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THE SOLAR LOAD RATIO METHOD APPLIED TO
COMMERCIAL BUILDING ACTIVE SOLAR
SYSTEM SIZING

by

Norman M. Schnurr
Bruce D. Hunn
Kenneth D. Williamson
Los Alamos Scientific Laboratory
Los Alamos, NM 87545

INTRODUCTION

The design of an active solar energy system for a commercial buiriding is
an extremely compliox process. The performance of the system will depend on a
large number of variables, including the weather (solar radiation, dry bulb
temperature, wind velocity, etc.); details of the building that affect the
heating and cooling lcads; the type of heating, ventilating, and air-condi-
tioning (HVAC) system; the control strategy; and the capacity and performance
of tne solar components. The final, detailed design is best obtained by using
a solar system simulation computer program such as those contained in DOE-2
[1],* BLAST [2], or TRNSYS [3], which perform hourly simulations for a design
year, In thc preliminary design stage, however, a much quicker and less
expensive procedure is needed.

One method of providing results in a simplified manner is to perform
hourly simulations for a variety of values of the important system parameters
and to prese.t correlations of the results. 1In 1977, simulations were per-
formed at the Los Alamos Scientific Laboratory (LASL) for a Building Service
Hot Water (BSHW) System and a combined space heating and hot water system
using liquid collectors for a commercial building [4]. The results were pre-
sented in the form of soiar ioad ratio curves bascd on the method of Balcomb
and Hedstrom [5]. The simulation program used to produce those ruosults calcu-
lated the joads in a somewhat approximate manner and did not have the capabil-
ity Lo accuraircly model a variety of YVAC systems or control strategies,

The work described i5 a refinoment and extension of the method and
results reportad in Ref, 4, The hourly simulation procedure that is used

*Numbers in brackels designate references listed at the end of the naper.



is Lhe DOE-2 building energy analysis computer program. It is capable of cal-
culating the joads and of simulating various control strategies in detail for
both residential and commercial buildings and yet is computationally efficient
enough to be used for extensive parametric studies. In addition to the two
types of systems analyzed previously, a space heating system using an air col-
lector is analyzed. A series of runs is made for systems using evacuated tube
collectors for comparison to the flat-plate collectors previously considered,
and the effects of additional system design parameters are investigated.

Also, the generic collector types are characterized by standard efficiency
curves, iather than by the detailed collector specifications used in the
previous study.

THE DOE-2 COMPUTER PROGRAM

The primary tool used to analyze the systems considered here is the DOE-?
building energy analysis computer program. This program has been selected as
the standard evaluation technique for the determination of desich energy bud-
gets under the Building Energy Performance Standards (BEPS). The simulation
portion of DOE-2 consists of four programs that are normally rur in sequence.
The LOADS program calculates hourly heating and cooling loads for each zone of
a building based on a fixed-zone air temperature. The input required by LOADS
includes a detailed description of the building (orientation: yeometiry: and
material properties of walls, floors, windows, ceilings; etc.): internal loads
from 1ights, penple, and equipment; and hourly weather data. ASHRAE algo-
rithms [6] are used to calculate heat gains and :osses turough walls, roofe,
floors, windows, and doors. Transient effects in massive walls are accounted
for using response factors. The results of the LOADS program are written tu a
file that can be accessed by the SYSTEMS program.

The SYSTEMS program contains algorithms for simulating the performance of
the secondary HVAC equipment (ducts, fans, coils, controls, oivc.) used to con-
trol the temperaotlure and humidity of each zone within the building., [t uses
gir temperature weighting factors and the heat gains calculated by LOADS to
detcrmine the actual air temperature variations in each zene. The output
information from LOADS and a 1ist ot user..det ined system characteristics (flow
rates, thermostat settings, schedules of equipment operatiow, and temperature



setback schedules) are used to calculate the hour-by-hour energy requirements
of the secondary HVAC system. Those results are printed on an output file for
later use by the PLANT program.

The PLANT program contains algorithms thai are used to calculate the per-
formance of the primary energy conversion equipment. The operation of each
plant component (boiler, chiller, hot water storage tank, solar collector,
etc.) is modeled on the basis of operating conditions and part-load perform-
ance characteristics. The solar system is modeled by the component based sim-
ulator (CBS). CBS allows the user to select & variety of components (collec-
tor, heat exchangers, pumps, storage tanks, rock beds, etc.) and interconnect
them in a variety of ways.* The PLANT program uses hourly results from the
LOADS and SYSTEMS proarams and instructions for equipment operating schedules
to compute the electrical, thermal, and solar erergy used by the building.

