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ABSTRACT

The aim of this study is to perfofm tﬁe second law analysis for solar-
assisted heat pump system. For this purpose, the computer simulation of solar-
assisted heat pump system is performed and the results are obtained for
typical days of each month of December, January, February and March. Also, the
same task is performed for solar collector system and heat pump system; During
the analysis, five different solar collector areas are used for both the solar-
assisted heat pump system and solar collector system, sﬁmming up to eleven
different systems consisting threé main systems. The conventional boiler is

used as auxiliary energy source for all of the sfétems.

The exergetic efficiency, or, second law‘efficiency is defined, formulated
and reduced for each of the systems. The exergetic efficiencies and coefficient
of performances are calculated by computer using fifteen minutes computer steps

and comparison is performed .among the systems..
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0- INTRODUCTION

The awareness that widely used energy resources are approaching
exhaustion has stimulated interest in applying the second law of thermodynamics
to the analysis of energy conversion efficiency. This.is not surprising, since
'treditional first law efficiency is .silent on irreversibility. As nonrenewable
fuels become more scarce, their ability to produce useful work become more
precious. |

Availability, the thermodynamic term for this ability, is characterized
in terms of the second law. This renewed interest in second law analysis has
produced a range of opinions on its utility and a variety of parameters for
its expression. Even,‘the availeble energy and unavailable energy are
expressed  ih Europe with different names as exergp and anergy, respectively.
,AS it is too hard to choose, and so as to prevend restrictlng ourselves from
u51ng broader types of analysis, in thlS study these concepts have been
reviewed while both terminologies are used trying to be con51stent‘w1th—to
some extent-different approaches of second 1law analyeis.

Solar energy systems and heat pumps are two promising means of reducing
the consumption of nonrenewable energy sources. A logical extention of each

is to try to combine the two to further reduce the cost of delivered energy,

The efficiency of a solar panel is 1nversely propot10na1 to the temperature
of its working fluid, whlle the requirements for space heatlno nece551ate a
fluid at a relatively high temperature.
By 1ntroduc1ng a heat pump as an intermediate system element, t is
possible to operate the panels at a more eff1c1ent temperature and to have
heat exchange with the room air occur more efficiently. To provide for heating

at night and during extended cloudy periods, a thermal storage element such as
!
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a8 liquid filled tank mﬁst be employed. -

In most gebgraphical regions, weather conditions will require a
conventional (non-solar) heating system as backup. This backup sys&em might
be elihinated if the thér&al Storage element is large enough, but its required
dimensions would render it impractical. This study assumes a conventional backuy
system, a boiler. |

Extensive studies regarding performance analysis and cost analysis of
: solar assisted heat pump systems have been examined previously. The study
presented here is a second layw analysis of this system fulfilling heating task
.of a house in istanbul. Also, the heat pump with boiler backup and solar colle
with boiler backup ha?é been éxamiﬁed from.this point of view to be able to
compare which System renders the least irreversibility, which in sense means,

the most convenient one.



I- HISTORICAL INTRODUCTION

Availibility, éonceived in its broadest sense, is one ofvthose cbncepts

| not infreqdent in thermodyﬁamics—which has been discovered and . rediscovered

- independently by a string of physicists and engineers. This nature of
discovery has led to a variety in terminology, as will be seen later.

| Many writers trace this concept to M. Gouy (1889), many others to J.W.
Gibbs (1873,1875). Some see its beginning in P.G. Tait (1868), J.C. Maxwell

: (1871), and Lord Kelvin (1879). The concept was certainly known and used by

FA. Stodola (1898,1905) and M.E. Jouget (1907), both of whoquuoted Géuy; The
cause of availibility and the closely related_conceﬁt of exergy was also

- taken up by J.H.Keenan (1932) (who referres to G.ﬁarrieus (1930) ), and later
by H.D. Baehr (1962) who based much of hisiﬁork oﬁ Z.Rant (1936) and F.Bosnjakovic

(1935) R.B. Evans (1969) reintroduced. the term for chemical work and mixing

.

f1rst mentloned by J.y, GlbbS A line of developement is represented by the-
untranslated treatises_of J.Szargut (1965) and J.Madejski (1977). The concept
is presented.clearly in-the recent textbook of V.A.Kirillin, V.V.Sychev, and
A.E.Sheindlein (1976). |

K.W. Ford (1975) and .G.M. Reistad (1974) have examined many thermal
processes, as well as the gntire U.S. energy economy, by means of the seéond
iéw thermodynamics.

With the contribution of researchers among which are A.Bejan, A.B.
| Cambel, R A. Gaggidi, J.Kestin , A.K.Oppenheim, F.Kreith, J.E.Ahern, M.V.
Sussman, J.Szargut, a workshop (second law anal&sis of energy devicgs and

processes) was held on 14-16 August 1979 at the George Washington University.

Today, the method is updated and more organized, such that, it is
coupled with the other methods for optimization of processes.

/



' Thé héat-pump concept was conceived by Lord Kelvin over 120 years ago.
Since that time the use of such devices has often been advocéted'bécause heat
pumps can reduce power comsumption compared with conventional heaﬁing systems.
For contribution to this reduction (i.e. high C.0.P.), solar collectbrs are
introduced to work coupled with the heat pump.

Jordan and Threlkeld (1954), P.Sporn and E.R.Ambose (1955), G.0.G.L&f
»(1956), C.P.Davices, Jr.and R.I.Lipper.(1958), F.H.Bridges, D.Paxton and Haines'
(1958), G.R.Maory (1964), Calvert and Harden (1973), Bosia and Suryanarayan
(1975), F.L.Freeman (1975), V.D.Karman , F.L.Freeman and J.W.Mitchell (1976),
J.W.Mc Arthﬁr, W.J.Palm and R.C.Lessman'(1978), ant others researched the
applicability of the solar-assisted heat pump,vSome of thése explorations
were held on theoretical base using computer simulations whereas some were
practically established as Albert' and Holt's study (1976). Though the
system hasn't yet proved itself both economically and technically, the obtained
high coefficient of performance encourages to survive the studies at least

hoping improvement  so that it can be advocated without any hesitation.



II- SYSTEM DESCRIPTION

A. Solar-assisted heat pump

The solar-assisted heat pump used. in this study is shown schematically
in Fig.2.1

BOILER_

HOT ‘ ‘ LOAD
WATER TANK ¥

AN

N ./\

CONDENSOR

A

EXP. @
VALVE -

COMPRESSOR

Y

EVAPORATOR

~ COLD
WATER

TANK

| SOLAR COLLECTOR |

Fig.2.1 Description of Solar-assisted heat pump
Bfiefly, the solar collector exchanges energy with the cold water tank
which in turn gives energy to the evaporator. The condensor and boiler are in

paréllél giving energy to the hot water tank from which the energy is extracted
/ . :



to be delivered to the load. All the devices extract water from the tanks
dlrectly, w1thout u51ng any coils.

System control logic

The solar collector works during the day time and delivers hot water to .
the cold water tank.

The heat pump works as long as the cold water tank temperature ‘is equal te
or. above 10 °C,

Theiboilervworks whénever the heat pump doesn't work.

A1l the three systems work between 6 a.m. up to 23.p.m.

B. Heat pump and boiler

2

n

HOT
BOILER WATER
TANK

Y

LOAD

Y

CONDENSOR

A

A

EXP. @ | | Y
VALVE » \__/ COMPRESSOR

\/

EVAPORATOR

Fig.2.2 Description of heat pump and boiler
The evaporator receives heat from the ambient air and via condensor the

heat pump delivers heat to the hot water tank. The boiler also delivers energy

!



to the hot water tank. All the devices extract water from the tank directly,
- without using any coils.

System control Logic

The heat pump works as long as the ambient air temperature is equal or

above 5 OC .,
The boiler works whenever the heat pump doesn't work.

The system delivers energy to the load between 6 a.m. -23 p.m.

C. Solar collector and boiler

< HOT , >
BOILER . WATER - " LOAD
> TANK =

SOLAR COLLECTOR

Fig.2.3 Déscrippion of solar collector: and boiler

The solaf collector and boiler are in‘parallel connection with the hot

water tank which delivers heat to the load. All the devices extract water from

the tank directly, without using any coils.

System control logic

The solar collector works during the day time as long as it delivers hot
water to the cold water tank.
The boiler works whenever the hot water tank temperature is equal to or

¢

below 40 ©C .



III- THEORY AND PRINCIPLES

3.1. Definition of the problem

The'second law, like the fitst, is a consequence of experience and logic.
It is founded on the work of Carnmot, A macroscoblc phenomenon which v1olates
the second law has never been observed; hence, we say that it is most improbable
that a v1olat10n will ever be observed. There are so many facets to this law
that it is being stated in different ways below :
Kelvin : It is impossible by means of inanimate material agency to derive mechanical
effect from any portion of matter by cooling it below the temperature of the
coldest of the surrounding objects. | |
Kelvin-Planck ¢ It is iﬁpossible to contruct an engine which while operating in
a cycle produces no effect except to do wotk and exchaqge heat with a single
reservoir.

No actual ot ideal heat engine operating in cycles can convert into work
all the heat supplied to the worklng substance, must discharge some heat 1nto a
naturally accessible sink. Because of this aspect the second 1aw is often aptly
referred as the LAW OF DEGRADATION OF ENERGY.

The~qaestion is:AHow much does thebenergy degrade as we appiy a process
through a certain system. How do we approach the ideal as we apply a different

\ . '

system that will perform the same task. The final and perhaps the most important

question is : Is the system well-matched to the task ?

3.2 Available and Unavailable Energy

Since one of the more important endeavors of an engineer is to obtain the
maximum amount of work from a process or cycle and to use the minimum work in
reversed operations, it behooves us to inquire into conditions which ideally

produce‘the-maximum work. We already know what this is for a reversible engine,
/ :



~ but in asmuch as most engines do not propose to be reversible, even ideally, we

need to set up standarts for other situations. From the two expressions of the

Carnot efficiency,

e T B ,
e=1._T2 od esl- — B (3.2.1)
Ty - Q
iwe write
Qg T ’ :
=__ 2 T, . Q
or Qr=To A~
% T, ¢ Tl_) (3.2.2)

‘This value of QR ié the heat that must be

.discharged by a reversible engine, the most ;

perfect conceivable, operating between Ty and Té. :2__ <9%/
Since no imaginable engine could convert a larger - T Y /. 1
portion of heat into work, we say that this QR is ' QK'
UNAVAILABLE ENERGY or as-synonym, ANERGY. None of : T g
. the,uhavailable ehergy Can.be converted into work— Fig.(3.2.1) Car;ot
o cycle

unless a colder sink becomes availéble,
Equation'(3.2.2) is useful only‘yhen the heat QA is added at constant
temperature. To get a more general expression, let the heat be added in

.accordance with some internally reversible path ab (Fig.3.2.1) and consider

an infinitesimal Carnot cycle 1-2-3-4 . -
' : ' ' T
The working substance is a closed system.

. : : . » 2(///b
Since the width of this cycle S is very small, ////5y-———-— T1=
heat is effectively added at constant témperature a

S : , o Aoty = T2=Tg
along 4-1 ; call this temperature T. The sink at 33\3 ZKiAJC
: _ NN AN
temperature T2 is some natural heat reservoir, k*“;'m“““‘ ?S‘
- e £

such as the atmosphere, a river, or a lake. Fig.(3.2.2) Reversible

process
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Let the natural sink temperature be designated by To. Now, in equation

(3.2.2), 1et.QA==dQ', Qp=dQg , T1=T , and T2=T0 , @ constant and_get.

™. e To( 0 (3.2.3)
To T T ‘

In wvords, this equatic/)n says that when heat Q is transferred to a sysi:e:n
whose temperature T is variable (or constant),>the portion QRbas defined by
equation (3.2.3) is the minimumvhéat‘that must be rejected as heat in case we -
try to obtain work from the heat Q. For this reason, we call this particular
rejected heat the unavailable energy. Thus, the unavailable energy Eu may be -
defined as that portion of any transferred heat yhich cannot be converted into
work when the heat is used in a frictionless engine for which all processes are
ideal. Since the QR of equation (3.2.3) has this special significance, it}will‘

be designated by Eu .

Moreover, recalling that ng/T = AS for a reQerSible process, ref
. . _ ) |

‘1,pg.199 ) ., we can write
o rdy ' . | |
Eu_Tof._g_ =Toas N (3.2.4)

where " AS 1is the system's change of entropy during the transfer of heat Q.

AVATLABLE ENERGY or EXERGY, Ea, may now be found as the transferred heat
minus the unavailable eﬁergy,

Ea=Q-Eu = Q-T, AS™ o © o (3.2.5)

Available energy is energy which is convertible %100 into work in the-
absence ©Of irreversibilities, and in this case, it is thaf portién of the heat
transfer;ed to a system during an internally‘reversible process which is
available for conversion into work in a closed cycle and its.amount is given‘

by equation (3.2.5) whether or not the system remains at constant temperature

i
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while receiviﬂg heat. After heat has been added ab (Fig.3.2;2) » the available
energy, area abcd, can'be'realized as work by completing the cycle with two
insentrcpics;bc and da , and an isothermal cd. The area cdef répresents the
unavailable energy. The actual work obtained from any héat Q will always'be less

than the available energy.

3.3 Entropy Production

For the cycle of internally reversible processes abcd (Fig.3.2.2) which
is any cycle chosen at réndom, the system's increase in entropy during ab is

balanced by the system's decrease cd, and

Q Q - C
e A LI 331

Now let us suppose that the expansion from b is irreversible instead of
reversible, along some path bc' ; and for convenience, let bc' be adiabatic

(Q=0). Since the process bc' is irreversible, ' f\ » b

less work is done than in process bc; ‘ ‘ ///////’/\\
- . .‘ a ,\\‘

therefore, more energy remains in the sysfem \-

’ AN
than when the expansion is reversible and d c_ ° <!

: ' . i 1ASp [
point C' is consequently to the right of goint c. = ASr
' F— &S| —3

Thus, since more heat Q'R is rejected after the - » \'q
irreversible expansion, Qg/T, is a larger number
than QR/TO. ‘V " , R ‘Fig.3.3.lq Irreversible Proces

. ' - . . X
Then S_d_g__ % -7 % .o (3.3.2)

T T, 7T |

and it is less than zero (a negative quantity) because,Q}'z/To is ‘a larger number

than %Q . In other words, this equation says that the system discharged
(4S') more entropy than it received (ASr) from the surroundings; it is

PRODUCING ENTROPY (ASp).
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Combination of the'preceding two equation gives

dQ ’ N
| ) f——T—A 0 | ‘ (3.3.3)
which is simply the Clausis.  Inequality.
The net result of irreversibility is an increase in entfopy; This
increase of entropy due to irreversibility is célléd the ENTROPY PRODUCTION
or ENTROPY GROWTH. From Fig (3.3.1) , we may write the equation,

L)+ ;Q + Sper - bfé%g-gé_ +4Sp = 0 (3.3.4)

a TO

_whe;e ASp is the entropy production during process be' ,énd' the entire
, internai production of entropy during this particular cycle, because the qthef
processes are internally reversible. |

vFor a CYC1iC operation, the entropy of the system retﬁrns to its
initial value Sa every tlme a cycle is completed That- 1s,A the internal
change of entropy is zero for 1rrever51b1e as well as reversible éyﬁies. The
entropy production durlng a cycle is the growth of entropy of the surroundings.

We may say in accordance with the second law that
A S system + AS surroundings >0 ' (3.3.5)

where the equals sign applies only when the processes are internally and

externally reversible. For all actual processes therefore, we can write

A Sp

AS system + A S Surrouhdings _(3.3.6!3)

AS system + A S source +A S sink (3.3.6.b)

L Sp
where ASp. is the net increase in entropy and AS system = O for a cycle
and the other changes are algebraic ( A S source is negative when it supplies

heat, positive when it receives heat in a reversed cycle).
! . .
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Since for any process, the actual change of entropy of the system is'
AS'> dQ/T , where the equal sign applies for internal reversibility, we may

write

AS =j ;Q +4Sp, : (3.3.7)

the actual change of entropy, applicable to a process or a series of processes.
For a more comprehensive understanding, let us examine the cortrol

volume in Fig.3.3.2

Fig. 3.3.2 Entropy production in a control volume "

For a control volume with several inflows and oufflows, the definition

of entropy production can‘reédily be extended On a rate basis as, ref (2,pg 189)

ASp = _+(Z (S5 my) +Z~ - (.Z(Simi)*'z =) (3.3.8)
out out 1 in . in 1
rate of rate of rate of
entropy - entropy outflow - entropy inflow
storage

Here ASp is the rate of entropy production within the control volume.

The terms- S; m; represent rates of convective entropy transfer, and the terms

Q/T represent rates of entropy transfer with heat.
We should note that
A Sp=0

for reversible processes and is always positive.
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For steady-state steady flow condition, eq.(3.3.8) diminishes to

ASp=(/, (S; m; Q S: m: Qi - '
p <O§t(1fn1)+(2;t—,ril) (é(ﬂ)-g;n-? ) (3.3.9)

Yhere it reduces entropy production for a system if we let mi=0

3.4 Irreversibility

1

If a system's ehtropy change is a loss, the gain of éntropy of the
Surfoundings will = be greater than the 1oss,.resuiting‘in a net gain. Thus,
entropy, like time, is unidireétional and always increasing, and moréover, the
change of entropy is a measure of the change of unavailable energy (T, S); the

‘greater,the increase of unavailable energy and the greater the 1oss’of avaiiable
energy. Hence, defining IRREVERSIBILITY as increment of unavailable energy, we

can meause its amount with respect to a heat source at temperature T, as

(3,pg.686)

Irr=T, . 4Sp : (3.4.1)
'Hence, we obtain an absulute measurement for irreversibility taking place
in a certain prozess with respect to:our épecified staté of temperature T, .
The maiﬁ causes of irrevérsibility are as follows: |
-Dissipation (friction) :
—heat—tfansfer under temperature reduction;
—~chemical reactions (combustion) ;

-physical mixtures.

3.5 Exergy and exergetic éfficiencv

If we apply the first and second principles of thermodynamics to any

system, we obtain the exergetic balance in power according to (4,pg.52_)

E+ Ej + Ew = E*+ E§ + Ew - L | (3.5.1)
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where:

E is mechanical or electric power, (mechanical or electrical energy is the

~ same as mechanical or electrical éxergy)

Eq is heat-exergy (or available_energY)v

Ew is transformation-exergy (eg.combustion) .

L is exergy losses (or irreversibiliry)

The éxponents + or ~ dindicate that exergy is Ie¢eivedby the system from outside
respectively given by the system to the outéide. |

Heat-exergy Eq is defined by the relation :

Eq=6.0Q | | (3.5.2)
where:
Q is heat-power received or given by the syétem to the outside
©' is the CARNOT coefficient defiheé by:
- e'=1._To
T

In this definition:

(3.5.3)

To“is the temperaturé of the atmosphere
T is thé temperature of which heat-power Q is transferred.
| Heat-exergy Eq is the maximum equivalent mechanical power that ran be
obtained .reversibly from heat power Q .
Transformation exergy is the maximum equivalent mechanicai power thar
can be obtained reversibly from the thermodynamic transformationrof é méterial.
Exerg& losses L are exergy reductions due to imperfections of the
.system. In the energy sense, any imperfection gives rise to a thermodynamic
irreversibility and any irreyersibility ‘results in a deterioration of energy.
This sequence of events can be éxpressed quantitively as a reduéfion)of exergy

(recéll'that it is increment of available energy which is the same thing).
!
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Considering the exergy balance expressed by relation (3.5.1) , we can

- define the exergetic efficiency of any system by the relation:

E- + Eq + Ew ,

which can be expressed as follows:

N ‘ |
_77ex= D‘ (3.5.5.a)
N
= — (3.5.5.7)
N+L
DL o . (3.5.5.¢)
D ' ‘
1. b | o (3.5.5.d)
) D
when N and D are the numerator and the demiminator of eq. (3.5.4)
3.6 Heat-Exergy
In the previous Section (3.5) , we have defined heat-exergy as
Eq =Q . (1- To_
' T
1f we let
0= m Cp dT (3.6.1)
we obtain T2
Eq= 5m Cp dT(1- To_ | (3.6.2)
T : '
Ta. :
Taking the integral, we have
o . T2 -
Eq= m Cp (T2-T1)~ m Cp To Ln ( ) - (3.6.3)

T1
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However, equating  (5,pg.43)

Q=m Cp (T2-T1) _ ' _ (3.6.4)
= m(h2-h1) 7
and,
S2= Cp Ln T2 . (3.6.5)
Si= Cp Ln Ty |

we can write
= h, T S h, T : :
Eq= m i (f2-%0 ®2) - (M-, Sl) g (3.6.6)
‘which ié the definition given in same textboqksvas in ref.

( 1,pg.278) . as reversible work (Wrev).

3.7 Transformation Exergy

.It is indicated in ref. (1, pg.289) that when an steady state steady
flow chemical reaction takes place in such a manner that both the reactants
and products are in temperature equilibrium with the surroundings, the Gibbs
function _

g= h-Ts o ” '\(3,7.1)
" becomes a significanﬁ variable. For such a process, in'thé absencé of
changes in kinetic and potential. energy, the reversible work is:given by the

relation (1,pg.513)

Weey = 2 03 8f -7 Te 85 | ’(3-7-2)>
R ‘ P

where R and P denote reactants and products, respectively, and, superscript
( ) denotes division by number of moles.

. The- internal energy of combustion is defined as»(l,pg.SOA)

Ugp = 2ime [F%% + 4T —P,G]e —Zni[ﬁg +vA-t_1—P,\7]
p R i

(3.7.3)
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‘where hO¢ is the epthaipy of formation as defined in ref (1,pg.493) and P!
is the pressure. |

Frequently, the term "heating value" or "heat of reaction'" is used as synonym
of interﬁal energy of combustion.

However, the difference between the decrease in Gibbé function and the
‘heating value is small for hydroéérbon fuels and the efficiency defined in terms
of heating value isvessentialiy equal to that defined in terms of decrease in
- Gibbs functioﬁ ref (1,pg.515. ).

Since in this study hydrbcarbon fuels are used; we can depict
transformation exergy as = (4,pg.56)
Ew = m AHL ' - o (3.7.4)

where m is the mass flow rate of fuel and A Hy, 'is the lower heating value

of the fuel.

3.8 Exergetic efficiency of solar-assisted heat pump: system A

As depicted in Fig. (3.8.1), we can set up exergetic balance as follows:

Exergy Input= (Eq) solar radiation + (E) electricity+'(Ew)fue1

(3.8.1)

Exergy Output= (Eq)load : ) (3.8.2)
(Eq)golar radiation = I.R.AC (1- o) (3.8.3)

: ’ T :

P
where,

A. = Collector area
IR = Solar radiation incident on the collector per mz'collector area
Tp‘= Collector plate temperature
T, - Ambient temperature

A(E)electriCity = Electricity delivered to pumps+Compressor work/ Qm.ne

/ ' (3.8.4)
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-Ed+ (heat exefgy‘from solar radiation)

i e s R i
| SOLAR - COLLECTOR 1
! |
| A '/ '
‘ I
| COLD
| WATER | h
| TANK |
l \ |
' |
: EVAPORATCR | -
l ' e
| ) ) %::1 E* Electricity for pumps |
l '
| |
| 7 o
i /L\ ) 1
== l ‘ //. ~ }
Electricity : \
for I {
compressor = N S
| 1
: |
i CONDENSOR |
y Y o I
. l- I | |
: — ) HOT > : [
L FROM LOAD ] WATER BOTLER e -
~— -
- To LOAD ——— TANK > v
Eq. - : ‘ ! 1 1 ] (Transformation
(heat exergy to load) o _f exergy from fuel)
Fig. 3.8.1 Exergetic interpretation of solar’ assisted heat pum
where, A n | |

.’ﬂm= mechanical efficiency of the compressor

Ne= electrical efficiency of the electric motor -

B fyer = meyel . AHp : (3.8.5)
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=Q /Mg
where,
"|B= efficiency of the boiler
= U/ (Mfye1 . AH )

QB= heat given by the boiler

(ED1oad = U - Ty pep 14 ( THT (3.8.6)
| , T

Here, we use eqn.'(3:6.3), and from 1 st law of thermodynamics,

mCp (TL - Typ ) = m (hy - hyp ) . (3.8.7)
: o ,
where,
QL= Heat given to load )
m = mass flow rate of the stream delivered to load
THT = Temperature pf the hot water tank, since we deliver stréam‘to
load directly from the hét water tank
T ﬁ_the temperature of the stream retﬁrning back from load

Thus, we set up the exergetic efficiency for the system as

4 -To mCptn( 19 )
Ty

( Mex) = , (3.8.8)

sys

T
)
I.R.A, (I-— ) +E+ QB/?Ye .
T
p
Exergy output

Exergy input

3.9. Exergetic efficiency of the solar collector

~
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Tc.il; Tcy
(Eq)Out .

