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Abstract: This paper describes a theoretical-experimentalysbf an absorption refrigeration machine of deubl
effect in series using the pair water lithium brdeiusing the waste heat from the exhaust fumesnoht@rnal
combustion engine as an energy source for the stemerator steam high. This study aims to desthbe&onstructive
aspects of a pilot unit with cooling capacity oband 0.5 TR, emphasizing the discussions regaraicgracy, errors,
problems found, identified problems and solutioosnid during the process of construction, testinggration, data
acquisition and evaluation of the pilot plant. Isamade a comparison of experimental data withréselts of a
thermodynamic model based on the concepts of ersard\exergy.
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1. INTRODUCTION

Something that has piqued the interest of manyarekers is the cogeneration process that seekake the most
of the waste heat from industrial equipment thatrateased directly into the environment such as#thaust fumes of
internal combustion engines, gas fireplaces anktsobvens, among others.

This research is being developed at the Federavddsity of Paraiba by postgraduate students of arechl
engineering in thermo-fluid area, with respect te togeneration process and construction, anadysisdesign of
absorption refrigeration machines steam.

The present study aims at theoretical- experimesttaly on an absorption refrigeration machine aflde effect in
the series that uses water lithium bromide paisirtzacontributions to the development and optintzabf components
and the machine itself, giving thus continuatioe ttesearch initiated by Varani (2001) who made gster and
exergetic analysis of systems of simple effect gisifortran platform for simulation, Moreira (2004)dd
thermoeconomic analysis systems for single and ldoaitting in series, Santos (2005) did exergy amalyn systems
using multiple effects of ESS platform, among asher
2. METHODOLOGY

Thermodynamic analysis:a thermodynamic analysis will be developed forheemmponent of the unit to be built
as well as for the refrigeration cycle vapor absorpeffect in double series. Making the use of finst law of
thermodynamics we obtain the fluxes of heat andspasefficient of performance and effectivenessaifh component
of systems for pre- conditions down to the steamegor high. From the second law of the terrmadyies to
evaluate the irreversibility, the ration efficienagd the degree of thermodynamic perfection.

Analysis of heat transfer and designthrough the analysis of heat transfer, there péllsizing each component in
order to determine if data regarding to the are&est exchange and length and diameter of pipasregfor the
exchange of heat required to each component bast#teomodynamic analysis.

Construction of the pilot plant: In this stage, the engine cooling vapor absorptifothouble effect in the series will
be built. Therefore, it is necessary to monitor freceedings involving the manufacture of machingegting of
sealing of heat exchangers, check points for th&lilation of the measuring apparatus, instrumamatmachine, test
machine operation and adjustments.

Instrumentation and acquisition of the data acquidion: it will be selected and installed pressure tranedsjc
thermocouples, flow meter, variable frequency dewd digital indicator appropriate to need.

With the machine running and manipulated approgiyait will be made to the appropriate values tfue readings
to be measured at various times.

Theoretical-experimental study: having the data obtained experimentally, it wal & theoretical support based on
laws of thermodynamics and the equations of madshaat transfer in order to evaluate the performasfcvarious
components and to reveal new paths to be followextder to improve the pilot plant.

3. OPERATING PRINCIPLE

Figuresla and 1b illustrate, respectively, the negation system and the machine cooled by absorpfiaouble
effect in the series that will be used in our corafige study. The machine is coupled to a heatmeiggor, which in
turn will receive the exhaust fumes of an interoaibustion engine at high temperature and mindtata lower
temperature. The gases provide heat to the minérahd this, in turn, will be sent to the steaemgrator | (points 21
and 22) which will transfer heat to the solutionteva lithium bromide. Before reaching the generatioe solution is
preheated by passing twice heat exchangers | atgpbtin reaching the steam generator |, part ofathter - which in



