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ABSTRACT

Theaim of hisresearch isdesign of laboratory instrument. So, thisinvesti-
gation provides guidelines for the laboratory teststo measure the free heat
transfer coefficient of a cylinder which is released to the environment of
different electrolyte solutionswith different concentrations. First, aspecial
laboratory device designed and calibrated to be made. The used electro-
Iyte solution samples of sodium chloride are with different concentrations
of 10, 20, 40, 60, 80 and 100% as mass percent. Second, experimental curves
aredrawn in each case which show Nusselt numbersaccording to Rayleigh
number. The obtained results are compared with experimental results ob-
tained by Sir Winston Churchill — Cho. The results show a very good
approximation. Finally, anew correlation for predicting the free convective
heat transfer coefficient around the cylinder in electrolyte solutionswill be
suggested. © 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION capacity of the solutionsissignificantly reduced with

increasing concentration.

Free convective heat transfer from cylindrical sur-
faces has been studied numerously during the past 45
years.

Konigsberger et al. in 2008 studied on the density
of sdt solutionsof magnesium chlorideand nickd chlo-
ride. They showed the density and viscosity increases
linearly withincreas ng concentration and dso viscosity
increasesfrom 25 °C to 90 °C. Also, they stated heat

Akhtar et al. in 2011 conducted research on some
of the electrolyte solution. They showed the thermal
propertiesof the sol ution significantly increased by add-
ing nanoparticles. Wang et d. in 2011 studied on some
of theée ectrolyte solution containing alkali ions. They
datedincreasingtheakali ions, increased thermd prop-
ertiesand a so crystd structure of solutionimproved.

Zhang et d. in 2011 conducted astudy on el ectro-
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lyte complexes. They stated theion concentrationin
the solutionsaffected their gpecificationssignificantly so,
that some of them used asacatayst. Maldonado et d
in 2012 studied on the conductive heat transfer coeffi-
cient and diffusion coefficient of thee ectrolyte solu-
tion. They expressed thevapor phase of theliquid phase
iseffective on temperature and other thermal proper-
tiesof thesolution.

Part of the processincluding design, construction
and calibration of alaboratory instrument with labora-
tory measurementsof free convective heet transfer co-
efficient of acylindrica shapeto non-electrolyte solu-
tionswith different concentrationsof themediumispro-
posed inthisresearch. Thespecific purposeof thisstudy
isprovidingguiddinesfor thelaboratory tests. Themost
important issueisthe method of temperature measure-
ment inthese experiments.

Ininitid design, cylindrical surfacetemperatureis
measured by thermocoupl eswhich arelocated onthe
cylindricd surfacebut theresultsareunredistic. Sosome
| ocation modification is proposed to reach acceptable
resultsthat will be described comprehensively inthe

-

Heating el ement

A stainlesssteel cylinder with adiameter of 12.7
mm and alength of 40 cmisused to create aconstant
heat flux boundary condition and an éectrical resistor
placedinlinewiththeaxisof thecylinder. Thearound
of thecylinder isfilled with completely smooth and ho-
mogeneous stone powder to avoid contact with elec-
trica resstanceandthecylindrical body aswdl asuni-
formdigtribution of heat flux.

Meanwhile, inorder to reducetherma energy loss
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following sections. Findly, recommendationsare pre-
sented in order to get better results.

METHODOLOGY

Experimental appar atus

Pointsintermsof mechanica and therma design of
thedeviceareasfollows:

1. Possblehesat flux must bedistributed evenly to the
entiresurfaceof thecylindrical e ement by e ement
tominimizethermal gradient dongtheaxis.

2. Heating dementsshall beinsulated at both sides
and heat lossfrom the sides may bereduced to a
minimum.

3. Supportswithalow coefficient of thermal conduc-
tivity should besdected to havelesshesat loss. Here
the baseglassisused.

4. Intherma sensorsselection, installation and tem-
perature range which measure have to be accu-
rately enough.

5. Machineingalation and handling cost may becon-
venient.

Figurel: Theproposed apparatuswhich isused mtheﬂeexperlments -

at thetwo ends of el ementsin contact with thewalls of
theaquarium (pool test), theelement iscompletely in-
sulated a thejunction of thewall and the glasspool by
2 cm glasswool which haslow thermal conductivity
coefficient of about 0.038W/mK . Figure2isapic-
tureof thethermal eement.

