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Definition of Terms

Intensity of atmospheric radiation on a horizontal surface, 

Btu/sq ft hr.

Active area of roof, under which fluid is flowing, sq ft.

Total roof area, sq ft.

Specific heat of circulating fluid, Btu/lb °F.

Heat capacity of one lb of dry air and the moisture it contains, 
Btu/(°F)(lb dry air).

Collector (roof) plate efficiency factor; FRw' efficiency factor 

for a wet roof.

Flow rate of circulating fluid per unit area of active roof, 

Ib/sq ft hr.

Absolute humidity, Ib^t^/lb^y aj_r; Ha, of ambient air;

Hjjj, of saturated air at the outside metal temperature.

Heat transfer coefficient, Btu/sq ft hr °F; hc^, inside 

convective coefficient; hc0, outside convective coefficient; 

h0, combined outside convective and radiative coefficient for



a dry roof; h^, combined outside convective and radiative 
coefficient for a wet roof; and hr, equivalent radiative heat 
transfer coefficient.

Enthalpy of air, Btu/lb^y a^r; ia, of ambient or outdoor air; 

and of saturated air at the outside metal temperature.

Mass transfer coefficient, lb/(hr)(sq ft)(unit AH).

Hiermal conductivity of fin material, Btu/ft hr °F.

Length of flow channel in roof, ft.

Fin length fran root to center, ft.

Term appearing in fin effectiveness equation, ft

Flow rate of circulating fluids, Ib/hr.

Number of transfer units.

Rate of heat transfer, Btu/hr ft.

Heat transfer rate per unit roof area, Btu/sq ft hr; qA, total



solar radiation heat absorption rate; qs, incident solar radiation 

on roof; qu, useful heat absorption or rejection rate.

Net radiation from a thermally black, horizontal plane at air 
temperature to the sky, Btu/sq ft hr.

Bond resistance, °F sq ft hr/Btu.

Combined inside fin and bond resistance, ft hr °F/Btu.

Fin resistance, °F sq ft hr/Btu; Rq, of fin Yj_; Rfj, 

of fin Y-j; Rf2j.f of inside fin Y£; Rf2o' ootsi^6 fin Y2; 
of inside fin; Rf0, of outside fin.

Combined outside fin resistance, ft hr °F/Btu.

Net radiation from a thermally black, horizontal plane at the 
wet-bulb air tenperature to the sky, Btu/sq ft hr.

Slope of a chord on an enthalpy-tenperature diagram for air,
Btu/°F Ib^ air*

Absolute tenperature, °R; Ta, of air; Ts, effective black-body 

sky tenperature.
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t Temperature, °F; ta, of ambient or outside air; te, effective

or sol-air tenperature; t^, effective or sol-air temperature 
for a wet surface; t^, of fluid; t^, of entering fluid; 

tf2r of exiting fluid; tf, mean fluid tenperature; tjjj, of 
metal surface; t^, of outside metal; t^, of inside metal;

mean metal tenperature; ts, effective sky temperature; 
wet-bulb air tenperature.

U Overall heat transfer coefficient, Btu/sq ft hr °F; UL, overall

heat loss coefficient for roof; U0, overall heat transfer 

coefficient from the fluid to outside.

W Width of roof, ft.

xe Equivalent fin length for evaluating fin resistance, ft.

Y Roof section corresponding to a fin length, ft; Y^, y2 and Y3,
outside, bond area, and inside sections, respectively.

Overall absorptivity of roof for solar radiation.

A Difference, or error.

V



Fin thickness, ft

Emissivity of roof surface.

Emissivity of atmosphere.

Emissivity of water.

Heat exchanger effectiveness.

Heat exchanger effectiveness of wet roof.

Fin effectiveness.

Solar collector efficiency.

Stefan-Boltzmann constant, Btu/(sq ft)(hr)(°R)
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Conversion to SI Units

Btu/lb x 2.326 x 10^................ j/kg

Btu/lb °F x 4.187 x 103 ............ J/kgK

Btu/ft hr x 8.933 x 10-2 ............J/ms
Btu/sq ft hr x 3.155................J/nr^s

Btu/ft hr °F x 1.731................j/msK
Btu/sq ft hr °F x 5.678 ............ J/n^sK

Ib/hr x 1.26 x lO-4................ kg/s

Ib/sq ft hr x 1.356 x 10-3 .......... kg/ir^s

ft x 0.3048 ........................ ...
sq ft x 9.29 x 10-2................ m2
(°F - 32) t 1.8.................... °C
°R f 1.8............................ k



Residential Cooling by Nocturnal Radiation

ABSTRACT

As part of the U.S. Department of Energy's Passive Cooling program, data 

were collected from an adobe building in Tucson with a metal roof to evaluate 
residential cooling by nocturnal radiation. Experimental results were 
correlated by an equation similar to that used to describe solar collector 
performance, relating the heat rejection rate , to the net radiation term

(R), the inlet fluid (tg^) and ambient air tenperature (ta), using a plate 
efficiency factor (FR) and heat loss coefficient (Ul):

" qu = FR[eR + ^(tg^)]

Cooling by nocturnal radiation alone was found to be inadequate during peak 
sunmer cooling periods. The results were extrapolated to the case of 
evaporative cooling using a wetted roof; heat rejection from the wet roof 

appears adequate for residential cooling in a hot, arid climate.
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Introduction

Curing 1981 and 1982 a passive cooling experimental facility for a hot, 
arid climate was constructed at the Environmental Research Laboratory in Tucson, 
Arizona as part of the U.S. Department of Energy's Passive Cooling Program. 
Intended to advance the state of the art of passive and hybrid cooling to a 

level approaching that of passive solar heating, the facility was designed to 
test a number of passive cooling strategies appropriate to hot, arid climates in 
a relatively short time frame. Three test structures and a data aquisition 

building were constructed, each representing different construction techniques 

and cooling strategies. One of the test structures, constructed of adobe with a 

metal roof, was used to evaluate residential cooling by nocturnal radiation.

The effective tenperature of a clear night sky is generally lower than the 

temperature of the air at the earth's surface. This allows a surface, such as a 

roof, to be cooled at night by radiation to the sky. To cool a building, a 

fluid such as air is passed through or under the roof at night, cooled, and 
circulated either through the building to reduce the temperature of the mass of 

the structure, or through seme thermal storage medium, such as a rock bed, which 

can be used to cool the building during the day.

Water was circulated through the roof of the experimental Solar Energy 
Laboratory (1) at the University of Arizona in the early 1960's for both 

nocturnal cooling in sunmer and solar heating in winter. The water was stored 
in an insulated, two-compartment tank, and circulated through the ceiling of the 
building to control its temperature; a heat pump regulated the tenperature of 

the storage tank compartments to assist the solar heating/nocturnal cooling by
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the roof. While technically and operationally successful, the Solar Energy 

Laboratory was not regarded as economically practicable by the designer.

Ihe test structure used in this program consisted of a metal roof 
containing channels for air circulation, and interior and exterior adobe walls 
for thermal storage. The building, shown in Figure 1, is fairly typical of 

soutnwestern adobe architecture, and incorporates only materials and components 
readily available to builders, without elaborate controls relative to the 
interior comfort of the structure. As an experimental structure, it was 
thoroughly instrumented with sensors to determine the comfort parameters, as 

well as energy exchange and storage. The radiative cooling function of the 
building was only one of many of the experimental features, and neither the 
roof, blower, or internal mass were optimized in the building design; rather, 
commercially available components and traditional construction techniques were 
utilized. The roof decking material, for example, was selected as a compromise 

based on a cursory study of the heat transfer characteristics of commercially 
available designs.

A thorough study of the building performance will require at least an 
additional year of data collection; however, the performance of the roof for 

nocturnal cooling can be characterized based on a limited amount of data, 

collected in the fall of 1982. Later experimentation with the roof will include 

evaporative, as well as radiative, cooling, by wetting the roof with a water 

spray. Since the heat transfer analysis of the dry roof extends naturally to 

the wet roof case, projections of the performance of a wet roof are included 

although data has not been collected in this operational mode.
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Hie performance of the roof for nocturnal cooling can be adequately 

predicted by the approach normally used with flat-plate solar collectors.

Cooling of the building by nocturnal radiation appears marginal, at best, while 
evaporative cooling by a wet roof seems very premising.

Description of Test Structure

The experimental structure, shown in Figures 1 and 2, was built of 16" 
thick asphalt anulsion stabilized adobe. The structure, similar in plan to a 
house, was designed based on a low cost solar home originally developed for the 
Navajo Indians in Northern Arizona. That project was intended to meet the 
requirements of the U.S. Department of Housing and Urban Development (HUD) while 

also meeting the needs of the Navajos for a solar heated heme. The house was 
about 1000 square feet with three bedrooms, a bathroom, and a combination living 
room, dining room and kitchen.

In the test structure, one bedroom was converted to a "family roan" 
adjacent to the living room so an exit could be provided on the north side. 
Because it was used only for testing, the kitchen and bathroom were only 

partially installed. The floor plan for the test structure is shown in Figure

3.

The adobe walls and bond beam were nine feet high throughout the structure. 
The metal roof structural and duct systan are attached to the top of the walls 

creating an average ceiling height of approximately 10'.
The structure contained one interior duct from the solar/screen porch over 

the kitchen cabinets and into the hallway, as shown in Figure 4. Air





Figure 3. Floor plan.
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distribution ducts for the roof are located at ceiling height on the north and 

soutn sides of the building. Transoms are installed at ceiling height over the 

central walls.
Passive cooling strategies which may be tested in the structure include 

nocturnal radiation, evaporation, earth contact, ventilation and the combination 

of high mass and low mass effects. While only the system for nocturnal 
radiation will be described here, the building can be modified for wetting the 

roof to test evaporative cooling using the roof.
For cooling by nocturnal radiation air is blown from inside the structure 

through channels in the roof and returned to the building interior. As the air 
passes through the roof, it is cooled by the radiation of heat to the night sky.

Essential to proper air distribution through the roof was a plenum, shown 

in Figures 5 and 6, which was also used as the major structural support for the 
roof, and was constructed using galvanized steel formed into a "hat" section. 

Steel beams and joists attached to the plenum were used to support both the 

corrugated roof decking and the insulation and ceiling below.
The top of the plenum was bolted to the bond beam running along the top of 

the adobe wall, and opened onto the bottom of the roof channels.
A flat shed roof using standard steel roof decking (Roll Form Products, 

Inc., Boston, MA, type RFC 1-1/2, 24", 16/16, G-60, galvanized) shown in Figures 

7 and 8 was selected for the roof. It has 1-1/2" deep x approx. 4" wide 
trapezoidal channels, spaced 6" between centers, through which the air can flow. 
The size of the channels was selected to provide a velocity giving an interior 
heat transfer coefficient of 2-3 Btu/(sq ft)(hr)(°F) at a reasonable pressure
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Figure 5. Air distribution plenum, shown during construction.
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Figure 6. Air entries from plenum into radiating roof.
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drop (0.4-0.5 in. water gauge) and blower power requirement.
Hie steel decking was made with two pieces, one corrugated and the other 

flat, which are spot welded together. Normally, the corrugated side would face 

up, but in this case, the flat side was installed facing up to provide a better 

surface for nocturnal radiation or wetting.
Because the flat side was installed exposed to the weather, waterproofing 

was somewhat more critical than it would otherwise have been. A high grade 

polyurethane caulking was used between the panels and the roof was painted 

white.
A3" diameter hole was drilled into each corrugation above the plenum to 

provide for air flow through the roof, as shown in Figure 6. Rectangular 
openings were cut into both the inside and outside of the metal duct for 
insertion of aluminum louvers. Hie louvers are return air grilles ("FRA-FF" 

louvers) with a 1", space provided for a removable filter, or a 1" board of 
insulation if the grilles are closed. This makes it possible to either blow air 

into the structure or exhaust it to the outside. Air is blown through the roof 

with a 2000 cfm, 1/2 hp blower (Lau Industries, Div. of Philips Industries,

Model FOP 15-90*7, Dayton, Ohio).

Below the metal roof, 8" of fiberglass batt insulation was installed and 

covered with a conventional drywall ceiling.
Hie roof was relatively expensive to build, costing about $9-10,000 in 

materials. However, a mass-production scheme could be devised in order to 

reduce material and labor costs.
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Convective and Radiative Cooling
The analysis of a roof for cooling by radiation to the sky at night can be 

approached in the same manner as a flat-plate solar collector; at night the 

solar input term becomes zero. Most solar collectors can be described by an 

equation in the form (1), (2):

% = fR^ “ eR " ^fl " *3) ] (1)

where qu is the average useful heat collection rate, Btu/(sq ft)(hr); FR is 

the collector plate efficiency factor; qA is the total solar radiation 
absorption rate; e is the average emissivity of the surface for long-wave 
radiation; R is the net radiation fron a thermally black horizontal plane at air 

temperature to tne sxy, Btu/(sq ft)(hr); UL is the overall heat loss 
coefficient for the collector, Btu/(sq ft)(hr)(°F); t^ is the temperature 

of fluid entering the collector, °F; and ta is the outdoor air temperature.

If qA = aqg, where a is the overall absorptivity of the collector plate 

for solar radiation, and qs is the total incident solar radiation on the 
collector, the efficiency of the collector (ns) for solar energy collection is 

generally written:

ns = q^/% = FR{a - [£R + UL(tfl - t^j/q^

and correlations are often obtained by plotting ris vs. (t^ - ta)/qg, 

with eR/qs often assumed to be negligible. Since eR/qg is generally 

one-tenth or less of ns, this is usually regarded as acceptable for most 

applications. In this application, the primary concern is the long-wave

(2)
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diation term R, with qA = 0, in which case an efficiency term relating to 

e heat rejection rate from the collector (radiator) can be used to advantage:

Vr = - Fr[ e + UL(tfl - ta)/R] (3)

- qy/R can be expected to yield a straight line when plotted against 

- ta)/Rf with an intercept of FRe and a slope of fRuL*
Expressions for the terms in equations 1-3 can be derived for simple roof 

metrics in a straightforward manner using the "sol-air" temperature approach 

scribed in the ASHRAE handbook (3), where the sol-air temperature, te is 
lined as:

fce — t (*3a ~ ^)/h0J ^a

:re hQ is the combined convective and radiative heat transfer coefficient 

0 + ehr), between the roof, or metal (t^), surface and the ambient air 
sky (3). For example, if ts is the effective black-body sky temperature, 

al to (A/a) -1-/4 - 460, °F, where A is the intensity of atmospheric

iation, Btu/(sq ft)(hr), sometimes written as eaaTa4, with Ta the 

olute air temperature, °R, ea the emissivity of the atmosphere, and a the 
fan-Boltzmann constant, Btu/(sq ft)(hr)(°R)4; then te can be deduced 

m a balance around the surface, as:

^A + ^co^a - + e^r^s W ~ ^co + £^r^ ^e “ ^ (5)
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since R = hr(ta - ts)
= (<3^ + hcc^a + e^rts^// +

= [(^A " eR)/ho^ + ta (4)

Using the sol-air temperature, te, and U0, the overall heat transfer 
coefficient fron the fluid to the outside, Btu/(sq ft)(hr)(°F), then a heat 

balance around a differential element of length, dL, is given by:

nifCpfdtf/dL = U0W(te - tf) (6)

where W is the width of roof, ft. This assumes that the heat flow downward from 

the roof into the house can be neglected. Equation 6 can be integrated to give

ln[(tf2 - tgJ/Ctf! - te)] = - UgWI/mfCpf (7)

note that WL = A^, the area of the roof under which the fluid is flowing, sq 

ft, and m^/Af = G, lb/(sq ft) (hr). The number of transfer units for the 

roof, IL, when viewed as a heat exchanger is:

Nt = U^GCpf (8)

and the heat exchanger effectiveness ex (4), of the roof is:

TC = (tf2 - tfi)/(tg - tf]_) = 1 - EXP(-Nt) (9)
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which agrees with textbook definitions for ex if the atmosphere is viewed as a 

fluid stream of infinite heat capacity (4). Also, the integrated average fluid 
temperature along the roof can be found as:

tf = tfl + -tfi) [ (1AX) - d/Nt) ] (10)

tf is used in confuting the average outside roof temperature, t^, which 
is required to determine the outside radiative coefficient, hr.

tm - (Uq/^o)^f - ^ + te

Determination of and hr is an iterative process. The average heat 

collection rate, qu, is fron equation 9;

% = Gcpf (fcf2 " ^l) = GcpfGX(te " ^l)
- ^-pf^x (((^A -£^)/)1o) + ta ~

= (ly'ho) (GCpf/Uo) [1 - EXP(-Nt)]{qA - eR - - ta)}
qu = (0^) (l/Nf) [1 - EXP(-Nt)]{qA - zR - - ta)} (12)

Conparing this with equation 1

Fr = (Vh0) (1/Nt) [1 - EXP(-Nt)] (13)
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^ uL=ho=hco +ehr (14)

Evaporative and Radiative Cooling
In many dry locations where nocturnal radiation can be used for cooling, 

evaporative cooling provided by a film of water on the roof can also be used to 

sane advantage.
The sol-air temperature method, modified to allow for evaporation fron the 

surface, is again useful. An energy balance at the wet metal surface is given 

by:

+ ^co^a ^ + ^co ^ (Ha ^ + ew^1r^ts ^ow^ew “

vdnere kco is the mass transfer coefficient, lb/(sq. ft.) (hr) (unit AIJ); X is the 
heat of vaporization of water, Btu/lb; Ha is the humidity of the outside air, 

IbwaterZ-^air' ^ is the humidity of air at the water surface, or the 

humidity of saturated air at t^; ew is the emissivity of water; h^ is the 
conbined heat transfer coefficient at the wet outside surface, and is the 
sol-air tanperature for a wet surface, °F. The Lewis relation (3), conmonly 

used in cooling tower analysis, is often written:

kco = hco//cs (16)

v±iere cs is the specific heat of moist air, Btu/(lb air)(°F).



