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Abstract. The economy propitiated by the solar water heatarsubstitution to the electric showers, it islerstood as
a virtual generation of electric power, becausesthequipments are responsible for more than 5%hefniational
consumption of electric power and for about 18%tlé top demand of the electric system. The consompt
minimization would mean a great benefit for the egation system and energy distribution, moving thgency of
great investments of resources, besides, redutiaghvironmental pressure brought by the floodrehgnecessary
areas to the hydroelectric ones. For the intensimplementation of solar heating systems, its besosti# necessary
the development of simulation tools that allow scdining analysis of the solar collectors behawipassociations of
great load, activating the project stage and inggytthe collectors in these associations with largdiability degree.
The proposed physical model bases on the equatibasergy conservation, mass and momentum, coraéngpkthe
no-uniformity of the flow in the distribution tube$ the solar collectors. The developed experimeptacedures
include internal rehearsals accomplished in theasaimulator for thermal acting evaluation of thellector solar
plan, operating under different conditions of watiew. The results obtained experimentally wereduee validation
of the proposed numeric model. The results anabjsiained experimentally was confronted with thenaric results,
being observed the tolerances and uncertaintieth®fused instrumentation, being obtained quites&atiory results
for the simulation, especially for the temperatfivéd distribution.
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1. INTRODUCTION

The use of solar energy in large plants has bemingespace in the Brazilian market as an effectiopservation of
energy and reduction of operating costs. In theses, the application of large batteries of cadles;tfor water heating,
associated in series and parallel are requiredetet the flow demands of water and temperature devidlis requires
studies on total efficiency of the collectors asatien, depending on the individual efficiency bétequipment and the
water flow uniformity in their batteries of solaoltectors. Several authors have developed studigb® evaluation of
various parameters that influence the efficiency abllector or an association of collectors. Sirib®176) uses a solar
simulator to determine the efficiency of solar eotbrs to ensure controlled conditions of wind, gemature and solar
irradiation. Their results validate the internadtseand demonstrate that a simple reduction irh#s loss does not
guarantee better efficiency of the solar collectdooper and Dunkle (1981) propose a nonlinear mémteh solar
collector, but consider that the overall coeffitief heat loss varies linearly with the temperatdiféerence between

fluid in the collector and the environment, typicdlfacilities in seriesChiou (1982) considers the flow distribution in
the pipes is usually non-uniform in the elevatioibds under normal operation conditions. This céamdimay be
associated with imperfections in construction, iogar installation of solar collectors or depositiproblems and
clogging of the pipes. In their work, are consideséteen models with inadequate flow distributidhe degradation
of the collector efficiency due the effects of flawon-uniformity is determined for several collestdn terms of
production / operation. Conclusively a parameteflad non-uniformity '®" is introduced to represent the differences
of the flow bad distribution in relation to its pdipal value. It was found in this study a unigakationship between the
deterioration degree of the collector efficiencyedbe effect of their flow non-uniformity and tharameter of flow
non-uniformity ®. Oliva et al (1991) propose a numerical model for determirting thermal behavior of a solar
collector. The model takes into account the mutiiglsional and transients aspects that charactiigzphenomenon
of heat transfer in a solar collector. The modébved the analysis of the influence of things likeon-uniform
distribution of flow, areas of shading and variaidn size and properties of different elementsad®l. et al (2006)
prepared a numerical model to study the thermdbpmance of a large association of solar collegtadsich can be
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integrated as part of the structure of a roof, aithmajor difficulties. According to the authorbetcombination of
solar collectors is a network of elevation tubed aranifolds to simulate collectors connected ineseforming a major
collector. The results show that the thermal edficly of the association of collectors is mainlyiuahced by the
amount of elevation tubes, where the ratio H isiéhgth of the elevation tube and W is the widthhaf solar collector,
the mass flow rate, thermal conductivity and thiess of the absorber plate. Differences in the rangdo 8.0% were
detected, depending on the particular parametéede®©ne of the conclusions of the author is thatwater in the