Asisshown, theresistanceinthe 367-355 range
variesdueto temperature. ThermocoupletypeJisused
intemperaturemeasuring of thecylindrica tubesurface
considering range of temperaturevariations and accu-
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Figure2: View of thethermal element

TABLE 1: Electrical resigtivity profile

amplitude (V) Input Resistor
(QQ) Resistance voltage material
394-406 0-230 Ni-Cr aloy

racy required. Thenfour Thermocouplesareclosed by
aclip inthe middle section of thetubein equal dis-
tancesfrom each other.

The middlesection of thetubeis sel ected because
thetemperature gradient along thetubeiszero by tak-
inginconsiderablepartid |ossof therma energy at both
endsof theinsulation. A thermocoupleis mounted at
thejunction of thedistal end of thetubewith the pool
wall (insulated part). Thethermocouple measures(Th)
whichisusedinthe calculation of thermal energy loss

(QL).
Duration of test

Finding empirica steady staterelationsin experi-
ments; so specified time should be spent in each of the
thermal energy and the surfacetemperature should be
constant. Thetimewill depend onthetypeof fluid, the
volumeof fluid and thethermd dement dimensons. The
averagetimerequired to reach steady-statein the ex-
periments (constant surfacetemperature) at different
valuesof thermal energy was about 80 min.

Outlinesof test

1. Theexperimenta apparatusismounted in suitable
placeto minimizetheamount of ar flow indifferent
directions.

2. Heating element isconnected to avariablevoltage
source (Dimmer), avoltagemeter hasbeeningdled
between the el ementsand the Dimmer to read dif-
ferent amountsof thermal energy (QT). Thetestis
started with 60 watts of heat energy and repeated

Tl

T4 ™

T3

Figure3: Theused clipin theexperiment and the schematic
of thermocoupleslocations

with 60, 80, 95, 110 and 125 W with changesin
theamount of dimmer. Itisobviousthat thepecific
timeabout an hour isneeded in any caseto steady-
state conditions (constant surfacetemperature) are
reached.
Thetemperaturesand theval ue of thermal energy
(QT) arewritten down at steady-state conditions.
4. Duetotheexchanged radiationtherma energy, mea-
Research & Reotews On
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Figure4: Experimental temperatur eswer e compared with experimental resultsobtained by Sanchez and ther esults of
Nussdlt relations of trial and error obtained by Cho- Churchill for freeconvective heat transfer intheair.
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Figure5: Comparison of experimental Nussalt with resultsobtained by the experimental nussalt reations, Sanchez and Cho-

Churchill for freeconvectiveheat transfer intheair.

suring temperaturein remote areas of thetesting
machine and the temperature of the pool walls
(Chamber walls) isnecessary. But thetemperature
of thefluid adjacent to the pool wall isjust mea-
sured dueto thevolumeof fluid and thesmall tem-
perature difference between thewall of the pool
and room.

Dataisrecorded and analyzed by the basic equa-
tionsof heat transfer in order to reach the proper
relion.

Calibration and introduction of free convective
heat transfer equation for acylinder with constant
heat fluxin air

Someexperimentsfor freeconvective heat transfer
arehddinorder to caibratetheinstrument after design
and manufacturing of the device. Theobtained experi-
mental resultsin air compared with experimental ob-
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sarvationsmadeby Mr. Churchill - Choand Mr. Nussdlt
which carried out for acylinder with aninfiniteratio of
length to diameter (L/D="(_ Also, the results are com-
pared with obtained resultsby Mr. Sanchez, who aso
experimented withthelimited ratio of cylinder lengthto
diameter and under the close experimenta conditions
withthe used conditionsin thiswork.

q" =cte
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/ A AAAAA | heo
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Figure6: Theproposed experimental instrument
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Figure7: Comparison of experimental Nusselt obtained by testing the devicewith the Nusselt valuesobtained by Nusselt

correlation for freeconvection heat transfer in water

TABLE 2: Thermal energy lossin different heat fluxes, free
convection heat transfer in % 20 NaCL solution

QT Qloss Qloss Qloss QFree

watt radiation conduction Total convection
65 1.8 3.35 5.15 59.85
85 242 4.76 7.18 77.82
110 2.8 5.01 7.81 102.19
125 3.16 55 8.66 116.34
175 4.47 7 11.47 163.53
210 5.17 8.5 13.67 196.33
240 5.53 9 14.53 225.47
280 6.5 10.01 16.51 263.49
320 7.414 10.612 18.026 301.974
400 9.159 11.124 20.283 379.717