20

The convective mass and heat transfer terms in equation 15 can be written:

^co^a ~ W + ^cox^Ha ~ = (cs^co^ ^a ~ ^m^ + ^cox^a ~ ^m^

while the enthalpy difference between the ambient air and air at the wet 

interface is

*a “ *ra = “s'ta ' V + x(Ha " Hn.) (18)

where i is enthalpy, Btu/lb air

then: ^co^a ~ ^ + lccox ^Ha “ ^ = ^co^a “

At a given wet-bulb air temperature, the enthalpy can be considered 

approximately constant. If s = (ia - i^At^ - tj , (=di/dt), where s 
is the slope of a chord on an enthalpy-temperature diagram for air, then 

equation 17 becomes

^co^a ” ^ + ^cox (Ha ” ^ = ^cos/cs^ ^b “ W (20)

where t^ is the wet-bulb temperature of the ambient air, °F.
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Equation 15 can now be written as:

+ ^co^a “ ^ + ^coA^Ha “ ^ + ~ W =
+ ^co s/cs> “ W + ew^r^ts ” ^ =

^A + [ (hQQS/Cg) + e^hj.] (t^ - t^) - ^v^r^b ~

If ^ = hj-Ct^b - ts), the net radiation from a thermally black 
horizontal plane at the wet-bulb air temperature to the sky, then

t ^cos/cs^ + Gw^r^ ^ (^A -e:w^w^/^^cos/cs^ + ew^r-l + ^b ~ ^m^

^cw^ew ” W (22)

Ihen the sol-air teirperature for a wet surface is:

^ew “ (“ ewRw^/( (^cos/cs^ + ew^r^ + ^vb (23)

with the combined outside heat transfer coefficient given by:

^ow ~ ((^coS/,,cs^ + Ew^r-I (2^)

Derivation of the overall performance equation for a wet roof parallels 

that of the dry roof, with t^ replacing te, h^ replacing h0, t^ 

replacing ta, and replacing eR. The heat exchanger effectiveness for 
the wet roof is given by
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exw = (tf2 - - tf!) = l-EXPl-N^) (25)

where U0 in is evaluated with hg^ replacing h0. Note that if 

qA - = Or t^ = t^, then becomes the evaporative cooler
effectiveness (5), with the moisture content of the fluid stream unchanged.

For the wet roof, the overall performance equation corresponding to 

equation 1 for the dry roof becomes:

c3uw ^Rw^ SA* - ^ow^fl ^b^ (26)

where h^ is given by equation (24) and frw by

FEW = (DoAw) [1 - EXPI-Nt,,) J (27)

In comparing the wet roof with the dry roof, tf^ - t^ is usually 

greater than tf^ - ta, h^ is larger than h0; however, is less
than e R; the net results are generally that a wet roof can reject heat 
considerably more effectively than a dry roof.

One word of caution in using the expressions for a wet roof: the s term in 

hg^ changes rapidly with temperature, and must be evaluated carefully to 
determine s, fron:

bm = (tWtW (tf - tW + (28)
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Hie use of enthalpy for treating combined heat and mass transfer from the 
roof can result in minor errors. The use of a "transfer function" as described 

in the literature (8) is more accurate, but is rarely used. Considering the 

many years of engineering design experience with the use of the enthalpy 
potential in cooling tower design, its use is justified here.

Non-linearity of the enthalpy-temperature curve can also result in small 
inaccuracies when the equations presented here are used. However, in the 
temperature range normally encountered in residential cooling, the error will 

normally not exceed 5%.

Overall Heat Transfer Coefficient
Equations 1-28 apply to flat, horizontal roofs regardless of the fluid 

used, whether air or water, or the internal construction, whether tubes or air 

ducts. In determining the overall heat transfer coefficient, U0, from the 
fluid to the outside, the construction of the experimental roof, shown in Figure 

8, must be considered, and the heat transfer coefficients must be evaluated for 

air flowing in the channels.
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Referring to Figure 8, the fluid being cooled by nocturnal radiation (air) 
flows in the closed trapezoidal sections, with the flat surface of the roof 
decking exposed to the night sky. The interior convective coefficient can be 
evaluated without difficulty, using the hydraulic diameter of the trapezoidal 

channel = 4 x cross-section area r perimeter, here ~ 2.2", and widely available 
heat transfer correlations in the literature (4), (14).

Considerably more uncertainty is involved in the evaluation of the 

convective heat transfer coefficient at the outside surface of the roof. In 

this work, the equation used was h^ = 0.7 + 0.28VW, for air flow over 

smooth surfaces (6), where Vw is the wind velocity, miles/hr. In these 

experiments the wind velocity was measured upstream, and on the plane, of the 

roof. Recent correlations (7), considering the effect of orientation and eaves 

on the heat transfer coefficient, do not extend to the large Reynold's numbers 
encountered here.

The roof section shown in Figure 8 consists of two sheets of 16 gage 
galvanized steel, spot welded. Referring to Figure 9, appreciable bond 

resistance to heat transfer can be expected in the area designated Y2, 
canplicated by the presence of two sheets of metal which are essentially fins. 

For analytical purposes, one-half of a flow channel can be considered to be 

corrposed of four "fins." When fins extend from wall to wall, the effective fin 
length is half the wall spacing (4), hence the choice of one-half of a channel 

for analysis. The four fins consist of exchanging heat with the internal 

air stream and the bond area while being insulated underneath; Y3 exchanging 
heat with both the internal air stream, the outside atmosphere, as well as the 

bond area; and the upper and lower Y2 sections, sandwiching the bond.
The effectiveness of thin sheet fins of constant conduction cross-section 

is given by (4):



Bond
area Y 2 ^ ->■

Figure 9. Cross-section of roof channel showing equivalent fin sections
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nf = (tanh nut)/nt£ (29)

where m = ^ 2*1/1^ 6 (30)

when heat transfer occurs on both sides of the fin with the convective 
coefficient on both sides equal to h. 5 is the fin thickness, ft., i is the fin 
length, ft., and 1^ is the thermal conductivity of the metal fin, Btu/ft hr 
°F. If heat transfer occurs only one side of the fin; e.g., section Y-^,

Figure 9, then m h/km'S. With the air flow rates included in this work, 

for was in the range 0.69 to 0.77, so the fin effectiveness cannot be

neglected.

The fin effectiveness term is difficult to apply to section because of 
the bond resistance; to avoid a lengthy analytical or finite difference solution 

of this geometry, the fin resistance can be used instead of the fin 

effectiveness. Consider a fin of unit width, insulated on one side; heat 

transfer into the base of the fin using the fin effectiveness is

Q = hiinfAt (31)

where At is the temperature difference between the fluid surrounding the fin and

the base of the fin.
Using the fin resistance (Rg), expression 31 becones



27

Q = [l/CRf/S) + (1/hi)] At (32)

where Rg = Xg/1^. By algebraic manipulation of equations 29-32 it 
may be danonstrated that

Xg/2- = (l/m<i)2[ (mi/tanh mi) - 1] (33)

as shown in Table I, Xg/i is fairly stable for low values of mi, with 
Xg/i ~ 1/3.

Table I
Equivalent Fin Length

mi
for Evaluating Fin Resistance 

XgA
0.1 1/3

0.4 0.33

0.8 0.32

1.0 0.31

1.5 0.29
In this work, mi for the fins in section Y2 was less than 0.8, hence 

Xg/i ~ 1/3 is a good approximation, for the longer fin Y^, mi was as high as 

1.2, giving Xg/i =0.3, which would give about a 10% error if Xg/i = 1/3 was 

assumed. In the case of sections Y^ and Y3 the heat transfer coefficients 
are known, so either the fin resistance or fin effectiveness can be used; to be 

consistent, the fin resistance term is used in the equations which follow.

For the composite fin in section Y2, if Rf0 is the fin resistance of
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the outer fin, and the resistance of the inner fin, in this instance both 
values of Rg are approximately (1/3) • If t^ is the temperature

at the base of the outer fin, where joins Y3, and t^ the temperature 

of the base of the inner fin, where ¥3 joins Y^, then the heat flow from the 
top of the bond section Y-^ is:

hoYjjls/RfoHttto - te) + (VHRfiA) + ‘ V)
Q = ___________________________________________________________ (34)

(6/Rfo) + (l/td^i/s) + (VY2^} + hoY2

where is the bond resistance between the two metal sheets, ft^hr°F/Btu. 

Fron experimental data, the bond resistance was found to be approximately 
0.08 (ft^)(hr)(°F)/Btu. To appreciate the relative influences of the 

tenperatures of the fin bases, equation 34 evaluated for the dry roof is:

Q = h^tO.S^tjro - te) + 0.09(1— - te)j (34)

If t^ = t—; Q = h0Y2[0.98(1^ - te) ]; the usual fin effectiveness 

approach gives n£ = 0.977 for 16 and nf = 0.98 for 26.
Now, if Rq is resistance of the fin Y^, ^3 the resistance of the 

section Y3, Rf2i resistance of the inner fin for section Y2, and 
Rf2o the resistance for the outer fin of Y2, let

(Rt/Y2) + (^/S) + (Rfi/s) = (35)
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and (R^q/S) + (Rf3/5) = R^q

then tne overall coefficient, based on the outside area Y2 + Y3 is:



oCO

( Wt) +
I + \ 3A°q + ^ j°?H

(eAT°q/l) + T3qH

^A°M +

+ (T0q + °q)£A

(9E)V°M +

(eAT°q/l) + T3qa

I + \2A°q +0^

ZK<\+ £A°q

tl + (T°M + Oq)eA0?H]
+ \2A°q

[I + (T°q + °M)£A0?H]

(£atom/i)+(eA + ZK)
= o,n

ii
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This expression is simplified if it is assumed that there is no heat 

transfer fron the section Y3 into the bond area Y2, i.e. RfQ ”, then, 

with an error of 1 to 3%:

uo =
(Y2 + y3) Rbfi + d/hciYi) + d/h0Y2) (l/h0) + (l/hci)

(37)

Results
Collection of data from the roof began in April 1982, however, the building 

was not operated in an experimental mode compatable with nocturnal cooling until 

late summer, and clear-sky data analysis from the roof has been restricted to 
September 18 and 19, 1982 for the design air-flow throughout the roof, nominally 

2000 CM, and October 9-12, 1982 for a reduced low-speed air flow of 

approximately 1400 CM.
More desirable would have been collection of data during the entire cooling 

season with a suitable cooling load in the building; hopefully, such experiments 

can be performed in the future.
From the outset of the program, there was some confidence that the 

performance of the roof could be predicted from past experiments (1) and 

conventional heat transfer correlations in the literature. Based on experience 

with other programs involving humidification and dehumidification of air (8), 
the results of these experiments were extrapolated to the case of a wetted roof. 

The wetted roof presents special problems in practice involving water
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distribution, recirculation, scaling and corrosion, which must be addressed in 
sane future program; however, because of its obvious attractiveness in a desert 
climate, the calculated heat rejection rates fron a wet roof are presented here, 

along with the dry roof correlations and data.
Raw data including atmospheric (long-wave) radiation, dry and wet bulb 

ambient temperatures, air tenperatures associated with the roof, and wind 
velocity and direction are presented in Appendix I.

Temperatures were measured with copper-constantan thermocouples, 
atmospheric radiation with a pyrgeometer (9), and wind velocity with a Gill 

propeller vane (10) anemometer. The data were collected every ten minutes, and 
averaged for hourly values. A serious defect of the data collection system was 

the wind velocity measurement, which averaged 6 instantaneous values each hour 
to give a single average value for wind velocity. Since wind velocity can vary 

widely and erratically, such a measurement is a poor indication of the true 
average. A device giving an integrated average velocity would have been much 
better. The poor wind velocity measurements undoubtedly contributed to scatter 

in the experimental correlations.
With regard to atmospheric radiation, a recent paper by Berdahl and 

Fromberg (11) describes in detail the theory and history of such measurements. 
When the measurements of Appendix I for clear night skies were converted to 

emissivity values, experimental values agreed with Berdahl and Fromberg1s 
equation (ea = 0.754 + 0.058 x dew point tenperature, °C) using their 

standard error of estimate (0.033) at a 95% confidence level. Dr. Sellers'
equation (12) (ea = 0.605 + 0.048/vap. press H20,mb) was nearer the
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experimental values for the September 18-19 data, with Berdahl and Fronbergs' 

values being high by =. 0.03 as shown in Figure 10. In the October 9-12 data, 

Sellers', and Berdahl and Frombergs1 equations gave essentially the same 
results, being slightly high by 0.01. Berdahl and Frombergs1 paper further 
presents the correlations of other investigators, in addition to their own and 

Dr. Sellers'. Hence, it may be possible to obtain fairly good estimates of 
clear sky atmospheric radiation from weather bureau data in the absence of 

experimental pyrgeometer data.
It should be mentioned that a seemingly small error in ea can result in a 

surprising large error in the net radiation term R. Since 
R = (1 - ea)aTa4, if the error in ea is Aea, the percent error in R is 

100 x - ea). For example, if ea = 0.8 and Aea = 0.02 the error

is 10%.
In the experimental house, air was blown fron the interior into a 

distribution duct, through 88 three inch diameter holes into the roof decking 
channel, through the roof, and returned to the house through 3" exit holes, a 
second distribution duct, and return air grilles. Ihe 1/2 hp blower (13) used 

for air circulation was nominally rated at 2000 CEM; the blower was equipped 
with a two-speed motor and provided approximately 1400 CFM at its lower speed. 

Actual flow rates were measured with a Pitot tube using the ASHRAE traverse 
method (3) and were determined to be 2090 CM (8580 Ib/hr) and 1390 CM 

(5740 Ib/hr). Corresponding velocities in the roof channels were 560 and 370 
FPM, which produced interior, air-side heat transfer coefficients of 2.8 and 
1.8 Btu/(sq ft)(hr)(°F) when conputed using heat transfer correlations in the 

literature (14).
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Figure 10. Conparison of conputed and experimental sky emissivities
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Air tenperatures were measured at the channel inlets and outlet grilles at 

the east, middle, and west portions of the roof, to obtain the heat rejection 

rates.
Measurements of the air velocities at the seven outlet grilles indicated 

some maldistribution of air flow through the roof, as shown in Table II. The 
center portion of the roof has the greatest air velocity through it, 
approximately 16% above average. The west air flow measurement (grille no. 2) 
was nearly equal to the true average, and tenperature measurements associated 

with this section were used to calculate the heat rejection rate, and for other 
correlations of the data. Graphs based on the arithmetic average and a weighted 

average of tenperatures are also presented in Appendix II.

Table II
Distribution of air flow through outlet grilles

Grille No.

1
2

3
4

5
6 
7

Note: Grilles are equally spaced at

Percent of total air flow

14.07 
14.24 

13.90 
16.64 

12.06 
14.13 

14.96
numbered from the west. Outlet

4 (center), and 6 (east). Thethermocouples were located at grilles 2 (west) 
ideal average flow should be 100/7 = 14.29%.