dividing manifolds remains nearly at the same tewrpee to the input of the solar collector, althlougere is some
heat transfer through the walls of the elevatidretuThe physical model, developed by (Wang and Wu, },9%i6cuss

the non-uniformity of water flow in the distributiqpipes (branch pipes). The system of equationsrgéed based on
the laws of conservation of mass, momentum andggrisrcomposed of 19 equations for each tube arslusad as
reference in the development of this work. The gbuation of this work, in supplement to previousdies prepared by
other authors, deals with the development of a Wiehanalysis of solar collectors in large assaciad, with the

creation of simulation tools that speed up theestafgdesign and integration of collectors in thassociations with a
higher degree of reliability. The purpose of thisrkvis the development of a mathematical modelksess the overall
efficiency compared to solar collectors taking iattcount the effects of flow non-uniformity of theater through the
distribution pipes and validate the model developedn the comparison between the results of mathieala
simulations and experimental trials.

2. MATHEMATICAL MODELING

The analysis and calculations have been develapgdlly for only in one elevation tube of the dibution pipes,
despite the solar collector set to study has d tdtaeven elevation tubes, based on the theofié®rat transfer and
mechanics of fluids. Thus, the methodology, theuseqe of calculations and the relevant consideratiare
highlighted. As this elevation tube can represeiteach of n solar collectors associated in pardhiete is good
correlation with the actual operation of solar eptystems. The developed model was implementéleiprograms
Engineering Equations Solver (EES) and Matlab.

2.1. Velocities distribution in the distribution pipes and dividing manifold

The model developed is based on the theory destiibéhe Hardy Cross Model. Adopted the specifieavfby
international standards for testing solar collegtpr EN 12975-2 and ANSI / ASHRAE 93-2003, eqoal 2 liters per
minute per square meter of collector area. As thar £ollector in question has a collector are&.@2 m?, the flow test
is 3.4 x 10m?3/s. This value is used during all simulationsfgened, although for other flows, the analysisisikr.

The Hardy Cross model was used to estimate the sgmeds into each of the distribution pipés({)) and in each
dividing segments\{y(i)). The output speeds of each dividing segme¥tgi)) were considered equal to the input
speeds, assuming that the flow of heat in this segsnare negligible. However, the model developeithis paper that
consideration was not maintained for the combirsagments. At the combining segments was appliedss fpalance
to determining the entry and exits speeds of themwa

The output speeds were determined from the balahogss in the same segments. In principle, isg@imed that
the output speeds in the division segments wilideatical to the entry speeds because the amowsnearfyy delivered
is very small and the flow can be described ash@mbal in this way serves to the condition impobgdhe Hardy
Cross model for the dividing segments at the dingdinanifold. For the combining segments we chosead@pply the
Hardy Cross model. Adopted the balance of mass fhenequation of momentum to calculate the wataptrature at
the outlet of the distribution pipes.

2.2. Resolution of governing equations for the sal@ollector

The methodology is to divide the solar collectornimdes and applying them transition equations. The nodes
include the dividing segments, elevation tubes aachbining segments are numbered in sequence frenfirst
elevation tube. The equations governing the behavicthe dividing e combining manifolds are callgdnsition
equations, this name comes from the fact that thgeations represent the transition from the vésabf the previous
node to the subsequent node and also the equatienmsumbered in sequence from the first dividingifiodd and the
first combining manifold (Wang and Wu, 1990).