Fig. 3.9.1 Exergetic interpretation of sblar collector

For the solar collector, if ve set up exergy balance:

To
Tp

Exergy in = I.R.A, ( 1- ) . (3.9.1)

as in eqt (3.8.3)

Exergy out = Qu -~ T, m Cp Ln.(TC2 )

Tor (3.9.2)

where,

useful energy collected from the solar collector

Qu

m Cp (Tey - Tg.1.) - (3.9.3)

m (2 - he 7

directly from the cold water tank.

Teo = Temperature of the retﬁrning stream from the collector.
‘Here, similar approach is performed as (Eq)load in section (3.8)

Thus, we set up exergetic efficiency as:

Qs - Tom Cp Ln (hICZ_)
Tcr

( "ex )-SOL.COL= (3.9.4)

To

I.R.A. (1-

)
Tp

Te.r = Temperature of the inlet stream to collector, since it is delivered



- 22 -

3.10 Exergetic efficiency of the boiler

Fig. 3.10.1 Exefgetic interpretation of boiler

For the boiler, the exergy balance is set up as:

Exergy in = Ew : : (3.10.1)
= Mfuel. Hy
=QB/ 1B
as shown also in eqt. L | (3.8.5 )

Hefe, the boiler efficiency is the efficiency term given in practice
(1,pg.515).

T
Exergy out= QB - m Cp T, Ln (B2
“rerey Q P o (55 (3.10.2)

THT =

where,

TB2 = temperature of the stream returning back from the boiler

=3
s
—
"

temperature of the hot water tank from where the water is
directly pumped into the boiler

m = mass flow rate of the stream

Here, the exergy out term is set up using the same treatise.as in
eqt. (3.8.6)

Thus, we obtain the exergetic efficiency for the boiler as:

B-mCp T, Ln (_I_EZ__).
(exd, o T — !
boiler % /B : . | (3.10.3)
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3.11 Exergetic effigiency of the heat pump

For the heat pump, the exergy balance is set as follows:

Exergy in = E + (Eq)evaporator (3.11.1)
 Exergy out= (Eq) condensor (3.11.2)
E =W/ ("]nhqe) ‘ (3.11.3)
:where, | |
W = work of compressor

MTm

7]e = electrical efficiency of the electric motor

mechanical efficiency of the compressor

- | EVAPORATOR

|
|
|
|
|
R

CONDENSOR |
[ ' |

Fig. 3.11.1 Exergetic interpretation of heat pump

(Eq)evaporator =Qg - p Cp T, Ln'(—ICJL—) (3.11.4)

Tg)
where,

QE = Heat delivered to the evaporator by the stream

/
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T,

t
[§}
n

Temperature of the stream at the outlet of the evaporator

TCT Temperature of the cold water tank from where the stream is
delivered to the evaporator directly.

m = mass flow rate of the stream

(EQ)¢ondensor = Q¢ - m Cp To La (—1K2) (3.11.5)
* Thr _ .
where, : '

Qc = Heat delivered by the condensor to the stream

Txo Temperature of the stream at the outlet of the condensor |

Tht

‘Temperature of the hot water tank from where the stream is

delivered directly to the condensor

Hence, we set up the exergetic efficiency for the heat pump as :

‘Qc-m Cp Ty Ln (!EKZ_) o ' |

T
HT |
(" ex)heat pump = (3.11.6) o o

T ,
( TFT )
E2

W/(qm;ﬂe)+QE -m Cp T, Ln

3.12 Exergetic efficiency of heat pump and boiler: system B

For this system, the exergy balance is:

Einput = (Bdto compressor+‘(E)to pumps+ (Eq) to evaP°f3t0r+(Ew)fuel
(3.12.1)

Equtput = (EQ)to 1load - - (3.12.2) §
|

Here, E to compressor and pumps are the same as treated in sect.(3.8)

Also, Ew to boiler is the ssme as the mentioned section. &

(Ed)¢o evaporator _ Qp (1-—420—) ©(3.12.3)

T

=0
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Eq into evaporator

| EVAPORATOR "
l H
l -
| ' N !
(E) T | :
= ! ’ 1= (E) £
for i ‘ , o ‘ O or pumps
(e . ‘
Compressor! 5 @ EXPANSION |
Co , 57 VALVE :
1 |
; |
; | |
S -l } ’ I
| CONDENSOR !
) i
.
a
L HOT .
Eq <v-L: ' WATER - BLILERD t Ew
to load ~ —*7 TANK < ‘ '
i : ' '
i
'

Fig. 3.12.1 Exergetic interpretatipn of heat pump and boiler.

since ', the evaporator receives heat from the ambient air.

(Eq) to load is the same as the above mentioned section.

thus,

T
QU -mCp T, Ln (—22—) .
Tyr (3.12.4)

(@l eX)gys =
(E)pump'sﬂ-l/’]m ”/1 e + QB/'r/ B

So as to analyze the exergetic efficiencies of heat -pump and boiler consisting

the system, they are given as:

A . oSt
- p0GRIG (IVERGITES) \mm\;\ |
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iy
Q - nmcp Ty Ln ( %CZ )

(Tex) = HT - (3.12.9)

heat pump W/ nm ne

since, (Eq)evaporator =0 as shown above. The exergetic efficiency of the

boiler is the some as given in eqt. (3.10.3)

3.13 Exergetic efficiency of solar collector and boiler : system C

];(Eq) collector

i il
| SOLAR coa;. i | E punps
'{ SULAR COLL..
| |
R ;
o | _ | ! 1‘“"‘“‘?‘
___,__.4___ —— ) T UR———
(Eq) : ' HOT ; . X { ———

TANK o

|
N S —_
|

__n_}”m_ WATER | > | BOILRR = |[>—
| |

S e mm  w wn  er ——  a e e e e e — o . e a— -

. Fig. 3.13.1 Exergetlc 1nterpretat10n of solar collector and
boiler

For this system, exergy balance can be set'up as follows:

Exergy dnput = (Ed)cortector + Bfuel + (B)pumps (3.13.1)

Exergy output= (Eq)jqaq (3.13.2)

(Eq)collector . (Ew)fuél . s - and (Eq)load are given in eqts
(3.8.3) , (3.8.5) and (3.8.6) , respectively

 Thus, we set up the exergetic efficiency as :

Q -m Cp Ty, Lo (- TL? ) (3.13.3)
, HT
| ‘ I.R.A

T, .
(o (l‘f)-ﬂg& QB/ qB
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For the exergetic efficiencies .of the solar sollector and boiler taking part
in the system, the exergetic efficiency of the boiler is same as given in
eqtn (3.10.3),

The exergetic efficiency of the solar collector is :

; Qs—meTo Ln (_TLZ_)
(Nex) = ' ' THT

3.14 A Comparison of two types of second law anaiysis

An example of second law analysis is given in ASHRAE (1;pg.15) for
a vapor compression cycle'with the task of refrigeration as shown in Fig.
(3.14.1). We quote below the table given in the reference as table 5,§g.15.
PROCESS: Pipe (1-1.1) (heat pransfer to atmosphere)

T
A

Fig. 3.14.1 T=S diagram of refrigeration cycle

Irr = To AS

-Q
total=T, (51,18, )+ 22t (3.14.1)
1
=T, (S;.1-5.)+ hi-hi.1

‘ To
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PROCESS: Compressor (1.1-2) (adiabatic)

Irr = TO ( Sz - Sl.l)

(3.14.2)
PROCESS: Condensor (2-3) (heat transfer to atmosphere)
Irr= T, (S3_Sy) 4 2B (3.14.3)
T
=To (S38p) 4 2= 13
PROCESS: Expansion Value (3-4) (adiabatic)
Lrr= Ty (84- 83) (3.14.4)

PROCESS: Evaporator (4-1) (heat transfer from refrigeration load at temperature

TR) | | o |
Irr =T (3. 8 = 4% : ~
, ) 1- %4) + —— :
Tp . | (3.14.5)
h, h
=T, (Sl—SA) +,__é:_f_
Tr
Total Irr= T, (S =S, 4598 Sq.8,.5, Sa.c - Q,
-ota | rr=To (81,1 =85 +52-55.1453-52454 343, 84) *2Q3 Q4 - &2 . T,
- (3.14.6)

= 9Qa. T
= 273- 1Q1.1 “‘**'th
Tp -
T
= m(hy~h -
m(hp=hg4h -h, ) m ()
Since this is a steady state steady flow process, careful analysis with

equation (3.3.9) shows that each irreversibility is found out the some where

the mentioned equation is applied. Recalling that equation,
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ASp= T (s m; )+ ) Q; T (
.. . - S A

out = out Ty in( 1M+ gi
we can set

1Q ., = (h1.1~h1) m

2Q3 (h2—h3) m

1% (hi—h4) m

where m is the some for each of the processes

Thus, for the pipe

E S]_ mi:Sl. m

1
out
Q;
— =0
~out i

z: Q Q1 '(hl.l—hl)

= T = m
in Ti TO To
and,
A Sp=ﬂl(81.1+ (h-h2) S,)
T,
N Irrm TOZ&Sp p
for the compressor
Z: Si.mi= 82’-m
out
B Qi = U -9

out T; in Ty

A Sp= m(52-51.1)
Tr=T, A Sp

HIO

i



for the condensor, .

out
Q h, h
out T4 T, T,

and, (h
A Sp=m (S3+._2-£13_) - 59)

Irr= T, A Sp

for the expansion value,

L Si mSym
out :
Q; Qq
= =0
Z: Ty Z: T
out

"L Simosia
in -

‘and,
Z&Sp= m (84—83)
Irr= T,A Sp
for the evaporator,

out

Qi

I —==-o
out i
Z: Si}ni=84,m

in

- 30 -
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Z U _ 1%
in T3 T
and, .
ASp=m (8,8, - (M) m
TR
Irr= T, ASp
Total Irr=Ty m(S, ,=5,%5,8, ;#53-57+5,-85+8,-5,)+T; m( hy-hy ythyhS  (Ba-ny)
e | To Tg

TR ‘

Thus, we reach the sae conclusion.

Now, how can we relate the exergy balance for the whole system with the
previous analysis ?

If we set up the exergy balance,

Exe;gy in = (EqQ)ipto the condensor+(E)compresspr

Exergy out= (Eq) into the evaporator
where,

Ty
(EqQ) from the condensor™ Q . (- To )=0

(E)compressor =Ws= rn(h2—h1.1)

(Eq)into the evaporator<=‘n1(h4—h1) ( 1--J3-)
T
R

' Thus, we obtain the irreversibility

L = Exergy in - Exergy out

' T
m(h2—h1.1)— m(h4—h1)+ m(h4—hl)——£L—
. . TR
T
Tr

m(h2—h1.1-h4+h1)+m

(hachy)
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hy_hg,h _h

: To‘
= m( 1)+ m T (u-h) (eh) o aee

which is the same  expression we have obtained in eqts. (3.14.6)

and (3.14.7)
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IV-  DISCUSSION

As it is mentioned before, availibility or exergy analysis is a good
indicator how ‘'we use the energy to perform the specified task. Though it may

be expressed in terms of the irreversibility or the amount of energy deterioted,

in this analysis, it is expressed in terms of availibility efficiency or exergetic

efficiency.

: Althoughveach system could be analyzed for comparison by the averaging
method as the F-charts method for the solar collector, it is favoured to analyze

by observing the response-of'the systemvasvtmé proceeds throughout the typical

‘days chosen for specified months.
So as to have a look at what we havevobuﬁned_, let us examine the gréph
~ for the change of exergetic efficiency of solar assisted heat pump system with

90 m? collector area at the typical day on January.

Nex
- (&

33 ' : . 4 ‘The first thing we

g% r | . ohxxve is that, there is

30

29 ' a sharp decrease between
28
27

26
25

24
23
22
-2
20
19

18

hours 8-14, and a sharp

increase between hours

14-17. Why ?

Sy

-7 8 Siﬂilllz 13 141516171819 2021 22 23
Fig. 4.1 Time versus exergetic efficiency graph for solar assisted heat pump during

", January with 90 M2 collector area.
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When we examine the graph
m1the]eft,weaué sure of
Load the reason. The energy
delivered which is depicted
on the graph consists of the

emﬂgydelhmwaibytme sun

and electricity delivered to
the campressor of the heat
pump.
Thé‘sohmienqurdeliwaxﬂ is
used just to rise the uﬂpaanne';
of the cold water tank so that ‘
it does not fall hﬁmmithe
working temperature limit of
the evaporator. Thus, we have
excessive energy at hand that
will be used even aefter the
sunset and which is captured
for the sake of maintaining the
working of a very efficient
device-heat pump.

Energy

delivered

EBEE588Y g NBRRRUBY S

789 WUDLRBUBBLTBOOAD S

Fig. 4.2, Graph for solar assisted heat pump system

with 90 m2 collector area during January

Aé it can be observéd in computer outputs and also previous works
(4,pg.55) the heat pump exergetic efficiency is superior over the boiler exergetic

efficiency.ATherefore, even thouéh the exergetic éfficiency of the system falls
for certain period, it is high on the average by using the non-efficient mean

of supply of energy , i.e. boiler, at least amount ,
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So, we have seen that the éxergy analysis is very sensitive regarding

the way how we use the energy conversion systems. It can be observed also with
. ]

the aid of the following graph:

Mex
22

21 |

20 &
19

18

17
16
15
14
13
12 ,
11 ' o
10 | ‘

30 60 75 90° 120

] -
- Collector area
- (m?)
Fig. 4.3 Four months avarage exergetic efficiency

versus collector area graph for solar assisted heat pump system.

As it can be observed easily, the exergetic efficiency takes its maximum

2

value at 90 m? collector ares. Aftervards , it falls at 120 m? colleﬁtor area.

This has the implication that we do not use a system that is well matched to

the task. If examine - the cold water tank' temperature on fig.(4.4) for 120 m?

- collector area on January, we see that it is excessively high compared with

the temperatures we obtained with 90 m2

collector area shown on fig. (4.2) .
On the other hand, so as to examine cleary what happens for the case with 60 m2

collector ared, let us have a 1ook at the fig; (4.5) .



- 36 - - ‘

19

ERbrGEY B

|
|
\
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Fig. 4.4 Cold water tank tempegrature versus time graph for solar |

assisted heat pump system with 120 m2 collector area

during January

-

, Asitcanbeobserved@asily,

between hours 6-8 where the boiler
deliveres the total load,. the

exergetic efficiency is at its

. lowest value. As it mentioned |
before, the boiler has an exergetié
efficiency which is relatively
very low compared with heat

oc S pump and solar collector.Between
16 , : hours 8-9 the partition of the
. 15 : boiler falls and ve observe
Cold 14

water tank ]132 efficiehéy. Between hours 9-21

temperature 1 the exergetic efficieny of the
10 system is high while the changes
9 .

can be explained by the

change in the cold water tank

/. Fig. 4.5 Graph for solar collector heat temperature. Observing that the
pump with 60 m2 collector area exergetic <_afficien¢y is high in

’

|

|

\

|

an increase in the exergetic '

| ' i
789101 12131415 6171819202122 23 ‘
: . i

B . v for January
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case during hours the solar collector works,“it may be asked why shouldn't
60,m2 collector area be used. However, in this case the cold wafer tank temperature
drops so.that finally between hoﬁrs 22-23 we cannot use the heat pump.

This means that the solar energy collected during the déy timé is not
enqugh to maintain the cold water tank temperature nvef the limit for the-

"whole day to allow working of the heat pump. Therefore, between hours‘21-23

~ the boiler takes part in giving the neceSsary. energy.therefore there is
drastic fall in iexergetic efficiency. This means that, the colléétor area'is
-not énough. -

‘Finally, if we examine the results given in sect. VI ve see that the
solar assisted heat pump has the maximum exergetic‘efficiency of 20.83 % as
avarage of 4 months, the solar'éollector + boiler has 8.33 7 and heat pump +
boiler haé 16.5 %. These results indicate thét solar assisted heat pump is the

~ most convenient - means for heating compared wifh the other systems.

For the exergétic efficiency»fendency of the other systems throught the
chosen typical days, the same argument holds. There is a hlerarchy of
convenlency among different systems and when we fall to the category of less

convenient system, the exergetic efficiency falls.

[
Nex () N |
3B Therefore , when the boiler

0
does not work , we havg ‘

hﬂﬁlemﬂggtu:eﬂﬁciamy

of the heat pump.

Y

QIR
QTOTAL

R

. \\

T
\,
)
.

\\ N, ‘.".

.
'.:f Fo A “"
1 A
i . . o I
{ . >~

. 7 89101112131415161718192021 22 23

Pig. 4.6 Graph for heat pump and boiler system for January,
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V- CONCLUSION AND RECOMMENDATIONS o |

The results indicate that for the chosen heating load and systems, the |
best exergetic efficiency has been obtained with the solar assisted heat pump

system of 90 m? collector area. Second alternative for this task is the heat

pump and boiler, and the third alternative is the solar collector and boiler

.with 75 m2 collector-areé.

The highest coefficient of performance is obtained again with the

|
|
|
|
|
1
solar assisted heat pump system of 90 m2 collector area as 3.13, confirming
the fact that this system is the most convenient one for this task. It is

important here to recognise that exergy analysis is a useful method to complement,
not to replace, énergy analysis. They together heip define the optimum system
- which satisfies the imposed thermal and economic constraints and minimizes
exergy loss , i.e, irreQersibility.

It is recommended that this analysis should be brbadened up to examine
the overalllenergy uée of the country . Thus, wé can improve our systems and

use our energy resources Cbnveniently_concluding with a contribution to

national economy.



VI- RESULTS

MONTH DECEMBER | JANUARY FEBRUARY 'MARCH
HEATING LOAD

| 355210 440000 420000 370000
(kJ/day) :

~ Table 6.1 Heating load of the house

Montﬁ .
Exergetic eff (%) DECRMBER | JANUARY | FEERUARY | MARCH | - AVARAGE

SOLAR ASSISTED HEAT

PO
COLLECTOR AREA | 30 | 962 | 9,03 | 11.51| 17.6 11.94
(n?) | 60 | 18 13.8 23.6 19.1 18.63

75 | 23.2 | 17.4 22.4 | 17.6 20.15

90 | 21.3 24.4 21.3 16.3 20.83

120 | 19.7 23 19.4 14.2 | 19.08

HEATFUP AD BOILER 2.5 10.6 12.2 18.6 16.48.

SOLAR (QOLLECTOR, BOILER

COLLECTOR AREA | 30 | 6.95 7.1 | 7.4 o | 7.75 -
- (n2) 60 | 7.5 7.36 { 8.8 9.57 |  8.31
75 | 7.59 7.6 8.87 9.24 8.33
9 | 7.58 7.75 | 8.76 8.86 8.24
120 | 7.4 | 7.73 8.3 8 7.86

~ Table 6.2 Exergetic efficiencies of each system each typical day

of months
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C.o.p Months | ppmem | gmumy | FERRURY | MR AVARAGE ‘
SOLAR ASSISTED HEAT PLMP
COLLECTOR AREA | 30 | 1.17 1.04 1.19 2.25 1.41
(mz) , 60 2.27 1.64 3.16 3.15 | - 2.56
75 3.14 2.12 3.15 3.13 2.89
90 3.13 3.15 3.13 3.11 3,13
120 3.1 ' 3.12.| 3.1 3.07 3.1
HEAT PUP AND BOLLR 295 | 121 | 1.2 | 2.22 | 1.95

SOLAR (OLLECTOR AND BOTLER

COLLECTOR AREA 30 0.84 0.804 0.75 1.09 | 0.87
(n?) 60 | 0.93 0.85 | 1.07 | 1.2 1.01

75 0.97- | 0.91 1.09 | 1.22 1.05

o| 09 | 09| 11 | 1.2 1.06

120 0.99 0.96 1.12 1.25 1.08

Table 6.3 Coefficient of performance of €ach gystem each typical day

of months
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Fig. 6.1 Heatiﬁg load distribution'throughout the day
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C.0.P
. Solar ass heat pump
— —- i Heat pump + boiler
. — =" ' Sol. coll + boiler
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0.6
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Fig; 6.2 C.0.P distribution through months
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—: Solar ass.heat pump (90 m? coll.)

——. Heat pump + boiler

—.—.: S0l1.Coll + boiler (75 m2 coll.)

9 1 13 15 17 19

Fig. 6.6 Exergetic efficiency distribution through the day
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Fig. 6.7 Radiation distribution .throughout the day
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APPENDIX A

ESTIMATION OF SOLAR RADIATION AND AMBIENT TEMPERATURE

The external thermal environment of a 1ocaiity results from the combined
infliences of solar radiation and meteorological effects. Physical influences
such as topography and ocean currents may also be of great 1mportance to the
climate of a given locality.

In the final analysis, the sun is the source of most enérgy on the earth

and is a primary factor in determining the thermal environment of a 1oca1ity,

Therefore, it will be convenient to treatise the estimation of ambient air

temperature and solar radiation intensity under the same title.

A.1 Estimation of solar radiation

The earth revolves about the sun in an approximately  circular path,

with the sun located slightly off center of the circle.

Summer )

solstice ____,_m._',,_i_,._,,. e SUN

/

Winter
solstice

Autumnal

}2;/ equinox

Fig. A.1.1 The earth's revolution about the sun



The earth's mean distance to the sun is about 1.5x108 kms. About January

|
1, the earth is closest to the sun while on about July 1 it is most remote,
-being about 3.3 percent farther, away. Since intensity of solar radiation jpcident

upon the top of the atmosphere varies inversely with the square of the earth-sun

distance, the earth receives about seven per cent more radiation in January

than in July.

- .%4-2353 N
///"‘*\n\;>y//
<A
— AN N
Sun's ; N S \
- { i y ‘ |
rays \ Ve ] plane of orbit
ﬂ \‘ 'V., / .
N
S

Fig. A.1.2 Position of earth in relation to suns rays at the time

of winter solstice

The earth's axis of rotation is tilted 23.5 degrees with respect to its
orbit about the sun. The earth'svtiltedvposition is of profound significance, for,
togather with the earth's daily rotation and yearly revolution, it accounts for

the distribution of solar radiation over the earth's surface, the changing

~length of hours of day light and darkness, and the changing of the seasons.

BASIC Earth-sun angles

‘The position of a point P on the earth's surface with respect to the
: - ..
sun's rays is known at any instant if the latitude ¢ and hour angle h

for the point, and the sun's declination d are known. These fundamental
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angles are shown by . Fig (A.1.1.3). Point represents a location on the

northern hemisphere.

%S raus
suns ray

Fig. A.1.3 iatitude, hour angle,"and sun's declination.

The latitude ¢»is the angular distance of the point P north (or south)
of the equator. It is angle between the line OP and ﬁhe projection of OP on
thé equatorial plane. Point O represents the center of fhe ear;h.

"The hour>angle h' is the angle measured in the earth's equatorial
plane bétween the projection of OP and the projection of a line from the
center of the sun to the center of the earth. At solar noon, the hour angle
is zero. The hour angle expresses the time of day with respect,to solar‘noon.

One hour of time is répresented by 360/24 or 15 degrees of 'hour angle . We can

. formulate it as (9,pg.15)
h'=(12-TS).15 | (A.1.1)

where . . 5
: TS= standart time ._= _

3

The sun's declination d is the angular distance “of the sun's rays

north' (or south). of the equator. h' is the angle between a line extending

!
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from the center of the sun to the center of the earth and tﬁé-projection of
this line upon the earth's equatorial plane. The declination, d, can be found

from the approximate equation of Cooper (9,pg.15)

284+4n
365

d=23.45 sin (360 5 o (A.1.2)

where n is the day of the year.

30

Degrees 0 K\\\\\\\\—
—30 .—_;__....-,.~.~...‘ e e e s [ P . A . L
Sept Dec Mar June Sept

22 22 22 22 22
Fig. A.1.4 Variation of sun's declination

The monthly avarage values of declination can be found by the table

{A.1.1) (8,pg.19)

Month ‘{The day of themonth | n (eqt) d
January 17 17 -20.92
February 16 ' 47 -13.29
March 16 75 - 2.42
April 15 _ 105 . - 9.41
May 15 135 18.79-
June 11 162 23.09.
July 17 ‘ 198 21.18
August 16 . . . 228 13.45
éeptember 15 - 258 2.22 |
October 15 288 1 - 9.60
November 14 318 -18.91
December 10 344 -23.05

‘Table A.1.1 Sun's declination through months.
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Sclar time and equation of time

It is to be noted that the time specified in all the sun angle relationships
is solar timé, which does not coincide with local clock timé. It is necessary
to convert standart time to solar time by applying two corrections. First,_
the;e}is a constant correction for any difference in longitude between the
location and the latitude on which thé local standard = time is\based.'The second
correction is from the equation of time which takes into account the vérious
pertubations in the earth's orbit and rate of rotation which affect the time

the sun appears to cross the observer's latitude. This correction is obtained

from published charts.

