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ABSTRACT: One of the mainly common ways used to heat transfer is by using different types of heat
exchangers. New studies have shown that nanofluids suspended in conventional heat transfer fluid groups higher
heat transfer capabilities due to its elevated thermal conductivity. In this paper, nanofluids are suspended
metallic or non-metallic nanopowder from 1nm to 100 nm in base fluid water and are synthesized to provide
considerable preferences over conventional heat transfer fluids. By improving the thermos physical properties of
nanofluid, heat transfer characteristics can be increased. In this research, we have prepared nanomaterial's and
tests were carried out and expected to get good results in improving the heat transfer from them. The test rig
used for is two types of helical coil heat exchangers A and B. A change in coil temperature, heat transfer rate,
and heat transfer coefficients in order to change the concentration of the size of the nanoparticles. The
consequences indicate that the attendance an enhancement in Nusselt number of the nanofluid with respect to
the water reached the maximum value (15, 18 , 22) % for nanofluid volume concentrations (0.02, 0.05, 0.1) %,
respectively for coil A and the maximum value of 14%, 17%, and 20% for ferrofluid volume concentrations
(0.02, 0.05, 0.1) %, respectively for coil B. of 0.01%, 0.05%. The results: It is designated that in relation to the
mass flow rate and the rate of heat transfer for the nano, it specifies that it enhance noticeably compared to
water. Where the increase is 10%, 20% and 30% for each concentration. It specifies to vast ranges working and
geometrical parameters.
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INTRODUCTION
A heat exchanger is a device, which is, makes to ease heat transfer between one medium to a further efficiently.
In this work, a spiral tube with a heat exchanger design was taken as a study in shell thermal transfers and heat
exchangers. Numerical and experimental are the two methods to inspect the study of the physical properties of a
liquid (i.e. viscosity, thermal conductivity, specific heat capacity, density), operational parameters (i.e. fluid
velocity and temperature) and engineering parameters (for example pitch, tube diameter, shell inlet diameter,
coil diameters, the projectile, the height of the coil and the projectile, and the distance between the entrance and
exit of the veneer) on the Nusselt numbers from both sides.
Alimoradi, and Veysi found that in the case of doubling the size of stadiums, the number of Nusselt on the side
of the shell rises by 10%, while the side numbers of Nusselt for the file increase by only 0.8% [1]. In addition, a
50% increase in tallness and diameter of the cortex caused a reduction of 34.1% and 28.3% in the number of
Nusselt by the cortex, correspondingly. Based on the results, Nusselt numbers were predicted by the coil and
coincidence side of wide sets of Reynolds and Prandtl numbers (1000 <Rec <27,000, 2000 <Resh<49,000 and
1.9 <Prc and Prsh<7.1)). Compare these links with previous results. These correlations in good compatibility
with experimental data in operational and engineering parameters.
Bahrehmand, and Abbassi investigated numerically heat transfer characteristics of Al2O3 nanofluid flow inside
shell and helical tube heat exchangers [2]. The numerical computations are performed by using SST turbulence
model as well as by implementing conjugate heat transfer from hot fluid in the tube to cold fluid in the shell.
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The thermo-physical properties of the fluids were considered to be temperature dependent. The coil-side
Reynolds number, the shell-side Reynolds number and the Prandtl number ranged between 9000 and 36,000,
600 and 2600 and 2.2 and 8.3, respectively. Selection of (hi) and external (ho) heat transfer rates based on a total
heat transfer coefficient and the relationship of the internal heat transfer coefficient (hi) as a function of NRe,
NPr, and d/D. Studied heat transfer of the flow between the central helix coils by Coronel et al. and they found