THE SIMULATIONS AND RESULTING CORRELATIONS

Because the nunber of design parameilers is quite large, it is necessary
to 1imit the number that are varied in the parametric studies. A "standard
liquid system" is therefore defined by specifying values for thuse parameters
that do not significantly aifect the results. [In addition, parameters such as
the collector tilt, collector flow rate, and -torage tank volumes are assignad
values that were found to be optimum in previous parametric studies of resi-
dential systems [7, 8]. Values of these parameters are given in Table 1.

The design parameters that were variec include the hot water supply tem
perature, collector area, and collector type. The weather data used werce Typ-
ical Meteorological Year (TMY) data for Bismarck, North Dakota: Fresno,
Califurnia: Madison, Wisconsin: Medford, Oregon; Miam', Florida; Nashville,
Tennessee; and New York, New York. These cities were chosen to provide a rep-
resentative range of weather conditions for the US.

*CBS “is modeled after TRNSYS, the solar energy system simulation prog-am
developed at the Univers ity of Wisconsin [3].



TABLE 1

THE STANDARD LIQUID SYSTEM

Parameter
SOLAR COLLECTOR
Orientation

Tilt (from horizontal)
*Coolant flow rate

HEAT EXCHANGER

Effectiveness
Cold side flow rat:

STORAG® TANES

Capacity

Height to diameter ratin
Loss coefficient

Environment somperatuyre

Cold witer supply ftemperature
(to B5HW systom)

Nominal Value

Due south

Latitude + 107

112.6 kg/h per m?2 of collector area
(0.046 gpm per ft? of coll2ctor area)

0.70 .
112.6 kg/h per n" of collactor area
(0.040 gpim per ft? of collector area)

73.4 kq of water per m? of
collector arca ,
(15 b, of weter per 117 of

coliector area)
3.0 ]
9.28 W/’ K
(0.0% 8tu/h-fL7 F)
27,170 (7075 Y4
15.6°C (60°F)

*Water, water/glycol, or nonaquenus colleclor coolant could be used,

R foaupes starage Tasses, do pot contrabute to meoting the heating load,



The collecior type is designated by its efficiency curve specified by

= A +Bx + sz, (1)

m
I

where
x = (Te - T)/1. (2)

The collector coefficients, A, B, and C, depend on the specific coilecior and
whether one uses an average or inlet fluid temperature for Tf. The symbols

Ta and | correspond to the ambient temperature (C) and the total solar radi-
ation (w/m‘). The collector coefficients used here were intended to corre-
spond to typical collectors of fnur generic types. These coetficients were
Pased on a study of performance data supplied by manufacturers of a large num
ber of different collectors. The coefficients s2lected for the collector
tyres used in this study are given in Tabile 2.

Hourly simulaztions werz run for various combinations of the design param-
e.ers using the DOE-2 pregram. A range of collector areas wac used, resulting
'n a corresponding range of solar load ratio values. Results were computed in
the form of both monthly and annual solar fractions vercus solar load ratios,
The solar fraction is the fraction of the load (total energy required for
water heating or combined water and space heaiving) that is supplied hy solar,
The Solar Load Ratio (SLR) is the ratio of total salyr cnergy incident on the

collectar to the load.

The BSHW_System

The first system studied was the BSHW system shown in Fig, 1. A heat
exchanger separates the callector conlant from the storage water, and the
solar heated storage tank acts as a prehealer for g conventignal hot water
tank. Thus the system is ciassified as a double tank, indirect system, A
control scheme provides auxiliary heat as needed to maintain the delivery
water temperature at a specitied levei. The demand schedule (sen Fig, ) iy
typical hot water profile for an office burlding bated cn ASHRAL data |9).
Hourly simulationy were pertormed for various comhinations of design parame

ters using the CBS part of the PLANT program.



Type

Single-clazed,
selective

Single-glazed,
nonselective

Double-glazed,
nonselective

Evacuated tube,
single-qglazed

Single-qglazed,
selective

Single-glazed,
aonselective

boubie-glazed,
nonseirctive

TABLE 2

EFFICIENCY CURVE COEFFICIENTS USED 10
CHARACTERIZE THE GENERAL TYPES OF COLLECTORS

Flurd A B C
(W/m2-K)  (Btu/h-ft2-°F)  (W/m2-K)%  (Btu/h-ft2-°F)2

LIG 0.705 -5.04 -0.387 0. 0.

