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ABSTRACT

Inthe present paper, reduction of friction coefficient caused by coating the
tubes inner face with HMNP was investigated. At first, a thin layer of a
mixture of compatible glow and HMNP was maintained on the tube inner
wall while winding the tube and then water was fed into the tube. At the
same time pressure difference between two ends of the tube was measured
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by two piezometers. Then friction coefficient of the tube was estimated via
Bernoulli formula. The second part of the experiments was to measure the
dynamic hydrophobicity of a HMNP coated surface via the diding angle
test. Then the results would be represented and compared together.
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INTRODUCTION

Wetting istheinteraction of aliquid withasolid
surfaceand isfound in numerousnatural processesas
well asbeing of extremeimportanceto many industria
and engineering processes. Applianceslike easy-to-
clean anti-adhesion or anti-finger-print coatings are
widely used™3. In order to estimate the hydrophobic-
ity of asurface, one canlook from two different as-
pects. static hydrophobicity and dynamic hydrophobic-
ity. Thewater-dropl et contact angleiscommonly used
asacriterion for evaluating static hydrophobicity. To
assessdynamic hydrophobicity, thediding angles(the
angleat which awater droplet of acertain massbegins
todidedown aninclined plate) or contact-angle hys-
teres s(thedifference between advancing and receding
contact angles) has been commonly employed asacri-
terion. Usualy the maximum achievablewater contact

angleisabout 120°*°, But neither of thesecriteriacan
represent water shedding properties. Inaddition, itis
observed that usually expensive nano particlesor tech-
niqueswere used to produce ahydrophobic surface®
8. In this paper, a cheap nano particle (Fe,0,) was
used as a coating on the tube. Then an experimental
test wasempl oyed to measurethe pressuredownfdl in
ametal tube. Inthe second part thesliding angletest
wasemployed to show theaccuracy of theformer tech-
nique, and also to be compared withit.

EXPERIMENTS

Hydraulictableexperiment

The experiment was taken out on tubes made of
black iron. Their diameter and their length were 20mm
and 1m, respectively. First part of thisexperiment was
to determinethefriction coefficient of baretubes (with-
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Figure2: Thehydraulictable

)

Figure3: Thetwoforceson each droplet areF1=mgsin@ and
F,=p/mgcosd
out nano particles). Then asit was mentioned before,
the hydrophobic nano particleswere combinedwitha
suitable glow. Later onthe mixturewas poured into a
tube and the tube waswinded at speed of 2000 rpm.
So athinlayer of HM NP was coated inside thetube.
In order to determine the tubefriction coefficient
before and after coating, it was exposed to different
flow velocities(different flow rates). Thentwo hydrau-
lic piezometerswereattached on two headsof thetube
viaajointratio of 2:3:1 (Figure 1). When water flows
inside the tube the pressure difference between two
heads of tube can be measured using the piezometers.
Thebasic formulaof thisexperiment isthe Bernoulli
equations.
Py Vi, , P2 Vi Lv;
g 29" T pg 29" 2" dzg @
IntheaboveequationP,v, z,f, d, p represent pres-
sure, velocity, height, friction coefficient, tubediameter
and thedensity of fluid, respectively. Whenthereisno
massflow insidethetubetermswhichinclude vel ocity
(v) areomitted and since thereisno pressure differ-
ence dueto change of height (z), the pressurediffer-
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enceisinitialy equa tozero (p, =p,). Sotheheightsof
water inpiezometersareequal at rest. Thelevel of weter
can bechanged by changing theair pressure abovethe
water. Thehydraulictableisshowninfigure2.

When water ispumped into thetube, the piezom-
etersshow apressuredifferencewhich changesin case
of different velocities. Therefore, thispressurediffer-
encewas put in equation (1) and so thefriction coeffi-
cient (f) can beestimated.

For thisexperiment aseries of tubeswith length of
1 meter and diameter of 0.02 meter were used. Also
for eachtube, different vel ocitiesweretried. After com-
puting thefriction coefficient we can relate each tube
with an enhanced tuberoughness (¢'). Todothis, the
Colebrook formulaisused:

i=-2|og[ ¢ , 251 ]

J 37D Revf @)
whereD isreferred to thetube diameter, f and (¢') are
referred to the tubefriction coefficient and tube rough-
ness, respectively. Thisequation normaly isusedto de-
terminef but snce herewehaveestimatedit fromthe
Bernoulli equation here now we can compute (¢') by
thefollowing equation:

. -1\ 251
€ —3.7D[exp(2ﬁ) —Re«/f_] ©)

The aboveequationisresulted from equation (2).
Asyou can seef ischanging by the Reynolds Number
but in thisequation, we havef and Retogether, so for
eachtubewewill reachto afixed (¢'). This(g') isen-
hanced roughness because the effect of added HMNP
wasusedinit.