this case is the refreshment and which is contaiméle solution - is vaporized by receiving haai the oil (points
21 and 22) and forwards it to the steam generatfpoint 17). The solution, whose concentrationnisverage level
refreshment, goes to the heat exchanger Il (pa@ihtransferring heat to the solution that will gotihe steam generator
I. Soon after, will undergo an expansion deviceir(fsol5 and 16) to reduce their level pressureamdrs the steam
generator Il. Mean while, the water vapor produicethe steam generator | is sent to the steam gtoret (point 17)
in an independent circuit. As the water vapor is aémperature higher than the solution, that soiuwill yield the
heat causing another amount of water still conthinethe solution is vaporized. The vapor from gemerator |, after
the solution heat transfer, will undergo an expamslevice (points 18 and 19) so that its pressureduced also the
average level and then enters the condenser alithghe vapor from the generator Il. The solutiergft in the steam
generator lI(solution with low concentration of refhment), goes to the heat exchanger where |préheat the
refreshment-rich solution that will go to the stegemerator and | then suffer a reduction of at [messure while
passing through an expansion device (point 5 an@#&)hing the absorber. The coolant, in turn, eshdense in the
condenser (19 points, 7 and 8), pass through thansion device (points 8 and 9) also reducing thegssure to the
low level and reach the evaporator. It's just thatrefrigerant in the evaporator will absorb Heaitn the environment
to be refreshed (points 27 and 28), that becauseivironment is hotter than the coolant. It thentinues to the
absorber, where they will be absorbed by the smiutith low concentration of refrigerant is now betng a high
concentration solution in soda again.
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a) Diagram of the cogeneration system b) Diagratheabsorption machine of double effect in series

Figure 1: Diagrams: a) cogeneration system; b) absption machine of double effect in series

4. ANALYSIS OF HEAT TRANSFER AND DESIGN

The analysis of heat transfer takes into account tbonstructive aspects of each component of thet. uni
To make the design of various heat exchangers,sed the method of the Logarithmic Mean Temperéiifference -
DTML. In this method, the rate of heat transfetwsen the fluids that circulate through the cont@ume is given
by:

=AU, AT, (1)
For the sizing of heat exchangers, used the foligwonsiderations: heat loss to the neighborhogtigikele;
change in kinetic and potential energy negligiblgnstant properties; factor negligible depositionthe tube;
fully developed flow conditions; fluid propertiebtained from the UES; all work in counter flow heathangers.

If it is necessary to make any alteration, addittomemoval of the considerations mentioned in pasticular case
will be clarified in sizing the appropriate time.okéover, the equations of heat transfer were téil@n (Incropera et
al, 2008), except those reported during the remtriequations.

4.1 SIZING OF CONDENSER
4.1.1 Internal flow

The fluid flowingin the innertubes is water whoseproperties were obtained from  the ESS based on

the arithmetic average temperature compared toasatyres of incoming and outgoing water in the pipe
 Calculation of the de Reynolds number
The Reynolds number is calculated for the fluidvfio a single tube and is given by:

M(,0)
4] MH:0)
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* Calculation of the Nusselt number
The Nusselt number in turbulent flow inside the fla tube can be determined from the correlations for
the convection flow in circular tube. Re found ®\alid using the equation:

NU() = 0023 Re() .pr i
Prandlt being the number given by:

CP(,0)-4(H,0) )
K(n,0)

» Calculating the convection coefficient
Known Nusselt number, determine the internal convection coefficient from the equation:

- _ NG k(n,0)
(int) d(int)

pr =

(®)

4.1.2 External flow
The fluid that passes through the inner tubes badhell of the condenser is water vapor which rbestondensed.
« Calculating the convection coefficient
Whereas the process of condensation occurs in fitnm, the convection coefficient can be calculdtedn the
equation:

1
Nex) = 0722{ g o -p ) K |4 (6a)

H '(Tsat _Tsup)'NT,F 'DT
being that (h'lv) the corrected enthalpy of phasenge which is determined by the number of Jacdbhwiis the
ratio between the energy absorbed and sensitigatlahergy absorbed in the change of liquid-vapeisp, ie

Ja=Cp, (Tsup _Tsat) (6b)
hIv
hy, = h, (1+ 068Ja) (6¢)

The properties of saturated liquid contained in@ag|( were obtained taking into account the tempegaifi the
film which can be determined by the equation
L CT Rl @)
(filme) — 2
The saturation temperaturg,is equal to the temperature of condensate leati@gondenser, orgTHowever, as
the condenser has two steam inlet piping is necgdisat surface temperatures,glin the infinite Ty are determined
as follows:
Was first estimated for an average temperaturersieto the condenser building on conservation afrgy and
considering the specific heat constant, resulting,
_my T, +mg Ty 8
Tsaqag =—— (®)
mz + Mg
Then estimated the temperature at a point distamitn fthe surface of tubes called here the temperaturinfinity,
given by:
T +T,
Tinny =09 8 Temperature in the infinite 9)
The surface temperature of the tubes was takenhasrithmetic mean of inlet and outlet temperatofesyoling
water inside the tubes, given by;
Tos+T.