The equations are show only for the node i = O #radresults can be used to feed the same equatiotie
transition and next node i = 1. Figure 2. illustsathe division of the nodes of the solar colledbort also the dividing
segments, denoted by subscripts (dl, db and drittadombining segments, denoted by the subsdaiipti(and bc).
The pipeline that connects all dividing segmentsafied a dividing manifold and the pipeline thatnnects all
combining segments is called the combining manif@like pipeline that connects a dividing segment &itombining
segment is called the elevation tube.
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Figure 1. Dividing Segment Figure 2. Simulated Solar Collector

Step 1 - Definition of temperature in the dividingsegments

From the calculated flow by the Hardy Cross metfisathermal), is quite acceptable to admit that:

Toa (i) = Tae (i) = Ta (1) 1)
Where:T Temperature (K)

This condition was adopted for all dividing segnserghowed in Fig. 1, therefore the input tempeeanfr the
control volume of the dividing segmély (|) is equal to the other two output temperaturesHersame control volume

Toa (i) and Ty, (i).
Step 2 - Determination of the output temperature irthe elevation tube -Ty(i)

Using the equation for the temperature distributiothe flow direction:

T -Ta- % ~U nWF
SUL =ex Ln yb (2)
Ti —Ta = L mCp
where:

Ty =Tp(i) Output Temperature of the elevation tube (K)

Th =Tpa(i) Input Temperature of the elevation tube (K)

n Number of elevation tubes

W Width of the absorber plate (m) to the solar cadec

Yo The distance that wants to measure the outlet texfype (m)
m Input mass flow rate (kg/s)

G Specific heat of water (J/kg K)

Ta Environment Temperature (K)

S Solar radiation by area of incidence (W / m?)

F The collector efficiency factor

U, Overall Coefficient of heat loss in the solar colte (\W/m?2K)

Determine the temperature of the water leavingetheation tubel | . (i ) as shown in Fig 3.
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Calculation of the Collector Overall Heat Loss Cosdfcient

For a commercial collector without selective suefathe overall coefficient of heat loss is in ran§€0 to 8.00
(W/m2C). In this work, the following value was adeg:

U, = 650 (%Zc) ®3)

Calculation of mass flowrﬁ(i)

Dy Diameter of the Elevation tube (m)

2
A = (m:Db % Area of the elevation tube (m?) (4)
Ppa(i)=9999 -0057xT,4(i)-0,00358xT,4(i)* Specific Mass (kg/m3) (5)
(6)

m(i) = Vi ()% oog(i)* A, Mass flow (kg/s)

Calculation of F

Applying the values of the parameters specifiedttfier solar collector used and the physical propemif materials
used in the theories of heat transfer and fluid hraaics, the absorber plate efficiency can be cafedl from the

equation:

tanh{r'n(w -Dy)/ 2}

F= Q)
mw -Dy)/ 2
Heat Transfer Relations for Internal Flow - Calculation of hy
For determination dfi; in the elevation tube, first determine the Reyadilimber from the equation:
Re= Vig (i) % 064 (i) % Dy ®)

u

wherell . Absolute water viscosity considered constant apdikto 0.001 (kg/m s).

Then determines the Prandtl number of the elevatiba based on the Eq. (9).
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Pr = ,uégua x Cpégua (9)
I(élgua
Where:

K  Thermal conductivity (W/m K)

Duffie and Beckman (1991) discuss the behavior eamNusselt number for small tubes according taPtfzendt
number. For the conditions under study, Nusseliraind 5.0. Thus, the value bf - Coefficient of heat transfer
between the fluid and tube (W/m2K) is given by:

hﬁ - kwater x prater (10)
Db

The Efficiency factor of the collectoF () is given by the equation:

- o,

(11)
Wy rw-nele e L
Therefore, determine the outlet temperature ottheation tubeT; = Ty(i)
Step 3 —Balance of Mass in the elevation tube foné determination of V(i)
Voa (1)ba (i) = Voo 1 )01cli) (12)
Pe(i) = 9999 -0057x T, (i) - 000358x Ty,. (1) (kg/m?)  Specific Mass (kg/m?) (13)
Step 4 - Balance of mass and energy in the combigisegment for the determination ol (i) and T,(i)
The diagram corresponding to the combining segmsesttowed in Fig. 4.
Reapplying the equation of continuity:
Toc(i) = Ta(i) (K) andVe(i) = 0 (m/s)
Energy equation - Bernoulli
Rewriting the energy equation for the combiningrseqt:
A AV (1% ) C ) B+ A XV )< @, )<, < L+ .