Thedidingangletest

Thisexperiment isoneof themost famousand usua
experiment for measuring thefriction coefficient of a
water droplet on asolid surface. Thebasi c concepts of
thistest areasfollows:

Aswecan seeinfigure3if weplaceadroplet of
water on asloping surface, in static form two forces
imposeit: theforce dueto thegravity (downward the
slop) and the second forceisduefriction (upward the
slop). To determineeach force you can seefigure 3.

Itisknown that the droplet will start iding down
the slop at aspecific anglein which the aboveforces
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Figure4 Inthisfigure, the diamonds are belonged to the
tubesbefor ecoating and thetrianglesar ethe pointsbelong-
ingtothetubesafter coatingwith HM NP
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Figure6 : Thediagram of the dliding angle ver sus mass of
droplets. Upper curveisreated tothebaresurfaceand lower
oneisrelated tothesurfacecoated viaHM NP

areequal, sowe canwrite:
F,=F,=mgsin @ = p_mgcosh
p, = tam@ 4

In above equationsm, g, 0 and p_arereferred to
mass, gravity acceeration, diding angleand friction co-
efficient, respectively. Regarding to equation (4), we
can estimatethe stati ¢ friction coefficient betweenwa-
ter droplet and the solid surface by measuring thedid-
ing angleof thedroplets. Thiswasdonefor abaresolid
and an HMNP coated surface. In order to show the
result, themassof dropletswere changed and for each
case, thediding anglewas measured.

RESULTSAND DISCUSSION

For each part of theexperiments, acertain diagram
wasplotted. Thetest was donefor thetubes once be-
fore coatingwithHMNPand once after. Theresultsfor

flano Soienoe and flano Teohnology

01~

0.075 |

fo

o dalia

025 |-

-0.025 |

. . ]
20000

25000
Re

. . I
30000

. — i
35000

40000

15000

Figure5: Deltaf plot referstothechangesin f versusRe
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Figure7: Thefriction coefficient related to the diagram of
figure6. Upper curveisrelated tothebaresurfaceand lower
oneisrelated tothesurfacecoated viaHM NP

thefirst experiment (Hydraulic table experiment) are
presentedinfigure4.

In order to estimate the differencein thefriction
coefficient thedeltaf plotispresented.

It isunderstood that not only thefriction coefficient
isreducing dueto Reynolds number increase, but the
difference between friction coefficientsa so decreases
in high Reynoldsnumbers.

Inthe next part of the experiment awater dropl et
wasplaced onasmooth metdlic surface, thentheangle
at which the droplet started to move down was mea-
sured. Thisistheangle on equation (IV), whichwas
concluded: itstangent isequal tothe static friction coef-
fident (u).

Figure 6 showsthediagram related tothediding
angles, inthisdiagram misadimens onlesscharacter,
whichreferstothemassof droplet divided by themini-
mum mass of thedroplets(0.04 gr). Thediding angle
hereisin degrees.
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We can estimate the friction coefficient of the sur-
facesinthistest by equation (4). Theresult isdemon-
strated infigure 7. Aswe can see, although they have
different operating conditions, theresults of thelater
test arein agood agreement with figure 4.

CONCLUSION

Thehydrophobic effect of HMNP (Fe,O,) wasin-
vestigated viatwo experimental tests. It was seenthat
the dynamic friction coefficient of thefluid moving
through apipewasreduced by addingtheHMNP Also
for the second test, therewas asignificant decreasein
the dliding angle caused by adding the HMNP on an
inclined plane. Regardful the static friction coefficient
decreases.

For thelater test, we should notethat in case of a
solid-solid interface, the static friction coefficientisa
fixed number so thelinesinfigure 7 should havea
fixed dop, But aswe can see herethe s op ischanging
by increasing the mass of droplets. Although by in-
creasing the number of dropl ets, changesof theslop
will become morefixed but one assumption for this
phenomenon canreateit with the cohesive properties
of fluids.
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