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ABSTRACT

The evaluation of the outlet temperature of flow in solar collector is still of interest for the
convection heat transfer investigator. The aim of this project is to correlate the air outlet
temperature to inlet of the solar thermal channel, wall temperature, radiation intensity and air
flow rate, at different tilt angle and channel length. This project is involved both the analytical
and experimental works. For analytical analysis, the physical model of the solar thermal channel
is developed together with the mathematical model for the system. Solution is proposed by using
iteration in the MATLAB program to find the unknowns. A test rig based on the physical model
is designed and fabricated for experimental validation. Experiments were run at 10°, 300,' 50° 70°,
90° tilt angles, for 1m, 1.5m, and Zm channel length respectively. In addition, readings were
taken every 2 hours interval to investigate the transient behavior of the system. Finally, results
from analytical analysis is compared and validated with the experimental result, The percentage
error of the validation results is within the margin of 6% to 13%, effectively. In addition,
recommendations were provided for future work, to improve both the analytical and

experimental aspects.
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NOMENCLATURE

by convective heat transfer between glass and air channel (W/m*.K)
P radiative heat transfer coefficient between glazing | and sky (W/m”.K)

rag radiative heat transfer coefficignt between absorber plate and glazing 2 (W/m*.K)
My wind convective heat transfer coefficient (W/m*.K)

H incident solar radiation on it1glilied surface (W/m?)

Ky thermal conductivity of air (W/m.K)

Kins thermal conductivity of wall insulator (W/m.K)

q” heat transfer to the air stream (W/m?)

hY, solar radiation heat flux absorbed by glazing | (W/m?)
S, solar radiation heat flux absorbed by glazing 2 (W/m?)
S solar radiation heat flux absorbed by absorber (W/m?)
Ty temperature of the absorber (K)

T i ambient temperature (K)

Tr. mean temperature of air in channel (K) .

I air temperature at inlet of channel (K)

Tt air temperature at outlet of channel ()

T temperature of the glazing 1 (K)
16z temperature of the glazing 2 (K)
T sky temperature (K)

V wind velocity (m/s)
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a8 angle of inclination with t'.he horizontal surface
Ur kinematic viscosity of air

Lir dynamic viscosity of air

of d'ensity of air

Cr Specific héat of air

4] Coefficient of volumetric expansion

Nu Nusselt number

Pr Prandtl number

Gr Grashof number

Constants

AWy * thickness of insulation behind absorber (0.01m)
ay absorptivity of glazing 1 (0.6)

a absorptivity of glazing 2 (0.6)

s absorptivity of absorber (0.95)

&6t emissivity of glazing 2 (0.9)

EA erﬁissivit_y of absorber (0.95)

14 constant for mean air temperature approximation (0.7)
g gravitational force (0.98)

o Steffan-Boltzmann constant (5.67 x 10-8 W/m?K*)
¥ transmissivity of glazing 1 (0.9)

Tz transmissivity of glazing 2 (0.9)



CHAPTER 1

INTRODUCTION

1.1 Background Study

Solar energy collectors are special kind of heat exchangers that transform solar radiation
energy (o internal energy of the transport medium. The major components of any solar
system are the solar collector, a device which absorbs the incoming solar radiation,
converts it into heat, and transfers this heat to a fluid (usually air, water or oil} flowing
through the collector, The solar energy collected thus is carried from the circulating fluid
cither directly to the hot water or space conditioning equipment or to a thermal energy

storage tank from which can be drawn for use at night and/or cloudy days.

Solar collectors consist of two major cétegories: stationary and sun-tracking. Stationary
solar collectors are usually flat-plate cé!lector which is the most common type. On the
other hand, sun-tracking solar collector usually has concave reflecting surfaces to
intercept and focus the sun’s beam radiation to a smaller receiving area, thercby
increasing the radiation flux. [t is mainly used in the power generation industries. Air
heating flat-plat solar collectors are usually rectangular passages with two openings at
both of their ends. The main engineering concept behind a air heating solar collector is

natural convection.

Natural convection is a mechanism, or type of heat transport, in which the fluid motion
Is not generated by any external source {like a pump, fan, suction device, etc.) but only
by density differences in the fluid occurring due to temperature gradients. In natural
convection, {luid surrounding a heat source receives heat, becomes less dense and rises.
The surrounding, cooler fluid then moves to replace it. This cooler fluid is then heated
and the process continues, forming convection current; this process transfers heat cnergy
from the bottom of the convection cell to top. The driving force for natural convection is

buoyancy, a resutt of differences in (luid density. H
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Figure 1.1 Air heating flat-plate solar collector 2

A typical air heating flat-plate solar collector is shown in the following figure. When
solar radiation passes through a transparent cover and impinges on the blackened
absorber surface of high absorptivity, a large portion of this energy is absorbed by the
plate and then is transferred to the air in the channel. Cool air enters from the bottom
opening and as the air is heated, it moved upwards due to natural convection of the air
inside the channel. Then the warm air that exits from the solar collector can be utilized
for various applications. Transparent cover or glazing is used to reduce the convective
losses from the absorber plate to the atmosphere. It also reduces radiation losses from
the collector as the glass is transparent to the short wave radiation received by from the

sun but it is nearly opaque to long wave thermal radiation emitted by the absorber plate

(greenhouse effect). B

The most common applications of air heating solar collector are solar chimney and
Trombe Wall. A solar chimney uses the natural convection of air heated by the passive
solar energy to improve the ventilation of buildings. Some modern solar chimney with
high ventilation rate even incorporates a small wind turbine to generate electricity for
household supplies purposes. Natural ventilation can be created by providing vents in
the upper level of a building to allow warm air to rise by convection and escape to the

outside. At the same time cooler air can be drawn in through vents at the lower level.

2



) Dy

|/ Replacement six drcwn
oo - / frum ceal side of house
lack selective ¢ outing i
Figure 1.2: Solar chimney for Figure 1.3: Trombe wall to warm
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building ventilation up living space.

Figure 1.2 shows an example of a modern solar chimney incorporating a rotating
turbine. On the other hand, Trombe wall is used to trap the passive solar energy to warm
up the living room. However, the working principle is similar to the solar chimney.
During the day, sunlight shines through the glazing and hits the surface of the thermal
mass, warming it by absorption. The air between the glazing and the thermal mass
warms (via heat conduction) and rises, taking heat with it (convection). The warmer air
moves through vents at the top of the wall and into the living area while cool air from
the living area enters at vents near the bottom of the wall. At night, a one-way flap on
the bottom vent prevents backflow, which could give undesired reverse cooling effect.
In addition, the heat stored in the thermal mass radiates into the living area to
continuously warming the living space. Figure 1.3 shows the basic design and heat

transfer principles of a Trombe wall.

Other than that, air heating solar collector can also be used in process applications such
as drying laundry, crops and other drying applications. Air heated through a solar

collector and then passed over a medium to be dried can provide an efficient means by

which to reduce the moisture content of the material. 61



1.2 Problem Statement

The evaluation of the outlet temperature of flow in solar collector is still of interest for
the convective heat transfer investigators. Many parameters are involved in such case,
for example the passage length and gap size, inclination angle, walls temperature,
ambient temiperature, -insolation, etc. Accordingly, correlating the outlet temperature to
the inlet at different conditions will simplify the mathematical modeling of the

phenomena.
1.3 Objectives

The objective of this project is to investigate the heat transfer in solar collector to
correlate the outlet to the inlet air temperatures at various passage lengths and inclination

angles.

1.4 Scope of Work

I. To do analytical analysis on the physical model of a solar collector to correlate
the outlet air temperature to inlet air temperature, wall temperature, tnsolation,

ete. at various passage lengths and inclination angles.

2. To conduct serics of experiments based on the physical model in analytical
analysts to investigate the relationship between the parameters involved and

observe the transient behavior of the system.

To validate the results from analytical analysis with the experimental results.

Lo

1.5 Significance of the Project

The actual mathematical modeling for a solar colilector of a rectangular passage is very
complicated as there are too many unknown parameters to be taken into consideration,
such as the inlet air and outlet air temperature, the passage wall and glass temperature,

solar irradiation, outlet air velocity, length and inclination angle of the passage. etc.



Yet, if the correlation of the outlet air temperature to the inlet air temperature at the
various conditions were found, the mathematical modeling of such particular phenomena

could be simplified significantly.

For instance, with a given inlet air temperature, the outlet air temperature can be easily
predicted at different passage lengths and inclination angles, using the same established

correlation. This_information wouyld be very useful for engineers to improve or design

new solar colleciors up to their desired standards and specifications,




CHAPTER 2

LITERATURE REVIEW

Many researches, studies, experiments, and modeling had been done related to the topic
of this project. Most of them involved with the chimney and the Trombe wall.
Evaluation of the performance of special chimney configuration, such as solar roof
collectors and Trombe walls had been made to achieve optimum and energy
conservation in buildings. (e.g. Gan 1998; Sanchez et al.,, 2003; Ong and Chow 2003;
Khedari et al., 2000, 2003; Heras ¢t al., 2005).

"l showed that there is an optimum chimney length/gap width ratio for

Bouchair 1
maximum air flow rate for his 1.95 m high and variable width chimney which was
electrically. heated. Howevér, if the chimney was too big reverse circulation occurred
whereby the air flows downward via the center of the duct. Hocevar and Casperson 18]
had proven experimentally that the velocity and temperature magnitudes in width size
varying from 2.5 to 20 cm of a vented 2.2 m high Trombe wall are functions of the gap
width, ambient air temperature, insolation rate, wall temperature and the elevation above
the Trombe wall inlet duct. They also pointed out that changes in ambient conditions at

different measurement times would not change the temperature profile significantly.

Bansal et al. (1993) I developed a steady state analytical model for uniform wall
temperature applied to a solar system consisting ol a solar air heater connected to a
conventional chimney. Combining the air flow rate equations and for the chimney and
the energy balance equation for a conventional irradiation heat absorber, they managed
to derive a temperature distribution equation for the air., Andersen (1995) MO derived a
set of equations to predict the natural ventilation in a room with small openings based on
the pressure model. He mentioned that the channel width for solar chimneys should be at
least 4.7cm. Gan (1998) M ysed 3D CFD techniques to study the parameters that
influence the performance of a Trombe wall. He concluded that the ventilation rate

increased with wall temperature, solar heat gain, wall height, channel gap, double-



glazing, and thickness of wall. In the studies, he highly recommended increasing the

thickness of the interior surface of the wall to increase its performance.

Using the concept of a thermal resistance network, Ong and Chow (2003) 2l developed
an analytical model to examine the effects of air gap and solar irradiation intensity on
the performance of different chimneys assuming uniform heat flux on the heated wall,
solved using matrix inversion. Existing correlations of heat transfer coefticients were
utilized. Property values fof the air flow in the duct were based on mean bulk or film
temperatures. The perfom{ance of the chimney was evaluated by predicting the
temperatures of the glass glézing and the heat-absorbing wall and also the temperature
and velocity 61’ the induced air flow in the chimney. The effects of air gap and solar
radiation intensity on the performance of different chimneys were investigated. [n order
to verify the theoreticel model, experiments were conducted on.a 2 m high x 0.45 m
wide physical mode! with air gaps of 0.1, 0.2 and 0.3 m. Experiments were carried out
outdoors on the roof and the experimental model exposed to boih direct and diffuse solar
radiation. Air velocities between 0.25 m/s and 0.39 m/s for radiation intensity up to 650
W/m* were obtained. No reverse air ffow circulation was observed even at the large gap

of 0.3 m. Figure 2.1 below shows the description of the physical model of chimney used.
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Figure 1.1 Cross sectional view for physical model of chimney



Most published works deal with solar chimneys fixed at a specific inclination, usually
vertical, mostly because these are easier to construct and operate. In fact, E.P. Sakonidou
et al. (2008) 51 mentioned that solar chimneys employing inclined collectors can
evidently exploit more the incident irradiation to enhance air flow in the chimney. As the
inclination of the chimney varies, two things occur that work in opposite directions with
respect to the air flow rate. A lower inclination results in a higher exposure of the wall to
solar irradiation and hence yield higher heat utilization and more intense buoyant air
flow. However, tilting the chimney reduces the effective pressure head of the chimney
and so diminishes air flow. Therefore, it is apparent that there must be an optimum tilt to
the highest flow rate, compromising these two ¢ffects. Through CFD modeling and
experimental results, they found that the optimum tilt of a solar chimney for maximizing

air flow varies from 63° to 76°. Besides velocity, the output of the model includes the
_ y p

temperature of the air inside the chimney and the temperatures of the glazing and the
black painted absorber, as a function of tilt and height. Besides that, they also considered
chronological, geographical, meteorological, geometrical aspects and the optical
irradiation properties of construction materials in their study. A related research of solar
irradiation and glazing optical properties was employed by Hamdy and Fikry (1998) (4]
for Alexandria (Egypt) in the summer months. They examined the optimum tilt angle of

a solar collector connected to a conventional chimney at 32° N latitude. For these

particular conditions, an optimum tilt around 60° was estimated for maximum air flow.

Similar works has already been carried out by Moshfegh and Sandberg (1998); and Chen
et al. (2001), however, they involved heating means other than solar irradiance to

. " 15 . . .
achicve uniform wall heat flux. Chen et al. "' carried out indoor experiments on a one-

side electrically heated 1.5 m high solar chimney with variable gaps from 0.1 to 0.6 m
and at different chimney inclinations. Their results show maximum air flow rate at an

inclination angle around 45° for a 0.2 m gap and 1.5 m height of chimney. The air flow

rate was about 45% higher than a vertical chimney at otherwise identical conditions.
They concluded that prediction methods currently available over-predicted the air flow
the air flow rate because of the uniform temperature air velocity across the same height

assumption, especially for chimneys with large gaps.



D.J Harris, N. Helwig (2006) el had also performed an assessment of the impacts of the

inclination angle on the induced ventilation rate by CFD modeling technique. Besides

that, his studies involved the effects of double glazing and low emissivity finishes of the

solar chimney. It was found that for a south-facing chimney, an inclination angle of

67.5° from the horizontal was optimum for the location chosen, giving 11% greater

efficiency than the vertical chimney, and that a 10% higher efficiency was obtained by

using a low-emissivity wall surface. Low-emissivity coatings allow radiation to be

absorbed but limit the emission of long wave infrared radiation back to the surroundings.

The addition of double glazing gave a slight improvement in performance, but it was nol

significant enough to be cost effective. Some of the graphical results of analysis are

shown in following figures. Figure 2.2 shows the effects of double glazing and low-

emissivity on air flow rate at different inclination angle and cavity width. The result

indicates that the maximum air flow is given with the cavity width of 0.25 m.

Meanwhile, Figure 2.3 indicates the 24 hours performance of different tilt angle

configuration.
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Jyotirmay ¢t al. 117 (2006) had also proposed solution to obtained mass flow rate

through inclined solar chimney for given latitude, day, time, inclination and chimney

dimensions. The theoretically determined results with the presented solution are found (o

be in good agreement with experimental results. Their study shows that optimum

inclination at any place varies from 40" to 60” depending upon latitude. The maximum



mass flow rate through an inclined solar chimney at Jaipur (India) 27°N latitude can be
obtained at an absorber inglination of 45°. Flow rate at 45" inclinations is about 10%
more than the flow rate at 30° and 60° inclinations. it can also be concluded that with
increase in air gap, rate of air flow increases. Similarly, it has also been established that
with ipcrease in inlet height, flow rate increases. The obtained flow rates are sufficient

for using roof solar chimneys for inducing ventilation in real buildings.