D, %D, x F x[Ix (e a)- U (L) -L)]= A =V, ()= 0. 1) €, =T ()

Based on the balance equations of mass and eriiengs determined(i) and T(i). It should be noted that for the
combining segment accepts a Internal heat trarcgfefficient ofh; = 300 (W/m2K) (Duffie and Beckamn, 1991).
Obtained, therefore, an efficiency factot. This value will be accepted for all combining semts in all nodes due to
the fact it represents a mean coefficient of heatsfer for this segment. WherB®; Diameter of the combining
manifold (m),A, area of the elevation tube (m) avig(i) output speed of the elevation tube (m/s).

7% D2

A = Area of the Combining Manifold (m2) (15)
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0c, (1) =9999-0057xT,, (i) - 000358 T, (i)* (kg/m?3) Specific Mass (kg/m?) (16)
0q(i)=9999-0057xT, (i)- 000358« T, (i)* (kg/m3) Specific Mass (kg/m3) (17)

Step 5 - Momentum Equation in the dividing segmenfior determination of Pg(i)

Applying the momentum equation for the conditions:

P (i) Py () =Cq (pdr iV ()7 = o (I Ve ( )2)+ Kl(pdr (iVar ()7 + o (Ve ( )2) (18)

9,807
_ 00065x 850) 287 0,0065

19
28816 (19)

Py (i) = 101325« (1

Where:Vy (i) input speed in the dividing segment (m/)(i) input temperature in the dividing segment (K),(i)
output temperature in the dividing segment (¥(i) output speed in the dividing segment (mB&)(i) input pressure
in the dividing segment (N/m?) ar},(i) output pressure in the dividing segment (N/m?2).

0q (i) = 9999 -0057xT, (i) - 000358x T, (i)? (kg/m?3) Specific Mass (kg/m?) (20)

0q (i) = 9999 -0057xT,, (i) - 000358 T, (i)? (kg/m?) Specific Mass (kg/m3) (21)
The Water Flow in pipes - determination ofK:

Assuming:D4 Diameter of the dividing segment (m) abgldiameter of the elevation tube (m), the Eq. (22¢gK;:
D 2
K, = 0,42(1— % 2] (Pressure Loss Coefficient) (22)
b

For the determination oy (Correction factor of the flow momentum), it is essary to define preliminarily the
type of regime, laminar or turbulent and will net §how in this text.

Step 6 - Momentum Equation in the elevation elevath tube and combining segment to determine th€y(i),
Poa(i)

Applying the momentum equation for the elevatiometu

(o)) OO e (g ) ek xsele) @

Pbd = (Pdl + I:)dr)é (24)
The friction factor is given by the Eq. (25):

f :G%e Assuming: Kp= 12,94 (Pressure Loss Coefficient into the dlewaube) (25)

Where:V,,(i) Input speed in the elevation tube (m/s), g Aecation of gravity (m/s?)fd Inclination angle of the
collector andPpqandPy are the input and output pressure into the elenatiioe (N/m?2).

Step 7 - Visualization of pressures, speeds and tparatures in the node i =0

Figure 5 shows the discretization of the pressuetncities and temperature values at node i = OtHe dividing
and combining segments and elevation tube.
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Step 8 - Resolution of the equations that govern éitransition from node i = 0 to the node i =1

Completed the calculations for the node i = 0 isassary to make the transition to the next nodé,ias showed at
the Fig. 6. This transition is based on the equatmf mass conservation, momentum and conservatienergy. These
equations together allow to obtain the output Vidiks; temperatures and pressures in the dividimg) @mbining
manifolds. These variables represent the inititd éia obtain the results for the node i = 1 (Coaat Dunkle, 1981).
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Figure 5. Node i = 0 completed Figure 6. Transition from the node i o0 = 1

