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ABSTRACT:

This study shows the comparison between the helical and straight tube heat exchangers with
multiple-head ribbed geometries. A computational fluid dynamics model with constant wall
temperature condition was developed for the study and validated against a numerical study and
particular experimental correlations. Two, three, and four head ribbed geometries were used for
both the helical and straight tubes. Also, different revolutions of ribbed geometry were taken into
consideration while designing the HXs for the comparison of heat transfer. Number of 10, 20,
and 30 coil revolutions were used in this study. Four different water-based nanofluids, such as
Al,O3, CuO, SiO,, ZnO used in the best heat exchanger. Results have been shown in terms of the
effect of ribbed geometry, coil revolutions, velocity, and temperature distribution along the pipe
and the effect of nanofluid in the heat exchanger. Helical tube heat exchangers are more effective
than straight tube heat exchangers in terms of heat transfer. It was found that the lesser the
number of ribbed heads, the higher the heat transfer for both helical and straight heat exchangers.
On the other side, when the number of coil revolution of ribbed profile increases, the heat
transfer is also increased for both helical and straight heat exchangers. So, the two head ribbed
with 30 coil revolutions helical heat exchanger ensures the highest amount of heat transfer rate.
And four head ribbed with 10 coil revolution straight tube heat exchanger has got the lowest
value of heat transfer rate. In the nanofluid study, it is found that the Al,O3; water-based
nanofluid has the highest heat transfer rate among the four nanoparticles. Finally, this study
represents the perfect comparison to choose the right type of heat exchanger and the
nanoparticle.

Keywords
Heat Transfer, Laminar flow, Helical heat exchanger, Multiple-head ribbed tube, Water-based
Nanofluid.
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CHAPTER 1:

INTRODUCTION

A heat exchanger is a system used to transfer heat between two or more fluids. Heat exchangers
are used in both cooling and heating processes. The fluids may be separated by a solid wall to
prevent mixing or they may be in direct contact. Heat exchangers, metal shells and tubes, work
by transferring heat from one place to another. When a furnace burns natural gas or propane fuel,
its exhaust/combustion by-products (also known as flue gas) enter and travel through the heat
exchanger. The hot flue gas heats the metal as the gas makes its way to the exhaust outlet of the
furnace. As this is happening, the hot metal heats the air circulating over the exterior of the heat
exchanger. Heat exchanger is used in almost every industrial application while designing a
component. It is used including refrigeration, air conditioning, powerplants, space applications,
etc. There are many types of heat exchangers available and people used the particular heat
exchanger for particular cases or applications. Among them, helical heat exchangers or coil-type
heat exchangers are used from a very early stage. Due to the shape, there is an effect of
centrifugal force in the helical heat exchanger. It has a better heat transfer performance than the
straight pipes due to the curvature which generates the secondary flow to help the better fluid
mixing. Nanofluid is a colloidal suspension of nanoparticles on a base fluid such as water,
Ethylene glycol, engine oil, etc. Nanofluids are used to enhance the better heat transfer in almost
many applications such as nuclear reactors, fuel cells, thermal cooling, etc. The thermal
conductivity of nanoparticles is higher than the base fluid. So, mixing the nanoparticles at a

certain concentration in the base fluid excessively increase the thermal conductivity of the fluid.



The present study introduces new design considerations to compare the effect of the geometrical
shape of HX by applying rib in the geometry with various coil revolutions. Both the helical and
the straight pipes are analyzed by changing the cross sections using multiple ribs. 18 different
geometries are compared in terms of heat transfer effect. Local Nusselt number is plotted for all
the geometries. Finally, this study is incorporated with an inner tube using four different water
based nanofluids to show the heat transfer effect on the most effective heat exchanger among the

18 HXs.



CHAPTER 2:

LITERATURE REVIEW

Kurnia et al. numerically investigated the heat transfer effect and entropy generation of
helical tubes with three different cross-sections. They also compared the straight and helical pipe
flow. They found a coiled tube with square cross-section yields the highest heat transfer
performance. Also, square cross-section generates the highest entropy compared to the ellipse

and circular.

Gord et al. worked on the tube in tube helical heat exchanger and found the heat transfer
effect by varying dean number, Prandtl number, the ratio of the helical pipe diameter to the tube
diameter, duty parameter. Combining economic analysis with an entropy generation
minimization analysis also carried out in this study for future work in this context to promote

application of double-pipe helical heat exchangers.

