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Notation

A(Temp ) Portion of Grashof Number that represents buoyancy
of fluid

Cd Heat Transfer due to conduction

C~ Thermal Heat Capacity at constant pressure (Cal/gm —°C)

CTE2IPA Computer variable for air temperature

• (..‘TEMPi Component used in calculating the air temperature

Heat Transfer due to convection

C,~, in Heat convection inside the tank model

C Heat Convection outside the tank modelv,out
D Diffusivity (cm2/min)

4T Temperature difference between two objects

Ratio of molecular weights also sun declination angle

Emiseivity, or small time increment

E Net energy deposited on a surface (cal/cm2—min)

Total energy in a volume V of substance

Enet Net energy stored in an impulse in time cit

Energy per unit volume at the surface of the ground

Esat Saturated water vapor pressure (millibar s)

es or ea Vapor pressure at earth’s surface or in the air
(respectively )

0 Latitude in degrees

II. Viscocity of the air

Heat transfer coefficient (general)

hc,f orc e Heat transfer coefficient due to forced convection

h 
~~
. Heat transf er coefficient due to free convectionc,Lree

ix



(
K VonKarmon’s constant (.41 )

Degrees Kelvin

LE Energy loss due to evapora tion of moisture

Pr Pr andtl number (Approximately — .72 for air)

R Total radiation of a body

Ri Thermal radiation gain due to surrounding radiati ng
objects

Thermal radiation loss of objects

RH Relative Humidity (0 to 10QY0)

Re Reynolds number

RSOIL Reflectivity of the soil

S Insolation due to Sun at earth’s surface
corrected for clouds and orientation angle

S~ Atmospheric Therum.l radiation

S Total sun ’s energy on an object which is perpen—p dicular to the sun’ s rays

S0 Insolation on an object oriented parallel to the
ground (uncorrected for clouds )

P Density of an object
• Density of the air

e Time

a Stefan—Boltzmann constant

u velocity of the air (om/sec )

x distance in cm

Za Sensor height (for measuring wind or temperature)

Roughness parameter (about .025 cm for smooth surfaces )

x
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An investigation of the thermal signature, of natural objects is

~~~ertaken. Using the principle oi.’ energy balance, diurnal temperature

models are developed for the ground, a vehicle (such am a tank), and

the leave, of a tree. These models are included in a computer program

designed. to simulate daily variations in conductive, radiative, and V

convective heat transfer processes .

~~vironaental conditions are changed by alteri ng the program in-

puts, which include p latitude, day, wind spesu, mean air temperature,

cloud type, total insolation, absolute and relative humidity, atmospheric

pressure, and particulate concentration. The program is iterated for

several values of a single parameter such as one of the environmental

inputs, or one of 21 physical characteristics of the models (for example p

ground reflectivity, tank thickness, or leaf transpiration rate). There

axe two types of output from the program; simultaneous plot s of the temp-

eratures of all the models for a 30-hour period, and curves representing

211-hour periods of the temperature difference (D.ita-’r) between the tank

and the ground. The effects of changing a parameter are analysed by

comparing the various Delta-T curves.

In this stu~y, 11 scenarios (representing three geographic locations

and a variety of climatic conditions) are used to examine the following

parameters p mean temperature, absolute humidity, wind speed, cloud cover,

groumd/tsrget reflectivity and .mi.sivity , ground diffusivity, target thick-

ness, and tank air conditioning velocity. Analysts of the Delta-’I’ curves

indicates that overall • the ground cmi seivity appears to affect the temp— -

eratures the most, while the amount of insolatioa affects the. the least.



A THEORE~TICA L ANA LYSIS OF CHA ?~ES

IN THERMAL SIGNATURES CAUSED BY

PHYSICAL AND CLIMATOLOGICAL FACTORS

I. Introduction

Back,ro~~~
Although thermal imaging systems have been used since the 1940’s,

accurate ways of predicting the thermal signatures of target background.

have not been developed (Ref 1s267). Modern infrared imaging devices

can detect the temperature differences between objects such as trees ,

fields, roads , tanks and trucks, and can convert these thermal contrast

differences into a visuml display on a screen. Because such equipment

is an integral part in the development of new misa].e systems like the

Air Force Imaging Infrared Maverick and the Army Hellfire , it is impor-

tant to have an understanding of what environmental factors drive the

temperature differences of the objects detected by these infrared de-

vices. A knowledge of the physics behind thermal signatures can increase

the insight into wha t infrared images should look like under various con-

ditions . ThiS insight should be helpful not only to scientists gathering

data on infrared image characteristi cs, but also to system operators

trying to identify particular targe ts.

The Problem

In spite of the accuracy of current infrared systems , incorrec t

target signature prediction has still caused problem.. For example ,
‘-- in one test of the Maverick missle, inaccurate aiming ocoured, even

- 
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though the crew-members had studied videotapes of infrared images made

in Western Europe. These tests were monitored by the Office of the Assis-

tant Chief of Staff for Studies and Analysis, Air Force Headquarters,

Washington, D.C. • After reviewing the results, a member of that office,

Lt Col Carl Case, suggested that a study be started to Investigate the

physical processes of thermal heating, with the premise that a better

understanding of the physics involved may lead to better prediction of

target signature characteristics under varying environmental conditions.

Unfortunately , current work on ther mal signatu res has been re-

stricted to very specifi c areas , and has been concentrated on a single

item such as a tank (Ref 2), or the ground (Ref 3* Ref 4). There does

not seem to be a. study using several items in a scenario to determ ine

how their interrelated temperature differences would change under a

variety of environ ments.

~ g~pcee and Scone of the Stud~y

This analysis applies hea t tra nsfer princip les in a computer model

to determine the key driving factors behind the daily and seasonal tamp-

erature differences of various objects and their backgrounds. The models

that are developed simulate hS5Vt transfer processes at the sur faces of

the ground, a tank , and the leaf of a deciduous tree. The study is kept

very general , since specific results have only limited applicability

and may require lengthy , detailed , computer coding. By relying on a

theoretical , physical appraisal , as opposed to a complex mathematical sol-

ution, the output of the analysis will be a series of graph s showing how ther-

mal signatu res vary with certain general parameters (to be described later )

rather than a precise method of predicting temperatures at specific 
times.2
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( Iwo computer programs will be used. The first program (TEMPS )

calculates and graphs a 30 hour, diurnal temperature profile of the

air temperature , and the tank, ground, and tree models. The second

program (DELTA) computes the same temperature cycles and plots out

the difference between the tank and the ground temp.rature from the

6th to the 30th hour.

Both programs are set up to iterate four times in each run ,

and a selected parameter is varied for each Iteration . The tank /ground

temperature difference (t ~ I ) is noted at the 14th and 24th hour

(represent ing times of high and low heat—loading , respectively ) for

all values of the various parameters . These data are then graphically

compared and analyzed to determine the relative effect that each

parameter has on ~~T

3
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II. Theory

The temperature of an object arises primarily due to the kinetic

energy of it. molecules. In a natural setting, this energy is dis-

tributed through a complex energy balance with the environment. This

balance changes continually, depending upon the objec t itself , its lo-

cation , the time of year , the time of day, and the existing meteorolo-

gical conditions.

Energy Balance

If the amount of random , or thermal energy per volume of sub-

stance can be determined, then the temperature of the object can be

calculated through the relation s

— 

(
VI P C ~ V (i)

where E~ i~ the thermal energy contained in a volume V of material

with density p and a thermal heat capacity at constant pressure, C

Because of the complex interrelationships of internal and. external

factors it is extreme ly difficult to determine the precise amount

of energy flow into and out of an object at a specific time. As a

result, determining exact temperatures from the net energy remaining

with the object is also difficult.

However, by setting up an equation which represents the energy

flow of various heat transfer processes (Ref 5*3), a model can be

generated to determine the relative significance of those processes .
The above technique is used in the models of this study and the fol—

4
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(
lowing energy balance equation is assumed;

I = S + S t + R i — R o~~
LE ± C, ± C d (2)

(Au terms in gram-calories per cm2 per m m )

Where I — the net energy being deposited at the surface

S — the solar insolation (direct , scattered and reflected )

St incident thermal radiation from the atmosphere

thermal radiation gain due to surrounding objects

thermal radiation loss of the object

LI energy loss due to evaporation of moistur e from surface

C , — energy loss (gain) due to free or forced convection

Cd — energy loss (gain) due to thermal conduction.

In all cases the convention of a plus sign means flow into the body.

Other terms that represent such processes as heat generated by

internal sources (a running engine, for example) can be added to Eq. (2),

but will not be included explicitly in the models of this study. (An

“engine” can be simulated by assuming a higher interior temperature).

Because of various conditions, some ter ms in Eq (2) may not be used

in certa in models. Descriptions of the energy balance terms and their

associated heat transfer processes follows .

Insolation (5)

The main thermal energy supply to objects on the earth comes

from the sun . The sun’s radiation can be approximated by a 6000° K

black body, and at the outer edge of the earth’s atmosphere it has an

intensity of about 2.0 csl/om2-sin (Ref 6). After propagating through
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Fig. 1 • The solar spectrum ; outside the earth ’s atmosphere,
at 14,000 ft altitude, and at sea level (Ref 5:49)

the atmosphere, however , absorption and scattering has reduced it

by one half , and the spectral charac teristics ax’s modified consider-

ably . Figure 1 shows that the lar gest i~art of incident ener gy is in

the visible and near infrared region , thus , for radiation heat pur-

poses, the spectral properties of objects at these wavelen gths are

critical .

The amount of scattering and. absorption is further related to

th distance of transmission through the atmosphere and this depend.s

on the time of year and time of day for each point on the globe. Hence,

to arrive at the amount of solar ener gy impinging upon an object at

a certain time , some of the factors that must be known are ; latitude ,

astronomical (or sun) time , amount of water vapor in the atmosphere

( a key absorber in the infrared), amount of particulate matter In the

air (a cause of scat teri ng) and the type and amount of cloud cover.

ktsosDheric Thermal Radiation ( S t)

The atmosp here absorbs and scatters the sunlight which passes

6
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Fig. 2. Spectr al radiance of Fig. 3. Spectral radiance of
clear sky from Elk Park , Cal- clear sky from Cocoa Beach , Flo—
orado, several elevations. rida, several elevations.
(Ref 7*1315) (Ref 7,1316)

through it. Additionall y the molecules re —radiate therm ally at long

wavelengths (8—1 2 microns) like a grey body with an emissivity that

depends on the amount of gasses (particularly water vapor and carbon

dioxide )present. The sky radianc e is highly dependent upon the el-

evation angle, since the effective thickness of the atmosphere is

least when measured directly overhead . The influenc e of the climate

and elevation angle is shown in Figs. 2 and 3, where the drier air

in Fig. 2 exhibits a lower peak . Since the molecular activity depends

greatly upon the temp erature , the ambient air temperature also has a

strong influence on the radiance , as shown in Fig. 4. The presence

of clouds (Fig. 5) primarily tends to increase the amount of radianc e

in the zenith direction, which also increases the total amount of sky

thermal radiation received by the earth .

7
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Fig. 4• Variation of the spectral Fig. 5. The spectral radiance of
radiance of the zenith sky with the sky covered with cirru s clouds
ambient air temperature (Ref 7~1316) at several elevations. (Ref 7:1318)

Thermal Badia tton of Obj ects ( ~j and R 0 )
All objects above absolute zero give off thermal radiation due

to P&1 do0, molecular activity. The total amount of radiation given

off ii determined by the Stefan-Boltzmann law

1= c o T ’ (3)

Where C is the emissivity of the object which characterizes its

emission cc.p~rsd to that of a perfect black body, a is the Stefan-

Boltsaann consta pt of 7.93 x i o~ cai. per cm2 per °K4per minute

(5.67 x 10~~ ~rg per cm2 ver °K4per second) and T is the temperature

of the object in 0K. The spectral distribution of thermal radiation is

governed by the Planck radiation law and the wavelenth of peak emmission

for moat natural objects is in the 8 to 10 micron region as shown in

Fig. 6. The constant loss of energy by thermal radiation is one of

8
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Fig. 6. Spectral radiance of black body sources
at various temp erature s as a function of wave-
length (Ref 3 :62),

the major , natural mechanisms for temperature regulation in objects.

R 0 represents the outgoing thermal radiation of the ob,~act con—

- sidered and is the incoming thermal radiati on due to other near-

by thermal sources other than the atmosphere.

Evai orative Meat Transfer (I f l

When one gram of~ate r is converted from liquid to vapor , approx-

imately 600 calories of heat is needed . Thus , the evaporation pro-

cess that occurs at the surface of a leaf , or at the top of the soil

is capable of removing a significant amount of thermal energy , and

reducing the temperature at the surface. The amount of evaporation is

governed by natural factors such as the diffusion resistance. This term

characterizes the rate of fluid transport to the surface, and since it.

value can vary greatly, so can the qi*ntity of evaporative cooling.

Convection ( C y )

Convection is a method of heat transfer caused by the mixing of

9

-~4



. -~ - - -- . - . —,, - - , - -— ~~~~~~~~~~~~~~~~~~~~~~~~

fluids of different temperature s (and henc e different densities).

During convection, the flow of heat across a temperature gradi ent

is generall y enhanced because the fluids on each side of the grad.—

ient are mixed in the process. There are two types of convection,

free convection, where the movement is caused by the temperature-re-

lated buoyancy of the air, and forced convection , where a large—scale

mass movement, such as wind, is involved. Both types of convective

heat transfer d epend on the shape and orientation of the object , as

well as the temperature differenc e between it and the surroundings.

Conduction (C d)

Heat transfer by conduction depend s on the dire ct exchange of

kinetic energy between molecules. The rate of thi s transfer is

highly dependent upon the physical makeup (thermal conductivity)

of the substance and the temperature differenc e across the conduct-

ing path. Hence the contribution of conduction to the overall energy

balance may vary widely.

It is assumed that the time dependence of conductive heat trans-

fer follows the classic heat equation (Ref 8s111—18) 
- 

-

dT  
____= D

dO o x 5

Where T is the temperature , X is the distance below the surface ,

9 is the time , and 0 is the thermal diffusivity.

Simplifying the geometry of the models will allow the use of a

ne dimensional solution to Eq (4). Thin , highly conductive objects

will reach equilibrium quickly so Eq (4.) will not be necessar y. In such

cases temperature can be deter mined by energy balance alone .

1.0
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III. Models

In order to analyze the eff ect that various physical parameters

and climatological conditions have on Delta-T (the temperature differ-

ence of an object relative to it. background) it is necessary to develop

models for at least two different media. Because of the military inter-.

eat in using infrared systems for tank detection, the models used are in-

tended to give a rough representation of’ tank thermal signatures. These

models encompass ; the ground, a tank , and the leaves of a deciduous

tree. Each of these will be discussed in this section ; however, fir st will

come a description of some other models needed. to simulate the sun’s

streng th , the atmospheric thermal ra diation , and the air temperature.

Sun Model

The solar zenith angle , with respect to the normal at the earth’s

surface , Z , can be calculated from the following equat ion (Ref 3~58)~

Cos ( z )  = Si n(~~)Sj n (a)÷Co s (~ )Cos ( a ) Cos ( h ) (5)

Where • is the latitude ( +  is north), 8 is the sun’s declination,

and h is the sun’s hour angle. The angle • is given as one of

the inputs to the computer program, and 8 is calculated from

a curve fit of the data in the Air Almanac (Ref 9) using :

a 
[~~~

x 52.88] - 26.~~ (fori 0~~~ y~~i83)

o — 26.144. - x 52.88] (for: 184s1~ y~~365) (6b )

Where L~y is the Julian date.

11
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( The hour angle is assumed to be set so that 12*00 noon occurs when

h — 90°. Thus , there is no correction for local time (longitude) .

The stre ngth of the sun on a flat surface at the ground and

perpendicular to the sun’s rays is calculated using an equation de-

veloped after Brooks (Ref 10:2611.):

S~ 
_ 2.0 exP [ _ .089[d~ ] ’75 _ .17L1.[~~]I6 

_.~~
3[
~].9] 

(.
~
)

cal /cm2-min

Where p — air pressure (mb )
w total precipitable water vapor in the atmosphere in the

zenith direction (mm )

d — concentration of particulate matter (particles/ca3)

a secant of the zenith angle.

To correct this value for a horizontal surface , S~ is multi-

plied by the result of Eq . (5) ; S0 a Cos (z). A final adjustment

for the amount of insolation comes from the effect of clouds , and

is contained in an empirical formula by Haurwitz (Ref 11*112) :

s — s~ j~] exp [-m b_ .o59 ] (8)

Where m is the secant of the zenith angle, a, and b are parameters

based on cloud type (See Table I).

Table I
Parameters for Cloud Types (ci , cirrus ; Cs, cirrostratus; Ac, altocu—
mulus; As. altostratus, Sc, stratocumulus: St. stratusi Ns, nimbostratus)

Ci Ca Ac As Sc St Na Fog

a 52.2 87,1 52.5 3 9 0  311.7 23. 8 112 15.11
b .079 .111.8 .112 .063 .104 .159 — .167 .028

(From Ref 3~56)

12
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Atmos-theric Thermal Radiation Model

As previ ously mentioned , there are many variables affecting the

thermal radiation of the atmosphere. Complex, analytical solutions

have been developed for this problem , but they require detailed data

for the calculations. For this study, a simple empirical formula,

developed by Angstrom for a clear sky is used (Ref 12):

S~ o T4. (o.8 1— .2411. x i0-~~~~ ea ) (9)
Where ea is the partial pressure of water vapor at ground level in

millibars (calculation of ma will be discussed later).

~~~ Temperature Model

An exact model for daily air temperatures is difficult due to

the effects of such meteorological conditions as winds and fronts.

Nevertheless an arbitrary diurnal cycle was chosen using the temp-

erature profiles noticed in the literature (Ref 13*78 ; Ref 14:109 ;

Ref 15~4.3-4.6). Care was taken to attempt to preserve the times of

occurrance of maximum and minimum temperatures.

CTEMPA — c’r~ pi + 10 Sin( ir (i.O5+~~.)) + 2.5 sin ( 7r (1.5+~~ )) (10)

Where CTEMPA is the air temperature in °C at time , t , CTEMPI is a

“DC” term to shift the temperature according to the season and lat-

itude , and t is the time of day, in hours , since midnight.

Ground Model

The ground is assumed to be a barren, semi-infinite slab, composed

of thermally homogeneous and isotropic soil. This simplifies the

ground heat conduct ion solut ion , so that , providi ng the energy balance

13
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Fig. 7. Energy balance
terms .f or the ground model.

remains uniform along the boundary , the direction of heat flow will

be one dimensional. Figure 7 identifies the energy balance terms

that are assumed to be significant for the ground model.

The insolation ( S )  and atmospheric long—wave radiation ( S t )
are equal to the values computed from their respective models , depend-

ing on the time of day and conditions . The rate of thermal heat

loss ( R 0 ) from the surface is based upon Eq. (3), using the ground

temperature calculated in the previous program time increment and an

emisaivity that is set at the beginning of the computer run.

Use of analytical convective heat transfer equations for the

ground model fail due to a dependence upon the “characteristic length ”

(the dimension of the object in the direction of flow ; which is infinite

for the ground model), Van Bavel (Ref 17*85) was also unable to derive

an applicable ground model f ormula. Thus, the forced convection coef-

ficients in this study are from an empirical formula, Eq (ii), based

on convection data over a flat surface (Ref 18~538). The free convec-

tion coefficient also comes from Eq (ii), with the wind speed set at

sero. This value was checked by inserting it in a standard equation

(Ref 16.296 ) and solving for the characteristic length . The resulting

dimension of 85 cm is large compared to typical data (Ref 16) and so for

the “infinite” ground it appears that the empirical formula is also

14.
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Fig. 8. Verification of ~q. (11)

a reasonable approximation for free convection. The formula used is;

— [1.8+ 
[[sPeed_152.z~]] (2.4.) - [[s~

eed;152. L~J] 2 ]  (:8.136x1O~~) (11)

Cal/cm2 —min—°C

Where Speed is the velocity of the air over the surface.

The expression for (k . E )  is used from Van Bavel (Ref 17:7)

I. E — (I.)  Pa ~~ k2u 
~ (60(es — ea)) (12 )

P [ln(za/Zo)]

Cal/cm2-min

Where L — Latent heat of Vaporization (~ 600 Cal/gm )

— Density of air (gm/cm3)

k — Von Kar man ’s Constant (.4.1)

— Water /air molecular weight ratio (. 622)

u — Velocity of air (cm/eec )

P — Atmospheric pressure (mb )

Za” Air sensor height (100 cm)

Z0’ Roughness length (.025 cm)

ea/ea — Water vapor pressure at gound /air (m b )

Za was arbitrarily chosen to be 100 cm as a representative height at

which temperature can be measured, the value for Z0 is from Van Bavel

15



( (Ref 17.85 ) and is representative of bare soil. Saturated vapor

pressure (esat ) is calculated from an empirical formula by Brun t

(Ref 19~104):

esat — LL 
- 1]  (~1123) (eo) (mb ) (13)

L~-
273 TeatJ J

Where Teat is the temperature of the saturated vapor in °K and eo is

the water vapor pressure of saturated air ~t 0°C C 6.1071 mb). This

vap or pre ssure must then be corrected for relati ve humidity using the

following (Ref 20*162)i

ca — esat (RH/100) (14.)

Where RH is the relative humidit y from 0 to 100% . An expression sim-

ilar to Eq (14.) is used for es except that instead of relative hum-

idity the moisture content of the ground (in percent by weight ) is

substituted for RH.

At this point in the model all the energy terms for the ground

are summed ( S + S t — R  — LE ± C,) to give a net flow of energy (Enet in

cal/cm2-inin) which is then used to calculate the amount of thermal

heat conduction. Carsiaw and J aeger (Ref 21) have developed many

analytical solutions to heat conductio n ; however , most of the inpu t

heat fluxes are explicit functions of time . Because of the activi ty

of clouds and wind s, the net heat flux into the ground may not be a

smooth , continuous , curve , so an approximation to the solution can

be assumed as follows:

Eq (ii ) becomes : _L
~ 

D
0 1

Yielding: j 
‘ (13)

16
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~ ~~“iFig. 9. The concept of the energy impulse solution to the sim—

plified basic heat conduction equation .

Eq. (13) represent s an approximate distance, I that a heat wave will

travel through a medium with diffusivity , 0 in a time 9

If the net energy flow , Enet is “stored up” and deposited as

an impulse every “dt ” minutes , then each impulse will diffuse into

the soil between intervals (see Fig. 9). This will cause a net

“piling —up ” of energy at the surface . The net amount of energy that

remains at the surface after N impulses can be expressed as

N—i
— j Ene.~ (dt )] +[Enet (dt) ] (14.)

rn—i 0 (m (dt) )

This net energy gain is then used in Eq (i) to calculate the net

temperature differe nce at the earth ’s surface, Eq. (14.) has been

tested against the analytical solution for a sinusoidal heat flux

input (Ref 21 :76) with good results (see Appendix A). The computer

ground model has one addit ional computation included to allow for

the reverse flow of energy when the sub—terrain ian temperature is

greater than at the surface .

Tank Model

The tank model consists of a hollow , rectangular box assuaed

to he mad. of iron, 3 in (7.62 cm) thick. The height of the box is

‘7
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considerably smaller than the length or width so that the heat flux

contribution from the sides is considered to be negligible. The top

of the box facing the sky is the surface of primary interest for

temperature considerations . Altho ugh the bottom surface receives

long—wave radiation from the ground, it is assumed that this heats the

lower surface, causing it to radiate, but only enough to approximately

balance the radiation from the heated upper surface. (Under high

heat—loading this simplification may cause the computed temperature

of the upper surface to be erroneously high). The dominant heat factors

considered are shown in Fig. 10.

The thickness of the skin is such that it reaches equilibrium

within the time increments of the overall program (usually 15 minutes).

This can be verified by solving Eq. (13) for 9 and using the diffusiv—

ity of iron and substituti ng 1= 7.62 cm. In this case , 9 turns out

to be about 8 minutes for the heat wave to travel through the skin.

The computations for S , S~ ‘ R0 and C, out are the same as f or

the ground model. The addition of the term C,,j, is to include the

eimulation of heat exchange with the atmosphere inside the tank. The

c

~~
?

S

~ ~RO % ~

Pig. 10. Energy balance
terms for the tank model.
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atmosphere is assumed to be air conditioned at 27°C, and is kept

moving at a velocity of’ ~i47 cm/sec. Although this model appears to

be extremely simplified , it roughly parallels a very successful tech-

nique used by the Army Night Vision Laboratories , where the temp..

erature signatures of tanks and trucks are area-weighted to arrive

at a single , overall ~ I that is then used to characterize

each vehicle (Ref 22). Computation of C,,~1 is the same as for

using Eq. (ii).

Leaf’ Model

The leaf model is assumed to be a flat plate that is suspended

parallel to the ground and is fully exposed to the sky and ground for

the complete 30 hour cycle . This would be typical of an outer leaf

located on a lower branch of’ a tree. The thickness is small , so that

a time independent solution is valid. Figure 11 indicates what are

considered to be the primary heat transfer terms for the leaf . Note

that both sides make significant contributions to the energy balance

equation.