— 26 i
Tisup) = -5 Temperature in the surface (10)

« Calculation of the global coefficient of heat trasfer
To calculate the overall coefficient was done usheequation:

i)

(int) 1

m = + +
Rint ) -Aint Jat) 27L Ko Next) Aextlat).Ny
* Calculation the AT,

U

(11)



The calculation of logarithmic mean of temperatudifferences is based on the heat exchangersin t&oun
flow. Thus, the equations are used:

ATmI = =
|n(AT2 ) |n[T26 - T J
ATl T25 _TS
ATy =Tq,e _Tfr,s e AT, :Tq,s _Tfr,e (13)

* Calculating the total area of heat transfer
The total area of heat exchange is calculated &g tjuation:

A =mD; Ly Ny (14)
Substituting Eq (14) in Eq (1), is there relatiopshetween tube length and number of pipes thgitvisn by:
Q
Ly N =———
T T DL U, AT, (15)

4.2 SIZING OF EVAPORATOR

Evaporator by circulating two fluid flows, and theter circulates inside the tubes which should dex!, while
the region between the hull and tubes circulatectidant, in this case is also water. The detath& the refrigerant
will enter the evaporator in the liquid phase auotl @as well occurring saturated vapor phase chafgiethe sizing of
the evaporator, we adopted the same consideratiogistioned above for the condenser, save corredtiom
consideration with respect to condensation on fiimge it is now one of the boiling process omfil

4.2.1 Internal flow
Inside the tubes contained water circulates inetheporator which should be chilled. To obtain theperties of
water was determined using the arithmetic averdglkectemperatures of inlet and outlet water indgkiaporator, since
the water temperature varies during its passagegirthe tubes.
« Calculation of the Reynolds number
The Reynolds number is given by equation (2).
* Calculation of the Nusselt number
For Re found to be valid using the equation:

Nu= 0023.Re(s .Pro* (16)

Prandlt being the number given by equation (4).
» Calculation of the convection coefficient
Known Nusselt number, one can determine the inteoravection coefficient by Eq. (5):
4.2.2 External flow
The fluid that passes through the inner  tubes arttk shell of the evaporatoris also water, howetveris
intended that it leaves the evaporator as satuxateor.
 Calculating the convection coefficient
The convection  coefficient can be calculated from  Eq.(6a)so  the  propertiesof saturated liquid were
obtained taking into account the temperature of the film which  can be determined by application  of Eq.(7),
resulting in:
. _ Ty + Tyg a7

Fup 2 sat

 Calculation of the global coefficient of heat trasfer
To calculate the overall coefficient was made Udemp (11):

» Calculation of the AT,
The calculation of logarithmic mean of temperatdiféerences is based on the heat exchangers ineofiow. We use
the Eq (12) and (13), resulting in:

= (Tag +Tg) =(To7 +Tip) (18)
m
|n(T28 ‘TloJ
Ta7 = To

* Calculating the total area of heat transfer
The total area of heat exchange tube and the lemgtinumber of tubes is determined with Eq. (14)) @5).
4.3 SIZING OF THE HEAT EXCHENGERS INTERMEDIARY
The fluids that will circulate the heat exchangsrthe intermediate solution of water / lithium bride in different
concentrations which will exchange heat with eattfeowithout phase change. The solution with weadsps through
the annular region on both exchangers, while thgisa with strong and medium passes through theritubes in the

AT




exchanger of low and high, respectively. The valakshe properties of the solution water /lithiurommide were

obtained from the UES.
4.3.1 Internal flow
« Calculation of the Reynolds number
The Reynolds number for a single tube is determimethe equation:

4{m(LiB%T j (19)

7 (jngy -H Ligr)
Found for Reynolds, Nusselt becomes equal to N86.

» Calculo de coeficiente de convecgao
Knowing the Nusselt number, the internal convectioefficient can be determined by:

Reny =

hiing -0 ; (20)

Nu = (int) =™ (int) = 436
K(Ligr)

4.3.2 Anular flow

« Calculation of the Reynolds number

4.m;
Re(an) — (LiBr)
7Dy M (Ligr)
(21)

Found for Reynolds, Nusselt Nu= 4.36 is taken.