The more current related study has been done by Azrul (2010) 1181 46 investigate the
effects of four different inlet configurations of inclined hedted channel of Roof Top
Solar Chimney (RTSC). His experiments and simulations analysis showed that the air
flow rate varies with the type of inlet configurations, thus recommended taking into the
consideration of inlet shape when analyzing perfermance of solar chimney system. On
the other hand, J. Arce et al. (2010) 1 carried out an experimental analysis on the
thermal performance on a full scale solar chimney. An experiment model was built and
operated at outdoor, facing south in vertical position, located at Desert of Tabernas,

Almeria. [t was observed that the air flow rate through the solar chimney was influenced

by a pressure difference between input and output caused by thermal gradients and by
wind velocity, mainly. A maximum air temperature increment of 70°C was obtained was
obtained through the system for a maximum irradiance of 604W/m’ occurring around
13:00h. Values of air flow rate 50-374 m'/h were obtained for a typical day ol
September 15" 2007. An average air flow rate of 177 m*/h was obtained from 0:00 h to
24:00 h. A discharge coefficient Cy of 0.52 was experimentally obtained and it may be

used to determine the mass flow rate on theoretical models ol solar chimneys.

I'rom the literature review, it is observed that most of the research was focusing more on
the outlet velocity but [ess on the outlet temperature of the air. Thus, in order to correlate
the outlet air temperature to the inlet, the convection heat transfer in open solar
collectors is still requiring further investigation. Since many parameters are affecting the
system, experimental and analytical analyses will be carried out in this study in order to

obtain the solution.

1C



CHAPTER 3

METHODOLOGY

3.1Project Execution Flow Chart
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3.2 Gantt Chart
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3.3 Analytical Analysis

A physical model of a solar collector was established in order to define the control
volume and boundaries of the system. Figure 3.1 shows the physical model of a double
glazing solar collector which will be used in this particular study. Following

assumptions were taken in this case:
1. The entire system is in steady state condition.
2. Friction losses is neglected due to the very low order of air flow velocity.
3. The flow of air in the channel is in laminar.
4. The inlet air temperature is the same as the ambient temperature.

5. All energy transfer processes through the glass cover, absorber plate and air

channel are in one dimensional in nature.

5, 2 S5 Glazing 1 (G,)

Glazing 2 (G,)
Air

Outlet

Absorber (A)

Insulator (Ins)
y\

Figure 3.2 Physical model of a double glazing solar collector

Subsequently, mathematical model was then developed based on the physical model
above. The mathematical model is mainly used to predict the outlet air temperature of
the system to the inlet air temperature at an inclined angle and varied passage length. In
order to perform this, study of natural convection of heat transfer was conducted. The
major parameters included in this study are: temperature of absorber (TA) and glazing

13



surface (T¢i, Tg2), ambient air temperature (T,y), temperatures of air inlet (Tg) and
outlet (Ts), mean air temperature (Ty), inclination angle from horizontal plane (6) and

length of passage (L).

The following energy equations for the glazing surfaces, air passage, and absorber

surfaces were established to find the desired correlation.

At Glazing 1,

S1 4 he(Tgo — Tgr) + he(Tez — Tg1) = hys(Ta1 — Tagmp) + hw(T1 — Tamp) (D
At Glazing 2,

Sz hg(Tt — Tga) + g (Ta — Tp2) = he(Tpz = Tg) + b (T2 — T (2)

Substituting (2) into (1),

S1+5+ hg(Tf —Tez) + hrag(Ta — To2) = hrs(Tg1 — Tamp) + hw(To1 — Tamp)  (3)

At Air Passage,

holTa = Tp) = hy(Tr — Top) + ¢ 4
At Absorber,

Fing
S3 = hy (TA - Tf) + Ny (Ty — Tgo) + (Awins)(TA — Tamp) ()

The useful heat gain by air in the equation (4) can be found through following equation
q" = mlp(Try — Try) (6)

Where

) c 2gLsin® (Tr — Tamp)
m =
abyflo (1+ A D) Ty

Where A= AyAi; py of (8) & (9); Ca=0.57 "

14



The mean air temperature is given as

Tf = ]/Tfo + (1 - }’)Tﬁ (7)

. . . 21
Where y is constant for mean temperature approximation (0.74) 1211

The solar radiation heat flux absorbed by glazing 1 (S,), glazing 2 (8;) and absorber (S3)

are given as
Sl = 52 = T, 53 = Tzal
Radiative heat transfer coefficient between glazing 1 and sky is given as

_ O (Tgy + Ts)(TGlz + Tsz)(TGl - T)
TGl + Tamb

rs

Where sky temperature, T, = 0.0552(T,,. ;)5
Convective wind heat loss coefficient is given as
h, =57 +38v Bl
Where V' = wind velocity
Radiative heat transfer coefficient between absorber and glazing 2 is given as

I U(TGZZ + TAZ)(TGZ + Ty)
rag — 1 1 1

—— _|_ — =

(802 €4 )

~ Convective heat transfer coefficient between glazing 2 and air channel is given as

Nuk
hy = —
1.
Where, Nu = 0.6(Gr.cos8.Pr)0?
C
pr= Bt
ke
A
Gr = 9B 22
kpvy

15



* [,Lf’Cf, ks, B, vy can be found from the empirical relationships proposed based on

tabulated data from handbooks for air properties by using the mean temperature value of

Ter + 75
m:—z_—"

Convective heat transfer coefficient between absorber and air channel,

g — 2
Where, Nu = 0.6(Gr.cos0.Pr)%2

C

Pr = oy

ks
5,14

Gr = JY:
kyvr?

* MfJCf, k¢ B,v; can be found from the empirical relationships proposed based on

tabulated data from handbooks for air properties by using the mean temperature value of

T, +T
Tn =5 (®)

The empirical relationships proposed based on tabulated data from handbooks for air

properties
pr = [1.846 + 0.00472 (T, — 300) X 107°]
Cr = [1.007 + 0.00004 (T;,, — 300) x 103]

ks = [0.0263 + 0.000074 (T;, — 300)]

~pr = [1.1614 4 0.00353 (T;, — 300)] - (9)
Uy 1
Ve = — [
! pf B Tm
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From the equations above, Ta, TG_I; Tga, Ty, T and Ty are the_: four unknowns that are to
be solved. However, in order to find the empirical relationship of air properties (where
the calculation should be started), Tx, Te, and T: are first required to be known in order
to calculate the mean air temperatures, T, In other words, T, Tz and Ty are first
needed to be guessed in order to find their real value through the method of iterations.
However, the calculation can be very complex due to the many unknowns involved.
Thus, in order to simplify this problem, T, T, Tg; were assumed to be known. As a
matter of fact, the values will be obtained from the experimental data. Now that with

only Tm, Tf, and Tfo left to be unknowns, the problem can be solved by

Substituting (7) into (5),

I
$3= Ra{Ta = [VTro + (1 = VIT1} + hyag (T = To2) + ( A =) (T4 — Tamp)
Ins
Rearranging,
Ta=Tri | Rrag(Ta—Tg2)—S Kins(TA—Tam
Tfo =Tfi+ A fl_l_ ag( A~ Tg2) 3 ns{Ta=Tamb) (10)

hgay h,Y(AWins)

Due to the lengthy calculation, it is rather difficult to solve the simultaneous equatidns
for Ty, and Ty through traditional method. Therefore, it is proposed that this problem is to
be solved through mathematical computer program. For this study, MATLAB v7.1 was
used to write the program required to solve the problem. An initial guess was given to
Ty, in order to find Ty from equation (7). Meanwhile, equation (10) is used to calculate
| for Tr,. Then, the computed Ty, is compared with the initial guessed value. If the error of
guessing were 100 big (more than 0.1%), the program will use the computed Tg, as anew
guessed Ty, and repeat the calculation. Each of this loop is called iteration whe.re the
values of Tfo will continue to converge with each iteration. The loop will be repe:ited
until the condition is met (error is less or equal to 0.1%). A more detailed execution flow
chart of the written MATLAD program is showed in the following Figure 3.3.
Meanwhile, the MATLAB program codes are attached in the APPENDIX 1.
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Request for user’s Input

(La 93 TG2> TAa Tamb> H: Tfo, guessed)

l

Calculate Solar Radiation Heat Flux {S3)

Replace i, guessed with To, new

Calculate Mean Temperature Value of

Absorber and Air (T,)

Calculate properties of air ( pif, Cr, kg pr Vr)

Calculate Dimensioniess Numbers

(Pr, Gr, Nu)

i

Calculate Radiative Heat Transfer Between

Absorber and Glazing2 (hyag)

Calculate Convective Heat Transfer

Between Absorber and Air (h,)

Calculate Outlet Air Temperature (Tr new)

Calculate Percentage Error Between Tz, pew

and Tfo, guessed

Percentage Error < 0.1%

Outlet Air Temperature = Try new

Figure 3.3 MATLAB Program Execution Flow Chart
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3.5 Experimental Investigation

3.5.1 Conceptual Design

The design of the experimental model for this project is fairly simple. Figure 4.1
shows the dimensions of the models which have 0.5 m x 0.13 m cross sectional
area with three different lengths which are 1 m, 1.5 m and 2 m respectively. In
order to reduce the cost of production, at the same time increasing the ease of
transportation, fabrication and configuration, the model is designed to be
attachable and detachable to fulfill the different length requirement. Figure 4.2
shows the isometﬁc view hand-sketch of the initial stage model design. Two
supporters are used to support the rectangular passage with adjustable lock to
ensure that the rectangular passage could be tilt to the desired angle (10°, 30°, 50°,
70”, and 90" measured from horizontal plane). Supporter will be directly attached

to the 1 m rectangular passage; meanwhile of the 0.5m section(s) can be attached

to the 1m section by clipper or hinge to achieve 1.5m and 2m respectively.

pav Duihed

T

Lo ? ./@4!“/ cligper
T s
4-3;.-’-'-/ L~

L

P s i 11

5

TR

Shr T Sl

o

v iﬂie‘%

Figure 3.4 Isometric sketch Figure 3.5 Different inclination
of experiment model angle configurations
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3.5.2 Detailed Drawings

The detailed drawings of the test rig have been completed using AutoCAD 2007. The
drawings are including the four different view angles of the test model, which are the
plan, front, side and isometric view respectively. Please refer to APPENDIX IT for the

detail drawings.

3.5.3 Material Selection

lasilatny
?%55 1 I— " T Wank
K 11 Rleet
bt T T e

{xm.v:; ﬁ ;

Figure 3.6 Cross sectional view of the

solar collector

Based on Figure 3.6, three different characteristic of the materials that work in a typical

solar collector are used to construct the passage. The three types of materials are glazing,

heat absorbent and insulator.

Glazing is the transparent part of the wall where the solar irradiation will transmit

through and hit directly at the heat absorbent.

Absorber will transfer heat as radiation to the glazing then back to the sky; at the same

time, transfer heat as convection to the air inside ihe passage.

Insulator will trap heat and prevent unnecessary heat loss through conduction and

convection at the other surface of the absorber.,

The type of material selected with justification of selection is shown in the following

Table 3.3.
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Table 3.3 Materials selections for test model’s components

Components Materials Justification

. Ease of fabrlcatlon ”

) o High thermal conductivity

Absorber Aluminum
» Lighter weight and more economical

than copper

3.5.4 Experiment Settings and Procedures

The data collected from the experiment are insolation, ambient, outlet and mean air
temperature, inner and outer glazing temperature, absorber plate temperature.

Meanwhile, the tools and equipments used for the data collection purpose include:
1. Testrig
2. Two channels data logger — to display temperatures value
3. Thermocouple wires — to measure wall surfaces temperatures
4, Thermocouple probes — to measure air temperatures
5. Solar meter — to measure insolation

First of all, thermocouples are placed along the length of the surface of the inner and
outer glazing and absorber in order to take their mean temperature. Four thermocouples
are placed along the wall surfaces of 2m length; three thermocouples are placed for 1.5m
~ length; 2 thermocouples for 1m length. Measurements are taken every 2 hours interval,

at 8am, 10am, 12pm, 2pm, 4pm, and 6pm to observe the transient behavior of the system.
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The experiment is started with 2m wall length at 90° inclination angle, followed by 70e,
507, 30°, and 10° from the horizontal axis. For each set of tilt angle at 2m, the readings
are taken for 3 consecutive days in order to find the average result. After 2m
configuration is completed, the same procedure is repeated for each 1.5m and Im wall

length. The sample data sheet used for experiment is attached the APPENDIX IIL

Figure 3.7 Im wall Figure 3.8 1.5m wall Figure 3.9 2m wall
channel at 30° channel at 70° channel at 30°

From Figure 3.7, it is observed that 1 m section is fixed at the center of the support with
a bearing for tilting. The four hinges at the top and bottom of the insulator are used to
extend the wall length to 1.5 and 2m. Figure 3.8 shows that the wall is extended at the
top hinges to 1.5m. Meanwhile, Figure 3.9 shows the 2m configuration, extended both
from the top and bottom hinges. Like insulator, the double glazing is also extended. On
the other hand, absorber plate is not extended. Three different absorber plates will be
manually fixed onto the insulator based on the configuration length of 2m, 1.5m and 1m,
respectively. All four sides and edges of the double glazing are sealed using silicon tape
to reduce losses. In addition, every time when the insulator and glazing are extended,

silicon tape will again be applied to seal the tiny gap in between to minimize the losses.
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Experimental Data Analysis

Microsoft Excel 2007 was used to store and summarize raw data, and also to plot all the
graphs for analysis purposes. As mentioned previously, each of the configurations
(varied length and inclination angle) are repeated for 3 consecutive days to consider the
average reading. This is because the weather is changing too frequently, thus average
result is taken to improve the reliability of the data. As a result, the experiment was
conducted for a total of 45 days until all data are successfully collected. Both the data
summary and raw data are presented in the APPENDIX IV.

Despite that average readings have considered, it is necessary to clarify that the data
collected are sometime inconsistent, due to the inevitable sudden change of weather
(cloudy and windy). Therefore, the following discussions are made based on the overall
observation, rather by individual configuration. In addition, the following graphs are
plotted against time to observe the transient behavior of the system.

The following figure is showing the variation of mean air temperature (left y-axis) and

Mean Air Temperature (°C) & Insolation (W/m?)
Vs Time for 70° Inclination Angle

37.0
350 -
33.0
31.0
29.0
27.0
25.0

8:00 10:00 12:00 14:00 16:00 18:00

—#=—Mean Air Temp (2m) == Mean Air Temp (1.5m) === Mean Air Temp (1m)
=~ Insolation (2m) =é=|nsolation (1.5m) ~&—Insolation (1m)

Figure 4.1 Mean air temperature & insolation profile for 70° inclination angle
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insolation (right y-axis) at 70° inclination for 2m, 1.5m and Im passage lengths. This
angle was randomly selected simply as an example to compare the relationship between
the mean air temperature and insolation. It is observed that the mean air temperature
profile is closely matching the insolation profile for each individual passage length. Both
of the readings are gradually increasing from 8am, reaching its peak around 12pm to
2pm, and then gradually reducing afterwards.

To observe the influence of inclination angle on both insolation and mean air
temperature, the following graphs are presented. Passage length of 2m was randomly
selected solely as an example to be presented. The graphs are showing the variation of

insolation and mean air temperature profile at all inclination angles.

Insolation Vs Time [2m]

600.00

500.00
; 400,00 ~—4—90 deg
= 70 deg
§ 300.00 |
a =50 deg

200.00 |
2 =3é=30 deg

100.00 —#—10 deg

0.00 —
8:00 10:00 12:00 14:00 16:00 18:00
Figure 4.2 Insolation profile for passage length of 2m
Mean Air Temp Vs Time [2m]

45.0
T 400
= —o—90 deg
E 350 | 70 deg
E 30.0 —de—50 deg
® =3é=30 d
S 250 .

== 10 deg
200 \———" —— - —_
8:00 10:00 12:00 14:00 16:00 18:00

Figure 4.3 Mean air temperature profile for channel length of 2m
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From Figure 4.2 above, it is observed that the intensity of insolation is significantly
affected by the tilt angle. The system is gaining higher incident solar radiation at lower
tilt angle, thus providing higher value of insolation. The difference is most significant
around 12pm where the insolation is the most intense throughout the day. Nevertheless,
Figure 4.3 shows that inclination angle does not significantly affecting the variation of
mean air temperature in the air passage. Yet, lower inclination angle still noticeably
produces higher mean air temperature for all passage lengths. The inconsistent behavior
of mean air temperature at different inclination angles could be due to the wind running
through the channel — replacing the warm air in the channel with ambient air, thus,
lowering the air temperature at that particular day and time. In addition to Figure 4.1,
the fact that the mean air temperature profile closely matches the insolation profile at
other inclination angles (10°, 30°, 50°, and 90°) can be observed by comparing Figure
4.2 and Figure 4.3.