‘

~

, 

~St 
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,çSSiRso;I (j
Fig. 11. Energy balance terms
for the leaf model.
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The upper surface of the leaf receives the direct portion of

insolation ( S  ) and. the atmospheric thermal radiation ( S t ). The

lower surface intercepts not only the thermal radiation of the ground.

( R ), but also a portion of the insolation that has been reflect-

ed off the ground ( S x Reflectivity of the Ground).

Outgoing energy from the leaf ’s top and bottom sides leaves in

the form of thermal radiation ( R 0 ) ,  evaporation through transpor—

ation (Li ) and convection (C ,). The processes of all the heat ex-

change terms are the same as in the previous models , except for small

differences in the convection and evaporation terms.

The geometry of a leaf Is such that it applies to the basic

equations for heat transfer by convection. Thus a distinction must

be made between the free and forced convection regimes. The heat trans-

fer coefficient for free convection over a flat plate is (Ref 5:100)

hc,free — Const (Cr (Pr) ).25 (15)

Where L is the characteristic length of the plate (leaf), Pr is the

Prandtl number of the air (
~ .72 for temperatures between 0 and 100 °c),

and Gr is the Grashof number.

But Cr — A (Temp ) (t~ I ) (L) ~ (16)

Where A(Temp ) is a buoyancy term that is a function of the temperature

and pressure . A curve-fit relation for the value s of A(Temp ) has

been included in the program using data from Kreith (Ref 16:595) :

A(Temp)” 2.01 [ 2.03 - ~007 (Cteapa )] 1 (17)
[(~1Ll.5 +[.0009 (Ct.mpa J] fJ

20
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Fig. 12. Verification of Eq. (17)

Agreement for Eq. (17) is shown in Fig. 12. Using the results of Eq.. (17)

leaves the following relationship for free convection;

— Conat ~A (Temp) (z~T )(Pr) 1 .25
c,free [ L j

For forced convection , the heat transfer coefficient is related

by (Ref 16s296)z

1 c,force 
Const (Re)’5(Pr)” (19)

Where Re is th3 Reynolds number and is computed from;

Re Pa u L  (20)

Where ~ is the absolute viscocity of the air (gm/cm-sec ) and u is

the air velocity (cm/sec). Using the ideal gas law to calculate

P1 and a curve—fit equation for p. , fitted to within .5% of a set of

tables (Ref 18*11) for temp eratures between 240 and 330 °K , the

forced convection coefficient is then computed @nce the air tamp—

erature , air velocity and leaf dimension are known)using ;

~o,force — (Constant) (Pr) 33[t2 Pa ] ~ (21 )

21
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( The program compares the values of hc,~ree and hc force and the higher

of the two is used for computation .

Evaporation ( IL )  at the leaf surface is accomplished through

transpiration , which depends upon the quantity of water pumped to

the leaf’s surface, and is controlled by the plant ’s physiology.

In this process , moisture reaches the outside of the leaf through

pore—like cells, called stomata. “Guard cells” , at the opening of

these pores, act as valves to regulate how fast the water reaches

the surface, where evaporation (and hence cooling) can take place.

The amount of water transported can vary from 0 to 0.001 giu/cm2-min

(i~ef 2~~994) , depending upon the type of plant, its “health”, and the

heat —loading conditions , The model in this study is designed to

follow the leaf temperature cycles indicated by Gates (Ref 24:82).

The transpiration rate is very near zero at night , and if winds

are light, the leaf can cool down below the air temperature by red-

iation alone. After sunrise, the heat—loading increases, as does

the leaf tempera ture, and transpiration starts when the leaf temp-

eratuxe reaches the air temperature. This condition is maintained

by regulating the transpiration rate to provide sufficient cooling

moisture. If the heat-load demand exceeds a preset maximum trans-

piration rate, the leaf temperature will rise above the air temper-

ature to an equilibrium based on energy balance. later in the day,

tra nspiration decreases as the heat-loading goes down and the leaf

temperature reaches the air temperature. Eventually , at night , the

tra nspiration rate dxops to zero, and the leaf temperature is again

controlled by energ y balance.

I
22

I
-- ~~~~~~~~~~~~ .. , 

.-
~~
— -. ~~~~~~~~ 

.- —- . .

~~~~



IV. Computer Considerations

In genera]., both of the programs used (See Appendix B) do the

same computations, their basic difference being that program TEMPS

plots out the original temperature curves for the air , tank , ground

and leaf models, and program DELTA plots the temperature difference

between the target (tank ) model and the ground model . The programs

are set up to vary one parameter over a range of four values for

each run. The programs must be changed slightly when a different

parameter is selected. These changes amount to altering the Input

reading cards so that they are set up for the proper variable and

putting the proper title name into some of the graph commands.

Input t~ta

Input can be read-in either by cards or by terminal. All input

is unf ormatted , since a list directed read command is used. The

organization for the input variables is shown in Appendix B. The

number of runs is controll ed by the variable NGRAPHS . There must

be one complete set of data cards (11 cards total ) for each run .

These cards set up the initial conditions concerning the location ,

climate and physical make-up of the models, such as relfectivity and

emmissivity.

A single run (NGRAPHS — 1) with program TENPS will produce a

set of four graphs of basic , 30—hour temperature profiles. The same

single run with program DELTA will give a single graph with four

curves corresponding to the tank-ground i~ l ’s of the graphs in program

23
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TEMPS • These curves wij.l start at the 6th hour because this minimizes

the initial transient conditions I nherent in the model. These trans-

ients arise since the algori thm sets all relevant temperatures at the

value of the air temperature In order to start the calculations.

Standard Conditions

This study focuses on three hypothetical geographic areas with dif-

ferent climatic conditions . The first is a northern contin ental

region , the second , a mid-latitude coastal area and the third is a mid-

latitude desert location , The effects of changing certain parameters

at each place are investigated under a variety of climates designed

to simulate winter (with and without snow), spring, and summer. Table II

summarizes the assumed standard conditions for each location and season.

Table II
Standard Climatic Conditions for Three Model Locations

Location Latitude Season Temp 
~~~~~or Hum (%) (

~ min ) (%)
Continental 50 ~Jinter(Snow) —1 ,0 2.0 80 50 0.50

~inter(No Snow) —1.0 2.0 80 50 0,50
Spring 7,5 3.0 72 50 1.00
Summer 17.0 4.0 66 50 100

Coastal 32 .~inter(Snow) 9.0 1.0 70 50 1.00
,~inter(No Snow) 9.0 1.0 70 50 1.00

Spring 20.0 3 0  67 50 2.00
Summer 27.0 Li.,5 64 50 2.50

Desert 20 ~iinter 15.0 0.4 40 70 0.25
Spring 24.0 0.6 30 70 0.25
Summer 32.0 0.9 20 85 0.50

(Ref 20: Ref 23)

Variables

Not all of the 31 variables which are read as input were able

to be examined . Other than the changes in location and climate al-

ready mentIoned , 11 other separate parameters where run through the
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program. Each of these parameters was given a number to simplify

organizing the graph sets that were generated. Table III lists the

parameters, their computer variable name , their corresponding ident-

ification number , and the total range of values used in the study .

Table III
Parameter Identification Numbers

1.1) . Range of Parameter Variable Name
Values

1 —7 +8 (Co) Mean Temperature MEANTEM P
2 .16 — 7.2 (mm ) Absolute Humidity WATE R
3 0 - 401 (cm/see ) ~4ind SPEED
4 25 — 120 (%) Percent Sunshine CLOUD
5 0,08 — 1.00 Ground ReflectIvity RSOIL
6 .475 - 1.00 Ground Emlssivity ESOIL
7 .09 — .54 (cm2/s) Ground Diffusivity DSOIL
8 .09 — .54 Target Reflectivity RTANK
9 .35 — .98 Target Emissivity ETANK
10 1.9 — 9.5 (cm) Target Thickness TTANK
ii 0 — 536 (cm/see) Internal A. C. Velocity SPEED~I —

Plot Identification Numbers

On each plot, or set of plots, a specific three-number key has

been used to identify the variable being examined, the latitude cor-

responding to one of the three locations and the Julian day that the

run is simulating. Figure 3 shows the organization of this system.

PLOT SET
1

Pam eter latitude Julian Dey
being of model of run
varied location 1S— ~iinter(Snow )
(Table ~~~ 50—Continental 

1—Winter(No Snow)

32-Coastal 9 prI.ng
20-Desert uinmer

Fig. 13. Explanation of
Plot Set Numbers
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V. Results

Diurnal Temperature Curves

A single run of program TEMPS results in four diurnal temperature

plots (one plot is shown in Fig. 14). AU The temperatures are started

near the air temperature, but , by the fifth hour , each curv e takes on

Its own profile. The repetition of the curves at 6 and. 30 hours indi-

cates that the initial transient condition damps out within a day. The

peak tank and ground temperatures in Fig. 14. (simulating summer) occur

about two hours after the time of maxi mum insolation (at 14. hours , versus

0
0

I -I

tI C. VEL = 447.00 £ • T ~flIk I
0 - ~ieuvo I
o + - U M  I

x - fiit~ j -

0,-
~ 0

0. 00 6.00 t O .00 15.00 20.00 25.00 30.00
ELRP5EO TIME (HOURS 1

Fig. 14 . Sample Diurnal Temperature Curve
for Summer Conditions at 500 LatItude.
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12 hours). The leaf temperature also increases above the air temper-

ature, slightly, between 10 and 14. hours. This indicates that the

leaf is transpiring at its maximum rate and that its temperature is

being determined by energy balance. This profile parallels nicely

the theoretical curves proposed by Gates (Ref 24:82). At night the

leaf temperature stays below the air temperature, an indication of the

high amount of outward radiation ( R 0 ) oceuring at both surfaces.

Were it not for the wind warming the leaf by convection, this temp-

erature drop would be more severe (as in Plot Set 3/20/280). The

ground; however, stays slightly warmer due to the reverse heat flux

from inside the earth, and the tank is warmer still, mainly due to

the imposed internal temperature being constant at 28°C. (The sig-

nificance of this effect is shown in Plot Set ii/~o/1). The remaining

diurnal plots are located in Appendix C.

A I Curves

Figure 15 shows a sample AT plot, where the target emissivity

has been varied. From this graph it can be seen that in general, de-

creasing the target emissivity in the summer at northern latitudes

tends to increase the AT between the target and the ground. Another

characteristic that can be deduced is that all the curves appear to

have minima near the time of peak heat—loadIng (14.00 hours) and max-

ima when heat-loading is the lowest in the early morning. This, too,

is probably caused by the preset internal temperature of the tank at

28°C. This point can be emphasized by noticing the lack of regular-

ity in the AT plots for Plot Set 11/50/180. Note too that the equal

spacing of the curves in Fig. 15 seems to show a linea.r relationship

between the eminissivity and AT for this computer model. Additional

A T curves are in Appendix 1).
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Fig. 15. Sample Plot.

Par~ ie ter Sensitivity Curves and Analysis

All of the parameters that were varied, except the mean temp-

erature, were altered around a “standard value” so that a normalized ,

multiplicity constant could be used to compare the relative changes

brought about by each parameter. In order to compare these changes,

the seine two selected times (14 and 24 hours ) were used as data points

for each parameter. By graphing the multiplicity value against the ob-

served AT , the effects of all parameters can be displayed on a single

graph for each set of seasons and latitudes. These plots are additionally

separated into day and night categories, plus the target and ground/Sn-

28
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vironmental parameters are plott ed separately to improve clari ty .

The first two groups of curves (Fig. 16 and Fig. 17) indicate the

results that occured when the mean temperatures were raised and lowere d

above the standard values. Figure 16 represents the sampl e values taken

in the day. All of the curves appear to have the same negative cor-

relation. Moreover, the even spacing o± most of the curves indicates

that the same, apparently linear,relationship exists for all the seasons,

and the effect of the season is just an upward, or downward shift. It

is Interesting to note the fairly large shift between the snow and no—

snow lines on the top two graphs. It seems that the changing of the re-

flectivity of the ground also has a strong effect in shifting the curves.

The smaller spacing for the 50° latitude example is apparently due to

the lower insolation at that latitude.

The curves in Fig. 17 have all shifted upward during the nighttime

when compared to Fig. 16. This is because the heated tank exhibits a

stronger signature when the night air is colder. The other relation-

ships mentioned for Fig. 16 still seem to hold, except that the effects

due to the snow are greatly reduced at night when there is no insolation.

Figures 18 (a) through 18 (k) represent the analysis of parameters

2 through i1(as listed in Table III)during the daytime . The graphs are

organized with a single season and latitude combination on each page.

The left—hand curves are those that result from the ground/environment

parameters, and the right-hand curves are for those parameters pertaining

to the target. Comments on each curve will be made on each individual

page . The same type of organization will, apply for Figure s 19 (a)

through 19 (Ic) which include the analysis made on the parameters during

the nighttime .
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Fig. 18(a). Parameter Analysis; ]~ .ytime
Season : WInter (5); Latitude : 50°.

The most sensitive external parameter is the wind (b). This is

primarily due to the large temperature difference caused by the

heated tank sitting over the cold ground in winters Even a slight

breeze starts to cool the tank off, bringing its temperature closer

to the snow-covered earth. However , as the wind velocity increases

above standard its effect appears to become less sensitive as seen

by the gradual decrease in slope . The diffusivity has an opposite

correlation , but a word of caution, the values used hers may not be

appropriate for the actual diffusivity values of the snow . around

reflectivity has some varianc e and this may span the range of old to

new snow . Interior convection is very critical , a stagnant interior

decreases the temperature difference a great deal even though the

inside air may be warm.



.- -‘I

a
UC.

LUl LED I 2 LII LED
N U L T X P L X C Z T Y  I S U L T Z P L X C X T Y

Fig. 18(b). Parameter Analysis; L~.ytime
Season: ~iInter; Latitude: 50

0.

The relationships in this figure are very close to those on the

previous figure except that the standard temperature is shifted down

by about 3 degrees when there is no snow on the ground. (This shift

is similar to the one shown in Figures 16 and 17). One apparent change

with the external parameters is that the dependence on the amount of

sunshine has changed from slightly positive to slightly negative.

This is probably due to the increased amount of heat that the soil

is picking up, causing it to stay warmer for a longer period of time.

The ground reflectivity seems to be even less sensitive in this

regime. Interior and exterior convective processes still dominate

as the most sensitive parameters.
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Fig. 18(c). Parameter Analysis; Daytime
Season s Spring ; Latitude: 50°

Th. strength of the wind parameter has begun to fall off as the

temperature of the tank gets closer to the ground temperature. In

this spring e~~.mple , the relative change brought about by the absolute

humidity , the wind and the amount of sunshine are practically the same.

Th. effect of the diffusivity is about the same , as is the ground

esiseivity ; however the ground reflectivity seems to be getting

more important , and this is probably due to the increased amount of

insolation at this time of year. The effects of target reflectivity,

eaissivity and thickness all appear to have about the same relative

merit with a negative correspondence . The value of the internal

heat transfer by convection still remains the strongest parameter

of them all.
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Fig. 18(d). Parameter Analysis; Daytime
Season: Su.’nmer; LatItude: 50°

During the summer , the most notable change is that the importance

of the internal heat exchange (j) falls off drastically, this is primarily

because the daytime temperatures are becoming closer to the assumed

28°C of the inside of the tank. At the same time the target reflect-

ivity is becoming increasing important with the higher~ values of 
‘ -

insolation. The wind (b) now has a positive correlation because the

temperature of the tank is getting warmer than the air temperature

and increased values of the wind velocity tend to cool it down and

drive the temperature difference toward zero • The relative strength

of the other climate and ground factors appear to remain about the

same.
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Fig. 18(e). Parameter Analysis; Daytime
- Season:ljj nter(S)Latitude s 32°

In the mid—latitude winter with a snow-covered ground the out-

side wind still is the most Sensitive factor, but not nearly as

strong as was the case at 5Q0 latitude. The ground reflectivity

has a much stronger influence at 320 however and this is quite likely

due to the greater amount of insolation. From this fact it is apparent

that the different reflectivity of the snow (old versus new) in the

lower latitudes may be able to change the values of Delta-T by as

much as 35 to 50 percent . A similar situation could occur at higher

latitudes in early spri ng . The other external factors have a relatively

“standard” app earance as far as significanc e goes. The rate of convect—

lye transfer inside the tank is the key internal factor , although

slightly less important than at 500 with a snow covered, ground. This

is due to the warmer air temperature most likely.
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fl.g. 15(f). iarameter Analysis; i)ayt.ime
Season: Winter; Latitude: 32°.

Without snow , the ground absorbs more solar energy and hence

is warmer during the daytime, thus the Delta—T is lower in this in-

stance and the effects of the wind (b) and the around reflect ivity (d)

have become less significant . Because the ground is absorbi ng

more energy, the dI ffusivity and eninissivity have become more sensitiye 1

since they are app arently acting as regulators for the energy flow

into and. out of the ground . Very little change has occured with the

internal parameters , in fact, the convective heat transfer appears to

be as important as it was when there was snow on the ground .
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Fig. 18(g). Parameter AnalysIs; Daytime ~Season : Spring; Latitude: 32

As the year goes on and the air temperature warms up, the cooling

effect of the wind on the tank becomes a warming effect , as shown in the

change in slope of curve (b) compared to the wint er . The negative

elope for the amount of sunshine (a) indicates that with increased

insolation , the ground heats up more than the tank . A similar effect

occ~~e when the absolute humidity (a) is increased . The increased

spring—time air temperature causes the internal heat convection ter m

to become much less eff ctive, since the interior tank temperature

is closer to the air temperature. The emlssivity of the tank is

less important now, due to a higher percentage of insolation versus

atmospheric radi ation (as compared to the winter heat-load).
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Fig. 18(h). Parameter Analysis; Daytii~e
Season: Summer; Latitude: 320.

With maximum insolation, the factors that tend to cause heat—

gain in the ground are showing a strong positive correlation, this

includes the emiasivity , reflectivity and. diffusivity. Additionally,

as the wind velocity decreases outside ,the ground heats up more than

the tank causing the value of the Delta -T to become more negative.

The negative slope on the internal A .C. velocity term shows that

during the middle of the day the inside of the tank is cooler than the

ground and cooling the inside shows up as causing the Delta-T value to

become more negative. An explanation of why increasing the tank

thickness causes the Delta—T to become more negative (the tank skin

is cooler ) may be that due to the increased heat storage capability,

the peak tank temperature shifts to a time that increases the temp-

•rature difference at the 1t~ hour point.
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Fig. 18(i). Parameter Analysis; Daytime 
~Season: Winter; Latitude : 20

The first noticeable part of the winter curves in the desert is

that the wind has very little effect upon the thermal signature. Cn

the contrary, the soil reflectivity is of much greater importance,

now, compared to the other two latitudes in winter. This is probably

due to the greater amount of insolation for the time of year. I’lore

evidence of the relatively strong insolation is the importance of the

ground’s diffusivity and emmissivity. The negative slope on the sun

strength curve (c) shows that as the insolation is increased the

heating of the soil is greater than the tank, causing a decrease in

the Delta—T despite the fact that the reflectivity of the soil is

higher in this model than the others (assuming that it is desert

sand). With higher air temperatu re and insolation , the tank eaissivity,

thickness , and reflectivity ~re more important , while the internal con-

vection is less important than at the other latitudes studied.
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Fig. 18(j). Parameter Analysis ; Daytime 
~Season: Spring ; Latitude: 20

As the intensity of the insolation increases from winter to

spring, the importance of the soil reflectivity increases also . A

strong positive slope on the wind term indicates that cooling of the

sand by a breeze can change the value of the temperature difference

by a great deal. The other external parameters are similar to the

winter case. The action of the internal convection term now tends

to cool the outside of the tank and thus when it is increased the

magnitude of Delta—T also decreases. The slope of the target re-

flectivity has become slightly more negative, which is indicative of

the increase in solar insolation over the winter.
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Fig. 18 (k). Parameter Analysis; Daytime
Season: Summer; Latitude s 200.

Under maximum insolation the extreme sensitivity of the ground

reflectivity is readily apparent~ a 100% change in the reflectivity can

mean a 200% change in the Delta—T vehie. At the same time, the cooling

effect of the wind on the soil has also become a bit more important ,

while the relative slopes of the other 4 external factors have remained

about the same . The cooling effect of the internal air conditioning

is at a maximum and the difference between having it off and. having

it on can mean a 170% difference in the Delta-T value , The

importance of the reflectivity of the tank has also become more

important with the increased heat-load of the summer.
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Fig. 19(a). Parameter Analysis; Nighttime
Season g 

~r(inter(Snow); Latitude; 5Q
0

The two most important external factors at night appear to be

the wind and the emissivity of the snow, the former is because of

the cooling of the tank that will occur as the wind velocity increases,

the latter is due to the fact that thermal radiation from the sky and

snow compri se the major energy balance at the snow’s surface. Except

for the target reflectivity, the internal terms appear to have more

significance at night. Again , because of the importance of thermal

radiation at night, the •missivity plays an important role in the

target signature. The positive corre].aticn with thickness is pre—

sumably an indication of the gradual release of the energy stored

up within the skin of the tank.
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Fig. 19(b). Parameter Analysis ; Nightti9
Season: Winter; Latitude: 50

There is no apparent change in the energy balance relationships

using a scenario without snow under the same conditions as in Fig. 19(a).

The graphs do look a bit different, but this is due primarily to a change

of scale between the two.
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Fig. 19(c). Parameter Analysis; Nighttime
Season : Spring ; Latitude: 50°

With Spring , the importance of the wind begins to decrease as the

air temperature and tank temperature begin to coincide • The ground

smissivity has about the same effect as in the winter, but the dif—

fusivity appears to be even less sensitive,even though the day time

heat—loading is more at this time . It is interesting to note that

the intensity of the sun seems to have some effect, only if it is re-

duced below the normal value . It seems that with less sun strength,

the ground collects less energy , is cooler at night,and the Delta—T

is thus increased. The only significant change with the target par—

ameters is that the strong changes due to the convective transfer

are beginning to ebb , primarily due to the smaller differenc e between

the air temperature and the target.
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Fig. 19(d). Parameter Analysis; N1ghttim~
Season:Suinmer; Latitude: 50

The effects of the ground ’s emissivity and reflectivity do not seem

to have changed much,an.d the convection term has nearly zeroed out in

the summer night. There is still a slight negative correlation between

the variation of the sun’s intensity, but not as much as in the spring.

The biggest change is due to the diffusivity and the absolute humidity.

Apparently, with a lower diffusivity there is less energy stored deep

in the soil to allow it to be warmer at night (the heat radiates away

faster causing the nighttime minimum to occur at a different time). The

decrease in the absolute humidity will tend to decrease the long-wave

rad iation at night, but during the day it would have caused an increase

in the insolation, so that the net effect is that the tank receives more

energy in the day , than the soil receive s at night , thus the Delta—T is

increased. The convection inside the tank causes little change now,

but the thickness becomes more important , as there is more solar energy

available to store up during the day.
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Fig. 19(e). Parameter Analysis; Nighttime 0Season : Winter (Snow); Latitude:32

The ground emissivity and wind curves are similar to those for

the spring at latitude 50°, and the absolute humIdity curve has a

small negative slope as was the earlier case . There are only very

slight effects due to changes in the diffusivity and the amount of

sun insolation. There is an interesting dip in the reflectivity

curve for values less than about .6 of the normal value s however ,

this is even a bit low for a reflectivity for old snow. The graph

of the internal parameters is similar to the other night plots in

the winter, with strong influences due to convection, thickness and

estesivity

48

- ---.. - --—--- -———~~~~~—--~~.—. -~~---~~



.w.

M U L T I P L I C I T Y  M U L T I P L I C I T Y

Fig. 19(f). Parameter Analysis; Nighttime
Season: Winter; Latitude: 32°.

The external factors of diffusivity, sunshine,and reflectivity

have become even more neutral compared to the winter simulation with

snow. The effect of the absolute humidity appears to be stronger

at this time , more like it was for the summer in the 50~ graphs, this

may be due to the increased amount of insolation at this latitude .

There has been very little, if any, change in the internal parameter

curves, with the internal convection being the most sensitive still

(due mostly to the cold night temperatures).
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L?ig . 1 9(g ).  Parameter Analysis ; Nighttim8
Season: Spring; Latitude: 32

The major change in these curves is the loss of importance of

the convection terms. This is most likely due to the warmer air

temperatures, and a. subsequent drop in the temperature difference

between the tank and the air Inside and outside the surface. The

only other noticeable change is the increase in sensitivity of the

diffusivity of the soil. This is probably caused by the higher

insolation, and thus a higher heat-load at the surface of the ground.
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Fig. 19(h) . Parameter Analysis: nighttime
Season: Summer; Latitude: 32°.

With the warm summer evenings the slopes of the convection terms

continue to change as the night air has a tendency to warm the tank

and the air conditioning within cools it. The ground diffusivity

parameter still becomes more effective as the daily Insolation now

reaches its peak so that the sun is up longer ath more energy gets

stored in the soil to radiate (and convect ) away at night. The slopes

of the emissivities of both the tank and the ground appear to be a

little less steep. This is probably due to the warmer air temperatures

causing more atmospheric thermal radiation so that the net cooling effect

due to radiation is less.

