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NOMENCLATURE

absorber plate area; (m?).

gross area of the collector; (m?).

bond width; (m).

collector capacitance rate; {dimensionless).

parameter defined in equation (3.10); (dimensionless).
bond conductance; (W/m.C?).

water specific heat; (KJ/Kg.C").

inside tube diameter; (m).

outside tube diameter; (m).

collector fin efficiency; (dimensionless).

parameter defined in equation (3.7) (dimensionless}).
parameter defined in equation (3.9); (dimensionless).
collector heat removal factor; (dimensionless).

heat removal factor of the parallel type; (dimensioless).
heat removal factor of the serpentine type; (dimensioless).
collector efficiency factor; (dimensinless).

heat transfer coefficient inside tubes; V(i'V/mz.C'").

incident solar radiation on tilted surfeces; (Wh/m?).
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51

Ky

Qu

Qlup
Qus
Que

xxiii

incident solar radiation on tilted surfaces; (K J).
thermal conductivity; (W/m.C?).
bond thermal conductivity; (W/m.C®).

length of the serpentine segments in the flow direction; (m).

parameter equal to \/%? ; (dimensionless).

mass flow rate of water; (Kg/s).

mass flow rate of water in the parallel type; (Kg/s).

mass flow rate of water in the serpentine type; (K g/s).

parameter defired by equation (3.12); (dimensionless).

number of segments in the serpentine collector; (dimensionless).

useful heat gain; (KJ).

useful heat gain of the parallel type; (KJ).

useful heat gain of the serpentine type; (KJ).

total useful heat gain during all the time intervals of the test day; (I{J)
thermal resistance 1-betwreen the absorbing plate and water; (m.é°/PV).
Reynold’s number of the flowing water; (dimensionless).

Reynold’s number of the flowing water in the parallel type; ( dimensionless).

Revnold’s number of the flowing water in the serpentine type; dimensionless}.
y g P P

bond average thickness; (m).
ambient temperature; (C°).

inlet water temperature to the collector; (C°).
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xxiv

inlet water temperature to the parallel type; (C).

inlet water temperature to the serpentine type; (C°).

outlet water temperéture from the collector; (C°).

outlet water temperature from the parallel type; (C°).

outlet water temperature from the serpentine type; (C°).

temperature of water inside the parallel type's storage tank at a distance
of 0.15 m from the bottem of the storage tank; (C°).

temperature of water inside the parallel type’s storage tank at a distance
of 0.30 m from the bottem of the storage tank; (C°).

temperature of water inside the parallel type’s storage tank at a distance

of 0.45 m from the bottem of the storage tank; (C°).

temperature of water inside the serpentine type’s storage tank at a distance °

of 0.15 m from the bottem of the storage tank; (C°).

temperature of water inside the serpentine type’s storage tank at a distance
of 0.30 m from the bottem of the storage tank; (C°).

temperature of water inside the serpentine type's storage tank at a distance
of 0.45 m from the botiem of the storage tank; (C°).

useful hot water from the parallel type; (C°).

useful hot water from the serpentine type; (C°)

outlet water temperature when the solar radiation is shut off; (C°)

water outlet temperature at time (rc); C°

overall heat loss coefficient from the collector; (W/m?.C°)

overall heat loss coefficient from the parallel type; (W/m?.C?)
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U overall heat loss coeflicient from the serpentine type; (W/m’ C°)

%4 storage tank volume, (litre).

Vo wind speed; (m/s)

Veop water velocity inside the risers of the parallel type; (m /3)
Vi water velocity inside the segments of the serpentine type; {(m/s)
W distance between the tubes; (m).

GreekSymbols

o absorbtance; (dimensionless).

B collector tilt angle; (degree).

é absorber plate thickness; (m).

~ azimuth angle; (degree)

' parameter defined by equation (3.13); (dimensionless)

74 collector daily efficiency; (dimensionless).

7 collector instantaneous efficiency; (dimensionless).

Tip instataneous efficiency of the parallel type; {(dimensionless).
Tie instataneous efficiency of the serpentine type; (dimensionless).
g latitude angle; (degree).

T transmissivity; (dimensionless).

TC time constant; {minute)

(rc)p time constant of the parallel type; (minute).

(re). tine constant of the serpentine type; (minute).

7 time in seconds of the time interval; (second).

(ra)e. effective transmittance-absorbtance product; ( dimensionless).
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Subscripts

a

b

w

Abbreviations :

DHW

GSP

1.D

0.D

absorber, ambient.
bond
collector.
effective
inlet.

loss, lower.
mid.
outlet.
parallel
serpentine.
top, total.
useful.

water, wind.

Domestic Hot Water.

Galvanized Steel Pipe.

Inside Diameter.

Qutside Diameter.

vl
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ABSTRACT

Preheating of domestic water is considered as the major application of solar

energy in Jordan. This is because of the modest investement and immediate return.

In this study two flat plate solar collectors were manufactured and tested under

the same experimental conditions. One of the serpentine type and the other of the

parallel type .

The collectors used in this study were tested according to ASHRAE standard

93- 77 (1977). Moreover, the following tests were performed on both collectors:

forced crculation test with intermittent load conditions, stagnation test , no load

thermosyphon test, and thermosyphon test with intermittent load conditions.

Both collectors were tested outdoors, ander Jordan's dimatic conditions. The

tests were performed in July, August, and Septemper, 1991, where the working fiuid

was fresh water. The investigated flow rates were 0.02, 0.03, 0.05, 0.07 IKg/s. The
selected test period ranges from 08:00 to 17:00.

This study shows that under forced drculation, the serpentine type has a superior

performance parameters when compared to the parallel type, for all the investigated

flow rates and time intervals. This superiority, becomes more evident during the
time interval 09:30-15:00. After the time 15:00 the performance parameters of both

models come nearer to each other. The reason for this performance degradation of
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the serpentine type is due to the shading effect.

On the other hand, the serpentine type has an inferior performance when com-
pared to the parallel type under thermosyphon circulation. This is due to the ability
of the parallel type to circulate water naturally at -hig.hcr flow rates.

This study comes to conclude that since most of the solar domestic hot water
(DHW) systems used in Jordan are thermosyphon systems, then choosing the ser-
pentine type as a solar collector is not a suitable choice. The parallel type still a
convenient selection. On the otherrhand, the selection of the serpentine type for
forced flow systems, where pumps are used, is more suitable than the parallel type.
The application of such systems are industrial hot water requirements, space heat-

ing and building air conditioning, where the circulation of water to the collector will

usually be kept high.
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Chapter 1

INTRODUCTION AND
LITERATURE REVIEW

1.1 Introduction

The most abundaglfvcontinuillg energy source availabe to the human race is solar
energy. This solar energy is very attractive because it is nonpolluting, nondepletable,
reliable, and free. On the other hand it is very dilute and it is not constant,and this
dictates the use of large surface area collectors and systems to collect and concentrate
the energy.

The flat plate collector is the simplest and most widely used means to convert
the sun's radiation into useful heat. Such type of coilectors can be designed for ap-
plications requiring energy delivery at moderate temperatures, up to perhaps 100C”
above ambient temperature [1]. They use both beam and diffuse solar radiation,
do not require tracking of the sun, and they require little maintenance. They are
mechanically simpler than concentrating collectors. The major applications of these
units are in solar water heating and building heating, whereas potential uses include
building air conditioning and industrial process heat.

In the mid 1970,, many new collector designs appeared on the commercial mar-
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ket, and cach one of these collectors has its own performance | characteristics, ad:
vantages and disadvantages. Serpentine flat plate solar collector is one of these

designs.

1.2 Types of Solar Collectors

Solar collectors can be categorized into four basic classes [2]:

1. Flat plate collectors which collect but don’t concentrate the sun’s radiant
energy. Figure (1.1) shows a number of different liquid flat plate solar collector

designs of this type.

2. Vacuum tube collectors, where the space around the absorber surface is evac-

vated, so the convective heat losses are eliminated or minimized.

3. Medium perforinance focusing collectors which utilize a curved surface to focus
the sun’s rays on a heat exchanger, such as a collecting pipe or plate-pipe
collector, such collectors are adopted for slightly higher temperature than that

of the flat plate type.

4. Concentrating collectors which utilize large curved surfaces composed of mul-
tiple mirrors, such collectors can attain high temperature ranges for use in

operating steam generators, turbines and the like.

| Q)

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



e e R I — e E— - o e s e

71?5777/75/7777 1L T [, W/ W/ 7

Cad (h>

e e e e e e— e

Flaow

T ™

Cd)

| W I L_;® Flo mcxl \/\/\/\/\

T < == [

Cfd (g2

out

Fig.C 1.1 Di fferent liquid —— ===
col lectar designs. J

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



4

1.3 Serpentine And Parallel Types Solar Collec-
tors

In the parallel type flat plate solar collector the flow occurs in parallel risers
connected between inlet and outlet plenums. While in the serpentine type the tube
is fixed to the absorber plate in a serpentine fashion, therfore, the flow passages can

be constructed from a single integral length of tubing,

Manufacturing serpentine type is easier than manufacturing parallel type, since
it consists of one tube and a plate to fit the tube on. This means saving of time and
money, thus welding is no longer peeded to join the pipes together as for the case
of parallel type where risers must be joined with headers. So, welding failure can
be eliminated, especially, in cold winter days where thermal and residual stresses
occur. Also, the replacement of the serpentine tube for any defects is made easier

than the parallel tubes, this allows the same plate to be used for many times.

In the serpentine type the flow is forced to travel in one passage. Thus any
deposit formed on the internal surface of the tube will represcﬁt an obstruction to
all the flow. The case in the parallel type is different, since there are at least seven
risers where the flow can travel through. From this it is obvious that the life cycle

of the serpentine type is lower than that of the parallel type.

The pressure drop in the serpentine type is higher than that of the parallel type,
this is due to the accumulation of pressure drops in the bends and straight runs.
Thus the driving force in the case of the serpentine type is less than that of the

parallel type when natural drculation is used.
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1.4 Literature Survey

Performance of parallel tubes flat plate solar collectors has received a lot of
investigations, while the performance of the serpentine collectors has received a
little attention. In this study the relative performance between the serpentine and
the parallel types flat plate solar collectors is studied and analyzed experimentaly
under the same experimental conditions.

The first detailed study of the performance of the parallel type was introduced
by Hottel and Woertz[3]. The study was based on energy balance measurments of
an array of collectors on an experimental solar heated building. The performance
calculations were based on mean plate temperature . A correlation for thermal losses
was reported,

Moore et al. {4] made extensive comparisons of the performance of a flat plate
liquid heating collector with results predicted by use of the Hottel and Woertz
method. The operating conditions were similar to those of Hottel and Woertz and
good agreement was reported. Several studies were investigated by many researchers
therafter, relating the parallel type performance[2,5-9]

The first real and valuable study on serpentine type was presented by Abdel-
Kalik[10]. He obtained an analytical solution for heat removal factor (F.) for a

serpentine abscrber plate of a single bend { two segments }. He solved the problem

numerically for larger values of segments and showed that this solution was within
5 percent of numerical solutions of the general case with any number of bends. He
concluded that the dependence of the heat removal factor on the number of segments

is slight,
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Chang and Lavan [12) analyzed the thermal performance of a serpenting absorber
plate . They obtained analytical solutions for three and four segments. They showed

that, what was concluded by Abdel-Kalik was in error for a certain range.

On the other hand, Akgiin [11] presented two analytical solutions resulting from
two separate assumptions which uncouple the governing matrix differential equation.
He concluded that, the dependance of the heat removal factor on the number of

segments is slight, which is the same conclusion reached by Abdel-Kalik.

Relative performance comparison studies between the serpentine and the parallel
tubes flat plate solar collectors show different results [13-17]. Brode et al.{13] tested
the parallel and the serpentine types under near identical conditions. They found
experimentaly that the thermal efliciency was higher for the parallel type than for the
serpentine type, and that the difference between the two diminshes with increasing

flow rate.

Chiou and Perera {14] reported an analysis and experimental study of a serpen-
tine collector. Their results were compared to prior experiments with serpentine
type {15] and parallel type [16]. The comparison showed higher performance of the
parallel type during mid-day, but con\"erscly, higher performance for the serpentine

type during early morning.

Lund [17] presented a direct analytical comparison between the two types. He
rendered the conduction and transport equations in nondimensional form. Thus
he generalized the results for various flow duct designs. The resulting equations
were solved over one panel of the absorber plate, between the flow ducts. The

panel performance results are combined serially to produce the overall absorber
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performance. This work was compared with a previous work of Lund [Q] on the

parallel type. The result indicates superior performance of the serpentine type.
From the previous presenta;ion, it is obvious that the question of relative thermal

performance of the parallel and the serpentine tjpes is yet open to question. So,

a direct simultaneous experimental thermal performance comparison between both

types is needed.
1.5 Objectives of The Present Work

Two solar collector arrangements representing the parallel and the serpentine
types are constructed and tested under Jordan’s climatic conditions. Both collectors
have the same effective tubing lengtll and same absorber plate area. All the con-
struction parameters are made identical for both types. The thermal performance
parameters of each type are studied and analyzed experimentaly. The following

parameters are evaluated:
1. The heat removal factor.
2. The collector overall heat loss coefficient.
3. Instantaneous and daily effeciencies of both collectors.
4. Hourly and daily heat collected per unit area of the collector.

5. Temperature level of the circulating water in different components of the col-

lectors.

6. Temperature distribution of the water inside the storage tanks under ther-

mosyphon flow with no-load conditions.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1.6 Layout of The Thesis

The thesis is divided into five chapters of which this introduction and literature
review are the first chapter. Chapter Two describes the manufacturing processes

and specifications of the serpentine and the parallel types flat plate solar collectors.
Chapter Three is devoted to describe the experimental apparatus, arrangements
and the testing procedure . Chapter Four shows the results and their discussion.

Finally, Chapter Five lists the general conlusions and recommendations reached by

the present study.
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Chapter 2

MANUFACTURING AND
SPECIFICATIONS OF
SERPENTINE AND PARALLEL
TYPES SOLAR COLLECTORS

2.1 Introduction

Many types of solar water heaters are commercially available. They differ in
design and performance and, of course, in price. They have to meet demands in
operation, configuration and meteorogical conditions.

Flat plate solar collector performance depends to-a-large extent, on the used
materials and the absorber plate-tube configuration of the collector.

In this study two collectors of different tube configuration were built: The con-
ventional type of parallel tubes collector and the serpentine type. Both collectors

were built in the Workshops of Mechanical Engineering Departement at the Univer-
sity of Jordan.
414343

This chalﬁter is devoted to describe the different components that were selected to
form the body mass of both collectors, and to describe the manufacturing processes

that are followed to build them.
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2,2 Collectors Speciﬁcations

The following parameters were considerd for the specifications of both collectors:
2.2.1 Absorber Plate

The radiation characteristics of the absorber plate are of great importance to
the efficiency with which the light striking the collector can be collected as useful
heat . So, the absorber plate should have maximum absorptivity.

Different materials can be used as absorber plates, such as copper, aluminum,
steel and selective surfaces, where using of these metals is limited by cost and avail-
ability.

In the present work, black steel with an ordinary black paint is used as an
absorber plate for both collectors, because it is the cheapest available metal that
provides good bonding with the paint.

The plate efficiency increases as the plate thickness increase up to a value of 1
mm, after which there is no significant increase [2]. Based on these, black steel of 1

mm thickness was used.

2.2.2 Tube Material, Diameter And Spacing

The tube size should be selected in such a way to minimize the pressure drop
in the collector. The pressure drop is directly proportional to the square of the flow
rate and inversely proportional to the fifth power of tube diameter.

In the present work the selection of the tube diameter is governed by the purposes
of comparison and the local availability of materials.

Table (2.1) summerizes the sizes and materials that are used for the absorber
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plate and tubes of both collectors.Spacing between risers is chosen to be 100 mm

for both collectors.

Table (2.1) Sizes and materials used for absorber plate and tubes of

__both collectors

collector Absorber Plate I.D (mm) 0-D (mm) Tube
type Dimension Material | Riser | Header | Riser | Header | material

Serpentine | 1590 * 730 * 1 | Black steel | 17 — | 215 | — GSP

Parallel 1590 * 730 » 1 | Black steel | 17 28.4 21.5 34 GSP

2.2.3 Absorber Plate-Tube Configuration

There are different configurations by which the tubes are fixed with the absorber
plate. For the purposes of comparison of the present work, two configurations were
considered. In the first one, a parallel tube configuration with risers and headers
were welded to the abso_rber plate, where the length of the absorber plate was limited
to 1590 mm due to the size limitation of the die used. In the second configuration
the pipe is bonded to the absorber plate in a serpentine fashin where the length
of the absorber plate is limited to 1590 mm. In both cases the tube configurations

have the same effective tubing length of 11.13 m.
2.2.4 ‘Transparent Cover

A material must have high transmissivity to be useful as a cover, and therefore
the absorbtivity and reflectivity must be minimized.

Transparent cover can reduce convective and radiative losses. Glass or plastices
can be used for these purposes, where they can be arranged in single, double or mui-
tiple layers. Glass has a higher transmittance factor than plastic, it does not suffer

from corrosion or ultra-violet instabiﬂty, also it has a considerable life if handled
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catefully.

Ordinary window glass 4.0mm thick with 760 x 1730mm dimensions, of an av-
erage transmissivity of 0.87 was used. |

The top heét transfer coefficient of the collector is dependent on the spacing
between the transparent cover and the absorber plate. The top heat transfer coef-
ficient is not substantially affected for spacing more than 25 mm [2]. So, a single

glass cover with a spacing of 25 mm was used for both collectors.

2.2.5 Insulation Material

The overall efficiency of the solar water heating system depends to a large extent
on the effective reduction of heat losses from the collector plate, connecting pipes
and the storage tank. In selecting the insulating material, one must consider cost,
durability, toxicity, fabrication, and free of an organic binder, because high collector
temperatures, cause this material to deposit on the underside of the transparent
cover, adversely affecting the collector transmissivity.

Of the ordinary insul;ting materials, only fiberglass or rock wool batts are sat-
isfactory. It is recomended that, a minimum of 50 mm of good insulation material
must be used at the bottom and the exposed sides of the collector [18}.

So, a rock wool -locally m—ra.ilable and inexpensive- of 70 mm thickness and 0.0346
W/m.c® thermal conductivity is used for insulating the collector. Also, the connect-
ing pipes are insulated by a 30 mm thickness rock wool.

The storage tanks are insulated by using 60 mm thickness polyurethane foam

whose thermal conductivity is 0.0245 W/m.c°.
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2.3 Manufacturing Process

The following procedure was followed to build the two collectors used for this

study:

1. Two black steel sheets of dimensions 1000 x 1590mm were used to prepare
the absorber plates of both collectors. The grooving of each plate was done
using 2 pneumatic die. The groove diameter was chosen to match the nsers
diameters for a mechanically forced fit. The width of the absorber plate and

the tube spacing lead to seven grooves.