Finally, the following graphs are plotted to analyze the impact of different passage
length is having on its mean air temperature profile. The graphs are showing the mean
air temperature profile at 2m, 1.5m and Im passage lengths for all tested inclination

angles.
Mean Air Temp (°C) Vs Time Mean Air Temp (°C) Vs Time
[90°] [70°]
40.0 -_— 400 — — -
35.0 — 35.0
30.0 —_— 30.0
25.0 —— 25.0
200 ——————————— 200 ——— ——————— -
8:00 10:00 12:00 14:00 16:00 18:00 8:00 10:00 12:00 14:00 16:00 18:00
==2m =8-15m —d—1m —o—2m length —@—15m —&—1m

Figure 4.4 Mean air temperature profile Figure 4.5 Mean air temperature profile

for 90° inclination angle for 70° inclination angle
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Mean Air Temp (°C) Vs Time
[50°]

200 —
8:00 10:00 12:00 14:00 16:00 18:00

—4—2m —8—15m —&—1m

Mean Air Temp (°C) Vs Time
[30°]
40.0 -

35.0

30.0

25.0

20.0
8:00 10:00 12:00 14:00 16:00 18:00

——2m —li—15m —&—1m

Figure 4.6 Mean air temperature profile

for 50° inclination angle

Mean Air Temp (°C) Vs Time
[10°]
45.0
40.0
35.0
300 — :
25.0 ( e
200 —
8:00 10:00 12:00 14:00 16:00 18:00

——2m =—@=15m =—d—1m

Figure 4.8 Mean air temperature profile

for 50° inclination angle
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Figure 4.7 Mean air temperature profile

for 30° inclination angle

From all the figures above, it can be seen
that the length of the wall does not
significantly affecting the variation of
mean air temperature in the air passage.
Similar to previous analysis, changes in
weather condition (insolation and wind
velocity) when the readings are taken
could be the main contributor to this
behavior. However, generally 2m passage
length has slightly higher peak mean air
temperature compared to 1.5m, followed

by Im passage length.




4.3 Analytical And Experimental Validation

The computation results from the mathematica! mode! and MATLAR program wriften
earlier are validated with the experimental data collected. To perform the validation,
inputs (L 0, Tga, Ta, and Tyus) were obtained from the experimental data, then the
computed output (Tg) is compared with the real outlet air temperature from the

expertmeittal data.

The following Table 4.1, 4.'2, 4.3, 4.4, 4.5, and 4.6 are showing the comparison between
the corﬁputed (theoretical) results and experimental results for all configurations at 08:00,

£0:00, 12:00, 14:00, 16:00, and 18:00, respectively. In addition, the individual

Theoretical—Experimental

percentage of error between both results { : x 100 } is calculated
' Theoretical
and the mean percentage error for the respective time is found. The mean percentage of

error calculated varied from 6.21% (at 08:00) to 12.20% (at 12:00).

In addition, the variation of outlet air temperature against the inclination angles at
different fength for both theoretical and experimental results were plotted. It is displayed
as Figure 4.9, 4.10, 4.11, 4.12, and 4.13 at 08:00, 10:00, 12:00, 14:00, 16:00, and 18:00,
respectively. Based on these tables and figures, it can be seen that theoretical results of
each configuration is noticeably higher than experimental resul.ts. This is most probably
because the wind is displacing the hot air with cooler ambient air in the channel, thus

making it lower than the theoretical resulfs,

Besides that, it is also oliserved that configuration of lower inclination angles is
generally producing higher percentage of error compared to configuration with lower
inclination angles. Similarly, the fluctuation of percentage error is again caused by wind
traveling through the air passage. In most cases, the wind has greater impact on lower
inclination angle configuration. This is because when the air passage is more parallel (o
the direction of the wind itself] the wind is able to travel through the passage more freely,
thus displacing more hot air with cooler ambient air. Therefore, when the inclination

angle of the system is decreasing, the percentage of error is naturafly increasing.
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Table 4.1 Comparison of theoretical and experimental results for 08:00

L 9 TG2 TA T o .
Theo Exp % Error
90.0 26.3 27.5 266 | 2196 | 275 | 271 1.45
70.0 24.7 27.2 262 | 2997 | 288 | 264 8.33
2m 50.0 25.6 28.0 263 | 4032 | 294 | 271 7.82
30.0 26.1 27.8 261 | 3572 | 291 | 280 3.78
10.0 23.8 28.9 262 | 7212 | 311 | 267 14.15
90.0 26.0 27.7 266 | 2891 | 27.2 | 268 1.47
70.0 24.9 27.9 265 | 4191 | 281 | 267 498
1.5m 50.0 24.5 27.0 261 | 2967 | 27.7 | 26.2 5.42
30.0 25.3 28.1 262 | 4625 | 294 | 263 10.54
10.0 26.7 28.7 260 | 5290 | 306 | 26.1 14.71
90.0 26.4 27.4 262 | 2589 | 26.8 | 26.8 0.00
70.0 24.9 27.5 265 | 3390 | 272 | 267 1.84
1m 50.0 25.3 27.4 261 | 3341 | 280 | 263 6.14
30.0 26.1 27.8 263 | 3360 | 286 | 279 2.28
10.0 26.7 28.9 260 | 6090 | 291 | 261 10.31
Mean % Error = 6.21
Outlet Temperature (°C) Vs
Inclination Angle (°) at 8:00

32.0 i ‘ — ]

310 AN N - | | —

30.0 —— --J — ‘

|

|

|

29.0 '**M { [ ‘

g &m‘

270 | | :\R |
-~ %}

26.0 | __’FL_—;*—— | ‘ |

%0 - | (N [N I .
0 10 20 30 40 50 60 70 8 90 100

—4—Theoretical (2m)  —#—Experimenta (2m) —&—Theoretical (1.5m)
—é=Experimental (1.5m) =%#=—Theoretical (Im)  —&—Experimental (1m)

Figure 4.9 Outlet air temperatures versus inclination angles at 08:00
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Table 4.2 Comparison of theoretical and experimental results for 10:00

Tfout

e TG2 TA Tfi H

Theo Exp % Error

90.0 29.0 33.9 31.0 79.61 339 319 5.90
70.0 28.3 34.7 31.3 98.12 35.2 34.1 3.18
2m 50.0 28.5 36.2 29.4 162.45 36.7 33.3 9.26
30.0 289 42.8 31.8 290.80 394 35.9 8.88
10.0 31.8 43.4 323 272.00 41.6 389 6.49
90.0 293 35.0 325 81.29 335 32.9 1.79
70.0 27.7 341 30.0 107.62 353 33.0 6.52
1.5m 50.0 29.7 38.2 315 173.98 36.4 320 12.09
30.0 28.6 42.6 333 268.15 38.2 33.9 11.26
10.0 41.4 48.6 34.2 316.31 419 35.6 15.04
90.0 29.3 34.3 315 80.20 334 321 3.89
70.0 289 34.2 313 107.62 35.0 333 4.86
im 50.0 29.1 37.8 31.5 164.35 378 320 15.34
30.0 293 38.9 31.8 186.32 385 34.8 961
10.0 38.9 47.4 34.0 304.68 42.2 35.6 15.64
Mean % Error = 8.65
Outlet Temperature (°C) Vs

Inclination Angle (°) at 10:00

440 |

420 |

40.0

38.0 |

36.0 |

340 ;

32.0

300 —
0 10 20 30 40 50 60 70 80 90 100

—4=—=Theoretical (2m) == Experimenta (2m) ~&—Theoretical (1.5m)
== Experimental (1.5m) =#=Theoretical (Im)  —&—Experimental (1m)

Figure 4.10 Outlet air temperatures versus inclination angles at 10:00
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Table 4.3 Comparison of theoretical and experimental results for 12:00

L ] Ta Ts H L
Theo | Exp % Error

90.0 35.1 411 35.8 127.71 | 409 | 38.0 7.09

70.0 35.7 43.1 353 180.60 | 43.1 | 379 12.06

2m 50.0 343 45.5 335 282.70 | 44.2 385 12.90
30.0 36.3 53.5 36.1 447.10 | 456 | 40.5 11.18

10.0 42.7 62.0 38.0 580.20 | 55.8 | 47.0 15.77

90.0 34.2 383 34.0 96.51 39.1 36.0 7.93

70.0 315 40.8 35.2 15748 | 425 | 3724 12.00
1.5m 50.0 36.0 43.8 351 202.71 | 427 | 381 10.77
30.0 37.0 51.9 35.0 41360 | 45.7 38.5 15.75

10.0 39.2 56.4 34.9 517.93 49.1 40.5 17.52

90.0 35.3 40.0 35.4 11064 | 39.1 | 36.6 6.39

70.0 321 40.8 35.2 157.18 | 39.7 | 375 5.54

im 50.0 35.7 44.4 334 250.13 | 428 | 371 13.32
30.0 36.5 52.3 35.2 435.60 | 448 | 37.2 16.96
10.0 40.9 56.1 34.8 511.23 47.6 39.1 17.86
Mean % Error = 12.20

Outlet Air Temperatures (°C) Vs
Inclination Angles (°) at 12:00

0 —— 11T T —

0 10 20 30 40 50 60 70 80 9 100

—&—Theoretical (2m)  —#—Experimenta (2m)
s Theoretical (1.5m) ==¢=Experimental (1.5m)
—=Theoretical (Im)  —#— Experimental (1m)

Figure 4.11 Outlet air temperatures versus inclination angles at 12:00
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Table 4.4 Comparison of theoretical and experimental results for 14:00

Tfout
L (] TG2 TA Tfi H

Theo Exp % Error

90.0 36.0 41.9 36.0 13831 | 403 | 384 4.71

70.0 34.7 42.0 34.2 17949 | 418 | 389 6.94

2m 50.0 36.3 45.3 34.1 25589 | 430 | 39.0 9.30

30.0 38.9 49.6 35.0 336.63 | 4438 38.7 13.62

10.0 43.3 54.3 38.1 369.00 | 49.8 | 425 14.61

90.0 32.7 39.1 34.7 11585 | 380 | 361 7.44

70.0 33.0 39.9 349 130.05 | 40.2 | 36.5 9.20

1.5m 50.0 34.7 454 35.0 25760 | 428 | 391 8.64

30.0 371 49.5 35.7 339.20 | 444 | 3938 10.40

10.0 39.7 55.8 36.2 48453 | 473 39.5 16.49

90.0 32.7 38.7 35.2 100.85 | 37.1 36.2 2.45

70.0 34.1 397 34.2 130.05 | 39.5 35.1 11.14

im 50.0 34.2 41.9 33.1 20135 | 415 35.8 13.73

30.0 37.6 47.8 35.0 305.46 | 43.2 36.8 14.81

10.0 39.4 55.2 36.3 478.63 | 45.7 | 37.6 17.69

Mean % Error = 10.75
Outlet Temperature (°C) Vs
Inclination Angle (°) at 14:00
0 —M™M ———7————————————— .
50.0 ! :
450 | l |
400 |
35.0
300 |

—&—Theoretical (2m)  —#—Experimental (2m) - Theoretical (1.5m)

—>é=Experimental (1.5m) =s=Theoretical (lm)  —&— Experimental (1m)

Figure 4.12 Outlet air temperatures versus inclination angles at 14:00
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Table 4.5 Comparison of theoretical and experimental results for 16:00

Tfout
L 8 TG2 TA Tfi H
Theo Exp % Error
90.0 35.1 41.3 37.0 | 111354 | 413 | 380 8.03
70.0 30.7 34.4 29.9 9859 | 338 | 315 6.80
2m 50.0 32.6 39.3 332 | 14137 | 429 | 36.2 15.62
30.0 36.9 46.5 337 | 28643 | 448 | 38.0 15.18
10.0 41.9 52.8 36.7 | 37190 | 463 | 41.2 11.02
90.0 31.8 36.5 33.1 7839 | 376 | 347 7.71
70.0 32.2 38.3 345 | 10556 | 381 | 357 6.30
1.5m 50.0 323 39.0 315 | 16845 | 39.7 | 345 13.10
30.0 35.9 45.1 356 | 23860 | 40.6 | 36.6 9.85
10.0 35.9 50.2 348 | 391.13 | 425 | 371 1271
90.0 321 36.0 31.2 7991 | 362 | 34.7 4.14
70.0 331 37.0 321 105.56 374 34.7 7.22
im 50.0 31.8 39.2 328 | 159.84 | 384 | 345 10.16
30.0 37.2 45.7 33.7 | 279.50 | 405 | 35.9 11.36
10.0 38.7 49.5 336 | 376.24 | 416 | 36.9 11.30
Mean % Error = 10.03
Outlet Temperature (°C) Vs
Inclination Angle (°) at 16:00
480 — —_— 1
460 P~ s s L
440 —
42,0 E—-s.. —
40.0 ‘\ Pt
38.0 \I\“
36.0 Y— =
340
20— — - ——+——+ —
30.0
0 20 40 60 80 100

~-=Theoretical (2m)

== Experimental (1.5m) =#=Theoretical (1m)

~{i— Experimental (2m)

—==Theoretical (1.5m)
~@— Experimental {1m)

Figure 4.13 Outlet air temperatures versus inclination angles at 16:00
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Table 4.6 Comparison of theoretical and experimental results for 18:00

Tfout
L 0 TG2 TA Tfi H
Theo Exp % Error
90.0 31.8 321 29.7 37.56 336 | 304 9.52
70.0 28.2 313 29.1 45.68 344 | 310 9.88
2m 50.0 28.4 31.6 28.9 57.15 354 | 325 8.19
30.0 29.6 33.7 30.3 75.04 37.2 31.9 14.25
10.0 31.2 34.5 29.8 85.55 39.8 | 32.7 17.84
90.0 28.7 30.8 29.6 31.19 328 | 30.0 8.54
70.0 27.4 30.5 28.6 45.23 338 | 319 5.62
1.5m 50.0 29.0 33.0 30.7 62.32 341 | 313 8.21
30.0 30.7 34.1 29.7 87.76 36.7 | 305 16.89
10.0 334 34.8 28.4 10330 | 381 | 326 14.44
90.0 28.6 29.9 28.0 36.20 319 | 300 5.96
70.0 29.4 32.8 31.2 49.67 32.7 | 320 2.14
im 50.0 29.4 33.1 311 56.89 336 | 323 3.87
30.0 29.8 336 30.1 78.80 35.2 | 303 13.92
10.0 336 34.5 28.8 91.10 36.8 | 321 12.77
Mean % Error = 10.14
Outlet Temperature (°C) Vs
Inclination Angle (°) at 18:00
0 20 40 60 80 100
——Theoretical (2m)  ——Experimental (2m) -#—Theoretical (1.5m)
== Experimental (1.5m) —%#-—Theoretical (Im)  —®—Experimental (1m)

Figure 4.14 Outlet air temperatures versus inclination angles at 18:00
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The objective of this project: has been met. A MATLAB program was written based on
the physical and mathematical model developed to correlate the outlet to inlet air solar
collector for different lengths and inclination angles. Besides that, an experiment based
on the same model was conducted in order to validate the computation results from the
MATLAB program. From the results validation performed, it is concluded that the mean
percentage error of the results are within the margin of 6% to 13%, effectively, These
errors are believed to be caused by the wind. In addition, the experimental data was also
analyzed to discover the transient behavior and relationships, between the inclination
angles and passage lengths, with the insolation and mean air temperatures of the system.
Generally, lower inclination angles and higher passage lengths are producing higher
mean air temperature. Meanwhile, the mean air temperature profile closely matches with

the insoiation profile.
5.2 Recommendation

Recommendation for future works will be given on both experimental and analytical
models. Firstly, the major pl'oblelns identified in the experimental work in this project
are the ineffective methods of data collection which will affect the accuracy and
precision of the readings. Idzally, the experiment should be conducted as the [oHowing

suggestions in order to obtain more consistent readings:

I Run three different types of passage length with the same inclination angle, all at

the same time (requires three test rigs with different 1engths).