.
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FIg. 19(i). Parameter Analysis: nighttimg
Season : Winter; Latitudes 20

The angles of the desert curves are fairly similar to those at

32° in the winter , except that they are shifted down somewhat (the

air temperature Is warmer) and that the convective heat terms are not

nearly so dominant , again because of the warmer air temperature. There

is a slightly more downward slope to both the sunshine (c) and the

diffusivity ( f)  curves than there was in the previous latitude in the

winter . This may be due to a higher amount of insolation during the

day sccentum.ting the effects of these terms during the nighttime. This

may even effect the reflectivity curve of the ground as well .

The target reflectivity still indicates an almost flat response.
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Fig. 19(j). Parameter Analysis: nighttthe
Season : Sprin~ ; Latitude: 20°.

Once again the convection terms begin to swin; to different

slopes as the air temperature warms up, and again , as before , the soil

diffusivity slope increases negatively. There also appears to

be a very slight change in the sensitivity of the ground reflectivity

but not very much. Except for the convection term, the internal

factors are almost totally unaltered in the change of season from

winter to spring. The upward displacement of the absolute humidity

terms is possibly due to a slight change in the computer program when

that data set was run. There was insufficient time to go back and

verify the data. At any rate the size of a vertical shift in the

curve is rather arbitra ry since the changes in slope are what is

most important for this analysis.

I
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Fig. 19(k ). Parameter Analysis: nighttime
Season: Summer; Latitude: 200.

Because of the large difference between the tank temperature and.

the air during a desert summer night the convective terms dominate as

the most important factors . Were the basic temperature inside the tank

changed , a subsequent change in the convective terms will show up a-s

well . As was also seen in the set of curves for the summer at 320

latitude, the diffusivity of the soil, and the emiasivities of the

soil and tank have flattened out somewhat, possibly another result of

the increased air temperature. No other significant changes seem

to have occured.
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VI. Conclusions and Recommendations

Conclusions

Table IV is a summary of ranking the parameters using the curves in

J igs 18(a ) to 19(k). The letters refer to the parameters (see Fig.

17(a)),  and are listed from high to low importance (left to right)

Table IV

Su~~&ry of Parameter Strengths for Eleven
Hypothetical, Geographic and Climatic Conditions

Condition Latitude Day Night
— 

Winter 50°N j ,b ,f ,e,d,h ,1 ,a ,g, o j, b ,e ,i,f ,a ,d ,c ,g
(Snow) 32°N j, b d ,f ,h ,i ,e ,c ,g, a b ,j, e,i ,h ,a ,d ,f ,c ,g

I~ 
50°N j,b,f,e,h,i,d,a c ,g j,b,e h ,i,f,a,d.,o,g

~ er~ 32°N j,b ,e,f,h ,i,g,d,c,a j,b,e,h,i,a,f,d ,c,g
~ o now 1 20°N d,e,f,g,h,i,j,o,a,b e,i,j,h,b,c,f,a,d ,g

50°N j,f,e,b,g,h ,c,i,a,d j,b,h,e,i,a,c,d,f ,g
Spring 32°N f ,e,d ,g,a,c,h,i,b,j e,i,a,h,f,b,c,d,j,g

2O°N d,b,f,e,g,j,h,i,c ,a e,i,f,h,j,b,d,a,c,g

50°N f ,e,g,d,h ,i,a,c,b ,J e,i,a,h,f,c,d,j,b,g
Summer 32°N f ,d,b,e,j,g,i,h,a,c j,e,a,f,i,b,h,~ ,d,c

20°N d,j.g,b,e1f,h,c,I Ia j,e,I ,b.f,h,a,d,c,~

If values of 1 (most important) to 10 (least Important) are as-

signed to the ranking of each scenario, and if these values are sum-

med for each parameter, an overall parameter Btre ngth can be deter-

mined (the lowest sum representing the highest overall importance).

The day and night totals for the parameters are shown in Table V.

Although ground emissivity is the moat important overall factor,

it. value changes very little for most natural objects in the 8 to 12

micron region (See Appendix E). On the other hand, the diffusivity

varies greatly for different soils, and the wind velooity changes con-

tinuafly, so these parameters can be the sources of significant changes

in D.lta-T. The low insolation rating is surprising, but may actually
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Table V

Overall Day and Night
Parameter Strength Rating

Day Night
(I.D.) Parameter Name (Sum) (I .D ) Parameter Name (Sum ) 

—

f Ground Diffusivity 31 e) Ground Emissivity 24
e Ground Emissivity M.O - j Internal A.C. Velocity 33
d Ground Reflectivity 4.5 1 Target ThIckness 110
j  Internal A .C. Velocity 1.15 b Wind 45
b Wind 149 (h Target Emissivity £19
g Target Reflectivity 65 (a Absolute Humidity 64
h Target Emlssivity 66 (f) Ground Diffusivlty 65
i) Target Thickness 77 (d) Ground Reflectivity 87
o) Solar Insolation 92 (o) Solar Insolation 90
a) Absolute Humidit y 95 (g) Target Reflectivity 108

be caused by the small difference (.1) between the ref lectivit ies

of the standard target and background. The insensitivity of the

absolute humidity may be due to the assumption of drier than normal

standard climates. The data in Table V should be used caut iously~

because many seasonal climate characteristics have been encompassed

into one figure of merit.

Becommendat ion~
To improve the reliability of the program, the basic weather models

should be made more analytical to allow better adjustments for meteor-

ological conditions. The test models (the ground , tank , and trees )

should be checked to ensure that the heat transfer mechanisms are

represented in the proper magnitude.

An attempt should be made to validate the computer model by running

it with actu al real—time data , such as temperature, wind, cloud-cover ,

and insolation . A time increment of 15 minutes is recommended for such

a trial , since it seems to work well for the heat transfer models in

this study . Longer increments would cause poorer r solution, and short—

•r increments lead to problems where time independence is assumed.
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( Appendix A

Comparison of Ground Conduction Model to
Analytical Solution Using Sinusoidal Input

Fig . 20 shows the analytical solution to ground temperature for

a semi-infinite slab as computed from Carslaw and Jaeger (Ref 21: 76).

Fig. 21 shows the solution using EqS. (14.) and a time increment of .25

and Fig. 22 shows the Eq~. (14’) solution with a time increment of .02.

Additionally Fig. 23 gives an example of the T~ 4PS program plot with

a .25 hour time increment and Fig. 24. gives an example of another

TEMPS plot with a .1.5 hour time increment . The greatest difference

between Fig. 23 and Fig. 24 is the maximum of the ground temperature;

it is equal to 30.89 °C when IY~ ’.25 and it equals 31.07 when DT—.15.

~1
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Appendix B

Computer Programs TEMPS and DELTA

Th~ut Data,

Card Symbol Descrip~4on

NGRA PHS Determines how many sets of plots are to be plotted.

I~4IN Sets the minimum value for the graphs in program

DELTA only. Is a dummy variable in program TEM PS.

LL An intege r which determine s whether the letter “S”

is printed after some of the plotting information

to indicate that the data is set f o r  snow on the

groun d.. (Da ta 1.s read in by the operator though )

2 IAT The latitude in degrees of the model location.

DaY The day of the run (Julian calendar).

SPEED Velocity of the wind in cm/sec

CTEMP1 DC term in air temperature calculation

NCLOUD An integer that determines the type of clouds

present it corresponds to the grouping listed

in Table I and sets the appropriate value s for

the particular type of cloud.

CLOUD A real number from 0.0 to 1,0 to indicate what

fraction of the insolation actually reaches the

earth , a type of filter factor.

WATER Real number which indicates the total precip-

itable water vapor in a column one meter square

reaching through the atmosphere.

RH Relative Humidity in a number from 0 to 100.

6~ - j
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Card Symbol Description

2 PRESS Atmoshperic pressure in millibars.

DUST A measure of the particulate matter in the air in

particles/cc.

3 DESOIL The density of the soil in gm/cc.

CPSOIL Specific heat of the soil in Cal/gm—°C,

OSOIL Diffusivity of soil in cm2/min.

ESOIL Exnmissivity of the soil.

RSOIL Reflectivity of the soil.

KSOIL Thermal conductivity of the soil in Cal/min-cm—°C.

W~ I’ The amount of moisture in the soil from 0,0 to 1.0.

4 DETANK The density of the skin of the tank in gm/cc.

CPTANK Specific heat of the tank material in Cal/gin—°C.

ETANK Emmissivity of the tank.

ETANK Reflectivity of the tank.

SPEE~~I Velocity of air movement inside tank in cm/sec .

TEMR ~I Internal temperature of the tank

TTANK Thickness of the tank in cm.

5 DELEA F The density of the leaf in gm/cc.

OPLEA F Specific heat of the leaf in Cal/gm—°C.

DIMEN Dimension of leaf along the flow of air in cm.

TRANS The maximum rate of transpiration of the leaf in

grams per sin.

ELEA F Eminissivity of the leaf .

ALEA F Absor ptivity of the leaf .

TLEAF Thickness of the leaf in cm.

H 
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Card Symbol Description

6 Length of the time increment in hours.

MRS Length of desired plot in hours .

PLOTNO Integer used to identify the set of plots with a

certain parameter that is varied (See Fig. 13)

7 DSOIL Any parameter that is being varied (in this case it

is the d.iffusivity of the soil). This can be any of

the desired values that the operator choses.

XXX The minimum value of the parameter to be varied.

This value is printed in a block on the plot set

that is produced by program TEMPS.

YYY The maximum value of the parameter to be varied.

8 DSOIL Second value of parameter to be used in second time

through the program .

9 DSOIL Third value of parameter for third run.

10 DSOIL Fourth value of parameter for f ourth run .

Note s The sequence of cards 2 through 10 is repeated as many times

as the number NGRAPHS has been set to.

The remainder of this app endix contains a listing of the Fortran pro-

gram, TEMPS including all subroutines, then the Fortran program DELTA,

excludi ng subroutines (they are identical to those used in TEMPS ) and

then a sampl e output listing from program DELTA.

___________  
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INFOPMATION FCR PLOT NUM~ ER - 2.

ENVIRONMEMTt~L 
r~CTORS$

LATIT tJOF 20.
OA V= qO.
WINO ~~~E!~= 223.
MEAN TEMP: 24.
CL O’JO TYP!= I
PFRCFNT S~JN= .‘WAlED VAPDR= .~~
HUMIfl!1Y 30.
PRES~UR~= 1000.
0051= .25

GR OtJNO °ARAMEIERS

DFNSITY= 2.
SPECIFIC -~~A1: .4t~OI FFUS I VITY = .3
EMTSSIVITY: .95
RFFLFCTIVIIV •1
CONOUCT !VITY= .21
MOISTURE ~ONTE4J1— .15

TANK PARAMETERS

DENSITY B.
SPECIFP~ 4E41~ .11
EMISSTVITY .‘

PEFLECTIVITV= .3
AlP CON~ !T! flN!N~ VELOCITY: 447,
INTER NAL TrM~ ER~ TURE= 25.
THICKNESS: 7.~~

LEA F PARA !’ERS

OENSTTY= .5
SPECIFIC ~IFAT : •~~~~
517E 2.5t.
TRANSPIRATION P~TE~ .0003• EMISSIVIT Y: .95
ABSORPTION: •7
THINCK~SS =.1

TOTAL IUSOLATtO”l WA St 413.2975654.092 CAL/SQ.CM.

- 
.
~~~~~~~~~~~

‘-
~~~

--—‘ 
~~
-..



DATA FOR DLOT S!T 2./20,1 go.

PEAK TEMPS AN’) ~IMES—ITERATION #1

AIR 3’ ..680L0’78’.49 16.5
GR OUNfl 3.B70’!0c21637 14.
TANK 3i..9I9tI~ 1613 14.5
LEAF 14.535~0~i.26596 16.

• 1400 DELTA— ’t .8’.
• 2400 DELTA~Tt ~ .10

PEAK TFMPS AN ’) ~‘IMFS—ITERATION #2

AIR 3t..680L0 ’78449 16.5
GROUWO 33.76~~ 8~i20909 1’..

T A N K  1 4 . 8L4 2 t 4 ) 6 3 5 9 9  14.5
LEA F .58r~ 0~ 265g6 is,

44.4

1400 DZLTA-T T .87
2400 OELTA_ ? t 6.10

4 4 4  *•••4~~ 4 4 4 4 4*

PEAK ‘~~MPS AN r IMES—ITER~TtO U #3•4 4 4$ *$ *4 4 4 4*  14* 44 4 *4 *4 4 4 4 4 4

AIR 34.6S01~O’784L.9 16.5
GROUN’) 33s~~84 Ct e~~2209t  14.
TA”I’( 34.’79~~~80326 14.5
L~ A~ 34.585~~ .26596 16.

44 4 4 4 * 4 4 4 4 4 4 4

~ 1400 DFLTA .T I .89
‘~~ 2400 DElTA— I t 5.11
44 4 44* *4 4

PEAK T~MPS AN’) IMES—ITER~TtON #4.

AIR 34.6801.0’78449 16.5
G~ O’JP1’) 33.614t2’~70207 1’..
TANK 34.721r4113484 14.5
LEA F iI..5~ 5~0~.25596 16.

4 4 4 4 4 4 4 4 4 4  4 4 4 4 4* 4 4 . 4
• • 1400 DELTA-I s .90

• 2400 DELTA—I t 6.11
44 4444*444  44 4 4 444 4  4 44* 444  #4 4 4* 44 *44
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Appendix C

Plots from Program TEMPS for all Parameters

Figs. 25(a )-25(k) are plots of the parameter Mean Temperature.

Figs 26(a)’-26(k) are plots of the parameter Absolute Humidity . Figs.

27(a )—27(k) are plots of the parameter Wind. Figs 28(a)—28(k) are

plots of the parameter Sun Strength. Figs. 29(a)—29(k) are plots

of the parameter Ground Reflectivity. Figs 30(a)-30(k) are plots of

the parameter Ground Emmissivity . Figs 31(a )—31(k) are plots of the

parameter Ground Diffusivity. Figs. 32(a)—32(k ) are plots of the

parameter Target Reflectivity. Figs 33(a)—33(k ) are plots of the

parameter Target Emmissivity . Figs 34(a)—Y 1.(k ) are plots of the par-

ameter Target Thickness. Figs. 35(a)—35(k ) are plots of the parameter

Internal Air Conditioning Velocity .
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PLOT 8E1 1/20/ i :
WISP RMOE + - LCIIF
S IO Z5 DCD C. x - itt

I I
I —i

T(NP:i TCNP:II
I I

~~~~~ 
~~~~~~~~~~~~~~~~~~~~

LIO 4 0 0  16.04 I1.OI 40.01 01.01 .00 .:. ~ 46.01 11.05 06.05 .1.00 I CS
CLISPOCO 115W IIlOthW ) £LM~ CC tIM (t1~)UR6 $

I I
-t -f 1 1

TCISP:Ii TCIIP:2!
B B

—B • .4

•1
~
’
~~ !~
‘
~~•‘LSC 1:10 tIos iB.oi ,6.os 01.05 I 05 .:,~ tô.oi il.o, i&os sl.os i os

115W I ISOUR5) C% iP*~ D 115W UIOS.*D)

Fig. 25(a). Basic Temperature Plots of Mean Temp
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PLOT SE T 1/ 20/90 £ -

WISP ~~IOC ~
. LCM

f l T O 5Z O~ OC .  x -u t

I I
I

fCNP:t~ ILIW :t2
I I

5:00 10.05 i1.oi I6.O, 01.00 00.0! 1.10 1I0 16.00 11.01 ?~ .0S tl.Cq 40.05
CLISrSci IlISt (5505*0 5 £LISI ICO 115W (150(40)

B I
I I

TCM?xli
I I
I I

I!~P\ rg~~~~~~~~~~~~~~~

i.s 11o tl.os iI.o, ,ó.os 11.05 05 ‘~~N iso tb.ss tl.s, 06.0! .6.os 00.05
(LI?SCQ 1IIIC (5505*0) £S.ISP $CR 115W (PIOUI(0)

Fig. 25(b). Basic Temperature Plots of Mean Temp
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PLOT SET 1/20/180 -

~~~~~~~~~~

UT O4 0 0CG C. x - itt

B Bg — I
Tt$P:2S TEIIP:lD

B B
I I

~5 40 ,:.~ I6.Oa 16.0, IÔ.OS .1.o, i .05 1.00 ~~~ 16.05 11,0! tâ.oi e1.os I OS
CLISI’$(O TIlif (fl0LHt~ J CLAPOCO 111W (5501*01

I I
I I — I

TCNP:fl TCIS1:4D
b I

1.55 ~~ I6.O. *1.oi .ö.o, N.os 05 1.50 1.0 tö.oi tc.o, e6 os .l.os 50.05
£UPU5 111W (5501*0) ELN~0CD 111W (150140)

Fig. 25(c). Basic Temperature Plots of Mean Temp
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CLOT SET 1/32/18
TEIIP R~ 00E + Lci r110 l7 ace C. x - air

I B
I I I ~~~

-1 I I

1 NP4
I

~~~~~~~~~~~~~~~~~~~~ 

_ _ _,:.~ 1C’.Cl 11 CI t6.OS 06.01 $0.41 $10 5:10 11.05 41.0! iô.o. .6.OS I ~CSCLIS~~ C0 111W (N01*~ ) £I~~~ CU 111W th31JR0

I B
I I I I — I I I

T(NP:13, TCNP=17
P B

I

—B —B

~~~
~~~ 1:~. 1~.0S 1 .OS ~&r~ ,I.QS 50.05 1.10 410 16.0! tl.o* 00.05 ti.us I CS• CLCP SEC 111Sf thOuIOO) Ct.M5C0 115W t M0’JRb)

Fig . 25~d). Basic Temperature Plots of Mean temp
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PLOT SET 1/32/1
IEIIP R IOE + —
110 i~~oeo c. X - itt

I B
I I I I I I I I —

TCIIP:i 1tIIP:7
b P

I

~j__
1 0 0  119 iô.o, I1.OI 00.01 11.0! 59.05 1.10 ~~ ib.ot 11.01 ,6.OS 01.0! I .05CLISPICO 111Sf ( 1531*0) CLI%P$CO 111Sf ISIOURO)

B P
5. I I I I I I I I I

T~IIP:1~
8 1
I I

.4 
• 

‘4

1
, 4:50 16.0! I1.OI .6.ci 11.05 I0.OS 5.00 ~~~ 16.0! 11.01 06.oi ti cs i 0!

CLCPO~~ liSle (5501*0) CLISPICO 111Sf (1505401

• Fig. 25(e). Basic Temperature Plots of Mean Temp
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PLOT SET 1/32/90 £ -

TEIIP R5050(
II TO ZO OCD C. x - il l

P B
4 I T I I I — 

I I I I

1(0:11 T(I1P:IS
B P
I • 4

1.10 ~~~ I6.OI 11.0! t6.OS .6..6 io. S ,..O 1:50 40.00 l1.~~ ~~ ~~CLAPICS TIM 15501*01 CISIFICO 115Sf (510(40)

B I
I I I I I I I I

ICNPz~~ 1(0:15
P I
I I

—B —B

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~:f N
~~~ 4:50 1b.OS 16.0, 10.0! ~~~~~~~ ~~~~ 5:.. tó.os *1.05 ee c. 01.0! ss.cs(LOSt! 111Sf 11101*0) (Lu st ! 111Sf (550(401

Fig. 25(f) . Basic Temperature Plots of Mean Temp
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I PLOT SET 1/32/180 - 91W
i 0 — O I D U W !
e TE NP~~~I0E + — LUS
[~O T0 50 0CG C. X - ISt I

I P
1 1 I I I 1 1 I I

1(0:1! 1(llP:25
$ B
I I

—B .4

410 0.40 10.05 15.05 *0.0. 11. 05 .05 ~l.so I t o  i 6.o. 10.01 tl.0I 15.05 10.05
CLRP~C0 115W (IIOUROI (LFPOCU 111Sf ( HOUROI

V P
I I I I I I

TEISP:ID
B B
I I

—B —I

~~~~ 
i:~~~~~

1.50 ,:,~ ~~ t1.o, to o. oc o. 10.05 IJO :.. 46.0, t1.oi 06.oi o1.ot wa s
(LOU! 111Sf ($10540 1 (LA POCO 111Sf (SIOUROI

Fig. 25(g). Basic Temperature Plots of Mean Temp
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PLOT SET I/GO/IS £ - TISK~ 1S — !ICUMD I1EMP R~~~ i - m r  i-, T~ 7 OCO C. x -

I P
I I I I ii I I I I I

1(5? —I
I B

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __________________ 

iI
4.10 .10 4.41 1.41 eO.oc to.ts .O.o. •.t .:!0 •ó.c~ I.e. tô.rt .~.osLLRP3C C 111K (I10I)R0) L ISPCCC TI1Sf (HOUROI

I P
I I I I 7 I I I I

1(0:7
I B• I

• 

~~ I I j .  1 

_ _ _ _ _ _ _ _ _ _ _

50 i N  IO OI 10 !  P6.O. (LOS Cl 110 550 40 (4 15 05 (005 (5.01 III(LOlL! 111Sf (510540 ) (LOOt! 111Sf (1101*0)

Fig. 25(h). Basic Temperature Plots of Mean Temp.
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PIIDT SET I/GO/I
TEIIP RflN0~ + — ‘ cur-I TO IOCG C. 

- 
K - S i t

B V
I I I 1 I I I I

TCIIP:—t TUIP:—1
P I

•

__

.:.~ 10.01 10.05 56.01 11.05 (0.0? 4 ~ 1:10 16.01 I6.O. (0.11 (1.01 0 .05
(LiPOL D 115Sf (550143) CL RPOLO 111Sf ( SIOURO)

I 
_ _ _ _ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _ _ _ _

I I 1 1 I I I I 1

1CM?:! ltISP:7
P P

I

i:.. *6.,. t1.~s 16.141 56.05 1 .0! 5.50 150  IO.VI *i.OI 16.0. 56.05 1 01
CLIP $C ! 111Sf (550143) (LOOt! 111Sf (5505*01

I~~~
Fig. 25(1). Basic Temperature Plots of Mean Temp
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PLOT SET 1/60/90 :
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Fig. 25(j ). Basic Temperature Plots of Mean Temp
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IEMP R5010E ~~~ II
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P B

10.01 15.0? too, iii SO.OI ~.I0 ~ ~~~ II .OI i6.os i.~~~fl c.
(UPOLO 111Sf (5105431 (LAPOCO 115Sf (HOUROI

I P
I I I I I I I I I I I

1(0:1! 1(0:15
P 1
I 1

!4T~~~ \~~~~1.10 •:.o 16.0? *1.0, ,O.c. K.! ..s ‘119 (.50 16.01 *1.., (6.01 56.05 0!
(1.0CC! 111Sf IIIOURO) (LOOt! TIM (HOURO)

Fig. 25(k). Basic Temperature Plots of Mean Temp
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PLOT 3(1 2/20/1 * - TANk
us. ~~~~~~~ ~~~~~ 

ND

0.1.0 TO O.D401VCU. fl• x — sit

B B
I I I I I I U I I I —

555 3 Nt!IIID:D.I5 RI! Hh1IS(O:0.32
B I
I • I

i.~~ 0:59 10.01 11.00 *6.,, 56.o, 50.0? (.50 0:50 16.0? 11.04 16.01 11.01 00.0?
CL *P8~ 0 lUs t (t1~3UR3 ) CLOUD h u t  1hUUR~ )

B 
_ _ _ _ _ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _ _ _ _ _I I I I I I I U I I

RI! NUDIID:0. II RI! NUIIIO:0.54
$ B
I I

L $

‘S.N 5:50 *6.,, *6.0? 00.0? (6.0? 50.05 150 5:.. 16.0? (1.0? (0.0? (1.0? .0!(1.03CC 115W (5101)53) (LOUD 111Sf (110505131

Fig. 26(a). Basic Temperature Plots of Absolute Humidity



PLOT SET 2/20/90 £ - 1555W
n. ,~~~. ~~~so
0.1.4 TO 0.90051/CU-li x -

V I
I I 1 I I I I I

II. NtJ lI. :O.t4 RI. NUII .:O. 4$
V P
4 1

I~~~ 110 ib.oi *6.0? tO.oi lE~0I 5 .0? 5 $0 ~ *o.o) iI.01 to.oi u.w 00
(LOOt! h Ilt (5101)53) CLRP3CC 11511 (510USD)

I I
I I I I I I I I I I

it. HUll.:!.?! RI. HUM. :!.!!
I P
I I

5.50 4:50 *6.05 t1.~ t6.os té o. 10.0! 1$ $  ~ 5Q iO.ot (5.05 (6.05 (1.05 I~ N
(LOOt! 111Sf ( HOL *3) (LOO tS) flIt (510543)

Fig. 26(b). Basic Temperature Plots of Absolute Humidity
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PLOT SET 2/20/180 £ - TANk
us. ~m. ~ ‘o + 

03C M!
0.00 TO 1.44051/CU-IS x — III

V V
I I I I I I U I I

II. HUN. :O.1$ RI. MUM. :!.?!
$ 1
I • I

‘1 ,. ,:.. t6.o, a... tO... 11.05 I .05 1
5.50 :.. 16.0? 11.0? ta os .1.os so..,

(LOOt! 115Sf (510540) (LOOt! lUst (510L05131

V V
I I U I I I I U I

RI. IWIS.:l.0$ II. NUII. :t .44
$ B

• 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

‘1.50 .:.. iô.os ii.., tO o. ii... 50.05 ‘1.10 .:.~ *6.., 11.05 eO.oe (1.0! I OS
(5.0Sf! 1 11Sf 15501)53) (103(0 111Sf 15105431