» Calculating the convection coefficient

Knowing the value of the Nusselt number, the external convection coefficient is determined from the equation:

hyexp -0
Ny = @0 2h
k(LiBr)

 Calculation of the global coefficient
The calculation of the overall coefficient is giviey equation (11).

* Calculation of the ATy
Exchangers as intermediaries also operate incoanteznt, the mean log of temperature
determined by Eq (12) and (13), resulting in:

(22)

23a
In( T15 T3 ] ( )
Tia—Ti3
Ts+T5)— (T, +T

ATmI ( 5 3) ( 2 4) T.C low (23b)

T5-Tp

Inf =——=

T4 _T3

» Calculating the total area of heat transfer
The heat transfeQ was determined by:

Q =ms (h13 - h3) exchanger high (24a)
Q =ms (h13 - hz) exchanger low (24b)

that applied in eq. (15) allows to know the are&est exchange.
4.4 SIZING DO ABSORBING

differenses i

The absorber is the device responsible for prorgdtie absorption of water vapor coming from thepevator with
a solution of lithium bromide concentration fronetstrong low pressure steam generator, causingotieentration of
the solution returns to low level and thereby catmlthe absorption refrigeration cycle. In thisqass of absorption
occurs releasing heat, a fact that will hinder absorption of steam if not removed from the cont@lume. Thus, it
does need a cooling system which in this casedsmaplished by the passage of water through thestthe make up

the absorber. The heat must be removed is detedntin the equation:
Qabs =Mz CP(H20) (T24 _Tzs) =UAAT, (25)

4.4.1 Internal Flow



The Reynolds number for a tube is given by equg@yn
+ Calculation of the Nusselt number:
For Re found to be valid the use of Eq (16) and (4)
+ Calculation of the convection coefficient
The internal convection coefficient is given by atjon (5).
4.4.2 External Flow
The refreshment coming from the evaporator, préfgria the vapor phase, must be absorbed by tbagtsolution
concentration coming from the steam generator lomthis case the steam will condense forming a waalktion
concentration. Both streams will pass through ties$ and the shell of the absorber.
» Calculation of the convection coefficient
To determine the external convection coefficienkesause of Equation (6a). To determine the temperaif the
film, since it has one inlet and one strong soluflowing water vapor, it is calculated as followsrst is determined to
an average temperature steam into the solutionecration and strong like a single entry. This wase through the
conservation of energy which resulted in the eguati

ne Tg +myo.T
T(610) :M (26)
m
Then , we calculate the temperature at infinityegiby:
T +T, (27)
Tiin) &9 1 temperature in the infinite

The surface temperature of the tubes was takerthasirithmetic mean of inlet and outlet temperataiecooling
water that circulates through the tubes, given by:
T = To3t Ty (28)

(sup) = temperature in the surface

The temperature of film used to determine the prigmof the solution and vapor entering the absoibgiven by
equation (7), while the average concentration isutated by the equation:

_ Me Xg +M10 X30 (29)
=——-6” 100

ml
» Calculation of the global coefficient of heat trasfer
To calculate the overall coefficient is made us&agfiation (11).
» Célculation of the AT
Applying the equation (12) and (13) is the lodaritc mean temperature difference of which is gibgn

_ (T1 _T24)_(T(6,10) ‘Tzs)

ATy = (30)
In (Tl _T24)
T(G,lO) Ty
« Calculating the total area of heat transfer

The total area of heat exchange tubes correspandset surface and the relationship between tubgtheand
number of tubes is determined by combining Equati@r), (15) and (25).

4.5 SIZING OF STEAM GENERATOR OF HIGH

It is also considered that the process of boilirgewis carried out in movie form. The heat sugpt®the operation
of the steam generator will come from the high maheil will circulate through the tubes containedthe generator.
Since there is no change in the oil phase, the the&tthis will transfer to the solution of watelithium bromide is
estimated by using the thermodynamic equation,

le = Qéleo = Moleo CpméleoATéleo = U'A‘tATmI (31)

To calculate the average specific heat, we useptataded by the oil manufacturer. Determine thaagipn of the
line through the chart that relates the specifiatheersus temperature and, therefore, the avenageifis heat is
calculated as the arithmetic average of specifatseil in the input and output of the generatoiclwiwas calculated
by,

CPmeteo = 0,001674T,, +T,,)+184175 (32)

How is neglecting heat losses to the environmecabse the generator is insulated, it is considgradall the heat
supplied by the oil will be absorbed by the solutaf water / lithium bromide concentration weak giag through the
tubes and the hull of the generator.

