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Abstract: The impact of overall heat transfer coefficient éimel pressure drop on performance of a counter flow
helical tube heat exchanger with Cu-Ni-water hylméhofluid are computed. To evaluate heat transterfor a
mix of base fluid with copper and nickel nanopaeticof volume concentrations 0.02,0.04 and 0.0Gedded. To
control the sedimentation of nanoparticles in tasebfluid Ultrasonication followed by magnetic itirmethod is
used. In this work experiments are conducted withehhance heat transfer rate rather than stalfity
nanoparticles. Experiments are conducted for diffeconcentrations and coil turns under laminaw ftegime.
The results are shown that 0.04 % vol of Cu-N@Hwith 12 turns is more predominate foe food preces
applications due to its consistency in maintairangpnstant temperature.
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Introduction

In this fast-growing world there is a huge demanoddifferent food products. Due this huge demand
many food processing industries are preparing aedepving the liquid and solid food products to tribe
requirement. To prepare and preserve the liquid swolid products it is necessary to maintain nominal
temperatures or else there is a possibility tosgeils the food, a sufficient temperature maintdibg taking
heat from a food process while preparing and pvasgrat different levels. To serve this purposethea
exchangers are most vitally used. In many casafghbtrtube heat exchangers with conventional flaids used
for heat exchange. It occupies more space, aadtéstmore time to reduce the temperature. Alsspine cases
it is difficult to maintain a constant temperatuising straight tube heat exchanger for long peoiodime and it
may be leads to spoilage of food products. By comisg these kinds of unsafe food products, it affetie
people health. The counter flow shell and helical with nanofluids may be employed to overcomesthe
difficulties [1].

Further to improve the heat transfer edficly, instead of the traditional methods of usingle type
nanofluids, better to employ hybrid nanofluid asthearriers in counter flow shell and helical cdilbe heat
exchanger (SHCHE). Nanoparticles have higher maaster rate compared to conventional fluid (Puagen. A
Usual nanoparticles utilized to prepare nanofluigge organic, inorganic or combination of both casnmon
base liquids were ¥, C2H602 and oil. Experiments were performed dicdlecoil tube outfitted with twisted
tape to study the heat transfer rate[2]. Investgatwere carried out by varying concentrationgarfioparticles,
three distinct twist ratios, two different arrangmts of the twist tapes and Reynolds number.Itivadsd that the
heat transfer rate was augmented with rise ing@arntiolume concentration and mass flow rate.

Overall heat transfer coefficient and dioppressure characteristics withCuO-water singletpanofluid
were studied experimentally in a horizontal colbéunder constant heat flux bywire inserted tuf@'4]. An
Ultrasonic device was used for nanofluid preparatiovo different correlations were developed toleate heat
transfer rate in heat exchanger [5]. A new CFD $atimn model was used to develop heat transferfictesit
correlation for helical coil heat exchanger [6].€Thesults were evident that, the coil inserts wikimum
diameter when showed the better performance wittease in Reynolds Number of nanofluids insidecibié
tube.

The major problem agglomeration was obskimenanofluids. To improve the stability of nandpdes a
various preparation methodwas suggested [7]. Fimmreésults revealed that an ultrasonifiation waes libst
technique to eliminate agglomeration. HielschemBralP 200S ultrasonicatorwas utilized to inhibitameilation
during study of convective heat transfer. They eixpentally found that the overall heat transfererat
wasenhanced withnanofluids.

Thermal conductivity (k) and dynamisoosity of AbOs-water nanofluid with various particle mass
fractions at room temperature were investigateegementally [9]. The microwave assisted chemicalpairation
method was fallowed to prepare,@®k nanoparticles and further nanoparticles were adddhbe distilled water
using aultrasonicator. Further investigations weseried to study energy consumption by changing fline
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conditions using stirrer [10]. The Results werevebo that, more heat transfer takes place in cak®smhar and
turbulent flow condition; transition shows signdiatly less heat transfer. The various techniquentance the
stability of ammonia —water nanofluid was inveategexperimentally [11].For this study surfactaerevadded
in various proportions to the ammonia-water nandfl{L1]. It revealed that the stability of A); nanofluid was
increased with increase in mass fraction.