LI1Q 0.780 -7.50 -1.32 0. 0.

LIO 0.643 -5.00 -0.8¢ 0. 0.

LIN 0.64?7 -0.343 -0.0604 -3.475 -0.1076

AlR 0.55 -4.89 -0.56 0. N,

AIR 0.59 -6.25 -1.1 0. 0.

AIR 0).475 -4.1% -0.7%3 0. 0.

The fluid tempeorature used in Fg. (2) is the inlet terperature except for the
evacuated tube case for which tne averaqe fluid temprrature 14 uted.

6



TEMPERING

VALVE
HE:g:NG HOT WATER
—— ——
UNIT SUPPLY
™™
1
% SOLAR HO T
HE AT HEATED WATER
SOLAR
COLLECTOR
COLD WATER
I\
D) L — SUPPLY

Tiel 1o Schematic diaaram of the BGHN syster:.



CEMAND

NCRMALIZED

1.0

os

06

04

02

—T 7 T T

|
2

Y —

MIDNIGHT AM

"

'”'l ‘.

™ 17 1 1 71T 1 |
——
—
Lo
)0 12 ’ 4 6 A 10
NOON PM MIDNIGHT
TIME

R°HY use wrofile.



Typical results showing the effect of location on BSKFW system performance
are shewn in Fig. 3. Because of the uniform load characteristics thoughout
the year, the performance of BSHW systems is best correlated using annual load
parameters. The performance is bL=tter in warmer climates because the ambien*
temperature is closer to the collector temperature,with resulting smaller heat
losses and higher collector efficiencies. Values of heating degree days for
the cities are shown in the figure. The curves shift duwnward with increasing
degree days and therefore higher losses. It appears that results for loca-
tions other than thos. considered here can be cobtained by characterizing the
location by its number of heating degree days. A set of design curves, recom-
mended for various ranges of heating degree days, is given in Fig. 4 for a not
water supply temperature of 54 C (130°F) and single-glazed, selective-surface
collector.

The next parameter investigated was the hot watar suopiy temperatur2. A
series of runs was made for a singla-glazed, selective surface collector using
water as the coolant in New York City. Res.lts are shown in Fig. 5. As
expected, a lower supply temperature results in lower collector operating
temperaturec and higher efficiencies. Tnis r1, a Ligaificant effect on aver-
a:l system performance as represented by the sular 1raction,

The effect of collector type on sy.t. : performance is shown in Fig. 6.
Note that the difference in performance for the three generic collectors con-
sidered is relatively minor.

These BSHW system performance curves differ from the earlie~ results pre-
sented in Ref. 4 in two key respects, First, it has been found that a better
correilation is obtained on an anrual ratner than a monthly basis because of
the uniform load. Tnis makes the cu-ves considerably easier to use. Second,
the considerable scatter in the data that occurred with geographical location
WS obéprea in the earlier study. A more accurate correlation is obtained by
presenting a family of curves tor varying degree-day Incations, rather than
the single performance curve presented in Ref. d.
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Design Procedure for the BSHW System

A BSHW system using a flat-plate collector may be sized by using the fol-

lowing procedure. A sample p-oblem using this recommended procedure is given

in tne Appendix.

Given the usage schedule, the cold water temperature, and the hot
water supply temperature, calculate the annual BSHW 1load.

Determine the solar radiation incident on the collector at a given
geographic location and having a specified tilt. These data are
available in Refs. 4 and 10. Methods for converting total hori-
zontal radiation to tilted surface radiation are given in Ref. 4.

Select a value of collector area. Multiply the area by the result
of Step 2 to determine annual solar radiation incident nn the tilted
collector. Divide the arnual insolation by the load to obtain the
annual SLR.

Use Fig. 4 to determine the solar fraction tor the specified luca-
tion {(degree--day rangn) and the SLR from Step 3.