Fig. 26(0). Basic Temperature Plots of Absolute Humidity
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PLOT SET 2/32/13 £ - TANk
us. ,o.i~. w.so€ 0$ ND

1
0. 40 TO 1.00051/CU-li - ii1~~ I

I I
I I I U I $ I U I I U

Pt. NUN :0.40 551. KUfl. :S.H
P $
I £

.1 -.1

i~~~
‘S~~ ~~ tO.c.4 11.01 16.0$ ~ ii.og 1 03 ISO 4:00 16.0. 11.00 tb.oo ei.os • 0!(1.03(0 111Sf 15105*01 (1.03(0 h u t  (110US$)

$ VI I I I I I U I I

RI. HUM. :1.2R II. NUM. :1.!O
$ $
I I

-.1

5.50 110 tO.o, 11.0? 16.0? 11.05 Iv.os ..w ,10 tO.cs 11.05 •O.os 1.o. I ISCLiPOCO lUSt 1)105.513) (LOU! lUSt 15105*31

Fig. 26(d). Basic Temperature Plots of Absolute Humidity
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PLOT SET 2/32/ 1 £ - TANk

0.40 TO i.e~~lVW—li x — sit

V I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I U I I — U I I I I

• . II. NUM. :0.40 It. NUN :0.50
V I
I • I

..1

5 10 0:.. i6.o. 16.0? tO.o. ss.o~ $0.05 519  i:.. *6... U.CI tb.oi 11.0? cs
CLA IOCD 115Sf (5101.05*31 (LOOt! lUSt I tlOURbI

I 
_ _ _ _ _ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _ _ _ _ _

I I I I 1 ’ U I I I I

Pt. NUM. :l.t0 U. NUN. :1.t0
I B
£ I

1 .1

~~~ 
I
~J~~~~1.50 4.50 (0.05 15.0! 16.0? 11.05 $0.01 ‘1.10 ISO *6.0? 15.0! 16.0! e1.~~ $0.0!

(LOSt! 1115t (*101*31 (LOSt ! TIM (5101*3?

(

Fig. 26(e). Basic Temperature Plots of Absolute Humidity
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PLOT SET 2/32/90 A - TANK
us. sum. RANOC +
1.20 TO 4.50051/CU-li X - Al t

I P
I I U I I I I I 1 I

ft . NUN. :l.10 RI. NUM. :t .40
I I
I • I

—1 .1

i:.. i6.o, j1.w 6.o, 16.05 10.05 ‘
~ 10 i:.. i6.o. *1... .6.o. SIlO? 10.01

(1.03(0 1(1St (*101*3) CL RPOtO 111Sf (1104.1531

I I
I I I I I I I I I I

55. NUN. xi .!S U. HUN. :4.S 0
$ V
I I

-.1 -.1

S.S s6.ss ti.so to es e1.~ N.~ tSO •~~ 16.0? i6.us ,O.os .6.00 I .0.
(LOICS 155Sf (ND1*3) (LOU! 115Sf (5105*31

Fig. 26(f). Basic Temperature Plots of Absolute Humidity
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PLO T SET 2/32/180 £ - fRISK

as. ~~~~~. ~~~~ +1.00 TO 1.20011/CU—Il X — PIt

P 1
I I I I I I I I I U I

Pt. NW1.:t 5S RI. MDL:?.!!• P I

~.... :.. *6.., 01.0? ,O.oi tI.o, I OS 1 to S~ O i6.cs t~.oi t0.~ i 10.50 50.0?
(1.03(0 111Sf 1510US$) (LOOt! 115W (HOlJslOl

B $
I I I I I I I I 7

it. NUM. : .4O Pt. N1IIl.:?.tO
V P
I I

i~ ~~~~~~~ ~
1’I.So 110 (6.oe (1.0? 10.05 (6.0? I .0? 0.I0 .:., tO.., 16.00 sO.o, 11.00 tu.0S

(103(0 h ilL 11101*3) (S.03(D 111Sf ((101*3)

Fig. 26(g). Basic Teniperature Plots of Absolute Humidity
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PLOT SET 2/50/IS £ - TANK
~.. ~~~~ . ~~~~~~~ 

D&.UNS
I

0.10 TO 3.20011/CU—N IC -

I • B
£ I I I I U I I I U U I

is. NUL:0.$0 Pt. 11U15.:L. I0
I $

55 0 1.50 t0.0~ 11.05 00.01 t~ .0? 50.00 110 0.19 (0.05 11.05 tC.O0 11.05 05
(103(0 111Sf (*101)551 (LOUD 111Sf (*101*31

I 
_ _ _ _ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _ _ _ _I I I I I U I I U I I

II. ØUN. :t .40 RI. NUN.d.tI
V P

.:.. 1610? 11.05 (6.05 51.05 10.0? 1.10 $S0  I6.OI t6.oi .6.0! t6.s 0.
(LO St! 111Sf 1*101*3) (LOU! 111Sf (5105*3)

Fig. 26(h). Basic Temperature Plots of Absolute Humidity
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PLOT SET 2/50/i
us. sum. p,~~~~ + — LflI~0.00 10 3.?OOIVW-41 X - A lt

* • B
— I j  I I I £ 1 1 I I

it. SIUII :0.t0 it. N1III.:1.!0
V I

‘p. o 1:10 ib.oi *1.05 ~ é6.0, 11.05 I .05 5 E~ 0.50 t 1.0I i1.oo 00.0. l5.~i $0.0?
(103(0 111Sf (IIOUR3J (LOOt! lUSt ( I-101J501

1 P
£ I I I I I I I

it. NUIS .:t.40 Pt. IIUM. :3.?O
I P

~~.lO i5O IO.OS t6.o. 16.0! .1.., 10.05 1.10 .:.. 16.0? I1.OI 1~..O? 11.05 50.05
(LOSt! 115W (5105*31 (103(0 11511 (1101*01

Fig. 26(i). Basic Temperature Plots of Absolute Humidity



T

PLOT BET 2/50/90 :
it. US. RNIOE + —
1.20 TO 4.50011/CU-Il IC - 5151

P 1
I I I I 1 I I I I

it. MUS. :L tO Pt. ISDM.:2.&0
B B
I I

Iso  i,o *6... ts.oi 16,00 11.0% 5 .05 ‘I ID I S O  *6.., t1.u, th.~* o1.~ i us
(1.05(0 111Sf ( *10(150 ) (LOOt! 11111 (*10(150)

P a
I I I U I I I I U I

Pt. WlflS.:3.S0 PR. WUIS . :4.I0

I !~‘1.19 4.50 10.05 11.0$ tô.o. ~ .os 50.05 ‘1.50 150 (0.05 (5.00 *0.01 11.0? 50.0?
(LOUD 115Sf ( 5101*0) (103(0 l Ust (110(1501

Fig. 26(j ) . Basic Temperature Plots of Absolute Humidity
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PLO T SET 2/ 50/180 £ -

PS. SIRS. RNI0~ + - LU~1.00 TO 5.40051/CU—N — Pit

I $
I I I I I I T I I I —

Pt. NUL:1.$0 PS. NUll :1.50
V $
I I

-.1 -P

• 
__

~1 50 1.10 10.00 11.00 10.05 15.05 50.00 ‘1.so 4.50 (0.05 11.05 10.00 11.05 I .05(103(0 1*511 1110(1501 CLOSCD 1 11Sf (1105*0)

1 1
I I I I I I I I I I U

Pt. HUM. :4.10 II. HUM. :5.40 U

V P
I

.:.~ 16.0? 11.0! tô.o, (6.05 Iu.05 tb 150 16.05 t1.o. tô.oi tO.Q, 50.05(LOSt! 1151! (1105*5) (LOSE! 111Sf (5101*3)

Fig. 26(k). Basic Temperature Plots of Absolute Humidity
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PLOT 3(1 3/20/ 1
WIMO R5SNO( +-uis. V

S 1O 4Ol~~ VOtt K — P i t

$ I
£ I IU I I I V

5115:5 IipI :t54
B $
I I

-P .4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘u s  ~~ (5.00 *5.05 *5.*I 11.05 I .0, ~ 50 .;.. 16.01 55.01 *0.0! 11.01 50.0.ELSI OC! 115Sf 1fl0l.*01 (LOU! 11511 (1101*01

$ I
I ’  V V I

1150:1515 1111:401
P II I

U.N 1.50 t6.o. 01.0! 16.55 16.50 IS ‘S N  155 *6.55 11.55 56.55 11.10 ~~N(U~3(I 111Sf (5101113) (LOSES 1111! 15105*3)

Fig. 27(a). Basic Temperature Plots of Wind
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PLO T SET 3/20/90 £ - liNk
SLID RN1O~ 

ISP Ni

5 10 401 cwoec x —a u

I P 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _I I I I I I I I

1115:5 51554514
P 1

50 1:10 10.05 t1.o. i& os 51.05 50.50 1.55 ,:.. i6.o. ts.sS ,6.ss e6..s 10.01
(103(9 11511 (*105153) (L5P$CS 11551 (5101*31

I I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I I I I I I I

II P$. 11$ 1111411
I I
I I

‘5.10 1:10 *0.05 te ss il ,. N.N I1 U.N 1.50 tè.ii 16.01 ION u6.~ ~~N
£L*tS(U 1155! 15105.113) (US$1! 11111 15505*31

(

Fig. 27(b). Basic Temperature Plots of Wind
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[~iOr SET 3/20/180 - 5i1
5150 ~~~~~ +5 10 401 C,VXC x —a n

P 1
I I I I I U I

I1IS. , 5150:114

~~ E~A1‘0.50 I:.. 16.95 *5.05 16.05 16.05 50.05 ‘0 50 ~ I6.O. tr.OS ~~ li.OS N
CLOUD 11511 (5101*01 CLO3C! 11511 (5105*01

I I
I I I I I I I I I

1111 511$ 51551451
I I
I I

‘ON ,:.. *6.., 11. . sI., ,~.. ,.. ~~ ‘s.~~ i:.. sI.. 11.0! 10.9. s1.ss
(LOU! l Ull (5101*0) CUSSES 11111 (*105.1101

(

Fig. 27(c). Basic Temperature Plots of Wind
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PLOT SET 3/32/18 £ - 9551
V :q 

~~ 401 ~ V3ZC K — Pit J

I. 
_ _ _ _ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _ _ _ _$ U I I I I I I

lIft :) lIft:114
I P

‘I SO 5:50 *6.01. tI.os sI*i e6.ss 510.55 IsO j I0 *6.., 1i. cs (1.05 *6.00 I 0,
(LOU! 1151! 11~(1*31 CLOSE! 11511 1510(1531

I II I I I I U

ICISdIS WLil:L!1
P A
1 4

S.. .:.. s6.e~ 16.05 ~Ioi i6.N - II ‘115 1:10 tIøi t6.~ ,â.os 16.05 I II
(185515 liii! ft~~*81 (1853(0 11511 (1101*8)

Fig. 27(d). Basic Temperature Plots of Wind
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V ~~ V V

PLOT SET 3/32/1 U~s.WLS D RN10~S 10 401 CWOCC K - i t s

B 
_ _ _ _ _ _ _  

P 
_ _ _ _ _ _ _I I I I I I I I I I

Wifl. 5 IIfl :114
B I
£ I

~~~~~~~~1.10 1:.. *6.., 11.05 16.93 t~~05 ION 1
5~ 55 5:50 *6.00 *1... 06.9. •o.ss 00.01(LO U! 11511 15501*01 (Lll5$CI 1141 15501*0)

$ VI I I I U I 1 I

MINS tt$ NIlS:4U1
I P
£ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

j

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V

‘1.55 ,:~ (0.05 l~.0S 50.05 I1.OS I ,~~~ 5.10 1:50 16.0, 16.01 56.01 15.11 50.10CUSSES 1151! 15501*05 (LOSES 1155! 15101*01

Fig. 27(e). Basic Temperature Plots of Wind
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V ~~V~~•~~~~~ V~~V ~~~~~~~~~~~~~~ V V

PLO T SET 3132190
5150 OWIOC 4 - 1(515
S IO 4OI CIVOCC K - l i t

I I
I I I I I I I I V

1115414
V B
I I

~:1\ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Ia ~:.o 16.0. i6.~~ 56... ii. . SON 1:50 16.05 u.~s *1.01 *5.5S 55.01
CLASSES 11511 15100*01 (LASSES 11511 1*101*01

P $
I I I I I I I 1

515545151 11504)1
B I
I I

.4 .8

V 

[
~~~~~~~r~~~~~~~

5:10 *6.0 *6.~, ii .., n.ss ~~N ~.N 1:55 I6.ss 11.0. 01.0 sI
• (USIlS 1141 (5100*0) (1111(5 1141 15500*3 5

Fig. 27(f) . Basic Temperature Plots of Wind
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~~~~~~~~~~~~~~~~~~~~~~~~~

PLOT SET ~/32/18O £ - 9551:
5 1 0 401 CSVOCC

V B
I 1 I I I V 5. I I I I

lIMOS 1151414
$ I

:A ~~‘150 ( 5 0  26.00 t6.O. *6.05 16.01 50.11 ‘ 1 5 0  1:50 16. 0) t1.OS 06.03 51.95 50.05
CLAS SED l itif 1t1~t*0) £1111510 115*1 (510*150)

P I
I I I I I I I 1 I

1111451$ l1lP:4l1
I $

I

1.., 5:R il... 16.05 11.11 51.05 50.11 ‘1.10 5.55 *6.0. *6... il.ss t1.a, -(LASSES 11)51 15100*31 tL$U(S 11111 U5~*O1

Fig. 27(g). Basic Temperatuxe Plots of Wind
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PLOT SET 3/50/18 :NLN0~~~50~ + - ICl,510 401 CDVOCC I C — P i t

1
j I I I I I I I U

1111:1 5150:1)4
I $

150 10.01 11.00 ~6.oa ti.os 05 1.55 5:i~ 10.0, I6.OS *1.0. 11.93 50.05CLASSE D 11511 1tl0*?~0) £115310 1151! (1501*3)

I I
I I I £ I I I I I

115541$
I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
tIS 5:50 19.05 i6.o, *1.., u.s. 50.10 !,,,, I N  16.05 16.05 il .,. .6...LL0U0 1155! (5505*01 (LASSES 1155! (1501*31

Fig. 27(h). Basic Temperature Plots of Wind
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P LO T SET 3/60/1
•IM0~~~~l0( + - 1(15
SIO 4OI UV*t I C - l i t

I P
£ I I I I I £ I 1 I I V

5151:1 5150114
1 $

5 *0 (:50 16.1* 16.OS 16.0* ILs. 
- 

IS ~ .IO I~*0 16.05 11.05 16.03 (6.0* *0.05
(LASS!! 11511 (1500*01 (LOSES 1151! II105*0~

V P
£ I I I I I —. I I

5151451$ 5151:411
P 1

•
__

*0.0! il .s. 16.01 10.10 50.01 110 Li.o~ t;.o, *0.01 .1... ~~N
(tAFs!! 15.0 150*3) (1853(5 11151 11505*0)

Fig. 27(1). Basic Temperature Plots of Wind
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PLOT 8(1 3/60/90 * - 9551
5150 P5010C 

Il l.
510 401 x — sit

I 
_ _ _ _ _ _ _ _ _ _ _  

a 
_ _ _ _ _ _ _ _ _ _ _ _I I I I I I - I 1 I I

1111:1 1111:114a I

‘1.55 100 16.05 I6.Q. t6.*s 11.05 50.05 ~.W ,:.. t6.o* u .s. il os tLN i .05
(1.515315 114! (5101*0) CLASUS *11W (5101*3)

1 $
1 I I U 1 51 7 7

1111451 5151:411
P a

I a

• S.~ .:,. *6.0, 00, .1... n.ss 10.11 i.~~ .:.. t6.s. *6... ,&os u .s. s~ ss
(LASSES 115*1 11500*3) CUSSES 1141 150*3)

Fig. 27(j ). Basic Temperature Plots of Wind
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PLOT SET 3/ 60/ 180 £ - f5551
5150 RN5Q( ~~~~

Il
J

0 10 401 cIVOCC K —

$ I
I 7 I I I I I U I I

51505 1111:114
B P

5:.. *6.05 ~~~~ *6... IS.I. 50.05 10 110 26.55 16.01 *6.05 11.13 I IS
CLASSES 115*! ISSJL*0 ) CLASSES 11*5! (1*01*31

$ *I U I I I I 1 —V I I I

515541$ 5111:411
P 1
I I

-B .8I!\~~~ ~ij\
26.01 0.0. 51.0! ~~~ ... ~~ 

‘f~.s .:.. t6.~ IL.. ~~... 5515 1 IS
(UlSED 11*5! 11101*31 (1815!! 111*! 11101*0)

Fig. 27(k). Basic Temperature Plots of Wind
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PLO T SET #/20/1
SUM ~~~~~~ + - tEl,0.ISTO .98P~ACT10N or P~~X K - Mt

$ P
I I I 1 7 I I 1 U

lUll flflCIISM: .3S 31111 IIR~Tt S5: .5~‘ P P
I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1~ 5~ ~~~ 26.01 i6.oi t6.oi ti.o~ 5 .01 5,10 z~po i6.oo i6.o, *6.o, io.s. *0.0*CUSS!! 1155! (*101*0) (LASS!! 1151! 15101*0)

$ II I I I I I I U I I I

Still fiRCV tS$ : ~77 SUM FtPt tt $Wx .98
P 1I - I

-4 -.1

V

__II.. , .;N tl.o, ii.os E~.O! 56.05 u.s. tID 1.O tB.o, *6.95 t~.0S (1.25 .0.55(LII I!! 1115! 1I10UI1b) (1110(0 11*11 UIOUI2OI

Fig. 28(a). Basic Temperature Plots of Sun Strength
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V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PLO T SET 4/20/90 -

SUM $TRDIOTN + LEAF
0 .IcTO .9~Pt1*CT10N or ~~~~~ x — Mt

$ 
_ _ _ _ _ _ _ _ _ _ _  

P 
_ _ _ _ _ _ _ _ _ _ _I I I I I I I I U - fl

SUM FflttL SM:.3S SUM FRREf1SM: .5~
P 1
I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0.50 ~~~ *0.01 I1.OI I6.OI *6.05 51.05 1.10 110 t~ .0* t~.’J1 16.~~ t6.o. ,o.o,
C(.A?SC0 1141 (5101J510 !LAtSCO 1151! U~CU~~ 1

B 
_ _ _ _ _ _ _ _ _ _ _  

P 
_ _ _ _ _ _ _ _ _ _ _£ I I I I 1 1 I I I U

SUM FIAUIIO .7T SUM rlAtrLSt3: .~8
V I

i... i:.. ,b.os *..os ,o.Q~ ,1.0, 50.01 ‘1*0 ~~~ i6.oi 16.01 *0.0I *6.0* 50.05
(LASS!! 1155! (5101*31 (181510 114! (510U1231

Fig. 28(b) . Basic Temperature Plots of Sun Strength
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PLOT SET 4/20/180 -

SUN BTRENO TH RRNOC + LCM0.43 TO 1.19 x — III

P 1
I I I I I U I I 1 I

lUff IT&CllDTN:0.42 lull SIREWOIII:Q.4$
V V - 

V

I V I

‘1.10 ~~~ ~~~ u.,, (‘0.0$ (5.05 I 05 ‘1 50 110 16.01 15.05 tô.~, useCLAIS CO 11*1! (HOU ~ 3) (LA’S!! Till! (HOIMI2 )

V P
I I I I I I I I

SUM STIESGTH:0.94 SUM S1RElS~rN:1.5S
P

V~~~~V\
1

5 Q  ~~~ 16.05 I1.O, *6.0, (LOt ?~.05 110 110 t6.o, *6.05 16.05 16.0. $ 05
(LAPS!! lUlL (1*011*0) CLASSED liii! ( 5101*0)

Fig. 28(c). Basic Temperature Plots of Sun Strength
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PLOT SET 1/32/18 - ~~~
SUM STRENOTI4 + :0.2~T0 0.7P1IRCT1OH or PmX -

P 
V 

$
I I I I I I I I U I

Still F51fttT1SN :.2~ SUM flACtt5ll:.L~P II I

, 50 110 ib.o* 16.01 ,6.o. 15.00 I .05 5 .0 0:10 ib.ov t6.o. (6.05 (501 I 05E L AP SED 1151! ( 5101*3) CLAPS!! 1151! (5101*3)

V $
I I I I I I I I I I I

SUM FIRCtIO$: .55 SUM riotriso .7
V VI £

-4 -4

__

V

‘ISO 1:50 *6,05 16.0. *6.05 (1.05 50.95 ‘I.io ~~~ tb.o, L6.CI 51.0! 56.0. I 15(LAP SED 1115! ( 1501*31 (LIII!! T ill! (1100*31

Fig. 28(d). Basic Temperature Plots of Sun Strength
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~ ~~~~ ~~~~~~~~~

PLOT 8ET */32/t
SUN STRENGTh + - LEAF
0.ETO 0.7rRRCTION or ~~~ x - III

$ P
I I I I I 7 I I

SlIM ~1Ilt1tSM:.25 SUN FtftCt(SP:.’~$ P
I V I

.4 —e04 V

1
1.10 ,,9 ib.ct t6.oi ,ô.o, i6.o, 10.05 II 10 I$o ~O.OI L6.OS 16.01 i6... .~~CUllS!! 115*! (5101*31 ((MISC ! 11551 (1501*31

P I
I I I I I

SUM ItAtTISM: .
~~~~ 

SUM FtAt 1(P0 .7

-V -lB

V i... .:. ~ 16.05 *6.01 10.0$ 56.95 I 0. IS •:.. 10.0, 16.01 ,b.o, t6.os -~ CS
(LIS lE! 1111! (5101*81 (LIII!! 115*! 15101*01

Fig. 28(e). Basic Temperature Plots of Sun Strength
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_ _ _ _  - - - - ~~~~~~~~~~~~~~~~~~~~ 
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_ _

t

PLOT SET 4/32/90 a -

SUN •TRD*OTH 
DI M!

0.t~ T0 O.7TRRCTION or P~ X x — III

$ V

I U I U I I I I I I I

. SUN r lAC1 (SN: .2f SUM F *PCt (SM: . ’~
$ I
I I V

-4 “V
UI UI

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

iso 1.10 10.0* 11.01 ,6.o, 110$ $0.05 ‘I.so iso ib.os 15.01 to o. ts.ot OS
(LAPSED 1151! (5101*31 (LAPSED 1151! (51OVROI

P I
I I I I I I I I I

SUM ~1DCTtSM : .55. SUM S1ACIISM: • 7
P V

V I

I V

•:~~ *6.0. h o, (6.0* iê.os 1 .,, ‘c.10 ~~~ *6.05 6.o. ,ó.o. (1.0* 15
(LAPSE! lUlL (1501*81 (1.1*5!! IL ls! ( 5101*3)

Fig. 28(f). Basic Temperature Plots of Sun Strength
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PLOT SET 4/32/180 A - TP.lit
SUN ITRENO Th RNIOE
0.16 TO 0.70 x — RI!

P PI I I I I I I I U I

Still 3I&EN ~Tll:D.U SUN 3T1E5l!1l*:D.40
P V
I V

— V -.1

~~~~~~~~~~~~~~~~~ 5~~~~~~
so s~.so tb.oe 16.05 16.01 tl.ot i .oe ~ .so 119 16.01 $6.01 .6.os ti.o, •o.os(LAPSED 1151! (~lOVR3 1 (LAPS!! 7151! (tfOURO )

V $
I I I I I I I I I I I

SUM SrRcworIl:o.gg SUM 31&fsl~1H:0.?0
P P
I V

I

V 

__
V ( 5~ II.VI 11.0$ 16.0$ I1.OS 00.05 ‘1.10 I;, ió.oi 11.05 *6.05 *6.05

CLI?SC! 1155! (5101*0 ) (LAPSED 111*! (1*91*01

V Fig. 28(g). Basic Temperature Plots of Sun Strength
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_

PLO T SET .4/60/18 :
SUM STRENGTh + — L EAFo.Z~TO 0.U PRRCTION or IVIX x - nit

$ I
£ I 1 I I 5. I I U

suv rIpcr (ew :.~~ SUM FLDtTISM :.4
$

~~~~~~~~~~~~~51) 5.50 10.0) $5.01 10.01 16.05 *0.05 ‘1.50 1.10 iA.oi ib.0* (0.00 (LOS 0!((All!! 1111! h0uRo~ CLIPDC U 11*1! (5101*3)

I VI I I I I I I I I I

SlIM FSPCIION: 55 SUM IPACIISN: 17
I I

•

__
~LIQ 1:10 tl.o, s1.os t&0. 16 05 1 05 ~,.50 154 16.0$ sl.os ,6.OS 16.05 Iv.W(LAPSED III! (1101*0) (LAPS!! till! (PIQIJIW)

Fig. 28(h). Basic Temperature Plots of Sun Strength
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(

PLOT SET ~/60/1 - 

~~IUMISUM STRENGTh 
~
. 5 (55,

0.2510 0.7r*RCT1ON or P5~X -

$ P
V 

I I I I I ~ I I

SUM IISCTISM:.25 SUN VIAt11 SM :t.’1~
V P

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘Iso iso io.oi ILOI 10.05 15.01 50.01 1.10 1.50 $0.01 j t.0t Ib.O, 15.01 $0.14
(LAPSED 115*! 1fl0(JRO J (LAPS!! 1Q11 (510U13)

I I I I I & I I I I

SUM I I ACII SN: .55 SUN ISICTISM:. 7
B P

_ _

1S0 10.0$ ii.os sl.os .6 g. I ,~~ ~~~~~~~~~~ tâ.s. ti.os ,6.os e6.os I 0!
ELAP SE D 11551 ( 5101*0) (LA PSE D 1151! (PIOUR8I

i (. -

Pig. 28(i), Basic Temperature Plots of Sun Strength
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V__~~~~~~~~~~~~~~~~~~~~~~~ _ V~~~~ V V V~~• VV V ~~V ~~~~V~~~VV ~~~~~~~~~ V V V V -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PLOT SET ~4/ 60/9O -

SUN STRENOTH + LEAP0.ISTO 0.7SRRCTION or P~ X • x - III!