Equation -5k .-

i i i . :

s tan IEE S ey
i ! ! T d

15 b A s 0 SN S

;T

(min) R i |
JFMAM JJ A SOND

"of time

Months

Fig. A.1.5 The equation of time, ZD, in minutes, as a function time of year
Thus, solar time can be obtained from standart time by this relation.(9,pg.18)

Z= TS+ZD #4( (By) , - (By)y . ) (A.1.3)
where, Z= solar time, in minutes
TS= standart time, in minutes

(By) = the standart meridion for the local time zone
st . :

2

(BY)l = the longitude of the location in question
oc . :



, The sign is + for west longitudes and - for east longitudes. Since Turkey is at
o s ‘

45° east meridian for the local time zone, for Turkey it may be written

us (8,pg.32)

Z= TS - 4(45-By)+ZD - | | o (A.1.8)

The derived solar_gpglés

The geometric relation ships between a plane of any particular orientation
reiatiye to the earth.at any time (whether thatplane is fixed or moving relative
vto the earth) and the incoming beam solarradiation, that is; the position
of the sun relaﬁive to that plane, can be described in terms of several angles.
For thepurposes éf this study, only the anglés taking place in final formulation
will be illustrated, and only the definitions for the others will be glven. For

a more extensive study regarding this subject, ref (10, pg.287) may be referred.

¥ = the surface azimuth angle, that is, the deviation of the normal to the

surface from the localmeridian , the zeropoint being due south, easﬁ positive,
and west negative;

- © = the angle of incidence of beam radiation, the angle being measured
between the beam and the normal to the plane.

Oz= the zenith angle, the angle betweenvthe‘beam from the sun aﬁd the

vertical;

= solarbaltitude, the angle between the beam from sun and the horizontal

equal to (90°-¢,)

In many cases, the equation relating these angles is simplifiéd;
For horizontal surfaces (i.e,s=0°) the relation is given as (9,pg.16)

Cos ©, = sin d sin @ + cos d cos 0) éps h' (A.1.4)
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Fig. A.1.6 Section of earth showing definitions SZQ,¢, and (¢—§)

Solving this equation for the sunrise hour angle, h', when Qz=90° -

cos h'=—Sin @ sin d

cos Q cos d

= —tan @ tan d ~ (A.1.5)

It also follows that the day length is given by (9,pg.i7)

td=—2_ cOS (~tan @ tan d) | (A.1.6)

15

Useful relationships for the angle of incidence on surfaces sioped to
the north or south can be derived from the fact that surfaceg with slopes to
the north or south have the same anguiér relation ship to pdam radiation
as a horizontal surface at an-artificial latitude of (@-s). Then, modifying
Eq. (A.1.4) A

(Cos g)tiltéd surface= Cos (@-s') cos d cos h'+sin (P-s') sin d

(A.1.7)
Note that the slope, sz is measured from the horizontal to the plane

of the surface in question, and is positive when slope is toward the south.

/
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Instantaneous solar radiation incident on tilted flct plate collector

For purposes of solar process design, it is often necessary to convert

radiation data, which is measured and given in tables, incident on a horizontal
" surface to radiation an a tilted surface.

From Fig. A.1.7 it follows that, for the beam component |
I~ In cos O, |  (A.1.8)

and,

IbT/‘= In cos Op : (A.1.9)
The ratio of radiation on the tilted surface, Iyr » to that on the
- horizontal surface, Ib‘, is given in terms of the éngles Gz andAQT and

radiation normal to heam, In, by

I ) . . . .
Rp= bT _In cos O (A.1.10)
Iy In cos 6,
where cos O is given in Eq (A.1.7) for flat plate facing seuth and cos 6, is

‘given’in. Eq (A.1.4). Inserting the expressions we obtain (9,pg.49)

cos (@-s') cos d cos h + sin (#-s') sin d

Rb =
" cos @ cos d cos h + sin @ sin d
(A.1.11)

for the diffuse component, the ratio of diffuse radiation on the tilted

to that on the horizontal surface, Id, is given by (9,pg.54)

Fig. A.1.7 Radiation on horizontal and tilted surfaces '
surface, IdT ’

/
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. _ | |
Rg =—9T  _ _l+cos s' ’ (A.1.12)
I, ) .

Considering the radiation on the tilted surface to be made up of three
components : the beam radiétion,_diffuse radiation, and solar radiaﬁion reflected
| from the ground which the tilfed surface sees, we can set up the ratio of total
incident radiation oh the tilted surface, Ipr to the total inéident radiation

_ on horizontal surface, Ity as (9,pg.54)

R=_1TT = _Tp R, + I4
Ity Ity Iy

(l+cos s') + ¢ (1-cos sz .
2 2

(A.1.13)
where the ground reflectance is 0.2 when there is no snow and 0.7 when there is

a snow cover (9,pg.54)

Instantaneous Total Solar Radiation

In engineering problems like the thermal analysis of solar collectors,

many years's avarage of instantaneous total solar radiation is needed-Practically

instantenous total solar radiation can be calculated in relation with daily
total solar radiation. Jordan (li,pg.l) has given a diagragm prepared by
the measured data, and -Munroe (12,pg.23) has given an analytical.expression
assﬁming fhe ratio changes expanentially between sunrise and sunsét.vThus,
if we let ,

A= arccos (-tan® tan d) (A.1.14)

and,

y/= exp. (—4(1—-l§£_92 ) o (A.1.15)

the ratio is given as (8,pg.73)

Iy T h_ 2
re = = ( cos(90 )+ (1-y) )
By 4tq A " Y

(A.1.16)
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where ty is the day length, ITH-is the total instantaneous solar radiation

and Hyy is the daily total solar radiation, on horizontal surface. Avarage

values of HTH for all the months are given in ref (8,pg.286).

i

Instantanoeus Diffuse and Beam Solar Radiation

For the instantaneous diffuse solar radiation, the relation has been
given at ref. (8,pg.79) as
'y = T cos ﬁ— cos A

24  sin A-T A cos A
180

where Hd is the daily diffuse solar radiation on horizontal surface.

The instantaneous beam solar radiation can be calculated by (8,pg.79)

Ip = Iry-T4 | - (A.1.18)
= r¢ HTH_rd Hd
since, :
HTH=Hb+Hd - (A.1.19)

where Hy is the daily beam radiation on a horizontal surface.

Avarage values of Hy for all the months are given in ref (8,pg.286),

A.2 The ambient temperature

For the ambient temperature change throughout a typical day of a specified

month, the expression is given in ref. (8,pg.164) as:

AT 180 (7-14) (A.2.1)
Famb = Tmean +—~E—-C°S d

‘Tamb = ambient -temperature (°C)
= i i emperature (©
Thean™ mean daily ambient temp (°0)
AT = mean daily maximym and minimum temperature difference (°C)

7 = solar time given in eqt. (A.1.1.4)
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ty = day length given in eqt. (A.1.1.6)

Thean @and AT values for all of the cities of Turkey are given

in ref (8,pg.316).
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APPENDIX B

MODELLING AND CHARACTERISTIC DATA OF THE SYSTEMS

B.1 House

The house is 1located in Istanbul and has a design load of 40000 kJ/hr.
The heating load for each hour is supposed to change by,
Q = U0 (20- Typpient) _ | (B.1.1)
UU is the heat 1653 coefficient of the house in kJ/hr oc determinéd by
UU= Qp/ (20-(-3) ) : (B.1.2)
wheré 20 oCvis the ambient temperature inside the house and -3 °C ié the design

temperature for Istanbul. In eqt (B.1.1), T t 1s the ambient temperature

ambien
outside the house. UU is assumed to be constant}
The water is delivered from the hot water tank which is maintained

at 40 °C by a circulation pump with mass flow rate of

m= 383 kg/hr.
and electricity consumed for this job is
P= 4 kJ/hr.

The outlet temperature returning back to the tank is calculated as:

oL + Tip

m =
‘tout
m Cp

where Tj; = Thor wATER TANK (°C)

B.2 Solar Collector

The solar collector is the essential item of equipment which transforms
solar radiant energy to some other useful energy form. Solar collectors may be

used with or without radiation cen centration. For flat-plate collectors the

/
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area absorbing  solar radiation is fhejsame as the area intercepting solar
radiation. |

Two important pafts of a typical flat—plate solar collector, as shown
in Fig.B.2.1, are: the "black" solar energy absorbing surface, with means for
transferring the absorbed energy to a fluid; envelopes transparent 'to solar
radiation over the solar absorber surface which reduce convectlon and radlatlon
losses to the atmosphere and back insulation to reduce conduction losses as

the geometry of the system permits.

TRANSPARERT
QOVERS  (Eg(LASS)
DIFFUSE SOLAR
RADIATION | »
Ao MW ¥ ‘
. 6A0 6 g o 0o o | _ -
- EREIEA SR F&\ . .« Tnsulation
-A-BSORBING\ .. FLUID TUBE

SURFACE

Fig. B.2.1 BASIC FLAT-PLATE SOLAR COLLECTOR

Yhe performance of a solar collector is described by an energy balance
that indicates the distribution of incident solar energy into useful energy
3ain and various losses. The energy balance on the whole collector can be

~ written as

Ac EIR(ACOC)b + IR(‘tx)d 3 =QU"7QLC+QS

.whefe, (B.2.1)

T = transmittance-absorptance product of cover system for beam or
diffuse radiation;
Ac= cdllector area;

Qu

QLC: rate of energy losses from the collector to the surroundings by

rate useful heat transfer to a working fluid in the solar =xchanger;

/
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reradiatibn, convection, and by conduction thréugh supports for the absorber
plate, and so on. The losses due to reflection from the covers“are included
in the { Twx) term above; |

Qs = rate of energy storage in tﬁe ?ollector.'

The detailed analysis of a solar collector is a very complicated
problem.Fortunately » @ relatively simple analysis will yield very useful
»esults. The anaiysis presented in ref (9, chapter 7) follows the hasic
derivation by Hottel and Whillier (1958), Bliss (1959), Wﬁillier (1953,1967).

In this analysis, the useful energy Qu is given as (9,pg.147)

Qu=he FR (IR T Ue(Tg 3-Tomp) ) (B.2.2)

~ where Fp, the.heat,rremoyal factor, is defined as the ratio of the actual

- rate of heat transfer to the working fluid to the féte of heat traﬁsfer at the
ﬁinimum température difference bétween the absorber and the environment
(lB,pg.ZlS).TE,iz is the inlet tempéfatufe of the working f£luid. U is

the heat loss coefficient of the plate |

Rl
«

Fp 1s related to the collector efficiency factor F' as: (9,pg.147)

?R= mCp (1-e ~ [Uc F;/m Cp] ) - (B.2.3)

where m 1is the mass flow rate of the working fluid.

Thus, we can have the energy balance

Q = mCp (Tf,o-Tf,i) ’ (B.2.4)
where Tf,o is the outlet temperature of the working fluid.

The mezn fluid temperature is given in ref (9,pg.152) as

R 7. |
TEm < TE,i +—Qu/Ac {1— : J (B.2.5)
Uc FR F!

and the mean plate temperature as

/
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Tp.m “Tg.m= Qu Ry g

where Rp-f is the heat transfer resistance between the plate and the fluid.

For liquid flowing in tubes, it is given as (9,152)

Rp—f = 1/(Rg, i Dy nol)

where hf,i is the convection heat transfer coefficient, n and L the number
- of tubes and their lengths, respectively.

The characteristic data for the collector used in the study is as.

-follows:
Type
No of glasses
No of tubes, n
Length of tubes, L
D

Diameter of tubes,; “i

Conv.heat tr. coeff., hf,i
Heat remo val factor, Fa
Heat loss coefficient, Uc'
Transpa-absorb.product,

Mass flow rate, m

Direction and slope,s

Blectiricity consumed for pumping :

: Flat plat
: 2

$ 6

: 2 m,

: 0.016 m.

: 1500 W/9K m2

: 0.9

: 4.Ac W/OK

: 0.8

: 0.015, Ac/sec

: Facing south and 51° with horizontal

(B.2.6)

(B.2.7)

(5.4) Acc kJ/kr.

The inlet temperature of the collector is simply the temperature of the

water in the tank energy is exchanged. Therefore, the o%flet temperature from

the collector field is found from eqt. (B.2.4) as :

Tf.go ="_"‘—Qu"— + Tf’i
m Cp

where

(B.2.8)
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+J
Hh
=
]

T cold water tank v in solar assisted heat pump
= Thor water tank in solar collector and boiler system

n.3 Heat Pump

The heat pump is shown in Fig. B.3.1 below

W
38

CONDENSOR

- EXP. (::) . (::) COMPRESSOR

VALVE

' EVAPORATOR
4 1

Fig. B.3.1 The heat pump
The T-S diagragm of the heat pump is shown in Fig. B.3.2 below.

A
T

TR

Ty,

Y
>

S

Fig; B.3.2 T-S diagram of the heat pump
Since the expansion process 3-4 is adiabatic,
h3=h4

!
where,
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h3 is hg at saturation temperature T

The quality of refrigerant at state 4 .is

x=_D4-h5 {B.3.1)
(hy_hs)

where, hi is hg and h5 is hf at saturation temperature TL.

Thus, |

S4=85 + (81-8.).x o (B.3.2)
the éntropy at state 4 is found.
For an isentropic compression,

- 52=S2¢ SR (B.3.3)

Hence, given the pressure Pp corresponding to staturation temperature Tp, and

Sog we can find hog

The isentropic efficiency of the compressor is defined as

hse_h
P 25—
Ne =—— (B.3.4)
h2 _hl . '
Thus, we can find
hs. h
hy = by +25772) (B.3.5)

e

the enthalpy and the entropylof state 2.
Now, we are in a position to find the energy values of,cdndensor, compressor
énd,evaporator.
Qc= Qp, + Quoss H.W.T ) (B.3.6)
whére chis thé heat delivered by the condensor, Qp is the heating load of
the house and Qogg j.y.T 1S the Heat loss of the hot water tank. Thus, we can

find the mass flow rate of the refrigerant as

/
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= ——Qc

(B.3.7)
(h2-h3)

The heat received by the evaporator Qp, and the work of compressor W is
found as : |
QF = m(ha-h4) | (B.3.8)
W = m(h2-h1)
here, the compression prdcess is assumed to be adiabatic.
Tf we define
”]m= mechanical efficiency of the compreséor
”]c= électrical efficiency of the electric drive of the Compressor

then, we find the electricity consumed to drive the compressor as :

W

(m Te)

For the inlet .and outlet temperatures of the water circulated through the -

E=

(B.3.9)

condensor and evaporator, if we let

m. = mass flow rate of the water circulated through the condensor

: ng

mass flow rate of the water circulated through the evaporator
Tewr= temperature of the cold water tank

Thwr= temperature of the hot water tank

Teh = the outlet ﬁemperatﬁre of the condensor

TED= the outlet temperature of the evaporator

we find
Tep=—Q¢ = Tyt (B.3.10)
m, Cp
. %
Tro= = Te.w.t
Mg C,
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The state‘propertigs are fouﬁd by interpolating‘ properties of Freon-12:
Given= TL, TR
P, = .3164 exp (0.0283 Ty)
‘Pp = .3944 exp (0.02246 TR)
h3 = 30.88 + 1.083 Tp
S3 = 0.135 + 0.034 Ty
h, = 187.5 + 0.4 T,
hg = 35.6 + 0.97 T,

S, = 0.7 - 3.63 T, 1074

55 = 0.14 + 0.0033 Ty,
hy = -267.7+ 30.61 Py + 640.4 S, | - .

The data for the heat pump used in this study is as follows:
The heat pump in the solar assisted heat pump system:
TL = OOC

Tp = 50°C

The heat pump in the heat pump and boiler system:
TL,= —SOC
TR = SOOC

. The heat pumps used in both system :

Tlc = 0.7

q e.’]m = 0.9
Me = 1000 kg/kr
ME = 1052 kg/kr
Pe = 0.2 kJ/kr
PE = 0.2 kJ/kr

¢ working fluid = Freon 12
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B.4 Boiler

The efficiency ofrthe boiler is defined as :

Y _ © (B.4.1)
Mfuel AHL

where QB is the heat delivered by the boiler, Ngyel 1S the mass.flow rate
of the boiler and AHL 1is the lower heating value of the fuel. If we let
ag = mass flow rate of the water circulating through the boiler
Tpy = temperature of the water outlet-£he boiler

we obtain

TR B 4Ty (B.4.2)
mB CP

where Tgo - is the outlet temperature'bf the water and TH.T is the hot water

tank temperature.

The data for the boiler is as follows:b =
1B = 0.75 |

MB = 383 kg/hr.

PB = 4 ki/nr.

B.5 Hot Water Tank

The heat loss from the hot water tank is as follows:

Qross = UR (THwT-Tamb) . (B.5.1)
where UR is the heat loss coefficient of the tank. The mass of the water inside
the tank, MR is found as | |

M =Qp | 0.02 . ~ (B.5.2)
where QLD is the design heating load of the-house._ |

R is found by interpolating the change of UR with volume of a

' L : i ich . »Pg.210)
'cylin?rical tank for insulation thickness of 3 cm. (8,pg )



- 71 -

Thus;

\.643 : |
UR= 17.763xh%%6) (kJ/hr° K) (B.5.3)

We can set up energy‘ balance for the tank as follows (9,pg.244)

MR.Cp L final- Tinitial)

At

= Qgelivered ~ Qextracted ~ Qioss

| (B.5.4)
where 4t is the increment of time we consider, Tinitial is the initial
temperature of the vater in the tank and Tflnal is the final temperature of

the water in the tank after the time At passes.
For solar assisted heat pump and = boiler systems,

Qielivered = Qc + Qp

(B.5.5)
‘Qextratted = Q,
and we can rewrite eqt (B.5.4) as
Teinal = Tinitial +— > C (A4 -Q-Qoss) ~ (B.5.6)
MR.Cp _
Yor solar collettor‘and boiler system,
Qelivered = Qs + 0B o | (B.5.7)
Qextracted = QL
and thus,
Tfinal = Tinitial +-—J£Ji———(QS + QB —QLOSS) | (B.S.Sj

MR.Cp
As it is stated before, At is 15 min, since this is the computing

time step.

B.6 Cold‘Watet Tank

The mass of the water in the cold water tank is chosen by (14,pg.127)

ML =75 Ac ' (B.6.1)
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which is sized in accordance with recommendations for conventional solar

systems.
Setting,

UL = heat loss coefficient of the cold water tank

and with the same analysis for hot water tank,
0.643

L = 17.763 x( ML) {B.6.2)
000/ ' )
(Tey 7 Toovs ) _
ML.Cp fipal="initial = Qgelivered ~ Qextracted = Woss
At ”
{(B.6.3)
we obtain for solar assisted heat pump system '
Te. T, coon, At |
final = “initial + ———— (Q4- Q - Qross) - (B.6.4)
ML.Cp :

where,

Qross = UL (Tewr-Tamb) - ' (B.6.5)
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APPENDIX c

CALCULATION OF COEFFICIENT OF PERFORMANCE

The coefficient of performance for each system is calculated as follows:

A. Solar assisted heat pump

' Fnergy delivered :
+ Fuel to Boiler
A YRR AT
Energy extracted : Héating load of the house
= Q[
In our thesis,qplwle = 0.9 anq q 8= 0.75

thus,

€.0.P.=— 9L
P+W/g 9 + QB/g.75

B. Heat Pump and boiler
| Eneréy delivered : Eléctricity for pﬁmping + Electric%;y'tb compressor
| + Fuel to Boiler
=P+ ¥0.9 + /g 75
Energy extracted : Heating load of the house
= q

Thus, QL
C.0.P.=

C. Solar Collector and Boiler
Energy delivered : P + Qg /.75
Energy extracted : Q
Q
P+ QB/0.75

2.0.P =

Electricity for pumping + Electricity to compressor
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APPENDIX D

THE COMPUTER PROGRAM INTERPRETATION

The flowcharts of the computer programs for each of the systems is

shown on Figs (D.1), (D.2), (D.3). The calculation time step is 15 min. and

solutions are printed every hour. The program is in BASIC language and the

main steps can be summarized as follows.

TINPUT DATA

CALCULATION
OF STATE POINTS

OF HEAT PUMP
CYCLE . '

: The computer reads the data input
: The state points of the heat punip .are calculated by the
interpoldation - formulas for freon-12 given in

appendix B.3

AMBIENT TEMPERATURE : The ambient temperature regarding each time of the day

J.OAD ROUTINE

CONDENSOR

-EVAPORATOR AND

COMPRESSOR

SOLAR COLLECTOR

is calculated.

: The heating load of the house, the slectrical power consume
for pumping the water into the house, and the outlet water
temperature are calculated in tﬁis routine.

- The heat load of the condensor, mass flow rate of frean-12,
the electrical power consﬁmed for-pumping'the circulating
water, and the outlet water temperature are calculated.

: The heat loéd of the evaporator,the electrical powsr consum
by pump which circulates the water and by compressor, the
outlet water temperaturé'are calculated.

. The solar radiation at the time concerned, the useful
heat delivered by céllector, the électrical power consumed

‘for pumping the water and the outlet water temparature are

calculated.



EXERGY AND C.O.P
CALCULATIONS

* FINAL CALCULATIONS

- 75 ~.

: The total exergy input and output during the tiﬁé
interval, exergétic efficiency for the whole system
énd for dévices consisting system and C.0.P for the
whole system are calculated.

: The exergetic efficiency and C.C.P for the day's

cumulative, the total heat outputs are calculated.
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1 LIST OF SYMBOLS FOR COMPUTER PROGRAM INPUT DATA

: Solar collector area (m2)

longitude

: sun's declination

mean ambient temperature difference (©C)
‘latitude

mean beam solar radiation per day per horizontal area {kJ/m2 day)

: mean total solar radiation per day per horizontal area {kJ/m2 day)

X3

compressor isentropic efficiency E
design heat load of the house (kJ/hr)

coilector tilt angle (deg)

: condensation temperature (°C)

evaporation temperature {°C)
transmittance-absorbtance produzt of the collector

cold vater tank temperature (°C)

: mean ambient temperature for the specified monih (°c) -

: hot water tank temperature {°C)

A )

BO
EF

P

LA

equation of time

-2 LIST OF SYMBOLS FOR THE OUTPUT OF THE COMPUTER

:.exergetic efficiency of the boiler

or

EFF : coefficient of performance of the syétem

The system's daily exergetic efficiency

: Exergetic efficiency of the heat pump

Heat délivered to the house ' (kJ/hr or kJ/day)

: electricity consumed for pumping (kJ/hr or kJ/day)



QB
QC
QE
QS
50

TE

TH.
TK
TL
TP
TR
TS
TY

%)
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: heat delivered by the boiler (kJ/b; or kJ/day)

heat delivered by the condensor (kJ/kr)

:'heat'extracted by the evaporator (kJ/kr)

‘heat delivered by the boiler (kJ/kEr or kJ/day)

exergetic efficiency of the solar collector

: system's hourly exergetic efficiency

return water temperature from boiler (°c)

return water temperature from solar collector (°z)

! return water temparature from evaporator (d@) .

* ambient air temperature {(9¢)

-~

return water temperature from condensor.(OC)‘
cold water tank temperature &)

collector plate temperature (°c)-

: hot water tank temperature (°C)
: standart time of the day (o'clock)

* return water temperature from house (°C)

: electricity delivered to the compressor {kJ/hr or kJ/day)

: solar radiation incident on the collector plate {kJ/hr or kJ/day)
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(START )’

N

INPUT DATA

STATE POINTS OF THE
HEAT PUMP CYCLE

4

AMBIENT TEMPERATURE

A4

LOAD ROUTTHE

Yes v \*\

No

w

X

CONDENSOR

EVAPORATOR, COMPRESSOR

SOLAR COLLECTOR

Fig. D.1 Flowchart for solar assisted heat pump



Yes No

'BOILER

&

EXERGY,COP CALCULATIONS

MN = MN+1

HOT WATER -TANK

COLD WATER TANK

TIME=TIME + A T

No.
v ;
PRINT ! : ' ,
! f | FINAL CALCULATIONS
Y ! ’
v — - l AND PRINTOUT
=0 |
i

i
: N

(:ii:) ‘ ~{ END

Fig. D.1 Flowchart for solar assisted heat pump
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START

INPUT DATA

FIND THE STATE

POINTS OF THE HEAT PUMP
. CYCLE

v (<
| |

I AMBIENT'TEMPERATUREV_J

LOAD

Yes > No

CONDENSOR

BOILER

EVAPORATOR COMPRESSOR

EXERGY,COP CALCULATIONS

'Fig. D.2 Flowchart for heat pump and boiler
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HOT WATER. TANK

o TIME = TIME+ A T

Yes

No

'rmaszy

Yes

No

FINAL CALCULATIONS
|

Fig. D.2 Flowchart for heat pump and boiler
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START )

INPUT DATA

AMBIENT TEMPERATURE |

SQLAR COLLECTOR
—

Yes //////JQ\\\\\\ ' No

A TR éy'
'\\ .

 BOILER

MN = MN+1

igyERGY COP CALCULATTIONS

i

\

HOT WATER TANK

@

fig. D.3  TFlowchart for solar collector and boiler
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TIME=TIME + A T

Y.