4.5.1 Internal Flow

To determine the properties of mineral oil was ugedperating temperature would be given by thiharétic mean
of inlet and outlet temperatures in the steam geoer

. Calculation of Reynolds number



The Reynolds number for a tube is given by:

m(éleo) 33
“ e

rzd (int)-H(6leo)
» Calculation of the Nusselt number
Found for Re, Nusselt is given by equation (16hgehe number of Prandlt given by:

Re€(n) =

CO e 1l (34)
Pr= p(moleo) :u(oleo)
k(éleo)
e Calculation of the convection coefficient
Known Nusselt number, the internal convection doifit is determined by:
_ NUg) Kigieo) (35)

(int) =

d(int)

4.5.2 External Flow

The steam generator will receive a high cotregion solution will be weak and output streamd water
vapor with concentration solution out through sepapipes. In this case, itis necessary to ideatif optimum
temperature so as to obtain the solution propedieteam and considering that there are two émggead of just one.
This was done through the conservation of energgiwtesulted in the equation:

Mg Toa + My, T
T(1417) — Mia 14. 7- 117 (36)
M3

Then determines the temperature at a point distant the surface of the tubes, ie, the temperadtiiafinity is given

by:

T +T.

_ laan) T3

Tinf) T, (37)
The surface temperature of the tubes was takeheaarithmetic mean of inlet and outlet temperatofethe mineral
oil inside the tubes, given by:

T, +T 38
Tiou = 21" 122 (38)

2

The temperature of film used to determine the pitigeeof the solution and vapor leaving the gemerais
defined according to Eq (7). The average conceatrédd calculated by the equation:

_ Mg X4 + M7 X7 (39)
o=

M3
In possession of the temperature of the film ded mean concentration and using the EES, met tceseary
properties in order to give continuity to the othafculations involved in sizing.
 Calculation of the convection coefficient
The calculation of the external convection coeéfitiin the boiling process on film for horizontapiiaced cylinder
was developed based on equation (Bejan, 1948,9), 42
1

Nex)-Or _ 0762{ D} .90 - oy )i }4 (40)
k kyvy (T( filme) _Tsat)

1\

 Calculation of the global coefficient of heat tansfer:
To calculate the overall coefficient was made Udequation (11):
» Calculation of the AT :
The calculation of logarithmic mean of temperatdiferences is based on the heat exchangers int@oflow
resulting in:

(T21 ‘T13) - (Tzz ~T(1417) ) (41)

In (T21 _Tl3)
(Tzz _T(14;L7))
¢ Calculating the total area of heat transfer:

The total area of heat exchange tubes correspandset surface and the relationship between tubgtheand
number of tubes is determined by combining Equati@h), (15) and (31).

AT, =




4.6 DESIGN OF THE GENERATOR LOW

The heat supplied to the operation of the steanergéor is derived from the low water vapor comingni the
generator high. It is considered that all the tsegplied by steam will be absorbed by the solutbmwater / lithium
bromide

Qg =Mz (7 —hug) =UAAT,, (42)

4.6.1 Internal Flow

The water vapor that passes through the tubestwalhsfer heat to the solution that lies between thiees and the
shell of the generator. There is a tendency, tbezefwhat portion of vapor under goes a phase @eduagng the run
off. At low speeds the flow of steam where theapns are valid: (Cengel, 2009, p.591)

43
Reve = (wj <35000 ( )
2 m
3 | : (44)
h(int) = 055{ i g(pl _pv)hlv o) :|4
H .(T(Sén) ~T(sup D1
(45)

. 3
hy = hIv +§ Cp '(Tsat _Tsup)

Since the properties in these equations are eeallmsed on the temperature of the film and isedrim saturation
temperature.
4.6.2 External Flow

The procedure for the design should be similaht&a tdeveloped earlier for the high generator. Emeperature of
the flow generator outlet considering, once agtia, steam and the low concentration solution dkitsugh a single
pipe is given by;

na T, +m,. T (46)
T(4’7) _Mmg-Ty . my. 1
My
The temperature at a point distant from the suréddbe tubes which is given by;
_Tan*Te (47)
Tiinf) T,