Then comparison tablesand calculationsare pre-
sentedindetail. TABLE 2 presentsthetemperatureva-
ues measured at different values of power and envi-
ronment temperature.
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Inthis part, obtained temperatures are compared
with theexperimentd va uesobtained with Nussdlt cor-
relations, Cho - Churchill and Sanchez. So, thermal
energy loss by radiation from the surface of thecylin-
drical elementsaswell asthe convective heat | oss of
both ends must be cal cul ated and then after deduction
fromthetota power, actual amount of convective heat
transfer achieved. Using relationsand trial and error
method cal culations get thetemperature. Theresultsof
thesecaculationsareshowninFigure4.

Sincemost experimentd Nussdlt are aspower func-
tions of the dimensionless Rayleigh num-

bersNu = CRa " . HeretheNusselt numbersis

fitted of the power function by the method of least
squares. Thisfunctionispresented for free heat trans-
fer between air and cylinder with constant flux of hesat:

Nu = 0.4326Ra°22%2 (N

G000 8000 10000

RaD

Figure8: Comparison of experimental Nusselt for % 20 NaCl water solution obtained by proposed instrument with

Nusselt valuesobtained by fitting equation for freeheat transfer Ny = 1.3003 Ra %1% .
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EXPERIMENTS

Fivedifferent concentrationsof sodiumchloridedec-
trolyte solutionat O, 20, 40, 60, 80 and 100 percent of
massareused inthisstudy. Theresultsof each caseare
presentedin detail intheform of tablesand graphs.

Nu-Ra—chart shows that experimental values are
about 4.13 percent higher than Nu-Racurve obtained
from the correlation curveand isshifted upward in so-

TABLE 3: Thermal ener gy lossin different heat fluxes, free
convection heat transfer in % 40 NaCL solution

lution with 20% of the NaCl concentration.
Nu-Ra—chart shows that experimental values are

about 5.29 percent higher than Nu-Racurve obtained

from the correlation curve

NU = 1.3003 Ra %1% andisshifted upwardin

solutionwith 40% of the NaCl concentration.
Nu-Ra—chart shows that experimental values are
about 10.2 percent higher than Nu-Racurve obtained

TABLE 4: Thermal energy lossin different heat fluxes, free
convection heat transfer in % 60 NaCL solution

QT Qloss Qloss Qloss QFree QT Qloss Qloss Qloss QFree
watt radiation conduction  total  convection watt radiation conduction  Total convection
65 2 3/9 5/9 59/1 65 2/451 4/512 6/693 58/037
85 2/5 4/5 7 78 85 3/14 6/012 9/152 75/848

110 3/845 5/321 9/166 100/834 110 3/94 6/8 10/74 99/26

125 4 6/01 10/01 114/99 125 4/532 717 12/232 112/768
175 5/22 7/801 13/021 161/98 175 6/869 8/8 15/669 159/331
210 5/921 8/820 14/741 195/26 210 7/08 11/01 18/09 191/61
240 7/004 10/011 17/015 222/985 240 7/848 12/51 20/358 219/642
280 7/516 10/7 18/216 261/784 280 8/514 13/302 21/816 258/184
320 8/212 11/5 19/717 300/288 320 10/107 14/51 24/617 295/383
375 10/62 14/001 24/621 350/379 350 12/01 15/523 27/533 3471467
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—a— NUu-40%Nacl predicted by pure

water

corelation(Nu—=1.3003Ra"0.1996)
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Figure9: Comparison of experimental Nusselt for % 40 NaCl water solution obtained by proposed ingtrument with Nussalt

valuesobtained by fitting equation for freeheat transfer Ny = 1.3003 Ra %1% .

from the correlation

NU = 1.3003 Ra %19% andisshifted upwardin

solution with 60% of the NaCl concentration.

Nu-Ra— chart shows that experimental values are
about 16.51 percent higher than Nu-Racurve obtained
from the correlation curveand isshifted upward in so-
|ution with 80% of the NaCl concentration.

Rescarch & Reotews On

curve

Nu-Ra—chart shows that experimental values are
about 20.6 percent higher than Nu-Racurve obtained
from the correlation curveandis shifted upward in so-
lution with 100% of the NaCl concentration.