PRINTOUT

No

FINAL CALCULATIONS -
AND_PRINTOUT

Fig. D.3 Flowchart

END

for solar collector 3pd boiler
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COMPUTER LISTINGS AND OUTPUTS
Page

Computer listing for solar assisted heat pump v......eceveeeeeess 85

Computer output for solar-assisted heat pump with 60 m? collector

Area seevevenaes tecescssenenes ceesese venens ersiees.ses. e 0se.0e0 89

‘Computer output for solar assisted heat pump with 90 m? collector

BTCA sreeecossnossen “teecuas esrssnrasienes ssesennes ceevre.aeess 93

Computer output for solar assisted heat pump with 120 mZ

collector area ...ceveees tevences tee.teeccenrecssasassasnn

' Computer listing for solar colléctor and boiler R [0}

Computer output for solar collector and boiler with 75 m2
collector area Ceeecessaasiensans ceseaen .;....... ..... seesresans 104
Computer 1isting for h2at pump and boiler ....ececvisecece oeees.. 108

Computer output for heat pump and boiler ......... cessss.nansenna 111
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REABY:

{ REM KULLANILAN SISTEM 3NISHN(°O+HP+BO)

18 CLR .

20 OPEN4,4 .

20 CMD4

42 2=75

58 DIM LACZ),P(Z2),0C(2),LECZ)Y,W(2)Y,0B¢2),Q5¢2),Y(2),E1(Z),E2(2) ,E3(2),E4(2)
£8 DIM ES5¢2),E6¢2),E7(Z),EB(2)

78 READT3,T4,NC,TL,TR.Q

8@ READE,BY,S,D,Z0,TM,DT,.HT,HD,.AR

ap DATASA,N,.7,12.5,40,40000 :

108 DATAR41 +28,51, -12.29,-12.9,5.5,5.5,7.5,3.2,120
119 TS=8 N

115 PRINTHG, "%xu*x HHH:“:lr*#**#*F‘-’BQUHRY*#**##**#*"~
116 PRINTH4,"TL="TL"@="Q"AR="AR

120 P1=3.1415/1889

138 K=-TANC(PIE)*TAN(PI%D>

149 H=(¢1.5708-ATN(X/SQR(1-K¥X>>I/PI

150 TG=2/15%H

16@ MC=13.5%AR

170 ML=75%AR

182 MR=,002+Q

188 UU=Q/23/68

209 UL=17.762%(ML/1600)>*.843/60

210 UR=17.763%(MR./1000)*+.643/60

220 P4=.3164%EXP(.B283%T4>

230 P3=.3944%EXP(.92246%T3)>

249 H3=38.87588+1.88344%T3

250 83=.13515+.09338%T3

268 H4=H3

279 Hi= 18?.5@2+.3888*T4

280 H5=35.59425+.9741%T4

290 X8=(H4-H5)/(H1-HZ>

209 S1=.683576-3.634%101+-4%T4

218 S5=,1413+,0833%T4

328 54=55+(21-55)#M8

3209 sP=51

240 HR=-2687.7477+20.611%P3+642.41%52

35 Hﬁ H'+(H9-H1)/NC

258 =.443793+1,56815%184+-3%H2-4.77 #1@? 24P2
239 HDUR (TS-6>%4 ,

299 GOSUR B5@:REM AMRIENT TEMP

419 GOSUB S3@:REM LOAD

422 1F TL>19 THEN GOSUR 748:REM CONDENSOR

430 IF TL>1@ THEM GOSUB S320:REM EVAPACOMP

449 GOSUR 88@:REM SOLAR COLL.

459 IF TL<=1© THEN GOSUB 83B:REM BOILEP

48@ MM=MN+1 -

479 GOSUB 1340

42 GOSUR 8@9:REM HOT WATER TANK

430 GOSUBR 848:REM TANK . :

508 TS=TS+.25:IFTS»22 THEN GOTC 532

S19.1F MN=4 THEM GOSUB 1180

S15 IF MM=4 THEN MN=0

520 GoTO 389 '
530 GOSUB 12920:PRINTH4, " ¥xkk¥x*xTHE DAY'S CUMULATIVEkkkkk"
S31 PRINT#4,"TOTAL HEATING LOAD:LA="USING"####HH. HH"ILA

\



538
534
335
3358
537
538
549
" 558
6840
859
Bee
879
882
838
78e
719
729
738
740
758
768
770
788
788
8049
819

© 828

829
849

858
889"

879
230
830
8929
3819
2820
832

‘Q4p
gsa
g7
580
330
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PRINTH#4, "LW="USING"$48844 , #4" ;I3
PRINT#H#4 ," QS="USING"##44434.44%:08;
PRINTH4," GB="USING"H4HHEE 84 ;0B
PRINTH4," P="USING"#454. ##" Pz : '
PRINTH4," Y="USING"HSSS#88S HE"1Y -
PRINTH4, "EF="USING"##. #"“",EF,
PRINTH4," EX="USING".H#4":
END
REM ##%*%AMBIENT TEMPERATURE k¥ k#t#
Z2=TS-4/60%(45-BY)+ZD/E8 _
TH=TM+DT/24C0S (2, 14,/TG¥(Z2~14))
RETURN
REM #kkgdkkkkzl DHD#****tt#?#*k#*##
LACHOUR Y =UU%(20-TH) %15
D4=TR-LACHOUR)*%2.5E-3
P (HOUR » =1 +P (HOUR)
RETURM
REM %xkkkkCOMDENSORfkkkkpkkchik
GC(HOUR ) =15%UU#(28-TH) +UR% (TR-TH) *15+MR* (48 ~-TR > %4. 18
MH QC (HOUR) / (H2-H2)
1=GC(HOUR ) %2 .58E-4+TR
P(HDUP)-.@5+P(HUUR)
RETURN
REM %%k skx4*HOT WATER TANK# &%k
TR=TR+.24/MR % (QC (HOUR ) -LA{HOUR ) -UR% {54 (TR- TH>+QB‘HOUP))
RETURN :
REM %:x%:xCOMPRESSORAEVAPORATOR k% ¥ ¥k
LE(HOUR > =MH% (H1-H4)
W(HOUR ) =MH ¥ (H2-H1)/.8
D2=-LE(HOUR)*3E-4+TL
P (HOUR)=. 05 +P (HOUR)
RETURN
REM *itxsx4BOILER®®kkkkkkkikk kb kkix
OB (HOUR > =LA(HOUR Y +UR% 15k (TR~-TH) +MR %4, 124 (40 -TR)
D3=GB{HOUR I %2, 5E-3+TR ‘
P (HOUR)=1+P (HOUR)
RETURM
REM EEEERE XL k#TﬁNK**#.&**#.&#.&*.ﬁc##*
“TL=TL+.233/ML % QS (HOUR )~ erpanpa U'k;S?fTL -TH)>
RETURN
REM k*#k###:CLPQ COLLECTOR Y ®kkkxd%
HH=15%(12-T8)
FI=EXP({-4%(1-RRS{HHI/H) 42>

302510l RT=.?85/TG#(CDS(1.5?#HH/H)+1.128*(1-FI))

1819 I=RT+HT+277.8 '

1920 RY=.1214%(COS(PIxHH)-COS{PI4H> ) (SIN{(PI*H>-PI«H4COS(PI+H>)
1832 HY=HT-HD i

1242 IY=RY¥HY*¥277.8

1950

ID=I1-1Y

1869 R1=(COS(PI#(E~- S))iCOSfPI?D)YCDS(PI¥HH>+aIN(PIrfE SHYXSIMN(PI®D) O

1878

R2=(COS{PI+E)>%COS(PI4D) #COS(PIHH) +SIN(PI4E) S IMNCPI%D) 2

1088 RD=R1/R2

1890 R=RD%ID/I+IY*(1+COSCPI4S))/1/2+.2%(1-COS(PI%5))/2

1188 Y(HOUR)=I#R#.34AR :

1110 TA=.8

1129 QS(HOUR)Y=.81%(I4R¥TA-4% (TL-TH) )*%AR

1122 IF QS(HOUR)<=0@ OR TS>12 THEN GS(HOUR)=8:1=0:R=0:Y(HOUR)>=0:G0TO 1159
1125 TP=TL+0S (HOUR)/ARXSE -3+@S (HOUR) /AR %. 0022

1130 TC=05(HOUR)/4.18/MC+TL

1149 P(¢HOUR) =P (HOUR)+1.35AR

v



1150
1160
1181
1162
1163
1164
1168
11€6
1167
1168
1163

1171

1172

1173
1174
1175
1178
1177
1123
1139
1289
1218
1229
1238
1248
1285
1270
1220
1234
1398
1210
1229
1329
1248
12354
1269
1372
12389
1398

e

1429
1410
1429
1428
1448
1450
1489
1270
129

1422

1588
1519
1529
1831
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RETURNM

PRINT#4,"TS="TS“TH="TH"TL="TL"TR="TR}" LA="USING"##84#.#5";01

IF C1<>@ THEN PRINTH4,"HP="USING".#iE";C2/C1;
IF C1=8 THEN PRINTH#4,"HP=2"; .

IF C3=8 THEN PRINTH#4," BO=3"; :

IF C3<>@ THEM PRINTH#4," BO="USING".#%##";C4,C3;
IF CS=9 THEN PRINT#4," 50=8";

IF C5<>@ THEN PRINT#4," SO="USING".H&H#";C8/C5s
PRINTH#4," SYS="USING".HH#&":C8/C7s -
PRINTH#4," EF="USING"H#.#38"2Q1/7(Q7+Q5/.75+34)
C1=0:C2=0:C2=D:C4=0:C5=8:C6=0:C7=8:C8=0

38

IF G2=8 THEN PRINT#4,"GC=0";:ELSE PRINTH4,"GC="USING"hi#r#H. A4
IF G2=8 THEM PRINTH#4," QE=8";:ELSE PRINTH4," QE="USIMG"

1IF 04=8 THEN PRINTH4," W=@"::ELSE PRINTH#4," W="USING"hu##z.#8"; :
IF Q5= THEN PRINTH4," GB=0";:ELSE PRINTH#4," QB="USING"###53 . #5";Q3;
IF @5=0 THEN PRINTH4," GS=0";:ELSE PRINTH#4," @S="USING"###i###. 44":087
IF @8=8 THEM PRINTH#4," Y=6";:1ELSE PRINTH#4," Y="USING"##n
IF Q7=0 THEN PRINMTH4," P=@";:ELSE PRIMTH4," P="USING"HH#.H##";Q7

Q1=0:02=0:023=0:104=0:Q5=:1QE6=0:27=0:08=08
RETURN

FOR AAR=8 TO &8
LA=LA{AAS+LA

W=W{AA D+
GR=GE(AA)+GB

GE=QE (AR +0S
Y=Y+Y{AR)

P=P{RAJ+P
E2=EE(AR)+ES
E7=E7{AR)+E7

MNEXT RA
EF=LA/{BR/ . 75+P+k)
SY=E8./E7 :
RETURN
Y1=TH+273.1%
Y2=TL+273.15
Y3=TR+272.15

E{ (HOUR)=W(HOUR) +LE(HOUR > -283%3, 184V 1 xLOGIYE/(D2+27V3.

E2(HOURY=QC(HOUR>-250+%4, 12»Y 1 LAG((01+273,.150./7Y2)
IF QC{HOUR =9 THEN E1{HQUR)=3

IF QC{HOUR>=¢ THEMN E2(HCUR=€

E2¢(HOUR »=QR{HOUR )./, 75 A

£4 ¢(HOUR) =02 (HOUR Y =35, 734, 1847 14l OB ({D3+273.15)./Y3)
IF QR(HOUR>=H THEN EZ(HOUR =D

IF GR{HQUR=D THEMN E4{HCUR)=0
ES(HOURY=Y{(HOUR Y (1 -Y1/{TP+273.133)
EB(HDUR)=GS<HGUR}-MC#4.18*Y1$LDG((TC+2?§.15)/Y2}
IF QS (HOUR)=8 THEN ES{HOUR)>=8

I Q3(HOUR)=3 THEMN ES(HOUR>=8 ' :

E7 (HOUR > =lJ{HOUR +ES (HCUR } +EG{HQOUR +F (HOURS
ES(HOURY=LA(HOUR)Y-25.7%4 . 18¥Y1sLOG (Y2 (D2+273, 152>
JF LACHOUR)Y=8 THEN E7(HOUR>=%

IF LACHCOUR>= THEN E8(HOUR}=3

C1=Ci1+E1(HQUR? —_—

Ce=Ca2+E2(HOUR?

C3=C3+E2(HOUR?

Cd=C4+E4 (HOUR?

CS=CS+ES(HAURD

CE=CE+ES{HOUR>

C7=C7+E7 {HQUR?

+

a4
TITTr .

;ear
HHHS . HR"2Q3S

Q4;

i1
™

;08!



1838 C8=C8+E3(HOUR?
1842 Qi=01+LA{HOUR)
1844 Q2=02+3C(HOUR)
1845 Q2=02+LE{(HQUR)
1€48 Q4=Q4 +[{(HQUR>
1€47 QAS=Q5S+QB(HOUR?)
1842 QE=08+0QS {HOUR:
{€43 Q7 =07 +P (HOUR)
{ESE Q2=02+Y (HOUR)
1828 RETURM

- 88 -
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TL= 1! Q= 42802 AR= £9 :

TS= 7 TH= 5.42281632 TL= 10.2838774 TR= 48 -LA=25473.49
HP=.372 BO=@ S0=9 SYE=.282 EF=2.235 -

0C=25584.80 QE=18512,88 W=7868.82 @B=2 Q5=8 Y=8 P= 4.40
TS= 8 TH= 5.84525626 TL= 9.75885218 TR= 48 LA=24830, 13
HP=.372 B0=.892 S0=2 SYS=.239 EF=0,828

GC= 8332.3! QE= 458!.35 W=1347.29 Q2=18716.47 Q&=
TS= 8 TH= E.52345316 TL= 1£.15135738 TR= 48 LA=23
HP=0 B0=.825 S0=.5138 2Y5=,982 EF=2.7339

GC=2 QE=2 W=2 AB=24026.85 GS= 7722.88 Y= 14520.82 P=222.20

TS= 18 TH= 7.2374437€7 TL= 18.68213682 TR= 4@ LA= 89529 61

HP=.337 BC=2 S0=,6139 SY5=,242 EF=2.038

QC=22644.92 QE=18378.25 =£351.33 (GB=9 QS= 2614£.16 Y= 33798.23
TS= 1! TH= 2.,28817822 TL= 11.9833524 TR= 48 LA=29354.92
HF=,34€ BO=8 S0=.828 SY5=,223 EF=3.@78

QC=21087.19 QE=15228.021 W=8476.86 OB=2 OS= 38877.92 Y= 57386.68
TS= 12 TH= 9.18883232 TL= 13.5043821 TR= 42 LA=18270.29

HP=.334 BO=2 S0=.826 8SYS=.207 EF=3.886

GC=13472.31 QE=14083.50 1I=5982.638 QB=0 QS= 4423%.17 Y= B5423.75
TS= 13 TH= 9.8381885 TL= 15.1545871 TR= 42 LA=17962.12

‘HP=.322 BO=0 S0=.6824 SYS=.135 EF=3.052

- QC=18@68.39 QE=13062.91 W=5554.89 GB=0 Q5= 4433%.7! Y= 663323.11
T3= 14 TH= 18.4534371 TL= 16.56850417 TR= 48 LA=16236.24
HP=.312 BO=@ S0=.B1€ SYS5=,198 EF=3.042

QC=17990.238 @E=12235.49 l=5226.52 GB=0 (5= 33185.75 Y= 68172.48
TE= 15 TH= 10.6812852 TL= 17.385537! TR= 4B LA=16228.15
HF=.2@8 B0O=0 S0=,530 SYS=.,1388 EF=3.83%S

QC=16499.98 QE=11862.92 W=5042.23 QB=0 QS= 27607.38 Y= 435154.38
TS= 1€ TH= 10.6881873 TL= 17.289141S5 TR= 48 LA=168238.28
HP=.385 B0=0 80=.485 SYS=.217 EF=3.024 :
GC=168340.,97 QE=11813.52 W=5023.824 (OB=0 @S= 9342.8%5 Y= 21183.!
TE= 17 TH= 19.2142885 TL= 16.6082388 TR= 42 LA=18723.6!

HP=.382 BO=68 S0=9 SYS=,255 EF=2.230

QC=1£827.30 QE=12171.28 W=5172.35 (0B=0 (S=2 Y=0
TS= 18 TH= 9.56179752 TL= 15.3881472 TR= 42 LA
HP=.215 B0O=2 80=2 SYS5=,258 EF=2.221

8 Y=8 P= 7.10
288.82

[ ]
1]

" QC=173@2.73 QRE=12876.8! W=5473.24 GB=2 Q5=8 Y=2 F= 4.40

TS= 18 TH= 8.72525473 TL= 135.1540717 TR= 48 LA=13244.84
HP=,224 BO=0 S0=0 35Y5=,252 EF=2.232

GC=12152.49 QRE=12252.84 W=5882.12 GB=2 QS5=0 Y=@
TS= 2@ TH= 7.803491887 TL= 14.3415687 TR= 48 LA=
HP=,33C BQ=0 80=2 SYS=.287 EF=3.2323

QC=22717.43 QE=14935.04 l=5383.33 GB=8 05=8 Y=9
TS= 21 TH= 8.824722358 TL= 13.4675471 TR= 48 LA=
HP=.345 BO=90 S0=0 SYS=,272 EF=3.239 |
QC=223213.568 QE=18139.53 W=5880.84 QB=0 Q5= Y=8 P= 4.40

TS= 22 TH= 6.13437738 TL= 12.53248768 TR= 482 LA=23835.28
HP=.355 B0O=@ S0=9 SYS=.276 EF=32.235

QRC=23752.88 QE=17120.58 W=7302.54 QB=0 QS5=0 Y=0 P= 4.40

TS= 28 TH= 5.58489325 TL= 11.5672724 TR= 48 LA=24746.08
HP=,363 BO=8.S0=90 SYS5=.289¢ EF=3.235 ' o
QC=248865.93 QE=17335.67 W=7644.74 QB=0 (Q5=0 Y= P= 4.40
%k kdTHE DAY'S CUMULATIVE kdikkk

TOTAL HEATING LOAD:LA=255521.76

W= 38751.37 Q5=233933.46 QB= 42742.42 P=2574.20 Y= 370833.8%
EF= 2.273 EX=.189 ‘

P=323.40

p=328.40

P=323.48

P=328.49

P=328.406
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TL= 18 Q= 40090 AR= 60

TS= 7 TH= 2.53563935 TL= 8.88131117 TR= 42 LA=38501.31

HF=2 BO=. 183 50=0 3Y5=,983 EF=0.,747

QC=0 QE=8 W=9 GB=28832.74 GS=0 Y=2 P= 8.09

TS= 8 TH= 2.853572168 TL= 8.96344842 TR= 48 LA=29954, 43

HP=0 BO=, {02 80=8 SYS=.888 EF=0,747

QC=0 QE=0 =0 (GB=300284.76 QS=0 Y=0 P= 8.09

TS= 8 TH= 2.62838332 TL= 10.@618832 TR= 480 LA=28%61.87

HP=.380 BO=.105 S50=.419 SYS=.052 EF=2.914 o |
QC= 7238.06 QE= 5235.33 W=2225.25 GB=21852.23 Q5= 73897.71 Y= 17415.82 P=321.
TS= 1@ TH= 4.4275{819 TL= 19.3024458 TR= 48 LA= 2?833.3: ‘
HP=,2384 BO=9 S0=.586 SYS=.249 EF=3.118 :
ac= 9??59 21 QE=22972.25 W=8524.18 QR=9 G3=24386.S82 Y= 41014.25 P=328.42
TS= 11 TH= 5.229388824 TL= 11.2283321 TR= 408 LA=26!15.06

HP=.375 BO=0 S50=.613 SY3=.2322 EF=2.111 , : ,
QC=28237.66 QGE=18977.85 L=8SB6E.46 QB=0 @S=26873.54 Y= 57294.48 P=328.48
TS= 12 TH= 6.183975525 TL= 12.5148354 TR= 49 LA= 245?4.59 -
HP=.2684 B0O=0 S0=.6!6 SYS=.2138 EF=3.123

QC=246393.93 QE=17861.31 W=7521.82 GB=0 QS=421532.29 Y= 64844.77 F=222.40
TS= 13 TH= 6.83255214 TL= 13.8551387 TR= 48 LA=23131.52

HP=,353 B0=2 S50=.813 SYS=.210 EF=2.835 B

ac=°3ase.ei QE=18851.72 W=7162.75 GB=8 Q5=42488.13 Y= B65763.1& P=228.40
TS= 14 TH= 7.48484027 TL= 14.88673{4 TR= 40 LA=22023.70

HP- 344 B0O=P S50=.8903 SYS=.207 EF=3.887

QC=22294.19 QE=16080.42 W=6825.41 QE=0 QS= 27675.21 Y= 59835.36 F=322.49
TS= 15 TH= 7.78781285 TL= 15.5854505 TR= 48 LA=21419,42

HP=,222 B0=0 S0=.574 5YS=.214 EF=2,823 »
BC=21522.58 QE=15574.682 W=5£158.92 QR=0 QS=27208.78 Y= 45389,27 P=328.44
TS= 18 TH= 7.75624718 TL= 15.3255275 TR= 49 LA=21244.,58

HR=,228 BO=@ S§0=,453 SYS=,223 EF=3,221!

QC=21357.37 QE=15447.30 W=5585.97 Q8=0 95?19838.4§ Y= 235239.87 P=325.48

TS= 17 TH= 7.452395286 TL— 14.4745268 TR= 48 LA=21584.48

HP=,338 BO=0 £0=0 3SY3=.272 EF=2.234 ’

QC=Z16887.82 GE=136%94, 84 W=587@.77 UB=0 QS5=8 Y=8 P= 4.48

TS= 12 TH= £.83383554 TL= 13, :921‘8 TR= 48 LA=22481.58

HP=,248 RBO=2 S0=0 3YS=.273 EF=2.234

QC=225 16,70 QE=182585.458 W=5322.43 GB=9 Q5=0 Y=8 P= 4,48

TS= 13 TH= £, 123@0332 TL= 12.8538803 TR= 49 LA=23585.88

HP=,2355 RO=9 S0=2 5YS=,275 EF=3.235 _

QC=237238.42 QE=17153.27 W=7232.48 Q5=0 QS=2 Y=0 P= 4,48

TE= 2@ TH= 5.254813!4 TL= 11.87372233 TR= 480 LA=25884.5!

HF=,3GE BC=2 3C=8 3V:Z=.281 EF=3.23S

QC=25:134,38 QE=18216.45 W=7742.82 QE=2 @35=0 Y= P= 4,48

T3= 2! TH= 4,38375248 TL= 18.8381123!1 TR= 48 LA=28618.72

HP=,278 BO=2 S0=0 3YS=,238 EF=3.23% ’

QC=22740,23 QE=18341.43 W=2221{.00 2B=0 QS=0 Y=8 P= 4.49

T3= 22 TH= 2.55372387 ThL= 9.81213825 TR= 42 LA=232991.3%

HP=,385 BC=,10€ 50=8 SvS5=,157 EF={,759

0C=2!0935.48 QE=13215.02 W=8457.11 08= 7122.44 G5=0 Y=0 P= 5,39

T5= 23 TH= 2.,91423255 TL= 9.7958424{ TR= 42 LA=223325.8!

HRP=0 BO=, 187 30=0 5Y35=,068 EF=0.747

QC=@ 9E=0 W=9 GR=23454,28 Q3=0 Y=8 P= 2,08 .