B 
_ _ _ _ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _ _ _ _ _

V 
I I I I I I I U 1 1 I

SUN FSACIIS M: ~5 SUM PIA C TI SM: .q
V B
I I

5.$0 ,:. ~ i6.os $1.01 16.05 ei.os i~.o. 1.10 110 i6.o, tl.oi *ô.or ii .os $ ~ 
V

ELA P SED 1151! ( 51OUR3) (LAPSE D 1151! ( 5*01*3)

$ 1
I I I I I I I I I I

SUM ISPCIISM:.S5 SUN FRACTISM : .7
I B

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~1s s .  .:~~ sl.o. *l.os t6.o. ii.o , $0.0. .50 1$O 16.05 t6.os ,6.os ti,oi $0.05
£LAP U! TIll! ( 1505*81 (LAP SED 115*1 ( 5105*3)

Fig. 28 i j) . Basic Temperature Plots of Sun Strength
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- ~~~~~~~~~~~~~~~~ ~~~_ V •V V ~~ V~~~~~~ V • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • V ~~

PLOT SET 4/SO/ISO -

0.15 TO 0.70 X — lIt

V V I
I I I I I I I I U I

SUN STSt)IGTII:O.tS SUM STIENGT5I:O.40
I V
I I

10 1.50 10.0$ $5.01 i6.o, U.0l i V05 ,ø iso 16.01 15.0* (V).CI9 (LOS $0.0?(LAPS!! IlliE (5191*3) (LAPS!! 1151! (5101JF~3)

I $
I I I I I I 5. I I I 1

SUN STIC N~fl5:D.~~ SUM ST ICMG I$:D.tD
V 

V $
I I

• __
tb .:.. 16.0? *6.05 sl ot .1.., sq.s. ~ .50 •10 *6.05 il.o, to o, .6.OI 50.05

CLAPI(5 11,5! (5101*35 (LAP SES 115*! ( 5*01*8 )

Fig. 28(k). Basic Temperature Plot of Sun Strength
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_ _  V 
~ V ~~~~~~~~~~~~~~~~~~~ V

PLOT SET 6/20/1 -

GAMO . ~~~~~~~~ ~~~~~~~~~ 

DUUND

.i2 To.~~ K — III

P $
I I I I I I I I I I I

DIN! SCF(:Q.12. DiM S tEFL:0.2. ~
P 1
I V

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

H

‘i IS 1N t6.os tl. o, t6.os I6.OS •~, 5 50 I:.. tO.o, Ii.OI 56.0? 11.0! 1 .05(LA P SED TIM! ( 5101*31 ELAPSED 1151! ( I10I.*3)

$ 
_ _ _ _ _ _ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _ _ _ _ _ _I I I I I I I I I I I

SillS tE rL:D. ’Jg SIMS Ir FL:D.l.q
$ P
I I V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
4.so .:s. tO.o, t6s. (1 .., 11.01 50.0 ‘I S O  ~~~ 16.0? I6O. ,l. o, tI ... I 0$

(LAPSED 11551 (5101*0) (LAPSED 1111! (1*05*81

Pig. 29(a). Basic Temperature Plots of Ground Reflectivity 
V
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V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • VV -
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PLOT 8ET 5/20/90 £ - rrn
lIMO. *~~L ~~0O~ :
•.1t 10 0.04 x -

I I
I I I I I I I I I I I I

DIMS I(fl. zI. It SINS ItFLzS.t4
$

~.i 111 *0.05 £6.01 (0.05 11.0? 50.05 1.1$ I:IS *6,., *1.., sO... t1.s. I .w(LAI SCP 1115! (5*01*01 (LAP SED 11511 (1*05*01

$ BI I I I VI I I I I I I

DIPS UPl.iS.41 DIMS ICfl 1.$4
$ $
I I V

-II

I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1
5 5 5  ,,, &6.cs II... el i. t1.as u.s. ‘is, is. iO.g. *1... 16... s1..s w.s.ELSPI(I TIlt (1505*0) ((SPIt S l iii! (5105*0)

Fig. 29(b). Basic Temperature Plots of Ground Reflectivity
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_ _ _ _ _ _  ~~~~~~~~~~~~~— - V VV V~~~~~~~~ V V V V V

PLOT 8(1 6/20/180 £ - lIME..~~~. ~~~~~~ ~~~ 
Sh UNS

S i t  TO 0.04 x — iii

t 
_ _ _ _ _ _ _ _ _ _ _ _  

I
I 1 I 

~ I I I I I

UPS RULES. It SIMS IUS.Z1. *4
I

‘ItO SSS i6.os ts.~~ t~,oi t1.as~~~ g. ‘is. $ s ,  l0.OS 56.14 eO.os i1.is as
(LAP SED 1151! ( 5*05*01 (LAPSED 1151! (5105*01

_ _ _ _ _ _ _ _ _ _ _ _  

V 
_ _ _ _ _ _ _ _ _ _ _ _I I I I I I I 1

SIMS SULVZS.fl SIMS I1VL:0.14
I I
I I

‘~.s, II. tO... *1... *6... tI..s I 0 “I ss •ss ii. .. 11.0. tO o. tl.c. is
(LAtSU 111*0 (I~~.050) LAPIED 11551 (1101*d)

Fig. 29(o). Basic Temperature Plots of Ground Reflectivity
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~ V

FPL0r’~ EJ 5/92/18 - TINE

~~~~ PD’.. ~~ lOE : LEAP
- ~~T D1 x — art

I I I I 
— I I I I

UPS nn.ao.zq SINS RUt$.57
$
I V

“I #4

‘I N  1$Q 16... LOW ,ó. .6ø ~.i. ‘ I N  .:., II. OS 16,15 sOis el.s. tow V

(LAPSES REt 15*01*0) CL*PI (I 11111 (5105*OS

I V
I I I I 1 I I I I

DIPS ICPLs .$S $155 PCFLzI
I P
4 4,

1~1 .4

‘I.s, s s s  16.05 LOIS .6.as .6.11 15 5.5. S.ss ,O.o. t b .  tOo’ tl.is I VIS
• (LUStS 11551 (5105*41 ELaPSES 11511 ( 5105*3)

Fig. 29(d). Basic Temperature Plots of Ground Reflectivity

- — 
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PLOT SET 6/92/1 - ImsE
01110. REFt. RF MOE + 

Sl UM S
.0810 0.32 K -

, li lt

$ 1
I I I I I $ I I I

D M O  PUL:o.oe DIMS RUL=0. 14,
P V
I V 

V V

‘-P

4 ~ ,:~~ ib.op t6.o, ,o.o, t;.o, I .0? ‘iso ~~~ 16.05 tb. oi 16.0$ .6.0? I rn
E LAP SE D 1 155! ( 110VR3 1 ELAP SED 1151! ( 5101*31

$ PI I I I I I I I T I

DIN ! ICIL:o.24 DIMS IcrL:o.32.
I I
I I

-I  ‘-P

‘is, .:~~ a6.o, 16.0? s6.o, ts.o, 50.Os Iso iso I6.OS tOut *6.., *6,05 $0.01
(LAPSED Till! (~~(JJ~~~) ELAPSES TIll! (fl05fl~3J

Fig, 29(e). Basic Temperature Plots of Ground Reflectivity
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PLOT SET 6/92/90 :
I lIMO. REFL.. ~~~~ + — ((U

TO D.5t K - AIR

$ I
I I I I I V I I I I

DINI ICIL:S.Q$ SINS RUt.:!. 1$
$ V
I I

I

I

~~~cf\ ~/\~~~
..so 1:,. 16.0, t .vs tO... *6.0. $0.11 4, 50 ISO 56.0, tO.., .6... u6.s, V

EL APSES 11511 15105*01 ELAP SED 1155! (1101*0)

I $
I I I I I I I I

O1MI ItlL:S.t4 SIMS IEFLd.St
I I
I V

~~~~~~~
i:.. ii... ia.,. eO.us SI..S ~~~~~~~ .:.. sO.s. 15.05 sO.oi .6.,. w i .

(LAPSES lISlE (5*05*0) (LRUES TIll ! (5101*0)

Fig. 29(f) . Basic Temperatux ’i Plots of Ground Reflectivity
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F- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~

PLOT SET 5/921180 £ - TINE
SAND. RESt. ~~~I0(
I.0S 10 0.52 K — AIR

I $
F I I -7 I I I I

SINS ICF(:5.S$ SINS ICfLzS.II
V I

I

‘5.,. e o  16.0, 16.cs *6.05 01.05 low ‘5 0 5  1N  *b.w 0.., *6.05 .6... 50.01 V

(LAP SED tIll! 11105*01 (LAPSED tIll! (1105*01

I
1 7 V~ I I I V

SIPS RCILzI.54 I I I I -I I

I SINS RtPt:S.It

V 
V 

V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

t.w 1:50 (OIlS (1.05 l6.~ tl.s. 55.0 1 
___________________________________(LAPSES lINE (5*01*01 ‘s.. , .:.. o.., ti ... •~ iS I6.N F VIS(LAPSES 11(1! (5105*0)

(
Fig. 29(g). Basic Temperature Plots of Ground Reflectivity
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- - --_ _V V~~~~~~~~~~~~~ V~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~ V~~~~~~
_ _- -~~~~~

PLOT BET 5/50/13 $ - TIME

SINS. WI.. ~~11C
211* 1

I $
I I I I I I I I I I

SIPS SUtsI.29 SINS I(fl. S .57
I V

io .:e. *6... *1.05 tO... e6.is sow ~i.ss s s s  06.05 sow .O.ss el.w 1 ,w
(LAPSED TIN ! ( 5*01*31 (LAPSED TI M (5105*0) V

$
£ I I

SINS 1(FLs .85 SINS Ufl.zt
$

~ so *i.w *i.w so... .6... sow ~I.i, i. &O.s, *6.11 .6.. i*.ss ii
ELAPSES t Ill ! (5101*0) (UPRES TIM 1510(101

Fig . 29(h). Basic Temperature Plots of Ground Reflectivity
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F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - V~~~~~~~~

PLOT BET S/SO/I S -

SIMS. WL ~~~~ : ~~~~~
.0811*32

V I I
£ I I I £ I I I

SIMS I tfl. .ft8 SIP S 1tSt~S.si.
$ V

,:., 0.5. 0.51 50.15 ~~~~~~~ ,o.~ 
V
s ..  ,:,, t6... I6.* PASS 50j~ 

V

(LURES TINt 15105*01 CLA SSES TI M E 11105*0)

V $
j I I I I 1 £ I I I 7

SIPS 5E11.zS.2’l SIMS 1tftxE 3Z
I I

5. 5.5. 15.1! (1.05 *0.1! tS,w ~~ 11 S N 5.5. *1.05 (1.05 sO.. tOw w~V (IVIES lINE 15105*01 £UUES TIM Il$1*31

Fig. 29(1). Basic Temperature Plots of Ground Reflectivity
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- V ~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

PLOT SET 6/60/90 - TINE
SAND. ROt.. ~~ IOE
S.SS TO 0.32 K — AIR

a a
I I I I 5 1 I I I

DIM S R((L:O.SS DIN! PCSL. 0.IS
a a
I I

5.59 5.50 (6.0! 16.05 00.01 51.05 so.i. us s o  i, i6.ut uc.os .&o, .0.., ss.w
(LAP SE D TIN! ( 5101*3) (LAPSES TIN! (5101*0)

a a
I I I I I I I I I I I I

SIPS IUL :S.14 SINS IEFL:O.It
a a

~~~~~~~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~

4..o sso  16.51 0.05 *6.., 0.,. I ,N IN IN (0.51 16.0? sO... .6.. .
ELAPSES lISlE (5101*01 (LAP SED TIN E ( 5101*01

Fig. 29(j). Basic Temperature Plots of Ground Reflectivity
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-~~~~~ V V~~~~ V V

[~[or SET 6/60/180 A -

SINS. WI.. ~~ SSA
0.10 TO 0.32 X — AIR

I 
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _5 I I I I I 5, I I I I

SIM S RUL:I.fl SIMS IULsI.II
I V
I I

s~~s 5:5. 10.0, %1.C1 *6. 0, tO.us 51.50 c.50 p~ 56.05 .0..s 56.05 tOw a
(LAP SED tIN ! 15101*0) ELAPSED TM ! 1t~~*3J

I I
I I I I F I I I I

SINS IUL:S. RI DIMS IUL S. It

t uS S 5 0  *b.ii 11.00 *6.00 tOSS .1! tN  SN 16.51 t6.os *6... tO.~~~(LAPSE D tIll! 15101*0) (LAP SE S tI ll! (5105*0)

Fig. 29(k). Basic Temperature Plots of Ground Reflectivity
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_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _  -_____

PLOT SET 6/20/1 £ - TANK
SAND £PVIIS. R IOC Sh UN!

10.47 10 1.00 K

$ II I I I I I I I I I I —

DIMS CM. :047 SIMS LII. :0.11
I II V

I.e. 5:59 16.0? I1.OI *6.0, Si.Ql I 05 ‘I 5. 5:50 *6.., *6... *6.., .6.01E LAPS E D T IN ! ( 1101*0 1 E LAP SES TIN! 15*01*3 ) V

1 $I I I I I I I I I I I

DAM S CM. :5,55 DIMS LII . :1.05
V $I I

‘IN .:e. 16.01 *6.0, tO.ai 06.51 I 05 ‘U.N ( 5 0  tO... tO.s i6.os e6.s I .05ELA P SES TIll! 15101*0) (LAPSED TIN! 11101*01

Fig. 30(a). Basic Temperature Plots of Ground Emmissivity
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -~~~~-- -- -- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ V_~~ .V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- -

-

PLOT SET 6120/90 A - TINE
GINO £51119. ~~~~~ 

DI SUND
0.47 10 1.00 K • AIR

$ 
V 

$
I I 1 4 .4 £ ‘ -‘

SAND (IL :0.47 SiNS LII . :0.15
V $
I

‘

~~ .50 ~:e.- tb.o,- is.o, tb.~s tO OT— - 50.0? IsO .:~. 16.0! 11.05 s6.s,- .i.~ - V ,~5 V

~LAP3 E D TI ME. (1101)13) .LAP SED TIN ! ( 1101)13)

$ ___________ II 
_ _ _ _ _ _ _ _ _ _ _I I I V_I__J V 

I I — I I I I I

Dlvi I~~, :0 S5 SINS CM. :1 1 00
$ V4 4 V

s w  ~~ ~&... ~~~~ .0.~,- *1.0, 10.0$ 1.10 .:,. 10.01— (6.0? *6.ov- - 56.05— I .05ELA P SE D TINE EflOURO ) & LAP SES TIN! (1101)131 
V

Fig. 30(b). Basic Temperature Plots of Ground Eminissivity V
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_ _ _ _ _ _ _ _ _  - - ~~V- V V - - - V-- - ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~~ _~__

F~i~o-r BET 6/201180 - 

~~~~~GINO £51119. R5110( +0.47 TO 1.00 K — A IR

$ $
I I I I I I I I I

SANS CM. :0.47 SiNS EN . :0 0 S
$ V

4,, 5:01 - 16.0? 16.0, tô.oi 55.01- I OS 550 150 i6.oi 15.9 tb.o, ts.oi I V

(LAPI ED TII *E C l10~*3) ELAP SED TIN E (1101)13)

I $
I I I I I 4 4 _—I _J -I

DIVO LII. *01 SINS £11. =5 .00
$ 

V 
V

I -

L6

;!

i

~~~~~

%

~~~~

5; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

“I N IN 10.01- sO.oi .6.05 11.00 0.00 ~T.,O •:.. (6.01 ~ .OI ,ó.o. tO..,— I .95
..1.AP$EU T fNf.- fl105J131 ELAPSED TIll! (5101.110?

Fig. 30(o). Basic Temperature Plots of Ground Emnaisaivity
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-V - V  - - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PLO T SET .8/32/13 £ - TANk
GINO £51119. R51~0E L(A~0.47 TO 1.00 K — III

V $
* I I I I I I I I

SINS LII . :0.47 SillS LII. :0.11
1 $
I I

—I ‘-I

‘I10 1:19 *6.0? iI. ø, *6.00 tL0~ 10.01 5.50 ~~~ t6.os i.oi tO.., tO. o. ,o.o,
ELAPSED TIN ! (5101*3) ELAPSES 1511! IttOUI3)

I I
$ I I I V~ I I 1 I

DIMS LII . :0.S5 DAM S LII . :1,50
V I V

I £

V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

t s O  .:~ *6.., 15.01 *6.01 10.05 i os tN .:. ~ 16.01 11.05 ,6.o~ 06.05 I os
(LAPSED T I N E ( 1101)10) (LAPSES T Ill! (5101)13)

Fig. 30 (d). Basic Temperature Plots of Ground Eminissivity

146

- . - -
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ V~~~~~~~ V V ~~~~~~ V V V_ ~~~~~~~~~~~ -4



F~~~~~~~~ T~~~~~~~~~~
V
~~~~~~~~~~

V V V

PLOT SET’6/ 32/ I A - TANK
I SAND D111S. R5140E
L O.~ 7 TO 1.00 K — AIR

$ 1I I I I I I I I I I

DIMS CII . :0,47 DAM S LII . :0.11
I II I

—V -Il

V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

~4~~~~~~~~~~~~~~~~~~~~~~~~~

I N  ~~~ 16.05 *1.oi tO.., ti .., 5 01 1 50 .:. ~ 10.05 21.0? 16.01 o6.oe 1 95ELAPSED TIN! ( 1101*0) ELAPSES T IN E (5101513 1

I II I I I I I

DIII! LII . :0.11 DIMS LII . :1.00
I II - £

—1 I-I

!Z~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

IN s s o *6... (LOS *6.0, 56.0? .9. ‘ ISO .:e. 16.0? 16.0? tO O, 56.9. I~ 05(LAPS ED TIN E ( 510111$) ELAPSES tIN E (5101)13)

Fig. 30(e). Basic Temperature Plots of Ground Emaissivity

V 

- 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V V V V~~ - V V ~~~ V V ~~~~~~~ V V~~

°LOT ~ET 6/32/90 
a - - TANk

CI N~ £515119. ~~~~~ 
•IS ND

0.41 TO 1.00 K — .5-i t

1 - 1
1 I I I I 1 4 .4 I 1

SAND LII. :5,47 DIN S LII . :0.11
S V
I I

—I V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S 10 .: ,~ 10.05 ii.o i 16.0? tl.oi ~~~~ ~I $0- ~:e. *0..,- -*1.., 
_VViO ir tO.or i .-~~LAP IED TINE ( 5101)10) .tAPSCO TIN!. (-1101*3 )

$ V
I I 1 I -.1 1 I ~1 —

V DIWS~CII . :0.01 SINS LII. :1.00
V I
1 4

.:.. 16.90 *i.os tO.o, 16.0, I0~, ~.N 1 s0 tO.os 11.01 tb.. ,- V ii.or CI
..tAPIEO TINE . (1101*3) (LAPSED TIN ! (5101*01

Fig. 30(f), Basic Temperature Plots of Ground Emmissivity
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-V --  ~~~~~~~~~ V -

Pt.0T 3Ere~,32/teo
01110 £90548.. RIWOE ~~:t ..4~ . TO’~1.IO0 K — A I R

V
I I I I I I I I

SANS (51.. :0,47 SA IlS EL =0.11

t s u  110— 11.01— *5.05 *0~01- 15.01- 50.05 t ,o— i:,. *6.01 t1.os to.et— 16.OT- - VOl
I LAP SES 1151 !- ( II01JIIO) VLS PSC0~ UN!. flIOLIKO )

V V
I I •~~~V I ’  4 1 I I I I

DUO LII. :5. 11 SINS LII . :1.00
B V
I I

‘Ijo- ~~~ *6.. , 10. 01 tO.., ii.. , W.05 ‘l.W 5:50 16.0? IIIOI 16.01 tO.os I .41V 
LAPSE S t Ill! (1101*3) LLAf$ (0 TIN ! (5101*3)

Fig. 30(g). Basic Temperature Plots of Ground Eminissivity
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r 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I PLOT SET 6/60/IS £ - TANK
0*110 £55118. R IOE

[0.47 TO 1.00 K — 551

$ $
I I I I I I I I I

DIMS CII. :5,47 DIM! LII . :O 1$
B I

~ .$Q 5: 50 10.05 11.0? tO.~ ~~~~ 0? ~ .I0 ,:,~ *6.0. ~~~ 16.0? 16.05 I OS
ELAPSED TIll ! 15101)13) E LA P SED TIl l! ( 1101.110)

V V
I I I I I I I I

DA lI! LII . :0.11 SAN D LII . :1.50 V

V I

~~.IO .:,. iO.oi ti.*i .0.., eO.o~ 50.0? ‘Iso ,:~~ 16.05 16.0? ,O.o, 11.05 55
(LAPSES TIll! (1101*31 (LAPSES TIN ! ( 1101.113)

Fit. 30(h). Basic Temperature Plots of Ground Emmissivity
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PLOT BET 6/50/I - 
DIll/ND

55110 £55119. 19010€ + LESS
0.47 TO 1.00 K — SIt

I I
I I I I I I I I I I I I

SA Il S LII. :0.47 SAND LII. :0.10
1 1

__  

V

s ,o t6.o, t6.o, *6.0? 11.01 I 01 5.50 1~.0 I6.OI 11.01 iO.oi (6.01 05
ELAP SED T ill ! ( NOV10 ) ELAPSED TI ll ! (1101.1101

V I
I I I I I I I

SIMS LII. :0. 51 DAMS CII. :1.00
V B

~S.SO 5:,. 16.0? 10.0? ib.o, 51.0? 1 05 1.50 tOo, 16.0? tO.., 16.9. 50.00
ELAPSED lI N E (11011101 EL AP SES TIN E ( 5101*0)

Fig. 30(i). Basic Temperature Plots of Ground Emmissivity
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—---

~~~~~~~~

-- -- - -  . . 

~~~~~~~~~~~~~~

.

~ior SET 6/50/90 a - TANK
eRIIa- EMTS.- 19010€ ~ : 

55-lUND
C~ 4~- -TO 1.00 K - A I R

I a
~~ I I I I I I ~ I ~ I

D1’IL RU M~~.47 V 
~ 5~~5 LIl I~ .L1$

1
I

so- •‘ - to.o. js .o, 16.0? i~.og $0.00 l.1U ~~~ 16.01 11.05 6~o. -e1.o~—— ~ .01EL APUD - -T IIIE-- ( plotm3) ELAPSED -TIN E ( t101.*~ )

I I
1 ~ I I I .1 .4

DAM S CII. :5.55 SA ND (II. :I- .00
I II I

‘ ISO 110- 10.01 *1.05 10.01 1110$ I .01 ISO i . —  16.01 t0.oi 4.ot t6.os- 1 cirã.APSED TI ll! (1101.113) t LAP SE0 T IN E (5101)13)

“-
-
‘
I Fig. 30(j) . Basic Temperature Plots of Ground Emmissivity
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r - - -- --- - - -  - -V - — ,

~~~~~~

- - - - -

~~~~~~~~~~~~~~~~~~~~~

- - V -  -V -

~~~~~ 

V - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~V V ~~~~~~~~

PLOT BET 6/50/180 a TA NK
OIIIU’EIMItL.-- 19040€ :

~.47 -TO 1.00 x. ~ DII

I I
I I I I I I I ~ ~ ~ . I

DAND CM.
V V :0.47 DINO ZI. :0.11

B I

•L50 ISO 16.01 10.05 *6.01 15.00 to.o~ i s o  5.50 10.05 1~~.0I 1O.09 1C.Ot 50.01
ECAPSEO TINE (5101*01 (LAPSED TthE-151005131

I
I , I I I I I - I~~ 1 4 ’  ~J V  4

DIMU’L1...~C0.15 DIM S UI.V :~-~05
I
I - V~ V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

Iç~
,0 ~ tO.oi ti.oi .6.0? s6.o~ • .os 

u
1.sc ~:.o to..,— 11.0. t6.oo-— ~~~~ 

V 
~ 
‘05

I~ APS ED 1111! fll01*b) ELAPS ES T 1l1E.. l I101*31

Fig. 30(k). Basic Temperature Plots of Ground Emmissivity
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~ - - - V - 
~~~ 

--  ~~~V- V V~~~~~~~V - V V~~ V VV ~ ~~ ~~ V V~~~ VV V

I PLOT SET 7/20/I ‘ -

I 0*110 01SF. IR IX ~ :[0.09 TO 0.~ 43Q ~5V0CC IC — 511

V B
I ~~~~~~~~ I I ~I I I . I 1 I I

55115 SUF:0.05 SAND DI F:D.tL
V B
I - V I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TI 50 i:,. 16.01 tO.oi O.o, *5.0? 50.05 5 50 i~~O IO.O’ U.0l 10.0? 11.01 55.05ELAPSED TINE (NOVa(S ) ELAPSED TINE 15101)510)

B I
I I I I I I I -.— ~ I 1 I

SINS SIff :O.35 01110 0IIr:D .S4
B V I
I I

.-V —V

V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

__

V ~
1.50 •:~~ ~~~ t1.~~ 50.09 56.05 •:.0S 5.50 .:~~ 10.01 *1.0? 16.0? I0.OI .01

(LA PSE D 11)1! ( 1101*0) (LAPSED TIll! ( 5101)513)

Fig. 31(a). Basic Temperature Plots of Ground Diffusivity
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‘—V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - V~~~VV V ~ V - V V V V V

IPLOT SET ‘1/20/90 a - TANK
01Mb 01ff. RPiNOC ~ : ~~~~NS
0.09 TO 0.640Q CP1/3EC x — AI R

I 
V V

I I I I I I 4 I I I 1 I

DIMS DIST:0.09 SINS SII(:0.54
I B

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

¶~ 50 s~N tO.o, t;.oi .6.., 10.0? • .01 ~4 so s s o  t~.0I 11.0? 10.01 10.01 i os(LAP SED TIN ! ( SIOUkS ) ELA PSES 1151! (1101)510)

I I
I . . I I I I I I I I I

SIMS SI~F:0.3J SINS 5151:0.54
I I
I V 4

z;~ -

i

~

;

J\ L:’:~~~~~~~~~
.;
S..0 .:~~ 16.05 11.0? tO o. 16.05 I CI 5.50 .:.. ~O.os ti.~~ 56.0? 10.0? 50.0? 