2. For the parallel type the risers were joined to the headers by oxy- acetylene
welding. The tube arrangements were then welded to the absorber plate as

shown in Figure (2.1).

for the serpentine type seven segments were welded to the absorber plate.
The segments were then connected to each other as shown in Figure (2.2).
Then both absorber plates-tube arrangements were painted with ordinary

black paint.

3. Four storage tanks were manufactured. Two of them are mixed, each has a
capacity of 150 litre as shown in Figure (2.3.2). The other two tanks are of

stratified type with 50 litre capacity as shown in Figure (2.3.b).

4. Fifteen thermocouple wires were used to study the collectors’ thermal perfor-

mance as shown in Figures (2.1-2.3). These thermocouple wires were installed

as follows:
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(2) Two thermocouple wires were installed at the inlet and outlet of each

model, in order to measure the inlet and outlet temperatures, respectively.

(b) Three thermocouple wires were installed at an equal distances at the
center of the serpentine tube as shown in Figure (2.2). The thermocouple

wires were used to study the temperature distribution of the hot water.

(c) Three thermocouple wires were installed at an equal distances inside each
of the 50 litre capacity storage tanks, as shown in Figure (2.3.b). These
thermocouple wires were used to determine the temperature distribution

inside the storage tanks.
(d) One thermocouple wire was installed at the outlet of each the 50 litre

storage tanks to measure the temperature of the used hot water.

5. The absorber plates and the tube arrangements were fixed inside their collector

boxes. Then, the glass covers were placed on the collector boxes.
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Chapter 3

EXPERIMENTAL
ARRANGEMENTS AND TEST
PROCEDURE

3.1 Introduction

The collectors of this experimental study were tested outdoors under Jordan's
climatic conditions where the flowing fluid is fresh water .

A brief analysis of the flat plate collector performance is outlined in section
(3.3). While sections (3.4) to (3.6) are devoted to describe the experiment set-up,
the measuring instruments and the experimental test conditions, respectively.

The last section is introduced-to describe the experimental tests and proce-
dures. Seven tests are encountered: Forced circulation test with no load conditions,
forced dreculation test with load conditions, forced drculation test with intermit-
tent load conditions, stagnation test, No- load thermosyphon test, intermittent-load

thermosyphon test, and the time constant test.

3.2 Assumptions

The following assumptions are made:
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1. Flow is steady.
2. Dust and dict effects are negligible.
3. One dimensional heat flow through glass cover and back mnsulation.

4. Properties of working fluid are independent of temperature at the range of

temperatures encountered.
3.3 TFlat Plate Collector Performance

The performane of a solar collector is influenced by = large number of operational
and design parameters. The useful energy gain of the collector can be readily evalu-
ated upon knowledge of its three governing parameters, which are: the heat removal
factor F., the heat loss coefficient U, and the effective transmittance-absorptance
product of the cover system (ra).. In terms of these parameters, the instantaneous

useful energy gain of the collector per unit time Q. is given by [1]

Qu = AF(ra). ~U(Ti - T.) (3.1)

—_—

where A, is the collector area, 11is the incident solar flux on the collector, T; is the
inlet fluid temperature, T, is the ambient air temperature, and the quantity I{re).
is the absorbed solar energy per unit area of the collector.

The value of {ra), is ncarly equal to 1.02 times the product of T and « (1), thus:

(ra). = 1.027a (3.2)

The heat removal factor for the parallel type is given by (1):

it (1 — exp(— A F' [Cy)) (3.3)
I

Fe =75
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F' is the collector efficiency factor and is given by [1]:

/U,

F = (3.4)
W[U.{D,+(;IV-D,)F] + 617 + wD;th,-]
F is the collector fin efficiency expressed as:
_tanh[m(W - D,)/?] (35)

m(W — D,)/2

Where,

m is the mass flow rate to the parallel type.

C, is the specific heat of the flowing fluid (which is equal to 4.186 KJ/Kg.C* for
water at 20C°.

W is the distance between the tubes.

D, is the outside tube diameter.

C, is the bond conductance which is equal to E:Lé where K, is the bond thermal
conductivity, t is the bond average thickness, and b is the bond width.

D; is the inside tube diameter.

hy; is the heat transfer coeficient inside tubes.

m is a parameter equal to ¢/ %, where k is_ the thermal conductivity ol the absorber

plate and § is the absorber plate thickness.

The heat removal factor for the serpentine type is given by (12}):

F../Fy = B[l - exp[(F2 — 1)/ B]] (3.6)

where,
NK'L
Fl=——
FAOC
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If the three governing parameters were all constants then, the plot of 7 versus

(T; — To)/I would be a straight line with intercept Fi(ra). and slope ~FU .

The daily efficiency of the solar collector is the ratio of the useful energy gain

obtained during the test day to ihe total radiation incident on the collector area
| during the complete day, thus,
o
Qut , 100% (3.19)

TM“—'AJ

3.4 Experiment Set-Up

The experiment set up consists of the, solar panels, constant head feed tank,

storage tanks, drculation pumps, and the piping network.

1. Solar Panels:

Two solar panels are used, one of the serpentine type and the other of the

parallel type. The panels are oriented to face south. They are mounted on 2

metal frame with tilt angle of 22°.

2 Constant Head Feed Tank:

One constant head tank of 1000 Litre capacity is used as 2 feed tank for both

collectors. It is made of galvanized steel of 1.25 mm thick. A constant head is

maintained by a float, and the outlet flow is controlled by a gate valve. The

tank is placed over a metal frame 1.5 m high.
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3. Circulating Punps:
A single-phase centrifugal pump of 0.5 hp was used to drculate the water
through the solar panels of each model. By-pass valves are used to control the

flow rate at any required value.

4. Piping Network:

Galvanized steel pipes (GSP), of 17 mm diameter are used in all connections
except the connections between the outlet of each panel and the inlet of the
storage tanks where a 28.4 mm diameter galvanized steel pipes were used . All

pipes are insulated by 30 mm thick rock wool, to minimize heat losses .

3.5 Measuring Instruments

In this section a brief description of the used instruments will be introduced:
3.5.1 Incident Solar Radiation Measurement

Incident solar radiation is measured by a Kipp and Zonen pyranometer (type
CM5). It was installed on the plane of the tested solar panels (22° tilt angle). A
solar integrator (type CC11) is employed to record the incident solar radiation in

Wh/m?. The incident solar radiation was measured at regular intervals of time of
30 minutes.

3.5.2 Temperature Measurement

The temperature at different locations in the test was measured by means of
Copper Constantan thermocouples. Fifteen thermocouple wires are used to measure

the water temperatures in this experiment, nine of which are used for the serpentine
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mode! and the remaining six for the parallel model. The thermocouple wires were
connected to two Multi-Point Digital Thermometers (Microprocessor Thermometer

6200).

3.5.3 Flow Rate Measurement:

Water flow rates are measured by means of two rotameters. One rotameter is
placed at the inlet of each solar panel. The flow rate that can be measured by this

device ranges from 0.01 to 0.1 Kg/s.

3.5.4 Wind Velocity Measurement:

Wind velocity is measured by means of a digital anemometer ( type Edra 5).
The velocity ranges that can be measured by this device ranges from 0.3 to 30 m/s.
Readings of wind velocity are recorded every 30 minutes over three selected lo-
cations around the solar panels. These readings were used to estimate the average
wind velocities. These average velosities were used to estimate the daily wind ve-

locity (Vo) -
3.6 Experimental Test Conditions

Jordan lies between latitude 29° and 33° north and is bisected by the 36° merid-

jan. The average dry bulb temperature ranges from —5C? in winter to 35C° in

summer. The sun hours duration averages 6 hours during winter months and 12.5
hours in summer. The average daily solar radiation is about 5 K Wh/m?, and the
sun-shine duration of about 3000 hours per year [2]. The recommended values for

collector tilt are 8+ 10 for winter conditions and # — 10 for summer conditions where

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



25

§ is latitude angle [18].

The collectors of this study were rﬁounted on the roof of the Mechanical Engineer-
ing Department, University of Jordan, Amman (Latitude = 32° , Longitude= 36°
and height=080m ), Jordan. |

The relative performance comparison of the two collectors were studied under

the following experiment;l test conditions:
1. Same effective tubing length, diameter and material.
2. Same absorber plate area, thickness and material.
3. Same transparent cover glass material and thickness ( § = 4.0mm ).
4. Same insulation material and thickness.
5. Samg collector tilt angle { B8 = 22° ).
6. Same surface azimuth angle (v =10).
7. Same working fluid flow ( (fresh water ).

8. Same coating material ( otdinary black paint ).

3.7 Experimental Tests And Procedures

Collectors can be tested either outdoors or indoors. In the present work the two

collectors were tested outdoors.
The ASHRAE 93-77 standard procedure [19] was followed to test both collectors

when they are operated as closed loop and open loop circulated flows.
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The tests were performed on clear days during the months of July, August and
September, 1991, In each experimental day,the glass covers of both collectors were
cleaned before begining the test, then the pyranometer was properly installed on the
collectors plane. For the forced drculation tests, lwa,ter was fed for each model at
the same temperature at the begining of each experiment by means of two identical
circulated pumps. The required circulated flow rate was adjusted to a selected value
with the help of the rotameter and the by pass valves of the pumps. All experiments
were started at 08 : 00. At such time both collectors brought to the same identical
experimental conditions. The experimental measurements were recorded every 30

minutes from 08:00 until 17 : 00. The recorded measurements are:
1. Inlet (Ti,) and outlet {T,,) water temperatures for the serpentine collector.
2. Inlet (T},) and outlet (T,,) water temperatures for the parallel collector.

3. Temperature distribution of the water flow inside the serpentine collector at

certain distances, Ty, T3, and T3.
4. Ambient temperature (T3).
5. Temperature of the consumed water from the serpentine model (T, ).

6. Temperature of the consumed water from the parallel model (Ty;).

7. Temperature distribution of the water inside the sérpentine type storage tank

Tte » Tms » Tiay and inside the parallel type storage tank Ty, , Trmp sand Tip.

8. Solar incident radiation on the collectors plane {I).
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0, Water mass flow rate ().

10. Wind speed (Vo).

In this study, the word load’ refers to the proposed amount of the used domestic

hot water.

-

Figure (3.1) shows three photographs for the experiment set-up. The following

tests were executed simultaneously for both collectors:
3.7.1 Forced Circulation Test With No Load Conditions

This test is performed based on two different storage tank volumes, which are
150 litre and 50 litre.

For the 150 litre storage tank, four tests were performed on August e, din, 3rd
and July 254, 1991 with flow rates of 0.02, 0.03, 0.05, and 0.07 K g/ s, respectively.
The layout of this test is shown in Figure(3.2), while the averaged measured data
are shown in Tables (4.1 —-A.4) of Appe;ndix A. The averaged data reported in these
tests were obtained by adding the temperatures measured at the begining and end
of each time interval and dividing the result by 2.

For the 50 litre common storage tank another four tests were performed on
September 3.4, 2nd, 4ta and Aughst 27;s, 1991 with flow rates of 0.02, 0.03, 0.05 and
0.07 Kg/s, respectively. The averaged measured data of these tests are shown in Ta-
bles (A.5— A.8) of Appendix A. For this test a common storage tank is used for both
collectors in order to provide both collectors with the same inlet water temperature
during all the experimental day. Layout of this test is shown in Figure(3.3).

Also both collectors were tested on Septemper 9n, 1991, with two different mass

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



28

flow rates, where the flow rates in tube segments are equal, the selected flow rates

are 0.015 Kg/s for the serpentine type and 0.15 Kg/s for the parallel type. The
averaged measured data for this test are shown in Table(A.9) in Appendix A.
The objectives of above tests are to evaluate the instantaneous efficiency and the

other performance parameters for each model at different mass flow rates under no

load conditions.
3.7.2 Forced Circulation Test With Load Conditions

In this test no storage tanks are needed. A constant head tank is used to supply
a fresh water continuously at constant temperature to feed both collectors. The
water level in the head tank is kept constant by connecting it with municipality line
(tap) during the day of the test. The outlet hot water from each collector is used as
a hot water load as shown in Figure (3.4). The layout shown in Figure (3.4) does
not allow any mixing between the fresh feed water and the consumed hot water.

This test is performed on September 12:s and 14, 1991, with flow rates of
0.02 and 0.05 Kg/s, respectively. The averaged measured data are shown in Tables
(A.10-A.11) of Appendix A.

The objectives of this test are to evaluate the daily efficiency for each model at

different flow rates for various load conditions.
3.7.3 Forced Circulation Test With Intermittent Load

This test is based on consuming a certain amount of water (5, 10, and 15 I/A)
at the end of each hour during the experimental day. A 50 litre storage tank was

used for each model. A head tank is used to supply water for the storage tanks of
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hoth collectors, 5o the temperature of the make up water for both collectors is the
came. As in the forced drculation test with load conditions, the water level in the
head tank is kept constant by connecting it with municipality line-(tap) during the
test day. The layout of the test is shown in Figure (3.5).

Two mass flow rates of 0.03 and 0.07, Kg/s are selected for this test. For the
0.03 Kg/s mass flow rate the test was performed on August 19, 20, Iand 21;1.,
1991, with intermittent loads of 5, 10, and 15 I/h, respectively. While f01l' the 0.07
Kg/s flow rate the test was performed on August 24u, 25k, and 26, 1991, with
loads of 5, 10, and 15 I/h, respectively.

During this test the temperature of the consumed water from the serpentine
model (T,,) as well as the parallel model (T,,) were measured and reccorded. The
averaged measured data of this test are shown in Tables (A.12-A.17) of Appendix
A

The objectives of this test is to examine the degree of response of each model for

hot water demands, under different load conditions and various flow rates.

3.7.4 Stagnation Test

The stagnation conditions implies that the heat loss from the absorber plate is
equal to the absorbed solar irradiance. This condition occurs when the useful heat

removed from the collector will equal to zero.(i.e stagnation conditions are attained

when the temperature dse across the solar panel reaches zero.). So,

FAl(ra)e - (T: = Tu)l =0
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which yields:

_ {ra).
U = -——T' T (3.20)

Experimentaly, it is difficult to reach the stagnation conditions, especially, during
hot summer days. In this test several experimentlal tests were performed until the
stagnation conditions are attained on September 10,4, 1991, where the flow rate was
0.02 Kg/s with a cornmon. storage tank of 50 litre for both collectors.

The averaged measured data of this test are presented in Table (A.18). The ob-
jectives of this test are to evaluate the overall heat loss coefficients for the serpentine
and the parallel types. The stagnation test arrangement, which is used for this test

is the same as that used for the forced areulation test with no load conditions with

a common 50 litre capacity storage tank.
3.7.5 No-Load Thermosyphon Test

In this test a 50 litre capacity storage tank is used for each model as shown in
Figure (3.6).

The objectives of this test are to evaluate the instantaneous efficiency and the
other performance parameters for each model under no load natural flow conditions.

This test was performed on September 184, 1891. The averaged measuted data

of this test are presented in Table (A.19) of Appendix A.
3.7.6 Intermittent Load Thermosyphon Test

This test is performed on September 19:5, 211, and 22,4, 1991, with intermittent
loads of 5, 10, and 15 !/h,respectively. During this test the temperature of the

consumed water from both collectors are measuerd. The averaged measured data
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of this test are shown in Tables (A.20 -A.22) in Appendix A. Figure (3.7) shows 2

layout of the test arrangement.

The objectives of this test are to examine the degree of response of each model

for hot water demands at aifferent loads under natural flow conditions.
3.7.7 Time Constant Test

Time constant is a measure of the rapidity of 2 collector’s response to transient
solar conditions [20]. It is defined as the time required for a fluid leaving a collector
to attain change through 0.632 of the total change from its initial to its ultimate
steady value after a step-change in incident radiation or inlet fuid temperature {1].

The outlined ASHRAE standard test procedure {19] were followed for estimating
the time constants of both collectors. The systems were operated on September
11,,,1991. The test was performed with an inlet water temperature of 28.4C” f.or
both collectors., at 13.00 the solar radiation is abruptly shut off by shading the
tested collectors, then the outlet temperature of each collector is rtecorded every

minute untill the equality of equation (3.21) is attained.

E’i——T‘——osss 3.21
T.-T (321

where, T, - is the water outlet temperature at time ¢ where Tc is the time constant.
T,; is the outlet temperature when solar radiation is interrupted. T; is the inlet water
temperaature during the test.

The measurements of this test are shown in Table (A.23) in Appendix A. The lay-
out of the time constant test is shown in Figure (3.4) which is the same arrangement

of the forced dreulation test with load conditions.
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Fig.(3.1) Three pho{cgrcphs of the experiment
sat-up. :
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Chapter 4
RESULTS AND DISCUSSION

4.1 Introduction

The performance comparison between the serpentine and the parallel types is
carried out by performing seven tests, as outlined in chapter three.

This chapter is divided into three sections of which this imtroduction . Section
(4.2) deals with performance calculations and results. A sample calculation, showing
the estimating procedure of each parameter for each test is outlined.

In the last section the results of this study are discussed and analyzed.

4.2 Performance Calculations And Results

Most of the calculations of this study were performed by using a Fortran Com-
puter Program as presented in Appendix (B). For all tests, all measured tempe-ra-
tures during a given interval were averaged by using the values at the begining and
end of each time period.The calculations are based on the performance equations
introduced in section (3.3) of the previous chapter. The results of these calculations
are tabulated in Appendix (C). All calculations are based on the absorber plate area.

Plots and Figures of this study are prepared by using the Computer Ener Graphics
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Package.

In the following sub-sections, the results of all tests are introduced with a sample

calculation for each test.

4.2.1 Results of The Forced Circulation Test With No
Load Conditions

As outlined earlier in.section (3.7.1), this test was performed by using three
different arrangements as related to the storage tank used: The first arrangement
when a storage tank of 150 litre capacity is used for each model, the water flow
rates used are 0.02, 0.03, 0.05, and 0.07 Kg/s. The second considered arrangement
is when both collectors have a common storage tank of 50 litre capacity, and water
flow rates of 0.02, 0.03, 0.05, and 0.07 Kg/s. The third arrangement is when the
flow rates in the tube segments of both collectors are equal, this lead to a flow rate
of 0.015 Kg/s for the serpentine model and 0.105 Kg/s for the parallel model.

All averaged measured temperatures of this test, as presented in Tables (A.l-
A.9) are plotted as a function of time as shown in Figures (4.1-4.17). On the other
hand, Figures (4.18-4.26) show the temperature distribution of the water inside the
serpentine collector at selected times of the day.