BhpxkesTHE DAY'S CUMULATIVES vxx

TOTAL HEATING LOsD:iLA=453248,21¢

U= 333!0.S1 Q2=22353!.72 QB=125722,23 P=2823.29 Y=275727.33
iz¢

EF= {,82Q2 EX=,
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TL= 12.5 0= 40008 AR= 60

TS= 7 TH= 3.17848708 TL= 11.3332527 TR= 40 LA=29502.88
HP=.388 BO=@ S0=9 S5Y35=,284 EF=3,237

QC=29632.30 GE=21433.21 W=2110,18 @B=@ GS=0 Y=0 P= 4,40
TS= 8 TH= 3.72050401 TL= 19.3541723 TR= 49 LA=23631.07
HP=.387 BC=8 S0=.3S! SY5=.28! EF=3.179 :

QC=28812.85 QE=29244.24 |J=82689.01 @5=2 @S= 25432.38 Y= 7455.13
TS= 8 TH= 4.42295886 TL= 10.2834037 TR= 40 LA=27555.24

HP=.282 BO=@ S0=.5682 SY5=,252 EF=2.112

QC=27E81.76 QE=20023.68 l=2512.53 QB=0 @S=28969.48 Y= 25727.82
TE€= 1@ TH= 5.2225553 TL= 11,4822074 TR= 49 LA=28229.75
HP=.375 BO=0 S0=.8{5 SYS8=.228 EF=3.111

QC=263532.57 QE=19260.97 W=2101.79 GB=0 0S=480329.23 Y= 6£1337.52

TS= 11 TH= 6.04705515 TL= 13.2951493 TR= 48 LA=24802.03
HP=.384 BO=0 S0=.620 SYS=.208 EF=3.104

QC=24821.88 QE=13026.2! L=7661.97 QB=0 @5=52246.59 Y=
T5= 12 TH= 6.82225853 TL= 15.433435 TR= 49 LA=23411.74
HP=.33! BO=9 50=.€18 SYS=.127 EF=2.088 :

QC=23528.88 GE=17013.58 W=7233.68 (GB=0 Q5=57621.72 Y= 88132.23
TS= 13 TH= 7.47838837 TL= 17.59591968 TR= 40 LA=22184.16
HP=.338 BO=0 S0=.6{2 SYS=.174 EF=3.,088

QC= 82288 85 QE=16125.88 W=6855.52 GB=8 QS=57268.21 Y=

¥8ERZ2.48

892?@.38

T3= 14 TH= 7.958@3183 TL= 19.4835521 TR= 49 La=21223.92

HP .323 BO=0 $0=.537 SYS=.168 EF=3.081 \

QC=21242.88 QE=15427.23 L=5561.55 GB=0 GS=51209.21 Y= 825088.72
T5= 15 TH= 8.21254783 TL= 29.7245888 TR= 40 LA=29634.83

HP=.322 B0=92 50=.587 8Y3=.174 EF=3.977 _
QC=28746.56 QE=150€6.10 W=6273.22 G8=0 (S=39191.84 Y= 672508.15

TS= 16 TH= 8.22457628 TL= 21.0148798 TR= 48 LA=20453.00

HP=,313 BO=8 S0=.422 5YS=,185 EF=2.075
QC=20584.20 QZ=14374.29 W=6322.22 GB=0 @S=20515.37 Y= 42742.13
TS= 17 TH= 7.95:87528 TL= 22.33i2787 TR= 4¢ LA=29730.34
HP=.221 BO=9 30=.258 SYS=.243 EF=2, 153 ‘
QC=20812.83 QE=13052,.46 [4=5338.4! GB=0 QS= 2792.395 Y= 18785.31
T3= 12 TH= 7.53218% TL= 19.4 TR= 42 LA=21354.72
HP=.22S BO=@ 80=¢ SVS=.258 £ 2

OC=2:1487.72 QI=!1SS27,73 W=82 G2=0 Q3=0 Y=0 P= 4.49
TS= {3 TH= §.82:32307 TL= 1Z 24 TR= 4¢ LA=22357.17
HP=,323 B0=0 30=9 &\ £ el
AC=22472.50 QT= g2 GE=Q QS=2 Y=28 P= 4.4p
TI= 29 TH= 8.4 17, Y44 TR= 948 LA=23617.27
HR=,242 RO=p 2C ZF 3

QC=22734.34 Q= 7357 §2=0 05=2 Y=3 P= 4,40
TE= 21 TH= 5,30p2 13, {358 TR= 42 LA=2585!.75
HE=, 754 0929 30 =, 200 ©F '

C=2S142,14 @I=13(I5,4%8 [l=773 Y=2 F=  4.49
T8= D2 TH= 4,427287T7 TL= 15,51 L&=25443,75

Bn, 2G04 BC=@ S0=0 3VS=,285 IF

2 81 QISIEES,07 L=3is Y=2 F= 4,43

s I= 2,72p42I54 TL= 12 LA=E7755.25

F C=g I

< 81.1 Y=3 P=  4.43

YERTIN :
g, 2031.88 Y=585423.31

p=3283,
P=328.
P=328.
P=228.
P=3éé.
P=328.

FP=328.

.48 -

49

42

40

40

48

40

43
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TL= 28 Q= 40208 AR= &8

TS= 7 TH= 4.51482336" TL‘ 18.92835681 TR= 49 LA=27354.38

HP=,337 BO=8 S0=0 5Y5=,288 EF=3.238

@c= 274?9 47 QE=18876. 88 W=8448.24 QB=0 @S= 8 Y=2 P= 4,49
TS= 8 TH= 5.28214188 TL= 18.2248876 TR= 48 LA=26114,52

HP=.354 BO0=@ S0=.338 SYS=.,247 EF=3.141

- @C=26237.11 QE=12877.45 W=8985.23 (@B=0 Q5= §6383.59 Y= 29514,.386

TS= 8 TH= B6.15881825 TL= 13.7185347 TR= 42 LA=24881.73
HP=,347 BO=0 S0=.522 $Y53=.295 EF=2, 163 '

QC=2478!.42 QE=17924.52 l=7618.75 QB=0 @S= 276138.23 Y= 5i8&S8.

TS= 18 TH= 7.853867792 TL= 28.2203831 TR= 49 L9523899.B?
HP=.,337 BO=82 S0=.576 8YS=.174 EF=3.0884

QC=2321&.19 GE=18732.49 N=?13?.54VQB=@ Q5= 5649 27 Y= '?8898.

TS= 11 TH= 7.240343587 TL= 22.383275 TR= 42 LA=21532.83¢
HP=.,325 BO=9 50=.583 3Y3S=,143 EF= 3 agq

QC=21653.138 QE=156861.87 W=€S57.82 @B=0 Q5= 57188.85 Y= 93788.

TS= 12 TH= 2.734858525 TL= 24.8732212 TR= 42 LA=28832.44
HP=.2123 BO= @ 80=.387 SY§=.131 EF=3,0872

AC=20203.91 QE=14613.60 W=6211.45 QB=2 Q3= G2105.33 Y= 102393,

TS= 13 TH= 2.38218365 TL= 27.2633363 TR= 48 LA=18883.78
HF=,38! B0=@ S0=.577 SY5=.118 EF=2,882

QC=189?1.?8 QE=13722.40 W=58232.685 (R=0 QS= £1487.88 Y= 18342
TS= 14 TH= 9.84027245 TL= 29.55876815 TR= 40 Lﬁ 1?83o S8
HP‘ 282 BO=@ 80=,557 SYS5=.114 EF=3.853

(lJ

QC=18944.,71 QE=130851,84 l=5547.83 QB=0 @QS= 55141.55 Y— 36598&.,

TS= 15 TH= 18.0722583 TL= 31,1364922 TR= 48 LA=17333.84
HP=,283 BO=2 50=.518 3Y5=.113 EF=2.847

QC=17488.86 QE=12648.739 W=5375.74 QB=2 QS= 433@9.17 Y= 813953,

TS= 18 TH= 19.9855833 TL= 21,7732384 TR= 49 LA=17233.15
HP=.282 BO=8 S0=.432 SYS=,137 EF=3.045

=
g2
g6
8=
.88
a7

az

GC=17342.88 QRE=12544.,93 W=5332.17 QB=0 as= 256837.83 Y- 58631.26

TS= 17 TH= 8.81779552 TL= 31.35351424 TR= 40 LA=17514.84
HF=.224 B0O=0 S0=.225 SYS=.136 EF=3,892

OC=17620.13 QE=12744.74 W=5417.18 0B=2 QS= 57384.14 Y= 25574.

TS= 18 TH= 8.347331!728 TL= 38.53%73!{2 TR= 42 LA=12131.24
HP=.288 BO=2 S0=8 SYS=.269 EF=3.,231

QC=18287.88 QE=123224.396 LI=5825.47 QB=0 Q5=0 Y=8 F= 4.42
TS=-19 TH= 8.8821521!8 TL= 29.8922612 TR= 48 LA=18228.88
HF=.235 B0O=2 S0=92 SY3=,252 EF =2.232

=13322.79 QE=13382.82 W=5242.41 GE=2 Q5=2 Y=2 P= 4.40
TS= 2@ TH= 7.88785854 TL= 28.85?5531 TR= 48 LA=28527.234
HP=,322 RBO=0 S0=2 SY5=.287 EF=2,223
[C=202£22,22 RE=142322,5! W=8345.38 QE=0 Q5= Y=g P= 4.49
TS= 21 TH= 7.881257688 TL= 28.9542872 TR= 49 LA=2202!.52
HP=,.312 BO=2 30=2 3Y3=,272 EF=3.234 i
QC=22135,86 QE=1£010,99 W=EE25.4! GB=2 @5=2 Y=0 P= 4.49
TS= 22 TH= 8.89388233 TL= 27.9927293 TR= 48 LA=23534.29

HP=,321 B0=8 S0=0 SY5=,278 EF=3.23%5

QC=23711.72 QE=1{7159.82 W=7253.89 08=0 QS=9 Y=0 P= 4.40

TS= 23 TH= 5.22931125 TL= 28. aegei37? TR= 49 LA=25133.88
HP=.331 BO=9.50=8 SY5=.281 EF=3.235 ' ' '

- QC=25254.42 OE=182686.66 W=7764.17 OB=8 OQS=0 Y=2 P= 4.49
kEkxkkTHE DAY'S CUMULATIVE ®&¥xk¥ '

TOTAL HEATING LOAD:LA=367902.04

W=113422,91 O05=330382.31 @B= 0.08 FP=3153.83 Y= 7116888.48
EF= 3,148 Ex=.191 '

23

P=

P

P:

P

P

P

247 .48

(9]
n
04}
H
[

(O]
ra
()
I
@

=328.48

228.48@

=328.49

222 4@

i .

=328.49

=328.49
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TL= 20 0= 40008 AR= 99 :

TS= 7 TH= 5.42261632 TL= 19.3136126 TR= 48 Lq 25473.49

HP=,342 B0=0 S0=@ SYS=.282 EF=3.235

QC=23584.80 QE=18512.86 W=7358.82 GB=0 GS=0 Y=3 P= 4.40
"TS= 8 TH= 5.84825525 TlL= 18.8432817 TR= 42 LA=24330.18

HP=,347 B0O=0 S0=9 5Y5=.29890 EF=32.235

QC=25230.38 QE=128119.03 W=7701.44 QBE=9 0S=0 Y=0 P= 4,40
TS= 2 TH= B8.52345916 TL= 18.18!37768 TR= 48 LA=23803.89

HP=.343 BO=8 30=,2383 8YS8=,247 EF=2,132

QC=24025.85 QE=17372.83 W=7386.230 0QBR=8 QS 4585.34 Y= 15842.91
TS= 18 TH= 7.374437@7 TL= 18.8161177 TR= 4@ Lﬁ 225;8 61

HP=.3368 B0=2 S80=.433 SYS=,1392 EF=3.0823

GC—22844 98 QE=16372.25 W=636!.93 GB=0 QS= 29302.33 Y= 53897.44
TS= 11 TH= 8.29817822 TL= 18.7902845 TR= 4@ LA=20354. 98

HP=.328 BO=@ 80=,556 SY5=.163 EF=3.,008

GC=21867.18 QE=15232.81 W=5475.868 QB=@ QS= 488?9.11 Y= 86880.91
TS= 12 TH= 3.18883238 TL= 21.2942318 TR= 48 LA=19379.29

HP=,315 B0=2 50=.588 SYS=.145 EF=2.930

QC=18479.231 QE=14989.50 LI=5332.628 QB=0 @5= 57220.22 Y= 95150.64
TS= 13 TH= 8.3331585 TL= 22.8488838 TR= 49 LA=17862.12

HP=.3@4 BO=@ 30=.562 SY3=.134 EF=2.971 :
QC=1280623.30 QE=13068.81 N 5554.83 0B=8 Q5= S7466.22 Y= 89592.68
TS= 14 TH= 10.4584871 TL= 24.1385032 TR= 48 LA=16896.24

HP=.288 B0=8 S50=.5339 SYS=.132 EF=2.955

QC=17002,28 QE=12296.49 W=5226.53 GBE=0 QS= 43743.81 Y= 99257.72
TS= 15 TH= 108.6812652 TL= 24.8440235 TR= 40 LA=16288.15

HP=,29@ BO=0 S0=,.475 5YS=.144 EF=2.948 '

QC=168490.88 QE=11862.82 W=5042.23 (QB=@ QS= 32627.75 Y= 67731.57

TS= 16 TH= (02.68@81373 TL= 24.8582772 TR= 48 LA=15232.26
HP=.288 B0=@ 80=.268 SYS=.19@ EF=3.011

@QC=16340.37 QE=11219,52 W=5023.24 QB=0 Q3= 7376.49 Y= 27473.45

TS= 17 TH= 10.2142985 TL= 24.1352477 TR= 40 LA=16723.61
HP=.292 B0=@ S0=0 SYS5=.255 EF=3.238 o
QC=16827.30 QE=12171.28 W=5173.35 OBE=0 QS=0 Y=0 P= 4.48
TS= 18 TH= 9.58178752 TL= 23.7036423 TR= 40 LA=17697.02
HP=.293 B0O=@ S0=2 SY5=.252 EF=2.231

@C=17892.73 QE=12876.31 L=5473.24 QB=0 QS=0 Y=0 P= 4.40
TS= 19 TH= 2.72525478 TL= 23.1879822 TR= 420 LA=19044.04
HP=.207 BO=2 S0=8 SY5=.262 EF=3.222

@C=18152.40 QE=12853.04 L=5882.18 OB=0 QS=2 Y=2 P= 4.40
TS= 20 TH= 7.80341827 TL= 22.6246645 TR= 40 LA=20605.93
HP=.3168 BO=9 S0=0 5Y5=.2687 EF=3.233

@C=29717.43 QE=14925.94 W=6363.32 QBE=0 Q5=2 Y=0
TS= 21 TH= 6.90472236 TL= 22.0296435 TR= 48 LA
HF=,225 BO=0 S0=0 SYS=.272 EF=3.234

QC=22313.56 QE=16139,52 LW=6862.04 GB=0 QS=8 Y= P= 4.4c

TS= 22 TH= 6.13497733 TL= 21.3792157 TR= 48 LA=23835.28
HP=,334 BO=9 S0=0 SYS=.278 EF=3.235

QC=23752.83 QE=17180.53 W=7302.54 GB=0 QS=0 Y=0 P= 4.40

TS= 23 TH= 5.58480326 TL= 20.7095128 TR= 48 LA=24746.09
HP=,341 BO=0 SG=0 SYS=.230 EF=3,235

0C=24865.93 QE=17985.67 W=7644.74 QB=@ 0S=0 Y=0 P= 4.40
*xk%k¥THE DAY'S CUMULATIVE®%¥k¥

TOTAL HEATING LOAD:LA=355521.76

W=1p2332,33 QS=287872.29 0OB-= 0.99 P=3533.40 Y= 544841.59
EF= 3.133 EX=.213

P=247.48

P=430.49
P=430.48
P=430.48
P=4398.40

FP=430.486

F=43990.48

P=388.88
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TL= {2.5 Q= 40900 AR= ag '
- TS= 7 TH= 2.53582035 TL= 11.69453883 TR= 48 _ LA=2050{,31
HP=,332 BO=8 S0=0 §YS=.297 EF=32.,237
QC=30632.74 QE=22156.83 W=3417.587 OB=8 Q5=0 Y=2 P= 4.48
TS= 2 TH= 2.35387318 TL= 18.2955832 TR= 48 LA=29354.43
HP .382 B0O=8 S0=8 8Y5=,298 EF=3.237
QC=3e084.76 QE=21789,48 W=2245.20 QB=0 QS=8 Y=3 P= . 4.40
TS= 9 TH= 3.6922S832 TL= 10.5104249 TR= 48 LA=22981.97
HP=.383 BC=02 S0=.441 SY8=,284 EF=2.110
QC=28089.3@ QE=2104!,18 W=2943.47 QR=G QS=19225. 22 Y= 23854.22
T8= 12 TH= 4.42751613 TL= 11.083421% TR= 48 LA= 27832.35
HP=,382 BO=0 S0=.578 SYS=.2%1 EF= ”.@SE
QC=27752.01 QE=29072.25 W=2534. QB=2 (5=386832.28 Y= 6132!.27
TS= 1! TH= 5.32080224 TL= 2. 51985h4 TR=" 40 LAr=26115,86
HP=.372 BO=0 S80=.825 2Y&=,202 EF=3,052 '
QC=26237.68 QE=18377.85 W=8@S55.45 QB=0 QS= 54285 58 Y= B584!.73
TS= 12 TH= B6.18375525 TL= 13.86135p2 TR= 48 . LA=24574.50
HF=.381 BO=2 50=.802 SYS=.19! EF=32.841 '

=

=

15.44223834 TR= 48
B892 3YS=,138 EF=2.229

GC=24632.93 @E=17361,3! W=7531.38 QB=2 G35=
TS= 12 TH= £.832552!4 TL=
HF=.343 BO=2 S0=

1858.81 Y=

Y

¥pkkikTHEZ DAY'S CUMULATIVE:hxx:
TOTAL HEATING L0OAD:LA=439248, 81
W=135283.87 0S=232213,62 @B=
EF= 3,142 EX=,244

LA=23181.

@C=23298.21 GE=16851.73 W=7162.76 GB=0 5=51334.96 Y= 93544.74
TS= 14 TH= 7.43484027 TL= i6.7357541 TR= 48 LA=22083.70
HP=.240 BO=8 S0=,527 SYS=.176 EFe 2.018 ~

QC=22204.19 QE=16069.42 LI=6326.41 QB=9 G5=54563.80 Y= 89344.54
TS= 15 TH= 7.76731285 TL= 17.5812848 TR= 4¢ LA=21419,42
HP=.332 BO=9 80=.547 SYS=.135 EF=3.012

Qc-°'532 55 QE=15574.52 W=5613.93 GB=0 Q5=32615.4% Y= £8952.91
TS= 168 TH= 7.75624718 TL= 17. @885?3 TR= 49 LA=21244.58
HP=.33! BO=0 S0=.292 §Y§=.213 Ef= | :
QC=21357.27 OE=15447.99 LI=6566.87 Qb-o 05=12994.54 Y= 35335.11
T8= 17 TH= 7.45225285 TL= 16.8321398 TR= 480 LA=21584.46
HP=.334 B0=9 S0=0 S5YS=.279 EF=3.234 '

QC=21837.93 QE=15894.24 LI=GE72.77 QB=0 GS=0 Y=0 P= 4.40

TS= 13 TH= 6.88362554 TL= 15.3348544 TR= 42 LA=22401.5¢
‘HP=,333 BO=0 50=9 5Y5=.273 EF=32.234

QC=22515,70 QE=16282.45 W=5322.49 GB=9 QS=0 Y=2 P= 4.40

TS= 13 TH= £,12389332 TL= 15.7068545! TR= 42 LA=23865.86
HP=.247 BO=0 50=0 SY5=.275 EF=2.235

QC=23723.49 QE=1715%,27 W=7292.48 GB=@ 05S=8 Y=0 P= 4,40

TS= 20 TH= 5.2548!214 TL= 15.9423515 TR= 40 LA=25624.51
HP=,25& BO=0 80=0 S§YS=,28! EF=2.235 ,

QC=25124.33 QE=182168.45 W=7742.32 OB=0 @5=0 Y=0 F= 4,48

TS= 21 TH= 4,2837544¢ TL= 14,33387285 TR= 480 LA=2581!3,72
HP=,28S EO=0 50=0 SYS=,236 EF=3,238 '

QC=25742.32 QE=19341.42 [J=822!,27 QB=3 (5=9 Y= P= 4,42

TS= 22 TH= 2.55378387 TL= 12.S258573 TR= 47 LA=23291.35

HP=,375 BO=2 30=2 SYS=.990 ©F=3,23§

QC=28217.82 QE=20410, 12 W=3675.28 GE=0 Q5=0 Y=2 P= 4.48

TS= 23 TH= 2.91425255 TL= 1£.8131035 TR= 46 LA=29325.31
HP=.234 BO=0 S0=0 SY5=,294 EF=3,237 .

QC=22454 .86 QE=21304.57 W=3035.55 05=3 Q5= Y=8 F= 4,40

8.09 P=32842.48 Y=560512.83
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TL= 12.5 @= 490028 AR= 99

TS= 7 TH= 3.178438708 TL= 11.7214152 TR= 4@ LA=29502.88

HP=.338 B0=9 S0=0 SYS5=.284 EF=3.237

QC=29632.390 QE=21423.21 W=3116.10 QB=@ Q5=8 Y=0 P= 4.48

TS= 8 TH= 3.72869401 TL= 11,0349204 TR= 42 LA=28831.07

HP=,385 BO=0 S0=.2328 SY8=.275 EF=2.15@

QC=28818.85 QE=20244,84 |§=88£0.81 @B=9 QS= 3692.78 Y= 11122.79
TS= 8 TH= 4.42305886 TL= 11.4475147 TR= 48 LA=273568.24

HF=,321 BO=8 80=,554 5YS=.234 EF=3.8862 S :
GC=27631.76 QE=20022.€0 W=8513.52 QB=8 QS=38435.22 Y= 53591.54
TS= 1@ TH= 5.2225553 TL= 12.8352852 TR= 48 LA=26229.7S

HP=,372 BO=2 S0=.698 SYS=.201 EF=32.853

QC=26332.57 QE=18080.87 W=81901.73 QB=0 Q5=58695.82 Y= 92831.28
TS= 11 TH= 6.84785515 TL= 14.9912328 TR= 4@ LA=24802.83
HP=.360 B0O=8 S0=.513 SY5=.173 EF=3.042

@C=24921.98 QE=12@25.21 W=7681.97 QB=0 QS=78332.24 Y= 119483.68
TS= 12 TH= 6.82225852 TL= 17.2837143 TR= 48 LA=23411.74
HP=.347 BG=2 S0=.818 8YS=.152 EF=3.03!

QC=23528.88 QE=17012.58 W=7232.68 GB=0 Q2=24471.12 Y= 1322288.34
TS= 13 TH= 7.47820887 TL= 13.6375503 TR= 48 LA=22184.186

HP . 325 B0=9 §0=.598 5Y5=.132 EF=3.220 o
GC=22292.85 QE=168128.88 lL=£855.52 QB=3 QS= SQSSS 58 Y= 1333825.37
TS= 14 TH=.7.95803198 TL= 21.6383282 TR= 49 LA=21228.82
HP=,325 B0=2 S0=.582 SYS5=.133 EF=3.211!