Experiments were conducted for 0.2.6% Vol of nanofluids to evaluate the thermadreltteristics of
helical coil heat exchanger under radial flow ctéiodis [12]. It was observed that use of nanofluvdas
considerably increased the heat transfer rate diilrflow cooling system. The effect ofnanofluidsgduction,
potential functions,on thermal conductivity (k)etmal diffusivity, and heat transfer rate were ekpentally
studied [13]. Experiments were conducted to exarfieghermal and physical characteristic propenfesl,Os-
Polyalphaolefin (PAO) nanofluidconsist ofspheritgle and also rod-like AD; hanoparticles [14]. It was found
that particle concentration, geometrical parameteand accumulation of AD; nanoparticles had a
considerableinfluence on the fluid properties.

Impact of particle size and nanoparticles volumecemtration on convective heat transfer traits \aration in
pressure during counter flow in heat exchanger Wit, were explored [15-17]. The results indicated that
accumulation of Tighanoparticles in distilled water increased the heatsfer rate and Nu for 2300 < Re<1500.
Further the investigations were continued to stildyeffect of Pe, particle mass fraction and typeamoparticle
on the heat transfer[18-19]. It results in enhartoeat transfer rate with rise in Peclet number ictemably. The
heat transfer rate and the pressure drop charstaterof double tube helical coil heat exchanges imapected by
usingCuO-water and Tiwater single type nanofluids under laminar flownditions [20]. It is evident that the
overall heat transfer coefficient of single typenofiuids and water enhanced with increase inflote &nd De.
Experiments were conducted to study a mixed flowveative heat transfer of nanofluids in a helidaaight
tube with at constant wall temperature for Re <(b1-22]. It was observed that overall heat transhhanced
with increase in both Peand % Vol.

Thermal conductivity and stability of CNT,®+ nanofluid in a shell- and-tube heat exchangeewstudied
[23-25]. CVD method was adopted for synthesis andfipation of CNT nanopatrticles. For purificatioddgO
catalyst was added to the nanofluid. They followee-step approach to prepare CNTs-water nanofluidas
evident that for the high heat transfer rate irecafssingle wall carbon nano tubes (SCNTs) whenpaoed to
distilled water.

The convective heat transfer in straigile heat exchanger with multi-wall carbon nanet(ldWCNT)
was studied experimentally at constant heat fl&{.[Zhe Navier —Stokes equations were solved byyapp
finite volume methods. The obtained results werbstantiated and compared with available data of CNT
nanofluid and water. The various techniques to rofidhe thermal conductivity (k)of,B¢O.and synthetic 20w-
50 engine oil add in different ratios to MWCNT weanalysed [27].Thermal conductivity (K) was aseds
from Fourier's law. It was evident that CNT-synibhehano fluids showed better thermal conductivitiienw
compared to CNT- ethylene glycol nanofluids. A gtee drop was measured by adding surfactant teeidisd
nanotubes in water [28]. CNTs were prepared by atemapour deposition method. They added surfastam
improve stability of CNT nanofluids. The obtainessults were validated by comparing TCNT and PCNT fo
pressure drop and viscosity.lt revealed that teeosity variation was considerably reduced in PQidiofluids.