Using the averaged measured temperatures of Table (A.1-A.9) the useful energy

gain is calculated using equation (3.15). The variation of the useful energy gain, as

well as the incident solar radiation with time of day are shown in Figures (4.27-4.35)
for both collectors at different flow rates.
The instantaneous efficiency is calculated using equation (3.18). This eguation

is applied assuming constant ambient temperature and radiation during each time
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interval (30 minutes). The variations of the instantaneous efficiency with (T;~Ta)/I

for both collectors at different flow rates are shown in Figures {4.36-4.44). The

available Linear Least Squares fitting in the Ener Graphics Package was used to
express these variations linearly. According to equation (3.17) the intercept with
the Y — azis represents F.(ra), and the slope of the equation represents -F.U.
Tables (4.1) and (4.2) list the obtained instantaneous efficiency expressions for
storage tank capacities of 50 and 150 hire for both the serpentine and thlé parallel
types, respectively. Each expresion of these instantaneous effeciencies represents a

seperate day, where the wind velocity is different from day to day.

Table (4.1) Instantaneous efficiency expresions for the serpentine type

m Serpentine

| Kg/s V. =50 i V, = 150 { i

0.02 | m =0.5720 —2.208(Tis - T, )/ | s = 0.6912 — 4.002(T;s — T,)/1 |

0.03 | 7 = 0.6088 — 2.396(T;s — T,)/1 | m =0.6972 — 3.197(Tis — L)/ 1
L)/
T.)/1

0.05 | 7 = 0.6537 — 1.975(T;s — m = 07171 - 3.176(Tes — T)/1
[0.07 | 7 = 0.7076 — 2.694(Tis — 7 = 0.7207 — 3.613(Tis — 1)/ 1

Table (4.2) Instantaneous efficiency expresions for the parallel type

| m parallel
Kgls V, = 50L V, = 150L
0.02 | m; = 0.5460 — 2.153(Tip — T,)/1 | n; = 0.6252 — 3.845(T; p T.)/1
0.03 |7 = 0.5600 — 2.272(T;p = L,)/1 | 7 = 0.6518 — 3.386(T;p — T, )/ {
0.05 | 7 = 0.5812 — 1.862(Tip — L.)/1 | m: = 0.6675 — 3.565(Tip — T,)/ 1
| 007 | m =0.6069 —2.342(Tip — T.)/1 | 7 = 0.6817 — 3.377(Tp —T.)/1

To illustrate the calculation procedure for determining the instantaneous effi-
cency needed to obtain the expressions of Tables {4.1) and (4.2), the averaged
measured data for the time interval 11 : 00 — 11 : 30 is considerd. Refering to Table
(A.1) the mass flow rate is 0.02 Kg/s and ¥, = 150 ! the averaged measured data

for this time interval are:

T, = 34.0C° T,, =38.2C° T, =23.3C" and I = 487.8VWh/m?
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The useful energy gain is calculated using equation (3.15) as follows:

Qu3 = ﬁle(Tos — ,I;.S).T'g

= 0.02 + 4.186(38.2 — 34.0) = 1800

= 632.9KJ

The incident solar energy (I) in XJ/m? is calculated as follows:

I = 487.8 « 1800

= 878.0K J/m?

The instantaneous efficiency of the collector during this interval is evaluated

using equation (3.16):

. Qu
T TA,

* 100%

Where, 4, is the absorber plate area which is equal to:

A, =0.73 = 1.59

= 1.161m?

632.9

- L 100%
$78.0 = LigL - 0%

™

= 62.1%
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The term (T;, - Ta)/ ] {or the same time interval is obtained as follows:

T, —T. _340-233
I 4878

= 0.02194m> C°[Wh

The values of the above parameters for all time intervals are obtained following

similar procedure. The results of these calculations for all tests are shown in Tables
(C.1-C.9).

4.2.2 Results of The Forced Circulation Test With Load
Conditions

The variation of all the averaged measured temperatures for this test with time
of day as expressed in Tables (A.10-A.11) are plotted in Figures (4.45-4.48). The
temperature distribution of water inside the serpentine collector are shown in Figures
(4.49-4.50) at selected times in the day.

The useful energy gain for each test interval (30 minutes) is calculated using
equation (3.15). The results of such calculations are shown in Tables (C.10-C.11)
in Appendix (C). The useful energy gain as well as the incident solar radiation are

plotted versus time of day for each model as shown in Figures (4.51-4.52).

The daily efficiency is calculated using equation (3.19) for flow rates of 0.02 and

0.05 Kg/s. Table (4.3) presents the daily efficiencies for both collectors at two

different flow rates.
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Table (4.3) Daily efficiency of the tested solar collectors
Model m | %
Serpentine | 0.02 | 46.4

0.05 | 38.8
Parallel ]0.02 | 41.1
f 0.05 | 49.5

To illustrate the calculation procedure of the daily efficiency, the useful energy
gains for the serpentine type are considered. Refering to Table (C.10) the daily
useful energy gain is 6670.8 K J and the total radiation incident on the collector area

during the complete day is 14373.2.KJ, so, using equation (3.19) the daily efficiency

is:
_6670.8
™= 143732

* 100%

= 46.4%

4.2.3 Results of The Forced Circulation Test With Inter-
mittent Load

The averaged measuerd temperatures of the consumed water of Tables (A.12-
A.17) are plotted versus time of day for the different loads and flow rates, and they
are presented in Figures (4.53-4.58).

The useful heat gain is calculated based on equation (3.15). The results of these
calculation are shown in Tables (C.12-C.17). Figures(4.59- 4.64) show the variation
of the useful heat gain for both collectors as well as the incident solar radiation with

time of day.
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4.2.4 Stagnation Test Results

In this test the overall heat loss coeflicients for both collectors were determined
as follows:

As presented in Table (A.18) the stagnation conditions are attained during the
time interval 14.00 — 14 : 30 for the serpentine and the parallel types. The averaged
measured data during this interval are as follows:

T, = 95.0C° T,, = 95.1C° Tjp = 92.9C° I, = 93.0C°

T, = 28.7C° and I = 397.0Wh/m?

The overall heat loss coefficient can be calculated by using equation (3.20) which
yeilds:
_397.0 =081
“ 7950 287

= 4.35W/m?C°

similarly for the parallel type:

397.0=0.81
P = 994 —28.7

= 5.01W/m?C°
4.2.5 Results of The No-Load Thermosyphon Test

The averaged measured data for this test are presented in Table (A.19). Figuers
(4.65-4.68) show the variation of the averaged measured temperatures with time of
day. Also, Figure (4.69) presents the temperature distribution of the water inside

the serpentine collector at selected times in the day.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



46

For the serpentine type, the heat removal factor £, 1s calculated by using equa-

tion (3.8) which requires the determination of, I\, F,, and B. The values of F}, and
F, can be easily calculated from equation (3.7) and (3.9), respectively. Table (4.4)
presents the calculated parameters needed to estimate F,,. Equations {3.7-3.14)

were used for this purpose. Other parameters of the collector such as (ra). W, D,

...etc are also listed in this.table.

Table 4.4 : Given and calculated parameters for the serpentine type

Given parameter Value - Calculated parameter Value |
(rox)e 0.81 R 0.0624m.C° /W
W 0.1m n 0.7924
D, 0.0215m K 0.5473W/m.C"
D; 0.017Tm ¥ —-2.852
k 47.6W/m.C° C 1.1293 I
Ch 0 Fy 0.517 |
9y 300WjmiC” F 18534 |
] 0.00lm Ue 4.85W/m?C” |

The collector capacitance rate, B, can’t be evaluated without knowing the flow
rate, th, which is usually unknown. Trail and Error method can be followed for

determining the heat removal factor, such procedure can be summerized as follows:

1. An initial guess of F., enables the estimation of m, by using the relation:
ThCP(TN - T:-!) = ACF:'-![I(T&)C - (Tis - Ta )] (41)

Then,

o= flcFrs{I(Ta)e - (T't — Td)!

C(Tor = Ta) (4.2)

2. The collector capacitance rate B, is evaluated by the use of eguation (3.8).

This value of B, is substituted in equation {3.6) to find a new value of F,,
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3. The new F,, is used as a second guess which can bé used in equation (4.2) t0

evaluate m, and the procedure is repeated to new value of F,,.

4. The last two values of F,, are compared until the difference in this value is

smaller than a predetermined value of 1072,

The above procedure can be illustrated by considering the time interval 10 :
00 — 10 : 30. From Table (A.19) the averaged measured data are:
T, = 32.8C° T,, =46.0C° T, = 25.2C° [ = 407.5Wh/m?*

Substituting the given data into equation (4.2) yeilds:

. 11607 x F.,[0.81 x 407.5 — 4.85(32.8 — 25.2)] 0.3)
i 1186(46.0 — 32.8) '

First Iteration:

let F., = 0.780 and substitute in equation (4.3) yeilds:

m = 4.86586 « [07° Kg/s

Put this value into equation (3.8), then:

B =1.95222

And from equation (3.6):

F.,=0.7931

So,

IF.,(old) — Fr,(new)| =3.1 «107% > 10~°
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Cecond Iteration:

Take F., = 0.7931 So, B = 1.95988

Then m = 4.88495 x 107> Kg/s

Which yeilds:
F.,=0.7934

\F,,(old) — Fri(new)| = 2.458 «107* < 107°

So,
F., =0.7934

m =489 =107 Kg/s

The useful heat gain is calculated using equation (3.15) as follows:

Q.. = 0.00489 x 4.186(46.0 — 32.8) x 1800

= 486 4K J

And the instantaneous efficiency is evaluated using equation (3.16) as follows:

486.4

—_— =571

T = 7335 x L161

iz d
/0

For the parallel type the heat removal factor is calculated using equation (3.3}

which requires the determination of F, [, and . The values of F end F’ can be

easily calculated from equations (3.5) and (3.4), respectively. Table (4.5) presents

the given and the calculated parameters for the parallel type based on equations

(3.4-3.5 ).
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Table 4.5 : Given and calculated parameters for the parallel type

Given parameter Value Calculated parameter Value \
(ra). 0.81 U 5.01W/m?CY |
W 0.1m m 10.2592 |
D, 0.0215m F 0.9492 |
D; 0.01Tm F 0.9322 |
k 47.6W/m.C° !
Ch 0
hyi 00W/m2C° |
1 § 0.001m i

The unknown parameter in equation (3.3) is the flow rate. Trail and error method

can be used for determining the heat removal factor which can be summerized as

follows:

1. An initial guess of F,, enables the estimation of m, by using the relation:
1Cy(Top — Tip) = AcFrpli(ra)e = Uip(Tip — T )] (4.4)

The calculated flow rate m is substituted in equation (3.3) to calculate a new

-2

value for F,.

3. The new F., is used as a second guess and entered in equation {4 .4) to evaluate

.

4 The last two values of F;, are compared until the difference in this value is

smaller than a predetermined value of 1073,

The above procedure is illustrated by considering the time interval 10 : 00 — 10 :

30.From Table(A.19) the averaged measured data are:

T, = 33.5C° Tpp = 45.6C Ta = 25.2C° and [ = d0T.5Wh/m’
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Using equation (4.4) and substituting the given parameters yelds:

. _ L1607 x F.,[0.81 x 407.5 — 5.01(33.5 — 25.2)]
B 4186(45.6 — 33.5)

Also, from equation (3.-3) F.; is given by:

—1.295 « 1073
F., = 719.8492mn[l — exp(——— )]

I'P m

First Iteration:

let F,, =0.825 and substitute in equation (4.5) yeilds:
= 5.45409 = 107 * K g/s

Then from equation (4.6):

F., = 0.8298
|F.p(0ld) — Frp(new)| = 4.8 x 107% > 1077

Second Iteration:

Take F,, = 0.8298 Then i = 5.48583 = 10™° Kg/s and, F,,

|F,,(old) — F.p{new)| = 5.0 x 107% < 107>

So,F,, = 0.8303 and m = 5.49 = 107° Kg/s

The useful energy gain is calculated using equation (3.13) as follows:

Q., = 0.00549 x 4.186(45.6 — 33.5) x 1800

=5M0.5KJ

50

(4.6)

= .8303
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And the instantaneous efficiency is calculated using equation (3.16) as follows:

500.5
RPN L BT,
e T IVER TR

= 58.8%

Table (C.18) shows the calculated performance parameters for this test . The
useful heat gain as well as the incident solar radiation are plotted versus time of day
for each model are shown in Figure (4.70). Figure (4.71) shows the variation of the

instantaneous eficiency with (T; — T,)/I for for both collectors.

4.2.6 Results of The Intermittent Load Thermosyphon Test

The averaged measured data for this test are shown in Tables (A.20)-(A.22).
Based on these measurements, the variation of the inlet, outlet and the used hot

water temperatures with time of day are shown in Figures (4.72 -4.74) for both

collectors.

4.2.7 Time Constant Test Results

Based on Table (A.23), the outlet temperature for each model is plotted with
time of day as shown in Figure (4.75). Using this figure and equation (3.21) the
time constant is calculated for each mode.l as follows:

From Table (A.23), the average ambient temperature, T, is 28.5C7, the average

inlet water temperature, T},, during the day test is 28.4C”, and the average outlet

water temperature, T,;, when solar radiation is suddenly interrupted is 32.9C°.
From equation {3.20) the average outlet water temperature, Thre abt the time

constant, ¢, is :

Tyre = 0.368(T,; — Ti) + T
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Jo,
Ty e = 0.368(32.9 — 28.4) + 28.4

= 30.056C"°

Refering to Table (A.23) or Figure(4.75), this value of, T, ,. , corresponds to time

constant of 3.83 minute. Table (4.6) summerizes the results of the time! constant

test for both collectors.

Table 4.6 : Results and conditions of the time constant test

| collector | T:C° T,C° | T,;C° | TorcC° | T¢c run. |
[ Serpentine | 28.4 | 28.5 | 37.5 | 31.75 3.83 |
| Parallel | 284 | 285 | 37.1 | 3160 | 4.88 |
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4.3 Discussion of Results 128
The performance of both collectors are studied at variable flow rates, while all
other design parameters are kept fixed. The reasons why the performance is studied

over a wide range of flow rates are:

1. If the collector is performing a function such as heating hot water in a single
pass, the flow rate must be limited because a certain hot water temperature

must be attained.

2. If the collector is used to collect heat for space heating, high temperatures
are not necessary and circulation of water to the collector will usually be kept

high so that the collector surface stays near the lowest possible temperature,

that of the bulk of the stored fluid.

The discussion of the performance parameters is outlined in the following sub-

sections:

4.3.1 Temperature Distribution of Water Inside Collectors
And Storage Tanks

The averaged measured temperatures for all tests are presented in Tables (A.1-
A.23). The wvariation of these temperatures with time of day, and the tempera-
ture distribution of water inside the serpentine collector are presented for all tests:
Figures(4.1-4.26) show these variations for the forced drculation test with no load
conditions, Figures(4.45-4.50) for the forced drculation test with load conditions,

Figures(4.53-4.58) for the forced drculation test with intermittent loads of 5, 10, and
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15 I/h, Figures(4.65-69) for the no load thermosyphon test, and Fisures(‘l.n-‘l.f‘l)

for the thermosyphon test with intermittent loads of 5, 10, 15 I/A.

These figures show that the temperature difference across the serpentine collec-
tor is higher than that across the parallel collector for all the investigated forced
circulation tests. When a two large seperated storage tanks (150 I), were used the
difference between the outlet temperatures of both collectors is increased as the
time is increased. This difference attains its maximum value at the time interval
15:30-16:30. For this case, the difference between the outlet temperatures of both

collectors ranges from 0.1 to 2.5 C° for all the investigated flow rates.

When a small coramon storage tank (50 [) was used, the difference between the
outlet temperatures of both collectors is increased gradually from the early morn-
ing till it reaches a maximum value at the mid of the day. Then the difference
drops gradually till it dimenshes at the end of the test day . The maximum outlet
temperature was attained during the time interval 14:00-15:00 for both collectors.
For the time interval 16:00-17:00 both collectors have nearly, the same outlet tem-
peratures. For this case, the difference between the outlet temperatures of hoth

collectors ranges from 0.1 to 0.3 C° for all the m;'esigated flow rates.

The forced drculation test with intermittent loads of 5, 10, 15 I/h , was performed
to measure the useful hot water terr.lperature every hour. Results of this test, show
that the useful hot wa,te.r temperature of the serpentine type is ligher than that of
the parallel type for all loads and flow rates investigated. It is noticed that, under
low flow rates (0.02 Kg/s), the difference between the useful hot water temperatures

of both collectors is decreased as the load is increased. On the contrary, under high
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flow rates (0.07 Kg/s), this difference is increased as the load is increased. For

flow rate of 0.03 Kg/s, the maximum useful hot water temperature of the serpentine
type is higher than that of the parallel type by about 7.0%,4.1%, and 3.8% under-
loads of 5, 10, and 15 l/hr respectively. While, for a flow rate of 0.07 Kg/s it is

higher by about 3.6%, 5.1%, and 7.6% under the previously mentioned loads .

According to the temperature distribution of water inside the serpentine collec-
tor it is found that the contribution of the first two segments is about 35% of the
temperature difference across the collector. The last segment contributes by about
10%. The other contributions come from the rest four segments. When the tem-
perature- distribution of water inside the serpentine collector is plotted versus the
distance from the inlet of the collector, it is noticed that the slope of the curve is

increased as the time interval comes near to the mid of the day as shown in Figures

(4.18-4.26).

When both collectors were operating under a thermosyphon flow with no load
conditions, it is found that the temperature difference across the serpentine collector
is higher than that across the parallel collector, because a higher density difference

is needed for the flow movement to overcome the frictional losses.

The useful hot water temperature obtained from both collectors under ther-
mosyhon flow with intermittent loads of 5, 10, and 15 [/h, reveals that, although
the parallel type has higher temperature than the serpentine type, but the difference

between these temperatures are decreased as the load increased.

The temperature distribution inside the storage tanks is studied only under no

load thermosyphon circulation, becaduse under forced flow rates the stratification
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insids storage tanks is not significant. Figures (4.68-4.69) show the temperature
distribution inside the storage tanks of both collectors for all the investigated time

intervals. The maximum temperature distribution is attained at the time interval
13:00-13:30 for both collectors. After this time interval the differences between these

distributions were decreased till a minimum value at the end of the day of test.

4.3.2 Useful Heat Gain

The useful heat gain, for each type was calculated using equation {3.15). The
variations of the useful heat gain with time of day are plotted in: Figures (4.27-
4.35) for the forced drculation test with no load conditions, Figures (4.51-4.52) for

the forced circulation test with load conditions, Figures (4.59-4.64) for the forced

131

circulation test with intermittent loads of 5, 10, and 15 {/h, and Figure(4.70) for

the no load thermosyphon test.

Forced circulation tests, show that the useful heat gain of the serpentine type is
higher than that of the parallel type for all time intervals and flow rates investigated.
The useful heat gain of both collectors, increases gradually from the begining of the
test, till it attains a maximum value at the mid of the day, therafter, it drops
gradually. This is due to the decreasing rate of the incident solar flux during the
afternoon hours.