QC=21342.88 QE=15437.28 W=6561.55 QB=0 (@5=742343.30 Y= 123750.88

TS= 15 TH= 8.21254722 TL= 23.121445 TR= 48 LA=20534.95

HP=.217 BO=0 S0=.544 SYS=.133 EF=3.004

QC=20746.58 QE=15206.1¢ W=8378.28 QB=2 (5=56113.87 Y= 180875.22
TS= 15 TH= 8.22457023 TL= 23.5716326 TR= 4@ LA=20453.00
HP=.314 BO=0 S0=.449 SYS=.164 EF=3.002

0C=20564:20 QE=14874.20 W=5322.22 QB=0 QS=28508.56 Y= 64113.18
TS= 17 TH= 7.99187506 TL= 23.1207231 TR= 48 LA=20708.34
HP=.215 BO=@ S0=.186 SY5=.229 EF=2.115

0C=29812.93 @E=15052.48 w—csse.qz @B=0 @S= 2683.38 Y= 16182.37
TS= 18 TH= 7.523182 TL= 22.5183583 TR= 48 LA=21354.72

HP=.328 BO=9 SO=2 SYS=.2689 EF=2.232

GC=21457.72 QE=15527.72 W=5609.0¢ QB=2 QS=3 Y= P= 4.49
TS= 18 TH= 5.89192307 TL= 21.9183238 TR= 48 LA=22357.17
HP=.326 BO=9 S0=@ SYS=.273 EF=3.234

00=22472,.20 QE=16254,27 W=6385.81 QB=0 QS=8 Y=0 P= 4.40
TS= 20 TH= 5.12521355 TL= 21.2637139 TR= 48 LA=23617.37
HP=.324 B0=2 S0=8 SYS=.276 EF=3.235 |

@C=23734.94 QE=17167.6! W=7297.02 QB=0 GS=0 Y=0 P= 4.40
TS= 21 TH= 5.38235551 TL= 20.5927353 TR= 48 LA=2502!.75
HP=.342 BO=0 S0=0 SY3=.281 EF=2.235

@C=25142.14 QE=18185.45 W=7722.65 QB=8 QS=2 Y=0 P= 4.4D
TS= 22 TH= 4.4972977 TL= 13.8788921 TR= 48 LA=28443.75
HP=,35! BO=B S0=0 SY5=.285 EF=3,236

0C=26567.01 GE=18216.87 W=8167.7! GB=8 QS=0 Y=@ P= 4.40
TS= 22 TH= 2.78242394 TL= 12.1315365 TR= 48 LA=27755.25
HP=,359 BO=0 S0=@ SYS=.2838 EF=3,236

- QC=27821.15 QE=20166.59 W=8571.73 QB=@ QS=0 Y=0 P= 4.49
*¥r244THE DAY'S CUMULATIVE %kt

TOTAL HEATING LOAD:LA=419875.42 o -

. W=123470.48 05=498362.32 @B= 0.00 P=4443.80 Y=348134,97
EF= 3.123 EX=.213

J

P=247.48

P=480.48

P=480.49

P=438.48
P=430.49
P=430.42

P=439.48
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TL= 20 Q= 48928 AR= 279

TS= 7 TH= 4.51483988 TL= 13.2830677 TR= 4@ LA=27354.38

HP=.357 BO=9 S0=2 8YS=,282 EF=3.2358

QC= 274?° 47 QE=19876.06 1I=8442.24 QB=0 QS=9 Y=8 P= 4.40
T3=.8 TH= 5.28214198 TL= 12.9148625 TR= 48 LA=25114.52

HP=.353 B0=8 S0=,322 8YS=.,22! EF=2.098

QC=25237. 11 QE‘13977.45 W=8858.22 O0B=0 0S= 8338.2% Y= 38772.28

T8="8 TH= 6.15881625 TL= 19.62958512 TR= 48 LA=24661.73
‘HP=.345 B0O=0 S0=,512 5Y3=,178 EF=2.041 '

QC=24781.49 QE=17824.52 W=7618.75 QB=0 (S= 4@585.85 Y= 77799.22

TS= 18 TH= 7.05867732 TL= 21.4428431 TR= 49 LA= 93988 87
HP=,335 B0=0 §0=,587 SYS=.142 EF=3.028

- QC=23216. 13 QE=16732.40 W=7137.54 GB=0 Q8= B87231.33 Y= 115347.92

TS= 11 TH= 7.848384587 TL= 23.8354844 TR= 42 LA=21539.8@
HF=,322 BO=0 80=,520 SYS5=.117 EF=2.014

QC=21653. 18 RE=15661.87 W=5657.082 QB=8 0S= 84133.22 Y= 148649.88

TS= 12 TH= 8.72486525 TL= 26.5125443 TR= 48 LA=20083.44
HP=,388 B0O=0 S0=.578 SYS=.18@ EF=2.93%2

QC=29203.81 GE=14612.60 W=6211.,45 @B=0 Q5= 91383.64 Y= 153463.73

TS= 123 TH= S 28319965 TL= 29.18828583 TR= 48 LA=18863.78
HP=.298 BO=0 S0=.565 SY5=.083 EF=2,923

GC=18371.78 QE=13722.40 N 5832.85 @B=@ Q8= 8908235.48 Y= {55195.98

TS= 14 TH= 8.84827245 TL= 31.5332339 TR= 48 LA=17838.58
' HP=.288 B0=8 S0=.544 S¥S=.885 EF=2.971

@C=18944,71 QE=1305{,84 W=5547.63 GE=Q QS= 20521.27 Y= 1448!2.71

TS= 1S5 TH= 12.@7325883 TL= 23.253577 TR= 48 LA=17383.94
HP=,282 BO=@ 50=.581 SYS$=.932 EF=2,963

QC=17488.86 QE=12649.78 W=5376.74 QB=p OS= 52583.27 Y= 122844.53

T5= 16 TH= 10.8855632 TL= 34.03936845 TR= 48 LA=17239.15
HP=.273 BO=G £0=.484 SYS=.1@7 EF=2.861

GC=17343.88 QE=12544.383 W=5322.17 @GB=0 Q5= 35327.87 Y= B88835,.88

TS= 17 TH= 9.81778553 TL= 33.7644486 TR= 48 LA= 1?514 84
HF=.220 BO=@ £0=.173 SY5=.152 EF=32,027

QC=17820.123 QE=12744.74 1=5417.19 GB=8 QS= 88??.@@-Y= 38511.44

TS= 12 TH= 9.34738172 TL= 33.2442357 TR= 48 LA=181491.24
HF=.224 B0O=8 S0=0 SYS=.269 EF=3,231

QC=12237.88 QE=12234.36 W=5625.47 GE=0 Q%=8 Y=0 P= 4.49
TS= 18 TH= £.88815218 TL= 32.687487v8 TR= 4¢ LA={2220.0%2
HP=.238 BO=8 £0=0 SY5=,283 EF=3.232 , "
GC=18328.78 QAE=13380.62 W=5842.41 GB=@ QS=2 Y=Z P= 4.40
TS= 28 TH= 7.887056854 TL= 22.1187822 TR= 49 LA=23527.94
HP=,237 B0O=0 S0=8 SY5=,287 EF=3.233
QC=20523.2% QE=14922.51 W=5345.30 28=8 Q5=2 Y=0 P= 4.40
TS= 21 TH= 7.001257688 TL= 31.48 ?1439 TR= 48 LA=22982!.58
HF =288 RBRQ=2 80=8 ZYE=,272 EF=3.234

QC=22125,88 QE=18810,99 W= 5205, 4 GB=2 Q5=0 Y=8 P
TS= 22 TH= 6,03296223 TL= 20.2368522% TR= 48 LA=2353
HP=,314 BO=01 S0=0 SY3=.27S EF=2.235 _ _
QC=22711.72 QE=17150,82 W= ?EoB.SS GEB=0 Q3=9 Y=9 P= 4,40

'TS= 23 TH= 5.22921125 TL= 30.13680737 TR=. 49 LA=25132.89
HP=.323 BO=P S0=0 SYS8=.281 EF=3.235 :

OC=25254.42 QE=18266.66 W=7764.17 GB=@ QS=0 Y=0 P= 4,40
¥¥kk ek THE DAY'S CUMULATIVExkkiy

TOTAL HEATING LOAD:LA=387222.04 :

W=113422.91 @3=5591385.59 GB= 2.00 P=4632.80 Y= 1867544.68
EF= 3.107 EX=.183

p=3sa.
P=439.
P=420.
p=4Q2.
P=430.
P=488.
P=433.
p=42a.
P=493.

P=388.

t=1a]

48

40

49

40

48

48

43

4@

a9
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TL= 20 @= 49000 AR= 120

TS= 7 TH= 5.42261632 TL= 19.4883797 TR= 4@ LA=25473. 49
HP=.343 BO=8 S0=9 SYS=.292 EF=3.235

- QC=25394.80 QE=18512.86 W=7868.82 QB=0 Q5=0 Y=0 P= 4.40

TS= 8 TH= 5.84625626 TL= 18.9728212 TR= 40 Lﬂ=24839.18
HP=.346 BO=0 50=0 5Y%=.230 EF=3,235
QC=25085a,32 QE=181!9.98 W=7701.44 QB=0 @S=90 Y=0 P= 4,42

TS= 8 TH= 6.523453916 TL= 18.83774968 TR= 48 LA=23983.89
HP=.342 BO=@ $0=.287 SY3=.233 EF=3.839

QC=24@26.95 QE=17378.83 W=7386.80 QB=0 Q5= 5676.168 Y= 21122.68 P=328.40
TS= 18 TH= 7.37443797 TL= 19.2171482 TR= 48 LA=22528.61
HP=.335 BO=g §80=,433 8YS=.172 EF=2.3858

QC=22644,.88 QE=16373.25 W=6381.393 GB=8 (QS= 388954.37 Y= 739538.58 P=652.48
TS= 11 TH= 3. 233176822 TL= 29.5098273 TR= 48 LA=22854.,88
HP=.3285 BO=0 S50=.543 s5YS=.142 EF=2.833
QC= 81@8? 18 GE=15238.01 W=6476.86 QB=0 (S= 64426.45 Y= 114773.35 P=652.40
TS= 12 TH= 4, 18883288 TL= 22.1901274 TR= 46 LA=18379.28 '

HD'.314 BO=@ S0=. 5Y&=,123 EF=2.817

QC=13473,21 QE-;4@°8 38 1=5828.628 @B=9 Q5= 75211.8! Y= 138257.52 P=652.40
TS= 13 TH= 9,93815985 TL= 23.7279871 TR= 4@ LA=17862. 12
HP=.383 B0O=8 $0=,.554 8YS=.112 EF=2.834 ’ :
OC=18068.32 QE=13868.91 L=5554.89 QB=0 QS=.75320.85 Y= 132793.22 P=£52.40
TS= 14 TH= 10.4594871 TL= 25.087223 TR= 48 LA=18898.24
HP=.2394 B0=2 $S0=.52% SYS=.11@ EF=2.8749 ' : :
QC=17920.23 QE=12236.40 U‘“EES S8 GB=8 95= 6432, 12 Y= 129358.95 P=552.4@
TS= 15 TH= 1@.8212852 TL= 25.88287124 TR= 48 LP—’BESS.!S
HP=.283 BO=0 S0=.453 SYS=.,122 EF=2.882 :
QC=168400.98 QE=11882.92 W=5842.29 GB=0 QS= 41973.92 Y= 80383.77 P=552.40
TS= 1€ TH= 1@9,6281873 TL= 25.7543994 TR= 40 LA=16238,26
HP=.287 B0=0 S0=,235 SYS=.172 EF=2.345

QC=16340,97 QE=112813.52 LI=5023.584 QB=0 GS= 9E21.285 Y= 3652!.26 F=433.49
TS= 17 TH= 10.2142385 _TL= 25.4815587 TR= 48 LA=18723.51

HP=,280 BO=0 50=0 SY5=.255 EF=2.238

GC=16827.30 QE=12171.28 W=5173.35 0B=0 @S=0 Y=0 P 4.40

TS= 18 TH= 9,55179752 TL= 25,.9238927 TR= 49 LA={7537.82

HP=,258 BO=9 S0=0 SY§=.252 EF=3,23!

CRC=17292,72 QE=I2875.81 W=5472.24 QB=0 83=2 Y=0 P= 4,40
TS= 19 TH= §,725235472 TL= 24.68211465 TR= 40 LA=19944,p4
HP=,204 BO=0 50=0 SY3=.282 EF=3,232 .
0C=18152,49 QE=12253.84 W=5382.18 QB=2 QS=3 Y=8 P= 4,40
TS= 20 TH= 7,30341587 TL= £4,2015322 TR= 48 LA=20£95,22
HP=,312 BO=3 §0=0 S8Y5=,287 EF=3,233
OC=29717.43 QE=14985,04 L=S3G2,33 QR=0 G3S=0 Y=2 P= 4,48
TS= 21 TH= 5.20472296 TL= 23.7484466 TR= 48 LA=p2192.8%
HP=.322 PO=P S0=0 SYS=.272 EF=2.234 :

@C=22213.56 QE=1£139.52 W=6550.94 GB=2 0S=0 Y=0 P= 4.43
TS= 22 TH= §,13487733 TL= 22.2593732 TR= 48 LA=236835.2%
MP=,320 BG=8 50=0 SY$=.275 EF=3.235 .

RC=227S2,88 QE=17182.53 W=7392.54 GE=0 G5=0 Y=8 P= 4.4¢
TS= 23 TH= 5.53480325 TL= 22.7398884 TR= 40 LA=24748.083

HP=,336 BO=8 30=8 8Y5=.288 EF=3.23%

QC=24285,93 QE=17985.67 W=7644.74 @R=0 GS 8 Y=0 P= 4,48
*¥kikedTHE DAY'S CUMULATIVE SRRkt :

TOTAL HEATING LOAD:LA=355521.78

W=10389892,.32 QS=375135.84 @B= .90 P=4772.80 Y= 728455.33
EF= 3.1@8 EX=,197
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TL= 12.5 Q= 498288 AR= i20 :
TS= 7 TH= 2.53563835 TL= 11.89280853 TR= 49 -
HP=.332 B0=8 S0=9 SY3=,237 EF=3,237

LA=205981.31

QC=38632.74 RE=22156,83 W=9417.87 GB=8 GS=0 Y=2 P= 4.40

TS8= 8 TH= 2.95387318 TL= 1!{.297518 TR= 48
HP=,221 B0=9 S0=8 SY&=,298 EF=3,237
GC=29984.76 QE=21762.42 l=3243.29 @B=0 QS=0
TS= 8 TH= 3.89888832 TL= 11.874336 TR= 40
HP=.388 BO=0 S0=.424 35Y5=,254 EF=3.070
QC=°9€8@.39 QE=21841,18 W=8943.47 QB=G QS=

LA=23354.43

Y=g P= 4.49
LA=283851.97

13295.28 Y= 38738.83

TS= 18 TH= 4.42751813 TL= 11,7835312 TR= 48 LA=27633.35

HD' 331 BO=2 S0=.5€2 35YS=.213 EF=3.888

@C=27753.81 QE=22073.25 W=8524.18 QB=0 Q@S= 47383.87 Y=

TS= 11 TH= 5.3203¢824 TL= 12.1710933 TR= 49
HP=.378 B0=0 80=,598 SYS=.185 EF=2,385
QC=28237.68 QE=18377.85 W=3866.46 QB=0 QS=7
TS= 12 TH= B.12373525 TL=
HP=,358 B0=@ S0=.801 SYS=.168 EF=2,981
GC=24633.938 QE=17861.31 W=7521.88 QB=0 QS=8
TS= 13 TH= £6.82855214 TL= 18.5208193~TR= 48
HP=.347 BO=0 S0=.534 SYS=.158 EF=2,966
@C=23232.21 QE=16851.72 W=7162.758 QB=3 GS=5
TS= 14 TH= 7.48484087 TL=-17.8613801 TR= 49
HP=.337 BQ=@ 50=.575 S8YS=.152 EF=2,954
QC=22204.139 QE=18950.42 W=8326.41 QB=@ QS=7
TE8= 15 TH= 7.76781285 TL= 18.8444652 TR= 48
HP=,33@ BO=9 S0=.523 SYS=.163 EF=2.945

QC=21532.58 QE=15574.62 W=6519.93 GB=0 Q3=48807.12 Y=

T3= 16 TH= 7.7588471(38 TL= 18.854790238 TR= 40
’HP .328 BO=@ S0=.351 8Y5=.195 EF=2,943

14.,8343132 TR= 48

. LA=26115.986

1158.18 Y= 114588.37

LA=24574.580

187g.14 Y= 123833.54

LH=:3181.58

1g82.88 Y= {31528.32

LA=22889.70

ie21. 91 Y= 1187392.72

LA=21419.42

LA=21244.58

QC=21357.37 G:"544? 80 W=8586.07 QB=9 QS= 18848 19 Y=

TS= 17 TH= 7.45295285 TL= 18.4184237 TR= 44
HP=,338 B0=0 S0=8 SYS=.270 EF=2.234

QC=21687.393 QE=156834.24 LI=8670.77 OB=0 @S=0
TS= 18 TH= 6.88353554 TL= 17.9623857 TR= 40

" HP=.338 B0=8 SC=3 SYS5=.273 EF=3.234
QC=22518.70 QE=18236.48 lI=5322.439 QB=8 @3=0 °

TS= 19 TH= 6.12999333 TL= 17.4248238 TR= 48
HP=,343 BO=0 S50=8 SYS=.278 EF=3.235
QC=23723.49 QE=17159.27 W=7233.42 OB=2 G5=9
TS= 20 TH= 5.25491914 TL= 15.9732488 TR= 40
HP=,352 BO=2 50=0 SYS=.28! EF=3.235
@C=25184,23 GE=12216.45 W=7742.83 (8= QS=0
TS= 21 TH= 4.36375446 TL= 15.4412138 TR= 40
HP=.381 BO=0 SO=8 SYS=.286 EF=3.238
QC=25740.33 @E=19341.43 W=8221.02 QB=8 QS=2
TS= 22 TH= 3.55376397 TL= 15.87S2182 TR= 40
HP=.362 BG=0 S0=0 SYS=.29¢ EF=3.236
0C=28217.92 QE=29410.18 =8675.25 OB=2 0S=0
TS= 23 TH= 2.31425255 TL= 15.2851997 TR= 40
HP=.377 BO=0 S0=@ SYS=.294 EF=3.,237
QC=29454.85 QE=21394.87 W=9055.55 08=8 QS=2
%% £%¥THE DAY'S CUMULATIVExktks
TOTAL HEATING LOAD:LA=439848.81
W=135869.87 @5=421622.60 OB=
EF= 3.120 EX=.230

LA=21584.48

Y=0 P= 4,49
LA=22491.58

Y=0 P= 4,48
LA=22605.88
Y=0 P= 4,49

Y=0 P= 4,49
LA=23831,35

Y= P= 4.40
LA=29325.81

Y=0 P= 4,40

8.8 P=5037.80 Y=7474R83.77

82223.56

81838.54

P=490.48
pP=552.40
P=652.40
FP=852.40
P=552. 40
P=552.40

P=652.40

.P=852.48
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TL= 12.5 Q= 40868 ARP= 120 o '
TS= 7 TH= 3.178497@8 TL= 11.8128228 TR= 49
HP=.327 BO=8 S0=8 SYS=,284 EF=2.237
QC=29832.38 RE=21{433.2! W=2110. 1@ @B=2
TS= 8 TH= 3.72868421 TL= 11.4648238 TR= 40
HP=,385 B0=0 S0=,39%4 SYS5=.283 EF=3. 123
QC=23212.85 QE=29844.24 W=2269.0! QB=0 QS=
TS= 3 TH= 4.,42295888 TL= 11.37244@88 TR= 48
HP=,380 Bg=9 S50=.548 5YS=.218 EF=3.887
QC=27631.76 QE=28823.80 W=3513.5@ @B=3 Q8=
TS= 10 TH= 5,2225532 TL= 13.5118445 TR= 48
HP=.372 B0=0 S0=.680 SYS=.18@ EF=2,936

Qs=0

LA=295&2.88

Y=0 P= 4.49
LA=23631.07

4573.11 Y=
LA=2756E.24

29328.44 Y=

LA=26222.75

14319.28

71435.383

@C=25352.57 QE=190588.37 W=8101.78 QB=Q G5= 77343.28! Y= 123775.84
TS= 11 TH= B.84795315 TL= 15.7962268 TR= 48 LA=24802.83

HP=.352 BO=@ S0=.882 S5YS=.159 EF=2.983

QC=24921.98 QE=18826.21 W=7661.97 QB=@ Q5=181314.55 Y= |

TS= 12 TH= 6.822255853 TL= 12.18113687 TR= 40
HP=.345 B0O=0 50=,685 SYS=.128 EF=2.88689

LA=23411.74

GC=23522.29 QE=17818.53 L=7233.68 QB=0 Q3=111386.13 Y= 1

TS= 12 TH= 7.47338337 TL= 28.68247728 TR= 48
"HP=,332 BO=0 $0=,524 SYS=.115 EF=2.83%

LA=22184.16

QC=2229%8.85 QE=18128,83 W=85855.52 GB=2 Q8=119253.38 Y= |

TS= 14 TH= 7,95503192 TL= 22.8148384 TR= 40
HP=.222 B0=8 50=.574 SYS=.118 EF=2.843
QC=21342.62 QE=15437.28 W=6561.55 QE=8 @S
TS= 15 TH= 8.21254732 TL= 24.3258422 TR=

HP=.215 BO=0 S0=,522 SYS5=.118 EF=2.933

49

LA=21229.82

a7423,67 Y= 1

LAa=296234.388

QC=20745.56 QE=15806.1@ W=6373.25 GB=2 G8= 73828.38 Y= 1

TS= 168 TH= B8.22457223 TL= 24.8574508 TR= 48
HP=.2312 BO=2 S0=.418 SYS=, 142 EF=2.3832

LA=20452.00

QC=P0584.20 QE=14274.20 W=5322.22 QB=0 Q%= 36987.389 Y=

T8= 17 TH= 7.92107585 TL= 24.48372812 TR= 48
HP=.213 BO=0 20¢=.113 3YS=.2i6 EF=2.977
QC=28212.03 EE=159832.45 W=6338.4{ GB=0 Q@S5=
TS=
HP=.317 B0O=0 S0=0 SY5=.269 EF=3.233 .
QC=21487.723 QE=15527.73 W=£520.02 QB=2 (GS=2
TS= 19 TH= §.8%2192307 TL= 23.58S51168 TR= 48
HP=.323 BO=0 S0=8 5Y3=.273 EF=3.234
QC=22472.20 QE=18254,27 W=6383.8! Q2=2 Q5=2
TS= 20 TH= 6.12521355 TL= 23.8S63138 TR= 48
HP=.22¢ BO=0 S0=8 S5YS5=.276 EF=3.235
@C=23734.84 QE=171S57.61 W=7297.02 GB=2 Q3=
Ts= 21 JH= 5.239235551 TL= 22.5738842 TR= 498
HP=.338 BO=0 S0=0 5YS=.281 EF=3.235
QC=25142. 14 QE=18185.45 W=7729.65 GE=3 QS5=8
TS= 22 TH= 4.4372877 TL= 22.8355221 TR= 49
HP=.245 B0O=0 S0=8 §Y5=.285 EF=3.2386
@C=28557.01 GE=19216.97 W=8167.71 GB=2 Q3=0
TS= 23 TH= 3.78242394 TL= 21.465533 TR= 48
HP=.354 B0=9 S0=0 SY5=.283 EF=3.236
QC=27821.15 QE=20166.59 W=8571.73 QB=2 RS=0
kkxk¥¥THE DAY'S CUMULATIVER®kkk%
TOTAL HEATING LOAD:LA=418875.42
W=122479.42 QS5=653680.38 GB=
EF= 3.036 EX=.194 , o

LA=207080, 34

2579.18 Y=

12 TH= 7.523182 TL= 24.0491766 TR= 40 LA=21354.72

Y=g P= 4.49
LA=28443.75

Y=0 P= 4.49
LA=27755.25

Y=0 P= 4.40

592@4.éé
76284 .45
78543.75
85613.43

34558.38

854584 .25

21577.82

@.00 P=5307.90 Y= 1139546.62

.40
.40
P=852.

49

pP=652.48

P=E52.49
P=§52.40
P=652.42
p=g52.40

P=323.40
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TL= 29 Q= 48008 AR= 128 B

TS= 7 TH= 4.51483998 TL= 19.4421141 TR= 42 LA=27354.38

HFP=,357 BO=@0 S0=8 S5Y3=.283 EF=3.236 o

QC=27479.47 QE=19876.06 W=2448.24 GB=0 QS=0 Y=8 P=  4.40

TS= & TH= 5.28214138 TL= 19.,2552334 TR= 48 LA=26114.52

HP=,252 B0O=@ S0=.315 8Y5=.216 EF=2.052

QC=25237.11 QE=12377.45 W=3056.29 GB=0 QS= 13921.73 Y= 41023.71
TS= 8 TH= B,15231825 TL= 228,17152 TR= 48 ' LA=24681.73

HP=.244 B0=2 S80=.506 §YS=.157 EF=2.282

GC=24721.40 QE=17324.52 W=7518.75 QB=2 @S= 53329.51 Y= 183732.23
TS= 10 TH= 7.95887792 TL= 22.056868854 TR= 40 LA=23033.87
HP=.333 B0=2 S0=.562 SYS=.1i21 EF=2.365

QC=23216.189 QE=1{8782.40 W=7127.54 GR=0 (5= 88289.71 Y= 153797.283
TS= 11 TH= 7.8403845387 TL= 24.56827881 TR= 48 LA=21532.88

HP=.321 B0O=0 S80=.575 SYS=.037 EF=2.347 o
GC=21653.18 QE=156681,87 W=6657.82 QB=2 (QS=111154.88 Y= 187533.3!
TS= 12 TH= 8.72486525 TL= 27.3455327 TR= 4@ LA=292933.44

HP=.388 BO=@ S0=.573 SYS5=.981 EF=2.827 '

QC=202032.91 QE=14613.60 W=5211.45 QB=0 Q5=1206854.07 Y= 204618.38
TS= 13 TH= 9.33318865 TL= 308.1022365 TR= 42 LA=188E63.78

HP=.236 BO=2 S0=.5681 SYS=.07! EF=2,909

QC=18971.78 QE=12722.490 W=5222.65 QB=0 QS=118975.20 Y= 296807.92
TS= 14 TH= 89.84927245 TL= 32.5273141 TR= 4@ LA=1793&,52

HP=,2237 RO=8 S0=,537 SYS=.868 EF=2.822 o
OC=12044,71 QE=13051.384 W=5347.82 QB=0 Q5=18523
TS= 15 TH= 19.8732629 TL= 34.3288785 TR= 48 LA
HP=.280 BO=8 S0=.432 SYS5=.071 EF=2.883
GC=17438.868 QOE=12649.79 W=5375.74 OQBR=0 QS= 81858.38 Y= 163326.84
TS= 16 TH= {@.8855823 TL= 35.186283 TR= 48 LA=17233.15

HP=,277 BO=8 S0=,3230 SYS5=.837 EF=2.281

1.58 Y= 1392216.84
=17382.84

QC=17342.282 QE=12544,33 LI=5332.17 (B=0 QS= 48204.37 Y= 11?382.4@.

TS= 17 TH= 9.821770552 TL= 34.8882239 TR= 49 LA=17514.84

" HP=.272 BD=0 S0=,2¢9 5Y¥3=,158 EF=3.8483 . ‘
QC=17829.13 QE=12744.74 W=S417.10 GB=0 Q3= 78582.18 Y= 37¥33.33
TS= 12 TH= 38.24732:78 TL= 34.5737652 TR= 42 LA=18131.24

HP=,282 BO=9 50=9 S§Y&=.288 EF=3.231 "

IC=12297,.828 QE=12234,38 W=5625.47 GR=0 Q5=0 Y=8 P= 4.4¢

TS= 19 TH= 8.6828152!8 TL= 24.1581428 TR= 48 LA=13229,88
HP=.227 BO=0 30=9 SYS=.283 EF=2.232

QC=13228,.72 0E=12220,.62 W=5342.4! GE=2 @S=@ Y=0 P= 4.43
TS= 28 TH= 7.8S7855S4 TL= 33.7127241 TR= 43 -LA=20527.34
HP=,295 BRO=¢ S0=8 SYS=.267 EF=3.233

‘QC=29629.25 QE=14228.51 W=£345.38 QB=0 @S=9 Y=8 P= 4.48
TS= 21 TH= 7.8Q1257€6 TL= 32.2357218 TR= 48 LA=2282!1.3%
HP=,282 BO=8 S0=0 SY3=,272 EF=3.234" ‘

QC=22135.86 QE=16010,92 W=8885.41 QB=2 (@S=80 Y=2 P= 4.40
TS= 22 TH= £.998233823232 TL= 32.72378349 TR= 42 LA=23384.