The effect of surfactants on theried performance of the Aluminium-silver (Al-Ag) bsid nanofluid
at incessant wall temperature under very lowfloatesinside the helical coil heat exchanger wasstiyated
[29-30]. They added anionic and Sodium Dodecyl lsalp (SDS) and non-ionic Poly Vinyl Pyrrolidone PV
surfactant with different concentrations to imprabhermal performance. The maximum thermal perforcea
was obtained in SDS anionic surfactant comparedidiilled water. Experiments were performed to ssdbe
heat transfer rate and pressure drop variationagugil,Os-Cu-H,Ocompositenanofluid [31]. Synthesized
hydrogen reduction technique was used to prepap®s;Atu non-composite power. The XRD and SEM
techniques were adopted to find the particle simksurface morphology. It was revealed that thé rieximum
improvement of heat transfer obtained usingOMCu - H,Ocompositenanofluid compared to,85 H,O single
typenanofluid. Further it was validated with suggdsempirical correlations for Nussult number aridtibn
factor. It results showed better results with mialivariation.

Nomenclature

C.Specific heat (J K§K™) H Dynamic viscositpa-s)

AP Axial pressure drop (kg/ém h  Heat transfer -coefficietw/m? k)

D Diameter of the coil (m) U  Overall heat transfer coefficient (Whkp
d Diameter of the tube (m) t thickness of copper tube (mm)

A area of the tube @n

L Length the tube (m) Subscripts

N Number of turns c coil

m Mass flow rate (kg/sec) exp Experimental
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Nu  Nusselt number bf Base fluid
Re  Reynolds number nfNanoflu

T temperaturé Q) ththeoritica

p Density (kg/f)

In this research work experiments are performe counter flowshell and helical coil heat exchanger with-
Ni-water hybrid nanofluid tamprove heat transfer rate. The Cu and Ni particle are gmexp using Swgel
method ad surface treated to reduce the sedimentatioradparticles when dispersed in distilled water.fl
prepared nanoparticles (Cu and Ni) are combined digtilled water irdistinct volumeconcentrations (i.e 0.0
0.04, and 0.06% vol).Furthemalysewas focused on thermal performance atgb focused oipressure drop
characteristic properties of Cu-Ni,O hybrid nanofluid flows in copper coilThe obtained results we
compared with distilled water to find enhancemar in shell ancopper coil tubdeat exchange

Experimental Investigation

A. Test setup

The test setup of comprising helically coiled heathanger is shown in the Fig. 1. The system isisting
of transparent shell of internal diameter 195mm @mternal diameter 198mm. Total length of the |
exchanger is 500 mm. Two pressure ga are fixed at inlet and outlet of copper coil todfipressure drop. T
regulate the flow rate, rotameters are placed latsirof shell and coil side of 20lpm capacity. Ra&dii fan is
attached at the end of cold fluid outlet to maimt@dnstant inlet mperature. A sensitive infrared thermomete
used to measure the temperature variations inytsters. The instant geyser is placed in the systensé the
temperature to the desired value. Two electricahpsiare employed to lift the water from suto the geyser
and also push the water inside the coil in coufitav direction. Thegeometrical parameteof copper coil are
furnished in the Table 1.

Fig 1. Test set up in laboratory

The Cu and Ni nanopatrticles are prepared by usii-gel method [4] In this method nanoparticles ¢
prepared with high purity. The XRD method is used dharacterization of Cu and Ni nano particleso-step
approach is followed to prepare -GlifH,O hybrid nanofluid with average particle sizecopper 112 nm and Ni
102nm.The average particle size of Cu and Ni namicfes are shown in F2 and Fig3. To limit the agitation
and sedimentation of nanoparticle after - step approach, surface treatméntcarried out to stabilize tt
nanoparticles and to reduce the agglomeration wigldorming the experimentation. The total prepanabf
nanoparticals and surface treatment and findf physical properties arearried at Nano wings manufacturi
company.
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Fig 2.XRD image of Cu nanoparticles Fig 3.XRD image of Ni nanoparticles

Table 1. Geometrical parameters of helical copper tube (mm)

coil Oitube tecoil L (hex D (coil N coil

copper 12.7 1 340 112 10

Experiments are conducted on SHCHE with Cu-Ni/wate/brid nanofluid for different volume
concentrations and geometrical parameters of coppieunder laminar flow condition. For comparatisteidy
with base fluid, experiments are repeated for saeteof parameters. The data is collected for &rtinalysis
when the system is at saturation state. Differentetations and LMTD method are used for modelind data
processing.