V

(LAPSES 1111! (1101*3) (LAPSED T Ill! (1101*61

Fig~:~
-V
~l (b). Basic Temperature Plots of Ground Diffuslvity
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V ~~~~~ ~ 
_

~-V V~V~~~ ~~~ VV ~ -V~~~~ 
V~~V .:V~ ~::;~~~~~~ 

V~~~~~~~~ ~~~~~~~V V ~~~~~~~~~~~~~~

PLO T SET ‘1/20/100 5 _ TANK
01110 DIFP 19040€ ~ : 

515 11
0.09 TO 0.5405 UI/SlIM x - pit

I I
I I I I I I ~~ I I I I

SINS oIrr :o .0l SA Il S 0151:0.54
V I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•~.m .~so 16.01 *1... 56.0? t1~cs 50.01 ~~ SO 1:10 1.6.0? 1.6.0? I6.OS 10.0, .05
ELAPSED TIN E (1101)510) ELAP SED TINE 15101)10)

I 
_ _ _ _ _ _ _  

I 
_ _ _ _ _ _ _

~ 

. 
I I I I I I I I I I I

SINS DISS:0.3l SAND DISS:Q.54
V B

z;; c~

I
~
y\ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I
~$.so I;so 16.05 *0.05 16.05 ii.., ! 05 ~ ‘iso ~ 16.11, I1.OS *6.05 .6.., 01

ELA P SED Til l! (NOV53) ELAPSES l iii! (1101)13)

Fig. 31(0). Basic Temperat.zre Plots of Ground Diffusivity
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r~
-

~ ~ ~~~~~~~~~~~~~~~~~ - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~_V~~ V V V  ~~~~~~~~~~~~~~~~~~~~~~~~~~ V-V -V

PCO F .BErI/32/48 11 - TANK
O*ND D(FT 5151110€ ~ :0.0$ TO O.540Q ~ 1i15IN x -

I B
I I I I 1 I ~~ 

I I I I I

. 
SIMS 5151:0.05 51110 SiSS:0.t4

I V
I ~

I 
V

z;~ ~~~~~ V
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_
‘I 50 1:50 iO.oi 10.05 16.00 56.00 10.05 5.50 5:50 10.01 *1.., 16.01 KOS ~ VS

ELAPSED TIlt ! 54101110) ELAPSED T INE 55101*0)

V V V

I I I I I I $ I I I I I

DAM S 01SS:0.Tl SINS 0111:0.54
V B
I I

—V —V

~;:~~~~~ ~~~~~.i,.I, ~ ~~~ L6.~ .ô.o~ 56.OS 50.05 5.50 IN 16.01 *1.05 I6.OI N W  05
(LAPSES TiNE (5101*3) (LAPSES tINE (5101*0)

V 

Fig. 31 (d). Basic Temperature Plots of Ground Diffusivity
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r 
- -

~~~~

—--V-V —--

~~~ 

V -V — V -V — -

—V ~~~~ —

PLO T SET ‘1/32/I ~ 
- TANK

GINO DUF 19040€ + :
5.09 TO O.540Q Cf/fIN • K - III

I I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I I I I I I I I I I I I

UN, SUr:0.0l SIMS 5151:0.14
I I
I I

z;~ ~~ 
V

~~~~~~~~~~~~~~~~~~~~~~~~~~
~;LS0 0:50 10.01 *0.05 10.0, ti.OV I .00 ~~~ s,o *6.., tI.os 16.05 (1.05 05

ELAPS E S T ill! 11101)510) ELAP SED TIN E (1101)510)

I V
I I I I I • I . I I I I

SANS 5ISS:0.31 SANS SISS:S.54
I I

~ 

4

~~ 
~~ 

V

!!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

14•5. .:. *6.0? 11.00 *6.0? ,1. OS I .05 5 5 0  I~50 IO.OS *1.01 *6.., tO.ui Io.~~
(U?1(0 Till ! * 1101)53) LUP$E5 TIll! 15101*3)

Fig. 31(e). Basic Temperature Plots of Ground Difmusivity
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V ~~V V~~~~~V V V  ~~ ~V~-V

~PLOT SET “1/32/90 
a - TANK

0*110 0!rF. ~a.oc ~ :0.09 tO 0.5430 ctl/OCC K — A IR

I 1 
_ _ _ _ _ _ _ _ _ _ _ _ _ _4- I I I I • I . I I I I

~V SiN S bTfS:C 00 DAMS 5151:0.24

V V
I V 4

~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

mc so ~ *6.01 11.0* ,O.oi 11.0? I Vol tlO .:~o 16.0? t0.~i *6.oi ti.os • 01
(LAPSES TIM INOViIO ) CLAP’.ES Till! (1101)110)

V I
I . i 1 I I I I I I I I

SIMS DIrr:o.1s DIMS 5111:0.54
B B
I . I V V

.4 .4

~~~~~~~~~~~
‘
~Ls. 0:5. *6.0? *1.01 *6.0? 10.01 SO.0~ ~~.IO ~ 16.0? ii. oi 56.05 (0.01 50.0*

ELAPSES 71/It (1101.113) (LAPSED TINE 11101*0)

V 

Fig. 31 (f). Basic Temperature Plots of Ground Diffusivity
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n--
~ 

-_—-- V .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V ~~~~~~~~~~~~~~~~~~~~~ - — - - -V-V_ -_- ---

PLOT SET ~/32/I80 ~ - lANK
SAND DIFF lANCE + :0.09 TO O.540Q UI/BIN ~ .

V I
I I I I I 7 1 I I I I I

11$! DLFS:0.0I DI NG 5155:0.24
V IV 

I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V

‘~.N ,:~~ 16.9. 10.05 16.01 10.9. 50.05 ‘2.50 ,:., i6.oe to.os *6.01 11.05 I 05 •ELAPSED TIll! (1101)510) ELAPSED TINE (NOV10) V

V II 
I I ~I U I I . I I I I

DIN! DIFS:5.11 51110 0155:0.14
V II I 

V

.4 —V

V _ _
‘I so ,:~~ ~&o. t6.~ tO.os tICS $0.01 ‘b.So ~~~ 16.05 t1.oi tO.’~s t1.OS 50.00V E LlIPSES TI NE IIICIVRO ) CLASSE S T I/I! ( 1101*3)

Fig. 31(g). Basic Temperature Plots of Ground Djffusivity
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V
r 

- -,V- —...--

~~~

- -- - - -- - V - V -

~~ 

-V~~~.V_ V -V~~~ V~~VV ~~~~~~~~~~~ V ~~ ~ -,- ~~~~~V—- - V - ~~V V V ~~V V V_ ~~~~~~~~~ —I’

PLOT SET ~?/50/t3 ~ 
- 
Dill/MS01110 01FF 59050€ .

~
. : LEST5.0940 0.5430 ~J1/11IM x - III

I B
I I I I I I I I I I 1 I

DIMS 5117:0.01 DIMFDAIT:0.tI
V V B

1.10 5.50 10.0? 11.0? 10.0? 11.05 10.05 ‘I 50 1.10 19.0? 15.01 (0.0? U.Ol 0*ELAP SED Till! (1101*0) ELAPSED TIN! 15101*01

V V
I I I T I V i I I I I I

DAN ! U5S:S.11 SINS DI5T:0.54
V V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V

~~.so .:~~ *6... 16.01 16.05 S6.OO 50.05 ~~~.IO ~ 16.01 11.0? iO.øi 11.05 1 .05
ELAPS ES tIll! (1101*0) (LAPSED Till! (1101*0)

Fig . 31 (h ) . Basic Temperature Plots of Ground Diffusivity
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r~ — - - - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

__
~ - V- V  ~

I~
jVi.OT SET ~J/5O/I S - TAIIK
GINO 010 59040€ ~ : 

Sl UM

0.03 TO D.143Q ~SV111N K • III

I 
V
.

I -. I I I I I I I I I I

SiMS 0111:0.01 UN! 0155:0.14
I I

~I.I0 1.50 10.0? 11.01 *b.øi 51.00 I VS ‘I *0 5.50 10.05 10.05 *0.01 51.05 - 00 V

(LAPSES TIll! 11101*3) ELAPSED till! (1101*01 V

I I
I I I I 4 I 

V_ j  . ~ I I T

DAMS 5151:0.15 DIMS *155:0.54
V I

~~~~~ ~~~~~~~~ 

V

~..so s~so tb.oi tk.~~ 16.05 11.05 so.~ 
t
~,.so .:~~ 16.0? 11.05 IO.~I u.05 05

ELAPSE S 1111! (5101)510) (LIPSED till! 15101*0)

Fig. 31 (1 ). Basic Temperature Plots of Ground Diffusivity
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- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V - V - V
~~ 

V - V ~~

I PLOT SET ‘1/60/90 a - TANK
I GINO 01FF 519050€ ~ :
L °~“ ~~ ~~~~~ t/V1I1N x - SI R

a 1
I I I I I I I I I I I I

DIMS 0155:0.05 SAND 5155:0.24
V V

~~~~~~~~~~~~~~~~~~~~~_c.,O ~ 16.01 tO.oi 16.0? ,l. cs 10.01 1.10 1:50 16.0? 11.0? *O.Oi 11.01 I .05
EL APSED lIlt ! (5101*0) E L APSES 1111! ( 1101*3 3

V 1
~: I I I I 1 5. I 1 I I I 

V

DiMS DIfT:0.1I SAND 5155:0.54
B p
I I V

.ii.,0 5:50 t~~0. 16.9. 16.00 16.01 05 5.50 ~ 16.0? 16.05 16.0? 51.01 $0.55
ELAP SES TINE (1101*3) ELAPSES TIN ! (5101*31

Fig. 31(j ). Basic Temperature Plots of Ground Diffusivity
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V~~~~~~~~~~V - V V V~~~~~~~~ V V . ~~~~~~~~ . . ~~~~~

PLOT SET -‘1/60/160 a -

SA ND DITF 519050€ ~ : ~~~ M0
0.09 TO O.540~ c/I/SlIM x - sit

I B
I I I I I I j  U I I I I

SINS 0111:0.01 SAN S 0155:0.24
I B

¶T~~~~~~~~ ~~~~~~~~
tb .:~~ i&.o t1.OS 16.0. 11.05 $0.05 ~s.IO 1:10 16.0? 10.0. 56.05 16.05 50.05

ELAPSED 1 151! (1101*31 CLAPS CU T ill! (5101)901

I V
& I I I I I I 

~~ ~ I I I I

DAMS 5155:0.11 SANS 0151:5.54
V V
I I V

V ~~~~~~~~ 
~~~~~~~~~

‘1.50 .:~~ 16.0S 10.9. 56.05 56.05 50.01 . ~I.SS .:~~ 16.9. iO.os ,b.oo 10.0? I OS
ELAP SED TIN! (5101*3) ELAPSED lINE (1101*0)

Fig. 31(k). Basic Tempera ture Plots of Ground Diffusiv-i ty
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r -V ~~~~~~~~ ~~ -- V ~ ~ ~~~ --V --V V -V~~

PLOT SET b/20/t a • TANK
IDT REt1. 9/1110€ ~e.~~ TO 0.04 K — 511

V B
I ~I I I I I I ~ I I I I

TSr IC5L 0.D5 1Sf 1551:0.24
V B

5.50 1.10 10.0* 11.05 10.0? 51.0. 10.0$ 5.50 5.50 LQ.0? 11.0? 10.0* 50.05 I .0?
ELAPSED TINE (5101)510) ELAPSED TIll! (5101/931

I I
I i I I I 1 1 I I 1 I I

1ST RtTL:0.31 TSr 1111:0.14
V V
I - I

-V .4

~L!j\ ~i8!~~~~~~
_

~~.. I: ,, a.,, 15.0? (6.05 •1.si I ~OS ~~~ 0:00 i6.0? 16. 0? I6. OI I1.OS 50.05
tt~~.cI t i/IL 11101*3) ELAPSED 1 151! (5101*31

rig. ~*f. ,. £mie •—p. rst ure 1 ‘. C ,  ~ .a r , ’.!t Reflectivity

~~~~~~~~~~~~~~~ - — - ~~~~~~~~~— — - -- - - - V
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~~~

- - -  

~ 

V— - - -V —-V-V —-V —- -- - - - - V

PLO T.. BET 8/20/90 a - TA NK
TGT REFL. R901O~ ~ :~~~~~

N5
5.0$ TO 0.54 x — sit

B V
I . I I I I t~ I I I I I

151 SCFL:0.D1 151 1(51:0.24
V V

•I1 N ,:~ to.oi ti.o~ *6.05 (6.05 50.05 5.10 1:10 I6.OV 16.05 ,6.oi (LOS 50.9.ELAP SED TIll! (1101)510) ELAPSED Till! (1101*3)

V I
I i ~ I I I £ . I I I I

1ST I(FL:0.1l 151 5(51:0.14
V V
4 4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~

‘I.so 1.50 10.0? 15.0? *O.OI 11.01 I 0? ‘ ISO 5.50 10.01 I1.OS 16.0? 56.05 ~05
ELAPSED TIll! (1101*61 ELAP SED TZN~ (1101)5103

Fig. 32(b). Basic Temperatue Plots of Target Reflectivity
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- - - -_V —---V V ~~~~~~~~~ -V~V V V V~~~V -V- VVV- VV~

PLOT SET 8/20/ISO A - 1AN~
IGT REF%. 99040€ ~0.09 TO 0.64 K - MI

I B
~ 

. 
I I I I I ~~ I I I I I

151 1111:0.01 151 1CTL:5.24
V . V

~ I

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~

,-
~ PG ~~ t6.oi 11.0? i6.ci eO.os $0.05 5 50 1 5 0  *6.0? I1.O I i~.oi u.QS S OS

ELAPSED TIll! (1101)510) CLA PAI O l iftE 1113U90)

V V
~~ 

I 
I I 1 I I ~~ I I I I I

TSr ILIL:R.1I rsr 1111:0.14
B V
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Fig. 32 (c). Basic Temperature Plots of Target Reflectivity
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Fig. 32(d). Basic Temperature Plots of Target Reflectivity
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Fig. 32 (e) . Basic Temperatu re Plots of Target Reflectivity
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Fig. 32(f). Basic Temperature Plots of Target Reflectivity
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Fig. 32(g). Basic Temperature Plots of Target Reflectivity
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. Fig . 32 (h). Basic Temperature Plots of Target Reflectivity
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Fig. 32(i). Basic Temperatu re Plots of Target Reflectivity
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Fig. 32(j ). Basic Temperature Plots of Target Reflectivity
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Fig. 32(k). Basic Temperature Plots of Target Reflectivity
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Fig. 33(a). Basic Temperature Plots of Target Emmissivity
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Fig. 33(b). Basic Temperature Plots of Target Emaissivity
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Fig. 33(c). Basic Temperature Plots of Target Eminissivity
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Fig. 33(d). Basic Temperature Plots of Target i~mmissivity
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Fig. 33(e). Basic Temperature Plots of Target Emmissivity
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Fig. 33(f). Basic Temperature Plots of Target Emmissivity
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Fig. 33(g). Basic Temperature Plots of Target Emmissivity
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Fig. 33(h). Basic Temperature Plots of Target Emmissivity
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Fig. 33(1). BasI c Temperature Plots of Target Emutissivity
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Fig. 33(3). Basic Temperature Plots of Target Emmissivity
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Fig. 33(k). Basic Temperature Plots of Target Emmissivity
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Fig. 311(a). Basic Temperature Plots of Target Thickness
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ .:~ ~1~ h ~~
°‘ ‘ 0 5

Fig. 311(o). Basic Temperature Plots of Target Thickness
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PLOT SET 1O/92/tS £ - TAW~
TOT ThI~~. + :1.30 TO ~~~~~~ ~~~~ x —

$ B
4 I I I I 4 I 1 I I

• TOT IIIlCt:I.J0 101 tNiCE:1.I0
$ B

£
.4 -‘B

II~~~ ~~~
50 110 i~F.05 15.01 10.0? ~5.05 i~i.00 1,50 ~~ *6.ot 11.01 10.0? 01.05 I .09

ELAPSED T IME (SI0U~31 EL A PSE D T I NE ( rS0UA~ )

I B4 - I I I — 4 I I 1

TOT TNICI :1.?V TOT TNhCE:l.I0
I B
4 £

.4

4.ci ,:~ ti.ci 11.0? iÔ.ci ei.o, ~~~~~ ~~~ •:~ 16.05 15.05 11.05 55.05 50.05
ELAPSED h IlL 11101*01 ELAPSED TINE (1101*01

Fig. 311(d) . Basic Temperature Plots of Target Thickness
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PLOT SET 10/32/i :I TOT Thl~ C. R 4OE + —
[1.3O TO 9.50 CII K - III

I I
4 I I I 4 I

TOT TNICE:I.A0 101 INIEE:1.S0
I B
4 £

5 10 1$0 16.05 I1.O, 10.05 t1.O, I .05 5 50 .:,~ 10.0$ I6.O, I6.OS t6.OS ,.
~~ELAPSED Tit lE (IlOIJttO) ELAPSED liNE (1101*01

B V
4 I 1 - 4 I 1 I I I —

101 IffICA :E.70 TD~ 1N1Ct:L E9
B B
£ £

—B “B

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

E~[~~ ,•;j‘510 I S O  1005 101 10 05 5105 Io.oS iso ISO tO Ol 005 5005 1105 CI
ELAPSES T itlE (1101*01 ELAPSED TitlE (1101*0)

Fig. 311(e). Basic Temperature Plots of Target Thickness
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PLOT SET (0/32/90 a - TA)lt
TOT ThI~C. PSOlOC

110 TO 9.00 CII x —

I B
4 1 1 I 1 I 4 1 1 I

• TOT TN1tE:1.I0 TOT 1NlCL:~.S0
B B
8 8

-B

.50 5,10 10.05 11.05 ,b.o, (5.05 5 05 .50 1.90 10.01 1~.05 10.01 15.05 I 05
ELAPSED TItl E (1101*0) ELAPSED Titl E (1101*01

B B
4 ~ I - 4 —y , -,

TOT TNIEE:1.7D 105 1$LC(:L10

* B
4 8

“V —B

•

__
.50 1.50 10.05 11.05 10.01 5101 50.05 .50 1.10 10.0? 11.05 *6. ot 1105 I .01

ELAPSES TiNE (1101*0) ELAPSED Titl E (P10LJR31

Fig. 311(f), Basic Temperature Plots of Target Thickness
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PLOT SET 10/32/IBO - TPNL
lOT micx R~ iO~ + :1.10 TO 9.50 CII K — lilt

I B
1 I I I I I 4 1 ~~

101 1N1C1:1.9O 10? THICEd.SO
B

I II

—B -V

‘i... •;~ aó.o. il.o, 10.0, 11.01 io.c* 1 ~ 150 16,01 0.01 16,05 16.05 10.01
ELAPSED 11)11 IPIOUKS) ELAPSED Titl E (1101*03

I B
I

101 tKItk:S.70 TOT tHitk:1.t0
B B
I I

-B -B

‘iso 1:50 tl. os ~Los •G.0I 11.01 1 .05 ‘ISO ,:~ 16,05 *6,0* 16.01 *1.01 I 05
ELAPSED Tit lE (1101*01 ELAPSED TitlE 1*101*0)

Fig. 34(g). Basic Temperature Plots of Target Thickness 
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[PLOT SET 10/50/tB - IIKt
lOT Thick. RCIIOE + :1.90 TO 9.50 Cr1 K — a l l

B B
4 I I I 1 4 I I I I

TOT TWIU :l.AO TOT TNICkzj.$0
B B

1:10 10,0? 11.0, eô.ot 11.0? 5 05 50 5:50 tô.oo 11.05 50.05 11.0* I OS
ELAPSED TINE (1101*01 ELAPSED TUIC (tlOI*0)

B I
4- I I I I 1 — 4 I I I

101 THItt:~.7D TOT TKICL~1.10B P

• %... 5:50 *6.o, tl.o. .6.0, .1.o. ~ %..~ •~~ (6.05 il.o, i6.oi 11.05
ELAPSED lulL (1101*01 ELAPSED 11115 (1101*01

Fig. 34(h). Basic Temperature Plots of Target Thickness
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PLOT SET 10/60/1 - 

~~ 5TOT THick. 1 40E + LEAF1.10 TO 9.$O CII K - A l l

I B
4 1 I I 4 .

TOT TNICE:1.I0 101 TKlCt:1.lO
$ I

‘5 50 5.50 10.0? 11.01 (0.01 11.01 50.09 ‘5,50 5.50 tb. oi 11.0? 50.05 11.0? I OS
ELAPSED TIN E 1)101*3) ELAPSED 111*1 11101*3)

$ $
4 1 I 1 

- 4 . -
~ 1 —

TOt 1NICt:S.7S TOT TKICE :L 10
$ B

4

WI WIr r
‘