Srinivas and Vinod experimented with AI203 nanofluid in the helical coil heat exchanger.
The comparison has been made when nanofluid and base fluid (water) are used as heating
medium. They proved that the maximum energy savings could be possible 10.65%. They also
observed that, energy savings are more in laminar and turbulent conditions of flow than
transition regime, and percentage savings increase with increase in nanoparticle concentration.

Higher stirrer speed and shell-side fluid temperature also resulted in more energy savings.



Narrein and Mohammed worked on four different nanofluids (Al,O3, SiO,, CuO, Zn0) in a
helically coiled tube heat exchanger with rotation and used water, ethylene glycol, engine oil as
base fluids. They found that the Nusselt number is highest using CuO—water nanofluid in this

study. In addition, rotation can be used to enhance the heat transfer rates.

M.A. Khairul et al. numerically experimented on water-based nanofluid in a helically coiled
heat exchanger without rotation. They concluded that the heat transfer coefficient increases with
the increase of volume concentration of nanofluid. CuO/water nanofluids could increase the heat
transfer coefficient and decrease the entropy generation about 7.14% and 6.14% respectively.
For equal volume flow rate, mass flow rate could be increased by injecting nanoparticles in base

fluid only and represented higher efficiency.

Srinivas and Vinod [6] worked on the shell and helical heat exchanger with three different water-
based nanofluids They found that higher values of nanofluid concentration, stirrer speed, and
shell-side fluid temperature resulted in greater effectiveness of heat exchanger. A maximum
increase of 30.37%, 32.7% and 26.8% in effectiveness of heat exchanger they observed for
Al,O3, CuO and TiOy/water nanofluids respectively, when compared to water, indicating

intensification of heat transfer.

Kannadasan et al. experimentally worked on CuO water-based nanofluids in the horizontal
and vertical helical heat exchanger with different volume concentrations. They showed that there

are no significant differences in convective heat transfer coefficients in setting up the horizontal



and vertical helical heat exchanger. Also, they concluded that the friction factor goes higher

when the volume concentration is higher and the flow rate is low.

Seara et al. numerically evaluated the performance of a vertical helical coil heat exchanger.
They found that the larger the pipe diameter larger the Nusselt number and also the larger the
heat transfer rate to pressure drop ratio. Gnanavel et al. worked on spiral spring which is
placed in a double tube heat exchanger using four different nanofluids, and found that the higher
the Reynolds number higher the Nusselt number. They also analyzed the friction factor of using

different nanofluids.

Huminic and Huminic had investigated the heat transfer rate of a double-tube helical heat
exchanger using two nanofluids CuO and TiO2 with 0.5-3vol.% concentrations. They found that
the heat transfer rate of the nanofluid is 19% greater than the pure water while nanofluid is used

in the inner pipe.

Kumar et al. experimentally and numerically studied the pressure drop and heat transfer
effect of a tube in a tube helical heat exchanger. They observed that the heat transfer rate
increases when the inner tube dean number increases. In the variation of overall heat transfer
coefficient, they observed for different flow rates in the annulus region for a constant flow rate in

the inner-coiled tube.

An experimental work of heat transport capability in a nanofluid oscillating heat pipe was carried

out by Ma et al. They used 1.0vol % diamond in the HPLC grade water of 5-50nm. They



noticed that the operating temperature has a significant effect on the heat transfer rate. They also
observed that OHP charged with nanofluids can reach a thermal resistance of 0.03°C/W at a

power input of 336 W.

Rennie et al. experimentally evaluated the heat transfer characteristics of a double pipe
helical heat exchanger for both parallel flow and counterflow. They observed that the heat
transfer rate was higher in the counter flow as there are larger temperature differences. They also

showed the overall heat transfer rate and the dean number effect in the pipe.

Shafahi et al. numerically investigated thermal performance in a two-dimensional heat pipe
using three different nanofluids AI203, CuO, and TiO2. They found that the nanoparticles within
the liquid enhance the thermal performance of the heat pipe by reducing the thermal resistance
while enhancing the maximum heat load it can carry. They also reported smaller the

nanoparticles higher the temperature gradient along the heat pipe.

Wu et al. experimentally investigated the pressure drop of double pipe helical heat
exchanger using five different concentration alumina nanofluids. They that the heat transfer
enhancement of the nanofluids compared to water is from 0.37% to 3.43% according to the

constant flow velocity basis.