an increase in the gap between the concentric coils, compared to the experimental results, lead to significant
inconsistencies [3]. CFD simulation with Fluent 63.26 to develop a mathematical model with an improved heat
transfer coefficient relationship to the flue gas side of the heat exchanger, and it was found that the new
correlation of the heat transfer coefficient developed in this research provides accurate compatibility with
experimental results within the error range of 3-4%.
Das et al. studied one of the main issues for energy-saving designs comes from enhanced heat transfer and
compact designs [4]. This led to the development of improved heat transfer techniques currently in use,
including additives used to improve the heat transfer coefficient of the heat transfer fluid. Nanoparticles were
used in suspension in conventional heat transfer methods. Comparison of the total heat transfer coefficient using
different size fractions of nanoparticle oxide particles dispersed in the water base fluid. A noticeable increase in
thermal conductivity was obtained and consequently, the heat transfer coefficient was obtained in general.
Kharat et al. studies have relied on the forced heat transfer process in a motor shell and a spiral coil heat
exchanger using aqueous nanofluid [5]. The results were an increase in heat transfer due to the use of a
nanomaterial in terms of the heat transfer rate so that different concentrations of nanoparticles, were used in
CuO (0.3, 0.6, 1, 1.5 and 2) % by weight, stirrer speeds (500. 1000 and 1500) cycles. Per-minute) and lateral
liquids of the projectile temperatures (medium heating) (40, 45 and 50) ° C. Water was used as the coil fluid,
and studies were performed on various dean values (flow rates).
Rai and Hegde presented a repetition of nano-Floyd difficulties. In addition, work to improve heat transfer, and
use in energy production [6]. The work continues to study the heat transfer anchor of the liquid Al 2O3 nanoscale
flow of the screw tube (heat exchangers), with numerical calculations using the SST turbulence model and the
implementation of the hot fluid exchange in the tube to the cold liquid in the casing, and the physical-thermal
properties depend on temperature.
Srinivas and Vinita accepted out an involuntary convective heat transfer education in an agitated shell and
helical coil heat exchanger using CuO water nanofluid [7]. Experimentations have been carried out in a shell
and helical coil heat exchanger at numerous concentrations of CuO nanoparticles in water (0.3, 0.6, 1, 1.5 and 2
% wt.) troublemaker speeds (500, 1000 and 1500) rpm and shell-side fluid (heating medium) temperatures
(40,45 and 50) °C. Water has been secondhand as the coil-side fluid, and studies have been led at different
values of Dean number (flow rates). Augmentation in heat transfer due to the use of nanofluid has been
described in terms of heat transfer degree.
MATERIAL AND METHODS
Prepared and characterization of cu-ferrites Nanofluid
Magnetic fluids are the colloidal solutions containing suspended magnetic nanoparticles in carrier fluids. The
present work analyzed the heat transfer of de-ionized water-based cu ferrite (Cu Fe2O4) prepared via sol-gel
method.
Preparation of powder
Chemical method was used to prepare Cu-Ferrites powders which is sol-gel auto combustion method, High
purity cupric nitrate hydrate Cu (NO3)2.6H2O, ferric nitrate monohydrate Fe (NO3)3.9H2O used as raw
materials. The mixture added to citric acid (C6H8O7×H2O) 2M, in molar ratio 3:1 (acid: nitrates). Mixed
solutions of these materials were prepared in deionized water with vigorous stirring until the solution being a gel
(2 houer).
XRD diffraction
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Figure (1) Sharp and well defined peak was obtained of sample, XRD patterns show that all peaks indexed to
pure cubic phase, where (220), (311), (400), (422), (511), and (440) be a symbol for the main crystal phase in
CuFe2O4 spinel ferrite, Formation of single phase spinel ferrites structure clearly denote, by X-ray diffract
grams. Where used the Eq. (1) for a cubic system for most intensity peak (311) to collected the lattice parameter
(a);
𝑎2 = (ℎ2 + 𝑘 2 + 𝑙 2 ). 𝑑 2