~~~~~~ ~~~. ~~~~~~~~

I;.. 16.01 11.05 56,01 ti os 1 .05 ~LS0 S 5 0  10.0? 11.05 *6.0? 11.05 $0.55
ELAPSED TINE UIOL*3 ) ELAPSES lINE (1101*01

Fig. 34(1). Basic Temperature Plots of Target Thickness
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PLOT BET 10/60/90 a - 
~~~~~~~ D

TOT Thick. R)1MOE :
1.10 TO 9.50 CII IC — Alt

I B
4 1 I I 4 ~ 1

TOT THiCt=I.10 TOT IlIItI:3.S0
B I

‘550 $50 i1.os 11.05 *1.0? 11.0, •0.01 i.vo •i0  16.0? tl.ov tb.os *1.0? I .05
ELAPSED TINE 1)101*31 ELAPSED TItlE (1101*01

I B
4 I I I 1 — 4 1 1 1 1

TOT THICE=E.7Q TOT TIlIC(:Q.iD
1 1

4.,. .:~o .6. ,, 15.05 16.05 51.0? I 0? ‘5.50 5:5~ *6.0? 11.01 *6.05 eI.os 0,
ELAPSED TillS (1101*0) ELAPSED h ilL (1101*01

Fig. 34(j). Basic Temperature Plots of Target Thickness
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PLOT BET 10/601180 a -

hOT Thick R11NOC :
1.30 TO 9.50 

~~ K — All

I I
4 I I I I I 4 I 1 I

ror rHEcE~t.U TOT THLtE:1.$0
B I
4 4

.:~ t6.oi I1.OI 16.01 t1.os 10.0? so i s o  16.0* I1.OI iô.o, 11.0? I 05
ELAPSED TItlE (1101*0) ELAP SED TINE (1-101*03

V I
I I I I I 1 4 I I

TOT TNICE:i.7$ 101 TNICE:1.IQ
B $I I

•,. *6.0? t1.os t6.o, (6.01 50.05 ~~.So 110 t6.os 11.01 16.0? *1.09 50.0?
ELAPSED TINE (1101*01 ELAPSED lINE Ui01*01

Fig. 34(k). Basic Temperature Plots of Target Thickness
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PLOT SET 11/20/1 - TANS
IC VEI.OCZTY R~ 10E
0.00 TO 557.00 Cu /SEC x - an

V I
4 I I 1 I I

I.E. VEL 0.O0 A.t. VfL :172.50
B II I

‘.50 i:.. t6.o. 11.0? 13.01 51.05 I .05 550  ~~~ 10.05 t~.01 !~.CS 11.05 50.05
(LAPSE D TiNE (1-101*0) ELAP SED 111-sE (1-101*0)

B B
4 1 1 I I I I -

~

I.E. VEL :315.00 I.E. VEt. :137.05
I $

I

1~~~ 
j!
4~~~~~~~~~~~~~~~~~~~~~~~~

5.50 1.50 1&.O? ILOS to 0? ,l.o. I .0? ~.I0 IN *6.0? 11.00 90.05 I1.*S N
EUWSCS TINE ELAPSED TInE (*101*01

Fig. 35(a) . Basic Temperature Plots of A.C. Velocity
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PLOT BET 11/20/90 A - TANS
AC VELOCITY RANOE :
5.00 TO 557.00 CIVOEC x - III

$ 
0

I I I 4 1 I 1 1

I.E. YEI. :0.00 I.E. VEt. :171.00
B $

_

B

_

550  110 16.11 11.09 10.0? 91.0? 10.05 5.50 9:50 10.05 10.05 96.0? 51.05 50.09
ELAPSED TINE (NOLItS ) ELAPSED TitlE (1101*01

V I
4 1 I I I I 4 I I I

• I.E. VEL :315.00 I.E. VEt. :137.00
I II I

‘5.50 .:.~ 10.0? 16.0? (0.05 11.0? 05 5.50 5:50 *6.0. 15.0? ,O.os 11.05 1 0?
ELAPSED TINE (flUI*0l ELAPSED TiNE (*101*01

Fig. 35(b). Basic Temperature Plots of A.C. Velocity
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IPLOT SET 11/20/180
SC VD..OCX TY smioc

0 hO 557 CIt/SEC

I 
0

I I I I I I I I I I

It. VII. :0 s.c. va :172
B V

‘L N  s;ro 4.0? 11.05 (6.01 *1.05 10.09 ~b.50 ~:.o 11.0? I1.OS 56.05 51.11 I .0?ELAPSED TItlE 11101*0) CL~PkD tinE (~101*0)

I I I I I I I I I I

I.E.. VII :115 It. VII :137

I I

•

_ _

1,... ~~~ *n.o. ‘1.o. ,ô.o. I1.OS I .05 ‘L,~ 150 t6.os 15.05 10.05 56.05 I IS
LL$MC0 TINS (IIOLSIOI LLAPOLD TItlE (1101*8)

Fig. 35(0). Basic Temperature Plots of A .C. Velocity
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PLOT SET 11/32/LB - 

h OUND
AC VELOCITY RIIIOC + LEJI~0.00 TO 657.00 C~If0EC x — sit

$ 
- 

V
I I I 1 1 I

S.C. VCL :0.59 S.C. VEL :179.00
B B
I ii

_  

0
~I S0  I 50 10.0? lb 0? .6 os 51 0? I 0? 5 50 1 50 10 0? (/0 ~~90 (1 (lOS S 09

ELAPSES T iltS (1101*0) ELAPSED TiNS (113URi)1

$ 
_ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _4 1 I I t I I

P.S. TEL :351.50 I.E. TEL :537.00
I $
4 0 a.

-.1

II~~~~~ ~~~~~~~
~ .50 ,:~ 16.0? .05 t~~N 51.05 10? .N I~50 6.01 11.05 .6.OI 56.09

ELAPSES hi S 1*101*01 EIJPOCO lUlL (1101*0)

Fig. 35(d). Basic Temperature Plots of A.C. Velocity H
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PLOT SET 11/32/1 -

IC VELOCITY ~~~~ + LEAr
0.00 TO 537.00 CWSCC x - an

$ B
4 1 I I I I I I

P.C. VII. :5.99 S.C. TEL :171.00
V V

559 5:50 10.0? 16.05 *6.oi IS.OS P ~95 . .:.. t1... 16.01 I1.OS t1.W 5?
ELAPSED 11)51 (*101*0) ELAPSES TINS (1101*8)

I 
_ _ _ _ _ _ _ _ _  

$ 
_ _ _ _ _ _ _ _ _I I I I I I 4 1 T I I

I.E. VII. :355.05 I.E. VII. :137.05
$ $
4 0 4

-.1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ l~~~1.~~~1‘5~~ 5 0 5  10.0! 11 0? *0 05 I1.VS I I? 5 5 0  IN 10.0? 1 0 ?  *0.0? (1.05 09
(LAPSES 11115 11101*01 ELAPSE? TItl E (1101*01

Pig. 35(e). Basic Temperature Plots of A .C. Velocity
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_ _ _ _ _ _ _ _  0~~~~ 00 0 0 _ 0~~~~~~~~~~~~_  -__

PLOT SET 11/32/90 -

PC VELOCITY RNJOI + LEPI F0.00 TO 557.00 CIt/SEC - SI,

I BI I I I I I I I 1 I I

I_ C. TEL :0.00 I.E. TEL :175.00
I B
I I
-B

‘~I.IO ,:.O 16.0, 15.0? 50.05 i6.o, $ ci ~s so :,~ 16.0? 11.01 50.0* t1.oi *0.0?
ELAPSED T INE 1If0*JRSI ELAPSED TINE (1-101*01

V $I I I I I I I I

I.E. VII :355.50 It .  3(1 :537.00
I II I

—I -.C 
0

I~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~

5:50 16.0? tI.os tO.os sI c. a? ‘~l.,o t s o  tó.oe 11.0? toos 11.01 L 05
ELAPSED T IllS (1101*01 ELAPSED TINE (*101*0)

.

Fig. 35(f). Basic Temperature Plots of A.C. Velocity
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PLOT SET 11/32/180 A -

qC VELOCITY ~~ IS( -0 110 557 CIV510 x — s u

I 1 1 I I I I I

It. TEL .9 LE. TEL .171
I I
I I 

0~~~~

.50 ~ I6.aS I1.O. .6.., II.?? 1 .05 tIO 5:50 0.O? 11.05 .6... â.c. i~~~~ELAPSED 11135 (1101*0) ELAPSED TINE ( *101*0)

I $
I I I I I I I I

I.E. VII. .11* I.E. TEL d37

E
~&~
’\ ~~~~~~

~1 .iS ~ N t6.OS 1.55 56.0? 51.0, ~~ 5? .05 .:.. 10.05 1.05 56.05 k.S? 5?£UP4EV T illS (1101*0) c.LAFSED T iIl& 11101*0)

FIg. 35(g). Basic Temperature Plots of A.C. Velocity
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PL OT SET 11160/ 1 A -

PC VELOCITY R~~OC
0.00 TO 557.00 CM/SEC x - iii

V B
4 I I I I I I — 

I I I

I t.  VII :0.00 I.E. TEL :171.00
$

I a.

~W 150 10.0? 15.05 50.0* 51.05 10.0? 5 N 5.50 10.09 15.0? 10.0? *:.os 50.05
ELAP SED 11)55 ( 1-101*01 ELAPSED TitlE (1101*0)

I $
£ I I I I I I I I I I

I. E. TEL :355.95 I t.  VII.. :537.09p I

•

__

~~.S0 ~~~ 10.0? 13.0? tb.oq 56.05 $0.0? ~L?O ,:.~ i6.oi ti.o, ,6.os il .,. ~(LAPSED T illS (*101*01 ELAPSED T ill S (*103*0)

Fig. 35(h). Basic Temperature Plots of A.C. Velocity
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PLOT SET 11/60/IS £ -

AC VELOCITY R5010€ :
0.00 TO 557.00 CM/SEC x —

$ B
I I I I I I 1 I

I.E. TEL :0.00 S.E. VII :179.00
I
a.

‘-B

~‘lI 50 ~~ 16.0? 11.0? ô.~, .i.e, 50.5? ~$ 59 ~~ to.o~ il.o, 16.0? el.? s .~~ELAPSED hillS 1*101*01 ELAPSED 11115 (110(11(01

I $£ I I 1 I I 4 1 I I I

I.E. TEL :355.00 I.E. TEL :517.00
I

•

_ _

,:.. *0.0? tI.o. *6.. 11.05 I .05 ~~.S0 5:.? 16.0? 11.05 56.0! tl.oi IS
(LAPSED 111W (*103*81 ILAPIED 111W (1101*01

Fig. 35(i). Basic Temperature Plots of A .C. Velocity
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PLOT SET 11/60/90 £ -

AC VELOCITY R 101
0.00 TO 557.00 CM/SEC x - mu

V I
I I I I I I I

S.C. VII :9.00 I.E. TEl. :171.00
V V
tl

~J0 I S O  10.0? 15.0? 10.9? 5105 *0.0? 5 SO 1:.? 16.0? 11.01 10.01 *1.0? 05
ELAPSED T IN E (110(11(51 ELAPSED TItl E (*10(11W)

1 V
I I I I — I I I I I

I.E. VII :350.00 I.E. 3(3. :117.00
I V

~.N 5:50 16.0? il.o, 10.0? *5.05 I 05 5.50 5:50 16.0? 11.05 16.0? 11.05 OS
EL APS ED T IltS (1-101)1(01 ELAPSE? TiltS (1101*0)

Fig. 35(j). Basic Temperature Plots of A .C . Velocity
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~LO~ 8(1 111601180 
-

AC VELOCITY R.?I0E 4..: LtA ~ I
5 10 557 CM/SIC K - All

I I
I I I I I I 1 I 1

S.C. VII. :0 I.E. T(3. :170
p I

5 50 5.50 10.35 1C.0? 50.0? 11.1? 50.05 .10 5.50 •0.~~ 5.f1 10.0? 15.0? 10.00
ELAPSED TINE (*103*51 ~IAPSED TINE (1103*8)

I I
I I I I r I

I.E. TEL :151 I.E. TCL :537
S II I

5:55 tó.oI .1.0? 16.0* ~Z.05 So.?? tIO ,:., *6.~ ‘k. os .&u, s1.o, I OS
£LAPIEO TIllS (3101*0) ELAPUS TINE (1101*0)

Fig. 35(k). Basic Temperature Plots of A.C. Velocity
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Appendix D

Plots from Program DELTA for al]. Parameters

- 36(a)—36(d) are plots of the parameter Mean Temperature.

Figs. 37(a)-37(d) are plots of the parameter Absolute Humidity . Figs.

38(a)—38(d) are plots of the parameter IJind. Figs. 39(a)—39 (d) are

plots of the parameter Sun -Strength. Figs. L4.O(a)-~4.O(d) are plots of

the parameter Ground Reflectivity. Figs Li-i (a)-41. (ci) are plots of the

parameter Ground Emmissivity. Figs 112(a)-42 (d) are plots of the par-

ameter Giound Diffusivity. Figs. il.3(a)-43(d) are plots of the par-

ameter Target Reflectivity. Figs 114(a).Ji4(d) are plots of the para-

meter Target Emmissivity. FigeLi-5(a)-45(d) are plots of the parameter

Target Thickness. Figs L46(a)-46(d) are plots of the parameter In-

ternal Air Conditioning Velocity.
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DELTR—T I TARGET—GR OUND)
P~~~ ET~~-SE~~4T(IIP JULIU ~~Y—9

• 50 10.5? I~.05 IS..? 30.5? 50.5? 5.05
LSf $01 1/19FL I

ITuili
16.55 14.9? 11.05 t6.oi *6... .e4(LAPSER 1(331 1115U511

• N 10.05 1~.0? 1~.VS ?~.05 If.?S S~h5?

~ct invt I I! ~~ if~’ :i

II... I~.IS LS.OS 55.05 *6OS I6.~~(LAPSES Stilt IUUISI

Fig. 36(a). Delta-T Plots for Meantemp
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11~ ’-1H-T (TRR ~ E F~-CR~ UNU )
Pf~~~~ TER.-PERNT(Il P JUL 1211 0~f—1

• SO 1~.O? 14.0? 15.0? 52.0? 55.0?
11.Dr BET IFOW I I 2 : :~

16.0? 14.09 I1.OI 16.01 t1.a,
(LAPSED 1(1-IC IttQU1(S~

I SO 19.05 14.01 1~.0S 52.0? 59.0? Iç.oI S 50 10.0? 14.0? 19.01 50.09 00.05 50.09
rtu r *-z i i /n i l  I 2 :  ~~~~ 1 P L OT SE T TIZVII I I 2 ~~~~: [I: ~~~ : Ii

d g

~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

• 

~~~~~~~~~~~

*1.05 14.0? 11.0? t1.oi ~~~~~~ S0.O~ tb 11.5? ü.~i 11.0? 51.0? 11.01 56.00(LA PSED TItl E IHOURS I ELAP~C0 SUIt l$lD U ft 5l

Fig. 36(b). De].ta-T Plots for Meantemp
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DELTR-T (TARGET—GROU ND ) 
~
]

P~~0?~ TER—PE.?4TCflp JUL 1511 DAY—9O

5 50 10.0? 14.05 10.01 59.01 50.09 50.55
i.or 1i41,513,,3jJ [j~_1Jf ,

•
, 

-

t N  16.0? 11.0? 11.0. *6.OP *6.05 s6.~~(LAPRED TINE IIlSU*5 1

~ .? 14.05 19.0? 50.05 *7.0? $0.0, S 50 19.05 19.05 15.0? 55.0? IS.?? 50.OS
L10 OCT 111!I4tj I •

~~~
‘
~~~~ : PLO T KT 5(~~jj J  2 : ~~

TP4
:iii: 11 Lli~ :

I

tb 16.05 14.0? 11.05 I~.09 ?~.0S s6..0 ~~ o *6.5? IL., ii.os ii.., ,i.os il.oELAPSES StilE 110531151 (LAPSED rulE IIIDUIS I

Fig. 36(c). Delta—T Plots for Meantemp
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DELTA—I (TAR GET-GROUND )
P~~~~~TER—PERNT(flP JUL IAN DRY—ISO

• 50 19.0? 19.?? 19.0? *0.05 *1.0? 59.5?
‘Lot C~ iiowieul I! ~~~~ ~~

a 
- I

S. I’
II

- 

I I
•1 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

‘5.50 10.0? 14.01 11.0? 52.0? ti.ou il.oS
ELAPSED 111-IC INOUUI

• 50 50.0? *4.01 15.0? 11.0? ~~.0I 50.0? I 50 19.OS 14.05 15.0? *5.0? 59.09 .0?

A 1

• 
~~~~~~~ 

~

. 

~~~~~~
11.0? 11.0? *6.0? 12.0? *6... 50.00 tb *6.0, tLos *6.0? *5.0? *5 05 50.00

(LAPSED St il E 31153155$ (LAI RED StilE 1103155$

Fig. 36(d). Delta-T Plots for Meantemp
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DELTR—T (TAR GET—GROUND)
P E T ~~—R28. HUM. JUL 1DM cay ii

I
IJ  

I

B

U

5-.4

I
S.

I 
______________________________________

‘150 16.09 14.0. (4.09 *2.01 16.0? 16.01
CLASSED lISlE 1110USD I

F ST ~JSt/I j ‘ 

~~~~ ~~

I

‘1.? s6.~ 14.05 ~4n, ~j .o *6... SO5??
~LIraCD T1IC 111011101

Fig. 37(a). Delta—T Plots for Absolute Humidity

21~4



r - - -

I DELTA —I ITRROET—C’ROUND)
PRRRE1tR-M8. NUll. ~1L 12$ DRY—i

*LS? SET IIWI j  [2: ~

B

‘O N  10.95 *4.01 t0.o? lt.fi .1... o1..
..UPSCD SUIt INSUAD I

PLOT BC! tisti~J [f 
~

I B

“ON 11.05 14.O~ *6.3? ii.., tS.~~ iô.o. 0.N *6... 1-1.3? 50 .0? (1.0? *4.0? 53.05(LAPSE, StIlt 1111*11 (LAPSED SUit 1 11031531

Fig. 37(b). Delta—T Plots for Absolute Humidity

215

—5-—-- - - ——--- 
•

— —  _.__ •
_ _ __ ._ .___ _ ._ .

~
_
~_ t _~ _.. 4



•1
DELTA— ’ (TRRGCT—GROUND) 1

P~ l~~ tER—fiB8. HUll. 1111.1511 DRY—lO J

~d .no,.i 
‘

I

U
0
5’.

5N 16.0I ILo. (I.?? 11.0? (6.05 iO.øs
(LAPSED StilE IIIIU&II

I I
U U
o

Be
I-

05 055- 5-al‘a

“ON *6.QS i.. -
~ IS O? *1.0? .1.., s6.si ‘i.~~ N t~.0l I .0? *2.0? 11.0? iô.o,CLIUCD lUlL 111311111 ELAPSED liSt 1 33511111

Fig. 37(c). Delta—T Plots for Absolute Humidity

216 -

-- -
~~

-
~~~~~~ - —~~-~~~~~~~~ -~~~~~~~~~~ -~ —~~--— - - - -  - - -—- 

_1~~~



TDEL r R— T ( TARGET—GRO UNO3 I
PfHTSMIETER-4168. NUll. JUL 1511 caY_iso]

P(.51 ~~~~ 
‘ 

~~ 
~~~~
. 

~aj

B

U

SM

05
I-

‘a
a

~‘O.N
____ 

iô l~.05 ILOS $4.14
CLAPSCD 1(1-IC 100U 13I

9.01 od t/suao~ 
‘ 

~~ PLO T ~d ‘ [~j~ ~~~~

. 
~~~

- _ _

I

to.., t,.c~ s4.os * 2 . 0 ?  (0.0? 52.05 ‘
~5.?O 13.0? 54~1I t4.0 12.05 ti.os 55.05

CLASSES P11-li. INIUBI I c.LAPSED P11-IC ISIOUSS I

Fig. 37(d). Delta—T Plots for Absolute Humidity

21? 

_ _ _



- 
—~~~~~~~~~~~~ - - - ~~~~~

---

DLLTA_ T ( T RRG [ T— OR t~UN p )
rAxRp~ rCx— MIND JULUIN DRT—15

• 50 10.09 11.0? 15.0? 15.01 1$.OS 50.05

~~
iQLthLizwLJ

~~~~~tff Lll[
:

B

~
g ~~~

_
_5 

— 
~

~8 A

I B

B 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I

‘0.19 tb.o, 14.0? 10.0? *1.1? 95.0?
(LAPSED P11W IIIOUSSI

• 50 19.0? 1~.W (9.0? *1.9? I9.SS 50.0?

~L0T ~~T ~I3i!1 I S • SW? .v

* •  g s 5  •Ill
+ .  SUdS It??

I s —  uw . 5

- 
. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

‘0... 15.?? 14.0? 11.0? I6.O, is.o. l.~CLAS S ED 111-IC 111531*11

Fig. 38(a). Delta—T Plots for Wind

218



- ,

DELTA—I (T ARGET—GROUND )
P~~ IiET~~— W IND JUl. IAN DRY— i

• 50 19.OS 14.05 19.05 *1.0? *~.0S $0.??

~I_ Dr 011 1/cUll I I ~ wlJ = I

I~~E~~~
‘0.0 I6.OS ILOS 14.00 el.os v6.os sO5~(UI?SEO StIlt IIISUSSI

• 50 19.05 14.05 19.05 50.05 *0.05 14.05 I 19 19.0? *9.0? 19.05 *5.05 *9.111 59.OS

B 
~or sri I 

B 
~t.0T SC! P/T OLL I It :

B B I B
~~U U

~- ‘ ‘° B ~ B B

*6.0? 14.01 11.01 *6.OI 55.05 S0.a “I.PG 16.0? ILOS *6.0? *6... *1..,
CLASSED lISlE 111131131 - (LAPItS 111-IL IMSUSPI

Fig. 38(b). Delta-T Plots for Wind

219



DELTA— I (TARGET —GROUND )
P~~~ lETER— WINO JUL IAN ORY—QO

S II 10.05 19.0? 19.05 19.0? 50.05 1 0 5

~çui ’~ft;

‘O.~~ 11.05 11.01 16.0? I6.CI 16.05 •~~~(h ISSED 511-IC I11OU& 1l

ISO 19.05 *j OS t~.05 i~~~~~~n~~~~~ip.os ISO 19.05 29.05 19.05

‘O.is Ii?? 14.05 10.0? *6.05 0?.?? 50.56 ‘i~~ tOol? 14.05 16.0? eè.o, ti.cs $0.56
(LAPSED StIlE MOU lD I CUSSED 111-IL 111031121

Fig. 38(c). Delta—T Plots for Wind

220

--- -—--
- - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~~

-

.

- - -
-

—~~~~~~ - -_- --_ ~



- -  -~~~~~~~~~~ -~~~~~~~~~~~~ -- - - - -~~~~~~- - - — -- -

DELTA-I (TRR GET-GROU?0)
P~~~ET5~— M IMI JUL ID DRY—iSO

N *9.05 19.05 59.50 5 .55  *2.55 1105

i~5r 1n 1/tOi*vtl : ~~~ :‘

~.N 16.1-i i~.0$ ts.cS sz.Cs 16.?? ~..ti(LAPSER S tIlt ISSUUI

5 5 ?  19.0? *4 55 19.?? 55.05 55.?? 50.?? S N  19.55 ‘t~ *9.05 19.55 ~~ 59.5?
iJL~~~1 SIZ I~E~ ~LSr id JflU/l8 1~ I I: ~~ :‘

I

‘O.~~ 16.05 54.55 *6... PLO. (6.5. I6.SS tN 56.05 1.05 *6.0? 16.05 *2.05 $1.56
CLIPSES 11lC DUll , CUSSES lISlE 1115*321

Fig. 38(d). Delta-T Plots for Wind

~~~



r ~~~~

- - . - -—

~~~~~~

---  _ _ _ _ _ _

DELTA—I (TAR GET—GROUND )
PRR~~~TER—8UN BIILNO1M JULIRII DRY—il

51.91 OCT £/S0!1 ‘t ~ Ut
B ~~

B

_

05o 16.0$ 14.05 ~i.o, (6.0? t1.os 13.0?
CLASSED 1(1-IC IN0U~3I

51.91 Sc! ~isut j ~~i -i,~ ~~~~ :J
d

I

B
U

B ________________________________________
‘5.50 10.05 i1.os 13.0? ii.o, ti..s 13.5?

ELA PSED 511-IC 1 111*311

Fig. 39(a). Delta-T Plots for Sun Strength

222

_  -



~ --~ - -- - -—--~ —.~~~~~~~ - —- - -~~~ -.-~-- - - -__- -------- - 
‘I ’

I DELTA—I (TARGET—GROUND )
PMIIIETER—SLSJ 851(110511 JUL 1AM DRY—i

51.01 SC-I 4/colt ’) ‘ 

t ~E~ Fi~;:~ ~ I

I

‘5.50 26.05 11.05 11.05 11.0? 56.0? SO.OS
(LAPSED 111 -IC 1110*311

PLOT SIT 4~SL/1 J 1~ 9i SLIT SIT 4/Loll ~ i~I [~:~ FI~I~ I:’~ I I E~ó~ II~~: I:~~

I B
U - Uo 0U,

~~ilI.-

‘5.0 10.05 I1.O. 16.05 11.0, to o, j .o. ‘0.50 *6... *4.01 16.0? (( CI *0.05 20.05(LA PSED 111-IC IMOUISI CLASSE D 111-IC 1110*331

Fig. 39(b). Delta—T Plots for Sun Strength

- - 

223 

-- 



----•-— - --•-

DELTA—I (TARGET—GR OUND
P~~~~1~ TER—$UN 815(110111 JUL IAN DRY—80

01.51 Sri £110/ID] I’t -
~~~ F~U~: i:~t

B I EL~ rt~;~: I:cI

I

U
0•.1

‘S so *6.o. 14.0? 16.05 **.oi il .o, $0.0?
CLASSED StIl L 1110*381

PLOT 3d! 4/tVID] •t -~~~~ 

~~~ ~~~ 
01.31 OCT ~ito~~j  t

B I E1~ F;~ :: I:’~j  I I ~~~~~ ~ I:~i
- g

B I
4U Uo 0

U, U,

‘_ .3
5-.

‘I .so 16.0? ~i 11.o. 1.o, to.o? SO... ‘
~ .SO 16.o. i1.o, ii.o , t1.o, tl.o. *6.o.

CLASSED 111-IC 11150*11 CLASSED ~UIC 111111*11

I Fig. 39(o). Delta—T Plots for Sun Strength

- 

22~ 

- - - - _ _ _



DELTA—I (TARGET—GROUND ) 
-

PRRMETER—SLJN 815(110511 JUL!RII DRY—ISO

P1.31 OCT 4/10! 1II0( 
‘ ‘t ~-~S ~~~~ Ut

I t ~

B
4
U
0
U,

— .3
5-
a5-

10.0? *~~If 16.0? (( CI (0.0? I0.CS
CLAS SE D 511- IC 1110.1*3 1

PLOT k :2~ ~~~~~~ I:~
( PLOT OCT 4/t0/lD0~ t ~ ‘! ~j ’. I:H

B )~ ~~ It~;t~ I:~~I ~ ~k h~;i; ~~g

P
4 4
U U

0 0
U, UI

_ ! T

~~~~

T
10.0? *4.07 *5.0? (2.09 10.05 sO.s, .50 *o.or~~~ t’o, *l.o, tL.o, S6.OS $0.0?