Xu et al. introduced the ribbed geometry profile in a straight pipe. They used four head
ribbed tube to investigate the thermal performance using Therminol. Experimentally they

showed that the ribbed geometry tube is 1.05-1.35 times higher than the plain tube.



CHAPTER 3:

GEOMETRY AND MATHEMATICAL FORMULATIONS

A computational fluid dynamics study was carried out with the same constant wall temperature
condition and a large temperature difference between fluid and the wall. All the geometrical
parameters and the fluid properties are given in Table 4.1 to design the heat exchanger.
Thermophysical properties of nanofluids are placed in Table 3.1. For all the cases, governing

equations and the mathematical equations will be discussed step by step in this chapter.

hc

outlet
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Figure 3.1 Schematic diagram of (a) helical heat exchanger (b) straight heat exchanger
3.1. Governing equations

To solve the 3D computational fluid dynamics model the Reynolds Averaged Navier-Stokes

(RANS) equations were used considering the flow field as laminar. The governing equations are

as follows,
Continuity equations:
d(puy) _
Tox O (1)
Momentum equations:
a(pup d(puuj) _ ap . 9 , ) 7T

ot ax;  0x * axj( ox;  PHit 2)



Energy equations:

= (PT)* o= (puT) = = (L 2 3

where, p is the density of fluid, T = temperature, u; = inlet velocity, C, = specific heat

3.2. Used mathematical equations

Due to high wall temperature, water is not used as fluid for analyzing the geometrical effect of
the HXs. So, for all the cases, except the nanofluid part, air is considered as material for the
study. As there will be temperature variations across the pipe all the physical properties of air
will not be the same in all the positions. The density, dynamic viscosity, thermal conductivity,

and specific gravity of air were set as polynomial functions of temperature with the following

four constitutive equations,
Density,

p=C, T?-C,;T+C, ;3 @)
Dynamic Viscosity,
u=C,;T?+C,,T+C,; (5)
Thermal conductivity,
k=CiaT? + CiaT + Ca (6)
Specific heat,
Cp=Cep 1 T*+Cep2T+Cep3 ©)

the values of C,;, C, > C,3 C.1, Cu2 Cpus Ci1, Ck2 Ci3 Cept, Cep2, Cepz are placed in
However, water is used as base fluid for analyzing the effect of nanofluids.

Mixed mean temperature can be calculated as,



1
Tnean = V_ACfAc uTdA, (8)
where, A is the cross-sectional area of the pipe. Velocity can be calculated as,
1
V= A_cfAc ’U,dAC (9)

Nusselt Number is the ratio of convective to conductive heat transfer across a boundary. It can be

calculated as,
Nu =22 (10)

where, h is heat transfer coefficient h, Dy, is the hydraulic diameter of the pipe and Kk is the

thermal conductivity of the fluid.

Heat transfer coefficient can be expressed as,
_ Qwall

h = LMTD (11)

where, Qwan IS the wall heat flux, LMTD is the log mean temperature difference.
As this study is considered as constant wall temperature condition, so while calculating the wall

heat flux condition, LMTD should be taken into consideration while using the formula.

LMTD = “BCh (12)

InGGrD)

where, AT; is the inlet temperature difference and AT, is the outlet temperature difference.

Convective heat transfer rate can be calculated as,
Q = hAs(Twau — Tmean) (13)
Where, h = convective heat transfer coefficient, A= surface area of the pipe,
Twan= wall temperature, Tmean= mean temperature
Mass flow rate § calculated as,
m= pA:Uin (14)

where, p is the density, A¢ is the cross-sectional area of the pipe and Ui, is the inlet velocity of

10



the fluid.

The thermophysical properties of nanofluids can be obtained from the following equations,

Density

pnt = (1-0) ot + o prp (15)
Heat capacity

(Pep)nt = (1- @) (pcp)ot + B(PCp)np (16)
Effective thermal conductivity

Keft = Kstatic + Krownian 17)
Static thermal conductivity

kstatic = Kpf kkn:pisz,flfflz(zz;f__kknrg);] (18)
Brownian thermal conductivity

Korownian = 5 X 10*80py1 11 | o X [(1,0) (19)
where Boltzmann constant is
K =1.3807 x 1072< (20)
Modeling function (Cu0), B