3. EXPERIMENTAL PROCEDURE
3.1. Test for thermal and flow evaluation in solaicollector plans

The experiments were conducted on internal testergh of solar collectors in operation in the GréapResearch
in Energy (GREEN) of PUC Minas and aim to evaluhte thermal performance of a plan solar collectordifferent
levels of water flow, including the measure of thiessure loss through the collector for each wstlition. The results
will be used to experimentally validate the numarimodel developed in the scope of this work. Tdlarscollector has
been tested by European Standard prEN 12975-2n&heSolar Systems and Components - Solar ColleetBient 2:
Test Methods, including measurements of pressutieea¢ntry and exit of the solar collector and afalé water flow.
Unlike the European standard adopted, were defdSedhnges of flow that vary from 8.67xiM3/s to 7.73x10 m3/s
for water through the solar collector.

4. DISCUSSIONS OF EXPERIMENTAL AND NUMERICAL RESULT S
4.1. Temperatures Distribution in the solar colleabr

The analysis with the temperature distributionhe solar collector to validate the model was dgwedbcomparing
the results of numerical simulation with those ot#d experimentally. Should be clear that the satioih proposed in
the scope of this project estimated the temperatiitiee fluid working in various positions of thelar collector, while
obtained through the experimental procedure aretéh@peratures on the surface of the absorber pleth, the
exception of the entry and exit temperatures ofctiiector, which are measured directly. In numergimulation, was
used as input data the experimentally measurecesdbr temperature and water flow into the collecémvironment
temperature, wind speed and solar radiation. Figusesmmarizes the numerical and experimental iestliere is a
good agreement between these temperatures fotuikebfy calculating the combined uncertainty fockaneasure
depending on the temperature of the fluid flow. Shealues are between 273.3 and 273.24 K. A fughalysis to be
made is about the magnitude of the temperaturéédnekperimental procedure on the numerical modslakeady
stated above, the model proposed here shows thgetatares of the working fluid, while the experit@rprocedure
were the measurements of temperatures on the swfabe absorber plate. So we can conclude tgabd part of the
energy provided by solar radiation is not trangférto the fluid, causing differences between thiogm 280.15 to
287.15 K between the water and the plate.



Proceedings of COBEM 2009 20th International Congress of Mechanical Engineering
Copyright © 2009 by ABCM November 15-20, 2009, Gramado, RS, Brazil

Output Water Temperature Distribution

< 340
3 330 -
>
2 320 | \
2 310 ~a—g
£ 300 ‘ :
F 00E+00 2,0E-05 4,0E-05 6,0E-05 80E-05
Flows [m3¥/s]
‘—Q—Numeric —&— Experimental Absorber Plate ‘
Figure 7. Output Water Temperature Distiitout Figure 8. Setting of thermocaspin the absorber plate.

This difference is expected in the model discussebuffie and Beckmann (1991) by means of heat rahfactor
Fr, shows that these differences are inherent imthpufacture of the collector and the operating &@mn. Thus, it
was expected that for higher flow rates the diffiese between the temperatures of the plate and iuidcreasingly
smaller. In the limit, for infinitely high flowshe plate and the fluid have the same temperatweeker, in this work,
we observed the opposite. Thus, the experimentsils tevere performed again, now with the attachment o
thermocouples in the back (shaded surface) of ltkerher plate. This change was suggested, becagpéelthe care
taken in the first assembly, it was necessary $esssthe possible influence of radiation incidenth® thermocouples.
The results are repeated. A plausible explanatiorihis fact can be attributed to non-uniform fldigtribution in the
elevation tubes.

4.2, Qualitative evaluation of the flow distribution in the solar collector

To validate the numerical model for the flow distriion through the collector (elevation tubes anddéhg and
combining manifolds) was proposed a test for irdlifdow evaluation at each point. This procedures waopted,
seeking to reduce costs and inherent complexithéndirect method that requires the setting ofviiddial water flow
meters in each segment of the pipeline and eactateda tube. The alternative adopted deals withtémperatures
measurement over the plate absorbers segmentsatialspehavior evaluation of the water flow throutje solar
collector. The correlation of these two variablegéversed, because the points of higher temperatmrespond to
places of lower water flows. Figure 8 shows thenfsodf attachment of the thermocouples in the ddesqlate.