RESULTSAND DISCUSSIONS

To comparetheeffect of different concentration of

. -
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TABLE5: Thermal energy lossin different heat fluxes, free  TABLE 6: Thermal energy lossin different heat fluxes, free
convection heat transfer in % 80NaCL solution convection heat transfer in % 100 NaCL solution

QT Qloss Qloss Qloss QFree QT Qloss Qloss Qloss QFree
watt radiation conduction  Total  convection watt radiation conduction  total  convection
65 3/184 5/110 8/294 56/706 65 4.215 581 10.025 54.975
85 3/919 6/87 10/789 74/21 85 5212 7.87 13.082 71.92
110 5/011 7/521 12/532 97/468 110 6.112 8.423 14.535 95.465
125 5/9 9/11 15/01 109/99 125 7.038 10.64 17.678 107.322
140 6/94 10/79 17/73 122/268 140 8.01 12.08 20.09 119.91
160 7/83 12/29 20/12 139/88 160 8.96 145 23.46 136.54
175 8/41 12/82 21/23 153/77 175 9.781 15.28 25.06 149.94
190 8/707 14/01 22/717 167/283 190 10.03 16.34 26.37 163.63
210 9/62 15/52 25/14 184/86 210 11.1 17.84 28.94 181.06
240 12/529 17/2 29/729 210/271 240 15.01 19.4 34.41 205.59

- =
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Figure10: Comparison of experimental Nusselt for % 60 NaCl water solution obtained by proposed instrument with Nussalt
valuesobtained by fitting equation for freeheat transfer Ny = 1.3003 Ra %°% .
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Figure11: Comparison of experimental Nussalt for % 80 NaCl water solution obtained by proposed instrument with Nusselt
valuesobtained by fitting equation for freeheat transfer Ny = 1.3003 Ra %1°%

sodium chloridein theresulting equations, therel ated
Nusselt numbersare obtained using different assumed
Rayleigh numbersin different solutionsand generd re-
sultsare presented in thefollowing tablesand figures.
AsmentionedintheTableandinthefigure, increase
the concentration of sodium chloridesolutioninwater

makesva uesin the Nu-Racurve higher than the Nu-
Racurveof purewater. So Nusselt valuesin terms of
Rayligh numbersinthecurvefor 20% sodium chloride
solution are shifted approximatdy 13.4% upward com-
pared to the Nusselt valuesfor purewater.

Similarly, for 40% sodium chlorideitisabout 5.29%
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, for 60% sodium chloridesolutionit isapproximately
10.2%, in 80% sodium chloride solution it is about

TABLE7: Correction factor used in theproposed relation for
different concentrationsof electrolytesolutions

16.51% and for 100% sodium chloride solutionitin-
creases about 20.6%.

Experimentsindicatethat theincrease of the con-
centration of sodium chloridein water, make higher
vauesof Nussdlt number versus Rayleigh number. So,

Electrolyte concentration (Wt%) C the curve of 100% Sodium Chloridesolutionisabove
%20 10462 theother curves, respectively 80%, 60%, 40% and 20%
%40 1.0540  of NaCl concentration areat thelower positions.
%60 11177 In other words, theincreasing trend will continueto
%80 1.1949 100% sodium chloride concentration in water and this
%100 1.2553 isclearly shownintheFigure 13.
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Figure 12 : Comparison of experimental Nusselt for % 100 NaCl water solution obtained by proposed instrument with

Nusselt valuesobtained by fitting equation for freeheat transfer Ny = 1.3003 Ra %1%
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Figurel13: Nussalt number scompar ed tothefitted equationsto solutionsof different concentrationsof sodium chloridein the

givenrang

CONCLUSON

Nussalt number versus Rayleigh number curve be-
havior changeswith different concentrations of sodium
chloridein water, comparing with the curvefor pure
water it islinked to theinteractions between the mo-
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lecular of electrolytesolutions, theoretically. Theob-
tained experimental results can be considered and can
be further tested for other fluids and el ectrolytes, in
theory. Findly, arelation for Nusselt number in differ-
ent concentrations of eectrolyte solutionsisproposed
and acorrection factor inrelation of the purewater is
presented.
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Nu = Cx1.3003Ra%19% @

The constant coefficient,, for el ectrolyte solutions
at different massconcentrations, areasfollows:

It isobviousthat the constant coefficient, C, for
different concentrations of € ectrolyte solutionscan be
achieved throughinterpolation between the valuesob-
tained.
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