B = 9.881(100g) %944 for 1% < g < 6% (21)
Modeling function (Al,03), B

B = 8.4407(100¢)~1973%* for 1% < ¢ < 10% (22)
Modeling function (Zn0), B

B = 8.4407(100¢) 1973% for 1% < g < 7% (23)
Modeling function (Si10y), B

B = 1.9526(100¢) 1459 for 1% < 8 < 10% (24)

11



Modeling function, f(T,9)

f(T,9)=(2.8217 x 10% g +3.917 x 10?) (Tl) +(-3.0699 x 107 g — 3.91123 x 10®) (25)
Dynamic viscosity [20]:

=03
U d
bf 1_34_87<ﬂ> $1.03
dbf

Equivalent diameter of the base fluid molecule will be
_ | sm
dbf B [Nﬂpbf] (27)

From above all the equations, thermophysical properties of Al,O3;, CuO, SiO, and ZnO are
obtained which are shown in . Here, water is considered as base fluid for all of these
particles.

Table 3.1: Thermophysical properties of various water-based nanofluids.

Parameters Al,Os CuO SiO; ZnO
Density (Kg/m®) 1117.075 1218.275 1046.275 1182.275
Viscosity (N s/m°) 0.0015795  0.0015795  0.0015795  0.0015795
Heat capacity (J/kg K) 3696 3404 3890 3484

Thermal conductivity (W/mK)  0.774499 0.779402 0.647057 0.753817

Thermal expansion (1/K) 0.000178 0.000189 0.000189 0.00016

3.3. Considered Cases

As one of the goals of this study is to observe the geometrical effect both for helical and straight

heat exchangers. So, nine cases for each of the helical and the straight pipes are selected for the

12



analysis which is shown in . Three different number of ribs, and also three different
coil revolutions were chosen to see the effect. Case 1-3, Case 4-6, and Case 7-9 are the sets of

constant rib number of the geometries to evaluate the coil revolution effect of the geometrical

study.

Table 3.2: All the geometric cases both for helical and straight heat exchangers.

Case No Case Names

Case 1 2 rib and 10 revolution
Case 2 2 rib and 20 revolution
Case 3 2 rib and 30 revolution
Case 4 3 rib and 10 revolution
Case 5 3 rib and 20 revolution
Case 6 3 rib and 30 revolution
Case 7 4 rib and 10 revolution
Case 8 4 rib and 20 revolution
Case 9 4 rib and 30 revolution

Schematic representations of the helical and the straight heat exchanger are shown in

with required notations for preparing the fluid domain of three-dimensional CFD model. All the
parameters for the design are placed in along with the other properties.
Three different cross-sectional geometries such as 2 rib, 3 rib and 4 rib profiles are chosen for
this study which are shown with proper dimensions in . Geometry profile dimensions

are slightly different from one another to keep the same hydraulic diameter (Dy,), as local Nusselt

13



number is observed for each of the cases.

0.0145 m
0.015 m |

0.0115 m |
| 0012m |

0.0145 m

() (b) ()

Figure 3.2 The cross-sectional profile of (a) two-head ribbed (b) three-head ribbed (c) four-head

ribbed for both helical and straight heat exchangers

Nine different 3D models of helical heat exchangers are designed considering the cases
mentioned above Table 3.1. Those are represented in Figure 3.3. They are also being followed
the overall helical heat exchanger parameters which are shown in Figure 3.1(a) and Table 4.1.

Also, the specific cross-sectional profiles of different rib geometry are represented in Figure 3.2.

14



(h)

Figure 3.3 Schematic diagram of helical heat exchanger of (a) Case 1 (b) Case 2 (c) Case 3 (d)

Case 4 (e) Case 5 (f) Case 6 (g) Case 7 (h) Case 8 (i) Case 9

Also, nine different 3D models of straight heat exchangers are designed considering the cases
mentioned above in Table 3.1. Those are represented in Figure 3.4. This design is very straight
forward with parameters which are placed in Figure 3.1(b) and Table 4.1. The specific cross-

sectional profile of



different rib geometries IS represented in Figure 3.2.