The methodology for flow distribution evaluatioroay the dividing and combining manifolds and eleratubes
will be conducted for each flow range specifiedrtRermore, it is important to make the followingstitiction. The
thermocouples to determine the temperatures gfltite at the entrance and the exit of the dividiranifold are: Temp
1 (Input) and Temp 3 (Output). For the combiningnifd the thermocouples are: Temp 5 (Input) ananpes
(Output). All sensors together will be evaluateddi&termine the temperature profile of the distitnutpipes. All
temperatures were experimentally collected on thee@mbsorber, while the temperatures obtainetienmiathematics
simulation correspond to the fluid temperature.réf@e, the analysis is expected to follow a terapee difference
between the experimental (absorber plate) anduheerical temperature (fluid).

4.2.1. Temperature Distribution along the dividingand combining manifolds

Analyzing the experimental results for the dividegombining manifolds are observed that in allftbes ranges,
there was an increase in the plate temperatur@ctesized by reduction of the difference (TempTmp 1 and Temp
6 - Temp 5) measures along the manifolds. Thermdsis that for higher flow rates the difference @mperature is
reduced. This behavior was expected and indichtetransfer of useful heat to water in this regiod decrease of the
flow along the dividing manifold. As the discrepsrfounded for the thermocouples measures are witlfgérrange of
combined uncertainty, the results for the dividimgnifold, summarized in Fig. 9, are quite satisfactwith a
maximum difference between numerical and experiaterglues is nearly 1.25 K to the flow of 8.6718%/s and a
minimum difference of 0.25 K for flow rates abovéx10°> m3/s. Analyzing the results for the flow behaviorthe
combining manifold, there was again a good agreénhetween theoretical and experimental values. e t
discrepancy founded for the thermocouples measaneswvithin the range of combined uncertainty, thegerature
behavior in combining manifold, comparing the nuicerand experimental results, are quite satisfgctbhe best
result was in the flow rate of 4.3x%0n%s with a deviation between the numerical aueerental results of only 0.05
K, while the largest deviation occurred for thenflof 8.67x10° m3/s and was about 1.38 K. Figure 10 summarizes th
results for the combining manifold.
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Figure 9. Temperature distribution-dividingnifald Figure 10. Temperature distributicombining manifold