(1)

h,k,l= miler index, d= the inter planer spacing. Average grain size (D) and X-ray density (ρx)
Average particle size (DX) was (23.34) nm calculated by using Debye-Scherer Formula, from Eq. (2)
𝐷𝑥 = 0.9 𝜆/ (𝛽𝑐𝑜𝑠𝜃)

(2)

λ=wave length of X-ray, β=broadening of the diffraction peak, θ= diffraction angle, the calculated crystallite
size from the broadening of the (311) XRD peak. Moreover, Eq. (3) used to calculate X-ray density (ρx) which
is (5.52) g/cm3:
𝜌𝑥 = (8 𝑀𝑤 / 𝑁𝑎. 𝑎3 )

(3)

MW=molecule Wight, Na= Avogadro's number, a=lattice constant.

Figure 1. Xrd diffraction of CuFe2O4 spinel ferrite powder.
Microstructure
Ferrites powder calcint at 500 oC investigate as seen in Figure 2, the SEM picture of ferrites powder have high
pores seam outfit structure where the powders look like ash and the pores is clear in sample, found that irregular
in shape and size of particle.

Figure 2. SEM picture of CuFe2O4 spinel ferrite powder.
Preparation of CuFe2O4 nanofluids
The nanofluid utilized in the experiment was CuFe2O4 oxide, and distilled water. The CuFe2O4nanofluids were
prepared by dispersing CuFe2O4 nanoparticles in water. A different nanofluid concentration were prepared by

96

Experimental Enhancement of Helical Coil Tube Heat Exchanger Using CuFe2O4/Water Nanofluids

dispersing pre weighed quantities of nano particles in water. The concentrations utilized are (φ = 0.1, 0.3, 0.5
and 0.7 available volume). The volume concentration is evaluated from the subsequent relation in percentage:
φ=

volume of nanopartical
volume of nanopartical+volume of water

× 100

(4)

Or
𝜑=

(𝑚 ⁄𝜌)𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙
(𝑚 ⁄𝜌)𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑎𝑙 +(𝑚 ⁄𝜌)𝑤𝑎𝑡𝑒𝑟

× 100

(5)

Table 1. Material properties. [7]
Substance

Mean
(nm)

CuFe2O4
Water

diameter

-

Density
(Kg/m3)

Thermal conductivity
(W/m.K)

Specific
(J/kg.K)

5400
997

4907
0.607

3.7
4180

heat

Viscosity
(N.s/m2)
700
8.91×10-4

The uniform dispersion of nanoparticles within the base fluid (distilled water) is extremely necessary. The
thermophysical properties of nanofluid are calculated density, specific heat, viscosity, and thermal conductivity
from equation (6), (7), (8), and (9) respectively.
ρnano = (1 − φ)ρbf + φρp

(6)

Cph = (1 − φ)Cpbf + φCpp

(7)

𝜇

𝑏𝑓
𝜇𝑛𝑓 = ((1+𝜑)
2.5 )

(8)

2+𝐾𝑝𝑓 +2∅(𝐾𝑝𝑓 −1)

𝐾𝑛𝑓 = 𝐾𝑓 [

2+𝐾𝑝𝑓 −∅(𝐾𝑝𝑓 −1)

Where: 𝐾𝑝𝑓 =

]

(9)

𝐾𝑝
𝐾𝑓

EXPERIMENTAL SETUP
In figures 3 and 5, respectively, in which a schematic diagram and test. Two types of heat exchangers used for
these experiments are shown in Figures (4a and 4b). The solenoid and the shell are formed. The spiral coil of the
heat exchanger is made of copper tubes. Care has been taken to locate the file in the middle of the shell.
Exchanger A and B were manually assembled and operated, after the two coils shown in Table 2. A tank made
of galvanization was used as a shell for the heat exchanger, filled with water in the tank used to keep the coil
surface temperature constant and the other cooled the liquid coming from the process for continuing the
experiment by controlling temperature. The heat exchanger built in Figure 4b. Heat transfer to the inner and
outer surfaces of the tube by the forced load is a boundary condition. Various components have been used in the
test apparatus, for example, the use of a turbocharger (model: LZM-15, 0.2e2 GPM) to amount the rate of flow
inside the coil, K thermocouples are installed in the coil entry and exit point (i.e. T1 and T2). Thermocouples are
jammed into small fleabags made in input and output tubes from the side of the coil and sealed to stop any
leakage. Two points on the surface of the coil (i.e. T3 and T4). First, small channels were made carefully. Then
each thermocouple is imbedded in the channels and attached to the coil's surface. Two different points of the
shell (i.e. T5, T6), to measure the temperature of the water in the shell.
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Figure 3. Schematic diagram of the experimental rig.