HP=.211 BO=0 £0=0 SYS=.275 EF=2.235 :
QC=22711.72 QE=17150.82 W=7283.83 QB=90 QS=0 Y=@ P= 4.4
T8= 23 TH= 5.22931125 TL= 32.1824825 TR= 48 LA=25133.8
HP=.313 BRO=@ S0=8 SYS=.231 EF=3.235 -
QC=25254.42 QE=182S5.66 W=7784.17 QB=8 Q@S=0 Y=9 P= 4.40
Cyx#xkxTHE DAY'S CUMULATIVE#®Ykkk

TOTAL HEATING LOAD:LA=367982.04

W=112428.91 Q8=747541.24 QB= 9.090 P=6083.98 Y= 1403777.54
EF= 3.07! EX=.142

P=432.40
P=552.40
P=652. 40
P=g52.40
p=g52.40
P=652.40

F=652.48

P=652.49

FP=852.4¢

P=328.48



- 101 -

READY.

1 REM KULLANILAM SISTEM (BO330)

18 CLR

29 OPEN4,4

25 CMD4

42 2=75

52 DIM LAC2),P(2),Q2(2),08(2),Y(Z) ,E3{Z),E4(2

82 DIM ES(2) ,ES<2),E7(2),E2¢(Z),F1¢2) Fe<2>,F3<2>,F4<2)
79 RERDTR.Q , o
88 READE,BY,S,O, D,TM,DT,HT,HD,QR

8@‘DﬁTﬂ4@,4u@“@

‘1e@ DATA4!,29,51,-2.42,-9.1,8.7,6.2,11,5.1,128

118 TS=6

120 PI1=2.1415/180

1380 X=-TAN(PI*E)*TANCPI¥D)

142 H=(1.57832-ATN(X/SAR (1 -X*X))>)/P1

1590 TG=2/15%H

189 MC=13,5%AR

120 MR=,292%0

139 UU=R/23/60

212 UR=17.783%(MR/1002)+,643/59

39a PRINTH4, "*?##?#?t*?k*?#*?#*ﬂ%*CHk#*A##k*#k#?#F$#r"
385 PRINT#4,"AR=";AQR :

329 HOUR=(T5-5)%4

280 GOSUB 6S@:REM AMBIENT TEMP

419 GOSUB €39:REM LOAD

449 GOSUR QR9:REM SOL.COLL ' _

445 TK=TR+.24/MR* (05 (HOUR) ~-LA(HOUR > -UR% 15#{ TR-TH ) +QE (HOUR 3>
452 IF TK<=49 THEN GOSUB 2382:iREM BOILEP
4688 MN=MN+1

47@ GOSUR 13248

48.2} PFaQ!'Q ﬁ?n p"w HOT L.Jq TER TAMK

S0Q TS=T5+.25:IFT3)22 THEN GOTO 520

- S12 IF MN=4 THEN GOSUB 1549

515 IF MN=4 THEN MM=2
529 GaT0 222

520 GOSUE 1229:PRINTH4, "#xy¥krsessTHE DAY'S CUMILATIVER k&% 2idsaiss"
32 PRINTH#4, "MEATING LOADILA="USING'S2383% 557;L4
534 PRINTHS, "GB="USING "SS5S, 887 08;

536 FRINTHS," QS= USING"HHEHSSYE 537:03;

538 PRIMNTH4," Y="USING SES88EE. BB Y;

549 PRINTHA, " P="USING S$S3#. 457;P

S42 PRINTH4, "EN="USING".H###7:58Y2

S44 PRINTHA," EF="USING"H##,H##7JEF;

545 PRINTEA," M3="USING"H##, ##5"1M3;

548 PRINTHA," M3="USING"Hi, H##"1Ma;

558 END

B4@ REM 4+ % #AMBIENT TEMPERATURE k4% ik

650 Z=TS3-4/604(45-BY)+2D/E0 |

860 TH=TM+DT. 2%C0OS(3.14/TG%(Z-14))
670 RETURN _ | o

820 REM #*$$*#$#*LOHD**********#**##*
839 LACHOUR) =UU%(2A-TH> %15

709 D4=TR-LA(HOUR)*2.5E-3

710 P(HOUR)>=1+P (HOUR)

v
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RETURN
REM xxkextk4sHOT WATER TPHV*?**#$£
TR=TR+.24/MR* (@S (HOUR> -LAC(HOUR) -UR% 1S+ (TR-TH>+QB (HCUR >
RETURN
REM s¥%3kkkROILER Rk etk gy '
QB (HOUR > =LA (HOUR Y +UR% 154 (TR-TH) +MR 4. 18y(4ﬁ TR
ND3=gB(HOURI%2.5E-3+TR
P(HOUR) =1 +P {HOUR)>
RETURNM
REM %k k4%xSOLAR COLLECTOR¥ k¥ %y
HH=1S%{12-T3>
FI=EXF {-4%{1-ABS(HH}/H 42>
RT= ?85/TG?‘CG“(1 a;rHH/H;+;.128*(1—FI))_
I=RTxHT*277. ' ‘
RY‘.131*(C08\P1*HH)-COS(PI#H))/(SIN(PI*H)-PI#H#CGS(PI*H))
HY=HT-HD ' :
IY=RY*HY*277. 8
I0=I-1Y
RI=(COS(PIX(E-S3)¥COS(PI4D)%COS{PI¥HH > +SIN(F I %{E-8)
R2={COS{PI*E>*COS{PIx0)¥COS{PIKHHI+SIML{P I kE IS IML! I#D))
RD=R1/R2 ' ‘ . ‘

R=RD#ID/T+IY*(1+COS<PI#S"/I ?+.2*(&—CUS(PI#S))/E

Y(HOUR)‘I:R#.S#ﬂR

TR=,¥ - '

GE{HOURY=, 21 (T4R¥TA~-3 % (TR-THJ ) %AR '

IF QE{HOUR <=2 OR TE2>18 THEMN G3(HOUR)=8:1=0:1R=2:Y(d0UR)=32:1C0TO 1136

TP =TR +03 {HOUR > /AR +2E -3 +03 (HOUR ) /AR +. 0022
TC=03(HOUR > /4, 12/MC+TR

P CHOUR Y =P CHOURD +1.,2533R

RETURN : . .
FOR AA=9 TC 52 '

LA=LAZAR) +LS

Y=Y+Y{RA)

OR=0B/AR) 408

Qo =08¢aR) +G3

F2=F2+F3(AA)

F4=F44+F4(8AR)

P=F{AA)+P

E2=E2¢AAY+ED

E7=E7fAAY+ET

NEXT AA

M2=E2/F2

14=E8/F4

EF=LA/(QB/, 75+P>

SY=E3/E7 '

RETURN

Y1=TH+273. 15

Y23=TR+273.15

E2(HOUR) =GB (HOUR>~.75

F 1 (HOUR 7 =02 (HOUR) /. 75%{1-Y1./1409)

E4 (HOUR) =GB (HOUR) -85, 74, 184 Y 1 $LOG ((D3+273., 15)/Y3)
IF QB (HOUR) =0 THEM E3(HIUR>=Q

IF OB(HOURY=9 THEM E4(HOURY=2

ES(HOUR)Y =Y {HOUR Y % (1 -Y1/¢TP+273. 150

F2(HOUR S =Y(HOURY*(1-Y1./4528)

ES(HOUR ) =05 {HOUR) -MC¥4. 12%Y1xLOG((TC+273. 15)/Y3)
IF QS(HOUR)=® THEN ES(HOUR)=2

v
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1480 IF GS(HOUR)Y>=2 THEN ES(HOUR)=0

1438 E7(HOUR)=ES(HOUR)+E3 (HOUR) +P ¢(HOUR)

1582 E8(HOUR)=LA(HOUR)S8S.744. 18+ 14LOG(Y2/{04+273.15))
1582 F3(HOUR>=F 1 ¢(HOUR)+F2{HOUR) +P (HOUR)

1504 F4{HOUR)=F2 (HOUR) +E3 (HOUR Y +P (HQUR)

1518 IF LACHOUR)>=® THEN E7(HCUR)=8

1529 IF LA(HOURY=8 THEN E2(HOUR)=8

1521 C2=C3+EI(HOUR)

1582 C4=C4+E4(HOUR)

1523 C5=CS+ES5(HOUR)

1584 CE8=CB+ES(HOUR)

1525 C7=C7+E7(HOUR)

1528 C3=C8+EQ(HOUR)

1527 Wi=WI+F1{HOUR)

1522 WE=W2+F2(HOUR)

1529 W2=L2+F3(HOUR)

1528 W4=W4+F4 (HOUR)

1531 Q1=01+LA{HOUR)

1522 05=05+3B {HQUR)

1523 Q6=GS8+QS(HOUR)

1527 Q7=07+P (HOUR)

1538 Q8=Q3+Y(HOUR)

1523 RETURN ) _ .

1548 PRIMTH4,"TSE"TS"TH="USING"H#% 48" 7 TH}

1545 PRINTH4," TR="USING"#H.H4":TR:

15468 PRINTH#4," LA="USING H#E84E.4848":01;

1550 PRINTH#4," GB="USING"#4444 45";05;

1555 PRINTH#4," QS="USING #5455, £#":06!

1SSE PRINTH#4," P="USINGSHEE . HH";Q7: _ :
1557 PRINTEA," Y="USING #84844 #5702

15688 IF C2=0 THEM PRINTH#4,"BG=0"; , .
1579 IF C2<>@ THEN FRINTH4,"BO="USING".H#5";C4.C37
- 1529 IF Q5=3 THEM PRINTH4," S0=0";

1529 1T QS0 THEN PRINTH4," SO="USING"'.,#84":C8/C5;
1592 PRINTH4," M3="USING".HH#H";08/W3;

1594 PRINTH4," MA="USING",H4#H8#":CR/U4;

1S90 PRINTH4," SYS="USING".HEH";C8/C7:

1820 EF=Q1/(Q5/.75+37)

1820 FRINTH#4," EF="USIMNG HS% HEE"IEF

1835 C1=3:1C2=0:C3=0:C4=0:105=0:C6=0:C7=0:CR=0111=0112=01L
1838 Q1=8:05=0:38=90:07=0:08=0
1669 RETURN _ :

READY,
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'*?#*k####**##*##DECEMBER#$k#*##?*#**?*?\
AR= 75

© . TS=

BO=,02338 S0=02

M2=.02! M4=.885 SY5=.885 EF= 8.74€

khkkrrkkrsxTHE DAY'S CUMULATIVE Rfhkkiiksdk

"HEATING,LOAD:
OR=274220.55

'EX=.078 EF= @.365 M3= ©.047 M3

LA=255581.78
GS= 83385.18 Y= 488945 5!
2.842

#****##*#***##**DECEMBER#*#****#******#

AR= 75

P=2450.75

=

TS= 7 TH= 5.42 TP 49,89 LA= 25473, 48 (B=253534.22 QS= 8.29 P= 8.89
BO=.892 S0=0 M3=.821 M4=,065 SY5=.@65 EF= 0.74€ ' .
TS= 8 TH= 5.85 TR=4”.BQ Lﬁ=2483@.18 QB=2565e.38 QS= @.8¢ P= 8.8 .
BO=.0938 50=90 M3=,881 M4=,065 SY5=.885 EF= 8.748

TS= 8 TH= 6.52 TR=40.80 Lﬁ‘°3°88 8. QB=24926.85 QS= 8.98 pP= 8.89
BO=.035 SO=0 M3=.830 M4=.064 5YS5=.054 EF= 0.746 :
TS= 1@ TH= 7.37 TR=435. 5@ LA=22529.61 @B=2987V6.11 0GS= 2605.28 P=311.75
BO=.025 S0=.831 M3=.023 M4=,030 SYS=.861 EF= 0.800 '

TS= 11 TH= .30 TR=43.52 LA=28954.88 GB= 3585.63 0S=16834.82 P=410.08
 BO=.032 S0=.229 M3=.023 M4=.827 5YS=.147 EF= 4.037. ‘ »

TS= 12 TH= 9.18 TR=51.13 LA=13378.28 @B= p.00 QS=22041.98 P=483.00
BO=Q S0=.252 M3=.925 M4=,825 SYS5=.198 EF=47.360

TS= 13 TH= 9.94 TR=52.18 LA=17862.12 OB~ 6.83 Q5 18458 49 P=403.60
BO=0 S0=.222 M3=.026 M4=.026 SYS=.181 EF=43.317 :
TS= 14 TH=10.468 TR=46.13 LA=18836.24 0B= .20 GS=15021.28 P=403.08
BO=G S0=,133 M3=.026 M4=.026 SYS=.187 EF=41.311

Ts= 15 TH=18.69 TR=42.85 LA=16298.15 QB= 79@3.354 0OS= 7423. 46 P=412.@@
BO=.035 S0=.130 M3=.025 M4=,824 SYS=.882 EF= 1.488

TS= 16 TH=18.81 TR=40.02 LA=16238.28 @B=15381.84 QS= .02 P= 8.00
BO=.P32 S0=0 M3=.082 M4=.@64 SYS=.064 EF= 8.781

T5= 17 TH=12.21 TR=40.82 LA=18723.81 GB=16827.38 @S= .96 P= 8.98
BO=.022 S0=0 M3=.074 M4=,853 SYS$=.0953 EF= 8.745 T

TS= 18 TH= 3.56 TR=49.03 LA=17887.88 @B=17882.73 QS= .08 P= 8.00
BO=.034 S0=0 M3=.875 M4=.058 SYS5=.088 EF= 8.74S

TS= 18 TH= 8.73 TR=40.92 LA=18044.94 @B=13152.48 QS= 2.99 P= 8.90
‘BO=.227 50=0 M3=.075 M4=,061 SYS=.081 EF= @.7468 )

26 TH= 7.88 TR=40.92 LA=206085,92 0B=28717.43 Q@S= .93 P=  8.09
BO=.023 S0=0 M3=.877 M4=,082 SYS=.062 EF= 8.74€ o
TS= 21 TH= 8. 8@ TR=4@.@@ Lﬁ=22198.85 QB=22313.56 QGS8= .29 P= g.88
BO=,833 S0=8 L0728 M4=,063 SY5=,053 EF= 8.74€
Ts= 22 TH= B. 13 TR 42,268 LA= 83835.28 QBR=23752.88 @S- 8.280 P= 3.89
BO=.@35 S0=@ M2=,850 M4=,064 SYS=.884 EF= 8.74E
TS= 23 TH= 5.52 TR=492.280 LA=24746.09 GR=24865.83 Q@S= .28 P= 8.928



\
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****##**#**&:,**##JﬁNUﬁRY*##***#######**:?.

AR= 75

TS= 7 TH= 2.54 TR=40.

BO=. 103
TS=
BO=, 188 50=90

S0=2

T€= 8 TH= 3.61 TR=40.

BO=.108 S0=0

TS= 12 TH= 4.42 TR=44.28 LA=27632.35

8 TH= 2.85 TR=40,

M3=.,885 Md=

M3=.285 M4=

M3=,034 Ma=

a2 LA=29354.43 @B=38834.76
.968 SYS=.888 EF= 0.747
@2 LA=2838!.37 (GB=23638.39

P2 LA=38521.31 QB=38832.74 Q5=

.932 3Y3=,063 EF= 8.747

L0628 3Y5=,863 EF= 0.747

BO=. 195 S0=,021 M3=.045 M4=.04@ SYS5=.885 EF= 8.773

TS=.11 TH= 5.32 TR=48.54 LA=281135.96

BO=. 199 S50=.152 M3=.023 M4=.031 SY5=.888 EF= 1.123

TS=

12 TH= 8.18 TR=42.27 LA=24574.350

aB=

BO=0 S0=.283 M3=.031 M4=,831 SY5=.232 EF=68.084

TS=

13 TH= 6.84 TrR=43.28 LA=2318!.52 @B=

- BO=@ 30=.286 M3=.82%8 M4=.023 S§Y3=.217 EF=55.678
TS= 14 TH= 7.48 TR=41.8! LA=22933.7¢ GB= 50832.94 Q@S5=18702.7
BO=.034 SG=.213 M3=.023 M4=,028 SYS5=.136 EF= 3.183
Ts= 15 TH= 7.77 TR=38.82 LA=21419.42 @B=15217.53 @5= 5722.3
BO=.026 S0=.129 M3=.035 M4=.033 3YS5=.880¢ EF= 1.848

TS= 16 TH= 7.

BO=.03! 50=2

S Ts= 17 TH= 7.

'BO=.9392 50=0
TS=
B0=.033 S0=9

TS= 18 TH= B.
BO=.9396 S0=@
TS= 29 TH= 3.
BO=.0328 30=0
TS= 21 TH= 4.
BO=.182 20=2
TS= 22 TH= 3.
BO=.185 30=0
T&= 22 TH= 2.

BQ=.187 S0=2

18 TH= 6.

76 TR=40.09
M2=,07% M4=
45 TR=40.00
M3=.Q78 M4=
83 TR=42.82
M3=.079 M4=
13 TR=40.99
M3=.080 M4=
25 TR=40.89
MZ=,821 M4=
36 TR=42.89
M2=,032 M4=
55 TR=42.98¢
MZ=.023 M4=
31 TR=40.0¢
M3=,084 Ma=

LA=21244.58 @B=21382.72
.B62 5YS=.852 EF= @.74E
LA=21584.46 (GB=216887.93 Q@
.@62 SY5=,0682 EF= 8.746

LA=22421.58 @B=22516.78 Q
L0583 3YS=,0683 EF= 8.748
LA=23685.86 @B=23723.40
054 SYS=,884 EF= 8.745
LA=25864.51 @B=25184.393
.38% 3YS=,885 EF= 8.748
LA=28815.72 QB=258748.33 @S

.BS8S 5Y5=,.983 EF= 8.748

s

03]

0]

LA=F8091.35 GB=28217.82 @S

LQ87 5Y5=,087 EF= @.748
LA=282325.31 GB3=28454.88 @5
.082 5YS=,888 EF= 8.747

*#m*####@**THE DAY'S CUMULATIVEx®dd:khkkhddk
HEATING LOAD:LA=433243.81

GB=3€8155.24

Ex¥=.078 EF= @

AR= 75

Q8=

81838.88 Y= 384852.28 P=2253.25

,212 M3= B.854 Mi= 8.048
kR kR kR E ik R JANUARY khk ok ik ko a4

ge=17124.91 03=18883.8
9.9 @5=22281.1

9.88 Q3=23845.7

2.9

GB=26573.75 GS= 2616.1 FP=218.58

P=413.00
P=422.20
P=403,00
P=410.00
P=311.75
P= 8.08
P= 8.90
P= 8.00
P= 35.08
P= 2.22
P= 8.20
P= 8.09
P= 3.20
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crkkrkkxkkk ko pkFERRUARY fkk kb ok ok bk
AR= 75 :

TS= 7 TH= 3.18 TR=48.8€ LA= 835@2.88 QB= 28838 38 Qs @.2 P= 8.29
BO=.187 S0=@ M3=.825 M4=.868 SY5=.868 EF= 8.747

TS= 8 TH= 3.72 TR=48.292 Lﬁ=28831.9? GB=28818.85 Q35= 8.8 P= 2.89
BO=.105 S0=8 M3=,024 M4=,887 SYS=.887 EF= 0.747 ,

TS= 9 TH= 4.42 TR=45.8! LA=27565.24 (GB=27523.34 Q&= 1833.9 P=210.58
BO=. 104 S0=,053 M3=,045 M4=.849 SYS=.BE2 EF= B.747

T8= 1@ TH= 5.22 TR=42.87 Lﬁ 26229.75 @B= 8557.45 Q5=18134.3 P=411. Z@
BO—.IBQ S0=.295 M23=,032 M4=.932 SYS=.118 EF= 1.984

TS= 11 TH= B.05 TR=37.38 Lﬁ 24882.@3 QB= p.20 08=23825.5 R=488.98
BO=0 S0=,297 M3=,030 M4=,830 3Y3=.137 EF=60.841

TS= 12 TH= 8 g8e2 TR=65.7! LA= 234‘1 74 @B= 0.20 @2=28328.8 P=498.88
BRO=@ S0C= E M3=.0832 Md= 833 §Y3=.181 EF=57.241 -
TS= 13 TH= ? 48 TR=856.34 LA=22184.15 GB= g.02 QS?EESZ .3 P=483.88

.

BO=8 S0=.202 M3=.032 M4=.,833 SYS5=.173 EF=54.240 , ,
TS= 14 TH= 7.968 TR=52.64 LA=21223.82 (B= A.06 05=19124.8 P=4£3.,83
BO=8 50=,18% M3=.022 M4=,833 SYS=.178 EF=51.887
. TS= 15 TH= 8.21 TR=43.,74 LA=288534.93 @B= 9.98 03=15482.38 P=422.00
BO=0 S0=.124 M3=.832 M4=.032 5Y5=.28% EF=392. 4352
TS= 18 TH= 8.22 TR=28.33 LA=20452.80 @B=14788.34 0]
BO=.832 50=.,101 M3=.039 M4=,032 3YS= 072 EF= 1,931
a

oy
1

4543.1 P=3211.73

TS= {7 TH= 7.93 TR=40,0¢ LA=22723.34 GB=28814.87 QS5= 7.9 P= 2.99
E0=.83¢ S0=0 M3=.077 Md=,082 SYS=.952 EF= 8.74€ .
" Tg= 18 TH= 7.53 TR=49.80 LA=21354,72 QB=21487.73 Q@S5= 8.2 Pz g.28
‘BO=.M31 30=0 M2=,072 M4=,282 SY5=.282 EF= 8.745 ‘

Ts= {9 TH= £.82 TR=42.22 LA=22357.17 QB=22472.29 4S= 8.0 P= 2,00
BC=.222 S0=0 M2=,079 M4=,B63 SY3=,082 EF= 0.745

TS= 20 TH= £.12 TR=42.,0¢ LA=22817.37 OB=22734.84 Q&= a.8 Pz 2.82
BO=,038 S0=2 M2=,083 Hﬂ=.984 SY3=,084 EF= 8,748

Tg= 21 TH= 5.2 TR=48,02 LA=2S22!.75 QB=25!42.14 48= 8.8 P= 2.29
pn=,022 S0=0 MI=, 02! M4=:@85 3v¥S=,9685 EF= 2,745

TG= 25 TW= 4,52 TR=4£.00 LA=2S8443,.75 GE=283E7.8! (S8= 8.0 P= 3.88
pN=, 108! S0=9 M2=,022 Md=, 2568 SYS=,088 EF= 2.748

Te= 22 TW= 2,72 TR=240.82 LA=27735Z.2% QE=2728!.15 Q3= 2,8 F= g.g88
pO=.1P4 S0=0 M3=,892 M4=,@S7 SYS=.887 EF= 8,748

.txtﬁxﬂﬁzﬁwﬁTHE CRY'S CUMULATIVE ik kikidyy

HEATING LOAD:LA=4132875.,42 :

OR=2G5535,74 QS= 13334¢€,.82 Y= £I803&.48 F=3832.23 -

E¥=.083 EF= 1,032 M2= £.8548 Ma= 8.943

ESEE R E 2L S &3] k##*F;BRWQDXr?*+~?¥****$k£rk

AR= 75
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ek rrrnkkk kR r keI MARCH kv ik gk kX
AR= 79

T5= 7 TH= 4.51 TR=42.00 LA=27354.38 QE=27473.47 Q8= .0 P= g.9@
BO=. 102 50=0 M3=.033 M4=,86E5 5¥S=.866 EF= 8.746
TS= 8 TH= 5.23 TR=4£.08 LA=25114.52 GB=26237.11 A@S= 8.2 F= 8.09

EO=. 18! S0=0 M3=.082 M4=,858 SYS=.868 EF= 8.746

TS='9 TH= 6.15 TR=4!,44 LA=24661.73 GB= 15°18 54 @5= 2358.8 P=412.860
BO=.101 50=,147 M3=.931 M4=.823 SY5=.083 EF= 1.148 ‘
Ts= 19 TH= 7.88 TR=82.18 LA=23888.87 QB= @.9¢ Q5S=29492.1 P=423.82
BO=0 S0=.304 M3=.827 M4=.027 5Y5=,1283 EF= 56.478

TS= 11 TH= 7.84 TR=75.83 LA=21533.82 Q@B= ¢.00 QS=26852.1 F=482.88 -

BO=9 S50=.228 M3=.831 M4=,831 SYS=.1688 EF= 32.8863
TS= 12 TH= 8.723 TR=384.08 LA=209882.44 @B= @.00 Q5=23030.0 P=483.03
BO=Q S0=, 188 M3=,83! M4=,231 SYS=.142 EF= 43.128

TS= 13 TH= 8.38 TR= Bq.BS LA=18283.78 QB= @.99 Q5=18325.1 P=423.8
BO=0 S0=.143 M3=.821 M4=,831 SYS=.134 EF= 48.122 '

TS8= 14 TH= 9.84 TR= ?? 34 LA=17838.58 GB= .08 Q5=153853.5 P=488.0
BO=0 S0=.122 M3=.93@ M4=.838 SYS=.136 EF= 43.863

TS= 15 TH=12.87 TR=62.8! LA=17383.84 GB= 8.09 Q5=125582.8 P=488.08
ra=0 S0=, 122 M3=.830 M4=.038 SY5=.152 EF= 42.582
TS= 18 TH=10.87 TR=46.69 LA=17233.13 @B= 2395.88 QS= 9588.8 P=412.00
B0=.039 50=.138 M3=.928 M4=,029 SYS=.151 EF= 4.783
TS= 17 TH= 9.82 TR=42.68 LA=17514.84 QB=14829.54 @3= S05.2 P=218.38
BO=.035 50=.822 M3=.833 M4=,036 SYS=.088 EF= 8.871 .
TS= 18 TH= 9.35 TR=42.28 LA=18181.24 GB=18287.88 as= 0.9 P= 8.088
BO=.025 S0=9 M3=.075 M4=,860 SYS=.069 EF= 8.745 ‘

TS= 18 TH= 2.88 TR=42.00 LA=18223.3¢C RE=18328.78 @
BG=.087 S0=0 M3=.976 M4=.861 SYS5=.881 EF= B8.748

()]
1}

2

o)

)
1}

w

(W]

T5=.28 TH= 7.22 TR=49.292 LA=20S27.84 GR=20638.2& Q%= 2.2 P= 8&.2
BO=,030 §0=9 M2I=.877 M4=.882 SYS=.8682 EF= 8.7sE '

TS= 21 TH= 7.02 TR=42.80 LA=2232!.52 QB=22135.88 G@S= g.¢ P= 8.8
oo=, P33 S0=0 MI=,078 M3=.883 5YS=.968 EF=  8.748

TS= 22 TH= £.08 TR=40.292 LA=235384.29 @B=237!1.72 @s-= 8.2 F= 8.8
BpA=,02¢ S0=0 M3=.022 Md=. 084 5Y5=.864 EF= 8.748

Tg8= 22 TH= 5.23 TF‘kB 90 LA=2S51332.89 QB=25254.42 Q8= @.¢ F= §.908
8n=.033 §N=0 M3=.908! M4=,88S SYS=.868S EF= 0.74E

kdkkkkkpkRriTHE DﬁV'S CUMBDLATIVE shddhkdiikik
HEATIMNG LOAD:LA=2G7992.04

QBE=222357.48 Q3= 14TQ—5.?3 Y= 855467.33 P=3552.39
Ex= @83 EF= 1. 331 mM3= a. @4“ M4 B @”“ '

AR="73
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READY.