Correct for hel water supply temperatures other than 54°C (130 F)
using Fig. 5. Measure the vertical distance (solar traction correc.-
tion) between the curve being used and the curve for 54°C (130 F)
at the given SLR.  The correction will bo positive for temperatures,

less than 540 € and negative for higher temperalbres,

Correct for Lhe collector type usina Fig, 6. The uncorrected value
was obtained for a single glazed selective surtace collector having
an efticiency curve with an antercept ot 0,705 and < lope of  H,04
N/m‘('-K v 0887 Btu/h H.;)-I'). If Lthe efticioncy curve ot the
collector s known, compare with the cases available in Fig, 6 and

interpolate or extrapolate to make the correction,*

AU s recognized that this procedure I approximate and voquires some
Judgment on the pat of the user,  The corvections are gsually smail,

S0 the ettect of some orvor in this step will not groatly affect overall

dueuracy,

14



7. Add the corrections obtained in Steps 5 and 6 to the solar fraction
obtaired in Step 4.

8. Repeat Steps 3 through 8 for other collector areas to determine an
optimur. collector size. This generally is done on a life-cycle cost
basis (see Ref. 4).

The case of the evacuated tube collactor must be treated separately
because the collector efficiency curve has a much smaller slope ainu because
operation at higher temperatures dous not result in such a large drop in col-
lector performance. The effect of geographic location for the evacuated tube
collector is shown in Fig. 7 for a deiivery temperature of 54 C (130°F}). The
effect of water supply temperature is shown in Fig. 8 for New York Ciiy. An
approximate design for this type of collector can be obtained by determining
the solar fraction from Fig. 7 for the specified location and SLR, and adding
a supply temperature correction determined from Fig. 8. The procedure is the
same as discussed abcve except for the eilwmination of Step 6.

This procedure has been tested for a wide variety of casee by compering
the results to those obtluined by direct hour-by-hour calculations using
DOE-2. Differences in the solar fractions were less than 7 per cent for all
cases and were usually within the readability of the graphs.

The Space Heating liquid Sysvem (SHLS)

The space heating liquid system provides both space heating and service
hot water for a commercial bullding using soler collactors with a liquid cool .
ant. / schonatic dic cam ot the systein studied is given in [ig., 9, This cage
is much more complex bu. 36 the space heating load depends on numcrous
detai s of construcltion of the building, as well as the type of HVAC systen
and control system used,

The building seiected as the basis for this analysis is a medium sized
office building at the Los Alamos Scientific Laboratory in Los Alamos,
New Mexico., 1t is a three sltory, double. loaded corvidor building having
1542 m? (16,600 ft?) of floor wpace. It consists of otfices, a computer
room, a small unfinished space, rest rooms, hallways, and stafrwells,

Internal loiads are primarily trom people, Tighting, and the computer

15



9l

ANNUAL SOLAR FRACTION

t.00

4
24
1
]
2
S
)
RJ
R
BSHW SYSTEM
WATER SUPPLY TEMP, - S4C (130F)
R 1 EVACUATED TuBt COLLECTOR
61"*ﬁr oy v T v L. AL A e |
.o 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

ANNUAL SOLAR LOAD RATIO (SLR)

Fin. 7. The effect »f location on the performance of a
BSHA syster using an evacuated tube collector.



Ll

=z

E WATER SUPPLY TEMP.
c

e 43¢ (110F)
113 - ch 'l30r)
T - . - 66C (150fF3
a ¥  fr  esesecceccvec-e- 77C (170F)
U

=J

a

- |

Z

Z

QT

BSHW SYSTEM
8 EVACURTED TUBE COLLECTOR
c;l' T M AR I S A A SO AL GRS B U S S S SE e "
c.c 1.0 2.0 .0 4.0 5.0 6.2 .0 6.0

ANNUAL SOLAR LOAD RATIO (SLRI

r
P

|
o

The effect of water supply terperature on the
perforrance of a DSHW system using an evacuated
tube collector.



SOLAR
RADIATION

BSHW
AUX
HEAT

HE AT 3
€ XCHANGER TANK

SOLAR
COLLECTOR

yl

——
——

Yo - M

Y

OuUCT
HEATING

AU X CoiL

HEAT _|
SUPPLY
AlIR
i OR BUILDING

SPACE HEATING

Schermatic diaaran of the SHLS.

BSHW
EF : L CAD

CcoLD
«-— WATER
SUPPLY



equipment. Tne HVAC system is a multizone system with a proportional thermo-
stat having a 2.2°C (4°F) throttling range and setpoints of 20.G°C (687F) in
winter and 25.6°C (78°F) in summe)r ., Hot water for space neating is supplied
to the duct heating coil according to an nutside air schedule. The BSHw
demand schedule was obtained by multipiying values in tne normalized schedule
of Fig. ¢ by a usage factor of 107 kg/h (0.47 gpm)}. The geomeiry and loss
coefficient for the storage tank, the flow rates and effectiveness of the heat
exchanger, and the « ‘entation and tilt of the collector are identical to
those used for the s indard liquid system (Table ).

