00
IConslwinlsJ

R = 0.99999062 Rsqr = 0.91)99812.1 Adj Rsqr= 0.99994370

Sl:mdmd FrT(lr urEslimalc = 0.0)54

CoefTIc:knt Std. E..-ror I p
)oil -2.4C>lJX 00554 --44570(. o (ll .•n
" 15,9.U] 00751 212,2.')<).1 o ()0.10
b 0.0069 0.0002 .10.9332 0.010(,

J\nnl)o'sis of V.mance:
DF SS MS F P

Regression 2 163.6323 81.8162 166 ..D.8937 O.O().J]
Residual I D.Om1 o.om]
TIII,,1 ] 1(1).0.1.)4 .)4,)4.')1

PRESS = 3K6.6743

Dlirhin-W;llsoJl Sl,llislic = 2.7:;6:1

NonnalityTcst: Passed (I' = 0.44)])

CIJns!"nl V,m:l1lCC Tl-,:,I: (P=<OOlJOI)

Power ofpcrforrnl--d test with alpha = 0.0500: ].0000

HcgrcssilJn [)i:lgm1slics:
Ro,,"' Predicted
1 -2.4698
2 llJ.4~36
.1 12.7h19
4 1].1043

Influence VingJlostics:
Row Cook'~Did
I 41947.8179
2 24.3255
3 O.248S
4 0.4721

95% Contidel1cc:
Row P~dK:fell
I -2.4698
2 10.4836
3 12.7(11)
4 1.1.104.1

R"idual
-(WOOl
ll.l~~>4
-0,0,119
0.0]57

LC\'e"'~l'
1.0000
0.9865
0.4274
0.5861

Regr.5-/.
-].1739
9.7842
12.3016
12.565.'

Sid. Res.
-0.()(j]0
(11162
~O.7j67
(H,434

DFFITS
{ linO
O.(H)OO
1l.{)11011

(+illl)

Rc~r_ 'J5-1.
-1.7657
11.1829
13 222:\
1:\.6<1.1.1

Stud. Res.
-1.0382
{I.lJlJ\}l)

-1.0000
1.0001

P"I'_ 5°/.
-3.4(15(,
1).4912
ILn07
12.217h

Stud. DeL Res.
(+inn
0.0000
0.0000
t -tinC)

Pup_ 'JSO/"
-14741
11.4759
136032
1.1.9911



NllnlinC;IT Regn.-ssi(ln (HOMins)

.

[Variables]
x~C<lI(I)
y ~ col(.I)
(Parameters]
yO ~ min(y) "Auto {{pmious: -2.47128}}
a == max(y)-min("f) "Auto {{pt"C\ious: IS.6OS7}}
b = x50(x,y.min(v)) "Atll(1 Hpreviolls: O.OOlolI01Hll
(Equation I
f=yO-ta.x/(h+x)
lit ftoy
(Oplitlnsl
tolerancc=O.OOO I00
stepsizc= I00
iterations== I 00
lConsLminls]

R ~ 0.99975910 Rsqr=0.99951825 Adj Rsqr = 0.99855475

SI.mdanl Ermr llrEstirrulie = 0.3249

Coefficient Std. Error t P
yO -24713 0.3249 -76069 0.0832a IK60R7 0.442.1 42.0560 00151
b 0.0081 0.0012 6.7839 0.0932

Anal)'sis of Vllriance:
DF SS MS F PRegression 2 218.9806 109.41)03 1037.3857 0.0211)Residual 1 0.1055 0.1055

TulliJ 3 219.0861 n02X7

PRESS ~ 6529.4791

Durhin-Willson Slalistic = 2.7479

Nonnality Test: Passed (1' ~ 0.4442)

Cunsleml Vm;.mcc Tesl: Failed (P=«J.{IlIOI)

Power ofperfonncd test with alpha = 0.0500: 0.9946

Regressiun Di••g.noslics:
Row Predicted
1 -2.4713
2 12.179~
:l 15.1106
4 15.6479

Influence DillgnO.o;tiCS:
Row Cook'~Di.d
1 20597.6015
2 21.9265
3 0.2461
4 0.4802

95% Conlidcncc:
Ruw ]J~llided
I -2.4713
2 12.1798
3 15.1~36
4 15.M79

Rnidual
0.0013
..(J039H
O.24M
-{).2079

Leverage
1.0000
0.9850
0.4247
0.5903

Regr.5"1.
-6.5992
8.0828
l2.4':J34
12A7M

Sid. Re~.
0.0039
-0.1224
O,75~5
-{).640 I

DFFITS
0.0000
(+inl)
(+inf)
0.0000

Rc~r.95%
1.6566
16.2767
17Jol737
IX,HI9,l

Siud. Re5.
O.990~
.1.0000
I.DOOO
-1.0000

Pop. S%
-8.3091
6.3639
10.2564
1001.121

Siud. DeL RC5.
0.0000
(+int)
(+inl)
0.0000

Pop. 95%
J.JGG5
17.9957

20.J 107
20.R5.l5
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