2. Usc a muitichannel data logger with automatic recording capability to take

measurements simultaneously, in order to reduce the time lag.
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3. I the data logger above is available, decrease the intervals between

measurements for the best results

Besides that, it is also mentioned that wind is greatly affecting the data measurement.
Therefore, the test rig should be improved with special inlet and outlet designs in order
to reduce the impact of wind onto the system. Alternatively, the mathematical model and
MATLAB program should be improved by considering the effects of wind, in order to

simulate-the real environment.

On top of that, it is important to be reminded that the analytical model proposed in this
project has its problem simplified. Thus, for it to be of practical use, it should be
continuously improved in order to simulate the real problems. For instance, an engineer
who is designing a new solar collector does not know the temperatures of double glazing
(Tai, Taz) and absorber plate (TA) in reality. In fact, these values were to be found for
designing purposes. Therefore, for this model to be useful for him, it should be able to

also predict these values as one of the outputs.
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RUNSCRIPT

Typing “runscript” in the MATLAB command window will call upon this script. This
script is written with the “While” loop for iteration purpose. In addition, “runscript” will
automatically call upon “script]” and “script2”, where the codes are also attached in the
following sections. Notice that, scriptl is only being called upon once; while script2 is
being called upon twice and also repeated in the “Whiie” loop until the condition set has

been met.

%% Iteration for Cutlet Air Temperature (Tfo)

scriptl;
script2;

% Defining error tolerance

tol = 0.00%;
% Iterating mean alr temperature using "Whille™ loop
while abs(error) > tol

Tfo = Tfo_new;

script2;

count = count+l;
end

Q

% Unit cCoOnversions

Tf = Tf - 273; % Theoretical result
Tfo = Tfo=-273; % Theoretical result

$Percentage difference betweaen theoretical and experimental results
diff = abs(Tfo - Tfc exp)/Tfo*100;

% Displaying the results

fprintf('\n Mean air temperature is %.1f deg Celsius.\n',TL):

fprintf('\n OQutlet air temperature is %.1f deg Celsius.\n',Tfo};



SCRIPT1

“script]” will first load the “constants” into the workspace. These “constants” are known
as variables in MATLAB. Please refer to the Constants under the NOMENCLATURE
for the values of the variables or “constants”. Then, it will request for user’s input and
subsequently make the necessary unit conversion. Finally, it will calculate the solar

radiation of heat flux.

%% Workspace Preparation
% Loading preset constants into workspace

load constants

%% Inputs Assignment

o

% Insert the following variables (theta in degree; L in meter)

L = input('Enter length of wall, L: '};
theta = input('Enter tilt angie, theta: '):

% Insert the following avallable data (TG1,TGZ2,TA, and Tamb in degree
Celcius; H in W/m2)

TGZ = input('Enter glazing? temperature, TGZ2: ');
TA = input('Enter absorber temperature, TA: '};

Tamb = input ('Enter ambient temperature, Tamb: ');
H = input('Enter sclar radiation, H: '):

1L

% Insert initial guéss for the outlet air temperature (in degree
Celcius)

Tfo = iaput{'Enter initial guess of outlet air temperature, Tfo: '};
Tfo exp = Tfo; % mesan air temperature meaﬁured through experiment
% Assuming inlet air temperature is the same as amblent temperature
Tfi = Tamb;

%% Units Conversion

% Ceonverting all Temperatures Lrom degrse Celcius into Kelvin

Tamb = Tamb + 273;
TA = TR + 273;

TG2 = TG2 + 273;
Tfo = Tfo + 273;
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TfL = T£i + 273;

0,

Trigonometry operation)

theta =~ theta*pi/180;

%% Calculation of Solar Radiation Heat Flux

a

%2 Solar radiation heat flux absorbed by glazingl
51 = alphal*H;

% Solar radiation heat flux absorbed by glazing?
52 = taol*alpha2*H;

% Solar radiation heat flux absocorbed by absorber

S3 = taol*tao2*alpha3*H;
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SCRIPT2

“script2” will be automatically called upon right after “script” is completed. It will
calculate the convective and heat transfer between absorber and air, radiative heat
transfer between absorber and glazing 2, and finally outlet air temperature. Also, notice

that the percentage of error is being calculated here.

%% Calculation of Convective Heat Transfer Between Absorber and Air
(hag)

% Mean air temperature of air in channel

Tf = sigma*Tfo + (l-sigma)*Tfi;

% Mean temperature value of absorber and air
Tml = (Tf + TR)/2;

% Calculating properties of air

rhol = 1.1614-0.00353* (Tm1-300); ¥Density of air

dyn visl = (1.846+0.00472*(Tml1-300))*10"~-5; %Dynamic viscosity of air

kin visl = dyn_visl/rhol; FKinematic viscosity cf air

Kl = 0.0263+0.000074* (Tm1-300} ; EThermal conductivity of
air

Cl = (1.00740.00004*(Tm1-300))*10"3; gSpecific heat of air

betal = 1/Tml; tCoefficient of volumetric

expansion
% Calculating Prandt number
Prl = dyn visl*Cl/K1;
% Calculating Grashof number
Grl = (g*betal*S3*(L"4))/(XKl*kin visl~2):
% Calculating Nusselt number
Nul = 0.6*(Grl*cos(theta}*Prl)”~0.2;
% Calculating convective heat transfer

ha = Nul*K1/L;
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%% Calculation of Radiative Heat Transfer Between Absorber and
Glazing? (hrag}

% Calculating radiative heat transfer

hrag = SB* (TG2~2+TA"2)* (TG2+TA}/ (1/epsG2+l/epshA-1);

%% Calculation of Outlet Air Temperature (Tfo_new)
% Calculating cutlet air temperature

Tfo new = Tfi + (TA-Tfi)/sigma +(hrag/(ha*sigma})*(TA-TG2)+(Kins* (TA~
Tamb) / (Wins*ha*sigma) )=~ (83/ (ha*sigma));

% Calculating percentage of error
error = (Tfo new-Tfo)/Tfo;
% Number of iteration

count = 0;
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SAMPLE DATA SHEET

50



LENGTH:

ANGLE:

DATE:

TIME

TGO (°Q)

TGI {°C)

TA (°C)

AIRTEMP (°C)

INSOLATION
(W/m®)

2 3

ANG. | HOR.

0800

1000

1200

1400

1600

1800

REMARKS:

LENGTH:

ANGLE:

DATE:

TIME

TGO {°C)

TGl (°C)

TA (°C)

AR TEMP (°C)

INSOLATION
(W/m?)

2 3

ANG. | HOR.

0800

1000

1200

1400

1600

1800 |

REMARKS:
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APPENDIX IV

EXPERIMENTAL DATA
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DATA SUMMARY

Average readings for 2m length at different tilt angles

90° configuration

GLAZING

AIR TEMIPERATURE INSOLATION
TIME = 00Ter T inker | ABSORBER i v T OUTLET T MEAN ANG
8:00 25.3 26.3 275 26.6 27.1 26.9 21.96
10:00 296 29.0 33.9 31.0 31.9 31.4 79.61
12:00 35.0 35.1 41.1 35.8 48.0 36.4 12771
14:00 36.7 36.0 44.2 36.0 38.4 37.0 138.31
16:00 36.8 35.1 413 | 370 38.0 37.5 113.54
18:00 32.7 31.8 32.1 9.7 33.1 314 37.56

700 configuration
GLAZING AIR TEMPERATURE INSOLATION
TIME = ouTER T INNeR | ABSORBER Mo T T OUTLET | MEAN ANG
8:00 24.2 24.7 27.2 26.2 26.4 26.3 29.97
10:00 8.6 28.3 34.7 313 341 32.3 98.12
12:00 35.8 35,7 43.1 353 37.9 36.4 180.60
14:00 36.6 34.7 42.0 34.2 38.9 36.3 179.49
16:00 311 30.7 34.4 29.9 31.5 31.0 98.59
18:00 28.9 28.2 31.1 291 30.4 29.6 45.68
50° configuration
GLAZING AIR TEMPERATURE INSOLATION

TME = oUTeR T inner | ABSORBER | i0ier T OUTLET | MEAN ANG
3:00 25.1 25.6 28.0 263 271 26.9 4032
10:00 30.3 285 | 362 | 294 333 312 | 16245
12:00 37.4 34.3 45.5 335 38.5 357 282.70
14:00 38.8 36.3 45.3 34.1 39.0 36.2 255.89
16:00 35.7 32.6 39.3 332 36.2 34.5 141.37
18:00 31.8 28.4 316 28.9 325 | 311 5715 |
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300 Configuration

GLAZING AIR TEMPERATURE INSOLATION
_T'ME ouTER | INNER | AESORBER R BT T OUTLET T MEAN ANG
8:00 25.1 26.1 27.8 26.1 28.0 26.7 35.72
10:00 30.7 28.9 428 | 318 35.9 33.9 290.80
12:00 340 | 363 53.5 36.1 405 | 2381 447.10
14:00 36.2 38.9 49.6 35,0 38.7 36.5 336.63
16:00 35.5 36.9 46.5 33.7 38.0 35.7 286.43
18:00 30.8 29.6 33.7 30.3 31.9 31.0 75.04

L0° Configuration

GLAZING AIR TEMPERATURE INSOLATION
TME - 5UTER T nnEr | A ORBER o e T T OUTLET | MEAN ANG
8:00 25.0 23.8 28.9 26.2 26.7 26.6 72.12
10:00 30.4 31.8 43.4 32.3 38.9 34.3 272.00
12:00 41.3 42.7 62.0 40.3 47.0 435 580.20
14:00 418 433 54.3 38.1 425 40.1 369.00
16:00 | 40.1 419 | 528 367 | 412 393 371.90
18:00 32.9 31.2 34.5 208 | 327 | 316 85.55
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Average readings for 1.5m length at different tilt angles

90° Configuration

TIME | GLAZING ABSORBER AIR TEMPERATURE INSOLATION
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 25.4 26.0 27.7 26.6 26.8 26.7 28.91
10:00 30.8 29.3 35.0 325 | 329 32.7 81.29
12:00 35.9 34.2 38.3 34.0 16.0 35.1 96.51
14:00 37.0 32.7 39.1 34.7 36.1 35.4 115.85
16:00 346 31.8 38.3 34.5 34.7 34.6 78.39
18:00 29.3 28.7 308 | 296 30.0 29.8 31.19
70° Configuration
TIME GLAZING ABSORBER AIR TEMPERATURE INSOLATION
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 252 | 249 27.9 26.5 26.7 26.6 41.94
10:00 30.4 27.7 34.1 30.0 33.0 317 107.62
12:00 350 | 315 40.8 35.2 37.4 36.0 157.18
14:00 36.4 33.0 39.9 34.9 36.5 35.3 130.05
16:00 35.9 32.2 39.0 34.5 35.7 35.0 105.56
18:00 32.2 27.4 305 | 286 31.9 30.1 4523
50¢ Configuration
TIME GLAZING ABSORBER AIR TEMPERATURE INSOLATION
| OUTER | INNER INLET | OUTLET | MEAN |  ANG
8:00 24.5 25.5 27.0 26.1 26.3 26.2 29.67
10:00 29.6 29.7 382 | 315 32.0 31.7 173.98
12:00 35.9 36.0 43.8 35.1 38.1 36.9 202.71
14:00 | 36.0 34.7 45.4 35.0 39.1 375 257.60
16:00 32.7 323 39.0 315 345 333 168.45
18:00 30.5 29.0 33.0 30.7 31, 30.9 62.32




30 Configuration

TIME GLAZING ABSORBER AIR TEMPERATURE INSOLATION
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 24.3 253 28.1 26.2 26.3 26.2 46.25
10:00 28.9 28.6 42.6 33.3 33.9 33.6 268.15
12:00 38.6 37.0 51.9 35.0 38.5 37.5 413.60
14:00 39.2 37.1 49.5 35.7 398 36.9 339.20
16:00 36.7 359 50.2 35.6 36.6 36.0 238.60
18:00 319 30.7 34.1 29.7 30.5 30.1 87.76
10e Configuration
TIME GLAZING ABSORBER AIR TEMPERATURE INSOLATION
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 24.0 26.7 28.7 26.0 26.1 26.1 52.90
10:00 33.8 41.1 48.6 34.2 35.6 34.8 316.31
12:00 39.7 39.2 56.4 34.9 405 | 375 517.93
14:00 40.7 397 55.8 36.2 39,5 37.8 484.53
16:00 39.2 35.9 50.2 348 | 371 35,7 391.13
18:00 33.4 28.4 34.8 28.4 32.6 30.9 103.30
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Average readings for Im length ut different tilt angles

90 Configuration

GLAZING AIR TEMPERATURE INSOLATION
TIME ABSORBER
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 253 26.4 27.4 26.2 26.8 26.5 25.89
10:00 | 308 29.3 34.3 315 | 321 31.9 80.20
12:00 | 350 35.3 40.0 354 36.3 35.9 110.64
14:00 | 370 327 | 387 35.2 36.2 35.9 100.85
16:00 | 346 32.1 36.0 31.2 347 32.2 79.91
1800 | 293 | 286 29.9 28.0 30.0 29.4 36.20
700 Configuration
GLAZING AIR TEMPERATURE INSOLATION
TIME ABSORBER
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 24.2 24.9 27.5 26.5 26.7 26.6 33.90
1000 | 306 28.9 35.2 313 333 32.1 107.62
12:00 | 346 321 40.8 35.2 375 36.4 157.18
14:00 | 36.4 34.1 39.7 342 35.1 34.7 130.05
16:00 | 354 331 37.0 32.1 347 338 105.56
18:00 | 32.9 294 | 328 31.2 32.0 316 49.67
500 Configuration
GLAZING AIR TEMPERATURE INSOLATION
TIME ABSORBER
QUTER | INNER INLET | OUTLET | MEAN ANG
8:00 236 25.9 27.4 26.1 26.3 26.2 33.41
1000 | 296 29.1 37.8 31.5 32.0 31.7 164.35
12.00 | 345 357 44.4 334 37.1 354 250.13
14:00 | 35.1 342 41.9 33.1 358 34.3 201.35
16:00 | 31.9 31.8 39.2 308 34.5 33.4 159.84
18:00 | 295 29.4 331 31.1 323 31,7 56.89
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30° Configuration

GLAZING. AIR TEMPERATURE INSOLATION
TIME ABSORBER
OUTER | INNER INLET | OUTLET | MEAN ANG
8:00 24.3 26.2 27.8 26.3 27.9 27.0 33.60
10:00 31.9 29.3 38.9 31.8 4.8 33.0 186.32
12:00 354 | 365 52.3 35.2 37.2 36.2 435.60
14:00 37.6 39.1 479 350 | 368 359 305.46
16:00 36.5 37.3 457 33.7 35.9 34.8 279.50
18:00 31.2 298 336 30.1 30.3 30.2 78.80
10 Configuration
GLAZING AR TEMPERATURE INSOLATION
TIME ABSORBER '
OUTER | INNER INLET { OUTLET | MEAN ANG
8:00 246 | 266 29.0 26.0 26.1 26.1 60.90
10:00 | 316 | 389 47.4 34.0 35.6 34.8 304.68
12:00 | 386 | 409 56.1 34.8 39.1 37.2 511.23
14:00 | 39.5 39.4 55.2 36.3 37.6 37.0 478.63
16:00 | 394 | 388 49.6 33.6 36.9 351 376.24
18:00 | 324 | 336 34.5 28.8 32.1 30.9 91.10
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65