The surface temperature of the tubes was considerethe arithmetic average of the temperaturesleif iand
outlet steam from the generator which high padgénthe tubes, given by;
_Ti7+Tg (48)
T(SUP) - 2

The temperature of the film is then given by equat{7), while the average concentration is caleddby the
equation,

_ M6 X6 +Ma Xy (49)
m
M1e+ M4
+  Calculation of the convection coefficient
The calculation of the external convection coedfiti in the boiling process on film for cylindersraarged
horizontally was developed based on Eq (40).
. Calculation of the global coefficient of heat tansfer
To calculate the overall coefficient was made Udequation (11):
+  Calculation ofA Tml
The calculation of logarithmic mean of temperatdiferences is based on the heat exchangers mguficounter-

current:
AT, = (T24 ‘T(4,7))‘ (Tzs ‘Tzz) (50)
In( (T24 ~T(a7) )j
(Tzs ‘Tzz)

Calculating the total area of heat transfer:
The total area of heat ~ exchange tubes corresponds thet surface and  the relationship  between tube
length and number of tubes is determined by compiiquation (14), (15) and (42).
5. RESULTS AND DISCUSSION
Table. 6.1 illustrates the values of temperaturessure and flow measuring instruments read imi§igrent times
of operation of the pilot plant.



Table 1 - Preliminary results

' . . . . . lo Pressure 1° 20 3° 40 50 6°
(mBar)

295 30,6 31,0 30,1 31,0 32,4 | High 149,0 156,0 169,0 182,0 202,0 202,0
'r8 30,7 32,0 32,1 32,3 309 33,3 | Média 80,14 80,14 80,14 80,14 80,14 80,14
T1s 295 294 30,7 32,0 32,6 32,9 | Low 10,29 10,19 10,19 10,19 10,19 10,19
T4 30,8 29,1 30,1 316 31,2 32,5
Tis 285 309 309 31,7 320 32,2 | Flow 1° 2° 3° 40 50 6°
T17 33,0 37,6 41,7 56,9 56,9 62,4 | In(l/s)

T 63,0 745 91,4 1049 1851 116,0 V3 - - - - - -

Ty, 49,3 60,7 79,3 935 894 108,3 V, - - - - - -

Toa 30,1 30,1 30,1 31,2 324 324 Vi - - - - - -

T 30,3 30,3 30,3 31,1 31,1 34,1 | Vi 0,08 0,08 008 008 0,08 0,08
Ty 28,2 30,1 30,2 30,4 30,5 30,5]| (Readings taken every 15min)

Tog 28,2 28,7 293 30,7 31,3 32,4

5.1 Analyzing the heat supplied to the generator dfigh

Among the points 21 and 22 that match the entryeadiidof mineral oil in the generator |, droppir@3 reading, there
is a variation of average temperature of 11.7 %K@owing the density of mineral oil that is expratdsy the
manufacturer of 0.83 g / ml and having a flow ratamineral oil measure, calculate the mass flow sehwalue is =
6.64 x 10-2 kg / s. Having also the specific hdsd provided by the manufacturer of 0.55 cal /@, ©ne reaches the
value of Q = 1.74 kW which would be roughly estigthby the heat supplied oil to the generator | everking at a
temperature below the proposal for mineral oiléamputer simulation.

5.2 Analyzing the pressures:

It can be seen very well that the pressure readiogsand medium did not change during the tespri@éri, we
identified the following assumptions: an indicatdrpressure transducers or defective; small amotiatorking fluid,
pump with low pumping capacity, blocking the hdlesexpansion; crystallization of the solution.

5.3 Internal flows:

Table 1 does not contain the values of the flows\W and Vi, which are, respectively: total flow of the solutio
that | sent to the generator, the flow of the soluthat leaves the generator II; the flow of tlidution leaving the
generator |. These values were not obtained bedhese a dings on the instruments used were total$fable, there
were large and constant oscillation signal loss Helieved that the fact leading to this episbele in diameter below
the minimum indicated for the use of equipment ithat3 mm, supplied by the manufacturer. To thesueaof the
mineral oil flow was not found no obstacle, sinbe tubing used had a diameter of 19 mm, this meathan the
minimum required by the manufacturer of flow measyinstrument. Moreover, the pipe remained congtyefilled
with oil, no waste solids and also air bubbles twatld interfere with the reading.