The difference between the useful heat gain of both collectors increases gradually

from the begining of the day of test, till it reaches a maximum value at the time
interval 12:00-13:300, then the difference drops gradually till it dimenshes at the
end of the test day, due to shading effect. Shading effect has greater effect on the

serpentine type than on the parallel type, because all the flow in the serpentine
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collector is forced to pass the shaded zone. The case in the parallel lype is different,

since only one seventh of the flow is forced to pass this zone.

When a 150 litre capacity storage tank was used for each model, the maximum
heat gain was attained at the time interval 12:00-12:30 for both model. For this
time interval the useful heat gain of the serpentine type is greater by about 8.4%

than that of the parallel type.

When both collectors were operated under forced circulation with load céndi—
tions, the inlet water was provided for each model near the ambient temperature to
minimize the heat losses from the collectors. For this test, and under low flow rates
(0.02 Kg/s) the maximum heat gain of the serpentine type is greater by about 10%
than that of the parallel type. For this flow rate and the time interval 16:30-17:00
both collectors have the same useful heat gain. The reason for this performance
deceleration relating the serpentine type is due to shading effect. As the flow rate is
increased (0.05 Kg/s) the shading effect on the serpentine type is decreased. This
in turn, reflected on a superior performance of the serpentine type over the parallel
type for all the investigatéd time intenfa.ls. For this flow rate, the maximum useful
heat gain of the serpentine type is higher by about 11.1% than that of the parallel
type .

" When the flow rates in the tube segments of both collectors are equal (i.e 1, =
0.015/K g/s and m, = 0.105K g/s) the serpentine type has an inferior performance
when compared .to the parallel type. For the time interval 11:00 -11:30 the useful
heat gain of the parallel type is greater by about 30% than that of the serpentine

type. This is due to that the flow rate in the serpentine type is only, one seventh of
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that in the parallel type.

When both collectors were operated under forced drculation with intermittent
loads of 5, 10, and 15 I/h, the serpentine type has a superior performance over the
parallel type for all loads and flow rates investigated. For low ﬂéw rates (0.03 Kg/s)
as the load is increased the difference between the useful heat gain of both collectors
is decreased. For high flow rates (0.07 Kg/s) as the load is increased, this difference
increased.

No lead thermosyphon test shows that the parallel type has superior performance
over the serpentine type under natural drculation. The maximum heat gain for both
collectors was attained during the time interval 11:00-11:30 . For this time interval,
the useful heat gain of the parallel type is greater by about 2.1% than that of the
serpentine type. The superior performance of the parallel type is due to the ahility
of the parallel type to drculate water naturally at higher flow rates. Serpentine type
arculate water at lower flow rates because of the frictional losses, where the driving
force is the denzity difference between the hot and the cold water. Figure (4.76)

shows the variation of mass flow rate with time of day for both collectors.
4.3.3 Instantaneous And Daily Efficiencies

The instantaneous efficiency, n; , for each type was calculated using equation
(3.16). The variations of the instantaneous efficiency with (T; — T.)/{ for both
collectors are presented in Figures (4. 36-4.44) for the forced circulation test with
no load conditions, and Figures (4.71) for the no load thermosyphon test.

Under forced flow drculation, the instantaneous efficiency of the serpentine type

is higher than that of the parallel fype for all the time intervals and flow rates
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investigated. As the flow rate is increased the difference between the instantaneous
efficienies of both collectors increased. At the last two hours of the test day , the
decreasing rate of the instantaneous efficiency of the serpentine type is higher than

that of the parallel type. This is due to the shading effect.

When the flow rates in the tube segments of both collectors are equal ( m, =
0.015K g/s and m, = 0.105Kg/s), the instantaneous efficiency of the parallel type

is higher than that of the serpentine type for all the invesigated time intervals.

No load thermosyphon test show that the instantaneous efficiency of the parallel
type is higher than that of the serpentine type by about {1-2) % for all the inves-
tigated time intervals. This is because the parallel type circulates water at lugher

flow rates.

For load test, the daily efficiency of each model at each flow rate was evaluated
from equation (3.19) using the corresponding averaged measuerd data. The daily
efficiency was based on the summation of the incident solar energy and the useful

heat gain for all time intervals during the test day.

The daily efficiency values are shown in Table (4.3) for each model at each water
flow rate. Since the test conditions of both collectors are identical, this table shows
that the increase of the daily efficiency is due to the increase in the water flow rate.
As the water flow rate is increased from 0.02 to 0.05 Kg/s, the improvement in the
daily efficiency of the serpentine type is 12.4%, while it is 8.4% for the parallel type.
For the investigated flow rates the serpentine type has the highest daily efficiency.
The daily effeciencies of the serpentine type are 46.1% and 58.8% , while for the

parallel type they are 41.1% and 49.5% , when the flow rates are 0.02K(g/s , and
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000K g/ s, respectively. The daily efficiency of the conventional solar collector is

45% [2).

4.3.4 Heat Removal Factors And Overall Heat Loss Coef-
ficients

Based on Figures (4.36-4.44), Tables (4.1-4.2) presents the instantaneous effi-
diency expressions for the forced drculation test with no load conditions. These
expressions show that the heat removal factor of the serpentine type, F,, is higher
than that of the parallel type, F,,, for all the investigated flow rates. The variation
of these ]':eat removal facters with mass flow rate are presented in Figuers (4.77-
4.78). These figuers show that the heat removal factor, F, is more sensitive to flow
rate variations when small storage tank is used. When a 150 iitre capacity storage
tank was used for each model, as the flow rate is increased from 0.02 to 0.07 Kg/s,
the improvement in the heat removal fz;.ctor of the serpentine type is only 4.3%,while
it is 9.0% for the paralle] type. On the other hand, when a common 50 liter capacity
storage tank was used for both collectors, the improvements are 23% and 11% for
the serpentine and the parallel types, respectively.

When the flow rates in the tube segments of both collectors are equal, the heat
removal factor of the serpentine type is less only by about 6% than that of the
parallel type. This is because the flow rate in the serpentine collector is one seventh
of that in the parallel collector.

Heat removal factors for the no load thermosyphon test were evaluated using
equations (3.3) and (3.6) for the parallel and the serpentine types, respectively.

Table {B.19) presents the values of these heat removal factors. Results show that
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the heat removal factor of the parallel type is higher than that of the serpentine
type by about (2 — 4)% for all the investigated time mtervals.

Figures (4.79-4.80) shows the variations of the overall heat loss coefficients of
both collectors with the mass flow rate. These figures show that the dependence
of the overall heat loss coefficient on the flow rate is poor. Results show that the
overall heat loss coefficient depends mainly on the wind velovity. Stagnation test
shows that the overall heat loss coefficient of the serpentine type is less than that of

the parallel type by 3.3%.

4.3.5 Time Constant

The time constant for each model is evaluated according to equation (3.21). Ta-
ble (A.23) presents the results of this test. The variation of the outlet temperatures
of both collectors with time, after the sudden interruption of the solar radiation on
the collectors is shown in Figure (4.75).'

Results show that the time constant of the serpentine type is 3.83 minute, and
4.88 minute for the parallel type. These results are consistant with what stated by
Duffie and Beckman m, that the time constant of the metalic collectors is less than
5 minutes. The reason for this time constant variation between both collectors is
that water temperature mise in the serpentine collector is higher than that in the

parallel collector.

In general, the superior performance of the serpentine type over the parallel type
under forced circulation can be understood by knowing that the most important

single consideration in heat transfer to a flowing fluid is the character of the flow
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regime, which Is defined as either laminar or turbulent. Reynolds numbers below
9300 mean that the flow is laminar. Over 10000 the flow is turbulent [L8].

If the flow regime is fully developed laminar flow (Re < 1000), as the case in the
parallel type, the heat transfer coefficient is constant. In this case, the slipping layers
do not mix and the fluid acts much like a solid, transfering heat by conduction.

For the case of the serpentine type, all the Reynolds numbers of the invesigated
flow rates are in the transition zone. For this case, better heat transfer coeflicients
were attained. The sharp turns (bends) cause the slipping layers of the flow to mix.
This mixing improve the heat transfer coefficient. Table (4.7) presents the Reynolds

numbers and water flow velocities inside the tube segments of both collectors.

Table 4.7 : Reynolds numbers and water flow velocities inside the tube

segments of the serpentine and the parallel tubes.

m Kg/s | Re, | Re, | Vi m/s | Vip m/s
0.02 2287 | 327 0.0884 0.0126
0.03 3430 | 490 0.1326 0.0189
0.05 BT1T | 817 0.2209 0.0316
0.07 18004 | 1143 0.3093 0.0442
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Chapter 5

CONCLUSIONS AND
RECOMENDATIONS

5.1 CONCLUSIONS

In this study, two collectors were tested under the same experimental conditions.

Seven tests were performed on the proposed collectors. From the results of this study,

the following conclusions may be stated:

L. Under forced circulation, the serpentine type has a superior performance when
compared to the parallel type, especially, during the time interval 09:30-15:00.

(i.e All the performance parameters of the serpentine type are better than that

of the parallel type).

2. For both collectors,the heat removal factor is more sensitive to flow rate vari-

ations when small storage tanks are used.

3. Under no load conditions, as the storage tank capacity is decreased, the per-

formance parameters of both collectors decreased.

4. The overall heat loss coefficients of both collectors show poor dependence on

the flow rate variations.
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As the solar intensity is increased, the ability of the serpentine type in convert-

ing the solar irradiance into useful heat gain becomes more significant than

that of the parallel type.

After the time interval 14:30-15:00, as the time passes then the performance
of both collectors comes nearer to each other. By the end of the test day both
collectors have,nearly ‘the same performance. This behavior becomes more ev-

ident under low flow rates.

_ TForced flow tests show that as the flow rate is increased, then the improvements

on the performance of the serpentine type is greater than that on the parallel

type.

. The serpentine type shows an inferior performance when compared to the

parallel type under a thermosyphon dreculation.

. No load thermosyphon test shows that the heat removal factors of both collec-

tors , approximately, maintain a constant value for most intervals of the test

day.

Results of the stagnation test show that the overall heat loss coefficients of the -

serpentine and the parallel types are 4.85 and 5.01 W/m?.C?, respectively.

The influence of the shading effect on the serpentine type is higher than that

on the parailel type. This effect is decreased as the flow is increased.

Since most of the solar domestic hot water collectors used in Jordan are ther-

mosyphon systems, then choosing the serpentine type as a solar collector is not
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s suitable choice. The paraliel type still a convenient selection. On the other

hand, the selction of the serpentine type for forced flow systems where pumps

are used, is more suitable than the parallel type. The applications of such

systems are space heating and building conditioning, where the circulation of

water to the collector will usually be kept high.

13. The time constant of the serpentine type is lower than that of the parallel type

by about 21%. The time constant of the serpentine and the parallel types are

3.83 and 4.88 minutes, respectively.

14. Time constant test shows that when the flow rate is 0.02 Kg/s, the phase lag

between the serpentine and the parallel solar collectors is 9.0 minutes.

15. Although, the pressure drop inside the serpentine collector is higher than that

in the parallel type, it is found that the serpentine type was able to circulate

3K g/s.While, the parallel

water naturally at a maximum flow rate of 5.05* 107

type can circulate water by a rate of 5.61 * 1073 Kg/s

16. The connection of an array of collectors of the serpentine type in a parallel

arrangement is betier than the series arrangement, to maintain a minimum

pressure drop across the collectors.

=2 RECOMENDATIONS

In spite of achieving all the objectives of this study, still there are certain points

which are not studied and necessitate a farther studies:
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1. The effect of using varies sizes of tubes, different tube spacing, different tilt
angles, and different types of absorber plate and tube materials, on the per-

formance of both collectors can be investigated and studied.

9. The performance of an array of collectors of both types connected in series

and parallel arrangements can be studied and investigated.

3. The performance of the nonmetalic { plastices, concrete, ....etc ) serpentine

solar collectors can be studied and investigated.
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Tuble A.1 + Averaged measured data for the forced circu]ation test Wi“l no
load conditions(ri = 0.02Kg/s and V, = 150!).All temperatures in C7.

Time Interval | T} Tl 5|5 T | T | Top | To [LIWVA/m?
083000830 | 28.2 | 28.6 | 98.7 | 28.9 | 8.9 | 28.1 | 28.65 |17.3 | 1984 |
08:30-09:00 28.5 |29.1 | 29.7 [ 30.2 [ 30.35 | 28.3 | 29.80 | 19.3 267.2
09:00-09:30 28.0 | 208 |30.6 |31.3]31.45 ] 28.6 30.7 | 203 322.8
09:30-10:00 | 29.4 | 305 | 31.4 | 32.2{ 32.5 [ 28.9 | 31.65 | 209 | 376.5
10-00-10:30 | 30.7 |31.9 [ 33.0 [33.8 34.2 | 30.3 [ 33.3 [223 ] 4207
10:30-11:00 | 82.4 |33.7 (3491359 363 [ 321 | 355 {234 | 4564
T11:00-11:30 | 34.0 | 355 | 36.7 | 37.8 | 38.2 [33.75 | 37.60 | 23.3 | 4878
11:30-12:00 | 35.55 | 37.1 | 38.4 | 39.5 | 39.90 [ 35.56 | 39.0 j23.6 | 511.8
12:00-12:30 374 | 38.9 |40.2 | 41.3 | 41.8 36.8 40.8 | 24.2 526.7
12:30-13:00 304 | 400 | 42.2 | 43.3 | 43.75 | 38.0 | 42.6 } 245 523.5
13:00-13:30 | 414 |4290 |442 {453 | 45.6 [ 40.1 | 439 | 247 | 5132
13:30-14:00 43.3 | 44.7 | 45.9 | 46.9 | 47.26 | 41.4 | 45.05 | 25.2 501.2
12:00-14:30 | 449 |46.2 | 47.3 | 48.2 [ 48.6 | 43.0 [ 46.35 [ 25.9 | 475.2
14:30-15:00 48.7 | 47.9 | 48.9 | 49.7 | 50.05 | 44.65 | 47.60 | 26.0 439.7
15:00-15:30 | 48.45 | 49.5 | 60.3 | 51.0 [ 51.20 [ 464 | 48.9 |26.1 | 3953
15:30-16:00 | 490 | 50.7 | 51.4 | 52.0 | 52.05 | 47.8 | 49.75 | 26.0 | 348.0
16:00-16:30 51.1 | 51.6 | 52.0 | 52.4 | 52.6.| 489 50.3 |25.3 208.6
16:30-17:00 52.0 | 52.3 | 52.6 | 52.8 | 52.85 | 49.6 50.4 | 25.2 243.7

Table A.2 : Averaged measured data for the forced circulation test with no
load conditions(rh = 0.03Kg/s and V, = 150/).All temperatures in C°

Time Interval | T T, | |18 | T, T; Tow | To [1VR/m2
© 08:00-08:30 20.1 |[29.5}29.8|30.1] 30.2 29.0 30.0 | 23.6 205.8
08:30-09:00 296 | 30.1 13053083095} 2.4 | 30.6 | 24.1 256.2
09:00-09:30 206 |31.2 317132213235 303 | 31.9 }25.0 31561
09:30-10:00 321 | 32.8 334339 34.2 | 31.8 [33.75)26.1 J66.5
10:00-10:30 335 | 344 | 35.2 | 35.8 | 35.95 { 33.1 | 35.35 | 26.8 412.3
10:30-11:00 340 | 358 {36.6(37.3] 376 | 34.6 |36.95 | 27.1 449.7
11:00-11:30 369 | 37.0 | 38.8 | 39.56 | 39.75 | 36.4 | 39.05 | 27.2 484.9
11:30-12:00 386 1300|408 | 41.5 | 41.8 | 38.35 [ 41.1 | 274 508.8
12:00-12:30 40.7 | 41.7 | 42.6 [ 43.4 | 43.7 | 40.0 428 | 274 519.1
12:30-13:00 428 | 430 | 448 | 45.6 | 45.75 | 41.9 | 44.7 | 28.0 520.8
13.00-13:30 | 44.85 | 46.9 | 46.8 | 47.6 | 47.8 | 43.95 | 46.7 28.6 510.9
13:30-14:00 46.65 | 47.6 | 48.4 | 49.1 | 49.5 | 45.7 48.3 | 28.5 493.4
14:00-14:30 486 | 495 | 50.3 | 50.8 | B1.1 | 47.56 | 49.9 | 28.4 465.2
14:30-15:00 503 | 51.1 | 51.8 | 562.4 | 52.55 | 49.1 [ 51.25 | 28.5 429.1
15:00-15:30 51.75 | 52.4 | 53.0 | 53.5 | b3.7 50.3 52.1 | 28.7 386.9
15:30-16:00 53.0 | 53.5 | 54.0 | 54.4 | 54.556 | bl.b 52.9 | 28.6 340.2
16:00-16:30 541 | 54.5 | 64.8 | 55.1 | 55.2 | 62.5 | 534 | 28.1 1289.9
16:30-17:00 540 | 551 | 55.3 | 55.5 | 55.556 | 53.1 [ 53.65 | 27.9 245.5
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Table A.3 : Averaged measured data for the forced circulation test with no
load conditions(/ = 0.05Kg/s and V, = 150!).All temperatures in .