5.7
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The roof design of the experimental house had eaves overhanging the north 
and soutn ends; the total N-S length of the roof was 30-2/31, while the length 
of the air-flow channel was 25-1/3 ft, giving an effective "active" area of 83% 
of the total roof area. The total roof area was used as a basis for all 
confutations, so all analytical values of heat rejection rates computed fron the 
equations presented earlier are nultiplied by 0.83. Conduction fron the 

inactive roof area (eaves) to the active area was considered by treating these 

areas as large fins; offsetting this was the masking of the roof areas where 
thick polyurethane caulking was used to waterproof joints in the roof decking. 

These effects roughly cancelled each other, so that a constant value of 0.83 was 
used for the roof area ratio.

Figure 11 is a plot of - qu/R vs (t^ - ta)/R for the night data fron 

the test periods, where qu = mj Cpf (tf2 - t^J/Aj., with Aj. the 
total roof area. The solid lines are the results of analytical confutations 

based on the average conditions during the test periods. The emissivity of the 
roof was taken as 0.95 (15), typical for the white paint used for the roof. 

Confuted values for the overall heat transfer coefficients and the collector 
efficiency factors were: UQ = 1.4, FR = 0.40 at the higher air flow rate 

and U0 = 1.2, FR= 0 .33, at the lower air flow. As previously explained, 
only 83% of the roof was "active". The heat exchanger effectiveness of the roof 
for the two air flows was 0.54 at the higher air flow and 0.62 at the lower 
flow.

An alternate method of correlating the roof data would be to plot

(tfl " fcf2^/(fca " ts) a9ainst (tfl - ta)/(ta - ts), where ts
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is the effective black body sky tanperature, from an algebraic rearrangement of 

equation 9. Results of this type of analysis are shown in Figure 12. The 

scatter in Figure 12 is probably due to fluctuations in h^, which is strongly 
influenced by wind velocity and direction, as well as gusts of wind.

Figure 13 is a plot of experimental values of qu against computed values; 

where averaged values of wind velocity and temperature dependent parameters were 
used to compute the lines in Figure 11, actual measured values for each point 
were used in preparing Figure 13. Computed values of qu appear slightly high 
at the higher values for qu, and low on the low end of the scale. The values 
of the heat rejection rate are not particularly impressive, less than 20 
Btu/(sq ft)(hr); however, the data were not collected during the maximum cooling 

period, and there was no cooling load in the building to provide a high 
temperature difference for heat rejection. To completely characterize the 

performance of the test roof over a range of air flow rates, Tables III-VI were 

prepared, giving UQ and FR as functions of air flow and outside heat 

transfer coefficients.
Figure 14 shows the computed values for roof performance under average 

conditions for Tucson during June of 1982 (16) and for the 1% ASHRAE summer 
design conditions (3), for both the dry and wet roof. An adobe building of 
similar design would require approximately 0.9 tons of refrigerative air 

conditioning under the ASHRAE conditions; the dry roof alone is clearly 
inadequate to maintain comfortable conditions under the ASHRAE conditions, and 

marginal under average June conditions. Figure 14 was prepared using a solar 
absorptivity for the white roof of a = 0.25, corresponding to a slightly soiled
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experimental roof. In the case of the wetted roof, cooling occurs well into the 
daylight hours, despite the absorption of solar radiation by the roof. The two 

wet roof cases are clearly adequate, as would be anticipated in an area where 
evaporative cooling is widely used. However, the wetted roof would have several 

advantages over conventional evaporative cooling, alleviating the high humidity 
problems encountered with evaporative cooling, and allowing the house to be 
sealed against dust and pollen, avoiding ccmmon allergens.
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Figure 14. Typical roof performance.
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Table III. Canputed values of overall heat transfer coefficient (UQ) for experimental roof

C F M 0 u l's i cl e (_■ o m t) i n c cl C o n y e c: t i y e A n d R a d i a \ i y e I-I e a t T v a n s f e r C o e f f i c: i e n t
l :l.. 0 1.5 2.0 2.5 3.0 4.0 5.0 1 0 . 0 15.0 2 0 . 0

1 o o o . 6628 , 8508 . 9914 1 . 1 0 0 6 1.1879 1.3186 1.4120 1.6456 1.7424 1.7956
:l. 2 0 0 . 6989 . 9112 1.0744 1.2038 1.3089 1.4694 1.5861 1.8866 2.0146 2.0857
1.11 0 0 , 7254 . 9568 1,1384 1.2847 1.4052 1.5917 1.7296 2.0927 2.2509 2.3397
16 0 0 , 7461 , 9930 1,1900 1.3508 1.4846 1.6944 1.8514 2.2734 2.4609 2.5672
1B 0 0 .7627 1.0227 1,2329 1.4064 1.5519 1.7826 1.9572 2.4346 2.6507 2.7742
2 0 0 0 . 7677 1.0317 1.2459 1.4233 1,5726 1.8099 1,9902 2.4858 2.7114 2.8406
220 0 . 7724 1,0402 1,2584 1.4397 1,5926 1.8364 ? . 0'? ? ? 2.5359 2.7710 2.9060
24 0 0 . 7819 1.0576 1,2839 1.4730 1,6335 1.8910 2.0886 2.6410 2,8968 3.0445
260 0 . 79 04 1.0732 1.3070 1.5035 1.6711 1.9415 2.1504 2.74 0 3 3.0166 3.1770
280 0 . 7981 1.0874 1.3281 1.5315 1,7057 1.9884 2.2081 2.8345 3.131 0 3.3040
3 0 0 0 . 8051 1 , 10 04 1.3475 1.5574 1.7378 2.0322 2.2621 2.9241 3.2405 3.4260
4 0 0 0 . 8323 1.1518 1.4254 1.6624 1.8 69 6 2.2147 2.4905 3.3167 3.7292 3.9766
50 0 0 .8514 1.1887 1.4824 1.7404 1.9688 2.3552 2.6696 3.6419 4.1451 4.4528

Note: Air flow rate, cubic feet/min, is based on air at standard temperature 
(70°F) and pressure (density = 0.075 Ib/cu ft).

Hie outside combined convective and radiative heat transfer coefficient
■*-s (hco + £hr) as explained in the text, Btu/sq ft hr °F. ^

The dimensions for U0 are also Btu/sq ft hr °F



Table IV. Computed values of collector plate efficiency factor (FR) for experimental roof

C F M 0 u i s i d e C o m b i n e d C o n v e c live A n d R a d i a t i y (•; H (■; a t T r a n s f (•; r C o (■; f lv i c: i e n \
i 1 . 0 1.5 2.0 2.5 3.0 4.0 5.0 1 0 , 0 15.0 20.0

1 0 0 0 . 4792 . 3767 . 3096 . 2624 . 2275 . 1796 . 1482 . 0 789 , 0537 . 0407
120 0 . 5244 . 42 0 3 . 3498 . 2992 .2611 . 2079 . 1726 . 0930 . 0 636 , 0483
140 0 .5611 . 4568 . 3844 . 3314 , 2909 . 2336 . 1949 . 1 0 63 . 0 73 0 , 0555
16 0 0 . 5914 . 4880 . 4146 . 3599 , 3177 . 2570 . 2155 . 1139 . 0819 . 0625
1(300 , 6171 . 5151 . 4412 . 3854 . 3418 . 2784 . 2346 , 1308 . 0905 . 0692
2 0 0 0 . 6332 . 5325 . 4588 . 4025 , 3583 . 2934 . 2482 . 1396 . 097 0 . 0743
220 0 . 6473 . 5480 , 4745 . 4179 . 3732 . 30 71 . 260 6 . 1479 . 1031 . 0791
240 0 , 6634 . 5658 . 4926 . 4358 , 39 0 4 . 3229 . 2750 . 1574 . 11 0 1 . 0846
260 0 . 6778 .5819 . 5091 , 4522 , 4 0 65 . 3377 . 2886 , 1666 , 1169 . 0900
280 0 . 6909 . 5966 . 5244 . 4674 . 4214 . 3517 . 3 0 15 . 1754 . 1235 . 0952
30 0 0 . 7 026 . 6101 . 5385 ,4816 . 4353 , 3648 . 3138 . 1839 . 1299 , 10 03
40 0 0 . 7485 . 6637 . 5957 . 54 0 1 . 4938 . 4211 . 3669 . 2 2'? M- . 1593 . 124 0
50 0 0 . 7804 . 7022 . 6380 . 5842 . 5387 , 4657 . 4 099 . 2555 . 1853 . 1453

Note: Active area of roof, under which air is actually flowing, is 83% of total 
roof area.

To convert FR from active area to total roof area basis, multiply above 
by 0.83.

Air flow rate, cubic feet/min, is based on air at standard teirperature (70°F) 
and pressure (density = 0.075 Ib/cu ft).



Table V. Computed overall heat transfer coefficient (U0), based on air flow rate per unit area.

F h ' ( S Q F T > 0 u i: s i cl e C o m b i n © cl C o n v e c i i v e A n d R a d i a \ i m e H e a \ T r a n § f e r C o e f f i c i e n t
:l. , 0 1.5 2.0 2.5 3.0 4.0 5.0 1 0 . 0 15.0 20.0

, a . <::• -.i c:5 0 . 8104 . 937 0 1.0340 1 , 11 0 7 1 i o •;:> i.j. 7 1.3043 1.5 0 14 1.5817 1,6255
1. . 0 , 6859 , 8892 1 . 0439 1.1657 1.2641 1,4131 1.5208 1,7951 1.91 0 7 1.9746
1. . 2 . 7:1.87 . 9451 1.1219 1,2638 1.3801 1.5597 1.6919 2,0378 2,1876 2.2715
1,4 . 7431 . 9877 1.1824 1.3410 .1.4728 1.6790 1.8331 2.2458 2.4287 2.5322
i . 6 . 7621 J. , 0 216 1.2313 1.4043 1.5494 1.7793 1.9532 2.4284 2,6434 2.7661
i , a , 7684 1 . 0 331 1,2479 1.4259 1.5758 1.8141 1.9953 2.4937 2.7208 2.8509
2.0 . 7744 1 . 0438 1,2637 1.4466 1.6010 1.8477 2.0359 2.5573 2.7966 2.9342
2,5 . 7981 1.0874 1.3281 1.5315 1.7057 1.9884 2.2 0 8 0 2.8344 3.1309 3.3038
3.0 , 8 1 6 1 1.1211 1,3787 1.5993 1,7901 2.1041 2.3515 3,0750 3,4266 3.6346

> . tj . 830 4 1 . 1483 1.4201 1,6551 1.86 04 2.. 2018 2.4743 3.2880 3.6930 3.9355
4.0 . 8422 1 . 17 09 1.4547 1.7024 1.9203 2.2862 2.5813 3.4796 3,9363 4.2128
|| . 5 . 8520 1 . 19 0 0 1.4843 1.7431 1.9723 2.3602 2.6759 3.6537 4.1605 4.4705
3.0 . 8604 1,2 064 1.510 0 1.7786 2.0179 2.4258 2.7606 3.8133 4.3686 4.7117

Note: Ihe air flow rate per unit area (cu ft/min/sq ft) is based on the 
active area of the roof. The air is at standard teirperature (70°F) 

and pressure (density = 0.075 Ib/cu ft).

The outside combined convective and radiative heat transfer ^

coefficient is (hco + ehj.) as explained in the text,
Btu/sq ft hr °F.
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Table VI. Computed values of collector plate efficiency factors (FR), based on air flow rate per unit area

<SQ FT)
1 1 , 0

0u t s i d e C o mb i n e d C o n u e c { i y o
1.5 2.0 2.5

And Radialiye Heal 
3,0 4,0

T r a n s fer 
5.0

C o e f f i c i e n 1
1 0 . 0 15.0

. 8 . 4-51 0 . 350 4 . 2858 . 241 0 . 2082 . 1635 . 1345 . 0712 . 0483
1 . 0 .5075 . 4038 . 334-5 . 2851 . 2482 . 1969 . 1631 . 0 875 . 0597
1.2 , 5515 . 4472 . 3752 . 3227 . 2829 , 2266 , 1888 , 1026 , 0 7 0 4
1 . 0 .5869 . 4833 , 4- J. 0 0 . 3555 . 3136 . 2534- . 2123 . 1169 . 0805
1.6 . 6161 . 514 0 . 4402 . 3844 . 34 0 9 . 2776 . 2339 . 1303 , 0902
1.8 . 634-6 , 5341 . 4603 , 4 04 0 . 3598 . 2947 . 2494 . 1404- . 0976
2.0 . 650 7 ,5517 . 4782 .4216 . 3768 .310 3 . 2636 . 1498 . 1045
2.5 , 69 08 . 5966 . 5244 . 4674 ,4214 . 3517 . 3015 , 1754 , 1235
3.0 . 7214 . 6317 . 5613 . 5048 . 4583 . 3868 . 3343 . 1985 . 14 0 9
3.5 . 7455 . 6601 . 5918 . 5360 , 4897 . 4 j. 71 . 3630 .2195 , 15714 , 0 . 7651 . 6836 . 6175 . 5627 . 5167 . 4437 . 3885 . 2389 , 1721
4 . 5 . 7814 . 70 36 . 6394 . 5358 . 54 03 . 4-673 , 4114 . 2567 . 18635.0 . 7953 . 7207 . 6585 . 6060 . 5611 C

O
C
O . 4321 . 2734 . 1996

Note: Hie air flow rate per unit area (cu ft/min/sq ft) is based on the 

active area of the roof. The air is at standard temperature (70°F) 

and pressure (density = 0.075 Ib/cu ft).

The outside conbined convective and radiative heat transfer 

coefficient is (hco + ehr) as explained in the text,
Btu/sq ft hr °F.

2 0 . 0
. 0366 
. 01+53 
. 0535 
. 0 6111 
. 0 689 
. 0747 
. 0802 
. 0952 
, 1092 
1 7‘ '2'? 

. 134-5 
. 14 61 
. 1571

4^<T\
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Appendix I Experimental Data

September 18 and 19, 1982
October 9-12, 1982

Code Instrument and Location

9WS001 Wind speed, mph, east side of facility

9WS002 Wind speed, mph, west side of facility

9AZ001 Wind direction, degrees, east

9AZ002 Wind direction, degrees, west

OPGOOl Pyrgeometer, atmospheric radiation, Btu/sq ft hr

OPM004 Pyranometer, total horizontal solar radiation, Btu/sq ft hr

0EM005 Pyrananeter, diffuse horizontal solar radiation, Btu/sq ft hr
9DT006 Thermocouple, ambient air temperature, °F

9WT006 Thermocouple, ambient air wet bulb temperature, °F

1ST104 Thermocouple, outlet air from roof, north end, east side, °F

1ST105 Thermocouple, outlet air frcm roof, north end, center, °F

isnoe Thermocouple, outlet air from roof, north end, west side, °F

1ST107 Thermocouple, inlet air to roof, south end, east side, °F

isnoa Thermocouple, inlet air to roof, south end, center, °F

isno9 Thermocouple, inlet air to roof, south end, west, °F

1NT003 Thermocouple, air tanperature in roof channel (21 frcm east
side of roof), 2' frcm north outlet, °F
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1NT004

1NT005

1ST04U

1ST041
1ST042
1CT011

1CT012

1CT013

Thenrocouple, air tanperature in same channel as INIGOS, 2' 
frcm south inlet, °F

Thermocouple, air temperature in same channel as INIGOS, 
center, °F

Thermocouple, roof surface, near INIGOS, °F 

Thermocouple, roof surface, near INIGOS, °F 
Thermocouple, roof surface, near INI004, °F 