Figure 4. Schematic diagram of Heat Exchangers.
Table 2. Dimension of coils.
Coils
a
b outer
b inside

Do (cm)
18
18
10

Pitch (cm)
5
8
8

N (turn)
8
5
5

H (cm)
40
40
40

D (cm)
1.25
1.25
1.25

Figure 5. Photo of the experimental rig.
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Readings are taken by Arduino (Model: BTM-4208SD, 12 channels, 0.1 ° C precision) for temperature, and all
heat exchanger connections are sealed carefully to stop any leakage. An electric heater (2000 W) was located in
the bombardment to heat the water and keep it at a constant temperature during experiments; the electrical
energy entering the heater does not change when the water temperature inside the shell is constant. The
centrifugal pump started transferring the nanofluid to the spirally coiled tube, and it is heated under constant
temperature. After that, the cold water will return from the cold-water tank to cool the nanofluid in the other coil
to reach a stable condition. The flow rate was controlled by using two valves on both sides.
MODEL AND DATA
When the temperature of the water in the shell is constant after a few minutes (often 15-25 min), for specific
flow rate and the temperature will be fixed at the inlet of the coil, then the temperatures of the outlet and the
surface will be recorded for each case in the research. We study in this research range of Reynolds number
(5000-10000) and three volume concentration (0.02, 0.05, 0.1) % and two type of coils. Two types of heat
exchangers (coils) are used, as shown in the figure, where all experiments were done on coil A and B,
respectively. From which it reaches a stable condition. To find Nusselt from the side of the file, with the
following equations:
Q 𝑛𝑎𝑛𝑜 = 𝑚̇𝑛𝑎𝑛𝑜 × Cp_nano × (T2 − T1 )

(10)

The heat flux per unit area for nanofluid flows in a coil of heat exchanger is calculated from:
𝑞𝑜 =

𝑄𝑛𝑎𝑛𝑜

(11)

𝐴𝑜

𝐴𝑜 = 𝜋 × 𝑑𝑜 × 𝑙
The outside heat transfer coefficient (ho) is calculated from Eq. (10)
hin =

q𝑜

(12)

(𝑇𝑏 −𝑇𝑠 )

Nuh =

ℎ𝑖𝑛 ∗Din

(13)

knf

RESULT AND DISCUSSION
Figure 6 shows the present Nusselt number versus Reynolds number for turbulent flow inside Heat Exchanger
using distilled water as the working fluid, the well-known empirical correlation of Gnielinski’s for single phase
fluid [9]. The present heat transfer results of test facility agreed with the above equation with maximum
deviation of (24%). This deference is because this equation is theoretical and in present work, we used
experimental data. Figure 7 show the enhancement of convective heat transfer coefficient, with reference to the
water as a function of Reynold number, it is increased when the volume fraction of CuFe 2O4nanofluid increase.
This clearly proves that the presence of nanoparticles in the base fluid increases the convective heat transfer
coefficient, and the increase is clearly seen even though the concentration is increase, figure 6 and 7. Nusselt
numbers at two coils (A, B) with volume concentrations (0.02, 0.05, 0.1 %), respectively. The enhancement in
Nusselt number of the nanofluid with respect to the water reached the maximum value (15 %, 18 %, 22 %) for
nanofluid volume concentrations (0.02, 0.05, 0.1 %), respectively for coil (A) and the maximum value (14 %, 17
%, 20 %) for ferrofluid volume concentrations (0.02, 0.05, 0.1 %), respectively for coil (B). In addition, the
maximum enhancement for coil (A) was (20 %) with (volume concentration =0.1 % vol.). The enhancement
with type of coil is due to viscous sublayer becoming very small (at entrance region), and accumulated the
particles on the surface, hence, increasing friction all these reasons is due to the enhanced heat transfer, figures
8, 9.
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Figure 6. The effect of Reynolds number on Nusselt number for distilled water with Gnielinski’s equation.