In orderto obtain more significant results weretathe following decisions: installation of windsw
cleaning inside the  machine and  clearing holes foexpansion; increase in  the volume
fluid, conducting vacuum better equalization  of gsures. The installation allowed viewersto  see
once the lock hole expansion, opening of the pipedmove the particles that promote the lock, digpbr easy
replacement of the hose if necessary and reingitdbut the need for welding and perfect sealing. ®ntrast, it is
able to break the vacuum in the machine and therrceece of loss of a small amount of working fléod possible
interventions. After these interventions were eafrout further tests and the results shown in T2ble

Table 2 shows the results of the pilot plant inragien after intervention.

of working

at

Pressure 1° 20 30 40
(mBar)
T3 320 371 57,5 50,2 High 43,0 335,0 479,0 483,0
T8 32,8 37,5 40,4 42,3 Média 33,4 55,2 71,9 75,5
T13 33,6 65,5 76,0 59,9 Low 8,8 23,1 62,4 61,9
T14 336 784 84,0 56,4
T15 348 449 728 524 | Fiowis) 2 30 49
T17 345 668 768 785 | v3 5 5 - i
T21 33,3 111,8 156,5 162,8| v4 - - - -
T22 33,8 1057 1494  157,9| vi4 ] ] ] ]
T23=T25 31,8 323 397 407 | v 008 008 0,08 0,08
T24 319 323 41,8 40,9 Readings taken every 15 min.
T26 319 334 41,6 43,1
T27 30,9 30,3 31,7 31,2
T28 30,7 29,7 30,8 29,9




5.4 Analyzing the results

Comparing the results of Table (2) with those obl€a(l), it is easy to verify that the values ofmfeeratures
measured at various points of the machine showggtfisiant variations, in the points 3, 13, 14 drd These results
point to say that there is movement of fluid in ffiges and occurrence of heat exchange betweesothons in order
to assess the functioning of the heat exchangbigbf which is not observed previously. The effestiess of the heat
exchanger of high experimentally determined andding on the values of the third reading of Taldgié 0.698,while
the estimated value of the work of Santos (200%).7s The }; and T, temperatures also show a small effect fridge,
but far short of what is the target. As for the gsires obtained in the system is clearly visibk there was a
significant improvement. The values obtained inl€4R), we can see a better equalization betweenhifee levels of
pressure achieved.

6. CONCLUSIONS

The amplitude of this research work goes beyondadpects of practical interest in engineering aghale still
reflect theoretical knowledge acquired in its mefblogy. In an experimental work like this is notvalys possible to
achieve the proposed objectives in full, howevithoaigh we have not managed to get the perfectabiperof the pilot
plant some important conclusions can be described:

Even the pilot plant has not reached the steadg sfaoperation, the cogeneration system used waars to be
able to provide the necessary power required irstbam generator to perform the high-absorptiotecye estimated
1.75kw 1.74kw against experimentally determinednewvetside the steady state. The temperatures réamhéhe
entrances and exits of the heat exchanger ledhighaheat exchanger effectiveness consistent \wih fproposed by
computer simulation of the work of Santos (2005).

The holes that were used as expansion devicesdtiate the pressure of the system were not eféecsince in
general constant system crashes during the operafiche pilot plant and is not therefore possitdeobserve the
cooling effect desired. There are valves sold m rtharket capable of performing this function, hogrethe cost to
acquire them is huge which makes it unfeasible.oBe of the ideas that lance is trying to develogesice that
aggregates the hole with a larger diameter tule"idt in an attempt to obtain movement of the wagkfluid without
the occurrence of pipe blockage and promotes theedse of pressure. The knowledge and experiemgérad on the
basis of participation in the development of thechiae that goes from the design of a Project grednd laws and
theoretical concepts, manufacturing of compongmsliminary testing of the operation, adjustmentd aorrections,
discussions related to the improvement of companaiscovery of defects and solutions to addremsittand also new
ideas for improvement and future studies, thisaededid an excellent laboratory.

It should be noted also that the theoretical resuliitained by the analysis of thermodynamics ard fnansfer are
consistent with the literature and therefore do cesrse to be validated by experimental resultsirdadain the pilot
plant. On the other hand, so you can get a bettéchmbetween theory and experiment, it is necedsamake any new
interventions, be they in the design of a practicadven referring to some components of the hait tvas built.
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