B. Modeling section
The density of a hybrid (Cu-Ni/water) nanofluidcelculated by using equation (1).

Pnt =0 Pt (19) por (1)

By using equation (2), specific heat of Cu- Ni/waigbrid nanofluid is calculated.

(PCp)nf=(P (Pcp)np +(1-¢) (Pcp)bf 2
C. Data analysis

The external surface of the copper coil is insdat® prevent the loss of heat due to contact withutside
atmosphere. Hence, the heat taken by the nanoflietsual to heat transferred by the hot water

an:CPnfmnf.(Tout,nf - Tin,nf) (3) Q= CI:’w mw(Tout,W - Tin,W)(4')

Using the following equations, average and ovdradit transfer coefficients are calculated for watet hybrid
nanofluid.

Qavg Duw+Q (6)2 Que = UAATIn(7)

Internal surface area of copper coil is calculdtgdusing the equation (8), temperature differeratelot and
cold side are calculated with the equations (9 &pf (9(ii)). Logarithmic mean temperature diffevens
calculated using equation (10)

Ai =HDiL (8) AT1: ATh,i-ATC,Og (I)

AT, =AThoATei 9(ii) ATim= AT,.AT; (10)
ATH/AT,
Heat transfer coefficient (h) and friction factfirgre calculated by equation (11) and (12)
h(exp) =m.g Th1-Tho) (11)
A( TW - Th)M

f=0.316 R&* (12)
Reynolds number (Re) and Prandtl number (Pr) aréntiportant parameter to describe the fluid flowe¥ are
calculated by using the following equations.

Re€nano)= p.U.d/n (13) Ritane) =G, - u/k(14)
Nusselt number is calculated by using equation {&55HCHE to estimate the optimal value where vileé get
better heat transfer
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Nu, =0.13. (f. Ré.Pr)"° (15)
Results and discussion

The experiments are conducted on SHCHE for 0.02%4% and 0.06%vol to study the thermal
performance under laminar flow regime. The compagsare made between water and Cu-Ni/water hybrid
nanaofluid at different volume concentrations. Taeiation in Nusselt number with reference to theyRolds
number for different coil turns are shown from Bigo Fig 6. The results showed that Nusselt nuniker
increased significantly with rise in flow rate aftl Vol. Because the curvature radius of the coppmelr c
generates a centrifugal force, which develops @rmary flow inside the coil. Due to secondary flohe
thickness of the boundary layer near the coil weltreases. Further the heat exchange between maclepa
and the wall of the copper coil improves the Nusseimber. It is observed that the better heatsfeanis
obtained at 0.06 %Vol with 12 turns.

e Distilled water

5 Cu-Ni-Distilled water- 0.04 %Vol
65 Cu-Ni-Distilled ater-0.06% Vol
== Cu-Ni-Distilled water-0.02 %Vol

o

600 800 1000 1200 1400 1600 1800 2000 2200 2400

Nu
Nu

600 800 1000 1200 1400 1600 1800 2000 2200 2400

Re Re
Fig 4. Re Vs Nu for 8 turn copper coil Fig 5.Re Vs Nu for 10 turn copper coil