Thermocouple, dry bulb air, 6" above floor, south living roan, 
°F

Thermocouple, dry bulb air, 2' above floor, south living roan, 
°F

Thermocouple, wet bulb air, 2' above floor, south living roan, 
°F
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INSTRUMENT DfiTfi
D at-1=- Time- 9 W 3 0 0 1 982081 9WS002 9RZ002 0 P G 0 0 1
O'? .•-IS 0 0 0 0 .58MPH 248.0 9 d e- g 2. 12MPH 288.6 2 d eg 121.07ETUH
89 / 1 8 01 00 1. 1 1 MPH 222.77de-g 1.67MPH 20b. 12 d eq 117.42ETUH
09/18 02 00 1 . 12MPH 224.3 7 d e g 2.24MPH 87.5 5 d e g 107.73BTUH
U 9 / 1 8 03 00 .SSMPH 218.7 5 d e g 1.05MPH 263.5 5d e g 109.61ETUH
09 / 18 04 00 1.82MPH 321.91 deg 1.22MPH 322.91 deg 1 10.84ETUH
09/1 8 05 0 0 1.45MPH 45.31 deg 1.77MPH 64.73deq 1 04.05BTUH
0 9 / 18 06 0 0 .37MPH 134.36deg 1.17MPH 12.7 2 d e q 103.00ETUH
■09/1 8 07 0 0 1.33MPH 163.4 3 d e g .91MPH 154.05deg 103.84BTUH
0 9 / 1 8 0 8 0 0 2.98MPH 179.9 9 d eg 2.90MPH 161.6 3 d eq 107.69BTUH
0 9 / 1 8 09 00 .76MPH 1 8 0.3 3 d e g 1.50MPH 1 6 6.2 7 d e q 112.73BTUH
09 / 1 8 1 0 00 1.38MPH 160.9 2 d e g 2.10MPH 147.5 0d eq 118. 15BTUH
0 9 / 1 8 1 1 0 0 1.27MPH 218.18 d e g 2.21MPH 2 0 0.0 4 d e q 123.17ETUH
09 / 1 8 12 00 1.33MPH 247.3 7 d e g 3.33MPH 279.5 6 d e q 126.07ETUH
0 9 / 1 8 13 0 0 3.57MPH 325.91 deg 3.78MPH 3 0 8.5 1 d e q 129.33ETUH
09/18 14 0 0 3.S2MPH 228.55deg 5.52MPH 326.21d e q 129.00BTUH
09/18 15 00 4.50MPH 329.42 d e q 6.34 M PH 316.07d e q 128.OSBTUH
09 / 1 8 16 0 0 6.59 M PH 328.84deg 7.78MPH 315.6 8d e q 126.14ETUH
09 / 1 8 17 0 0 5.26 M P H 323.95deg 6.21MPH 3 06. 10 d e g 123.88ETUH
0 9 / 1 8 18 0 0 6.74MPH 331.41deg 6.08MPH 3 0 1.3 7 d e q 120.24ETUH
09/ 1 8 1 9 0 0 3.34MPH 3 04.6 3 d e g 3.99MPH 297.15 d e g 117.S2ETUH
09/18 20 0 0 3.19MPH 321.7 9 d e g 4.SSMPH 295.4 6 d e g 116.43BTUH
09/18 21 0 0 3.64MPH 237.2 2 d e g 5.08MPH 294.04 d e q 115.77BTUH
09/13 ■~i -~i 0 0 1.23MPH 211.6 5 d e g 3.57 M PH 262. 16 d e g 114.69ETUH
09/18 23 0 0 1.52MPH 169.25deg 3.06MPH 143.1Ideg 111.70BTUH
0 9 / 1 9 00 00 1.89MPH 138.0 9 d e g 3.28MPH 116.0 0 d e q 111.09ETUH
0 9 ■' 1 9 01 0 0 .98MPH 153.40deg 3.00MPH 134.97 d e q 109.85ETUH
0 9 / 1 9 02 00 1.73MPH 104.3 9 id e g 2.23MPH 89.58deg 108.84BTUH
0 9 / 1 9 03 00 1.48MPH 115.7 9 d e g 2.69M P H 325.SSdeg 108.27BTUH
0 9 / 1 9 04 0 0 3.35MPH 195.8 6 d e g 4.07MPH 183.98deq 1 0 7.7 0 E T U H
0 9 / 1 9 05 0 0 2.45MPH 235.87deg 4.54MPH 90.Sldeq 106.72ETUH
0 9 / 1 9 06 0 0 2.05MPH 179.5 3 d e g 3.69MPH 8 6.9 8 d e q 106.53ETUH
0 9 / 1 9 0? 0 0 2.63MPH 132.9 8 d e g 3.80MPH 10 8. 14 d eq 108. 10ETIJH
0 9 •- 1 9 0 8 0 0 .51MPH 191.5 5 d e g 4.30MPH 154.36deq 1 14.84ETUH
0 9 / 1 9 09 0 0 4.42MPH 162.94 d e g 7.09MPH 96.SSdeg 1 17.65ETUH
0 9 / 1 9 10 0 0 6.74MPH 214.9 0d e g 10.75MPH 9 0.8 3 d e q 121.15BTUH
0 9 / 1 9 1 1 0 0 3.82MPH 8 8.67d e g 9.29MPH 83.2 2 d e g 125.54ETUH
0 9 / 1 9 12 0 0 3.80MPH 18 9.97 d e g 8.24MPH 258.5 2 d e q 128.81ETUH
0 9 / 1 9 13 0 0 3.15MPH 180.94 d eg 3.87MPH 187.66 d eq 130.4SBTUH
0 9 / 1 9 14 0 0 4.54MPH 156.4 9 d e g 4. 19MPH 192.69 d e q 127.66BTUH
0 9 / 1 9 15 0 0 4.SSMPH 19 2.87 d e g 5.76MPH 184.3 6 d e g 127.91BTUH
0 9 / 1 9 16 0 0 2.91MPH 1 8 3.2 6 d e g 5.00MPH 223.4 8 d e g 124.64ETUH
0 9 / 1 9 17 0 0 2.67MPH 244.1 1 deg 2.88MPH 2 4 0.2 1 d e q 122.4SETUH0 9 / 1 9 18 0 0 1.72MPH 285.2 8 d e g 4.SSMPH 271.0 7 d e q 119.49ETUH0 9 / 1 9 19 0 0 2.SSMPH 322.4 4 d e g 3.56MPH 316.9 5 d e q 1 17.54BTUH
0 9 / 1 9 20 00 2.45MPH 342.18 d e g 1.99MPH 329.43 d e q 117.13ETUH
0 9 / 1 9 21 0 0 .36MPH 317.2 3 d e g 3.48MPH 267.28deg 117.3 SET U H
0 9 ' 1 9 2 2 00 1.77MPH 2 4 8.9 4 d e g 2.87MPH 24 9.6 8 d e q 115.69BTUH
0 9 / 1 9 23 0 0 3.44 M P H 2 03.79 d e g 3.31MPH 199.67 d e g 112.86BTUH
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INSTRUMENT DhTfl
D at 6- T i fiii? 0 P M 0 0 4 0PM005 1VR001 9 B T 0 0 6 9 W T 0 0 6
99 / 1 8 0 0 0 0 0.00BTUH 0.00BTUH 1.82MPH 67.94F 62.06F
89/18 01 00 0.00BTUH 0.00BTUH 1.82MPH 67.9 0 F 62.33F
09/18 02 0 0 0.00BTUH 0.00BTUH 1.SSMPH 65.86F 62.46F
09/18 03: 0 0 0.00BTUH 0.00BTUH 1.84MPH 65.37F 62.13F
09 /18 04: 0 0 0.00BTUH 0.00BTIJH 1.84MPH 65.0 0 F 62.1 IF
09/18 85. 0 0 0.00BTUH 0.00BTUH 1.84MPH 63.32F 61.29F

•H
i CO 06 00 0.00BTUH 0.00BTUH 1.84MPH 62.88F 6 y • 6 8 F

09 / 18 07 0 0 14.16BTUH 7.94BTUH 1.85MPH 63.06F 60.31F
09/18 0 3 00 60.59BTUH 20.34BTUH 1.87MPH 65.93F 61.92F
09/18 0 9 00 130.70BTUH 27.99BTIJH 1.89MPH 70.37F 63.53F
09/18 10: 00 188.61BTUH 32.68BTUH 1.90MPH 7 6.92 F 65.46F
09/18 11 0 0 233.13BTUH 35.70BTUH 1.91MPH 80.57F 66.55F
09/13 12 0 0 260.69BTUH 37.29ETUH 1.92MPH 84.6 6 F 67.83F
0 9 /18 13 0 0 266.56BTUH 38.06BTUH 1.93MPH 87.00F 67.7 0 F
0 9 /18 14 00 249.55BTUH 37.46BTUH 1.93MPH 89.58F 67.73F
09/ 1 8 15 00 210.58ETUH 35.70BTIJH 1.93MPH 9 1.0 6 F 68.7 8 F
09/18 16 0 0 161.36BTUH 32.38BTUH 1.92MPH 90.28F 68.59F
09/18 17 0 0 96.S4BTUH 26.63BTUH 1.92MPH 89.S5F 67.89F
09/18 18 0 0 34.32BTUH 15.26BTUH 1.90MPH 88.02F 66.8 6 F
09/18 19 0 0 0.00ETUH 0.00BTUH 1.SSMPH 84.92F 66.13F
0 9 / 1 8 20 00 0.00BTUH O. 00BTIJH 1.S6MPH 82.45F 65.9SF
09 / 1 8 21 0 0 0.00ETUH 0.00BTUH 1.86MPH 80.95F 65.50F
09/18 2 2 00 0.00BTUH 0.00ETUH 1.87MPH 79.64F 64.98F
09/18 23 00 0.00BTUH 0.00BTUH 1.86MPH 75.32F 64.32F
0 9 / 1 9 0 0 0 0 0.00BTUH 0.00BTUH 1.36MPH 7 2.3 9 F 63.42F
09 / 1 9 01 0 0 0.00BTUH 0.00ETUH 1.SSMPH 72.14F 63.y 7 F
8 9 / 1 9 02 0 0 0.00BTUH 0.00ETUH 1.SSMPH 69.6 4 F 62.40F
0 9 / 1 9 0 3 0 0 0.00BTUH 0.00BTUH 1.SSMPH 68.25F 61.83F
09 / 1 9 04 0 0 0.00ETUH 0.08BTUH 1.SSMPH 67.7 6 F 61.35F
0 9 / 1 9 05 0 0 0.00BTUH 0.00BTUH 1.85MPH 66.2 8 F 6 0.8 0 F
09/ 1 9 06 0 0 8.0 0 B T U H 0.00BTUH 1 .SSMPH 65.57F 60.35F
0 9 /1 9 07 00 13.40BTUH 7.86BTUH 1.86MPH 67.57F 60.87F
0 9 / 1 9 08 0 0 95.50BTUH 23.49BTIJH 1.90MPH 73.84F 63.87F
0 9 / 19 09 0 0 132.73BTUH 27.20BTUH 1.90MPH 78.92F 66.25F
09/1 9 10 0 0 192.73BTUH 31.6 4 B T U ri 1.90MPH 83.27F 67. 19 F
09 / 19 1 1 0 0 238.75BTUH 33.81BTUH 1.91MPH 86.20F 68.7 1 F
0 9 /1 9 12 0 0 265.07BTUH 35.04ETUH 1.93MPH 89.30F 69.74F
0 9 /1 9 13 0 0 274.05BTUH 36.26ETUH 1.94MPH 9 3.0 9 F 68.10F
0 9 / 1 9 14 0 0 256.63BTIJH 37.03BTUH 1.95MPH 94.6 0 F 6 6.9 0 F
0 9 / 1 9 15 0 0 218.69BTUH 38.40ETUH 1.93MPH 95.32F 67.3SF
09/1 9 16 0 0 144.63ETUH 32.00ETUH 1.94MPH 9 6.0 9 F 67.74F
0 9 / 1 9 17 0 0 95.59BTUH 24.68BTUH 1.94MPH 95.4 IF 67.45F
0 9 - 1 9 1 8 00 33.01BTUH 14.13BTUH 1.93MPH 9 3.6 6 F 6 6 ■ 9 8 F
0 9 / 1 9 19 0 0 0.00BTUH 8.00BTUH 1.90MPH 88.78F 6 7.0 3 F
09 / 1 9 20 0 0 0.00BTUH 0.00ETUH 1.89MPH 85.31F 66.82F
0 9 / 1 9 21 00 0.00ETUH O.00BTUH 1.SSMPH 84.14F 66. 13 F
8 9 / 1 9 2 2 00 0.00BTUH 0.00BTUH 1.SSMPH 82.13F 65.19F
09/ 1 9 23 0 0 0.00BTUH 0.00ETUH 1.87MPH 79.0 7 F 62.47F
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INSTRUMENT DfiTfi
Date T i me 1ST 104 1ST 105 1ST106 1ST 107 1ST103
OS,-'19 00 00 6 7.3 3 F 68.01F 67.34F 72.75F 72.62F
09-" 1S 01 00 67.3 6 F 67.97F 67.28F 72.72F 72.6 0 F
09/18 02 00 64.2 3 F 64.92F 64.02F 71.43F 71.29F
09/13 03 00 63.01F 63.92F 62.89F 70.56F 70.43F
09/1 8 04 0 0 63.7 4 F 64.57F 63.6 6 F 70.59F 70.46F
09/10 05 0 0 61.7 0 F 62.46F 61.47F 69.6 4 F 69.51F
09/ 1 0 06 0 0 6 0.3 1 F 61.24F 60.12F 68.77F 63.63F
09 /1S 07 0 0 60.46F 61.33F 68.30F 68.42F 63.31F
0 9 / 1 S 03 00 64.50F 65.30F 64.38F 69.6 4 F 69.5 IF
09 '18 09 0 0 72.61F 72.75F 72.61F 73.82F 72.85F
09/18 10 0 0 81.67F 81.02F 31.57F 77.50F 77.35F
09/18 1 1 00 89.25F 83.14F 39.08F b‘ 2 . U 2 F 81.82F
09/18 12 00 94.22F 92.78F 93.70F 85.42F 85.07F
09/18 13 00 96.4 6 F 95.01F 95.86 r 87.65F 37.25F
09/18 14 00 9 7.3 6 F 96.05F 96.9 IF 89.00F 88.51F
09/18 15 0 0 96.15F 95.04F 95.74F 89.40F 83.85F
0 9 / 13 16 0 0 92.34F 91.64F 92.14F 38.19F 87.68F
09/13 17 0 0 87.9 8 F 87.6 IF 37.9 IF 36.25F 35.74F
09/18 13 0 0 82.81F 82.74F 32.86F 83.71 F 83.24F
09/18 19 00 77.32F 73.13F 77.9 9 F 31.03F 80.65F
0 9 / 18 20 0 0 75.07F 75.62F 75.40F 79.29F 79.01F
09/18 21 0 0 73.75F 74.35F 7 4.0 9 F 7 8.2 6 F 78.02F
0 9 / 1 8 2 2 0 0 71.98F 72.65F 72.21F 77.29F 77.05F
09 / 1 3 23 0 0 69.6 6 F 7 0.3 0 F 69.53 F 75.98F 75.76F
09/19 0 0 0 0 67.95F 63.61 F 67.72F 74.78F 74.60F
0 9 / 1 9 01 0 0 67.3 7 F 68.05F 67.2 2 F 74.25F 74.08F
0 9 /1 9 02 0 0 66.0 1 F 66.6 9 F 65.76F 73.36F 73.24F
0 9 /1 9 03 0 0 64.97F 65.72F 64.74F 72.6 6 F 72.49F0 9 / l 9 04 0 0 64.67F 65.39F 64.5 IF 72.20F 72.05F0 9 / l 9 05 0 0 64.05F 64.77F 63.87F 71.73F 71.59F
0 9 / 1 9 06 0 0 6 3 . 1 9 F 63.91F 62.96F 71.07F 7Q.9 7 F
0 9 / 1 9 07 0 0 64.28F 64.95F 64.13F 71.16F 71.02F0 9 /19 0 8 0 0 72.24F 72.41F 72.19F 74. 15F 73.97F0 9 / 19 09 0 0 77.54F 77.34F 77.58F 76.58F 76.40F
09/1 9 10 0 0 84.93F 84.45F 85.09F SO.79F 80.58F
0 9 / 1 9 1 1 00 90.15F 89.67F 90.55F 84.24F 84.01F
09/19 12 0 0 95.07F 94.5 1 F 95.63F 87.53F 87.23F
O 9 / 1 9 13 0 0 99.32F 98.19F 99.3 8 F 90.22F 89.85F0 9 / 1 9 14 0 0 100.28F 99.10F 1 0 O . 2 O F 91.65F 91.24F
09/19 15 0 0 93.94F 97.9 2 F 98.82F 91.9 0F 91.44F
09 /1 9 16 00 95.58F 94.78F 95.47F 91.02 F 90.54F0 9, • 1 9 17 0 0 90.40F 89.94F 9 0.3 0 F S3.77F 88.25F
09-" 19 18 0 0 84.75F 34.79F 84.9 0 F 8 6.0 6 F 35.58F0 9 / 1 9 19 0 0 79.95F 30.27F 80.17F S3.32F 82.9 0 F
0 9 / 1 9 20 0 0 76.3 6 F 76.78F 76.32F 81 . 10F 80.77F
0 9 / 1 9 21 0 0 74.68F 75.39F 74.9 3 F 79.8 8F 79.6 y F0 9 / 1 9 2 2 0 0 73.47F 74.20F 73.71F 7 9.0 9 F 73.83F
09 / 1 9 c. O 0 0 71.95F 72.66F 71.93F 7 8.0 9 F 77.85F
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INSTRUMENT- DhTh
Date T i me 1ST 109 1NT003 1NT004 1NT005 1 ST040
0 9 - 1 3 00 0 0 72.79F 67.91F 71.69F 7 0.0 8 F 6 5.0 9 F
Q 3, 1 8 01 00 72.76F 67.89F 7 1.6 9 F 70.03F 64.9 9 F
09/ 1 8 02 0 0 71.43F 64.87F 70.03 F 67.72F 61.21F
0 9 / 1 8 03 00 70.59F 63.38F 69.15F 6 6.9 0 F 6 O . 0 5 F
09/13 04 00 70.62F 64.53F 69.28F 67.22F 60.9 0 F
0 9 /18 05 00 69.6 7 F 62.43F 6 o . U 7 F 65.58F 58.63F
0 9 / 1 8 06 00 68.78F 61.18F 67. 19 F 64.59F 56.9 0F
0 9 / 1 3 07 0 0 63.45F 61.46F 66.98F 6 4.6 0 F 57.69F
0 9 / 1 8 0 S 0 0 69.7 0 F 65.80F 63.76F 67.53F 63.59F
0 9 / 1 8 09 0 0 73.05F 73.59F 72.95F 73.3 IF 74.25F
0 9 / 18 10 0 0 77.49F 81.99F 78.17F 79.93F 34.69F
09 / 1 8 1 1 0 0 31.97F 89.03F 83.26F 85.9 3 F 92.91F
0 9 / 1 8 12 0 0 85.17F 93.6 IF 86.98F 90.15F 97.39F
09/IS 13 00 87.33F 95.76F 89.25F 92.40F 9 9.0 7 F
09 / 1 8 14 0 0 88.57F 96.54F 9 0.5 2 F 93.45F 99.2 9 F
09/18 15 0 0 88.9@F 95.29F 90.57F 9 2.8 9 F 97.5 IF
0 9 / 1 3 16 0 0 87.63F 91.58F 38.35F 9 0.2 0 F 92.94F
8 9 /1 8 17 0 0 85.77F 87.34F 36.36F 36.84F 88.15F
O 9 / 1 8 18 00 83.34F 82.45F 83.29F 82.8 8 F 82.44F
09 / 1 3 19 0 0 80.7 6 F 77.96F 30.21F 79.12F 77.0 7 F
09 /13 20 00 79.14F 75.45F 73.3 6 F 77.01F 74.08F
09/18 21 00 78.17F 74.21F 77.29F 75.86F 72.36F
0 9 / 1 8 v ^ 0 0 77.16F 72.58F 76.18F 74.53F 70.37F
09 / 13 c- Z' 00 75.88F 70.2 7 F 74.72F 72.78F 67.36F
0 9 / 1 9 0 0 0 0 74.74F 6 8.6 4 F 73.49F 71.35F 65.62F
0 9 / 1 9 01 00 74.24F 68.05F 72.95F 70.82F 64.79F
09 / 1 9 0 2 00 73.38F 66.81F 71.95F 69.6 9 F 63.49F
0 9 / 19 0 3 0 0 72.62F 65.8 0F 71.19F 63.82F 62.23F
09/ 19 04 0 0 72.20F 65.46F 70.73F 6 3.3 9 F 62.24F
0 9 / 1 9 05 0 0 71.75F 64.85 F 70.19F 67.82F 61.3 9 F
0 9 /19 06 00 71. 13 F 64.01F 69.52F 6 7. y y F 60.5 0F
09/19 07 0 0 71.2 8 F 65.21F 69.85F 67.7 9 F 62.7 IF
09 /1 9 0 8 0 0 74.10F 73.08F 73.79F 73.52F 73.08F
0 9 /1 9 09 00 76.55F 78.12F 76.76F 77.46F 79.56F
09/ 19 10 0 0 80.68F 85.01F 31.61F 33.24F 37.0 3 F
0 9 / 1 9 1 1 00 84.06F 39.94F 85.4 IF 37.59F 92.38F
0 9 / 1 9 12 0 0 87.33F 94.57F 89.04F 91.72F 97.36F
0 9 / 1 9 13 00 8 9.9 7 F 98.61F 91.92F 9 5.0 6 F 102.50F
09/19 14 0 0 91.33F 99.40F 93.20F 9 6.0 8 F 103.02F
09 / 1 9 15 0 0 91.52F 97.95F 93. 1 IF 95.38F 100.72F
09/19 16 00 90.54F 94.67F 91.73F 93.14F 96.4 1 F
0 9 / 1 9 17 0 0 88.26F 89.7 0 F 38.36F 39.2 5 F 90.55F
0 9 / 1 9 18 00 85.63F 84.63F 85.63F 35.15F 84.43F
09/ 1 9 19 00 33.©IF 80.88F 32.43F 31.3 2 F 79.12F
09 / 19 20 0 0 80.87F 76.52F 80.01F 78.36F 75.12F
0 9 / 1 9 21 00 79.72F 75.29F 78.31F 77.20F 73.43F
09/19 O *"> 