RAW DATA

LENGTH:

ANGLE:

S0%

DAY: 1 DATE. 11-iun
[ TinE TGO TG TA Air Temp Insolaticn
1 2 3 4 1 2 3 4 1 2 3 4 -Inlet 1 2 3 L1 Outict Ang.
3:00 25 251 25 25.5 26.1 26 259 254 26.9 27.1 27 26.4 z5.5 25.5 25.6 25.7 25.8 25.8 20.68
10:00 28 28.3 28.6 28.5 28.3 28.8 29 25.7 32.3 325 33.8 33 29.5 304 25.8 25.7 29.5 30.4 81
12:.00 346 351 34.8 32.8 38 38.5 39.1 35.7 45.9 44.7 445 40.2 32.8 32.9 32.9 33.2 32.8 33.2 122,19
14:00 35.4 38 38.3 37.5 41 39.7 41.2 389 30.6 513 51.3 51.2 35.4 35.4 36 36.4 36,3 363 123
1600 3B.6 38.8 39 38 38.6 335 35.2 38.8 458 45.5 46.41 44.8 32 38 38 38.1 38.4 38.4 121.53
13:00 34 34.9 34.7 34.1 34.8 35.6 36.2 35.5 38.8 35.2 39.2 37.7 33.1 34.9 346 34.4 34.2 349 35.4
LENGTH: 2m ANGLE: q0F DAY: 2 DATE: 12-Jun
TivE TGO TG TA Air Temp Insolation
1 2 E 4 1 2 3 4 1 2 3 4 inlet 1 2 3 4 Sutlet Ang.
B:00 24.8 24.8 5.4 25.5 25.8 156 27 26 26.4 26.8 27.4 6.8 4.3 26.8 266 26.4 26.3 26.8 19.4
15:00 28.2 22.4 235 28.5 27.5 28.4 302 309 32.6 32.1 35.3 34.4 31 309 306 30.8 31 30.8 76.55
12:00 33.7 34.1 35.8 34 31 312 341 35.7 4£1.4 40.5 43 42.6 37 38.1 36.3 36.2 7 38.1 152.58
1430 34.6 34.7 347 33.6 30.4 314 33.5 35.4 33.3 37.9 39.2 396 34.3 34.1 34.1 344 343 34.1 105.86
1830 352 35.4 36.5 35.1 29.3 315 3£ 1 37.4 40.7 40.1 0.6 41.7 38.7 33.5 37.5 37.% 37.6 38.5 119.67
18:00 30.6 30.7 30.9 30.7 26.2° 27.8 27.5 31.7 29.2 289 30.8 33.5 29.1 31.2 31.7 31.9 3z 31.2 354
LENGTH: Zm ANGLE: apT DAY: 3 DATE: 13-Jun
TIvE TGO TGl TA Air Temp insolation
1 2 3 4 1 2 3 4 1 2 3 4 Iniet 1 2 3 4 Outlet Ang.
£:00 25.5 25.6 2589 25.8 26.5 264 28 27 29.2 8.5 27.2 255 28 28.4 285 28.6 28.9 28.7 25.8
10:00 30.8 30.8 312 30.9 5.6 27.1 30 32.8 34.2 34.7 34.9 36.9 325 33.2 33.8 33 328 34.4 81.28
12:90 35.9 36 37 36.5 33 326 33.7 38.7 36.3 38.4 258 39.9 37.5 37.8 39.4 39.5 385 42.7 108 .37
14:00 37.9 37.9 37.4 36.3 33.6 334 35 38.2 45.4 43.8 41.7 45.1 38.3 41.5 40.6 38.9 3¢.8 44.8 186.07
16:00 35.7 35.9 357 35.1 30.1 31.1 34.1 36.8 37.7 38.6 36.89 36.8 36.3 36 36.9 36.5 368.5 371 89943
L_-AS:OO 33 333 32.9 32.2 9.8 31.3 31.3 33.6 28.3 27.6 26.2 25.7 28.9 28.1 27.6 7.8 28.3 33.2 37.88
LENGTH: 2m ANGLE: 80% DAY: AVE
TIME TGO TGI TA Air Temp Insolation
1 2 3 4 1 F 3 4 i 2 3 4 -tnlet 1 2 3 A Qutlet Ang.
8:00 25.1 25.2 5.4 25.6 26.1 26.0 27.0 26.1 27.5 278 27.2 27.6 26.6 26.9 265 26.8 27.G 27.1 21.86
10:00 28.4 25.5 29.8 29.6 271 28.1 5.7 31.1 33.0 331 34.7 34.8 3190 31.5 314 31.2 311 31.% 79.61
1z:.00 34.7 351 355 34,5 34.0 34.1 35.6 36.7 41.2 41.2 41.1 40.9 35.8 36.2 36.2 36.3 36.1 38.0 127.71
14:00 373 369 36.8 35.8 5.0 34,8 365 37.5 43.1 44,3 44.1 45.3 36.0 37.0 36.9 36.9 36.8 38.4 138.31
16:00 36.8 37.0 37.1 36.1 32.7 34.0 35.8 38.0 41.4 41.4 413 41.1 37.0 325 37.5 375 37.5 38.0 113.54
18:00 325 330 32.8 323 30.3 315 31.7 336 321 31.9 32.1 32.3 29.7 314 313 31.4 31.5 33.1 37.56




09

LENGTH:

ANGLE: 70T DAY: 1 DATE: 14-Jun
TIME TG0 751 TA Air Temp Insolation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 3 4 Qutlet Ang.
§:00 24.5 24.2 25.1 25.8 24 238 28.7 26 25.5 26.1 27 27 27 272 27.1 27.1 27 27.2 25.1
10:00 28 27.7 28.1 28 26 26.3 28.8 29.5 35.6 35.1 34.8 34.7 316 32 31.7 317 316 32 118.48
12:00 35.4 358 35.9 34.5 38.2 35.3 354 37.2 46.1 47.4 46.8 43.5 35 a5 35.4 35.7 36 36 138.49
14:00 35.4 35.7 35.3 339 35.4 32.3 33.6 36 42.4 41.1 41.6 42 33 353 34.5 33.7 33 35.3 178.71
16:00 33.8 33.6 33.4 32.2 28.9 33.7 32.2 321 36.2 36.3 35.4 38.2 33.6 34.9 34.5 341 34.8 35 121.43
18:00 31.5 31.7 31.6 30.5 22.7 29.5 28.6 323 33.4 34.2 32.5 35.1 32.3 33.2 33 32.5 32.3 33.2 47.57
LENGTH: 2m ANGLE: 70z DAY: 2 DATE: 15-3un
- TG0 S 51 A . Alr Temp Iriglation
HME 1 2 E] 4 1 2 3 4 1 I 3 4 Inlet 1 2 3 & Qutlet Ang.
8:00 243 24.3 24.6 2.5 24.1 24.6 25.6 2585 26.6 26.7 2.3 27.3 267 26.9 26.9 26.8 26.7 269 34.91
10:00 30.6 30.4 30.6 2838 25 27.6 28.8 32.1 32.6 33.8 34.7 36.5 312 33.6 317 31 31.2 33.6 55.44
12:00 36 6.5 36 EE] 36 319 33.1 37.1 40.1 30.8 4.8 43.6 35.1 38.7 374 35.6 331 387 156.7
14:.00 37.9 38.1 362 357 336 326 334 37.7 42.8 40.9 anse i 44 35 40.5 37.1 36.4 35 40.5 163.18
16:00 23.2 23.7 23.8 2318 25.8 26.2 26.7 24.1 6.3 253 275 i 24.9 24.1 244 24.3 24.4 24.4 24.6 2D.83
18:00 232 23.4 234 223 546 25.7 26 24.7 25.8 25.4 267 ] 24.4 24 24.3 24.4 24 24.5 24.5 s2.2%8
LENGTH: 2m ANGLE: 70z DAY: 3 DATE: 16-Jun
TGO TG TA Air Temp Insolation
TIME 1 2 3 4 1 2 3 4 1 2 3 4 |nlet 1 2 3 4 Cutlet Ang.
8:00 23 23.1 23.2 23.4 24 239 24.3 23.8 29.2 291 28.6 27 14,9 24.8 24.8 24.9 25 25.1 25.9
10:00 28.3 27.5 26.7 285 284 26.5 26.2 29.5 35.9 35.5 34.6 32.6 311 33.5 33.1 32.6 31.7 36.7 88.44
12:00 36.4 36.4 346.3 34.7 335 32.8 37 34.7 40.5 41.7 41.5 43.4 35.8 375 37 36.4 35.7 39 196.6
14:00 38 37.6 37 361 34.9 35.2 344 - 37.2 41.7 43.7 429 40 34.6 39.7 37.8 36.9 35 47,9 166.57
.-l_:lc':;fm 37.4 36.€ 36.4 35.4 38 33.8 32.8 36.4 40.1 41 40 41.6 32 34.7 34.7 34.9 342 34.5 153.51
18:00 32 317 32.6 31.4 28.5 27.5 28 32.3 34.4 32,7 33.8 33.8 31 32.2 31.4 3211 30.9 33.5 77.22
LENGTH: 2m ANGLE: 70z DAY: AVG
TIME TGD TG TA Alr Temp Insalation
1 2 3 4 1 z 3 4 1 2 3 4 tniet 1 2 3 4 Outlet Ang.
8:00 23.9 238 243 4.6 24.0 24.1 25.5 25.1 27.1 27.3 27.3 27.1 26.2 -26.3 25.3 26.3 26.2 26.4 29.97
10:00 29.0 285 28.5 84 7.8 26.8 28.3 30.4 34.7 34.8 34.7 34.6 313 33.0 32.2 31.8 315 34.1 98.12
12:00 35.9 36.3 36.1 35.1 35.2 34.7 36.5 36.3 42.2 43.3 43.4 43.5 35.3 37.1 36.6 35.9 35.6 317.9 180.60
14300 37 371 - 36.4 - 355 34:6 23.4 33.8 37.0 42.3 41.9 41.8 42.0 34.2 38.5 35.5 35.7 34.3 38.9 175.49
16:00 315 313 3.2 305 30.2 31.2 30.6 30.9 34.2 24.2 34.3 34.9 28.8 313 31.2 ! 31.1 311 31.5 ©8.58
[13:00 28.9 288 29.2 285 27.9 27.6 275 25.8 31.2 31.1 31.0 31.1 281 29.5 28.6 | 292 29.2 30.4 45.88
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LENGTH:

ANGLE:

503 DAY: 1 DATE: 37-Jun
TiE TGO TGI TA Air Temp Insolation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 3 4 Qutlet ANg.
3-00 5.9 252 25.1 2.0 24.6 24.5 24.8 25.8 6.6 26.7 26.7 7.8 26.5 26.6 26.7 26.6 26.5 26.6 40.83
10:00 31.8 32.2 32 ‘313 268 25.2 26 31.2 34.3 32.4 313 34 31.1 31.5 32.4 31.8 311 33.5 155.8
12:00 39.1 38.7 35.3 383 37.4 7.1 35.6 38.1 48.1 46.2 45.3 41.2 34.8 33.5 37.1 35.7 349 38.5 280.1
14:00 38.8 38.4 38.1 37.1 36.4 35.2 34.5 37.2 45.7 44.1 44.5 43.8 336 36.9 35.4 34.5 33.6 36.9 156.28
16:00 38.3 374 37.3 36.1 335 31.5 32.8 373 38.7 384 38.6 41.9 353 36.5 56 35.6 35.3 36.5 180.56
18:00 32.3 31.8 31.8 31.4 28.1 27.7 28.5 32.7 32.4 31.5 31.3 30 28.6 33.43333 | 33.16657 32.5 32,13333 32.5 56.24
LENGTH: 2m ANGLE: 503 DAY Z DATE: 18-Jun
TIVE TGO . TG! TA Alr Temp - Insolation
1 2 3 4 1 2 3 4 1 2 3 4 inlet 1 2 3 4 "~ Outlet Ang.
8:00 2 254 353 25.4 25.4 254 25.3 35.9 27.6 27.6 27.4 27.5 27.1 27.4 273 27.2 27.1 27.4 42.5
10.00 28.8 8.6 29.8 28.7 28.4 7 7 8.8 34.9 35.5 34.3 34.2 29.3 32 308 28.9 293 32 157.31
12:00 37.4 375 368 36.1 33.7 2.7 31.4 3& 54.8 42.4 41.5 a4 34.3 36.4 35.8 35 34.3 36.4 287
14:00 405 20.4 38.9- 388 7.2 37.6 36.1 39.2 47.3 481 47.9 47.3 35.6 38.3 37.5 362 35.6 38.3 310.2
| 16:00 354 ELR] 34.4 33.7 32 31.4 31 3&.7 38 37.7 36.4 387 32.3 345 337 33.2 32.8 34.5 12014
18:00 32 22 318 315 8.5 28.2 28 32.5 31 31.8 33 32 28.9 33.43333133.18557: 325 32.13333 325 5485
LENGTH Zm ANGLE: 503 DAY: E DATE: 19-Jun
TIME TGO TGl TA Air Temp Ineslation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 3 4 Outlet ANE.
8:00 25.1 255 25.6 25.3 6.5 26.7 26.9 25.8 28.8 28.7 23.6 28.6 25.3 27 27 27 27 27.3 37.64
10:00 29.2 30.4 283 268 27.6 6.8 30.4 35.6 38.4 407 42.7 40.7 27.8 313 30.7 30.4 29.5 34.4 174.25
12:00 36.5 36.4 36.2 35.5 32.2 31 311 35.7 43.6 48.2 49.4 51.3 31.3 36.3 35.3 33.3 32.6 - 398 281
14:00 39.2 38.1 38.5 26.8 35.% 35 33.6 37.8 42.9 434 44.3 44.2 331 38.2 37.3 35.2 343 418 301.2
16:00 36.1 35.5 a5 34.2 312 31 29.8 35 40.5 41.7 42.3 37.3 315 35.3 34 33.2. 325 37.6 113.41
18:00 32.1 315 316 31.3 24.8 24.2 25.4 32.1 31.2 32.1 30.5 32.2 29.2 2313333 ) 28.96667 25.5 3053333 32.5 50.35
LENGTH: 2m ANGLE: 503 DAY: AVG
TIME TGO : _ . TG TAa Ajr Temp Insoiation
1 2 3 4 1 2 3 4 1 2 3 4 inlet 1 2 3 4 Outlet Ang.
8:00 24.7 254 253 25.2 5.3 25.5 25.7 - 25.8 28.0 28.0 27.9 28.1 26.3 27.0 27.0 26.9 26.9 27.1 40.32
10:00 29.9 30.7 304 30.1 27.6 26.4 27.8 32.2 36.2 36.2 36.1 36.3 25.4 32.3 31.3 30.7 30.0 33.3 162.45
12:00 37.7 37.8 37.4 36.6 34.4 33.6 32.7 36.6 45.5 45,6 45.4 45.5 3315 37.4 359 34.7 33.9 38.5 282.70
© 1400 385 35.3 388 376 -36.2 36.1 34.7 38.2 45.3 45.2 45.6 45.1 34.1 37.8 36.7 '35.3 34.5 35.0 255.8%
i6:00 36.7 359 356 347 32.2 31.3 311 35.7 38.2 39.6 39.1 38.3 33.2 35.4 34.6 34.0 33.5 36.2 141.37
18:.00 32.1 31.8 31.8 314 27.3 26.7 27.3 32.4 3Ll5 318 31.6 31.4 28.9 30.0 32.1 31.5 31.6 325 57.15
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LENGTH:

ANGLE:

302 DAY: 1 DATE: 20-Jun
TIME TGO TG TA Air Temp Insolation
1 N 4 1 2 3 4 1 2 3 4 Inlet : 2 3 4 Outlet Ang.
8:00 24.5 24.9 25 25 35.8 258 76 25.7 - 281 28.3 28.3 281 27.3 27.5 27.4 27.3 27.3 . 28.6 47.8
10:00 33.6 33.9 33.8 33.4 30.5 29.1 27.9 28.5 40.1 39.2 38.3 41.8 32.2 34.4 33.2 32.3 32.2 34.4 3275
12:00 38.4 37.7 36.9 35.3 5.8 35.6 33.9 36.9 48.3 47.8 453 45.9 34.3 35.6 34.9 34.5 34.3 35.6 4412
14:00 35.7 35.3 34.7 33.7 311 30.8 30.4 34.6 41.3 40.5 39.6 41.3 316 34.2 33 32.5 316 34.2 2015
16:00 38.5 37.9 37.9 35.4 33.2 33.4 315 36 42.3 44.2 412 438 32.6 36 34.8 34 32.6 36 2885
18:00 33.3 32.9 226 32.2 28 28 27.2 33.8 33.8 33.1 32.6 - 33.8 31.9 23.8 33.1 32.6 31.9 33.8 104,93
LENGTH: 2m ANGLE: 303 DAY: 2 DATE: 21-Jun
I TiviE TGO - TGl TA - - N Ai:‘Temp. Insolztion
1 2 3 4 1 2 3 4 1 2 3 g Inlat 1 2 3 4 Outlet Ang,
8:00 248 25 24.9 25 2.8 25.7 25.3 25.3 27.1 27 8 28 27.5 26.8 36.9 26.9 26.5 26.8 28 SC.1%
10:00 29.5 30 305 32.1 245 26 254 25.7 34 34.8 36.3 35.6 32 33.5 33 32.5 32 33.5 2543
12:00 4 432.2 411 39.6 ap.2 39 16.6 40.3 54 55 52.9 EE 38.1 &3 40.7 39 38.1 42 449§
14:00 4 215 | 406 39.2 a0 39.5 38.5 40.1 50.3 516 50.4 6.2 35.3 37.3 36.7 36 35.3 37.3 ISRL
16:00 38.8 387 | 385 37.7 387 ) ap 38.9 46.5 47.7 48.9 46,5 35.6 38 37 36.5 35.6 38 8.5
18:00 29.4 295 | 235 236 28 233 28.5 30.4 30.8 31.3 31.8 336 29.7 30 2935 298 29.7 30 5128
LENGTH: 2m ANELE Efopd DAY 3 DATE: 22-Iun
TivE TGO TG! TA Air Temp Insolation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 El 4 Cutlet Ang.
2:00 25.5 25.6 25.5 25.5 27.1 26.7 26.8 26 28.5 27.3 27.4 27.2 ¢ 247 24.2 25.8° 26.9 24.7 27.4 9.25
10-00 31.55 31.95, 32.15 32.75 316 31.6 31 31.9 54.3 54.7 53.5 51 31.2 32.9 36.4 37.2 37.5 39.8 2808
12:00 33 30 32.6 32 36.5 33.2 319 35.5 58.8 57.7 61.4 51.1 35.5° 4D.9 39.9 38.9 37.1 43.9 450.3
14:00 22.6 423 42.2 40.9 45.6 46.9 46.5 43.3 57.4 57.3 58.5 57 38.1 41 40.3 39.2 38.8 44.6 550
16:00 38.5 186 375 36.6 38.1 38.7 37.4 37.4 50.4 47.6 49.1 S0 32.8 37 36.2 35 339 40 322
18:00 31.9 315 31.3 306 | 308 30.8 30 31.5 36.2 36.7 36.4 34.3 29.3 30.6 30.4 30.1 29.8 31.9 68.04
LENGTH: 2m ANGLE: 307 DAY: AVG
!ilw TGO TG TA Alr Temp Insolation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 3 ) " Qutlet Ang.
:00 24.9 252 25.1 25.2 26.3 26.1 26.2 25.7 27.5 27.8 278 276 26.1 262 26.7 26.9 263 28.0 35.72
10:00 25.3 32.0 322 32.8 28.9 28.9 281 28.7 42.8 43.9 42.7 42.8 31.8 33.6 34.2 34.0 33.9 35.9 250,80
12:00 26.9 36.6 36.5 35.5 37.5 35.9 34.1 37.6 53.7 53.5 53.2 53.6 36.1 39.5 38.5 37.5 36.5 40.5 447 10
14:00 27.9 359 39.2 37.9 38.9 38.1 33.5 39.0 49.7 49 8§ 28,5 49.4 35.0 37.5 36.7 35.8 352 38.7 336,63
15:00 28.9 38.4 28.1 36.6 6.7 37.4 36.3 37.4 46.4 46.5 16.4 46.7 33.7 37.0 35.0 35.2 340 38.0 286.43
18:00 20.9 31.3 313 30.8 28.9 29.0 28.5 31.8 33.6 33.7 33.6 33.9 30.3 31.5 31.1 30.8 30.5 31.9 75.04
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LENGTH:

Zm

ANGLE:

07 DAY: 1 DATE: 23-lun
TiME TGO TG TA Air Temp Insalation
1 2 3 4 1 2 3 4 1 2 3 4 inlet 1 2 3 4 Outlet Ang.
8:00 24.3 248 24.8 25 24.2 24.9 25.2 25.3 17.3 27.1 27.8 28.4 26.8 26.8 26.9 6.9 26.8 26.8 §5.11
10:00 28.7 25.7 30.1 30.8 31.6 32.4 32.7 35 46.9 44.9 46.5 49.1 31.4 34 33.8 33 314 34 292.7
12:00 39.3 40.8 418 41.5 40.5 39.9 425 45.4 57.1 57.2 59.3 51.8 41 48 46.3 43 a1 49 455.6
14:00 44 44.8 442 43.7 47.% 48.8 485 455 56.4 £7 67.7 64.2 415 44.4 43,5 42.3 41.5 44.4 400.6
16:00 39.9 41.3 41.9 41.6 38.3 42.2 42.8 45.6 50.4 54,2 54.5 56.9° 40.6 42.2 441 42,6 40.6 42.2 484,7
12.00 32.8 32.8 32.5 32.6 30.3 31 31.2 33.9 3456 35.3 35.3 37.4 30.3 31.4 31 30.8 30.3 31.4 64.5
LENGTH: 2m ANGLE: 102 DAY; z DATE: 24-Jun
TIME TED TGI TA - Air Temp Insalation
1 2 3 4 1 2 3 4 1 2 3 4 Inlet 1 2 3 4 Outlet Ang.
8:00 24.5 25 25 25.1 26.9 26.7 25.9 25.5 78.9 28.9 29.2 28.3 26 267 26.7 266 26 26.7 £5.51
10:00 28.5 29.4 28,3 29.4 32.1 30.2 30.6 32.4 2é 42.1 43.5 43.7 34.8 35.4 35.2 35 34.8 35.4 287.2
12:00 1 25,8 217 227 46.6 46.9 43.7 £5.6 59.3 57.3 £8.3 54.5 44 47.2 £7.1 B 44 27.2 6715
14:00 40.9 £0.3 323 384 40.3 39.5 38.1 9.2 513 50.1 28.8 493 36.6 39 37.7 272 36.6 33 243.3
16:00 41.3 20.8 20,2 388 24.2 243 43.1 40.6 Ta 53.6 53.1 48.2 37.8 38.9 39.2 288 37.8 38.9 331.3
18:00 32.4 32.1 31.4 27.2 27.3 27.5 32.2 321 31.4 32.1 30.7 31.8 31.5 311 30.7 31.8 59,82
LENGTH' 2m ENGLE: 107 DAY: 3 DATE 25-Jun
TIve TG0 TGl TA . Air Temp insolation
1 2 3 4 i 2 3 4 1 2 3 4 - Injet 1 2 3 4 Qutiet Ang.
8:00 25.2 25.4 5.5 23.5 20.3 19.8 20 20.9 30.4 31 29.5 30 25.8 265 26.5 26.4 26.4 26.6 55.73
10:00 315 32.9 32 32 314 30.4 29.5 33.4 39.9 40.9 41.4 38 30.7 34 34 31.6 31.2 47.3 236.1
12:00 41.8 415 40.2 32.8 41.4 40.6 37.7 41 593 61.2 58 59.1 35.9 41 41 385 37.5 44.8 £13.5
14:00 42.6 42 417 40.2 43.1 43.7 43.4 42.4 45,2 44.8 47.3 49 4 36.2 412 41.2 38.7 37.3 44.1 463.1
16:00 39 39.2 39 37,5 40 40,9 40 40.1 52.7 50.9 50.5 53.8 31.7 38.2 38.1 36.5 35.4 41.5 299.7
18:00 34.8 34.2 34.2 335 32.8 33 32.8 34.9 36.9 37.6 35.5 32.8 28.4 33.6 33.6 32.6 32 34.9° 132.33
LENGTH: 2m ANGLE: 103 DAY: AVG
TinE TGO TGl TA Air Temp Insolation
1 2 3 4 1 2 3 4 1 2 3 4 inlet 1 2 3 4 Cutlet Ang.
3:00 24.7 25.1 25.1 25.2 23.5 23.8 23.7 23.5 28.9 29.0 28.8 28.9 26.2 267 26.7 26.6 26.4 26.7 72.12
1600 20.6 30.7 36.5 30.7 31.7 310 30.9 336 43.6 42.6 43.3 23.6 323 345 34.3 33.2 33.5 383 272.00
12:00 421 42,7 41.2 39.0 428 42.5 41.3 44.0 62.1 515 62.2 51.8 40.3 45,7 44.8 42.5 40.8 47.0 580.20
14:00 42.5 42.3 41.7 40.8 435 44.0 43.3 42.4 54.3 54.0 54,6 54.3 38.1 415 40.8 394 38.5 42.5 365.00
15:00 201 40.4 40.4 39.4 212 42.5 £2.0 42.1 52.6 52.9 52.7 53.0 36.7 40.1 40.5 39.2 37.9 41.2 371.90
18:00 33.3 33.0 32.8 325 30.1 30.4 30.5 33.7 34.5 35.0 34.2 34.1 25.8 32.3 32.0 315 31.0 32.7 85.55
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LENGTH:

ANGLE: S0F DAY: 1 DATE: 26-lun
TGO TGl TA Air Temp Insolation
TiME 1 2 3 1 2 3 1 2 3 Iniet 1 2 3 Qutlet Ang.
£:00 25.8 26.2 248 25.8 26.2 265 27.5 28 28 27.1 27.2 27.2 27.1 27.2 26.07
10:00 33 33 328 312 28.4 306 36.4 36.7 35.6 32 321 32.2 32.3 32.4 79.49
12:00 39 38.6 38.2 40.4 39 9.7 46.3 45.6 44 37.1 38 37.5 37.1 38 69.1
©14:00 37.6 37.4 37 32.9 32.5 32.6 32.9 40.1 386 30.5 37.8 36.8 36.9 38.3 107.17
16:00 31.6 315 31.6 29.3 288 29.2 323 32.3 32 31.5 31.7 31.6 215 31.7 51.86
18:00 26.9 27.1 27.7 26 26.1 26.9 26.7 27.4 7.4 27.3 27.3 27.6 27.5 27.7 3.79
LENGTH: 1.5m ANGLE 902 DAY: 2 DATE: 27-Jun
TIVE TG0 TGl TA Air Temp Insplation
1 2 3 1 2 3 3 2 3 Intet 1 2 3 Cutiet ADE,
00 pT25.45 25.6 25.05 _ 255 20.2 26.2 28.35 28.7 27.65 26.€5 26.7 26.75 25.65 26.7 28.91
10:00 27.4 28.2 28 28.4 27.5 284 35.5 36.6 35.6 30.4 30.5 30.5 30.4 305 74.35
12:00 34 3.8 329 317 321 284 37.4 37 37.2 30.6 315 31 30.6 315 102.64
14:00 367 15.8 35.6 313 31 307 35.9 36.5 34.7 35.6 33.7 36.9 37.1 37.2 113.82
16:00 364 35.9 35.6 34.4 34.2 33.7 40.3 40.3 38.3 34.2 343 34.2 34.5 34.8 85.95
18:00 27.1 27.2 274 278 28.2 283 28.5 28.3 25.6 28 28 28 28 28.1 37
LENGTH: 1.5m SNGLE: 807 DAY: 3 DATE: 28-Ilun
TIVE TGO TGl TA Air Temp Insolation
1 2 3 1 2 3 1 2 3 Intet 1 2 3 Qutlet ANE.
8:00 25 25 252 25.2 26.2 259 26.8 27 27.3 26.05 25.975 26.45 26.65 26.5 31.75
10:00 31 31.2 31.2 29.4 29.5 23.6 325 32.3 3338 35.1 35.2 35.4 35.7 35.8 90.C3
12:00 35.5 35.3 35.4 33.3 32.1 328 32.1 32.3 32.8 34.3 36.475 37.1 37.6 38.5 117.7¢
14:00 38 37.4 27.1 34.1 34.8 34.6 41.5 41 43.7 32 32.4 32.5 32.5 32.8 136.55
16:00 36.2 36.2 36 315 32.1 326 42.6 42.6 44 37.8 37.8 38 37.8 37.6 97.37
18:00 33.6 33.6 33.2 316 31.7 311 36.2 35.4 35.7 33.5 33.55 33.8 34.2 34.2 52.77
LENGTH: 1.5m ANGLE: elofc DaAY: AVG
TV TGO TG! TA ‘Air Temp Insolation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet Ang.
8:00 25.5 25.6 25.1 255 26.2 262 276 27.9 27.7 26.6 26.6 26.8 26.8 268 2891
10:00 305 31.1 30.7 28.6 28.8 28.5 34.8 35.2 35.0 32.5 32.6 32.7 32.8 32.9 81.2%
12:00 36.2 . 35.9 355 351 33.7 23.6 38.6 38.3 38.0 34.0 35.3 35.2 351 36.0 96.51
-14:00 -37.4 - 36.9 36.5 32.8 32.8 326 391 38.2 29.0 4.7 35.3 35.4 35.5 36.1 115.85
16:00 34.7 245 34.4 31.7 31.7 21.8 384 38.4 38.1 345 34.6 34.6 34.6 34.7 78.35
18:00 29.2 293 28.4 28.4 28.7 29.0 30.8 30.7 30.9 28.6 29.6 29.8 29.9 30.0 31,19
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LENGTH:

1.5m

ANGLE:

708 DAY: 1 DATE: 29-fun
TIME TGO TG TA Alr Temp insotation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet Ang.
8:00 263 26.5 26.6 26.3 267 27 28.6 289 288 27.4 27.6 275 27.4 27.6 42.15
10:00 31.2 31 31.1 30.1 28.% 26.4 343 341 33.8 32.1 33 326 32.1 33 101.57
12:00 345 354 34.8 347 33.7 30.6 404 _ 10 38.8 353 37.1 36.5 35.3 371 156.81
14:0C 355 35.3 35.2 34 343 32.1 375 38.5 38.1 36.1 7.5 36.8 36.1 37.5 106.02
16:00 353 34.5 34.4 31.7 30.5 28.7 35.6 37.9 36.1 35.4 35.5 35.8 35.4 36.4 82.89 .
18:00 324 31.8 32.1 26.6 26.8 27.8 32.6 32.6 31.8 33.2 33.7 33.4 33.2 33.7 56.89
LENGTH: 1.5m ANGLE: 703 DaY: 2 DATE: 30-tun
TIME TGO TGl TA Air Temp Insolation
1 2 3 1 2 3 1 2 3 Inlet 1 Z 3 Sutlet Ang.
"800 | 242 244 244 24.3 246 2456 26.6 25.9 25.4 26.2 264 25.3 Zg.1 26.4 43,57
10:00 29 30 28.7 26.6 24.2 24.4 30.6 30.1 30.6 31.9 325 32.4 318 32.8 100.59
12:00 345 347 338 32.8 319 28.5 37.4 37.4 37.6 36 37.2 36.4 36 37.2 132.35
14:00 37.3 37 36.9 339 34.6 32.1 35.8 379 376 37.5 39 38.5 37.5 EE] 120.99
'—16:00 37.4 385 35.9 32.2 31.8 30.3 38 3f 37.9 358 35.9 359 35.8 37 211.48
18:00 32.3 2.1 31 276 27.6 31 30.7 31 31.2 32 31.6 31.2 32 33.38
LENGTH: ANGLE: 702 say: 3 DATE: a1-lut
TIME TG0 TG TR Air Temp Insolation
1 2 3 1 2 3 1 2 3 Iniet 1 2 3 Cutlet ANg.
£:00 24.6 24.7 25.1 2.8 23.7 238 285 28.8 23.8 26 25.9 26.3 26,0 26.1 38
10:00 30.7 30.4 30.2 27.8 26.3 35.6 37.1 38.7 37.5 26 28 30.6 33.2 33.1 120.7
12:Q00 36.3 35.8 35.2 31.3 30.2 287 44.3 45 45.3 34.3 31.3 34.2 38.2 37.9 182.39
14:00 37.1 36.23 36.6 32,6 32.5 31.3 433 43 434 311 243 31.2 344 33 163.13
16:00 36.7 36.2 35.9 35.1 34.5 34 42.8 41.1 43.6 32.2 32.4 329 34.9 33.7 122.31
18:00 36.8 30.7 30.6 265 6.4 26.3 27.9 28 29 21.4 22.8 25.3 26.8 30 4342
LENGTH: 1.5m ANGLE: 703 DAY: AVG
TIME TGO TGl TA Air Temp Insolation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet ANE.
8:00 25.0 . 25.2 254 24.5 25.0 252 27.9 27.8 28.0 26.5 26.6 26.7 267 26.7 41.94
10:00 30.3 30.5 30.3 28.2 26.2 28.8 310 34.3 34.0 30.0 313 31.3 324 33.0 107.62
12:00 35.1 353 346 32.9 31.9 28.6 40.7 40.8 40.9 35.2 35.2 35.7 36.5 374 157.18
14:00° 36.6 36.4 36.2 33.5 338 31.8 an.2 39.8 38.7 34.9 33.6 35.5 360 365 130.05
16:00 36.5 35.7 33.4 33.0 32.3 31.3 38.8 39.0 359.2 345 34.6 34.8 35.4- 35.7 105.56
18:00 33.9 31.5 31.2 26.9 26.9 28.4 30.4 305 30.6 28.6 28.5 30.1 30.4 319 45.23
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LENGTH:

ANGLE: 507 DAY: T DATE: 02-ful
TivE TGO TGl TA Air Temp Insalation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Outlet Ang.
§:00 25.2 25.3 252 26 26 25.2 27.8 28.2 27 26.6 26.5 26.8 27.2 27.1 48.9
10:00 31.8 31.9 32.2 29.1 29.1 27.5 37.3 35.6 34.7 33.8 33.7 34.2 338 34.1 189
12:00 38.7 8.8 38.1 38.4 37.6 35.4 48.1 46.8 47.2 38.3 40.4 A42.3 43.2 42.6 298.5
14:00 28.5 30.3 © 306 0.2 30.9 30.5 41 41.4 41.9 35.8 40.4 384 38.5 32.8 304.9
16:00 29.1 28.9 28.4 31.2 30.6 28.5 39.4 38.7 38.1 30.8 35 34.1 34.7 35.8 159.3
18:00 28 28.2 28 z8.3 28.1 27.7 30.1 30.1 28.5 30.3 28.5 29.55 30.6 30.4 24.93
LENGTH: 1.5m ANGLE: 503 DAY: 2 DATE: 03-Jul
TGO TGI TA Alr Temp Insolation
TIME 1 2 3 1 2 3 1 2 3 Inlet 1 2 -3 Cutlet Ang.
8:00 24.2 24.2 24.2 25.5 256 256 26.3 26.1 26.5 257 25.9 25.8 25.7 25.8 .31
10:00 26.6 26.4 20.7 30.6 30.8 30.1 35.4 35.7 34.2 28.2 28.5 28.4 28.2 28.5 96.85
12:00 31.2 31.1 32.7 37.7 17.4 35.7 46.2 45.9 47.1 31 33.4 32.6 31.9 34.3 21.54
14:00 38.8 35 37.6 40.3 40.3 38.6 51.2 50.6 50.3 32.4 35.9 358 34.4 37.8 334
15:00 36.5 36.5 356 348 33.2 33.5 40 42 42,6 32 33.3 33.7 33.4 33.8 177.6
18:00 33.3 33.2 32.3 29.8 EAE] 29.6 36.5 36.7 36.3 32.1 32.7 324 32.1 33 99.7
LENGTH: 1.5m ANGLE 507 DAY: 3 DATE: 04-jul
TIME TGQ TG TA Air Temp Insolation
1 2 3 1 2 E] 1 2 3 Inlet Bl 2 3 Outlet Ang.
8:00 24 23.9 24 255 25.1 252 27.2 26.4 27.2 26 25.1 26.1 26 26 32.81
12:00 32.3 32.2 32.1 30 25.8 25.9 41.9 43 46 32.5 32.8 32.5 33.4 33.4 236.1
12:00 38 37.7 36.9 35.7 33.6 32.3 37.1 38.4 37.4 36 36.6 36.1 374 37.4 2881
14:00 38.8 38.7 38.7 34.4 34.4 32.4 44 44.8 43.4 36.8 38.2 37 39.6 38.6 334.1
16:00 32.8 32.7 32.5 33 32.9 31 37.9 35.7 36.6 31.7 31.9 32.4 33 33.9 168.45
18:00 30.65 30.7 30.15 29.05 29.2 78.65 32.1 32.8 32.3 29.7 29.9 30.05 30.3 30.5 62.315
LENGTH: 15m ANGLE: 50 DAY: AVG
TIME TGO TGl TA Air Temp Inzolation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet ANE.
8:00 24.5 24.5 24.5 25.7 25.6 25.3 27.1 27.0 26.9 26.1 26.1 26.2 26.3 26.3 29.67
10:00 30.3 30.2 28.3 29.9 29.9 29.2 35.2 38.1 38.3 315 31.7 31.7 31.8 32.0 173.88
12:00 36.0 358 35.89 37.3 36.2 34.5 43.8 43.7 A43.9 35.1 36.8 37.0 37.5 38.1 202.71
14:00 - 36.0 36.3 35.6 - 35.0 353 33.9 454 456 45.2 35.0 38.5 37.4 37.5 23.1 324.33
16:00 32.8 32.7 32.5 33.0 32.9 31.0 39.1 38.8 39.1 31.5 33.4 33.4 33.7 34.5 168.45
18:00 30.7 30.7 30.2 29.1 29.2 28.7 32.9 33.2 328 30.7 30.7 30.8 31.0 31.3 62.32
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LENGTH 1.5m ANGLE: 300 DAY: 1 DATE: 05-2ul
TIME TGO TG( TA Air Temp Insolaticn
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet Ang.
5:00 24.3 244 245 25 25 25 26.5 26.6 26.6 28.1 26.1 262 26.1 26.2 31.63
10:00 28.95 28.15 28.6 27.55 284 29.95 34.4 52.3 51.7 33.55 34.2 .33.95 33.55 33.9 268.15
12:00 35.8 36.2 352 35.4 33.5 31 47.7 46.5 48.3 33.2 34.7 34 33.2 35.6 341.5
14:00 38.5 39.6 37.9 38 37.1 34 52.6 52.4 47.2 34.7 34.7 36.2 34.7 38.9 435.4
16:00 368 36.7 36.5 37.2 36.5 33.89 46.7 46.2 46.9 34.1 34.1 34.4 34.5 351 238.6
18:00 321 32 31.7 30.8 30.7 30.45 31.8 32.4 321 31.1 31.55 31.35 31.1 27.5 §7.755
LENGTH: 1.5m ANGLE: 302 DAY: 2 DATE: 06-Jul
TGO TGl TA Alr Temp Insolation
TIME 1 2 3 1 2 3 1 2 3 Infet 1 2 3 Outlet Ang.
8:00 23.7 23.5 23.7 24.8 24.7 2449 264 26.6 26.7 25.6 25.6 25.5 25.6 25.7 42.41
10:90 28.6 2%.1 28.2 27.8 U287 30.1 36.8° 38.6 39.4 33.3 34.3 33.8 33.3 334 279.2
12:00 3%.4 40 & 431 39.8 38 35.8 53.7 53.1 54.7 36.2 38.3 36.7 36.2 39.5 437
14:00 43 40.4 39.6 36.5 37.2 35.2 48.5 51.8 49 2 38.6 38.9 40 41.2 42.4 452.6
16:00 36.9 36.7 355 37.2 358.5 338 46.7 45,2 45.5 36 36.2 36.5 36.9 37.2 238.5
18:00 31.8 318 315 31.3 31.2 30.8 348 34.8 4 31.8 32.1 31.9 31.8 323 33.1%
LENGTH: 1.5 ANGLE: 30% T 3 DATE: 07-5ul
TIME TGS TG! Ta Air Temp insclation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutlet Ang.
8:00 24.9 249 24.9 26.2 26 25.5 314 30.8 31.3 26.9 27 26.5 271 27 54,72
10:00 29.3 25.2 28 27.3 28.1 29.8 36 37.2 37 33.05 317 33.05 34.55 34.4 256.4
12:00 39.4 40.4 40 40.4 40.4 18.4 54 56 53 35.6 40.8 43.3 44.9 40.3 462.2
14:00 38.6 359.1 37.8 40.3 39.5 36.4 46.4 44.6 52.4 33.8 34 32.7 34.5 38.2 129.6
16:00 36.9 36.7 365 37.2 365 33.9 56.6 58.5 57.5 36.7 36.8 36.8 37.2 37.5 238.6
18:00 32.4 32.2 319 30.3 30.2 36.1 35.7 35.3 35,9 26.2 25.75 27.05 28.3 31.7 122.32
LENGTH: 1.5m ANGLE: 308 DAY: AVG
TIME TGO TGl TA Air Temp Insolation
1 2 3 1 2 3 1. 2 3 Inlet 1 2 3 Cutlet Ang.
8-00 243 24.3 24.4 . 25.3 25.2 25.3 28.1 28.0 28.2 262 6.2 26.2 26.3 26.3 46.25
10:00 29.0 29.2 28.6 27.6 28.4 30.0 42.4 42.7 42.7 33.3 33.4 33.8 33.8 33.8 268.15
12:00 38.2 39.2 38.4 385 373 35.1 51.8 51.9 52.0 35.0 37.9 38.0 38.1 38.5 413.60
14:00 384 35,7 38.4 28.3 37.9 352 49.3 49.6 45.6 35.7 35.9 36.3 36.8 39.8 338.2C0
16:00 36.9 36.7 365 37.2 36.5 33.9 50.0 50.3 50.3 356 35.7 35.9 36.2 36.6 238.60
18:00 32.1 32.0 31.7 308 30.7 30.5 34.1 34.2 34.0 28.7 208 30.1 30.4 305 87.76
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LENGTH: 1.5m ANGLE: 106 DAY: 1 DATE: 08-lul
TIME TGO TGI TA Alr Temp insolation
1 2 3 1 2 3 1 z 3 Inlet 1 2 3 Qutlet Ang.
8:00 23.7 24.1 24 25.5 25.8 25.8 27.2 27.5 27.8 25.7 25.9 25.8 25.7 25.8 51.12
10:00 33.6 43.7 34.4 45.1 48.7 52.2 62.3 64.7 63.3 38.1 38 37.5 38.1 39 395.1
12:00 40.6 41.4 40.6 41,1 435 359.8 55.2 57.2 57.1 38 38.9 38.9 38 41.2 468.9
14:00 40.7 a2 43 40 43.2 42.6 58 52 61.5 39.1 39.2 358.7 40.8 41.9 584.8
16:00 37.7 38.7 35.4 31.1 36.4 36 51 50.5 49.6 353 355 36 35.3 37.5 420.1
18:00 32.4 32.7 32.2 29.1 27.3 28.6 33.2 34 34 321 32.3 323 32.1 32.4 B85
LENGTH: 1.5m ANGLE: 108 DAY: z DATE: 08-1ul
e L TGO TGl TA Alr Temp Insolation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Outlet Ang.
&:00 234 23.4 _ 235 _ 252 253 253 27.1 27.5 27.5 25.3 25.3 25.4 25.3 25.4 52.72
10:00 29.4 29.5 31 37.8 38.1 38 31 50.6 48.9 33.8 34.3 34.1 33.8 34.5 3735
12:00 36.7 40.1 39 430.5 39 EER 59.6 57.8 56.9 345 34.6 3575 38.2 39 581
14:00 A2.4 42.3 40.7 43.2 41.7 37.6 51.2 61.7 57.6 36 36.7 36.8 37.9 389 553.1
16:00 38.8 33.8 37.3 32.8 338 21 43.8 43.7 42.8 3.8 33 33.7 352 35.8 368.8
18:00 34 33 384 26.5 27 41 32.4 31.9 31 31.9 32.8 32.1 EME 32.9 115.7
LENGTH: 1.5m ANGLE: L DAY: 3 JATE: 13-Jul
TIVE TG0 TGi TA Air Temp insolation
1 2 3 1 2 3 1 2 3 Infet 1 2 3 Outlet Ang.
8:00 24.7 24.7 24.8 25.9 36.1 25.8 315 30.8 313 27 27.2 27.1 27.1 27.1 54.86
10:00 34 34 347 37.6 37.2 34.6 32.8 30.2 326 30.7 30.8 33.1 33.1 33.3° 180.32
12:00 38.5 38.7 394 355 40.1 35.4 54.7 54.2 54.9 32.2 33.8 38.5 40.5 41.3 503.9
14:00 37.3 8.6 38.5 38.5 36.6 32.8 47.9 44 48.3 33.5 34.3 37.5 36.8 37.6 315.7
16:00 42.4 40.4 334 40.7 42.4 38.8 55.5 56.7 58.2 36.2 36.3 37 37.8 38 383.5
18:00 33.1 32.8 32.4 31.5 314 28.5 35.4 38.2 35.1 21.2 23.3 32 31.7 32.5 109.19
LENGTH: 1.5m ANGLE: 10 DAY: AVG
TIME TGO . TGl TA Air Temp Insolation
1 2 3 1 2 3 1 2 3 Inlet 1 2 3 Qutiet Ang.
8:00 23.8. ] 241 241 . 255 29.1 25.6 28.6 28.6 28.5 26.0 261 25.1 26.0 26.1 52.90
10:00 32.3 357 334 40.2 417 41.6 48.7 48.5 48.6 34.2 34.4 34.9 35.0 35.6 316.31
12:00 38.9 40.4 39.7 40.3 40.9 36.2 56.5 56.4 56.3 348 35.7 37.5 38.9 40.5 517.93
34:00 40.1 41.3 40.7 40.9 40.5 37.7 55.7 35.9 55.8 36.2 36.7 38.0 38.5 385 484.53
16:00 39.8 393 38.7 34.9 37.5 35.3 50.1 50.3 50.2 34.8 34.8 35.6 38.0 37.1 391.13
18:00 33.2 328 343 280 280 27.7 35.0 34,7 34.7 28.4 25.5 32.1 31.9 32.6 103.30
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LENGTH:

1m

ANGLE: a0z DAY: 1 DATE: 11-Jud
TibAE 160 TGl TA Air Temp Insolation
1 2 1 2 1 2 Inlet 1 2 Outlet Ang,
8:00 25 25.1 26.1 26 26.9 27.1 25.5 25.5 25.6 25.8 20.68
10:00 28 28.3 28.3 28.8 32.3 325 28.5 30.4 22.8 30.4 81
12:00 34.8 35.1 ElS 38.5 45.8 44,7 32.9 325 33.2 33.2 122.1%
14:00 394 38 41 38.7 S0.6 51.3 35.4 354 36 36.3 123
16:00 38.6 28.8 38.6 349.5 45.8 45.5 28 2R 38 38.4 113
15:00 34 34.9 34.8 35.6 38.8 39.2 32.6 34.9 34.6 34.9 35.4
LENGTH: im ANGLE: 90rF DAY 2 DATE: i2-hal
TIME T60 TGl TA Air Temp Insolation
1 2 1 2 1 2 Inlet 1 2 Qutlet Ang.
8:00 24.8 24.9 25.6 5.6 26.4 26.8 26.3 26.8 26.6 26.8 19.4
10:00 252 25.4 27.5 28.4 3.5 ~132.1 30.9 308 30.5 31 78.55
12:00 337 34.1 31 31.2 41.4 40.5 36.3 36.3 37.2 37.2 102.58
14:00 34.6 237 30.4 31.4 33.3 7.9 34.1 33.3 34.1 34.3 85.86
16:00 36.2 324 29.3 315 40.7 40.1 34.2 242 34.4 38.5 79
18:00 30.5 337 26.2 27.5 28.2 28.9 29.1 312 31.7 31.2 384
LENGTH: : ANGLE: 90z DAY B DATE: 13-Jul
TIME TEC TGI TA AorTemp Insolation
1 2 1 2 1 2 Inlet 1 2 Qutlet ANE.
8:00 25.8 25.9 27.5 27.6 28.3 28.6 26.8 26.9 27.6 27.8 37.59
10:00 35.2 34.7 30.8 32.2 37.7 ..38.3 34.1 34.7 35.6 34.9 83.05
12:00 36.1 3€.4 36.6 36.2 32.7 34.8 37 37.6 38.5 28.5 107.15
14.00 376 37.7 27 26.7 30.4 28.7 36.1 38.3 38.5 38 93.69
16:00 28.7 28.9 26.3 27.1 21.5 224 21.4 21.4 22.7 27.2 47.73
18:00 22.4 22.9 23 24.5 22 21.3 223 23.3 23.1 23.9 33.8
LENGTH: im ANGLE: o0E DAY: AVG
TIME TGO TGl TA Air Temp Insolatian
1 2 1 2 1 2 inlet 2 Qutlet Ang.
800 25.2 253 26.4 26.4 27.2 27.5 26.2 26.4 26.6 26.8 25.89
10:00 30.8 30.8 28.8 28.8 34.2 34.3 31.5 32 32 32.1 80.2
12:00 24.8 35.2 35.2 353 40 40 35.4 35.6 36.3 36.3 110.64
14:00 37.2 36.8 32.8 32.6 38.1 359.3 52 36 36.2 36.2 100.85
16:00 34.5 34.7 31.4 32.7 36 36 31.2 31.2 31.7 34.7 75.91
15:00 28 29.5 28 29.2 20 258 28 29.8 29.8 30 36.2
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LENGTH: m ANGLE: 70E DAY: 1 DATE: 14-Jul
TIME TGO TGi TA Air Temp Insolation
1 2 1 2 1 2 iniet 1 2 QOutlet Ang.
8:00 23,5 24.2 24 23.8 25.5 26.1 27 27.2 27.1 27.2 29.1
10:00 28 27.7 26 26.3 35.8 351 31.6 32 31.7 32 109.48
12:00 35.4 35.9 38.2 39.3 46.1 47.4 35 35 35.4 36 158.49
14:00 354 35.7 354 32.3 42.4 41.1 33 34 34.5 353 158.71 |
18:00 33.8 33.6 28.9 33.7 36.2 36.3 33.6 34.9 34.5 35 121.43
18:00 31.5 31.7 28.7 28.5 33.4 34.2 32.3 32.8 33 33.2 47.57
LENGTH: im ANGLE: 70 DAY: 2 DATE: 15-jub
TIME TGO TG! TA Air Temp Insolation
1 2 1 2 1 Fd Inlet 1 2 Outlet AnNE.
8:00 24.3 24.3 24.1 24.6 26.6 - 26.7 26.7 26.8 26.9 26.9 24.91
10:00 -30.6 ‘304 29 27.6 32.8 33.8 31.2 31.5 31.7 336 96.44
12:00 36 36.5 33.6 31.9 401 40.8 35.1 34.3 37.4 38.7 15¢ 7
14:00 379 38.1 33.6 32.6 428 40.9 36.7 36.8 37.1 40.5 143.15
16:00 23.2 23.7 26.8 26.2 2 25.3 24.1 24.4 24.3 2A6 60.84
18:00 23.2 23.4 25.6 257 2Tx | 284 24 24.3 24.4 24.5 12.25
TENGTH: Im ANGLE: e DAY: 3 DATE: LT
TIE TGO TG! TA Air Temp Insolaticr
1 2 1 2 1 2 Inlet 1 2 Qutlet Ang.
8:00 23.8 24.1 26.3 26.6 301 30 25.8 5.8 25.8 26 37.69
10:00 32.6 34.3 33.2 31.3 37.1 36.7 31.1 31.9 32.6 34.3 116.94
12:00 31.8 32 25.1 24.2 34.4 35.7 35.5 36.9 35.7 37.8 156.35
14:00 35.9 354 351 35.6 34.5 36.5 32.9 32.7 33.4 28.5 88.25
16:00 45.5 48.6 41.1 40.9 48.5 49.4 38.6 42.7 44.4 44.5 134.15
18:00 44 43.6 33.2 32.4 358.2 37.5 37.3 37.4 37.7 38.3 89,19
LENGTH: im ANGLE: 708 DAY: AVG
TIME TG0 TGl TA Air Temp Insolation
1 2 1 2 1 2 Inlet 1 2 Qutlet Ang.

- B:00 242 24.2 24.8 25 27.4 27.6 26.5 26.6 26.6 26.7 33.9
10:00 30.4 30.8 29.4 28.4 35.1 35.2 31.3 31.8 32 333 107.62
12:00 | 344 348 32.3 31.8 40.2 41.3 35.2 35.4 37.5 37.5 157.18
14:00 364 36.4 34.7 335 38.8 39.5 34.2 345 35 35.1 130.05
16:00 35.5 35.3 32.6 336 37 37 32.1 34 34.4 347 105.4733
18:00 32.9 32.9 29.5 29.2 32.8 32.7 31.2 315 317 32 49.67
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LENGTH: am ANGLE: 207 DAY: 1 DATE: 17-Jul
TIME TGO 7G| TA Air Temp Insoiation
1 2 1 2 1 2 inlet 1 2 Qutlet Ang.
8:00 24.9 25.2 24.6 24.5 26.6 26.7 26.5 26.5 26.6. 26.6 40.33
10:00 31.8 32.2 26.2 25.2 343 32.4 315 31.6 31.7 32 155.8
12:00 38.1 39.7 37.4 37.1 A8.1 46.2 34.8 34.9 36.9 37.6 280.1
14:00 38.8 38.4 36.4 35.8 45.7 44.1 33.6 33.6 345 36.9 156.28
16:00 38.5 37.4 33.5 31.5 38.7 38.4 35.3 353 35.6 36.5 190.56
18:00 32.3 31.8 28.1 27.7 32.4 315 31.6 32.13333 325 32.5 56.24
LENGTH: im ANGLE: 503 DAY: 2 DATE: 18-lut
TIME TGO TGl TA Air Temp Insolation
1 2 1 2 i 2 ntet 1 2 Cutlet Ang,.
8:00° 24 JE4 254 254 278 278 271 27.1 27.2 27.4 42.5
10:00 288 25.6 28.4 27 34.9 35.5 31.5 319 31.7 32.1 157.51
12:00 74 275 33.7 32.7 44.8 424 34.3 4.3 361 36.4 287
14:00 405 402 37.2 376 473 48.1 35.6 36 36.2 38.3 310.2
16:00 35.2 33y 32 31.4 38 37.7 32.8 32.8 332 34.5 120,14
18:00 ‘32 32 138 282 31 31.8 318 32.12332 ®i5 325 54.85
LENGTH: as ANGLE: S0E DAY: 2 DATE: 18-Jul
TIME TED 1G] TA Air Terno insclation
1 2 1 2 1 2 inlet 1 2 Outlet Ang.
8:00 207 231 29.2 26 28 27.9 24.7 25 24.8 24.9 16.9
10:00 243 30.6 33.8 33.3 44.2 45.5 315 316 31.7 31.9 179.94
12:00 26.7 26.6 37.2 36.1 40 446 31 34.3 37.16 37.3 183.29
14:00 263 26.2 29 289 327 33.2 30.1 32.4 32.2 32.2 137.57
16:00 23 22.3 311 21 40.3 41.1 30.3 30.% 31.1 325 168.82
18:00 245 24.1 32.1 31.4 35.3 36.3 29.8 30.83333 30.1 31.9 59.58
LENGTH: im ANGLE: 502 DAY: AVG
TIME TGO TGl TA Air Temp Insclation
1 2 1 2 1 2 Inlet 1 2 Cutlet Ang.
8:00 23.2 23.9 26.4 253 27.4 27.4 26.1 26.2 26.2 26.3 33.41
10:00 28.3 30.8 29.7 28.5 37.8 37.8 31.5 31.6 31.7 32 164.35
12:00 34.4 34.6 36.1 353 443 44.4 33.4 34.5 36.72 37.1 250.13
14:00 35.2 35 34.2 34.1 41.9 41.8 33.1 34 34.3 358 201.35
16:00 323 315 32.2 313 38 354 32.8 33 33.3 345 159.84
18:00 296 29.3 287 251 32.9 33.2 311 31.7 31.7 32.3 56.89




LENGTH: im ANGLE: 301 Day: 1 DATE: 20-}ui

[4A

TiME TGO TGl TA Air Temp Insolztion
1 2 1 2 1 2 tnlet 1 2 Qutlet Ang.
8:00 24.5 24.9 25.8 25.8 28.1 28.3 27.3 375 27.4 28.6 32.6
10:00 336 33.9 30.5 29.1 40.1 39.2 32.2 3289 33.2 34.4 183.6
12:00 354 35.4 35.8 35.6 48.3 A7.8 34.3 35.6 349 35.6 441.2
14:00 38.1 37.1 31.1 30.8 41.3 40.5 31.6 32.1 33 34.2 201.5 B
16:00 36.8 36.2 33.2 33.4 42.3 44.2 32.6 33.1 34.8 35 288.5
18:00 333 32.9 28 28 33.8 33.1 31.9 319 33.1 33.8 104.93
LENGTH: im ANGLE: 307 DAY: 2 DATE: 21-Jul
TIE hicls TGI TA Air Temp insolation
1 2 2 2 1 2 Inlet 1 2 Qutlet Ang.
24.8 25 259 25.7 27.1 26.8 26.8 27.6 28 35.9
29.5 ElY 24.6 26 34 22 32.4 33 335 175.6
33.4 35.4 40.2 39 54 38.1 40.2 40.7 427 AAS 8
38.1 37.1 40 39.5 50.3 333 35.8 36.7 37.3 25L8.4
36.8 36.2 38.7 40 46.5 35.6 35.9 37 38 248.8
R 25.4 29.5 28 28.3 30.8 227 28.7 28.9 30 51.26
LENGTH: im ANGILE: 30% TaY! 3 DATE: 22-Jul
TUAE TGO TGI TA Air Temp Insolation
1 2 1 2 1 2 inlet 1 2 Outlet Ang.
8-00 23.3 23.3 27.5 26.5 28.2 27 24.8 25.2 26.9 27.1 32.3
10:00 33.3 30.6 32.8 32.3 42.3 42.7 31.2 31.9 32.8 36.5 183.76
12:00 35.4 35.4 33.9 32.5 54.9 53.8 33.2 32.2 33.6 34 415.8
14:00 38.1 37.1 45.9 47.3 51.8 51.6 381 39.2 38.6 38.9 456.48
16:00 36.8 36.2 38.8 39.4 - 48 45.2 32.9 336 34.4 33.7 301.2
18:00 | 23.8 . 333 33.1 33.1 359 36.4 28.7 28.7 27.9 27.1 80.21
LENGTH: im ANGLE: 302 DAY: AVG
TIME TGO TGl TA Air Temp Insolation
1 2 1 2 1 2 Inlet 1 2 Quilet Ang,
8:00 24.2 24.4 26.4 25 27.8 27.7 25.3 26.5 27.3 27.9 335
10:00 32.3 315 28.3 29.3 38.8 38.9 31.8 32.4 33 34.8 186.32
12:00 35.4 35.4 37.3 35.7 52.4 52.2 35.2 36 36.4 37.2 435.6
14:00 38.1 37.1 39 39.2 47.8 47.9 35 35.7 36.1 36.8 305.46
16:00 36.8 36.2 36.9 376 45.& 45.7 33.7 34.2 35.4 3ES 279.5
15:00 30.5 31% 28.7 29.8 33.5 33.6 301 30.1 30.3 30.3 78.8
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3 e ANECLE 13 DAY X SATE:
TIVE TGO TGi TA Ar Temp insolation
1 2 1 2 1 2 Inlet 1 2 Quslet Ang.
8:00 24.3 24.9 24.2 24.9 27.3 27.1 27 27 27 27.1 60.5
10:00 28.7 29.7 31.6 32.4 46.9 14.9 31.4 314 33 34 292.7
12:00 39.3 40.8 40.5 39.9 57.1 57.2 41 41 43 45.1 455.6
14:00 44 44.8 47.1 488 66.4 67 41.5 - 41.5 42.3 44.4 400.6
16:00 39.9 41.3 359.3 42.2 50.4 54.2 40.6 40.6 42.6 42.2 484.7
18:00 32.3 32.8 30.3 31 34.6 35.3 30.3 30.3 30.8 31.4 81.68
LENGTH: im ANGLE: 103 DAY: 2 DATE: 24-Jul
TIME TGO TGl TA Air Temp Insolation
1 2 1 2 1 2 Inlet 1 2 Qutier Ang.
8:00 24.5 25 26.9 26.7 28.9 28.9 24 24.2 241 24 65.51
10:00 28.5 29.4 32.1 0.2 44 42.1 34.8 35.2 35 35.4 2872
12:00 45 45.8 465 469 69.3 67.3 35.4 41.5 415 427 671.5
14:00 40.9 40.1 403 383 51.3 50.1 36.6 36.6 37.2 3% 4312
15:00 41.3 40.8 4242 { EEN 34.6 53.6 37.8 37.8 385 : 3313
18:00 324 32.1 27z ] 273 32 32.1 30.7 30.7 31.1 £§9.23
LENGTH im = 107 DAY: 3 sTE 25-jul
TiMIE TGO T TA Air Temp insolation
1 2 1 2 1 2 iniet 1 2 Sutlet Ang.
8:00 24.4 24.5 28.1 28.5 30.5 31 27 27.4 27.2 27.2 55.69
10:00 38,7 33.3 539 52.8 52.8 53,7 5.8 37.2 37 37.4 324.14
12:00 30.6 301 359 35.3 42.2 435 27 28.8 28.9 295 406.59
14:00 33.8 333 28.9 30.5 48.2 47.9 30.8 32.6 32.1 29.4 604.09
16:00 36.4 36.4 20.8 31.7 43,2 41.3 22.4 24.8 25.4 28.56 312.72
18:00 323 31.7 42.7 42.8 36 36.7 25.4 317 33.5 33.1 102.38
LENGTH: Im ANGLE: 0@ DAY: AVGE
TIME TGO TG! TA Air Temp Insolation
3 2 1 2 1 2 nlet 3 2 Outlet Ang.
§:0C 24.4 24 8 26.4 26.7 28.9 29 26 26.2 26.1 251 60.9
10:00 32.3 30.8 38.2 38.5 47.5 A5.9 34 34.6 35 35.6 304.68
12:00 38.3 338 43 40.7 56.2 56 34.8 37.1 37.8 39.1 511.23
14-00 39.6 354 32.1 39.6 55.3 35 36.3 35.9 37.2 37.6 478.63
16:90 38.2 39.5 38.1 38.4 49.4 49,7 33.5 34.4 355 36.9 376.24
18:00 325 32.2 3324 33.7 34.2 34.7 28.8 3069 318 32.1 31.1