60
150

Nu
«
3

100

U=W/m2-K

40

Re Re

Fig 6.Re Vs Nu for 12 turn copper coil Fig 7.Re Vs U for 8 turn copper coil

290 260
—— Distiled water e Disiled water
=== Cu- Ni-Disilled water- 0.02 %Vol 240 === Cu-Ni-Distilled water- 0.02 %Vol
Cu-Ni-Distilled water- 0.04 %Vol Cu-Ni-Distilled water- 0.04 %Vol
240 | = Cu-Ni- Distilled water- 0.06 %ol 220 | == Cu-NiDistilled water -0.06 %Vol
200
X 190 w 180
£ £
= 160
z z
> 10 > 140
120
90 100
80
40 T T T T T T T T | 60
600 800 1000 1200 1400 1600 1800 2000 2200 2400 600 1100 1600 2100 2600
Re Re
Fig 8. Re Vs U for 10turn copper coil Fig 9. ReWsor 12 turn copper coll

2872



D. Sarath Chandra 1, OmprakashHebbal2, K.Vijayakumar Reddy 3

= Distilled Water
=== Cu-Ni-Distilled water- 0.02 %Vol

=== Distilled water
=== Cu-Ni-Distilled water-0.02 %Vol 18
istilled Water-0.04 9%Vol
== Cu-Ni-Distilled water-0.06 %Vol 16

Cu-Ni-Distilled water- 0.04 %Vol
=== Cu-Ni-Distilled water-0.06 %Vol

AP
AP

600 800 1000 1200 1400 1600 1800 2000 2200 2400
Re

Fig 10. Re V&\P for 10 turns copper coil  Fig 11. Re Vs\P for 12 turns copper coill

The overall heat transfer coefficient (u)verses rieéys number (Re) for 8, 10 and 12 turns of copper is
shown from Fig.7 to Fig.9. It is observed that thwerall heat transfer coefficient is increased viittrease in
Reynolds number. Because at high flow rates, Higion of Cu-Ni nanopatrticles in distilled waterestgthen the
hesitation of particles and there by the heat fesinmate increases. It is also noticed that thet heansfer
coefficient is more in case of copper coil withtl2ns and volume concentration of 0.06%. But pressinop is
also accompanied with increase in heat transfeficiemt. At critical flow rate of Re 2300, overall heat transfer
coefficient increases by 34.37, 48.06 and 54.70000&, 0.04 and 0.06%\olrespectively compared te pater.

Fig 10.Re VaPfor 10 turns copper coilFig 11.Re AR for 12 turns copper coil

From Figl0 and Fig.11, shows the comparative stfdgressure drop characteristics with 0.02, 0.04
and 0.06%vol Cu-Ni/kD hybrid nanofluid with distilled water. When florate and concentration increasaB,
and Re also increased. Because of high densityi ahtl Cu and due to Brownian movement of nanopastic
leads to improve the energytransmission betweerCtheNi-nanoparticles particularly near the coihén wall
and hence the axial pressure drop is increased.

Conclusions

Detailed investigation is carried out on the coufitawv shell and helical copper coil heat exchangih hybrid
(Cu-Ni/water) nanofluid. The experiments are stagedonstant wall temperature. From the result®viehg
observations are made

»  Experiments are conducted on SHCHE for R8GO0 with 8, 10 and 12 turns by varying particle
concentrations. The overall heat transfer is irsedeby 34.37, 48.06 and 54.70% compare to distilled
water. This is due to rise in mass fraction andsfiasv rate.

e The Nu on coil side is improved with increase iluvmee concentration and number of turns of copper
coil. But Cu-Ni-water hybrid nanaofluid with 0.04%vshown the best results with less pressure drop
and constant variation in heat transfer from hat tencold end.

e The Nusselt number of SHCHE using Cu-Ni/water fd20 0.04 and 0.06% volume of nanofluids
increased by 26.62, 47.61 and 58.00% when compaiteddistilled water. This is because of increase
in curvature radius of helical coil.

» Itis observed that the pressure drop is incredgesD% in Cu-Ni/water at 0.06%volume with 12 turns
compared to distilled water. This is due to incesimsnumber of turns and nanopatrticle sedimentation

* The Cu-Ni/water hybrid nanofluid with 0.04% Vol most preferable to use for low temperature
applications in food process to minimize the pressiiop and consistent heat transfer.
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