Time Interval | To | Tt | T2 | Tz | Tou | T | Top | du | LWh/m?
08:00-08:30 | 28.5 | 28.7 | 28.9 [ 29.0[29.05 | 28.5 [ 29.05 | 24.0 | 192.9
08:30-09:00 | 20.4 | 29.7 [30.0 | 30.2 {3025 20.5 | 30.0 | 26.0 | 258.1
09:00-029:30 30.85 | 31.2 | 31.5 | 31.8 32.0 30.4 31.45 | 25.6 312.1
09-30-10:00 | 32.2 | 327 | 33.1 (334 335 | 317 | 329 [27.0 | 362.2
- 10:00-10:30 34.0 [ 34.56 |'35.0 | 35.4 | 35.5 | 33.2 | 34.6 | 27.5 407.7
19:30-11:00 358 | 36.4 | 36.9 1 37.3 | 37.46 | 35.0 | 36.55 | 28.2 447.2
11:00-11:30 37.6 138.2 | 38.7T(39.2| 394 37.0 38.7 | 20.8 476.1
11:30-12:00 39.8 | 40.5 | 41.1 | 41.5 } 41.7 | 38.95 | 40.7 | 30.3 497.3
12:00-12:30 42,1 | 42.7 [ 43.2 | 43.7T | #4.0 40.6 424 (209 510.4
12:30-13:00 442 | 448 | 45.4 | 45.9 | 46.05 | 42.6 | 44.25 | 29.8 514.3
13:00-13:30 46.3 | 46.9 | 47.5 | 48.0 | 48.15 | 44.8 46.4 [ 30.0 505.8
13:30-14:00 48.3 | 48.9 | 49.4 | 49.8 | 50.0 | 46.65 | 48.2 | 30.5 488.3
14:00-14:30 50.15 | 50.7 | 1.2 | 1.6 | 6L.7 48.2 | 49.65 | 30.9 4G0.6
14:30-156:00 51.8 {52.3 | 52.8 | 53.2 | 53.25 | 49.6 50.9 | 3t.1 426.5
15:00-15:30 £3.35 | 53.8 | 54.2 | 564.5 | 54.6 50.9 51.9 | 31.2 387.7
15:30-16:00 £54.6 | 54.9 | 55.2 | 65.4 | b5.4b | b2.T 53.5 | 30.b 336.5
16:00-16:30 55.7 | 55.9 | 56.1 | 6.3 | 56.35 | 53.0 53.6 | 29.6 283.5
16:30-17:00 56.2 | 56.4 | 56.6 | 56.7 | 56.6 | 53.55 | 53.9 | 29.3 227.3

Table A.4 : Averaged measured data for the forced circulation test with no
load conditions(rh = 0.07Kg/s and V, = 150{).All temperatures in C°.
Time Interval | T; T T T3 Tos T: Top T, |IWh/m?
08:00-08:30 30.1 [ 3023033043035 30.0 [30.25 j22.3 213.2
08:30-09:00 30.7 (309 |31.1]31.2] 313 } 30.6 | 31.1 229 270.4
09:00-09:30 318 321|323 (32532565} 31.6 | 323 |235 325.1
09:30-10:00 33.1 [ 33.4 337339 34.0 | 32.8 [ 33.65 | 245 375.1
10:00-10:30 346 |35.0 [ 3531356 357 | 34.3 {3535 25.1 414.9
10:30-11:00 36.5 [36.9 [ 373 {376 | 37.7 | 36.1 | 37.2 §26.0 455.2
11:00-11:30 38.1 386 )39.0 393 39.4 | 37.6 | 38.8 | 269 482.5
11:30-12:00 40.1 [406 [ 41.0 | 414 | 41.5 | 39.6 | 40.76 | 27.7 504.1
12:00-12:30 42,7 143.2 |1 43.6 | 44.0 | 44.1 41.9 43.2 | 28.0 515.6
12:30-13:00 448 [453 {45.7 [ 46.0 | 46.15 | 44,0 | 45.3 | 28.7 514.8
13:00-13:30 47.0 {475 | 47.9 | 482 | 48.25 | 46.1 | 47.3 | 29.1 514.4
13:30-i4:00 490 {494 | 49.8 [ 50.1 | 50.2 | 48.05 | 49.2 1 29.1 496.6
14:00-14:30 | 50.85 | 51.3 | 51.7 | 52.0 | 52.0 | 49.7 }50.75 | 28.9 472.2

14:30-15:00 525 | 52.0 | 53.2 | 53.4 | 563.45 [ 51.3 52.2 }29.3 437.4
15:00-15:30 54.0 | 54.3 {1 b4.5 | 54.7 | B4.8 52.7 | 53.45 | 209.6 393.5

15:30-16:00 55.2 | 55.4 | 55.6 { 55.8 | 55.8 | 54.0 | 54.5 | 204 Ja4.2
16:00-16:30 56.1 | 56.3 | 56.4 | 56.6 | 56.5 | 54.95 | 5563 | 29.0 291.7
16:30-17:00 56.56 | 56.7 | 56.8 [ 56.9 | 56.8 | 55.5 | 55.75 | 28.2 235.8

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1541

Tuble A.6 1 Averaged measured data for the forced circulation test with no
load conditions(iim = 0.02Kg/s and V, = 50!).All temnperaturcs in C7.

T Taeral T T T 5 1 % | 5 ] T | e | Top | To | 1Wh/m?
08:00-08:30 206 (208 | 21.0[21.2} 21.3 | 20.6 21.25 { 16.8 144.4
08:30-09:00 230 | 245 | 25012556 | 25.7 23.9 256 | 17.8 232.9
09:00-09:30 290 | 29.8 1306 |3L.1¢ 313 | 29.0 | 31.2 | 18.8 314.6
09:30-10:00 355 | 36.4 | 37.2 | 37.8 { 38.0 35.5 37.9 | 10.7 281.5
10:00-10:30 | 42.6 | 436 | 44.4 |45.1 | 454 | 426 | 453 |2L.1 | 4280
10-30-11:00 | 50.0 | 51.0 | 61.0 | 52.6 | 52.85 | 50.0 | 52.75 | 222 | 465.0
11:00-11:30 574 {585 | 59.4 | 60.1 | 60.35 ; 57.4 60.25 | 22.7 492.6
11:30-12:00 64.5 | 65.6 | 66.5 | 67.3 | 67.5 64.5 67.4 | 23.0 513.2
12:00-12:30 70905 [ 71.9 | 728 | 73.5 | 73.8 70.9 736 | 23.6 525.3
15:30.13:00 | 76.7 1776 | 784 | 701 | 794 [ 767 [79.25 | 24.7 | 522.8
13.00-13.30 | 81.2 | 82.1 | 62.0 | 63.6 | 83.8 | 81.25 | 83.7 [25.4 | b5I34
13.30-14:00 | 84.8 | 5.6 | 86.3 | 86.0 | 87.1 | 848 | 88.8 {261 | 4916
13.:00-14:30 | 87.3. | 87.0 | 88.6 | 89.0 | 89.15 | 87.3 | 88.95 | 264 | 4566.7
14:30-15:00 88.5 | 89.0 | 89.5 | 89.9 { 90.0 88.5 80.8 | 26.1 420.4
15:00-15:30 886 | 89.0 | 89.3 | 89.5 | 89.6 [ 88.65 896 | 26.6 375.9
1650-16.00 | 87.4 | 87.6 | 87.8 | 83.0 | 68.0 | 87.4 [87.95]264 | J26.9
1600.16:30 | 85.1 | 85.3 | 85.4 | 85.4 | 853 | 851 | 853 [26.1 | 208.5
16:30-17:00 814 | 816 816|814} 8.0 81.4 81.2 | 26.7 203.9

Table A.6 : Averaged measured data for the forced circulation test with no
load conditions{(rh = 0.03Kg/s and V, = 50{).All temperatures in C°,
Time Interval | Ti, T, | T2 | T3 Tou T: Top T, | 1Wh/m?
08:00-08:30 20.45 | 20.5 | 20.6 | 20.6 | 20.6 | 20.4 205 §15.7 B6.4
08:30-09:00 932 | 234 )23.6[23.6]23.65 | 23.2 236 | 170 160.4
09:00-09:30 275 | 279283 |28.6| 28.7 | 27.6 28.6 | 19.0 268.8
09:30-10:00 330 133.6 | 34.2 | 34.7 | 34.85 | 33.0 | 34.7 | 20.2 369.2
10:¢0-10:30 308 |40.5 | 41.1 | 41.6 | 41.8 39.8 41.7 | 21.0 422.6
10:30-11:00 74 | 482 | 489 | 49.5 | 4965 | 47.4 | 49.45 21.4 462.3
11:00-11:30 540 | 55.7 | 56.4 |57.0| 57.2 | 54.9 57.0 | 21.9 495.7
11:30-12:00 622 | 627 |63.2163.6| 63.8 62.2 64.3 | 23.0 514.0
15:00-12:50 | 68.55 | 69.3 | 70.0 | 70.6 | 70.8 | 685 | 70.55 23.8 526.2
12:30-13:00 738 | 746 | 75.3 | 5.8 | 76.0 | 73.8 | 75.8 | 24.3 526.7
13:00-13:30 78.3 | 79.0 | 79.6 | 80.1 | 80.25 | 78.3 80.05 | 24.8 517.4
13:30-14:00 81.0 | 82.4 (829|833 | 834 | 819 83.3 | 25.0 494.6
14:00-14:30 840 | 845 | 840 |85.2| 85.3 [ 840 | 852 } 249 460.5
14:30-15:00 84.95 | 853 | 85.6 | 85.9 [ 86.1 84.9 859 | 25.2 425.8
15:00-15:30 850 | 85.3 | 85.6 | 85.8 | 85.85 | 85.05 | 85.8 | 2563 375.7
15:30-16:00 g10 | 842 [ 84.3 |844 | 845 | 84.0 84.4 | 2560 321.9
16:00-16:30 816 |81.7 |81.8 810 8.8 | 8.6 81.75 | 24.8 37L.2
16:30-17:00 784 | 78.5 1786 | 78.6 | 78.3 78.4 78.3 | 24.3 211.8
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Table A.T : Averaged measured data for the forced circulation test with no
load conditions(sh = 0.05K ¢/s and V, = 50/).All temperatures in C°.
Time interval | 1 | T3 | T2 | 75 | Tos o | Tp | Ta | LWWh/m?
08:00-08:30 |21.3 [21.4 1215|2161 21.65 21.3 | 21.6 | 19.3 180.0
08-30-00:00 | 25.7 | 26.0 | 26.2 | 26.4 | 26.56 | 256.7 | 26.4 | 21.0 266.3
00:00-09:30 | 32.0 | 32.4 [ 32.7]32.9] 33.0 32.0 | 32.9 | 23.2 315.9
09:30-10:00 | 30.0 | 39.4 { 39.8 | 40.1 } 40.2 39.0 | 40.05 | 25.9 363.1
10:00-10:30 6.7 | 47.1 | 47.5 | 47.8 | 47.95 | 46.7 | 47.8 27.0 404.6
. 19:30-11:00 54.6 | 54.9 | 55.3 | 55.6 | 55.8 | 54.5 55.656 | 27.7 439.8
11:00-11:30 62.0 | 625 | 62.0 | 63.2 | 63.3 | 62.0 | 63.15 29.5 463.2
11:30-12:00 | 69.0 | 69.5 } 69.9 | 70.2 | 70.3 9.0 | 70.2 | 29.4 475.7
12:00-12:30 T5.2 | 75.6 | 716.0 | 76.3 | 76.5 | 75.2 | 76.4 29.6 483.4
12:30-13:00 80.5 | 80.0 | 81.2 | 81.5 | 81.756 | 80.5 1.6 | 31.1 499.3
13:00-13:30 g5.2 1 85.7 | 86.1 | 86.4 | 86.5 | 85.2 86.3 | 3L.56 498.6
"13:30-14:00 80.0 | 89.4 | 89.8 | 90.1 | 90.25 | £9.0 50.0 | 32.1 478.9
14:00-14:30 010 | 923 | 92.6 | 92.9 | 93.0 | 91.9 | 92.75 31.9 451.0
14:30-15:00 | 92.5 | 92.8 [ 93.1 | 93.3 | 93.4 92,51 93.2 1303 409.3
15:00-15:30 00.4 | 90.6 | 90.8 | 50.9 | 91.05 [ 90.4 60.95 | 304 360.8
15:30-16:00 87.7 | 87.9 | 88.0 | 88.1 | 83.15 | 87.7 88.05 | 30.6 315.6
16:00-16:30 85.0 | 85.1 | 85.2 | 85.2 | 85.2b 85.0 | 85.26 1 20.7 261.2
16:30-17:00 824 | 82.5 | 82.5 | 82.4 | 82.35 | 82.4 82.4 | 20.2 201.8

Table A.8 : Averaged measured data for the forced circulation test with no
load ccouditions(th = 0.07TKg/s and V, = 50{).All temperatures in C.

Time Interval | T; T Ty T3 T., T Top T [1iWh/m?
(8:00-08:30 538 {23.0 | 24.0 | 24.0 | 24.05 | 23.8 } 24.0 18.8 202.8
08:30-09:00 286 | 28.8 | 29.0 [ 29.1 | 29.2 | 28.6 | 29.1 19.8 263.9
09:00-09:30 361 | 35.4 | 35.6 | 35.8 | 35.85 | 35.1 | 35.7 | 20.7 317.5
09-30-10:00 | 42.15 | 42.5 | 42.7 142.9 | 43.0 | 42.2 429 | 21.7 376.5
10:00-10.30 | 49.7 | 650.0 | 50.3 | 50.5 [ 50.6 | 49.7 | 50.45 22.4 423.3
10:30-11:00 57.7 | 58.0 | 58.3 | 58.5 | 58.65 | 57.7 | 58.5 | 23.0 163.3
©11:00-11:39 853 | 65.6 | 65.9 | 66.1 | 66.25 | 65.3 j 66.1 23.7 4509
11:30-12:00 71.8 | 72.1 | 724 | 72.6 | 72.7 | 71.8 72.6 | 23.G 513.1
12:00-12:30 777 | 18.0 [ 78.3 | 785 | 78.6 | T7.7 78.5 | 24.4 522.6
12:30-13:00 | 81.75 | 82.1 | 82.4 | 82.6 | 82.7 | 81.8 82.6 | 25.1 521.0
13:00-13:30 810 | 81.5 | 84.7 | 84.0 | 85.05 | 84.2 | 84.9 | 256 512.8
13:30-14:00 85.0 | 86.1 | 86.3 | 86.5 | 86.6 | 85.9 | 86.56 | 26.5 486.8
14:00-14:30 8.6 1868 |87.0 |87.1| 87.2 | 86.6 | 87.1 |26.6 460.5
14:30-15:00 86.3 | 86.5 | 86.6 | 86.7 [ 86.8 | 86.3 | 86.75 26.3 418.0
15:00-156:30 853 | 85.6 | 85.6 | 85.7 | 85.75 | 85.3 | B5.7 26.6 374.2
15:30-16:00 83.7 | 83.8 | 83.9 | 84.0 | 84.0 | 83.7 83.95 | 26.4 322.7
16:00-16:30 815 | 81.6 | 81.6 | 81.7 | 81.65 | 81.5 | 81.6 | 26.0 270.7
16:30-17:00 788 | 79.1 179.0179.0 | 788 [ 7838 78.8 | 2b.7 214.0
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Table A.0 + Averaged measured data for the forced circulation test with no
lond conditions and 0.016K g/s flow rate for the serpentine type nnd OLINEK g/fa
for the parallel type, as performed on 9 -9 - 1991. All temperatures in C°.

Time Interval Tis i i T3 i T; Top 1 1Whf m?*
08:00-08:30 21.1 | 214 (2162182195 21.1 21.2 | 19.7 130.0
08:30-09:00 247 | 255 1 26.1 | 26.7T | 26.9 24.7 126.05 | 214 251.4
09:00-09:30 308 | 31.8 | 32.7 | 33.4 | 33.75 | 30.8 | 31.25 | 24.5 308.3
09:30-10:00 97.3 | 385 | 39.5 | 404 | 40.8 37.3 | 37.85 | 26.8 361.1
10:00-10:30 44.0 [ 453 | 46.4 | 47.3 ) 47.6 44.0 446 1284 4054
10:30-11:.00 | 51.1 | 52.4 | 53.5 | 54.4 | 54.95 [ 51.1 | 51.756 | 29.4 4354
11-:00-11:30 | 58.0 | 59.3 | 60.4 | 61.3 | 61.75 | 58.0 | 58.7 | 29.5 454.7
11:30-12:00 64.3 | 65.5 1 66.5 | 67.4 | 67.7 64.3 1 64.95 | 30.3 465.3
12:00-12:30 700 | T1.2 (7221 73.1 ] T34 70.0 70.6 | 31.1 484.5
12:30-13:00 745 | 75.8 | 769 | 77.8 | 78.15 } 74.45 | 75.0 | 31.2 485.1
13:00-13:30 788 | 790t 809 [81.8 8215} 788 | 79.3 | 3L.2 470.3
13-30-14:00 | 82.1 | 83.0 [ 83.8 {845 | 84.8 | 82.1 | B2.6 |31.2 452.8
14:00-14:30 | 84.6 | 85.2 { 86.8 | 87.3 | 86.565 | 84.5 | 84.9 } 313 427.9
14.30-15:00 | 85.8 | 854 | 86.0 [ 87.3 | 87.5 [ 85.8 | 86.15 | 31.9 390.8
15:00-15:30 | 86.25 | 86.7 | 87.1 | 87.4 | 87.5 | 86.3 | 86.6 | 32.0 344 .8
15:30.16:00 | 86.5 | 85.8 | 86.1 | 86.3 | 864 | 855 | 85.7 | 3l.5 295.1
16:00-16:30 B3.55 | 83.7 { 83.7 | 83.9 | 84.0 83.6 83.7 | 3L.2 241.2
16:30-17:00 | 80.4 | 80.4 | 80.3 | 80.3 | 80.2 | 80.4 | 80.45 | 30.6 184.1

Table A.10 : Averaged measured data for the forced circulation test with

load conditions and 0.02Kg/s flow rate, as performed on 12 -0 - 1801. All
e temperatures in C° \ .