c. c. 00 78.97F 74.15F 77.95F 76.25F 71.83F
09/19 cL Z< 00 77.9 8 F 72.71F 76.32F 75.01F 70.03 F
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INSTRUMENT DhTh
Date T i me 13T041 1ST042 1CT011 1CT012 1 CTO 13
OS'" 1 s 0 0 0 0 65.66F 67.42F 72.6 9 F 72.50F 62.62F
0 9 / 1 3 01 0 0 65.79F 67.19F 72.46F 72.34F 62.59F
09/18 02 00 62.5 0F 63.95F 71.21F 7 0.7 4 F 62.0 2 F
O 9 / 1 8 03 00 61.70F 63.42F 70.21F 69.79F 61.43F
09, 1 s 04 0 0 62.16F 63.77F 70.19F 69.93F 61.54F
09/18 05 0 0 59.92F 61.38F 69.32F 68.88F 61.02F
09 / 1 8 06 0 0 58.53F 60.33F 63.39F 67.89F 60.4 4 F
09, 1 8 07 0 0 59.47F •51.3 6 F 68.13F 67.62F 6 0.2 8 F
09. 1 8 0 8 0 0 65.80F 66.75F 69.49F 69.24F 60.95F
0 9 1 8 09 00 75.23F 75.51F 72.7 0 F ^2.4 9 F 62.71F
8 9 / 1 3 10 0 0 84.17F 84.14F 75.77F 76.38F 65.00F
0 9 ■■■" 1 8 1 1 00 91.75F 91.77F 77.58F 78.99F 66.74F
09/18 12 0 0 96.05F 96.39F 73.51F 30.73F 68.04F
09/18 13 00 97•67F 98.49F 79.56F 3 1.8 1 F 69.0 7 F
09/18 14 00 97.64F 93.57F 30.45F 3 3.0 6 F 69.6 1 F
09/ 1 8 15 00 96.58F 97.33F 31.17F 33.98F 70.01F
09/18 16 0 0 92.71F 93.23F 32.13F 34.38F 70.22F
09 / 1 8 1? 00 88.42F 88.35F 82.29F 33.38F 69.74F
09/18 18 0 0 83. 12F 82.9 IF 31.30F 32.09F 63.42F
09 / 1 8 1 9 0 0 78.37F 77.85F 3 O . 0 9 F 30.34F 67. 1 IF
09/18 20 0 0 75.6 0 F 75.45F 78.68F 7 8.6 6 F 66. 13 F
09/18 21 0 0 74.36F 74.29F 77.76F 77.70F 65.57F
09/18 22 00 72.05F 72.24F 76.69F 7 6.7 8 F 6 5 . O 1 F
09 18 0 0 69.2 IF 70. 1 IF 75.38F 7 5.3 0 F 64.33F
O 9 /1 9 0 0 00 67.31F 68.37F 74.35F 7 3.9 2 F 63.72F
O 9 / 19 01 00 66.63F 67.82F 73.81F 7 3.3 7 F 63.36F
09 / 1 9 02 0 0 65.23F 66.3 2 F 72.84F 72.61F 62.92F
09/19 0 3 0 0 6 o ■ 9 9 F 65.30F 68.6 0 F 71.82F 6 2.5 1 F
O 9 1 9 84 0 0 63.81F 65.09F 71.84F 71.44 F 62.24F
0 9 1 9 05 00 62.7SF 64.14F 71.20F 78.91 F 6 1.9 0 F
09/ 1 9 06 00 62.05F 63.40F 3 2. 0 0 F 70.27F 61.50F
0 9 / 1 9 07 00 64.37F 65.4 IF 70.8 IF 7 0■42F 61.47F
09/19 0 8 00 74.15F 74.59F 73.92F 7 3 • 7 0 F 63. 1 IF
0 9 / 1 9 09 0 0 80.0 3 F 3 0.0 8 F 75.85F 76.13F 64.42F
0 9 / 19 10 00 86.6 4 F 86.7 IF 78.47F 79.46F 66.46F
0 9 •••' 1 9 1 1 0 0 91.37F 91.94F 79.9 1 F 31.36F 67.92F
09 / 1 9 12 00 96.41F 96.54F 30.59F 32.52F 6 9.0 6 F
09/19 13 0 0 1 0 0.6 9 F 101.08F 31.76F 34.22F 70. 1 IF
0 9 /• l 9 14 00 101.43F 101.62F 32.58F 35.42F 70.48F
0 9 /1 9 15 00 99.50F 99.9 7 F 33.46F 36.23F 70.79F
0 9 / 19 16 0 0 96.0 5 F 96.18F 33.87F 36.84F 7 0.3 8 F
0 9 / 1 9 17 00 91.14F 9 0.9 0 F 34.47F 36.45F 70.45F
0 9 / 19 18 0 0 85.55F 85.33F 33.49F 34.47F 69.15F
0 9 / 19 19 00 r! 0.6 3 F 79.9 8F 32.09F ;32.56F 67.9 4 F
09/ 1 9 20 00 76.86F 76.27F 30.2 6 F 30.4 IF 66.39F
09 / 1 9 21 00 75.20F 75.37F 79.00F 79.17F 66.17F
09/19 2 2 0 0 73.64F 74.13F 78.37F 73.43F 65.69F
09/19 23 00 71.74F 72.39F 77.54F 77.39F 64.9 0 F
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INSTRUMENT DfiTfi
D-ate T i me- 9WS001 9 fi Z 0 0 1 914800 2 9 fi Z 0 0 2 0 P G 0 0 1
1 0 /' 0 9 0 0 0 0 1.61MPH 1 19.35deg 3.13MPH 183.74deg S3.01BTUH
10/09 01 0 0 1.72MPH 124.6 4 d e q 2.99MPH 94.48deq 81.90BTUH
1 0/-09 02 0 0 1.39MPH 128.37deg 2.S7MPH 95.9 7 de g 31.13ETUH
1 0 0 9 0 3 00 .57MPH 177.4 6 d e g 1.11MPH 198.27d e g 80.27BTUH
1 0 0 9 04 00 1.02MPH 175.2 6 d eg 1.64MPH 143.75deg 79.90BTUH
1 0 0 9 05 00 1.33MPH 8 0.9 7 d e q 3.01MPH 259.9Ideg 77.93BTUH
1 0 / 0 9 06 0 0 1.02MPH 175.S3d e q 2.0SMPH 231.7 S d e g 78.40BTUH
1 0 0 9 07 0 0 1.07MPH 187.52deq 1.05MPH 4 4.81 d e g 78.51BTUH
1 0.-'09 0 8 0 0 2.22 M P H 129.31 deg 1.41MPH 3 01.29 d e g 83.29BTUH
1 0 0 9 09 0 0 .97MPH 344.91d e q 2.67 M P H 329.6 9 d e g 88.10BTUH
1 0 0 9 10 0 0 3.47MPH 348.24 d 6 g 5.86MPH 3 0 6.6 2 d •=• g 93.38BTUH
1 0 0 9 1 1 00 4.74MPH 273.29dsq 5.01MPH 324.3 3 d e g 97.57BTUH
10/'09 12 0 0 3.96MPH 267. 13 d •=■ g 4.31MPH 346.6 9 d e g 99.52BTUH
1 0 /' 0 9 13 0 0 4.6 5 M P H 339.64deq 6.58 MP H 335.4 6 d e g 101.31BTIIH
1 0 /' 0 9 14 0 0 3.33MPH 338.58deg 6.34MPH 328.89deg 100.49BTUH
1 0 /' 0 9 15 0 0 6.63MPH 273.02deg 6.40 M P H 387.5 2 d e g 98.47BTIJH
10/'09 1 5 0 0 4.11MPH 242.28deg 5.10MPH 385. 19 d e g 96.34BTUH
10/09 17 00 3.SSMPH 298.65deg 7.47MPH 289.SSdeg 93.27ETUH
1 0./' 0 9 18 0 0 1.2SMPH 244. 12 d eq 3.4SMPH 2 8 0.9 9 d e g 89.72BTUH
1 0 0 9 19 0 0 2.14MPH 258.ISdeg 5.26MPH 257.08deg 86.97BTUH
1 0/09 20 0 0 3.91MPH 249. 19 d eq 4.95 M P H 257.5 0 d e g 36. 19BTUH
1 0 /•' 0 9 21 0 0 2.49MPH 253.90 d e q 4.3*6 MPH 258.ISdeg 85. 18ETUH
1 0/09 2 2 0 0 1.53MPH 282.36 d e g 3.92MPH 298.4 4 d e g 83.80BTUH
1 0 0 9 23 0 0 1.36MPH 246.59 d e g 2.46MPH 64.2 8 d e g 81.92BTUH
10/10 0 0 0 0 1.98MPH 358.6Ideg 3.74MPH 90.0 5 d e g 80.09BTUH
10/10 01 0 0 1.25MPH 116.37deg 1.96MPH 1 13.52deq 79.98BTUH
10/10 02 00 .81MPH 133.22deg 1.64MPH 229.49deg 79.40BTUH
10/10 0 3 0 0 1.05MPH 212.ISdeg 1.9SMPH 185.7 6 d e g 73.30BTUH
10/10 04 0 0 1.36MPH 171.2 8 d eg 1.77MPH 129.6 9 d e g 73.56BTUH
1 0/ 1 0 05 0 8 1.SSMPH 105.82deg 1.74MPH 78.6 2 d e g 77.07BTUH
10/10 06 00 2.10MPH 111.7 2 d e g 2.31MPH 98.89deg 77.03ETUH
10/10 87 0 0 2.37 M P H 117.1Ideg 2.SSMPH 9 6.0 8 d >=' q 77.56BTUH
10/" 10 8 8 80 2.95 MP H 156.4 6 d eg 5.4SMPH 1 IS.3Ideg 81.4SBTUH
10/10 09 0 0 1.60MPH 198.77 d e g 2.63MPH 183.1Ideg 86.59BTUH
10/10 10 0 0 1.SSMPH 244.35deg 3.33MPH 2 4 S. 31 d e g 91.30BTUH
10/10 1 1 00 1.04MPH 255.73deg 2.52MPH 268.4 7 d e g 95.43BTUH
10/10 12 00 1.S2MPH 269.93deg 1.4SMPH 269.19d e g 99.45ETUH
10/10 13 0 0 1.49MPH 331.ISdeg 3.99MPH 296.77deg 99.91ETUH
1 0/ 1 0 14 0 0 4.00MPH 273.28deg 5.59MPH 261.5 0 d e g 101.16BTUH
1 0/ 1 0 15 0 0 3.94MPH 279.91 deg 7.17MPH 273.7 S d eg 99.54BTUH
10 10 1 6 0 0 3.16MPH 3 5 6.8 1 d e q 6.73MPH 287.ISdeg 96.44ETIJH
10/10 17 0 0 4.77MPH 277.4 S d e g 6.73MPH 3 0 1.6 8 d e g 92.93BTUH
10/10 18 0 0 4.SSMPH 333.8 8 d e g 6.22MPH 3 0 9.13d eg 89.36BTUH
10/10 19 00 4.51MPH 320.2 5 d e g 5.11MPH 310.82deg 86.94BTUH
10/10 20 00 1.65MPH 269.6 2 d e q 2.SSMPH 304.5 2 d eg 85.72BTUH
10/10 21 00 .75MPH 169.8 8 d e q 1.67MPH 116.SSdeg 82.64BTUH
10/10 00 1.47MPH 201.2 2 d e q 2.95MPH 3 0 4.1S d e g 81.77BTUH
10/1 0 2 3 00 2.SSMPH 156.4Ideg 3.SSMPH 139.99d eg 80.92BTUH
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INSTRUMENT DfiTfi
Date- T i me 8PM004 0PM005 1 V fi 0 01 1 9 D T 0 0 6 9 W T 0 0 6
1 0 ■■ ■' 0 '? 0 0 0 0 0.00BTUH 0.00ETIJH 1.95MPH 52.70F 40.5 IF
1 0 / 0 9 01 0 0 0.00BTUH 0.00ETUH 1.95MPH 50.21F 39.02F
1 0 / 0 9 02 0 0 0.0 0 B T U H 0.00BTUH 1.95MPH 47.55F 37.74F
1 0 • 0 9 0 3 00 0.00BTUH 0.00BTUH 1.95HPH 46.93F 37.46F
1 0 0 9
1 0 0 9
1 0 0 9