4.2.2. Temperature distribution in the elevation tlbes

First, it should adopt the following criterion: Theensors Temp 1 and Temp 5 represent the temperatur
distribution along the first elevation tube of tbaar collector. Sensors Temp 2 and Temp 4 représertemperature
distribution along the intermediary elevation tuBensors Temp 3 and Temp 6 represent the tempeditdribution in
the last elevation tube. The analysis will be dolythe last and intermediate elevation tubes, beeidt is where are the
best and worst results. The same procedure addptethe dividing and combining manifolds can be duger the
elevation tubes. First, it is observed for the &etvation tube was evaluatdtie difference of the temperature between
the output (input of the combining manifold) anguh (output of the dividing manifold). It is natlithat there is a
difference between numerical and experimental tgsas mentioned before the experimental results tefer
temperature on the surface of the absorber pldtge whe numerical results inform the temperaturéhe fluid itself.
The results are shown in Figure 11. However, whavialuated here is the results behavior of th@éeatures in the
experimental procedure and numerical simulatiororider to validate the model. Evaluating all thevate®n tubes
together, it appears that the model works bettethénflow rate range of 7.73xE0m3/s with a deviation between
numerical and experimental results of 1.89 K ametloin the range of 8.67xfm3/s with a deviation of 9.47 K.
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Figure 11. Temperatures in the last elevatite Figure 12. Temperature in thermtaliate elevation tube
The highest average variation among the differer{Eaperimental and Numerical) occurs in the intedrate
elevation tubes and is approximately 15.43 K asvshia Fig. 12. This is very significant for a flpkate solar collector.
However, there are two possible reasons for thenpmenon. The first is that the position of thermgaes in the
intermediate elevation tubes is different to thelsxation tubes at the periphery and thereforerg¢g® an error on this
scale. The other factor, which in fact is more lijk® justify what happened, is that the model loff distribution
(Hardy Cross) proposed in the course of this wayksdnot represent the most appropriate profildheffiow in the
elevation tubes. There are several publicationthersubject, the most recent was developed by Gar(®@007) which
presents a methodology based on numerical simnlatsing the software CFX - 10 (Numerical Simulati®oftware)
preventing their application in batteries of satatlectors. The author comes to profiles of flowtlie elevation tubes
that do not resemble the symmetrical model develdmre. However, for the dividing and combining ifads the
flow behavior proposed by Cardoso (2007) is apprimacin a reasonable manner. Finally concludes tiatmodel
proposed here, for the flow distribution in a satatlector (dividing and combining manifolds ane\etion tubes),
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operates in a coherent way for the dividing and ltiaing manifolds in flow rates equal and/or highieen 3.43x18
md/s. For intermediate elevation tubes, the modepnoduced good results in comparison with theseixpental results
and the model proposed by Cardoso (2007), howéses, initial view of the flow distribution, the gieloped model is
satisfactory and gives good results when usedder fates above 3.33xfm?3/s.

4.2.3. Pressure distribution in the solar collector

For simplicity, the study is shown only for thevlmf 3.43x10° m3/s, for other flows, the behavior is similar.rFo
experimental determination of the pressure losthénsolar collector were fixed two pressure traneds) the first
located at the entrance of the solar collectorthrdsecond to exit of the water in the solar cadiecThus, through the
experimental procedure, were obtained only thespresvalues at entry and exit of the collector, ititermediate
pressure were simulated numerically. The presss®measured during the experimental procedurap@®ximately
5.88x10° bar, while the numerical simulation was approxihat2.15x10° bar. Thus was obtained a difference
between the experimental procedure and numericallation of 3.73x18 bar. In a solar collector, where the losses for
this flow arriving at the most 7.84xEar, it was concluded that there is a very sigaift error between the numerical
and experimental results. One solution to the gnolk to repeat the test with stronger connectiortbe sensors.

5. CONCLUSIONS

Based on the theory described in the course ofwibik and the experimental results, it was condutat the
proposed mathematical model, based on the lawsaskroonservation, energy and momentum, reaching gesults
for flows greater than or equal to 3.43%1M3/s (flow allowed by the test standard for a ectbr area of 1.72 m2).
Highlights that for installations of solar heatimgforced circulation, the recommended flow rates aqual or even
20% higher than the flow test, the region, where thodel has better performance. The temperatutebdison,
pressure and flow through the collector showed éocbnsistent with the various work done in thisaaréhe non-
uniformity of water flow along the collector and iinfluence on the water output temperature has beenonstrated
numerically and experimentally and compared with literature. The results demonstrate the need imore careful
examination on the Hardy Cross model for initidiiza of the flow rates values. It was noted thahsovariables, such
as the level of penetration of the elevation tubhake manifolds, previously had been neglecteth tie justification of
not being relevant to a numerical analysis. Howgitewas observed that the variable in questionfisignificant
importance in the results for the flow and tempedistribution when measured at high flow rate3.73x10° m3/s),
besides the pressure loss. The experimental mdtimpdaised was conducted in internal testing with Solar
Simulator of the Study Group on Energy (GREEN)tHis equipment, variables such as solar radiatemperature
and wind speed are kept almost uniform during &stst The results obtained experimentally were ewetpwith the
numerical ones, considering tolerances and unoédaiof the instrumentation used to obtain sigaifi results on the
simulation results especially for the distributimirthe fluid temperature.
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