Time Interval | Ti, i T, T3 Tos T: Top T, [T1WVh/m?
08:00-08:30 24,1 [24.4 1246 | 24.8 2495 | 24.1 248 | 211 135.4
08:30-09:00 249 | 24.7125.2 [ 25.6 | 25.76 | 24.2 255 | 23.0 244.2
09:00-09:30 544 | 251 | 257 | 26.7 | 264 | 244 | 260 } 23.8 J12.4
09:30-10:00 247 1255 1262|267 270 | 247 | 266 | 239 365.7
10:00-10:30 o650 | 25.0 | 26.7 | 27.4 | 27.7 | 25.0 } 27.25 j 24.2 412.8
10:30-11:00 25.1 | 26.1 | 27.0 | 27.7 | 28.05 | 25.1 27.6 | 2.2 448.8
11:00-11:30 | 25.15 | 26.3 | 27.2 ] 28.0 [ 28.30 | 25.15 | 28.0 | 26.5 476.0
11:30-12:00 253 | 26.5 1276 [ 28.3 | 28.6 | 26.3 | 28.25 [ 27.6 495.9
12:00-12:30 25.1 | 26.3 273|282 2855} 251 28.2 | 271.1 507.1
12:30-13:00 218 | 260 | 27.0 279 {28.25 | 248 | 27.9 1275 507.1
13:00-13:30 246 | 258 {26.8|27.6|27.95 | 24.6 | 27.95 27.7 496.6
13:30-14:00 21.45 | 25.6 | 26.5 | 27.3 | 27.6 | 24.45 | 27.3 | 274 476.0
14:00-14:30 243 1253 |26.2}26.9|27.156 | 24.3 26.9 | 27.2 144.9
14:30-15:00 241 | 249 [ 256 [26.3 | 26.6 | 24.1 | 264 271 404.2
15:00-15:30 24.0 | 24.8 | 25.5 | 26.0 | 26.256 [ 24.0 | 26.05 ; 26.9 J68.9
15:30-16:00 24.0 1246 | 25.1 | 25.6 | 25.85 | 24.0 | 25.75 | 26.5 315.6
16:00-16:30 230 | 2441248 }|26212535 | 23.9 | 263 | 26.1 262.7
16:30-17:00 238 | 24.2 | 24.5 { 24.8 | 24.95 | 23.8 | 24.95 { 26.0 205.1
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Table Al Averaged measured data for $he forced circulation test with

load conditions and 0.0SKQ/.! flow rate, as perforined on 14 — 9 — 1991. All
temperatures in C°,

Time Interval

T,’ Tl Tz T3 To, T; Top Ta 1 I-Vh/mz

08:00-08:30 |- 25.0 | 25.1 | 25.2 25.3 2563 |1 25.0 | 26.2 | 22.1 160.4
08:30-09:00 26.1 | 25.3 | 25.5 256.7 25.76 | 26.1 | 25.6 23.2 2:19.6
09:00-09:30 [ 26.3 | 25.6 | 26.9 26.1 26.2 | 263 | 26.0 | 23.7 304.6
09:30-10:00 254 | 25.8 | 26.1 26.4 26.5 | 264§ 26.3 | 23.8 353.8
10:00-10:30 256.6 | 26.1 | 26.5 26.8 26.95 | 256.6 | 26.7 | 24.1 396.5
10:30-11:00 25.8 | 26.3 | 26.8 27.2 27.3 | 256.8 | 27.1 | 25.0 435.5
11:00-11:3¢ | 26.0 | 26.6 | 27.1 27.5 276 | 26.0 ] 274 | 26.3 465.4
11:30-12:00 26.1 | 26.7 | 27.2 27.6 278 [ 26.1 | 276 | 274 486.2
12:00-12:30 26.2 (2681273 27.8 28.0 {262 | 27.8 | 27.6 498.5
12:30-13:00 264 [ 271 ]27.7 28.2 28.4 | 264 | 28.0 | 217 498.8
13:00-13:30 26.3 | 26.9 | 274 27.8 28.0 | 263 | 27.8 | 27.5 487.2
13:30-14:00 26.1 [ 26.7 | 27.2 | 27.627.75 | 26,1 | 27.5 | 27.2 | 462.8

14:00-14:30 259 | 26.4 | 26.9 27.3 274 (269 [ 27.15 | 27.0 432.6
14:30-15:00 | 25.65 | 26.1 | 26.5 26.8 27.0 [25.7 | 26.85 | 26.9 397.3
15:00-15:30 25.5 | 25.9 126.3 26.6 26.7 [ 2566 | 26.5 | 26.8 370.2
15:30-16:00 253 | 25.7 ] 26.0 26.2 26.3 | 263 | 26.1 | 26.5 320.3
16:00-16:30 26.1 1253 ]25.5 26.7 25.75 [ 25.1 | 25.6 | 26.0 265.8
16:30-17:00 24.9 | 25.0 { 25.1 25.2 26.3 [ 249 [ 26,156 | 25.8 207.3

Table A.12 : Averaged measured data for the forced circulation test with
intermittent load of 6l/k (sh = 0.03K g/s and V, = 50l) as performed on
19 — 8 — 1991.All temperatures in C°.

i Time Interval | Ti, Tos Tip Top T. |[IWh/m? | Tuy | Tup
08:00-08:30 23.0 | 23.45 | 229 | 23.35 { 18.3 186.4 / /
08:30-09:00 248 | 26.05 | 246 | 25.65 | 13.2 256.6 25.4 | 25.1
09:00-09:30 27T.8 | 20.4b | 274 28.8 | 20.3 J156.6 / /
09:30-10:00 314 33.4 30,9 | 3266 | 21.7 372.2 32.3 | 31.2
10:00-10:30 35.4 | 37.65 | 34.5 | 36.456 | 22.7 416.6 / /
10:30-11:00 3945 | 419 38.4 | 40.55 | 23.0 455.6 40.7 | 39.}
11:00-11:30 43.2 45.8 | 41.85 | 44.2 | 23.6 486.7 / /
11:30-12:00 47,1 | 49.75 | 45.5 | 47.85 | 24.0 508.4 48.6 | 46.3
12:00-12:30 50,5 | 53.05 | 48.65 | 50.7 | 24.7 517.2 / /
12:30-13:00 §63.76 | b6.2 51.7 | 63.76 | 25.6 520.2 55.2 | 52.1
13:00-13:30 E6.5 | 68.95 { 54.2 | 56.3b | 26.1 509.7 / /
13:30-14:00 59.2 61.6 b6.7 £8.65 | 26.7 491.3 €0.5 | 57.5
14:00-14:30 61.6 | 63.66 | 58.9 | 60.55 | 26.7 463.4 / /
14:30-16:00 63.2 64.9 60.4 | 61.85 | 26.5 431.0 63.9 | 69.3

.15:00-15:30 | 64.05 | €b.1 61.2 62.1 ] 26.6 343.0 / /
15:36-16:00 64.2 | 64.85 | 61.05 | 61.6 | 26.2 336.2 62.8 | 58.2
16:00-16:30 63.0 | 63.65 | 59.9 | 60.25 | 25.3 214.4 / /
16:30-17:00 61.05 | 61.2 57.8 57.9 | 25.0 183.0 61.0 | 57.8
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Table A.13 : Averaged measured data for the forced circulation test with

intermittent load of 10//h {th = 0.03Kg/s and V. = 50/) as performed on
20 — 8 — 1991. All temperatures in C°.

Time Interval | T T. | T T, | T. [1Wh/m* | T.. | T,
08:00-08:30 | 23.5 | 24.0 | 23.4 | 23.85 | 18.2 [ 2006 ;|7
08:30-09:00 25.6 26.8 25.4 | 2645 | 19.5 259.3 26.0 | 25.7
09:00-09:30 97.8 | 20.45 | 27.5 | 28.95 | 21.0 316.8 / /
09:30-10:00 31.0 [ 32.95 | 30.6 [ 32.35 | 22.2 363.5 31.9 | 31.2
10:00-10:30 35.4 | 37.7 | 34.75 | 36.7 | 22.5 409.9 / /
10:30-11:00 38.8 | 41.06 | 38.1 | 40.2 | 234 449.9 40.1 | 39.2
11:00-11:30 42.0 | 44.35 | 41.1 | 43.356 | 24.2 478.4 / /
11:30-12:00 45.8 1 48.25 | 44.8 | 47.15 | 24.6 503.5 47.1 | 46.0
12:00-12:30 48.8 | 51.35 | 47.7 50.2 | 2b.4 511.9 / /
12:30-13:00 51.35 | 53.2 50.3 52.8 | 26.7 513.1 52.6 | 51.2
13:00-13:30 53.b 66.0 | 52.25 | 54.7 §| 27.3 506.5 / /
13:30-14:00 55.5 57.8 b4.1 56.4 | 27.7 484.5 5G.8 1 55.3
14:00-14:30 56.5 | 58.75 | 54.85 | 66.9 | 27.6 453.2 / /
14:30-15:00 57.2 | 69.16 | 65.4 | 67.15 1 27.0 419.8 58.5 | 56.1
15:00-15:30 57.25 | 58.9 55.4 56.7 | 26.8 373.7 / /
15:30-16:00 56.9 58.2 54.7 | 55.65 | 26.8 325.1 57.4 | 5b.2
15:00-16:30 56.15 | 57.1 b3.8 54.5 | 27.2 271.1 / /
16:30-17:00 55.0 | 55.65 | 52.4 | 52.8 | 27.2 214.0 65.3 | 52.5

Table A.14 : Averaged measured data for the forced circulation test with
intermittent load of 15//h (sh = 0.03Kg/s and V, = 50) as performed on
91 — 8 — 1991, All temperatures in C°.

Time Interval | T; Toe | T Top | Tu |IWh/mE | Tus | Tup
08.00-08:30 | 23.7 | 2d4.25 | 23.7 | 242 |2L.7| 1981 / /
08:30.00:00 | 2.8 | 27.05 | 25.7 |26.85 [22.4 | 2562 | 26.0 | 25.9
09.00-0030 | 28.1 | 20.75 | 27.8 | 2025 | 23.1 | 312.8 / /
55:30-1000 | 317 | 337 | 3L.2 | 52.6 | 243 | 3605 | 32.2 | 318
10:00-10:30 | 34.4 | 36.6 | 337 | 35.7 [ 256.1 | 4034 ] /
10301100 | 37.3 | 396 | 36.6 | 38.7 [25.0 | 4443 |38.0 372
11:00-11:30 | 4165 | 44.0 | 409 | 43.1 | 265 | 477.8 / /
11:30.12:00 | 45.0 | 474 | 44.05 | 46.3 [ 26.7 | 5002 |46.0|44.8
19:00-12:30 | 47.3 | 50.05 | 46.2 | 48.65 [ 275 | 511.9 / /
15:30-13.00 | 48.95 | 61.7 | 477 | 50.3 | 27.7 | 514.8 ]49.9 483
13.00-13:30 | 50.6 | 53.4 | 49.1 | 51.7 [28.0 | 506.6 / /

13:30-14:00 | 52.4 | 64.95 | 50.8 | 53.2 | 28.3 488.0 53.3 | 5L.5
14:00-14:30 | 52.6 | 54.9 | 60.85 | 53.0 | 28.2 460.4 / /
14:30-15:00 1.53.3 | 55.4 | 514 | 63.3 | 27.5 422.5 £4.1 | 62.0
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15:00-15:30 53.2 | 55.0 | 1.2 | 52.756 | 27.5 380.3 / /o
15:30-16:00 52.7 | 54.1 | 50.45 1 51.7 | 27.8 333.1 53.2 1 51.0
16:00-16:30 | 51.85 | 52.9 | 49.6 | 50.5 | 27.8 280.4 / /

16:30-17:00 50.5 | 51.25 | 48.2 | 48.8 | 274 220.2 50.9 | 48.4
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Table Ai1G ¢ Averaged measurcd data for the forced circulation test with

intermittent load of 5{/h (rh = 0.0TK g/s and V, = 50!) as performed on
24 — 8 - 1991, All temnperatures in C°.

Time Interval | 1} T, T Top | To [IWh/m* | T, | 1o, |
08:00-08:30 256 | 25,9 } 266 | 25.8 | 23.3 158.2 / /-
08:30-09:00 28.1 28.65 | 27.9 28.35 | 24.8 244 .4 28,2 | 28.0
09:00-09:30 | 31.6 | 32.3 | 31.2 | 3175 | 26.1 350.1 / /
09:30-10:00 | 35.6 | 364 | 349 | 35.6 | 27.1 380.7 35.9 | 35.4
10:00-10:30 [ 39.95 | 40.7 | 38.8 | 39.6 [ 27.0 306.0 / /
10:30-11:00 | 43.9 | 449 | 428 | 43.7 | 27.3 432.7 445 | 434
11:00-11:30 | 48.1 | 49.2 | 46.8 | 47.75 | 28.2 460.1 / /
11:30-12:00 | 52.3 | 534 | 50.5 | 51.5 | 29.1 481.7 52.9 | 51.0
12:00-12:30 | 56.2 | 57.25 | 54.3 | 55.25 [ 20.6 490.8 / /
12:30-13:00 | 59.8 | 60.8 | 57.9 | 58.85 | 20.9 493.1 60.4 | 58.5
13:00-13:30 | 62.6 | 635 | 60.5 | 58.9 { 30.4 486.7 / /
13:30-14:00 | 65.0 | 65.8 | 62.8 | 63.5 | 30.6 470.0 65.5 | 63.3
14:00-14:30 | 66.8 | 67.5 | 64.5 [ 65.156 { 30.1 443.7 / /
14:30-15:00 | 68.0 | 68.6 | 65.6 [ 66.1 | 20.6 409.7 68.3 | 65.8
15:00-15:30 | 68.4 | 68.85 | 65.8 | 66.25 | 20.8 368.9 / /
15:30-16:00 68.2 68.65 65.5 65.85 | 29.9 315.6 68.4 | 65.7
16:00-16:30 | 67.4 | 67.55 | 64.65 | 64.8 | 29.1 262.7 / /
16:30-17:00 | 66.2 | 66.25 | 63.3 | 63.35 | 28.7 204.8 66.2 | 63.3

Table A.16 : Averaged measured data for the forced circulation test with

intermittent load of 10I/h {rh = 0.07K¢g/s and V, = 50{) as performed on

25 — 8 — 1991. All temperatures in C°. <
Time Interval | Ti, Tos T Top T, [IWh/m? | T, | T,
08:00-08:30 26.2 | 26.45 | 26.1 | 26.3 | 21.3 184.4 / /
08:30-09:00 28.7 29.2 28.4 28.8 | 22.6 241.7 28.9 | 28.6
(9:00-09:30 31.6 | 32.2 | 31.1 }31.65|23.9 204.8 / /
09:30-10:00 35.0 | 358 | 343 3495 | 4.9 348.5 354 | 34.7
10:00-10:30 38.3 | 30.25 ) 37.3  38.15 | 25.6 395.8 / /
10:30-11:00 416 | 42.8 | 40.7 | 41.6 ] 26.3 430.8 42.1 | 41.2
11:00-11:30 45.2 | 46.3 | 43.6 | 44.6 | 26.9 461.0 / /
11:30-12:00 48.7 | 49.85 | 46.9 47.9 | 284 482.5 49.0 { 47.4
12:00-12:30 | 51.45 | 52.6 | 49.35 | 50.4 | 28.2 493.3 / /
12:30-13:00 54.1 | 55.25 | 51.9 | 52.95 | 28.8 494.5 54.5 | 52.5
13:00-13:30 56.2 { 57.3 53.8 | 54.75 | 28.3 489.7 / /
13:30-14:00 57.9 58.9 55.3 56.2 | 28.2 470.0 58.4 | B6.9
14:00-14:30 §9.2 60.1 56.4 7.2 | 28.1 441.2 / /
14:30-15:00 59.9 | 60.7 | 56.9 | 57.5 | 28.4 404.2 60.3 | 57.2
15:00-15:20 60.0 | 60.7 56.8 | 57.35 | 20.1 367.1 / /
15:30-16:00 59.6 | 60.1 | 66.25 | 6.7 | 28.8 314.8 59.8 | 56.5
16:00-16:30 58.5 68.8 | 55.2 656.5 | 27.8 260.5 / /
16:30-17:00 56.6 | 56.7 | 63.3 | 63.4 | 274 202.7 56.6 | 53.3
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Table A1T Averaged measured data for the forced circulation test with

intermittent load of 15{/h (th = 0.07TKg/s and V, = 50I) as performed on

26 - 8 — 1991, All temperatures m C°.

Time Interval | Ti, | Tos | Tp | Top | Ta |1 WA/mZ | Tuy | Top
08:00-08:30 26.3 | 26.556 | 26.2 26.4 | 19.9 196.9 / /
08:30-09:00 28.1 | 28.65 | 27.7 28.1 1204 2561.7 28.3 | 271.%
03:00-09:30 30.6 | 31.35 | 30.0 | 30.6 | 21.3 296.5 / /
092:30-10:00 23.9 34.8 33.0 | 33.75 | 22.7 365.7 34.3 | 33.4
10:00-10:30 | 37.4 | 384 | 36.2 | 371 | 23.9 | 403.7 717
16:30-11:00 41.0 | 42,16 | 39.6 | 40.55 | 24.6 414.3 41.6 | 40.1
11:00-11:30 444 | 456 42.5b 43.5 | 25.0 479.1 / /
11:30-12:00 47.9 49.1 45.6 46.6 | 25.8 498.8 48.4 | 46.2
12:00-12:30 50.1 | 51.35 | 474 | 4845 | 27.2 509.9 / /
12:30-13:00 £2.0 | 53.25 | 48.95 | 50.0 ] 27.5 514.7 52.6 | 49.5
13:00-13:30 53.25 | 544 50.0 51.0 | 27.6 500.6 / /
13:30-14:00 E4.4 | 55.45 | 50.8 51.7 | 28.2 473.5 54.8 1 b1.2
14:00-14:30 55.0 55.9 51.1 51.8 | 27.7 459.0 / /
14:30-15:00 55.1 | 55.85 | 50.9 | 561.55 | 27.4 396.9 55.5 | 51.3
15:00-15:30 | 64.4 | 54.85 | 50.1 | 50.56 | 27.6 | 302.5 7 |/
15:30-16:00 52.9 | 52.95 | 48.5 | 48.5b | 26.7 240.7 52.9 | 18.5
16:00-16:30 50.6 | B0.75 | 46.15 | 46.3 | 27.4 188.7 / /
16:30-17:00 48.2 | 48.35 | 43.9 | 44.05 | 26.5 151.4 48.3 | 44.0
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Table A.18 : Averaged measured data for the stagnation test with flow rate
of 0.02K g/s,ns performed on 10 — 9 — 1991, All temnperatures in C°.

Time Interval | T; T, | T: Top | T |1 Whihr
13:00-13:30 942 [ 94.9 | 9241 929 | 29.1 460.3
13:30-14:00 94.7 | 95.1 | 92.7 |1 93.0 | 29.0 428.2
14:00-14:30 05.0 1951|929 193.0] 28.7 397.0
14:30-15:00 948 | 94.6 | 92.8 | 92.7 | 28.6 370.2
15:00-15:30 944 | 943 1925|924 | 28.5 3304
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Table A.20 : Averaged measured data for the thermosyphon test with
intermittent load of 5//h and V, = 50!, as performed on 19 - & - 1091, All

temperatures in C°.
Time Interval | To | Tow | Ty | Top | Tu |IWh/m? | T, | T
08:00-08:30 | 22.2126.0 | 223 |25.6 | 18.1 91.0 / /
08:30-09:00 22.6 | 35.5 | 23.7 | 356.1 | 19.0 272.0 31.2 | 31L.3

00.00-00:30 | 23.1 | 429 | 24.2 [41.4 [18.3 | 3323 / /
09:30-10:00 | 24.4 | 44.8 | 25.1 | 44.1 | 20.7 | 383.0 [42.2 [ 424
10-00-10:30 | 250 | 482 | 26.7 | 46.8 | 22.1 | 426.1 / /
10:30-11.00 | 27.1 | 51.3 | 28.6 | 49.7 [ 22.6 | 464.2 | 47.9 [ 48.3
11:00.11:30 | 304 | 64.8 | 1.1 | 52.7 | 23.0 | 492.2 7 1/
11-30-12:00 | 35.0 | 67.8 | 36.8 | 57.7 | 23.2 | 509.0 | 56.0 | 56.6
12:00-12:30 | 38.4 | 61.0 | 40.1 | 60.7 [23.9 | 517.2 / /
19301300 | 434 | 64.3 | 45.7 | 65.3 | 24.1 | 505.6 | 63.7 | 64.3
13:00-13:30 | 455 | 66.8 | 47.7 | 67.1 | 244 [ 479.7 / /
13:30-14:00 | 47.6 | 68.6 | 48.5 | 68.6 | 25.1 | 4504 | 66.0 | 66.8
14:00-14:30 | 49.0 | 60.0 | 50.0 | 69.6 | 24.8 | 4513 7 | 7
14:30-15:00 1482 168.3 | 50.7 | 69.2 | 244 | 4104 |} 67.0 | 67.9 |
15:00-15:30 | 47.8 | 68.1 | 51.0 | 68.0  24.2 | 360.4 / /
15:30.16:00 | 47.0 | 67.4 | 50.2 | 67.7 | 24.2 | 3099 | 664 | 67.3
16:00-16:30 | 46.6 | 64.2 | 50.9 | 66.9 [ 24.3 | 253.T ] ]
16:30-17.00 | 445 | 58.8 | 47.4 | 61.5 | 236 | 181.5 | 66.0 | 67.0

Table A.21 : Averaged measured data for the thermosyphon test with
intermittent load of 10//k and V, = 50l, as performed on 21 - 9 — 1991. All
ternperatures in C°.