04 0 0 0.00BTUH 
0.00BTUH 
0.00ETUH

0.00BTUH 
0.00ETUH 
0.00BTUH

1.95MPH
1.94MPH
1.94MPH

46. 1 IF
42.79F
42.67F

37.26F
M 5 H M r*r -i- ^ F
Ub y y h-h-^htF

1 0 / 0 9 07 0 0 7.4SBTUH 4.33BTUH 1.95MPH 42.58F
1 0 •••• 0 9 0 3 0 0 59.56BTUH 15.52BTUH 1.98MPH 48.87F 38.31F
1 0 .•••• 0 9 8 9 0 0 125.97ETUH 21.67BTUH 2.00MPH 56.54F 43.03F
1 0/09 10 0 0 1S5.41BTUH 2 5.5 5 E T U H 2.01MPH 63.35F 46.08F
1 0 / 0 9 1 1 0 0 22S. S3BTIJH 27.SlBTUfi 2.02MPH 63.7 3F 47.65F
1 0 / 0 9 12 0 0 254.72BTUH 28.83BTIJH 2.02MPH 7 0.0 9 F 43.88F
1 O •••" 0 9 13 0 0 257.50BTUH 29.07BTUH 2.02MPH 72. 1 4 F 49.73F
1 0 ■ 0 9 1 4 0 0 23S.6SBTUH 27.85ETIJH 2.01MPH 74.10F 50.44F
1 0.' 09 15 0 0 198.45ETUH 25.75BTIJH 2.02MPH 74.64F 50.53F
1 0/09 1 6 0 0 142.33BTUH 22.33ETUH 2.01MPH 75.42F 50.66F
1 0 0 9 i 7 00 76.S1BTUH 17.24ETUH 2.00MPH 74.60F 50.33F
1 0 / 0 9 IS 00 15.S2BTUH 7.77BTIJH 1.99MPH 72.04F 48.98F
1 0 . 0 9 19 0 0 0.00BTUH 0.00ETUH 1.98MPH 68.12F 47.2 4 F
1 0/09 20 00 0.00BTUH 0.00ETUH 1.98MPH 65.5OF 45.94F
1 O / 0 9 21 00 O.00BTUH 0.0 0 B TIJ H 1.97MPH 62. 15F 44.3 9 F
1 0 / 0 9 2 2 0 0 0.00BTUH 0.00BTUH 1.97MFH 5 9.5 O F 43.0 9 F
1 0 / 0 9 23 00 0.80BTUH 0.00ETUH 1.96MPH 53.73F 4 0.7 0 F
10/10 0 0 0 0 0.00BTUH 0.00ETUH 1.95MPH 48.40F 37.5 1 F
1 0 / 1 0 01 0 0 0.00ETUH 0.00BTUH 1.95MPH 47.71F 37.O 9 F
1 0/ 1 0
1 0 / 1 0
1 0 1 0

0 2 
0 3 
fl4

00 
00 
0 M

O.00BTUH 
O . 0 0 E T U fi 
0.0 0 B T11H

0.00BTUH 
0.00ETUH 
0.0 0 B T11H

1.95MPH
1.95MPH
1.95MPH
1.95MPH
1.95MPH
1.95MPH

46.0 8 F
44.3 8 F
45.2 1 F
43.16F
41.45F
42.48F

„ +.H-F
1 0 / 1 0
1 0/ 1 0

05
06

0 0
0 0

O.00ETUH 
0.00ETIIH

0.00ETUH 
0.0 0 E T11H

— F
1 0 / 1 0 0 7 0 0 7.01BTIJH 4.67ETUH
1 0/ 1 0 0 3 0 0 57.3SBTUH 16.65ETUH 1.98MPH 48.18F 37.27F
1 0 / 1 0 09 00 134.49BTUH 24.7SBTUH 2.00MPH 54.57F 41.26F
1 0 / 1 0 10 0 0 181.97ETUH 28.29BTUH 2.01MPH 5 9.59 F 43.8 9 F
10, 1 0 1 1 0 0 2 2 4.9 3 B T l_i H 31 . 1 2 B T IJ H 2.02MPH 6 3.9 9 F 46.18F
1 0/ 1 0 12 00 251.22BTUH 31.96ETUH 2.03MPH 63.2 4 F 47.9 2 F
10/ 10 1 3 0 0 254.47BTUH 32.45BTUH 2.03MPH 7 1.6 1 F 49.78F
1 0 ' 1 0 14 0 O 234.72BTUH 32.43ETUH 2.02MPH 74.50F 5 0.6 6 F
10/10 15 0 0 194.33BTUH 29.99BTUH 2.01 MPH 75.06F 5 O . 5 3 F
1 0/10 16 0 0 138.88BTUH 26.30BTUH 2.01MPH 74.35F 50.24F
1 0/ 1 0 17 0 0 73.95ETUH 20.11ETUH 2.00MPH 71.8 6 F 49.12F
1 0/ 1 0 IS 0 0 14.31BTUH 8.42ETUH 1.99MPH 6 9.4 0 F 48.02F
1 0 1 0 19 0 0 0.00ETUH 0.00BTUH 1.98MPH 65.66F 4 b . 3 S F
10/10 20 00 0.00ETIJH 0.00ETUH 1.98MPH 62.72F 45.04F
1 0/ 1 0 21 0 0 0.00ETUH 0.00BTUH 1.96MPH 55.8 0 F 42.21F
10 / 1 0 22 0 0 0.00ETUH 0.00BTUH 1.97MPH 53.95F 4 O . 4 3 F
1 0-10 cL 0 0 0.00BTUH 0.00BTUH 1.97MPH 53.25F 3 9.7 6 F
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INSTRUMENT DfiTfi
Date T i m e 1ST 104 1ST 105 1ST 106 1ST 107 1ST 108
1 0 0 9 0 0 0 0 43.29F 49.37F 47.9 7 F 62.3 3 F 62.25F
10.-'09 01 0 0 4 S . 4 6 F 47.57F 45.93F 61.23F 61.19F
10.-09 02 0 0 45.29F 46.39F 44.31F 60.30F 60.27F
1 0 0 9 0 3 00 43.4SF 45.02F 43.19F 59.38F 59.28F
10.•■■•09 04 00 43.13F 44.53F 42.30F 58.73F 58.66F
1 0 / 0 9 05 0 0 41.49F 42.96F 41.24F 57.72F 57.66F
1 0.--09 06 0 0 41.0 3 F 42.49F 40.81F 57.0 3 F 57.05F
1 0.-"09 07 0 0 40.37F 42.12F 40.25F 56.51F 56.39F
1 0 ' 0 9 0 8 0 0 45.S4F 4 6.9 2 F 45.55F 57.50F 57.37F
1 0 -■■ 0 9 09 0 0 St.9flF 55.8 0 F 55.30F 6©.78F 6 U . 4 7 F
1 0 0 9 10 0 0 64.S5F 64.6 3 F 64.72F 6 4.8 9 F 64.31F
1 0 0 9 11 00 72.13F 71.58F 72.08F 6 9.0 0 F 68.27F
1 0 • 0 9 12 0 0 77.37F 7 6.4 9 F 77.0o F 72.21F 71.29F
10 • 09 13 0 0 79.6 2 F 78.73F 79.44F 74.39F 73.3 1 F
1 0 -■' 0 9 14 00 79.S9F 78.94F 79.51F 75.45F 74.29F
10X09 15 0 0 77.81 F 77.24F 77.71F 75.42F 74.2SF
1 0 •• 09 IS 0 0 7 4.0 9 F 73.7 IF 74.01F 74.26F 73.23F
1 0X09 17 00 6 8.8 9 F 68.85F 69.0 3 F 7 2.0 9 F 71 . 12F
10 x 0 9 18 0 0 S3.05F 63.5SF 63.58F 69.35F 63.57F
1 0 x 0 9 19 0 0 57.S1F 53.42F 58.0 3 F 66.57F 66. 16F
10X09 20 00 55.35F 56.24F 55.74F 65.03F 64.72F
1 0 X 0 9 21 0 0 52.92F 53.34F 53.2 IF 63.7 0 F 63.42F
1 0X09 2 2 00 50.94F 51.94F 51.16F 62.62F 62.3 9 F
1 0 X 0 9 23 0 0 4 6.9 3F 43.14F 46.6 9 F 60.91F 60.6 6 F
1 0 x 1 0 0 0 0 0 45.21F 4 6. 16 F 4 4.6 6 F 59.59F 59.51F
10X10 01 0 0 43.S1F 44.8 6 F 43.19F 58.59F 58.54F
1 0 x 1 0 02 00 42.32F 43.69F 41.94F 57.67F 57.60F
1 0X 1 0 0 3 0 0 41.25F 42.8 OF 41.02F 56.8 9 F 56.86F
1 0 x 1 0 04 0 0 40.9 4 F 42.51F 40.82F 56.27F 56.23F
10X10 05 00 40.31F 41.72F 40.02F 55.64F 55.63F
1 0 X 1 0 06 00 39.33F 40.7SF 39.04F 54.87F 54.37F
1 0 X 1 0 07 00 39.78F 41.0 8 F 39.56F 54.45F 54.43F
10 10 0 8 00 45.05F 45.84F 44.91F 55.6 IF 55.56F
1 ©X 1 0 09 0 0 54.9 8F 55.28F 55.0 2 F 5 9.2 0 F 53.97F
10x10 10 00 62.68F 62.4 4 F 62.59F 62.59F 62.14F
10X10 1 1 0 0 7 0.6 2 F 69.79F 70.28F 68.8 7 F 66.19F
10 10 12 0 0 76.6 1 F 75.S1F 76.44F 70.45F 69.57F
1 0 X 1 0 13 0 0 79.58F 73.39F 79. 17 F 72.96F 71.93F
10X10 14 0 0 79.5SF 78.48F 79.0 4 F 74.©IF 72.95F
10X10 15 00 77.2 1 F 76.43F 76.89F 73.81F 72.87F
1 0 X 1 0 IS 00 73.32F 72.3SF 73.2©F 72.65F 71.84F
1 0 X 1 0 1 7 0 0 67.72F 67.S3F 67.8 IF 7 0.3 0 F 6 9.5 S F
10X10 13 0 0 61.10F 61.42F 61.37F 67.39F 66.67F
10X10 19 00 56.17F 56.53F 56.24F 64.65F 64.23F
1 0 X 10 20 0 0 51.35F 52.74F 52.0 6 F 62.63 F 62.32F
10X10 21 0 0 4 7.0 4 F 43.09F 46.73F 6 0.4 9 F 60. 19 F
1 0 X 1 0 2 2 00 45.79F 46.96F 45.51F 59.17F 59.05F
10X10 23 0 0 46.39F 47.20F 46.0 9 F 53.64F 53.53F
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INSTRUMENT DfiTfi
Dat* T i m e 1ST 199 1NT003 1 N T 0 0 4 1NT005 1ST 040
1 0 ■■■' 0 9 00 0 0 62.5 8F 49.61F 59.22F 54.68F 44.29F
1 0 / 0 9 01 00 61.56F 47.85F 58.00F 53.20F 42.08F
10-•■■09 02 00 6 0 ■ 6 o F 46.63F 57.01F 52.08F 40.68F
10.-09 03 00 59.68F 45.0 6 F 56.0 8 F 50.98F 33. 12F
10 0 9 04 0 0 59.03F 44.69F 55.44F 50.44F 38.33F
10.."09 05 0 0 58.10F 43.04F 54.28F 49.01F 36.41F
1 0.-09 06 0 0 57.47F 42.63F 53.67F 48.49F 36.16F
1 0 ■■■ 0 9 07 00 56.S5F 42.21F 53.21F 48.18F #****F
1 0 .•• ' 0 9 03 0 0 57.72F 47.33F 55.14F 51.77F 44.16F
1 0-"09 Q9 0 0 60.71F 57. 1 IF 59.71F 58.52F 55.90F
1 0 0 9 10 0 0 64.4 9 F 66.0 3 F 64.92F 65.4SF 66.5 IF
1 0 .••" 0 9 1 1 0 0 68.36F 72.98F 69.72F 71.43F 73.97F
1 0 0 9 12 0 0 71.46F 77.75F 73.34F 75.59F 78.94F
10 .••■• 0 9 13 00 73.42F 79.73F 75.45F 77,6 9 F 8@.47F
1 0 - 0 9 14 0 0 74.43F 79.58F 76.22F 7 8.0 0 F 80.06F
1 0/09 15 00 74.30F 77.55F 75.60F 76.65F 77.77F
10/09 16 00 73.19F 73.7 O F 73.75F 73.73F 73.52F
1 0 / 0 9 17 0 0 71.15F 68.60F 70.80F 69.6 6 F 67.85F
1 0 / O 9 IS 0 0 68.67F 63.37F 67.38F 65.32F 61.50F
1 0/09 19 0 0 66.3 0 F 58.53F 64.29F 61.42F 55.50F
1 0/09 20 0 0 64.9 1 F 56.51F 62.68F 59.62F 53.57F
1 0 / 0 9 21 0 0 63.6 7 F 54.0 8 F 61.0 6 F 57.67F 50.53F
1 0/09 2 2 00 62.71F 52.13F 59.88F 56. 1 IF 47.91F
10/09 23 0 0 6 0.9 6 F 48.20F 57.87F 53.42F 42.36F
10/10 0 0 0 0 59.87F 46.4 6 F 56.3 IF 51.60F 41.05F
10/10 01 0 0 58.9 0 F 45.0 6 F 55.30F 50.5^F 3 9.0 3 F
10/10 02 00 57.99F 43.84F 54.35F 49.49F 37.75F
10/10 03 0 0 57.24F 42.84F 53.56F 48.60F * ■* * * * F
10/10 04 00 56.58F 42.59F 53.07F 48.2 IF 36.58F
10/10 05 00 56.01F 41.89F 52.34F 47.4SF 35.64F
1 0/ 1 0 06 0 0 55.27F 4 0.9 1 F 51.48F 46.53F
10/10 07 0 0 54.85F 41.42F 5 1.2 1 F 46.59F
10/10 0 S' 0 0 55.91F 46.77F 53.32F 50.16F 44.03F
1 0 ■- 10 09 0 0 59.21F 56.3 8 F 58.3 0 F 57.4 1 F 5 5.7 0 F
1 0/ 1 0 10 0 0 62.34F 63.6 6 F 62.59F 63.20F 64.36F
10/10 1 1 0 0 66.34F 71.12F 67.62F 69.39F 72.65F
1 0 / 1 0 12 00 69.7 6 F 76.75F 71.67F 74.18F 79.07F
10/10 13 0 0 72.07F 7 9.3 4 F 74.27F 76.8 3 F 81.28F
10/10 14 00 73.09F 79.0 7 F 75.05F 77.10F 80.56F
1 0 / 1 0 15 00 72.9 0 F 76.69F 74.32F 75.54F 77.48F
10/10 16 00 71.78F 72.87F 72.41F 72.65F 72.9 8 F
1 0/ 1 0 1 7 0 0 69.58F 67.3 6 F 69.21F 68.25F 66.6 9 F
10/10 IS 0 0 66.75F 61.26F 65.39F 63.27F 59.63F
1 0 / 1 0 19 00 64.36F 56.55F 62.25F 59.32F 54.44F
10/10 20 0 0 62.48F 52.63F 59.9 5 p 56.39F 48.99F
10/10 21 0 0 60.4 1 F 48.12F 57.56F 53.22F 42.26F
1 0 / 1 0 -“i 0 0 59.32F 47.10F 56.3 0F 52.07F 42.36F
10/10 2 3 00 58.83F 47.58F 55.92F 52.02F 43.69F
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INSTRUMENT DRTR
Date T i me 1ST041 1ST042 1CT01 1 1CT012 1CT013
1 00 9 00 0 0 47.01F 49.31F 6 0.9 y F 61.19F 47.93F
1 0 0 9 01 0 0 44.S2F 47.50F 59.70F 59.96F 47.20F
1 0 0 9 02 0 0 43.29F 46.0 8F 58.88F 59.25F 46.54F
1 0 0 9 03 0 0 41.15F 44.78F 57.7SF 58.01F 45.83F
1 0 - 0 9 04 0 0 41.30F 44.42F 57.01F 57.26F 45.37F
1 0.--S9 05 0 0 39.13F 42.3SF 55.86F 56.17F 44.72F
1 0 0 9 06 00 38.9 IF 4 2.0 9 F 54.94F 55.50F 44.27F
1 0 • 0 9 07 0 0 38.81F 42.34F 54.59F 55. 1 IF 43.82F
1 0 0 9 0 8 0 0 47.OIF 4 9.0 S F 56.42F 56.6 IF 44.57F
1 0 0 9 09 0 0 58.18F 59.04F 59.97F 59.96F 46.37F
1 0 0 9 10 0 0 67.19F 67.9 9 F S3.57F S3.93F 48.63F
1 0 0 9 1 1 0 0 73.8SF 75.01F 66.10F 66.73 F 50.40F
1 0 0 9 12 0 0 78.35F 79.59F 67.48F 68.33F 51.49F
1 0 0 9 13 00 79.S7F 81.3SF 68.6 7 F 69.6 yF 52.48F
10/09 14 00 79.57F 80.9 6 F 69.55F 70.6 9 F 53.1SF
1 0 / 0 9 15 00 77.73F 78.87F 70.07F 7 0.8 9 F 53.48F
1 0 / 0 9 IS 00 74.32F 74.82F 70.69F 71.33F 53.69F
1 0/09 17 0 0 S9.13F 68.09F 69.53F 70.36F 53.0 8 F
10 / 0 9 IS 0 0 S3.57F S3.42F 67.51F 68.03F 51.66F
1 0 .•••• 0 9 19 00 57.87F 58.28F 65.0 5 F 65.61F 50.23F
10/09 20 0 0 55.8 0 F 56.7 IF 63.6 9 F 6 4.3 1 F 49.30F
1 0/09 21 0 0 52.85F 53.93F 62.5SF 63.03F 48.44F
1 0 / 0 9 •-> •“> 0 0 50.35F 51.77F 61.36F 61.68F 47.68F
1 0 / 0 9 23 0 0 45.5 8 F 48.23F 59.17F 59.71F 46.62F
10/10 0 0 0 0 43.48F 45.85F 58.30F 58.56F 45.88F
1 0 / 1 0 01 0 0 42.08F 44.79F 57.04F 57.41F 45.15F
1 0 / 1 0 02 0 0 40.74F 43.6 9 F 56.81F 56.42F 44.53F
1 0 / 1 0 0 3 0 0 39.59F 42.76F 55.04F 55.64F 43.91F
10/10 04 0 0 39.S8F 42.66F 54.54F 55.19F 43.53F
10/10 05 0 0 38.7 IF 41.65F 53.99F 54.49F 43.09F
1 0 / 1 0 06 0 0 o 7 ■ 6 F 4 0.6 4 F 53.89F 53.89F 42.59F
10/10 0 7 0 0 38.88F 41.38F 53.38F 53.5 9 F 42.29F
10/10 08 0 0 4 S . 0 5 F 47.6 3 F 55.02F 55.13F 42.97F
10/10 09 0 0 5 S. 9 S F 57.9 3 F 58.59F 58.69F 45.02F
10/10 10 0 0 S5.24F 65.84F 6 1.3 1F 61.84F 46.87F
10/10 1 1 0 0 72.6 6 F 73.34F 63.92F 64.54F 48.74F
10/10 12 0 0 78.15F 78.36F 65.49F 66.31F 4 9.9 9 F
1 0 / 1 0 13 0 0 8 0.8 3 F 81.39F 66.78F 67.95F 51.21F
10/10 14 0 0 8 0.09 F 80.85F 67.69F 68.77F 51.96F
10/10 1 5 00 77.50F 78.19F 68.18F 6 9.2 7 F 52.21F
10/10 IS 0 0 73.S9F 74.09F 68.66F 69.4 7 F 52.44F
10/10 17 0 0 67.73F 67.00F 67.9 8 F 6 8.7 6 F 51.83F
10/10 18 00 SI .44F 61.02F 65.58F 66.0 9 F 50.29F
1 0 / 1 0 19 0 0 5 S . 5 3 F 56.10F 63.19F 63.83F 48.81F
10/10 20 0 0 51.73F 52.13F 61.59F 6 1.7 3 F 47.60F
10/10 21 00 45.12F 47.97F 59.33F 59.5 9 F 46.3 IF
1 0/10 00 45.S1F 47.92F 57.72F 57.97F 45.47F
10/1 0 23 00 46.33F 48.15F 57.95F 57.97F 45.08F