An additional parameter that must be specified is the minimum water <up-
ply temperature for the main heating coil. A series of preliminary runs was
made to determine the effect of that temperature on the solar fraction. It
was found that the solar fracrtion was relatively insensitive to changes in the
coil temperature for va.ues less than 37.8 C (100 F}, but begen to drop
sharply as the coil supply temperature was increased above that level.
Recause a 37.8°C (100 F) minimum cnil temperature is typical, tnis value was
selected for all subseguent runs,

Analysis of this system was Carried oul using o two step procedure,
First, a LOADS and SYLTEMS run was made for 4 given Jonation and a particulaer
HVAC system. (The sensitivities of the results to building type and HVAC sys
tem are discus,ed below.) Resulting heating and coaling lodds and energqy
requirements were stored in a tile, The second step was a series of paramet -
ric runs of the PLANT program ‘including analysis of the solar equipment) to
determine the solar system porformance for various collector types, collector
size,, etc.. The output tile trom the LOADS and SYSTEML ron was used ay anpat
Lo the PLANT program,

Monthly loads for the SHLS case vary widely because little, it any, space
heating s required in the summer months,  The colleclor array is oversized
forr that weason, the solar fraction is unity, and excess heat must oo dumped,
Thus the results are better ¢ rrelated in terms of monthly, vather than
mnual, load parametores for the SHLS case.

The resylts of a seriec of runy used Lo de’ormine the effect of Tocation
are shown in Fig, 10, Curves a'e presented for all the citieg listed
proviously except Miami, ['torida, which is nol includea because virtually no
space heating 1y roquired there, In all cases, the BSHW wupply water

tomperature war B4 (13071) and a single glazed, selective surface collector

19
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was used. A range of collector areas, from 279 m2 (3000 ft?) tn 650 m2

(7000 ft2), was run to obtain an ajpropriate distribution ot SLR values.

The curves were obtained by a least-squares fit of an exponential curve wit' a
straight line segment for low values of the SLR. Standard deviations of tne
data points from these curves ranged from 3 to 6 per cent. The solar frac-
tions are again higher for warmer climatas, but the variation witn location is
much less than for the BSHW system. This 1s because the coliector 1055€S vary

with the load and are incorporated in tne SLR. Because of the redured dat?2

scatier campared w’ @ BSHW case, a single performance curve, for a given
collector. adequ:' ‘esenty, all cities,
The effects c. ¢ Co.'ector type are shown in Fig. 11 .hers the curve

for each collector type represenis the best fit for 216 data points represert
ing & cities, 3 caliector areas. and 12 months, The standar-y deyiat .o
between the monthly points and thé curves are in the range of 4 to 7 per

cent. Note that universal pecformance curves for each collector typs appl, to
ail locations.

The etfects of several otier design parameter, were 4159 investigais:!,
The BHHW supply temperatur? was varied from 63 to 77 € "110 to 170 F) and tne
usage was varied between O and 227 kg/h (1.0 gpm;. The effect of tnese
changes on the performance curves was found to be negligible. This 1w mainily
caused by the fact that the energy required tar BSHW heating constituted o
relatively small percentagqe 2 to 3 per cent tor the cases considered heee; ot
the total load.

The effect of the type of HVAC system was inyestigated by conaidering
both a multiZzone system and a variable air valume system,  For the same Toad
the difference in energy regquirements for these two systems waw very large:
the multizone system required approximat:'y twice the energy of the varialile
air volume system, Despite this, difterences in tne pavfornance carves for
the two systens were tegs than 5 per cont,

The effect of the type of building was investigated by varying intiftra
tion rates and internal energy generation rates caused by lights, people, and
equipment., Although theus changes caused large change, o the load, they Jdid

not cause a significant chanoe in the performance curves,

21
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Therefore, it is recommended that the curves of Fig. 11 be used for the
preliminary design and sizing of liquid-based solar systems for all commercial
buildings in all locations. However, the following precautions should be
observed.

(] The results are not expected to be accurate 1f the BSHW load is

greater than about 20 per cent of the total lcad.

. The resvlts do not apply to buildings with passive solar energy

features that provide a significant portion of the load.

(] Heat losses in pipes and ducts have not been included in this analy-

sis. If they are significant, suitable adjustments should he made
to the results pracented here.