Time Interval | 1o | Tos | Tip | Top | Ta | ILWh/m?* | Ty | Tp
08:00-08:30 | 21.1 | 24.8 | 21.2 | 24.4 | 175 75.0 / /
08:30-09:00 | 21.6 |32.3 [22.3 |31.56 ]18.0 | 241.7 | 256 [ 25.7
09:00-09:30 [ 22.2 [42.1 | 22.4 [ 39.8 | 18.6 | 310.0 / /
09:30-10:00 | 23.0 [43.9 [23.8 [43.2 192 3736 (332|333
10:00-10:30 | 25.2 | 47.3 | 25.8 [ 45.9 | 204 | 4174 / /
10:30-11:00 |27.0 {504 | 28.5 | 49.3 | 21.4 | 457.7 | 44.8 | 46.2
11:00-11:30 {20.1 | 53.1 [ 30.5 { 51.8 [21.9 | 4882 / /
11:30-12:00 | 31.5 {54.5 [33.3 | 54.7 {227 | 508.8 |523|528
12:00-12:30 | 33.4 { 56.3 | 35.0 | 55.5 | 24.1 518.1 / /
12:30-13:00 | 35.5 { 58.2 | 37.3 | 68.7 | 24.7 | 517.2 | b4.8 | 65.4
13:00-13:30 | 37.5 | 60.4 | 39.2 [ 60.3 | 24.9 | 5026 / /
13:30-14:00 | 39.2 {60.7 | 40.5 | 61.2 | 24.7 | 480.8 | 57.3 | 67.8
14:00-14:30 | 40.4 | 60.9 | 41.5 [ 61.56 | 24.6 | 436.9 / /
14:30-15:00 | 40.7 [ 61.6 [ 422 [ 61.5 [ 24.3 | 363.1 567.2 | 67.7
15:00-15:30 | 40.3 {69.8 | 42.4 | 59.5 § 23.7 | 322.2 / /
16:30-16:00 | 40.0 [ 57.3 [ 42.6 { 57.8 {23.6 | 2862 | 63.1 | 53.9
16:00-16:30 [ 39.9 | 56.0 | 42.3 [ 56.8 { 23.6 | 239.9 / /
16:30-17:00 | 39.7 | 61.4 [ 40.7 [ 52.7 [ 22.9 | 1746 | 49.1 [ 49.9
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Table A.22 : Averaged measured data for the thermosyphon test with

intermittent load of 15{/h and V, = 50, as performed on 22 — 9 — 1991. All
temperatures in C°,

Time Interval | Tis | Joe | Tip | Top | Ta |[1W hjm? | Tus | Tup
08:00-08:30 925 1 26.0 | 226 {25.5 | 18.0 62.1 / /
08:30-09:00 | 22.9 |33.2]235)32.8 18.4 238.0 23.2 | 23.3
05:00-0930 | 253 | 43.4 | 23.8 | 41.3 | 19.6 | 295.0 71/
09:30-10:00 24.0 | 44.2 | 24.9 | 43.7 | 20.9 349.4 32.1 | 32.3
10:00-10:30 2501479 [ 26.7147.0 | 21.5 392.2 / /

10:30-11:00 | 27.5 | 51.1 | 28.7 j49.6 22,6 430.1 42.1 | 42.4 |
11:00-11:30 | 20.2 | 51.3 | 30.2 | 49.9 23.8 456.2 / /
11:30-12:00 | 30.7 | 53.8 | 32.1 [ 63.3 | 25.0 472.1 49.7 | 50.1

12:00-12:30 | 32.1 | 56.0 | 33.4 | 55.6 | 25.7 482.6 / /
12.30-13:00 | 34.1 | 57.6 | 356.2 | 67.0 | 26.2 488.3 52.1 | 562.5
13.00-13:30 | 35.0 [ 57.8 | 35.8 | 57.4 | 25.6 477.0 / /

13-30-14:00 | 35.3 | 58.0 | 36.1 | 67.7 [ 25.7 455.1 52.2 | 62.6
14:00-14:30 | 36.5 | 58.1 | 36.8 | 58.0 26.4 424.6 / /
14.30-15:00 | 36.8 | 57.9 | 37.8 | 58.1 | 26.1 383.5 48.3 | 48.8

15:00-15:30 | 36.6 | 57.7 | 37.9 [ 68.0 | 26.1 338.2 / /
15-30-16:00 | 35.3 | 55.3 | 37.6 | 5.2 26.0 286.4 46.2 | 46.8
16.00-16:30 | 35.2 | 53.3 | 37.4 | 53.8 [ 25.6 225.4 / /

16:30-17:00 | 35.0 | 48.4 | 36.8 | 49.8 | 24.8 166.3 42.3 | 43.0

Table A.23 1 Averaged measured data for the time constant test {
T, = Tip = 28.4C° ) as performed on 11 -~ 9 — 1991.

Time Interval | T,, C° | T, C°
12:59-13:00 32.9 32.5
13:00-13:01 32.0 32.2
13:01-13:02 31.4 31.8
13:02-13:03 30.8 31.4
13:03-13:04 29.9 30.7
13:04-13:05 29.3 29.8
13:05-13:06 29.0 29.2
13:06-13:07 28.8 29.0
13:07-13:08 28.6 28.7
13:08-13:09 28.5 28.5
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THIS PROGRAM IS USED TO CALCULATE THE PERFORMANCE

PARAMETERS OF THE SERPENTINE AND THE PARALLEL TYPES
SOLAR COLLECTORS, WHERE:

TIS IS THE INLET WATER TENMPERATURE 70 THE

SERPENTINE TYPE.

TOS IS THE QUTLET WATER TEMPERATURE FROM THE
SERPENTINE TYPE

TIP IS THE INLET WATER TEMPERATURE TO THE

PARALLEL TYPE,

TOP IS THE OUTLET WATER TEMPERATURE FROM THE

PARALLEL TYPE.

TA IS THE AMBIENT TEMPERATURE.

8Y IS THE SOLAR INTENSITY IN Wh/m"2.

S8I1 IS THE SOLAR INTENSITY IN KJ.

QUS IS THE USEFUL HEAT. GAIN FROM THE SERPENTINE TYPE.
QUP IS5 THE USEFUL HEAT GAIN FROM THE PARALLEL TYPE.
EFS 15 THE INSTANTANEOUS EFFICIENCY OF THE
SERPENTINE TYPE

EFP IS THE INSTANTANEQOUS EFFICIENCY OF THE

PARALLEL TYPE.

AS IS THE RATIO OF THE TEMPERATURE DIFFERENCE
BETWEEN THE SERPENTINE TYPE INLET WATER TEMPERATURE
AND THE AMBIENT TEMPERATURE TO THE SOLAR INTENSITY.
AP IS THE RATIO OF THE TEMPERATURE DIFFERENCE
BETWEEN THE PARALLEL TYPE INLET WATER TEMPERATURE
AND THE AMBIENT TEMPERATURE TO THE SOLAR INTENSITY.
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

REAL*8 TIS(lB),TOS(lB),TIP(lB),TOP(lG),TA(lB),SI(lB)

REAL*8B 511(18),QUS(18),QUP(18),EFS(lB),EFP(lB),AS(lB),AP(lB)

po 10 I=1,18

READ(5,*) TIS(I),TOS(I),TIP(I),TOP(I),TA(I),SI(I)
CONTINUE

Do 20 I1-=1,18

SIl(I)?SI((I)*l.B*.73*1;59
QUS(I)=A1%4.186%1800*(TOS(I)-TIS(I))
QUP(I})=A1*4,186*1800%(TOP(I)-TIP(I))
EFS(I}=QUS(I)/S11{I}

EFP(I)=QUP(I)/SI1(I)

AS(I)=(TIS(I)-TA(I))/SI(I)
AP(I)=(TIP(I)-TA{1))/SI(I)

CONTINUE

WRITE(6,30)

FORMAT(' TIS TOS TIP TOP TA SI '}

WRITE(6,31)

FORMAT(50('*' )}

DO 32 I=1,18"

WRITE(6,*) TIS(1),TOS{Y),TIP(I),TOP(I),TA{I),SI(I)
CONTINUE

WRITE(6,35)

FORMAT(70({’"*"))

WRITE(6,40)

FORMAT(’SI1 QUS QUP EFS EFP AS AF')

WRITE{6,50)

FORMAT({70("*"))

PO 60 I=1,18

WRITE(6,*) SIl(I),QUS(I),QUP(I),EFS(I),EFP(I),AS(I),AP(I)
CONTINUE

END
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Table C.1 ¢ Calculated parameters of the performance for the foreed
circulation with no load conditions ( i = 0.02Kg/s and V, = 1501) as

perfornted on 5 — 8 — 1991.

Time Interval | SI (KJ) [ Qu, (K3) | Qup (K3) | ms % | mp % | Zop™ #1207 Torle 4 107 |
08:00-08:30 y 41456 - 105.5 82.9 25.0 20.0 5.500 5.444 i
08:30-09:00 558.3 278.8 226.1 | 49.9 | 40.5 3.443 3.368
09:00-09:30 674.4 384.3 316.5 57.0 46.9 2.664 2.671
09:30-10:00 786.6 467.2 399.4 59.4 | 50.8 2.258 2.125
10:00-10:3C 879.0 527.6 452.1 60.0 | 51.4 1.997 1.902
10:30-11:00 953.6 587.7 512.4 61.6 | 53.7 1.972 1.606
11:00-11:30 1019.4 632.9 565.1 62.1 b5.5 2.194 2.153
11:30-12:00 1069.3 655.8 602.8 61.3 | 66.4 2.345 2,325
12:00-12:30 1087.9 663.1 602.8 60.9 | 55.4 2.635 2.420
12:30-13:00 1093.8 655.6 602.8 59.9 55.1 2.840 2.579
13:00-13:30 1084.8 632.9 572.8 58.3 52.8 3.216 2.966
13:30-14:00 1047.2 595.3 550.0 56.8 | 52.6 3.611 3.232
14:00-14:30 092.8 557.6 504.9 b6.2 50.8 3.908 3.5698
14:30-15:00 918.7 504.9 459.6 55.0 50.0 4,708 1230
15:00-15:30 825.9 414.4 376.8 50.2 | 46.5 5.667 5.1356
15:30-16:00 T27.1 324.0 293.9 44.6 | 40.4 6.868 6.264
16:00-16:30 623.9 226.1 211.0 36.2 33.8 8.607 T7.500
16:30-17:00 509.2 128.1 120.6 256.2 23.7 11.00 10.00

Table C.2 : Calculated parameters of the performance for the forced
circulation with no load conditions ( m = 0.03Kg/s and V, = 1501) as
performed on 4 — 8 — 1991.

Time Interval | SI (KJ) | Qu. (KJ) | Qup K | 7% | % I‘-‘—}'—I“ * 102 E’%& * 107
08:00-05:30 430.0 24B.7 226.1 57.8 | 52.6 2.721 2672
08:30-09:00 535.2 305.2 271.3 57.0 | 50.7 2,147 2.069
09:00-09:30 658.4 395.6 361.7 60.1 | 54.9 1.777 1.682
09:30-10:00 7656.7 474.7 440.8 62.0 | bB7.6 1.637 1.555
10:00-10:30 861.4 553.8 508.6 64.3 | 59.0 1.625 1.528
10:30-11:00 0390.6 610.3 553.8 65.0 | 58.9 1.735 1.646
11:00-11:30 1013.1 644.3 599.0 63.6 | 59.1 2.000 1.897
11:30-12:00 1063.0 678.2 621.6 63.8 | 58.5 2.246 2,142
12:00-12:30 1084.6 678.2 632.9 62.5 | BB.4 2.562 2.427
12:30-13:00 1088.1 §66.9 632.9 61.3 | h8.2 2.842 2.669
13:00-13:30 1067.4 666.9 621.6 62.5 | 58.2 3171 2.995
13:30-14:00 1030.9 621.6 B87.7T 60.3 57.0 3.689 3.486 _
14:00-14:30 971.% 565.1 542.5 58.1 | B5.8 4.342 4.106
14:30-15:00 896.5 508.6 486.0 56.7 | 54.2 5.080 4.801
15:00-15:30 806.3 440.8 406.9 54.7 | 50.5 5.9G0 5507
15:30-16:00 710.8 350.4 316.5 40.3 | 4.5 7.202 6.761
16:00-16:30 | 6057 | 248.1 2035 | 4.1 | 33.6 | 8.069 gilT
16:30-17:00 512.9 145.7 125.2 28.4 § 244 11.00 10.70
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Table C.3 ¢+ Caleulated parameters of the performance for the forced

circulation with no load conditions ( 12 = 0.05Kg/s and 1, = 1501} ns

performed on 3 — 8 ~ 1991,

Time Interval | SI (KJ) | Qus (K3) | Qup (KJ) | 7 % | m, % I_‘_j-_Ia * 10° I,n_}_’{_ . 10°
08:00-08:30 403.0 | 207.2 207.2 51.4 | bl.4 2.333 2.333
08:30-09:00 539.3 320.3 301.4 59.4 | 55.9 1.705 1.627
09:00-09:30 652.1 433.3 395.6 66.4 | 60.7 1.666 1.538
09:30-10:00 756.8 489.8 452.3 64.7 | 59.7 1.436 1298
10:00-10:30 851.8 565.1 527.5 66.3 | 6L.9 1.594 1.398
10:30-11:00 934.3 621.6 584.0 66.5 | 62.5 1.699 1.521
11:00-11:30 094.7 678.2 640.5 68.2 | 64.4 1.638 1.512
11:30-12:00 | 1039.0 715.8 659.3 68.9 | 63.5 1.910 1.729
12:00-12:30 | 1066.4 715.8 659.3 67.1 | 61.8 2.390 2.096
12:30-13:00 | 1074.5 697.0 621.6 64.9 | 57.9 2.800 2.489
13:00-13:30 | 1055.1 697.0 602.8 66.1 | 57.1 3.223 2.926
13:30-14:00 | 1020.2 640.5 584.0 62.8 | b7.2 3.645 3.297
14:00-14:30 962.3 584.0 546.3 60.7 | 56.8 4.168 3.756
14:30-15:00 891.1 546.3 471.0 61.3 | 52.9 4.853 4.338
16:00-15:30 810.0 471.0 376.8 58.1 | 46.5 5.700 5.081
15:30-16:00 703.1 320.3 301.4 45.6 | 42.9 7.162 6.597
16:00-16:30 592.3 2449 226.1 41.3 | 38.2 9.206 8.254
16:30-17:00 474.9 150.7 131.9 31.8 | 27.6 11.923 10.647

Table C.4 : Calculated parameters of the performance for the forced
circulation with no load conditions ( 1h = 0.07Kg/s and V, = 150() as
performed on 25 — 7 — 1091.
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Time Interval | 51 (K7) | Qus (K3) | Qup (KJ) [ m % | mp % | Tog = = 10° Ta=Te o 107 |
08:00-08:30 | 4455 |.-131.9 131.0 | 20.6 | 29.6 3.650 3612
08:30-00:00 | 5650 | 816.5 2637 | 66.0 | 46.1 2.885 3,848
00:00-09:30 | 679.2 | 3956 3692 | 68.2 | 64.4 2.553 2492
00:30-10:00 | 7887 | 4714.T 148.3 | 60.6 | 57.2 3.293 2.213
10:00-10:30 | 866.9 | 680.2 553.8 | 66.9 | 63.0 2.290 2217 |
10-30-11:00 | 9511 | 6329 580.2 | 66.6 | 61.0 5307 5210
11:00-11:30 | 1008.1 | 685.7 6320 | 68.0 | 62.8 2.321 2.218
11:30-12:00 | 1053.2 | 738.4 6503 | 70.1 | 62.6 2.460 2341
12:00-12:30 1077.2 738.4 685.7 68.5 | 63.7 2.851 2.696
12:30-13:00 | 1075.6 | 7121 685.7 | 66.2 | 63.8 3127 3,072
13:00-13:30 | 1074.7 | 659.3 632.0 | 61.3 | 58.9 3.480 3.305
13:30-14:00 1037.6 632.9 606.6 61.0 | 58.5 4.007 3.806
14:00-14:30 | 986.6 | 606.6 £53.8 | 615 | 66.1 4.638 4,405
14:30-15:00 | 913.9 | 5011 a74.7 | 54.8 | 51.9 5.304 5.030
15:00-15:30 822.1 422.0 395.6 51.3 | 48.1 6.201 5870
15:30-16:00 | 7181 | 316.5 363.7 | 44.0 | 36.7 7.496 At
16:00-16:30 | 609.5 | 2110 184.6 | 34.6 | 30.3 9,290 8870
16:30-17:00 | 4927 | 1583 1319 | 52.1 | 26.8 12.00 11.58
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‘Table C.5 : quculated parameters of the performance for the forced

circulation
with 1o load conditions ( it = 0.02K g/s and ¥, = 60{) as performed on §-9- 1991,
Time Interval | S1 (KJ) | Qus (KI) | Qup (KJ) |7 % | mp 0 LazTa 4 107 Lrte 4107
08:00-08:30 301.7 105.5 98.0 35.0 | 32.6 2.632 2.632
08:30-09:00 | 486.6 271.3 956.2 | 65.7 | 52.6 2.610 2.619
09:00-09:30 657.3 346.6 331.6 52.7 | 50.4 3.242 3.242
09:30-10:00 797.1 376.8 361.7 | 47.3 | 45.4 4.142 4.142
10:00-10:30 | 894.2 422.0 4060 | 47.2 | 45.5 5.023 5.023
10:30-11:00 971.5 429.5 414.4 44.2 | 42.7 5.978 5978
11:00-11:30 | 1029.2 444.6 4200 | 43.2 | 41.7 7.044 7.014
11:30-12:00 | 1072.2 452.1 437.0 | 42.2 | 40.8 8.087 8.087
12:00-12:30 | 1097.5 429.5 4069 | 39.1¢| 37.1 9.004 9.004
12:30-13:00 | 1092.3 406.9 384.3 | 371.3 | 35.2 9.946 9.946
13:00-13:30 | 1072.7 301.8 369.2 36.5 | 34.4 1087 10.87
13:30-14:00 | 1027.1 346.6 301.4 33.7 | 29.3 11.94 11.94
14:00-14:50 054.2 278.8 9387 | 29.2 | 26.1 13.33 13.33
14:30-15:00 878.3 | 226.1 195.9 25.7 | 22.3 14.84 1484
15:00-15:30 793.7 150.7 143.2 19.0 | 18.0 16.32 16.32
15:30-16:00 682.5 0.4 82.9 |.13.2 | 12.1 18.56 18.66
16:00-16:30 561.0 30.2 30.2 54 | 5.4 22.0 22.0
16:30-17:00 | 426.0 / / 7 ] 27.32 2732 |

Table C.6 : Calculated parameter

s of the performance for the forced

cireulation with no load conditions ( th = 0.03Kg/s and V, = 50!} as performed
on 2 -9 —1901.