62

INSTRUMENT DhTfl
Date T i me 9U3001 9fiZ0@1 9 W 3 0 0 2 9 H Z 0 0 2 0 p G 0 0 1
10,-'l 1 0 0 0 0 1.77MPH 134.73 d eg 2.02MPH 115.6 2 d e q 79.86BTUH
1 0 • 1 1 01 0 0 1.S3MPH 1 3 6 . 13 d e g 2.55MPH 112.20d e q 73.91ETUH
10,-1 1 02 0 0 3.10MPH 134.53de g 4.49MPH 106.SSdeg 78.S8ETUH
10,'l 1 03 0 0 1.92MPH 210.12 d e q 4.22MPH 8 8.6 0 d e q 76.5SETUH
10,-11 04 0 0 2.74MP H 113.4 3 d e g 3.17MPH 9 0.4 8 d e q 77. 17BTUH
10,-1 1 05 0 0 2.52MPH 13 2.76 d eg 3.S9MPH 95.3 0 d e q 76.S3ETUH
10,-1 1 0 6 0 0 4.40MPH 13 6.70d e g 4.91MPH 99.9 7 d e q 77.SSETUH
10/1 1 07 00 4.53MPH 136.17 d eg 5.11MPH 111.03deq 73.24BTIJH
10/1 1 0 3 0 0 3.52MPH 135.4Sdeg 4.40MPH 109.64 d e q 32.22ETUH
10/1 1 09 0 0 4.31MPH 143.5Ideg 7.OSMPH 128.7 8 d eq 37.37BTUH
10,' 1 1 1 0 00 2.S7MPH 162.30 d e g 3”. 77MPH 1 3 6.3 9 d e q 93.81BTUH
10/1 1 1 1 0 0 1.50MPH 261.1Ideg 1.1SMPH 1 98.25deq 93.51BTUH
10,1 1 12 0 0 2.30 M P H 227.22deg 3.06 M P H 315.7 5 d e q 100. 17BTLIH
10/1 1 13 0 0 2.67MPH 271.2 5 d e g 5.52MPH 250.2 2 d e q 100.42ETUH
10/1 1 14 00 1.53MPH 256.0 6 d •=• q 7.47MPH 296.1 1 d eq 99.S0ETUH
10/1 1 15 0 0 5.23 M P H 27 9. 12 d e g 5.37MPH 262.08deq 99.55BTUH
10/1 1 16 0 0 3.34MPH 296.12deg 8.55MPH 279.6 5 d e q 97.20ETUH
10/1 1 17 0 0 5.01MPH 332.3 9 d e g 7.65MPH 295.7 0 d eq 94.72BTUH
10/1 1 13 0 0 7.21MPH 343.5Ideg 5.61MPH 313.28 d eq 90.90ETUH
10/1 1 19 0 0 5.40MPH 3 3 2.6 5 d e g 5.34MPH 304.4 3 d eq 38.98ETUH
1 0/ 1 1 20 0 0 .55MPH 225.99deg 3.57MPH 277.7 3 d e q 87.72ETUH
10/1 1 21 01 01 1.43MPH 276.34 d e q 2.17MPH 245.Sldeq 86.44BTUH
10/1 1 0 01 - .50MPH 269.SSdeg .S2MPH 141.Sldeq S3.27BTUH
10.1 1 23 0 0 . 9 9 Pi PH 249.7 4 d e g 1.61MPH 124.ISdeg S3.34ETUH
10/12 00 0 0 2.12MPH 143.S3deg 3.11MPH 112.Sldeq 32.87BTUH
10/12 01 0 0 2.25MPH 1 19.63deq 4.33MPH 103.3 9 d e q 32.35ETUH
10/12 02 01 0 1.90MPH 174.75deg 4.00MPH 164.82 d eq 81.SSETUH
10/12 03 0 01 1.54MPH 142.2 3 d e g 3.62MPH 91. 12 d eg 79.69ETUH
1 M 1 -r1 M cr fr fr fr T»r fr i j g fr fr fr fr | 1J H