Tne Space Heating Air System (SHAS)

Although the vast majority of solar systems in commercia: ouuildings use a
1iquid as tne collector coolant, a system using air collectors was 1!so
studied. A schematic diagram of a space heating air system (SHAS) used to
proviae both space heating and service hot water for a commercial building is
shown in Fig. 12: the reference puilding used in this analysis is the samz es
for the SHLS. Supply air for space heating may come directly from the collec-
tor or the rock-bed storage unit. A heat exchanger transfars energy from the
air to the hot water storage tank. A rock bed volume of 0.22 m3 per m? of
collector {0.72 ft3 per ft2 of collector) and a hot water storage mass of
3.67 kg of water per m? of collector (0.75 1b of water per ft2 of collec-
tor)aﬁflwed. A1l other parameters are the same as for tne SHLS.

Results obtained for the SHAS are quite similar to those for the SHLS., A
comparison of the results of these two systems is shown in Fig. 13 for a
single-glazed selective surface cnllector in New York City. The collectors
that were selecterd with air as the coolant have slightly lower efficiencies
than those using a liquid. This disadvantage is apparently more than offset
by the fact that the air leaving the collector may be supplied divectly ta the
zones without loss (for the system simu'ated here), while the liquid system
has two heat exchangers with an effectiveness significantly lower than 10U per
cent..
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Results for the three types of air collectors* listed in Table 2 are
shown in Fig. 14, These may be considered universal design curves and may be
used for the preliminary design of air heating systems for commercial
buildings.

F-r the SHAS, Lhe effects of BSHW demand and supply tempcratu-e on the
solar system performance werc found 1o be minor.

CONCLUSIONS

The DOE-2 building energy analysis compute~ program, with its active
solar system simulator (CBS), has been an effective analyzis tool for piredicl-
ing the pe-formance of a wide range of BSHW and combined space i'eating/BSHW
systems in the commercial building environment. A series of parametric runs
for these two system classificatiuny has reculted in universal performance
curve correlations, oun an annual basis, for four generic colletor Lypes.
Pertormance sensitiviiies to the BSHW sy:tem design parameters of supply
temporature, geographic localion, and collector type are presented in a «ot of
universal performance curves.

For combined space heating/BSHW systems, a common set of performenc.
curves for all location., on a moninly basis, 3339 been doveloped for four
generic collector types Sty of curves were developed for both liquid and
air heating systoms,  Sensitivities of system perfortance to BSiiW supply
Lemperature, HVAC syslem type, and building type have been detoermined,

The universal porformance curves Jevoloped heve provide a simplificd ~ig-

ing procedure for active solar heating nystems in commercial buildings,

*tvacuated tabe collectors ueirg eir 2y the cooiant are rarely used and are
thorefore nol shown,
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APPENDIX

Sample Problem

Determine the solar traction supplied by an array of single-glazed non-

selective collectors having an area of 200 m2

for a BSHW system for a com-
mercial building in Bismarck, North Dakota. The water supnly temperature is

77°C (170°F), and the usage is 10,000 kg/day for weckdays.

SOLUTJON
The annual load, assuming 760 weekdays, s
Q:M Cp aT (260)(10,000)(4.1889)(7: - 16)
666,000 MJ (631.4 MBLu).
The ity water temperature iy assumed to be 16°C (60 F).

n

[L}

The annual insnlation on a collector facing south and having a tilt of
(Lat *+ 10 ) for Bismarck is found from Table A1, p. 92 of Ret, {4], to be
330 MJ/m? (607, 00U Btu/fL?). The number ot heating Ingree days s
44917 C -day (8841 F dayy). The SR is

SLR - (PGU) (AB3H) /(66O ,000) - 2,04,

From +ig. 4 for SLR = 2,05 and a water temperature of 777C, the uncorrected
solar fraction is 0,686, ihe correctinn for waler supply temperatyre is
ohtained from Fig, 5 by determining the ditforence hetween the solar fraction
for 227C (17078 and that 1o 587°C (13¢7H) ol SIR O 2006, The correction is
0.4/ - 0.9 O.'2.  The corvection for calloector type is ohtained from

Fig, 6 by determining the difference bhetweon the solar traction tor the
single.glazoed nons Tective collector and that o1 Lhe reference case, the
vengle-glazed selective type,  This correction iy 0.4 . - 0,04, Theve
tore, the corrected sola fraction is 0,50 0,17 0.04 - 0.40,
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