Time Tnterval 1 STKT | Qu KI | Qup K3 [ % | % | Bepts +107 Lo-Te 4107
08:00-08:30 180.5 33.9 22.6 18.8 | 12.5 5.440 5.440
08:30-09:00 335.1 101.7 90.4 304 | 27.0 3.865 3.865
09:00-09:30 561.6 271.3 248.7 48.3 | #.3 3.162 3.162
09:30-10:00 T7L.4 ‘418B.2 384.3 64.2 | 49.8 3.467 3.467
10:00-10:30 882.9 474.7 429.5 53.8 | 48.6 4.449 4.449
10:30-11:00 965.9 £08.6 463 .4 52.7 | 48.0 5.624 5.624
11:00-11:30 1035.7 | 519.9 474.7 50.2 | 45.8 6.657 6.657
11:30-12:00 1073.9 | 519.9 474.7 48.4 | 4.2 7.620 7.626
12:00-12:30 1 1099.4 | 508.6 463.4 46.3 | 42.2 8.495 B.485
12:30-13:00 1100.4 | 497.3 452.1 452 | 41.1 0.398 9.398
13:00-13:30 | 1081.0 { 440.8 395.6 40.8 | 36.6 10.34 10.34
13:30-14:00 1033 .4 339.1 316.5 32.6 | 30.6 11.50 11.50
14:00-14:30 0962:1 203.9 271.3 30.6 | 28.2 12.83 12.83
14:30-16:00 880.6 260.0 226.1 202 | 254 14.02 14.02
15:00-15:30 785.0 |, 192.2 169.6 245 | 21.6 15.89 15.89
15:30-16:00 972.6 113.0 90.4 16.8 | 13.4 18.33 18.33 |
16:00-16:30 550.1 45.2 33.9 8.2 6.2 15.30 15.30
16:30-17:00 | 442.5 / / / / 25.54 25.54
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Table C.7 : Calculated parameters of the performance for the forced

. circulation
with no load conditions (7 = 0.05Kg/s and V, = 50!) as performed on 4—9 - 1991.

Time Taterval | ST (K3) | Qur (K3) | Qup (KJ) |7 % | 7 % | TugTe +10° To-Te , 102
08:00-08:30 | 376.1 131.9 113.0 1} 36.1 | 80.1 1.111 1111
08:30-09:00 | 535.5 301.4 263.7 | 56.3 | 49.3 1.834 1.834
09:00-09:30 | 660.0 376.8 3391 | 57.1 | 514 2.786 2.786 |
09:30-10:00 [ 758.6 452.1 395.6 | 59.6 | 52.1 3.608 3.608
10:00-10:30 | 845.3 470.9 4144 | 55.7 | 49.0 4.869 4.869
10:30-11:¢0 | 918.9 489.8 433.3 53.3 | 47.2 6.094 6.094 |
11:00-11:30 | 967.8 489.8 4333 | 50.6 | 4.8 7.124 7124 |
11:30-12:00 [ 993.9 489.8 4521 | 49.3 | 455 8.325 8.325
12:00-12:30 | 1009.3 | 489.8 4521 | 485 | 448 9.439 9.439
12:30-13:00 | 1043.2 | 4709 4144 ] 451 | 39.7 9.894 9.894
13:00-13:30 | 1041.7 | 489.8 4144 | 47.0 ] 39.0 10.77 10.77 |
13:30-14:00 | 1000.6 | 470.9 376.8 | 47.1 | 37.7 11.88 11.88
14:00-14:30 | 942.3 414 4 3203 | 44.0 | 34.0 13.30 13.30
14:30-15:00 | 855.2 339.1 263.7 | 39.7 | 30.8 15.20 15.20
16:00-15:30 | 7643 244.9 2072 | 32.0 | 27.1 16.40 16.40
16:30-16:00 | 6594 169.6 131.9 | 25.7 | 2.0 18.00 18.09
16:00-16:30 | 545.7 94.2 4.2 17.3 | 17.3 21.20 21.20
16:30-17:00 | 421.2 / / / / 26.36 26.36

Table C.8 : Calculated parameters of the performance for the forced
circulation with no load conditions ( = 0.07Kg/s and V, = 501} as performed
on 27 - 8 —1991.

Timme Interval | SIKJ | Qui KJ | Qup KI | % | 1o % Ti—Ta 4107 | 2277 4102
08:00-08-30 | 4237 | 181.9 | 105.5 | 311 ; 2¢.9 2.465 2.465
08:30-09:00 551.4 316.5 275.7 57.4 | 50.0 3.33b 3.335
00:00.09.30 | 6634 | 395.6 | 338.3 | 58.6 | 51.0 4.535 1.535
9-30.10:00 | 786.6 | 4483 | 369.7 | 57.0 | 47.0 5.445 5.445
10:00.1030 | 884.4 | 414.7 | 395.6 | 53.7 | 44.7 6.449 6.419
10:30-11:00 | 968.0 | 501.1 | 422.0 | 6L8 | 43.6 7.490 7.490
11:00-11:30 | 1025.6 | 501.1 | 4220 | 489 | 41.1 8.474 8474
11:30-12:00 1072.0 | 474.7 422.0 44.3 | 39.4 9.335 9.335 1
13:00-12:30 | 1001.9 | 474.7 | 422.0 | 435 | 38.0 10.20 10.20
12:30-13.00 | 1088.6 | 601.1 | 422.0 | 46.0 ) 38.8 10.88 10.88
13:00-13:30 1071.4 | 448.3 369.2 41.8 | 34.5 11.427 11.427
13:30-14:00 1017.1 369.2 316.5 36.3 | d1.1 12.202 12.202
13:00.14:30 | 6621 | 316.6 | 263.7 | 329 | 274 13.03 13.03
14:30-15:00 873.3 263.7 2374 30.2 | 27.2 14.35 14.35
15:00-15:30 | 781.8 | 237.4 | 211.0 {303 [ 27.0 15.69 15.69
15:30-16:00 | 673.6 | 158.3 | 1319 | 2356 | 196 17.77 17.77
16:00-16:30 | 565.6 | 79.1 528 | 14.0 | 93 20.50 20.50
16:30-17:00 | 4471 / / / / 24.81 2181 |
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Table C.9 : Calculated parameters of the performance for the forced

cieculation with no load conditions ( rﬁ,:ﬂ.OlBKg/s, r'n,,=0.1 ﬂB[(g/s,nm‘
V,=1501) as performed on 9 — 9 — 1991.

T Torerval | STRT | Qus KT | Qug KJ | 7 % | 7, % | Disgle » 107 T
(8:00-08:30 271.6 96.1 79.1 354 | 29.1 1.077 1.077
05300000 | 52563 | 248.7 | 216.9 | 47.3 | 52.7 | 1313 1313
00.00.00:30 | 644.1 | 333.4 | 956.0 | 518 | ©5.3 | 2043 5,013
0530-1000 | 7545 | 369.8 | 4852 | 624 [ 67.7 | 2.008 2.008
10:00-10:30 | 847.0 | 4060 | 474.7 | 480 | 56.0 [  3.B48 3.848
1030.11:00 | 900.7 | 435.2 | 5143 | 478 | 6.5 | 4.984 1584
11001130 | 950.0 | 423.0 | 553.8 | 446 | 58.3 6.268 6.268
1301900 | 5720 | 3845 | 5143 | 395 | 529 | 7307 7.307
T5.00.12.30 | 1012.3 | 384.3 | 4747 | 380 | 46.9 | 8029 8.029
15:3013.00 | 1013.6 | 4000 | 450.0 | 395 | 444 | 8.926 8.926
13601330 | 982.6 | 378.6 | 4352 | 385 | 43 10.12 10.12
5301400 | 046.0 | 305.2 | 895.6 [ 323 | 41.8 | 11.24 11.24
13.00-14:30 | 8940 | 2317 | 3165 | 250 | 354 | 1243 12.43
133016.00 | 8166 | 192.2 | 276.9 | 235 | 33.9 13.79 13.70
5001530 | 7204 | 1413 | 2374 | 106 [ 329 | 1675 15.75
15.30.16:00 | 6166 | 1007 | 168.3 | 165 | 25.7 18.30 18.30
5001630 | 5040 | 509 | 791 | 101|157 | 2173 5173
16:30-17:00 | 384.7. / 39.6 / 1103 27.05 27.05

Teble C.10 : Calculated parameters of the performance for the forced
circulation with load conditions(rh = 0.02K g/s )as performed on 12 -9 — 1991,
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Time Interval | SI (K3) | @us (KJ) | Qup (KJ
08:00-08:30 | 282.0 | 128.1 105.5
08:30-09:00 | 510.0 | 2336 195.9
00:00-00:30 | 6527 | 3014 241.1
00:30-10:00 | 7641 | 346.6 286.3
10:00-10:30 862.5 406.9 339.1
10:30-11:00 937.7 444.6 376.8
11:00-11:30 | 994.5 | 4147 422.0
11:30-12:00 1036.1 497.3 444.6
12:00-12:30 1059.5 510.4 467.2
12:30-13:00 | 1059.5 | 519.9 167.2
13:00-13:30 | 1037.6 | 504.9 146
13:30-14:00 994.5 474.7 422.0
14:00-14:30 | 9295 | 429.5 301.8
14:30-15:00 844.5 376.8 346.6
15:00-15:30 770.8 339.1 309.0
15:30-16:00 6569.4 278.8 263.7
16:00-16:30 | 548.8 | 2185 211.0
16:30-17:00 | 428.6 | 173.3 173.3
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Teble C.11 : Calculated parameters of the performance for the forced
circulation with load conditions ( = 0.05I(g/s )as performe(l on l{-0- 1001,

Time Interval | SL (K3) | Qus (K3) | Qup (KJ)
08:00-08:30 | 335.1 113.0 75.4
08:30-09:00 521.5 2449 188.4
09:00-09:30 | 636.4 339.1 263.7
09:30-10:00 | 739.2 a14.4 339.1
10:00-10:30 828.4 508.6 414.4
10:30-11:00 | 909.9 565.1 489.8
11-:00-11:30 | 9724 602.8 527.5
11:30-12:00 | 1015.8 | 6405 £65.1
12:00-12:30 | 1041.5 | 6782 602.8
12:30-13:00 | 1042.1 | 678.2 602.8
13:00-13:30 | 1017.9 | 6405 565.1
13:30-14:00 | 966.9 621.6 527.5
14:00-14:30 | 903.8 §65.1 471.0
14:30-15:00 | 830.1 508.6 433.3
15:00-15:30 | 773.5 452.1 376.8
16:30-16:00 | 669.2 376.8 301.4
16:00-16:30 | 566.4 214.9 188.4
16:30-17:00 | 433.1 150.7 942

Teble C.12 : Calculated parameters of the performance for the forced
circulation with intermittent load of 5i/A ( vi=003Kg/s,and V, = 500 ) as
performed on 19 - 8 — 1991.

Time Interval | SL (KJ) | Qus (KJ) | Qup (K3)
08:00-08:30 | 380.56 | 10L7T 101.7
08:30-00:00 | 536.1 | 2826 237.4
09:00-09:30 | 6694 | 373.0 316.6
00:30-10:00 | 777.6 | 452.1 373.0
10:00-10:30 B70.4 508.6 440.8
10:30-11:00 | 9519 | 553.5 486.0
11:00-11:30 1016.9 B87.7 531.2
11:30-12:00 1062.2 £99.0 531.2
12:00-12:30 1080.6 576.4 486.0
13:30-13:00 | 1086.9 | 553.8 463.4
13:00-13:30 | 1064.9 | 553.8 486.0
13:30-14:00 | 1026.5 | 519.9 140 8
14:00-14:30 | 968.2 | 440.8 373.0
14:30-16:00 | 0005 | 3843 327.8
15:00-15:30 800.0 237.4 203.5
16:30-16:00 | 7024 | 1470 124.3
16:00-16:30 448.0 113.0 79.1
16:30-17:00 382.4 33.9 226
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Table C.13 : Calculated parameters of the performance for the forced
circulation with intermittent load of 10//h { rii = 0.03Kg/s,and V, = 50! )as

performed on 20 ~ 8 - 1691.

Time Interval | SI (KJ) | Qu. (KJ) | Qup (KJ)
08:00-08:30 419.1 113.0 101.7
08:30-09:00 541.8 271.3 2374
09:00-09:30 659.8 373.0 327.8
09:30-10:00 759.5 440.8 395.6
10:00-10:30 856.4 519.9 440.8
10:30-11:00 940.0 508.6 474.7
11:00-11:30 099.5 531.2 508.6
11:30-12:00 1052.0 553.8 531.2
12:00-12:30 | 1069.5 576.4 565.1
12:30-13:00 1072.0 b76.4 565.1
+13:00-13:30 1058.2 865.1 553.8
13:30-14:00 1462.3 542.5 519.9
14:00-14:30 946.9 £08.6 463.4
14:30-15:00 977.1 440.8 395.6
15:00-15:30 780.8 373.0 283.9
15:30-16:00 679.2 293.9 214.8
16:00-16:30 566.4 214.8 158.3
16:30-17:00 447.1 147.0 101.7

Table C.14 : Calculated parameters of the performance for the forced
circulation with intermittent load of 151/h (th = 0.03Kg/s,and V, = 50! } as
performed on 21 — 9 —1991.

Timne Interval | 51 (KJ) | Qus (Kd) | Qup (KJ)
08:00-08:30 | 413.0 1243 113.0
08:30-09:00 | 535.3 382.6 260.0
09:00-00:30 | 653.56 | 373.0 327.8
00:30-10:00 | 753.2 | 452.1 384.3
10:00-10:30 | 8428 | 497.3 452.1
10:30-11:00 | 928.3 519.0 474.7
11:00-11:30 | 998.3 531.2 4973
11:30-12:00 | 1045.1 | 542.5 508.6
12:00-12:30 | 1069.5 | 576.4 553.8
13:30-13:00 | 1075.6 | 6216 587.1
13:00-13:30 | 1058.4 | 632.9 587.7
13:30-14:00 | 1010.6 | 576.4 542.5
14:00-14:30 | 961.9 510.9 486.0
14:30-15:00 882.7 474.7 429.5
15:00-15:30 | 794.6 | 406.9 350.4
15:30-16:00 | 696.0 316.5 282.6
16:00-16:30 | 585.9 237.4 203 .5
16-30-17:00 | 460.1 169.6 135.7
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Table C.15 : Calculated parameters of the performance for the forced
circulation with intermittent load of 5l/h ( 2= 0.07Kg/s, and V, = 50! } as

performed on Y - 8 - 1001.

Time Interval | S1 (KJ) | Qu, (IJ) [ Qup (KJ)
08:00-08:30 330.5 158.3 105.5
08:30-09:00 510.6 290.1 237.4
09:00-09:30 650.1 369.2 200.1
09:30-10:00 750.1 422.0 369.2
10:00-10:30 8274 475.0 422.0
10:30-11:00 904.0 527.5 474.7
11:00-11:30 961.3 580.2 501.1
11:30-12:00 1006.4 580.2 527.6
12:00-12:30 1025.4 6553.8 501.1
12:30-13:00 1030.2 550.1 501.1
13:00-13:30 1016.9 474.7 422.0
13:30-14:00 982.0 422.0 369.2
14:00-14:30 927.0 369.2 342.9
14:30-15:00 856.0 316.5 263.7
15:00-15:30 770.8 2374 197.5
15:30-16:00 659.4 184.6 145.0
16:00-16:30 B48.9 100.0 79.1
16:30-17:00 427.9 35.0 26.4

Table C.16 : Calculated parameters of the performance for the forced
circulation with intermittent load of 10//h { 7 = 0.07Kg/sand V, = 501) as
performed on 25 — 8 — 1991,

Time Interval | 81 (KJ) | Qus (KJ) | Qup {(KJ)
08:00-08:30 | 385.3 131.9 105.5
08:30-00:00 | 505.0 263.7 211.0
00:00-09:30 | 6159 | 3165 200.1
09:30-10:00 | 728.1 422.0 342.9
10:00-10:30 | 827.0 501.1 448.3
10:30-11:00 | 900.1 550.0 4747
11:00-11:30 | 963.2 | 580.2 527.5
11:30-12:00 | 1008.1 | 606.6 537.5
12:00-12:30 | 1030.7 | 606.6 553.8
12:30-13:00 | 1033.2 | 606.6 553.8
13:00-13-30 | 1023.1 | 580.2 501.1
13.30-14:00 | 982.0 527.5 474.7
14:00-14.30 | 921.8 | 4747 422.0
14:30-15:00 844 .5 422.0 330.0
15:00-15:30 767.0 369.2 290.1
15:30-16:00 | 657.1 | 263.1 2374
16:00-16:30 | 544.3 158.3 140.0
16:30-17:00 | 4235 52.8 40.0
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Table C.17 : Calculated parameters of the performance for the forced

eirculation with intermittent load of 151/h (m = 0.07Kg/s,and V, = 50 ) as
performed on 26 — 8 — 1991,

Tirme Interval | SI (KJ) | Qus (K3) | Qup (KJ)
08:00-08:30 | 4114 131.9 105.5
08:30-09:00 | 525.9 250.1 211.0
00:00-00-30 | 619.5 305.6 316.5
09:30-10:00 764.1 474.7 395.6
10:00-10:30 | 8435 527.5 a74.7
10:30-11:00 | 928.3 606.6 501.1
11:00-11:30 | 1000.1 | 6329 527.5
11:30-12:00 | 1042.1 | 6329 528.5
12:00-12:30 | 1065.3 | 659.3 553.8
12:30-13:00 | 10749 [ 659.3 563.8
13:00-13:30 | 10456 | 606.6 527.5
13:30-14:00 | 989.3 653.8 74T
14:00-14:30 | 959.0 474.7 369.2
14:30-15:00 | 829.3 395.6 342.9
15:00-15:30 | 632.0 237.4 211.0
15-30-16:00 | 502.9 158.0 130.5
16:00-16:30 | 394.3 85.0 67.5
16:30-17:00 | 316.3 45.0 32.5

*
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