fr fr fr fr fr 0 g
1 0/ 1 2 0 7 00 ***** M P H + + + fr + P1 p H
1 0 / 1 2 00 fi 0 ***** M P H * * + * * M p H
10/12 09 0 01 3.24MPH 171.0 7 d e g 3.77MPH 152.4 4 d e q 88.30BTUH
10/12 10 0 0 1.31MPH 175.9 0 d e g 2.17MPH 1 3 8.9 6 d e q 93.27BTUH
10-12 1 1 00 1.69MPH 181.29 d e g 1.73MPH 232.5 9 d eq 97.31ETUH
10/12 12 0 0 3.14MPH 3 03.92 d e g 4.02MPH 281.2 9 d e q 99.31ETUH
1 0/ 1 2 13 00 3.30MPH 291.SSdeg 3.7SMPH 3 37. 1 3 id e q 101.18ETUH
10/12 14 0 0 3.43MPH 243.18 d e g 3.43MPH 299.3 4 d eq 101.42BTUH
10/12 15 0101 3.29MPH 277.10deg 3.71MPH 327. 10 d eq 99.76BTUH
10/12 IS 0 0 4.S5MPH 315. 17 d e g 6.14MPH 312.0 6 d eq 97.20BTUH
10/12 17 0 0 3.04MPH 331.5 5 d e g 4.23 M P H 326.63 d eq 95.08BTUH
10/12 13 0 0 2.92MPH 317.55deq 4.67MPH 3 07.7 6 d eq 91.01ETUH
1 0 -" 1 2 19 00 2.60MPH 320.30deg 2.91MPH 3 06.94 d e q 39.02BTUH
10/12 20 0 0 .60MPH 2 3 5.0 9 d e g 1.40MPH 232.54deq 37.74ETUH
10/12 21 0 0 1.29MPH 351.00d e g 1.62MPH 202.5Ideg 86.4SETUH
10/12 22 0 0 .33MPH 1 8 0. 16 d eg 1.29MPH 110.5 5 d e q 33.75ETUH
10/12 23 0 0 1.64MPH 299.7 3 d e g 1.64MPH 103.6 2 d e g 33.01ETUH
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INSTRUMENT DhTfl
Bat ■=■ T i me 0PM004 0 p M 0 0 5 1 V A 0 0 1 9 D T 0 0 6 9WT006
1 0 1 1 00 00 0.0 0 ETUH 0.00BTUH 1.96MPH 50.97F 38.62F
1Q,"1 1 01 0 0 0.0 0 ETUH 0.00ETUH 1.96MPH 47.23F 36.63F
10- 1 1 0 2 0 0 0.0 0 ETUH 0.00ETUH 1.96MPH 46.20F *****F
10."I 1 03 0 0 8.00BTUH 0.00BTUH 1.95MPH 43.5 IF ***** F
10.1 1 04 00 0.00BTUH 0.00ETUH 1.95MPH 43.20F *****F
1 0. 1 1 05 0 0 0.00BTUH O.00BTUH 1.96MPH 44.12F *****F
10,-l 1 0 b 0 0 0.00BTUH 0.00ETUH 1.96MPH 45.71F *****F
10,'l 1 07 0 0 6.69BTUH 4.91ETUH 1.97MPH 4 6. 3 6 F * * * * *F
10,-1 1 08 0 0 55.05BTUH 13.17BTUH 1.98MPH 49.31F 37.6 9 F
10.1 1 09 0 0 122.25BTUH 26.42BTUH 2.08MPH 55.5 8 F 41.1SF
10,-l 1 1 0 0 0 130.35BTUH 31.40BTUH 2.02MPH 62.30F 45.30F
10,-l 1 1 1 0 0 220.53BTUH 34.30ETUH 2.04MPH 67.S3F 47.73F
10,' 1 1 1 2 0 0 246.24BTUH 35.90ETUH 2.04MPH 70.6 0 F 49.19F
10,-1 1 13 0 0 250.63BTUH 36.04BTUH 2.02MPH 73.04F 50.16F
1 0.,- 1 1 14 00 231.81BTUH 34.74ETUH 2.02MPH 74.O 3 F 50.48F
10,'l 1 15 0 0 190.71ETUH 31.96ETUH 2.02MPH 74.6SF 50.85 F
10,-1 1 1 6 00 135.43ETUH 27.2SETUH 2.01MPH 75.1tP 51.25F
10,'l 1 1 7 00 71.21ETUH 20.23BTUH 2.00MPH 73.54F 50.53F
10,-1 1 13 0 0 12.91ETUH 7.91ETUH 1.99MPH 6 9.8 0 F 4 3.b 7 F
10,-1 1 19 0 0 0.00ETUH 0.©0ETUH 1.98MPH 66.94F 47.20F
10,'l 1 20 0 0 8.00ETUH 0.0 0 ETUH 1.9SMPH 64.3 2 F 46.19F
10- 1 1 21 0 0 0.00ETUH 0.00BTUH 1.98MPH 62.20F 45.01F
10,'l 1 2 2 0 0 0.00ETUH 0.00ETUH 1.97MPH 56.45F 42.46F
10--1 1 23 0 0 0.00ETUH 0.00ETUH 1.97MPH 52.64F 40.4 IF
10.-12 0 0 0 0 O.00BTUH O . 0 O B T U H 1.97MPH 52.06F 4 0.0 0 F
10,-12 01 0 0 0.00ETUH 0.00BTUH 1.97MPH 50.32F 38.97F
10,-12 02 0 0 0.00BTUH 0.O 0 ETUH 1.97MPH 50.15F 38.90F
10,-12 0 3 0 0 8.0 0 ETUH 0.O0ETUH 1.96MPH 46.39F 36.8 2 F
1 U 1 ^ y 4 y y *****BTUH ***** B T U H ***** M P H
1 y •••■' l c: y 5 y y *■*•**■*• ETUH ***** B T U H ***** M P H
1 y 1 ^ y £ 0y T IJ H ***** B T U H *** **MPH * + + -r~F
1 0 1 2 y 7 y 0 *****BTUH ***** B T U H ***** M p H
1 W - 1 2 y y y 0 | 1 j H ***** B T U H ***** M F' H
10,'12 09 0 0 135.15BTUH 26.92ETUH 2.01MPH 57.26F 42.69F
10. 12 10 0 0 177.37BTUH 30.55ETUH 2.02MPH 61.80F 45.29F
10,-12 1 1 0 0 219.79ETUH 33.07BTUH 2.03MPH 67.45F 48.0 6 F
10,-12 12 0 0 243.72ETUH 34.49BTUH 2.03MPH 70.14F 4 9.4 1 F
10.-12 13 00 247.SSETUH 34.54BTUH 2.03MPH 72.2SF 49.5 5 F
10,-12 14 0 0 223.12ETUH 33.73ETUH 2.03MPH 73.91F 50. 15F
10-12 15 0 0 136.SSETUH 31.SSETUH 2.03MPH 73.3 IF 50.4 0 F
10.-12 16 0 0 130.20BTUH 28.07ETUH 2.01MPH 74.04F 5 0.5 3 F
10,-12 17 00 67.49BTUH 28.49BTUH 2.01MPH 73.23F 5 0.2 1 F
10.-12 IS 0 0 11.72ETUH 7.80BTUH 2.08MPH 71.07F 43.S6F
10,-12 19 0 0 0.00BTUH 0.0 0 ETUH 1.99MPH 66.9 9 F 46.99F
10,-12 20 00 0.00ETUH 0.80ETUH 1.98MFH 64.y 1 F 45.69F
10,-12 21 00 0.00ETUH 0.00 E T U H 1.98MPH 60.13F 44.0SF
10.-12 2 2 0 0 0.00ETUH 0.00BTUH 1.97MPH 53.6 0 F 40.81F
10,-12 23 00 0.00BTUH 0.0 0ETUH 1.96MPH 49.9 4 F 38.66F
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INSTRUMENT DfiTfi
Date T i me 1ST 104 1ST 105 1ST 106 1ST 107 1ST 108
1 0/ 1 1 0 0 : 0 0 44.37F 45.44F 4 4.0 9 F 57.84F 57.73F
10,-'l 1 01 : 0 0 4 3.0 1 F 44.16F 42.67F 56.83F 56.73F
10, 1 1 0 2: 0 0 42.0 3 F 43. 1 IF 4 1.70F 56.01F 56.02F
10,-l 1 0 3: 0 0 41.16F 42.17F 40.6 6 F 55.40F 55.37F
10,-l 1 0 4: 0 0 40. 16 F 41.25F 39.74F 54.55F 54.59F
10,-l 1 0 5: 0 0 40.37F 41.36F 3 9.9 8 F 54.17F 54.18F
10,- 1 1 0 6: 0 0 41.26F 42.10F 40.9 4 F 54.04F 54.83F
10,-l 1 0 7: 0 0 42.23F 42.84F 41.34F 54.12F 54. 1 IF
10,-l 1 0 s: 0 0 45.64F 4b.2 0 F 45.45F 54.9 6F 54.8 9 F
10,1 1 0 ?: 0 0 54.15F 54.3 0 F 54.17F 53.0F,F 57.91F
10,-1 1 10: 0 0 63.47F 63.24F 63.57F 62.28F 61.97F
10,-1 1 11:00 72.40F 71.55F 72.32F 66.98F 66.27F
10--1 1 12:00 77.63F 76.54F 77.51F 70.45F 69.46F
10,-1 1 13: 0 0 7 9. y y F 78.59F 79.4 0 F 72.55F 7 1.4 9F
10--1 1 14:00 78.87F 77.79F 78.27F 73.25F 72.18F
1 0,-1 1 15:00 77.14F 7 6.3 0 F 7b.7 9 F 73.27F 72.23F
10,'l 1 16: 0 0 73.49F 72.9 8 F 73.32F 72.31F 71.33F
10," 1 1 17:0 0 68.3 9F 68.29F 68.56F 70.16F 69.35F
10,-1 1 18: 0 0 62.61F 62.5 8 F b 2.6 3 F 67.29F 66.58F
10,'l 1 19: 0 0 57.81F 53.15F 58.04F 64.68F 64.29F
10.-1 1 2 0: 0 0 53.52F 54.41F 53.99F 62.80F 62.53F
1 0, 1 1 21: 0 0 49.57F 50.85F 50.02F 61.0 0F 60.72F
10-1 1 2 2: 0 0 46.99F 48. 1 IF 46.88F 59.56F 59.3 IF
10,-1 1 2 3: 0 0 44.72F 45.94F 44.46F 58.07F 57.8 8 F
10,-12 0 0 0 0 45.34F 46.39F 45.18F 57.66F 57.54F
10,-12 01 0 0 44.38F 45.69F 44.45F 57.01F 56.9 8 F
10,12 02 00 44.73F 45.61F 44.59F 56.70F 56.64F
1 0 1 2 0 3 00 42.95F 43.31F 42.54F 55.86F 55.3 6 F
l y •• 12 y 4 y y .. ■+•■*•■+• -*r F ***ir*F
1 0 • • 1 2 y 5 ^ " "F
i y •• • 12 y 6 --rtTf-rF *++±+F t*r -«r -*r F
10,-12 0 7 00 ---- F
1 y--12 y y 0 y - * - *rF ***-«r*F
10,-12 09 0 0 56.@ 3 F 5 6.0 9 F 56.0 8 F 58.58F 53.34F
10,-12 10 00 63.W 1 F 62.6 9 F 6 3.0 1 F 61.83F 61.43F
10.--12 1 1 0 0 71.69F 70.38F 7 1.6 1 F 6 6.5 1 F 65.75F
1 0 ,■-12 1 2 00 77.13F 76.02F 76.9 IF 69.9 9 F 63.99F
10,-12 13 00 79.45F 78.36F 79.23F 72.3 3 F 71.12F
10--12 14 00 79.56F 78.48F 79.13F 73.44F 72.13F
10,-12 1 5 00 76.8 4 F 76.0 8F 7 6.6 8 F 73.38F 72.05F
10,-12 16 0 0 72.64F 72.13F 72.51F 72.05F 70.99F
1 01 2 1 7 0 0 66.97F 66.8 4 F 67.0 0F 6 9.7 0 F 68.6 0F
10,-12 13 0 0 60.74F 61.03 F 61.0 3 F 66.72F 65.77F
10,'12 19 0 0 54.94F 55.57F 55.0 8F 63.66F 63.13F
10,-12 20 00 50.2 IF 51.3 3F 50.5 1 F 61.42F 61.0 3 F
10,-12 21 0 0 4 8.5 1 F 49.75F 48.69F 60.14F 59.8 IF
10,-12 2 2 00 45.45F 46.62F 45.31F 53.55F 53.30F
10,-12 “> •“! 0 0 44.37F 45.38F 4 3.91F 57.41F 57.28F
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INSTRUMENT DRTh
Date T i me 1ST 189 INTO 8 3 1HT004 1NT005 1 S T 0 4 @
10,-l 1 0 0 0 0 53.03 F 45.64F 54.92F 5 0.6 2 F 40.58F
10.-'I 1 01 00 57.06F 44.29F 53.81F 49.39F 39.08F
10/1 1 02 0 0 56.38F 43.50F 52.39F 43.42F 38.65F
10/11 03 0 0 55.72F 42.42F 52. 1 IF 47.49F 36.9 6 F
10/1 1 04 00 54.95F 41.53F 51.3 0F 46.66F ***** F
10/1 1 05 0 0 54.56F 41.72F 51.07F 46.61F 37.01F
10/1 1 06 0 0 54.45F 42.68F 51. 14F 47.04F 38.89F
1 0/ 1 1 07 00 54.49F 43.53F 51.37F 47.57F 3 9.3 6 F
10/1 1 08 0 0 55.22F 47.14F 52.91F 50.10F 4 4.9 1 F
10/1 1 09 0 0 58.13F 55.33F 57.16F 56.28F 54.87F
10/1 1 10 0 0 62.13F 64.40F 62.52F 63.44F 65.78F
10/11 11 0 0 66.45F 72.98F 68.05F 70.48F 75.58F
10/1 1 12 0 0 69.6 4 F 77.72F 71.86F 74.74F 80.0 1 F
10/11 13 00 71.66F 7 9.3 8 F 73.98F 76.6 9 F 31.48F
10/1 1 1 4 0 0 72.31F 73.3 4 F 74.28F 76.3 8 F 79.6 0 F
10/1 1 « c1 0 0 72.32F 76.53F 73.83F 75.23F 77.51F
1 0/ 1 1 16 0 0 71.3 5 F 73.03F 72. 15F 72.59F 73.34F
10/1 1 17 0 0 69.34F 6 3.0 3 F 69.23F 63.62F 67.75F
1 0 / 1 1 13 0 0 66.62F 62.43F 65.54F 6 3.9 0 F 61.69F
1 0/ 1 1 19 0 0 64.4 1 F 58.10F 62.69F 60.30F 56. !=l S F
10/11 20 0 0 62.65F 54.33F 60.53F 57.50F 50.65F
10/1 1 21 0 0 60.94F 5 1.0 1 F 58.54F 54.98F 46.52F
10/1 1 2 2 0 0 59.54F 43.28F 56.88F 52.94F 42.73F
10/1 1 0 0 58.16F 46.16F 55.3 1 F 51.14F 40.65F
10/12 00 0 0 57.8 2 F 46.66F 55.01F 51.14F 42. 1 IF
10/12 0 1 0 0 57.29F 46. 15F 54.3 0 F 50.43F 42.21F
10/12 02 0 0 56.93F 45.37F 54.07F 50.25F 41.70F
10- 12 0 3 0 0 56.17F 44.15F 5 2.9 5 F 4 o . 8 y F 39.3 3 F
1 y 1 c: y 4 y y F 4r 4r 4r 4r 4r F 47^-4 4 *F *****F
1 0 / 1 2 y 5 y y ^ * 4- -r F 4r 4r 4r 4r 4r F -f * + 4r4rF 4r 47 47 47 47 F
1 U / 1 2 y 6 Qy -‘r-rfr 4r*F ***** F
1 M.1 M 7 0 M 4r 4r ■+■ 4r 4r F
1 y •■■■ 1 i y y y y - - 4- 4: tr F 4--T- -4-F 47^-4:47 -7 F 47 47 4" 4* 4r F
1 0 / 1 2 09 0 0 58.49F 57.21F 57.98F 57.66F 57.13F
10, 12 10 00 61.5 9 F 64.07F 62.10F 63.10F 65.36F
10/12 1 1 0 0 65.98F 72.41F 67.66F 69.90F 74.8 3 F
10 12 12 0 0 69.23F 77.25F 71.46F 74.32F 79.53F
10 / 1 2 1 3 00 71.27F 79.3 9 F 73.73F 76.64F 81.12F
10/12 14 00 72.35F 79.22F 74.55F 76.9 0 F 80.85F
10/12 15 0 0 72.12F 76.44F 73.77F 75.14F 77.0 0 F
10/12 16 0 0 7 0.36F 7 2.2 2 F 71.66F 71.96F 72.35F
10-12 1 7 00 68.6 2 F 66.62F 68.4 6 F 67.49F 65.9 3F
10/12 18 0 0 65.83F 6 0.9 4 F 64.74F 62.7 9 F 59.50F
10/12 19 90 63.22F 55.46F 61.36F 53.39F 52.9 3 F
10/12 20 0 0 61.14F 51.25F 53.37F 55.31F 46.74F
1 0/ 1 2 21 0 0 59.98F 49.84F 57.53F 54.05F 44.81F
10/12 2 2 00 58.55F 46.75F 55.74F 51.65F 41.24F
10/12 23 0 9 57.53F 45.68F 54.52F 50.47F 40.73F
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INSTRUMENT IifiTfl
Dat 0 T i me 1ST041 1 8 T 8 4 2 1 C T 0 1 1 1CT012 1CT013
10, 1 1 00 00 43.69F 45.94F 56.6 4 F 5 7.0 0 F 4 4.4 6 F
10, 1 1 01 0 0 4 1.8 1 F 44.3 2 F 5 5.5 5 F 56.18F 43.8 3 F
10-'' 1 1 0 2 00 41.45F 43.44F 54.82F 55.0 8 F 43.2 4 F
10/ 1 1 0 3 0 0 39.25F 41.72F 54.0i5F 54.37F 42.77F
10/ 1 1 04 0 0 38.95F 41.25F •5 2.9 9 F 53.55F 42.22F
10/ 1 1 05 0 0 39.42F 41.45F 52.9 6 F 53.42F 41.99F
10, 1 1 0 b 0 0 41.22F 42.78F 53.38F 53.42F 4 1.9 3 F
10/ 1 1 07 0 0 42.04F 4 3.5 0 F 53. 1SF 53.55F 4 1.8 8 F
1 0 - 1 1 08 0 0 48.78F 48.82F 54.18F 54.5 IF 42.32 F
10/ 1 1 09 00 55.S2F 56.54F 57.3 6 F 5 7.6 0 F 4 4.0 7 F
10/ 1 1 1 0 0 0 65.9 3 F 66.39F 6 0.6 0 F 61.24F 46.13F
10/ 1 1 1 1 0 0 75.40F 75.45F 62.93F 63.77F 47.9 3 F
10/ 1 1 12 0 0 79.15F 79.39F 64.44F 65.6 IF 49.35F
10/ 1 1 13 80 80.75F 81.17F 65.85F 67.014 F 50.54 F
10/ 1 1 14 0 0 79.17F 79.9 7 F 66.72F 68.0 1 F 51.0 9 F
10/ 1 1 15 0 0 77.44F 78.8 1 F 67.17F 68.15F 51 .41F
1 0/ 1 1 1 6 0 0 73.95F 74.19F 67.58F 68.33F 51.64F
10/ 1 1 17 0 0 68.87F 6 8.0 4 F b 7.63F 68. 1 IF 51.41F
10/ 1 1 IS 0 0 63.23F 62.32F 65. 1 0i F 66.0 7 F 50.18F
1 0/ 1 1 19 0 0 58.51F 57.93F 63.15F 63.79F 48.73F
10/ 1 1 20 0 0 53.34F 53.64F 61.32F 61.89F 47.60F
10/ 1 1 21 0 0 49.75F 51.26F 59.2 8 F 59.80F 46.43F
10/ 1 1 0 0 46. 10F 48.27F 58.86F 58.52F 45.57F
10, 1 1 23 0 0 4 4.0 3F 46.53F 56.67F 57.04F 44.67F
10/ 12 0 0 0 0 4 4.9 3 F 46.95F 56.0 3F 56.4 4 F 44.3 0 F
10/ 12 01 0 0 44.71F 46.4 4 F 55.67 F 56.24F 43.96F
1 0/ 12 02 0 0 44.3 3 F 46.17F 55.43F 55.8 9 F 43.7 0 F
10/ 12 0 3 0 0 41.69F 43.82F 54.69F 54.97F 43.17F
1 M 1 i y 4 y y 7^ 7-^-tF Tr-Tr^-F Tr-rT-Tr-^F
10 / 1 ^ y 5 y y 7r 7r 7r 7r 7* F 7r 7r 7r 7r 7r F
l y 1 i y b y y ^ ^ - F -*r 7r7-F - + -r-r*F ■* + 7r + 7-F
l y •••' 1 i y 7 y y + 7- + -6^F 7r7r7-^7-F 7T + 7r7-^F
1 y •••• 1 y o y y + + -*T-*r-*r F 7r -*■ 7r 7r -r F Tr + Tr^-F 7- 7r 7r 7- 7r r ^T-^TtT-F
10/ 1 2 09 0 0 57.87F 58.66F 57.93F 58.00F 44.51F
1 0 / 12 10 0 0 65.68F 66.0 7 F 60. 17F 60.82F 46.66F
1 0/ 12 1 1 0 0 74.36F 74.46F 62.4 4 F 63.16F 48.36F
10/ 1 2 12 0 0 78.90F 79.15F 64. 19 F 65.23F 4 9.7 6 F
1 0/ 12 13 0 0 80.58F 81.0 8 F 65.45F 66.80F 50.78F
10/ 12 14 0 0 80.35F 81.0 3 F 66.22F 67.6 y F 51.42F
10/ 12 1 5 0 0 77.05F 77.81F 66.76F 6 3.0 6 F 51.68F
10/ 12 1 6 0 0 73.10F 73.38F 67.40F 68.15F 51.87F
1 0/ 12 17 0 0 67.31F 66.31F 67.04F 67.6 1 F 51.59F
10, 12 18 00 61.62F 6 0.9 0 F 64.59F 65.27F 50.0i4F
1 0/ 12 1 9 0 0 55.39F 55.10F 61.95F 62.46F 48.40F
10/ 12 20 0 0 50.12F 51.34F 59.53F 6 y • 2 9 F 47.012F
10/ 1 2 21 0 0 48.14F 4 9.8 1 F 58.53 F 59.15F 46.2 3 F
10/ 12 2 2 0 0 44.47F 46.92F 56.92F 57.35F 45.31F
10/ 12 •~i 0 0 43.70F 45.8 0 F 56.18F 56.22F 44.62F



Appendix II
Correlations of Experimental Data Based on Arithmetic 

and Weighted Average Teirperatures (Table II)
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0-2000 CFM t
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Figure 16. Alternate correlation of data using arithmetic average of

outlet tenperatures
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Figure 17. Correlation of experimental data using a weighted average

outlet air tenperature
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Figure 18. Alternate correlation of data using a weighted average 

outlet air tenperature.