5 REM BOSHP
18 CLR
12 OPEN4,4
14 cMD4
20 2=g8 - |
2@ DIM LACZ),P{ZY,8C(2),LECZ),L(Z),a(2) ,EL¢Z) ,E2{2),E3¢2) ,E4(2) ,ES(2) EBC:
S@ READTI,T4,NC,TR,Q
60 READE,BY,S,0,20,TM,OT
780 DATASR,-S,.7.,40,40020
80 DATA41,29,51, -20.92,-8.8,5.1,5.4
98 Te=8 '
100 P1-3.1415/180
118 X=-TAMCP 1E)TAMCP 14D
120 H=(1.5788-ATM(X/SAR (1 -K4X)) ) /PI
130 TG=2/15#H '
160 MR=.DO2%Q
178 UU=Q/22/68
189 PRINT#‘; "#'#-‘?k#-# ‘l(#*#«K*TJﬁN"ﬁQY* E¥PEEET AL
190 UR=17.762+(MR/1008)+.6432/60
200 P4=.3164¥ENP(.0233%T4)
210 P3=.3044%EXP(.B22484T3) \ , |
220 H2=30.37589+1.03344%T3 _ , ~ : -
220 S3=.13515+.20232+T3 '
240 Ha=H3 '
252 H1=187.502+.39624T4
260 HS5=35.53425+.9741%T4
270 K8=(H4-H5)/(H1-H5>
280 S1=.69576-3.6234%181-4%T4
299 S55=.1413+.0032%T4
208 S4=55+(S1-55)kXE
31@ §2=51 .
220 Ho=-DE7.7477+32.6114P3+640. 41452
33@ Ha=H1+(H2-H1)/NC
330 52=,443703+1.5615+104-3¥H2-4.7799%18+-24P3
5@ PRINTH#S ,H1,H2,H3,H4,H5,51,52,53,54,85,K43
360 HOUR=(TS-8)%4 :
370 GOSUE S281REM AMBIENT TEMP
280 GOSUR SE@:REM LOAD
422 IF TH<S THEN S0TO 445
42G GOSUR G518:REM CONDENSOR
440 GOSUE 700:REM EVAPACOMP
442 GOTO 455
445 GOSUB 769:REM BOILER
455 MN=MM+ 1
453 GOSUR 1160
485 GOSUBR B78:REM SICAK TANK
470 TS=TS+.25:IFTS>23 THEN GOTO 590
438 IF MM=4 THEN GOSUB 2069 '
435 IF Mn=4 THEMN MN=@
490 GOTO 260 :
500 GOSUB 1870:PRINTH4, "kkkkkrtkixk*THE DAY'S CUMULATIVERk®Ekkbsrts"
582 PRINTH#4, "HEATING LOAD iLA="USING "BS#44% . BE "3 LA
503 PRINTH4,"QC="USING"#4HH44, #8";0C?
504 PRINTHS " QB="USING"SHH45H #3";08;

/

v
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3835 PRINTHG," W="USING"HHHHHEH . BE" I W
588 PRINTH#4," P="USING" #8488, 88";P
S87 PRINTH4,"EX="USING".#44";8Y;
982 PRINTH4," EF="USING"##.H88";EF
a3 END :
510 REM xki¥xAMBIENT TEMPERATURE #kkikk
S28 Z2=T2-4,/884%(45-BY)+20/80
538 TH=TM+DT 24C0OS(3. 14/TEx(Z-14))
549 RETURM
552 REM kkxddksky kL OAD M ke kb vkt st
588 LACHOURY=ULX{(2A-TH> %15
372 D4=TR-LA(HOUR)#2,.5E-3
528 P(HOUR)>=1+P (HOUR>
532 RETURM
B08 REM xx¥3+CONDENSOR$®E¥fvREEis
518 QC(HOURY=154%UU%(20~-THI+UR%Z(TR-THY %15
622 MH=QC{HOUR)/(H2-H3>
638 D1=QC{HOUR)»%2,568E-4+4TR
649 P{HOUR)=0.5+F(HOUR)
€352 RETURN '
688 REM yiiikiks*xHCT WATER TﬁNA*###*##

872 TR=TR+.24/MR+%(QC(HOUR) - ~-LA{HOUR ) -UR%15%¢TR~TH) +@B (HOUR > >

682 RETURN .

. 6880 REM ?*??CDMPPfSoOR&EUﬁPOPQTOR##*##

799 EfHGUP) =MH % (H L -HE)

718 WKHOURY=MH¥ (H2-H1)/.9

738 P(HOUR)Y=8,5+P (HOUR)

749 RETURN

TSSO REM didpex*kBOILER® bk kyy

. 768 QE{HOUR) =UU#(22-TH) % 1S+UR¥ IS4 (TR-TH) _
778 D3=QE(HOUR)+2,5E-3+TR e
783 P(HOUR)Y=1+P (HOUR)

799 RETURN

1979 FOR AR=0 TO B2

1220 LA=LACAARY+LA

1999 LI=LICAR ) +1d

1192 QR=QR{AR) +GB

1118 QC=RC+RC(AR)

1129 P=P(RA)+P

1121 ES=ES+ES5{RA)

1122 ES=ES+ES(AAD

1139 NEXT AA

1140 EF=LA/(GR/.7S5+W+P)18Y=ES/ES

1150 RETURM

11689 Y1=TH+273.15

1179 Y2=TR+2732. 15

1189 E1{{HOUR)=LI{HOURY

1130 E2¢(HOUR)=GC{HOUR)- edaya 184Y14LOG (D1 +273. 15)./Y2)
1195 IF MN<Y4 THEM GOTO 1229

1229 E3(HOUR)=QGR(HOUR)Y/.75

1225 E4¢HOUR)=BB{HOUR)>-95.7%4.184Y14LOG{(D3+273.15)/Y2)
12268 IF QC(HOUR)>=@ THEM E1(HOUR)=0:1E2(HOUR)=0Q
12230 IF QR(HOUR)Y=9 THEM E2(HOUR)=8:E4(HOUR)>=0
1231 C1=C1+E1(HOUR)

1232 C2=C2+E2(HOUR)

1233, C3=C3+E3(HOUR)

1234 C4=C4+E4 (HOUR)

1235 Q1=01!+LACHOURD

\



12386
1237
1238
1233
1249
1241
{242
1256
12589
1280
2294
2992
2294
2995
298e
2119
2129
2138
2140
. 2178
2128
2188a
33208

. =110 -

g2=02+QC{HOUR>

Q23=Q3+LE{HOUR>

Q4=04+LJ(HOQUR

G5=Q35+QB (HQUR)

28=08+P (HCUR)

ES(HOUR y=E{ (HOUR 5 +E3 (HCUR) +P (HRUR S
ES(HOURI=LA(HCUR -85, 7%4, 12%Y12LOG(YE/ (D4 +2732. 1333
C5=CS+ES (HQUR) ‘ :

Ce=CE+ES (HOURSD

RETURM :

PRINTH#4 ,"TS="TS"TH="USING"#3.88"; TH;

PRINTHES, " LA="USIMNGHH#EH. . #H";Q1;

PRINTHA," QU="USING"Ha##z3.Ha"7Q27

PRIMNTHE," QB="USING"&##5d45.88";0Q32

PRINTH#4," L="USING"#a8#4.8H#";04

IF Q@5=0 THEMN PRINTH#4,b"BO=8"; '

IF 85<>8 THEM PRINTH#4,"BO="USING".HH##"7C4.C3?
IF Q2= THEN PRINTH#4," HP=@":

IF G2<*8 THEN PRINTH#4," HP="USING" ###":C2/C1;
PRIMNTH4," SYS="USING".#8#";C8/C5; '
PRINTH#4," EFF="USING"H#%.##5";Q17(Q4+05/.75+Q8)
G1=0:02=9:03=0:04=0:05=0:08=0:C1=0:C2=0:C3=0:C4=Q:C5=8:(86=
RETURM

READY,

A

“
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KELEHE AR KADECEMBER K ¥ H k¥t kk ok k ) v
185.518 ' . 223,218754 85.024733 85.94783

38.72375 . .827577 . 743858574 ' « 382415
. 32521275 1248 . 338844172

TS= 7 TH= 5.42 LA=25473,4% QC=25534.80 QE= 8.08a W= 8512.72

BO=8 HP=.357 SYS=.257 EFF= 2.8523

TS= 8 TH= 5.25 LA=24930.13 QC=25852,32 QB-= 8.92 L= 84335.42

BO0=8 HP=,352 SYS=.256 EFF= 2.352

TS= 3 TH= B8.52 LA=23322,80 QC=24226,35 QB= 8.82 W= 8038,77

BO=9 HF=,347 SYS=.253 EFF= 2.852

T3= 19 TH= 7.37 LA=22529.61 QC=22544.3% @B= 2.90 W= 7825.,41
B0=8 HP=,338 SYS=.243 EFF= 2,951 -
TS= 11 TH= 8.39 LA=20954.95 QC=21957.13 GB= 8.39 W= 7834,11
B0=2 HP=.328 8YS=.245 EFF= 2,851 I

TS= 12 TH= 2.19 LA=18370.29 QC=19473.23! QB= . 8.98 W= 853539.41"
BO=2 HP=,313 SYS=,240 EFF= 2,943 : ‘ ;
TS= 13 TH= 9.949 LA=17382.,12 QC=12083,38 @QB= 8.988 W= 5£34.27
B0=@ HP=.393 SY5=,238 EFF= 2.848 .

TS= 14 TH=19.48 LA=15835.24 GC=17090,22 GB= 9.92 W= S5724.82
BC=8 HP=.382 SYS=,233 EFF= 2,847 :

TS= 15 TH=1@.8% LA=16292,15 QC={840¢.85 QB= 8.92 L= 3522.22
BO=@ HP=.283 SYg=,232 EFF= 2.947 ‘

TS= 18 TH=19.81! LA=1623R2.,26 QGC=18242,37 @B= 8.28 W= SSez.s81
BC=2 HP=.287 SY5=.232 EFF= 2.847

TS= 17 TH=18.21 LA=15723.6! GC=15227.39 GB= £.89 W= 5858,.32
BO=3 HP=.3@1 SYS=.233 EFF= 2.947

TS= 18 TH= 3.55 LA=1{7837.03 QC=17302.7
BO=8 HP=,397 SYS=.235 EFF= 2,048 _
T8= 18 TH= 8,72 LA=19@44.04 QC={9152.4¢ QOB= ag.
BO=0 HP=,218 SY3=.240 EFF= 2,248 » ,
T8= 28 TH= 7.89 LA=20605.83 QC=29717.43 @B= a,

m
0
m
i
(]
]
o
&
T
o
(D
w
I
w0
(N

9
Ca
&
"
m
I
B
[61]
03]
)

(1)
[s5]
=

]
[17]
[$1]
=~
o
(0
03]

B0=8 HP=.225 SY5=.244 EFF= 2,952 . PR
TS= 21 TH= £.9¢ LA=22132.85 QC=22213.558 GB= 2.a9 W= ?513.381
B0=2 HP=,3235 SYZS=.84% EFF= 2,951 '
TS= 22 TH= £.12 LA=2238235,28 QC=23752,22 GE= 0,29 L= 733%.,48%8
B0=9 HF=,24% S§YS=,252 EFF= 2,852
TS= 23 TH= 3,58 LA=24748.03 QC=243585,32 Qg= £.929 W= 23373.23
BO=0 HP=,3252 5Y8=,P535 EFF= 2.4852
kR ad ek eaTHE BAY'S CUMULATIVE skkswwk ks
HEATING L24aD:LA=35552!1,78

. QC=357445,235 QR/= g.28 W=122385.19 P= 132.99
E¥=.,245 EF= 2,85
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REKKEERREXERETANUARY %k kkkkokk ok ok

185.512 £28.28754 85.84788
38.,728375 .8375377 . 743858574
. 32581275 . 1248 .350344173

TS= 7 TH= 2.54 LA=3258%.3!
BO=. 198 HP=2 SYS=.BE3 EFF=
"TS= 8 TH= 2.35 LA=28954.43
BO=.108 HP=8 SY5=.86838 EFF=
TS= 8 TH= 2.81 LA=28381.87 QC=
BC=.198 HF=0 SY5=.888 EFF= 9.747
- TS= 18 TH= 4.43 LA=27833.35 QC= a.
BO=, 184 HP=0 8SYS5=.BE7 EFF= 8.748
TS= 11 TH= 5.32 LA=26115.88 QC={2322.21
BO0=.18! HP=.358 8Y5=.184 EFF= {.18&!
TS= 12 TH= €.138 LA=24574.580 QC=24533,88
BO=8 HP=.351 8Y3=.255 EFF= 2.852
TS= 13 TH= 6.94 LA=23181.52 QC=23238.21
BO=3 HP=.3242 8YS=.251 EFF= 2.852

QC=
9,747
Qcs=
B8.747

215

TS= 14 TH= 7.48 LA=22883.76 QC=22294.19

BC=8 HP=,385 8YS=.248 EFF= 2.851

TS= 15 TH= 7.77 LA=21419.42 QC=21532.55
BO=8 HP=.33! SYS8=.248 EFF= 2.851 ‘
TS= 18 TH= 7.78 LA=21244.58 QC=212357.37
BO=8 HP=,332 SYS=.248 EFF= 2.951

TS= 17 TH= 7.45 LA=21524.4€ QC=21627.83
BC=80 HF=.332 S8YE8=.247 EFF= 2.85! o
‘TS= 12 TH= £.88 LA=22491,.58 RC=22518.70
BO=8 HP=.337 8YS=.248 EFF= 2.85! ‘
'TS= 18 TH= 6.13 LA=23805,36 QC=23723.40
BO=3 HP=.245 8YE=.232 EFF= 2.3852

'TS= 29 TH= 5.25 LA=25664.5! RC=25!34.93
BO=2 HP=.354 SYE&=.256 EFF= 2.853

TS= 2! TH= 4.3 LA=REE18,72 QC= B8528.37
BO=. 182 HP=.35@ S8Y¥S=.881 EFF= 0.313
TS= 22 TH= 32.55 LA=22893!.30 QC=
B0=,1835 HRP=2 EY5=.BE87 EFF= 8.748
TS= 22 TH= 2.8! LA=R3325.81 GC= a.
'BQ=.197 HP=8 5Y5=.882 EFF= 8.747

2.8¢

219

AB=27753.a1
GB=13314.45
Qe = 0.00
QB= 2.00
@e= a.29
QB= 9.99
@GB=  8.09
aB= 8.9
QB= 0.80
QB= a.ée
QB = 0.00
QE=20200.395
GR=28217.82

QR=22454,

0
m

wxkkkkkiork s THE DAY'S CUMULATIVE ks kkkkrkkik

HEATIMNG LOAD:LA=432842,.8!
QC=225871.92 QE=218278.249 W=
EX=.188 EF= 1,297

75982, 18 P= 132.98

2.02 QB=30£32.74 U=
' P.08 QBR=30034.76 W=

€.98 (QB=23939.30 W=

85.84788
.38415

»a.aé

' 8.29
4251.73,
8315.33
7845.38
7475.98
7250.82
7191.32
7308.58
7582.21
7988.55
348072
2202.95
2.90

8.29
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¥EkELkRe ik e kFEBRUARY ke k kv kkkk

185.518 229.20754 85,084789 - 85.0247889
30.72275 637577 .743652574 .30415
22581275 . . 1248 .358944173

TS= 7 TH= 2.18 LA=23502.85 QGC= @.93 (R=29632.30 W= 0.99
BO=, 197 HP=8 8Y8=.,9£8 EFF= 8.747

TS= 8 TH= 32.72 LA=22831.87 QC= 9.88 GB=28818.85 W= 0.00
BO=. 195 HP=8 SY5=.867 EFF= 8.747
TSE= 8 TH= 4.42 LA=27586.24 QC= 0.08 GB=27881.78 W= a.0e

-BQ=, 184 HP=8B 5¥8=.867 EFF= 8.74E&

TS= 19 TH= 5.22 LA=25223.75 GC=130980.13 QB=133352.38 W= 4377.65
BO=.102 HP=.353 8YS=.184 EFF= 1,182 , '

TS= i1 TH= 5.85 LA=24862Z.83 QC=2432!.,338 QB= a.80 W= 2382.16
- BO=8 HP=,352 8¥S5=.238 EFF= 2.832 :

TE= 12 TH= £6.82 LA=23411.74 QC=23528.838 QB= 9.99 L= 73232.88
BO=0 HP=,343 8Y5=.252 EFF= 2.852 _

TS= 13 TH= 7.43 LA=22184,16 QC=22298.85 QB= = 8.080 W= 7588.83
BO=p HP=.336 S¥S5=.248 EFF= 2.851! : ‘

TS= 14 TH= 7.898 LA=21223.32 QC=21342.68 Q@B= 0.02 W= 71865.88
BO=0 HP=.329 5YS=.2468 EFF= 2.85!

TS= 15 TH= 8.2! LA=29834.39 QC=E237v46.56 0B= 2.68 W= B63888.14
BO=8 HP=.328 SY5=.244 EFF= 2.332

TS= 16 TH= 8.22 LA=20453.88 QC=28564.29 @B= 2.92 U= 6324.73
BG=9 HRP=.325 SYS=.243 EFF= 2.858

TS= 17 TH= 7.893 LA=207900.34 QC=26812.02 QAB= @.28 W= 7083.19
BO=@0 HP=.325 8YS=.244 EFF= 2.852 '

TS= 12 TH= 7.52 LA=21354.72 QC=21467.73 0GB= 2.990 W= 7222.88
B0=9 HP=.338 SY5=.248 EFF= 2.85!

TS= 13 TH= B8.828 LA=22357.17 QC=22472.28 GB= 8.08 k= ?587.23
BO=8 HF=.337 SY8=.248 EFF= 2.85! ) :

T8= 28 TH= 6.13 LA=23617.37 QC=23724.84 Q@B= g.2e W= 7232.44
BC=9 HF=.345 8¥5=.252 EFF= 2.852
TS= 2! TH= 5.39 LA=25821.75 GLC=25142.14 QGB= 2.89 W= 8485.28

BO=2 HF=,354 5Y5=.25& EFF= 2.952

TS= 22 TH= 4.50 LA=268443.75 QC= £518.34 GB=22056.87 U= 2182.27
BQ=, 122 HP=,2333 SYZ2=.8280 EFF= 9.814 T

TS= 22 TH= 3.78 LA=27755.2% QC= . B.08 @GB=27821,15 W= 8.93
BO=, 124 HP=R 3SYS=,867 EFF= 8.748

fkkdkkkkikkkxTHE DAY'S CUMULATIVE mwpkkkhohidck

HEATING LOAD:LA=413275.42

AC=288542,73 QAB=154524,22 W= 88754.88 FP= 132.€Q

EX=.122 EF= 1.418 f



khfrwkkvki i eiyMARCH ks khg ok

185.512 223.,26754
39.72375 .637577
CL.32838127% : 1248 .3
TS= 7 TH= 4.5! LA=R7354.,.38 QC= .88 0
B0=, 183 HF=2 2YS=,868 EFF= 8.748
TS= 8 TH= .22 LA=28114.52 QC=12347.84 Q
BG=,181 HRP=,253 SYE=,104 EFF= 1,182
CTS= 9 TH= £.,15 LA=248381,73 QAC=24721.49 Q
BO=9 HP=,25! §Y3=.2535 EFF= 2.853
- Ts8= 1@ TH= 7.88 LA=229033.67 QC=23215.13
BO=@ HP=.34! SYS=.251 EFF= 2,852
TS= 11 TH= 7.94 LA=21539.89 QC=21652.13
- B0=0 HF=,332 SYS=.2468 EFF= 2.851
TS= {2 TH= 8.72 LA=28033.44 QC=29222,9!
B0=0 HP=,322 SYS=.242 EFF= Z2.859
TS= 13 TH= 3.32 LA=122353.78 QC=18971.78
BO=¢ HP=.314 S¥2=,229 EFF= 2.848
.T8= 14 TH= 8.84 LA=17338.58 QC=123044,7!
BO=9 HP=,382 35YS=,238 EFF= 2.948
TS= 15 TH=10.27 LA=17382.84 QC=17428.85
BO=0 HP=,325 8Y5=.235 EFF= 2.348
TS= {8 TH=12.87 LA=17238.15 QC=17342.82
" BO=@ HF=,304 5Y3=,224 EFF= 2.842
TS= 17 TH= 32.82 LA=17514.84 QC=1752a2, 12
B8=9 HR=.388 SYZ=.235 EFF= 2.848
TS= 12 = 2,35 LA=12131.24 QC=18237.828
B0=92 HP=,310 3SYS=,223V EFF= 2.843
TS= 19 TH= 2,83 LA=18224.02 QC=13322.79
Bo=A HF=,217 8YS=.242 EFF= 2,848
- Te= 28 TH= 7.838 LA=28527.84 QC=29£33.22
BO=g¢ HR=,325 5YS8=,224 EFF= 2.83%
TS= 2! TH= 7.92 LA=22221.58 QC=22:135.2%
BO=2 HR=,223% 5Y3=,24% EFF= 2.95!
TS= 22 TH= £,83 LA=22534.,28 QC=22711.,72
B2=0 HPF=,24% 2Y3=,252 EFF= 2.322
T3= 23 TH= §.22 LA=25122.22 QC=2T5254.,.42
BO=2 HF=,32534 SYS8=.258 EFF= 2,232
rkkbipdrkyaTHE DAY'S CUMULATIVE ok kdoksd
HEARTING LOADILA=357982.84
QC=328172.738 0OB= 487588.35 L=!{e5i{e.38 F=
EX=,188 EF= 2.2249

114 -

85.847VE3

. 74385857

59544173
B=27473.47 W=
B=13289.48 W=
)B=  9.99 W=
GB=  0.292 W
GB=  0.00 U
GB= = ©0.092 W
GR=  0.98 W
ee=  o.0¢ W
08=  0.99 W
@e= .82 W
gE=  2.90 U
gR=  9.02 W
0e=  9.20 i
ge=  @.90 W
GE=  9.20 U
Ge=  ©£.99 W
g2=  0.99 W
K 3 4
122,90
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