Figure 7. Variation of heat transfer coefficient with Reynolds number.

Figure 8. The impact of Re number on average Nu number for coil (A).
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Figure 9. The impact of Re. number on average Nu. Number for coil (B).
The effect of volume concentration on Nusselt number with different flow rates of the nanofluid when the
volume concentration increase and the Reynold number increase the Nusselt Number increase, figure 10, 11.
The ratio of the nanofluid to the water Nusselt number (𝑁𝑢𝑛𝑓⁄𝑁𝑢𝑏𝑓) was introduced in figures 12, 13. The
increment ratio is approximately constant versus Reynold number for all volume concentrations and this agreed
with the claim of. Adding nanoparticles to the base fluid will increase the thermal conductivity and that will
enhance the thermal performance for the nanofluid. Nevertheless, at the same time, nanoparticles increasing the
suspension viscosity due to the increasing in thickness of the boundary layer which conflict and decreased the
heat transfer coefficient. The results of the present work indicated the overcome of the thermal conductivity
enhancement on the viscosity increment. For figures 14, 15, the enhancement in the average heat transfer
coefficient reflected to the Nusselt number, where the maximum enhancement was 22 % at 0.1%, coil (A) and
10000 Reynold number. The enhancement in the Nusselt number based on coil (B) at three concentrations of
nanofluid (0.02%, 0.05% and 0.1%) were: 5 %, 5 % and 4 % for coil (A). Figure 16 depicts a 3-D temperature
distribution along the test section for coil (A) nanofluid of volume concentration = (0, 0.02, 0.05, 0.1) %.

Figure 10. The impact of vo. concentration on Nu. number for coil (A)
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Figure 11. The impact of vol. concentration on Nu. number for coil (B)

Figure 12. Nusselt number ratio of Nanofluid to base fluid with Reynolds number for coil (A).
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Figure 13. Nusselt number ratio of Nanofluid to base fluid with Reynolds number for coil (A and B).

Figure 14. The impact of Re number on average Nu number for coil (A and B).

Figure 15. The impact of vol. concentration on Nu. number for coil (A and B)
CONCLUSION
This summarize of the heat transfer, CuFe2O4nanofluid and type of coils (A, B) used in the present experimental
work and theoretical work introduces the recommendations for the future work in the nanofluid field that related
to the present study scope.
1. Adding the nanoparticles to the distilled water enhanced the heat transfer characteristic compared to distilled
water, where the maximum enhancement in the Nusselt number reached to 22% and 20 % at 0.1 vol.% under
Reynold 10000 for coil (A, and B), respectively.
2. The use of two coils also increases the heat transfer enhancement, because the design of the coil due to
increase turbulence gives higher Nusselt number compared to water-distilled and used coil (B). The Heat
transfer enhanced to 22% with volume concentrations 0.1% with increasing turbulence to 10000 Reynold
Number.
3. The chemical method was used to prepare Cu-Ferrites powders which is sol-gel auto combustion method,
played a major role in the nanofluid stability enhancement, where using the ultra-sonication homogenizer led to
obtain a stable nanofluid.
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4. As volume concentration (0.02, 0.05, 0.1 %) increased, the convective heat transfer enhancement to (15 %, 18
%, 22 %) for coil (A) and (14 %, 17 %, 20 %) for coil (B).
5. The temperature distribution across the coil with its length has been estimated for the temperature contours
along the pipe. The results from the contours are highest when in the end of coil and decreasing towards the inlet
of the coil, while the temperature profile along the coil decreasing with respect to either increasing nanofluid
concentration or the increasing velocity.
6. Heat transfer enhancement is achieved using coil A+B. Fluid temperature was increased compared to the
effect of nanofluid. An increase in heat transfer of 10%, 20% and 30% with 0.02, 0.05 and 0.1 % respectively,
have more influence on heat transfer rate compared to water.

Figure 16. Temperature contour along the test section coil (A) at volume concentration = (0, 0.02, 0.05, 0.1 %).
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