CLASSE D TInE 111131*11 CLASSED 111-IC 1 1100*01

Fig. 39(d). Delta-T Plots for Sun Strength

225

I
— -- - - _ _ _ _ _ _ _ _ _ _ _ _



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --- - - -

EóELTA—I (TARGET—GROUND )
PM~ IETER—OR~~ SElL JUL 1AM DRY—Il

PLOT OCT IllOl l j ~ :~~ : ~~~ 
1

& -oLio: ~ t. I:
d

B
4

‘5 so iô.o, 1~~0t 15.0? 11.0? *6.0? B6.Os
CLASSED StIlE 1115013$

PLOT OCT 1152/ 1 ! :~~: ~n:+ ~~~~ 1.IL a

I _________

I

U
0
U,

‘Iso 16.05 t1.os si.o, (1.01 56.0? 50.05
CLASSED St Ilt 11103118$

Fig. 40(a). Delta-T Plots for Ground Reflectivity

226

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ = --- -~~~~ ------ - - - --- ---



DELTA—I (TARGET—GROUND )
PRR~ ETCR—OWdD SEl L JULIAN DRY—I

PLOT OCT 

~~~ I~ ~~~~~~~B ~I ~~~~~~~ 
a

B

_ _ _ _ _

‘1.50 16.0? i1.o, 11.0? 10.0? 11.0$ si.os
CLAPOCO unr I~iou~o I

PLOT OCT 1/12/1 L ) 

~ :~~ : ~!~: I:?t PLOT SET ~f20lt - 
! :~~ : 

‘
~fl~ Lfl

I [I ~9~: XLII I:~1 I k1{ I:I~

P B

• _

‘4.s~ 16.oi *4.0? 11.0, *1.05 11.05 (6.05 ‘iSO 16.0? 11.11 I’O.Oi 11.0? r6.o. sô.isCLASSED 111-IL 111131*31 CLASSED Tint 11110111

Fig. ~1-O (b). Delta-T Plots for Ground Reflectivity

227 

-

- •-~~~~
-

~~~
.
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~___   - -- - - ----- ——



DELffi—N~ 14%RGET-GROUNO )
P~~~~EitR—ORN0 kEEL Jul. tRW DRY—OO

$

U
0

‘i so tl.o , 14.11 11.01 51.0, t~.0$ 54.05
(LA PSED TInE 11*30*01

P151 SC 1/51/SD 
‘

~~ :~!R: ~~ J:?$’ PLOT SCT uto ~.oJ I’! :~~ : ~~~ ~:1I ~~~ ~ t I [I ~t~: ~~ 1:1

I $
4 4

- . ~~~~TT
tSO *6.0? I1.iI t4.o. il.oi .6... i.os (,,~~ 16.05 I1.OS 16.0? (1.03 56.05 (0.05

CLASSED 111-IC 111131*31 (LAPSED 111-IC 1800*01

Fig, 40(c). Delta—T Plots for Ground Reflectivity

j   
-

~~~~~~~ 228 

— I



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - --- - — ----- -—- ---

~~~

--—--- -—-—

~~~~~~~~
---—-

~~~~

DELTR— T ( TARGET—GR OU ND )
P~~~-ETE*—ORS~ SElL JIlL laM DRY—ISO

3(W OCJ 11P/D~ I :~~ : ~~~~~
$ & .~bo ~~~~~~

d -

I
4 -
U
0
‘U

to.oi *..o, *6.0? tl.o, I6.OS ,6.os
(LA PSED S tIlE 1- 1100*81-

PLOT OCT 1!$U1D0~ 

- 

~~~ 9 ~~~ 

PL OT SET 1Ft0~’~~~ 

~ UI
I B

4 4U U
0 0
U, SI, -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

S.so tO.os *4.01 16.0? tk .oe s1.~s sO.., 1.so 16.0? 14.0? ti.os .6.0? 16.0?
CLAPPED 111-IC 11110131 (LAPSED 511-IL $ 11031151-

Fig. 40(d). Delta-i’ Plots for Ground Reflectivity

229

h1_~ ~~~~~~~~~~~-_ - -~~~~~~~~~~~~~~~ 
- -  .4



DELTA—T ~1ARGET—GR0t.*4D)
P~~~~TEB— 011-ND CII JUL tRW DRY—IS

‘i i i ad S/c0/1 ’
~ 

‘ 

:

B
4U

‘5.s. ~ 6.OS 14.01 tl.o. (6.0? tI.os 16,0?
(11-158(0 111-IC 1 1-1031*5 1

PLOT ad S,SUI I~i ~~

‘is, tb... *1.0? 56.0? (0.05 50.0? (6.05
CLASSED 111-It liflUflI

Fig. 41(a). Delta-’F Plots for Ground Eininissivity

230_ 
_ _  -- --



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DELTA—I (TRRGET—GROO~~)PRRAPW TER— CR510 LII JULIU DRY—I

ItOT $CT SIW1~~ 
‘

B

B _____________________________________

~LN *6.o. iLot 16.11 (~ .C4 t1.OI SI.CS
CLAS SED T(fl ( 111331(5 1

P1.51 ad ,is,it j 

h B 

od S/tOd~i’J

d
$ B

—I’5.

‘4.,, i6.o. 14.0? iI.~o *1.0? e1..s sO.~s ‘4..o 16.0? U.0l 11.0? 51.01 16.0? 10.01(LAPSED Stilt IMSUSS I CLASSED 111-IC IIISUIDI

Fig, 41(b). Delta-I’ Plots for Ground Emmissivity

231 
- 

•- — -



~~~— - —•••----- - - -

________________________________________________________________ - ________________________________________________________________

DELTA—I t’TRRGEI—GROUND)
PaR~~~TER— CR110 LII JtJ~’LRW DRY—~O

P

‘4.50 16.0? iLos i6.oe el.o, M.o, *1...CLASSED 111-IC $1103110 1

51.05 OCT 1111/ID 1: WZ~~ PLOT • 
:

I &:Ii-.~&1:!:M B _ _ _ _ _ _ _ _ _g

I • - B

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

sl.o, ti.oi *6 01 I6.OS ti.oi iO.os 1.10 il.cs 14 0? 56.01 tICS ti.os i6.osCLASSED 1(~C 1115311,1 CLASSED 5(1-IC I1-IIUAS I

Fig. 441(0). Delta—T Plots for Ground Einmissivity

232

A 
_ _  



~

DELTA—I (TARGET-GROUND )
- 

P~~~*E1ER— CR110 CII IJUL lAM DRY—ISO

.d wwts~4 1: ~‘ : :~& ;~~~ :~

&&o, u.o~ ii os 16.05 .6.05 .O.os(LAP SED u k  1 1110151

PLOT 3!! O/?t/1D0~ 12: pLOT 3d s,to1ts~c-~ :

0 0
‘U II,

__________________________  ~~~: ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
14.0, 14.0? *1.0? it.os .1.05 10.0? (.50 11.0? 14.0! t6.os s. c. ti.os ii.os

CLAPPED 111-IC INPUISI (LAPPED 111-IC 111011101

FIg. 41(d). Delta—T Plots for Ground Eminissivity

233

—- --~~~~~~~~~ - --~~~- ---- - -~~~~~~ -— -  -—- _ _ _  rn _ __ _4



— -_ - - -- - — — -. , - - - -

DELTA— I NARGET—GROUND)
PPRNE1~~.—ORJ10 DIII JUt4RM DAY—IS

PLOT 3(3 7iP.IF~~j  : 

~~
B 

-

4

‘ 4 5 0 .0, iLoi 13 .0? 56.0? e1.w 56.os
(LAPOED 1( 1-IC 11- 1011(3 1

P1.01 OCt 1/fl/t 
~ If tS~ ~i~: t~

B [I : Uj S 81~: 14
d

P
4U
0
‘U

i... *4... iLos ii.o, .e.c. tl.0s Acs
(LAPSED 111-IC 1-11531 * 51 -

Fig. 42(a). Delta—T Plots for Ground Diffusivity

234



~
- - --

~
- • -

DELTA—I I TA RGEI—GROUNO )
P~~~~~TCR—0RND DIII JUL IRM DRY—I

. ..~jjt _.d “oo’i 
‘

~~ 

‘ Ft ~1’~1ll~ I.I~
I

B

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

‘iso *6.0? 6.oi ti.o, ti.os .1.o. 16.os
CLASSE D St IlE 111031(1 1-

PLOT ad 71$U1~~ £1.01 OCT 1/tOl l

B I
4U U

0
U,
a

p.

‘i s o  *5.05 iLoc *6.., 51.35 16.05 10.05 “Iso *6... 14.01 11.11 1-1..S 16.05 50,0?
CLA PPED 111-It P11-SOUl CLAPPED 111-IL 1(131111

Fig. 42(b). Delta-T Plots for Ground Diffusivity

235

- - _ - - -  
_ _



r 
- ________

TDELTR—T (TRRQEI— GROUND)
P~~~~~T~~—CRND SIrS SIULIAW ORY—9O

r~.sr ad ’,cws~

I

iso *6... u.o. i1.c. ei.o, .~.os 16.c.
(LAPSES 1(1-IC 111511*11

PLOT OCT 1l1U~~~] : 

~ j~T9.fl P1.01 SET ,ltoI H~] it

B B
4 4
U U

0
‘UU

tS5 io.ss *4.05 II 05 t6.c, 50.00 sO.os S.,0 iâ.os 56.w *6.0, 51.0? 56.0? 50.01(lAPSES 1(11-1 11150111 CLASPED flAt 11011*1 1

Fig. 42(c), Delta—T Plots for Ground Diffusivity

236



F - - _ ----- - _ _ _ - . - _ -  , _ - - -__ - - _--

~~

- - -_ _ _--- _-_ - _-

~~~~~
-_ - - • — .  _ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I DELTA—I (TARGET-GROUND)
[PIIRSIP~ TER—0RND DIfl SIULIAM DAY—ISO

PLOT ~d 1j’coiu~c~ 
• Ft 

~

i6.o. £1.02 tI.os tl.os .6.cs s1..u
CLASS ED f INE IMSUIS I

£1.51 OCT ~isziis’cj F~ ~~ 
f:q PLOT IC? 1lwa1~ : 

~~ UI
I I
4 4
U U

0 0

1.N 10.00 14.05 &i.u, (4.05 .6... 16.0 tso i6..s 14.05 16.05 tk.c’s *ó.o. 56.05
CLASSED 111-IL 1-11511101 - (LAPPED 111-IC 111511101

Fig. 42 (d). Delta-T Plots for Ground Diffusivity

237

_ _ _  - - ~~- - -~~~~~~~~~~ • . -~~~~ - - • . - - -



F ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DELTA—I NARGET—GROUI4D )
PDA 1-1ET~~—TO1’.IUb. JUO4AM D~~’4I

PLOt 3d omIt Fl ~ ~
I

4U

‘iso &6.i, ss oi 16.0. si.o, t6.~~ sb.~(LAPSED 111-IC 111511(01

PLOT OCT SF11/U 
‘ Fl I~f E~ ~

I
4
U

‘iso ii.cs u.o, ti es ass au 50.05
CLAP$CD-.111-If 11101*01

Fig. 43(a). Delta—T Plots for Target Reflectivity

238

_ __ __ __ __ __ __ _ _



I~~óELTR—T ITARGET-.GROUND)
POCUe’p7E~—T~T RUL. JUL 215

PLOT ad •isoit 
‘

~~

I ___________

‘iS~~~~~~~~~iZ0? iL~i SfO, ~~ .O5 $0.03
(151- DES 1&flC 1N0U 111

Pt sT Ic1 S1st/t J I’f:IU~ø%:(:~ PLD1 sn ;,so/1 J 
‘

: I~1 Jif~~: !:ft : il~ i~~: ~~
d

B B4U U
0

‘lw té.., s1.os *6.05 51.05 11.01 .1.u 4~ a.. *1... t6.w 56... .6... ~~~o,CLISPES TIM INSUISI CLA SSED 111-IC 111511101

Fig. 43(b), Delta—T Plots for Target Reflectivity

239

— - 
— A



DELTA—I I TARGET— GROUND)
PDAMETER—T~T RCIL. .1-UI LAM DAY—SO

£1.01 IC? S/lOTID~ [~: ~
B

iso i6.cs *1.oi 56.o, (1.0? 56.05 $0.00
CLASSED 1(1-IC 111511101

Z~ u ofI u,r,~j : PLOT OCT O/tO/lD J [‘I
I I
4 • 4
U U
0

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Fig. 43(c). De).ta—T Plots for Target Reflectivity

240



_ _

DELT A—I ( TARGET-GR OUND )
PARfV1ET~R—TOT RElL. JUL LAM DAY—ISO

PLOT OCT Si05FiS~( 11:
B
4 -U
U
‘U
a

I— —

5-

‘U0~•~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

\\N:~—.--~~~~
7

B _• —
~~~~~~~~~

--t
~
;--— .6.0, ti cs i&os

11-1011131

PLOT OCT OI$t/IDO ~ PLOT OCT 1/50/901 
‘ 

:

I4 4U U
0 0
‘U S.,
a

I-

‘Ip. p.

.50 10.Ot\.Ti~~O~ /  l
1
L?it 1-110~~~ 

~ ~ 
~ S r I ~~~~E S ~~~

’ 1 11511*11 ~~~~

Fig. 43(d). Delta—T Plots for Target Reflectivity

241

I
— -~~~~• -- --~~~~~~~~—~~ - • ~ ----—-•.



-•

DELTA—I (TAR GET—GROUND) ~~ J
PDAMET~~—T~T £111-Ill JULIAM 01W—IS

PI OT OCT .i ioit J 1’I J~ II~IJ1

‘4.is tl.oi 14.01 16.0? s6.ti 51~o. o6.o.ELAPS ED It AC IHSU &31

PLOT IC? 5/55/ 1 It : ~U ~~ ~

B
4 -

U
U

I ss~i~
a

Fig. 44(a). Delta—T Plots for Target Linsissivity

242



_ _ _ _  _ _ _ _ _ _ _ _ _ _

DELTA—I (TARGET—GR OUND)
P~~M~TER—T~T £1-iNtl JUL IAN DRY—I

PLOT OCT 0110/1 ‘1 
~~~B _ _ _ _ _ _

“Iso 16.0? 14.0? t1.O~ r6.o, ~~~~~~~~(LAPSED 1(1-IC 11151.511

PLOT OCT •Isu1 ’
~ 

‘ I iI~ IF: UI Pl Ot ACT •itoit j Fl: ~ 1I:U~
I p

4 4U
0 0
U, ‘U

‘i s o  tl.os 14.05 16.0, 1-1.05 ,l.0 SI... “Iso ib.cs ü.oi 16.05 eI.os ...os a..
(LAPSES StIlt 1-11011*11 ELAPSED Stil E 1-I10011I

Fig. 44(b), Delta-T Plots for Target Emmissivity

243



roELrR—T (TAR GET—GROUND)
PDA01iET~~—T0T EMIP JUL IAM DAY—SO

1-1.S1KT O/10/ID I 
‘ I’lB _ _ _ _ _

d

I

_

‘4.50 to.os u.~, tI.o, *a ~.0* t&0) se.os
CLASSED 111-IC 1113U011

PLOT 3d 0/51/ID ] It : ll~ 
‘
~~~: ~ i PLO? 3(1 .itoii~J 

‘ [‘
~ 1U ~~ f:?~: ~ i~J i: 

~~ W
d g

B
• 

•

(6.05 .i.o. so.os tso to.u 1~.os ts.o, .1.o, ii.o, .b.os
ELA PSED 111-IL 1-11311*01- CLASSE D TIM 111111111

Fig. 44(c). Delta—T Plots for Target Einmissivity

244



DE LT A— I (TARGET—GROUND )
P IETER—TQ~1 £111-Ill JUL LIM DAY—ISO

.41U
0

~t I

“Iso 16.05 ~~7r~ 1~~~ 12.00 t6.oo so.0s(LAPSED lUtE 1-11011*01-

~~~~ 
________ 

•

.S0 10.05 14.05 t1.O, I6.O, 00.05 S0.W ‘1.50 *0.05 i.0S 15.05 51.0! .6... io.,,CUSSES rIM 1-11111*11 CUSSES 111-IL 11011*01-

Fig. 44(d). Delta—T Plots for Target Emmissivity

245

-- - - --- - -~ 
_______



•1

OELrP —I (TARGET—GROUND ) 1
LM~~~~~

_ 1
~0T THZCE JUL IAI I OAY_I1

j

- 16.56 14.11 tI C, ..oo t6.o. io.uELAPSED 111-IC 111011*11

PLIT 3d *01$111 J

B
.4

‘lw .6... 1~i.os te a, tI.o, ii.os il .oELAPSES 111-IC (11511*01-

Fig, 45(a). Delta-T Plots for Target Thicknese

246

—



F —.-.---•——, - -——-
~~
,- ------—--— -

~~
-_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DELTA— I (TARGET —GROU ND )
PIIR0.IETER—TGT 1111CC JUL IRM DAY—I

SLO T 3d 10,10 ,1 ‘

r
4

B

B 
_____________________________________

“i so t6.os ~~~ iI.oi 12.01 t6.o~ so.os
CLASSED 1(1-IC IttOUII(

PLOT ACT tOi*!J~j  II 1~ ~~~ 

PLOT 3d 11,50,11 :

B I
.4 .4
1.1 U

0 0
‘U U,

D

‘i s o  16.0? 14.01 Ii 01 (5.05 01.0? so.os ‘Iso *6... a~.o, 16.01 19.01 11.0. ,6.os
CLASSES 1I~C 1-11-111111 (LAPSED 111-IC 1-11611*3 I

fig. 45(b). Do].ta-T Plots for Target Thicknesp

247
h_ i 

_ _ _ ________________ — a



I DELTA—I (TARGET—GROUND )
111-ICC JUL 1AM DRY—SO

PLOT od t0/E0lS~01 I’l I~ l~I~ ~
B

U

U
‘U

‘iSO 1.05 14.01 I I  st.o, tS.o. ~~ os
(LAP SED lint 111511*01

P$~.O T OCT t0/ItI~~ Ft : 
~~ 

PLOT 3d ~o,to,~o] ‘ I’i ~
B p
.4 .4
U U

0
‘U ‘UI,

‘iso 16.05 “—4505 il .o, 16.0? 13.05 SO.II 16.05 14.05 ii. ~~ 11.05 t6.sCUPPED TIM 11111*01 CLASSED 111-IC 111511 * 01

- 

Fig. 45(c). Delta—T Plots for Target Thickness

248
~~ _ •~~~~~~~~~~~~~ •. ~~~~~~~~~~~ •



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1 OELTR—T (TARGET—GROUND)
[PARPIIETER—TO1 TNICC JULIAII DRY—ISO

PLSI 3d toiiciii J~ 

~ 
f~

B

CL A SSES 1(1-IC 1-1-1-011*51-

PLOT 3(1 10/It Fl: ~~ 
PUT I aoant’s~

, ‘ 11 ~ 1~IiP: UI
B
.4 _
U U
0 0

too th.o, i.~oi C,.0, tl.os si.., w.os iso i6.so i~.o. tl.os tI.os tI.~ .I.so
CL555C0 (11-IC 1-11511*11 CLASSED 511-IL 1- 11611*11-

p
Fig. 45(d). 1)elta-T Plots for Target Thickness

249
I



- - - -_ _-,
~~~~~~~~~~~~~~~~~~~~

-
~~~~~~~~~~~~~~~

••_-•-- - _ -——— •__

/

DELTA—I (TAR GET—GROUND)
P~~~ETER—A.C. VCL. JUL IRM DAY—lB

PLOT OCT 1tIE0/ 1j

I

16.0? 14.0s 16.0? .i.o, 10.00 II OS
CLASSED II11C 1-lOUIS I

PLOT 3d 11/3511 It ~

“Iso .6... i4.o~ 16... t4.o, sI.~ isis(LAPSES 1I1-%C 1-11511 *01 -

Fig. 46(a), Delta-T Plots for A.C, Velocity

250

~~~•- ~
- —- • -  ~~~~~~- -~~~~- -~~~•-~~~- - - -•- _________________________________________

~~~

—-

~~

- - - -



_“

—  - 
-

DELTA— I (TARGET — GROUND )
PARR1-IETER—R.C. VCL . .1-ULIAM DAY—I

PLOT 3(1 11/50/1 ‘ I’, .i~ ~~~~~~I ~

‘4... 1 05 14.05 13.05 (2.03 05 .00
CLASSED 1(1-it 1116(1131

PLOT t i /st / I  J It ~f ~~~~~ PLOT 3d t i / to ll’] ‘

~~ 
ji ~~~~~~~~~

~ I ~Ig g

I p

•

_ _
tsQ 16.3! 14.05 ii.o, 1205 1-3.05 So.05 tso sI..os *1.0? *1.0. ,1.os ,1.o. sI.o.CLA SSED 111-iC 1-11011 *51- ELAPSED 1(1-IC Ill OilAl l

Fig. 46(b) . Delta—P Plots for A.C. Velocity

251 

- ~~~~~~~~~~~~~~~ • • • • •  - - -— --— - —-- - - - - -—---—•--—--—- ____



- - - — - -- - - -
~~~~~~~~~~

• --
~~~~

- ---- • . • • •
~~~~~~~~~~~~~~~

DELTA—I (TARGET—GROUND )
PDA~ 1ETER—4.C. MEL . JUL IAW CAY—SO

PLOT OCT ~i ,soi~o{

B I
g

B

‘iso 16.0. 14.05 16.C~ (2.05
(LAPSED rUs t 1- 11011 *31-

PLOT 11/Itt 

~~ 

PLOT 3(1 tLlt0lD~ [‘
~ ~ 

~~~~~~

p 1
-4 -4U U
0 0

too ib.o. IkO? 16.05 ik.e, .4.ii 0.c, 1l.oi l~k0I 16.~ sLos 11.o, sl.isCLAPPED 111-IC 111111*11 CLASSED 111-IC 111011*11

Fig. 46(c). Delta—T Plots for A.C, Velocity 
-

~~~~~~~~~~~

252



F ~~~~~~~~~~

- - -

~~

- - •  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
• • __ —---—-,

DELTA—I (TAR GET—GROUND) I
PM05IET~~—A.C. MEL . JUL IAM CAY_ 1S~j

SLiT 3C~ t I/flhtIj~ 
~~ 

[ 3
~I

g

B
.1

U
0
Na

too al... I~.o, tl.o~ ~.os .6.o. iI.cs
CLASSED 111-IC 111511*11

Pt.sr IC? 1t/if/tS J ? 
[I ~~ P1-Jr 3d [I

p V
.4 .4
U U
0

uP

~~~~~ 6.56 14.05~~~1 ~~~~~~~~~~ to.w 14.~~~~;:~~~~ a
CLASSES 111-IL 111011*51 CLASSED 111-IC 11011*51-

Fig, 46(d). Delta~T Plots for A .C, Velocity

253

~~~
• • 

- - 
~~~~~~~~~~~~~~~~~~~~~~~~



F— -• - - - --

~~~~~ 

-

~~~~~~~ 

_ __ __ _ __ __ _ _- -__
~~~
—

~~,

Appendix Z

S&apjs Target/Backgr~ounct Physical Characteri stics

Tabi. VI is a listing of sose of th. physical ohaze.cteristtos

of the targ ets and backgrounds used in this report • they axe fros

a variety of references, listed in the Bibliography. Figure 47,

taken froa McClatohey (Ref 29,75) shows the variation of the reflea—

tivitiss of sose natural objects in the range of .4 to 14 aicrons.
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Table VII

Sasple Target/Background Characteristic.

Characteristic Substance Value Referen ce

Reflectivity Soil Wet • 05 Ref 14.14
Soil Dry .16
Sand Vet .008
Sand Dry .08?
Terrain” .2 Ref 14,8

Oxidised Iron .1 Ref 27
Brown Paint .01
Olive Drabs Paint .06 — .07 U

(~ k Leaf . 1 - .45
Maple Leaf .1 — .4

(Albsdo) Grass .25 Ref 26,14

Diffusivity Soil Dry) .01 ft2
/~r(.15 aai2/iui1~ ) Ref 16s591i

Soil Wet ) .0031 as /..c(.186 as /ain) Ref 28,143
Soil Mg) ,OO~6 ca2Jeea(.276 a 2/sin) Ref 21.497
Soil Sandy ,Dry) .002 caZ(s.c(.12 oa2/Rin)
Soil ~~ 020) .0033 ca’/.eø(.198 cs’/sin) a
Soil map) .005 ca2leeo(.3 oi2/.in) Ref 28.143
Sandstone .0113 oa~Jsec(.678 qa2/ain) a

ii .011 ca2fsec(.66 oa~/ain) Ref 21,497
.OtI.5 ft2/hr(.7 ca2jsin) Ref 15.508

Li sstons .017 ft2/hr(.26 ca’/sin) Ref i6s59~i.
a oo’~’ o12/seo(.42 o*’/sin) Ref 21.497
a .0081 op~/eec .419 cr~/ain Ref 28,143

Rock(Avg) .0118 0.2/sea .71 cs2/.in Ref 21,497
Rook .0118 cs2Jseo .71 ~a2/ain Ref 28,143
Snow .005 aa21.sc(.3 ci /a~n) Ref 21,497
Snow(fr.ah) .0033 cit’~ssc(,198 a. %.in) Ref 28,143
Wat er .00144 C! J.ec(.o84 aa’/ain) Ref 21,497
los .0115 ci f..c(.68 ea2/ain) -
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