(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

Figure 3.4 Schematic diagram of straight heat exchanger of (a) Case 1 (b) Case 2 (c) Case 3 (d)

Case 4 () Case 5 () Case 6 (g Case 7 (h) Case 8 (i) Case 9

In the final section of the study, the effect of different water-based nanofluids is analyzed in the
highest effective heat exchangers among the total of eighteen HXs. Four different water-based
nanofluids were chosen for the comparative study. A tube in tube heat exchanger was designed
which is shown in Figure 3.5. 5mm diameter circular pipe was inserted as the nanofluid fluid

domain, the outer ribbed pipe is the same dimensioned as before. Water passes through the outer

16



ribbed pipe and four different nanofluids pass through the inner circular tube. A thin wall was
placed for the heat transfer between nanofluid pipe and the outer ribbed pipe. The boundary

conditions for this analysis are described in the following chapter.

Water
inlet

Wall coupled
for heat transfer

wall

Nanofluid pipe
inlet (¢ 0.005m)

Figure 3.5 Schematic diagram of a tube in tube helical heat exchanger for analyzing nanofluid.
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CHAPTER 4:

NUMERICAL METHODOLOGY

The study was performed numerically with the help of multiple software packages and then
validated against some experimental correlations and numerical simulations done by others. The

numerical approach and methodology will be discussed step by step in this chapter.

4.1, Solving technique

3D CAD geometries of fluid domains of all the cases were created in SolidWorks. Origin was
taken at the inlet position for all the geometries. Negative Y-axis denotes the direction of the
gravitational force and positive X-axis is taken for inlet fluid flow direction. Geometries were
imported to Ansys Mechanical 2019R3 for grid generation. High orthogonal quality (0.61) and
low skewness values (0.26) were taken into consideration for better mesh quality. Also, near-
wall treatment was applied for a good result as there were lots of curvatures. Edge sizing is
applied for the sizing of the mesh through the ribbed edges. Mesh independence study was done
by the Kurnia et al. [1] for a similar model of same hydraulic diameter with same dimensions. In
that numerical experiment, they used 5.6x10° to 1.1x10° elements for meshing. In this study, the
range of mesh elements were strictly maintained to get the desired heat transfer result.
A steady-state simulation was performed using commercial software Ansys Fluent 2019R3 with
the pressure-based coupled solver. Pressure-velocity coupling based algorithm SIMPLE was
chosen for conducting the simulation. Second Order scheme was used for solving the pressure
scheme and Second Order Upwind was used for both Momentum and Energy. Also, Least

Square Cell-Based gradient was considered to solve the computational model. Numerical

18



solution controlled with the default Under-Relaxation Factors. Most of the models were got
stability in terms of pressure which is under relaxed by a factor of 0.3. Standard initialization
took place from the initial values of certain boundary conditions. The absolute convergence
criterion was taken 1x10° for all of the residuals. It took around 2500-9000 iterations for falling

all the residuals below the convergence tolerance 1x10°°.

This study investigates only the heating effect of the heat exchangers. So, the wall temperature is
higher than the flowing fluid inside the pipe. The boundary conditions for the geometrical effect
analysis on the eighteen geometries are described as follows.
Uniform constant velocity boundary condition is fixed at the inlet and applied normal to the
boundary. Inlet velocity magnitude is Uj,= 1.5 ms™ for all the cases. Moreover, no-slip condition
is considered. For the air, the inlet temperature is taken Tj,= 293.15 K. Also, outlet pressure is
taken as zero-gauge pressure, Poy: = 0 Pa. Constant wall temperature condition is applied for the
study. For maintaining a large temperature difference and ensuring better analysis and
observation of the effect, a relatively higher temperature of the wall temperature is taken. The
constant wall temperature is Tya = 423.15 K. It is a laminar flow study, so no turbulence model
or boundary condition took place.

Table 4.1: Geometrical parameters and fluid properties used in this study.

Parameters Value Unit
Tin 293.15 K
Twail 423.15 K
d 0.0113 m
hc 0.02 m

19



Rc 0.04 m

L 1.26 m

C,1 5.28 x 107 Kgm?®K?
C,2 -6.66 x 107 Kgm?®K*
C,3 2.70 Kgm?

Cu1 -2.47 x 10 Kgm?'s'K?
C.2 6.15 x 107 Kgm™s*K*
C.3 2.29 x 107 Kgm™s®
Cr1 -2.41 % 10® wmtK?3
Ck2 8.64 x 107 W mtK?
Cks 2.39 x10° wmtK?
Cepa 3.54 x10™ Jkg* K?®
Cep2 -1.64 x10™ Jkgt K?
Ceps 10.22 x10° Jkg* K*

Vin 1.5 ms™

Pout (gauge) 0 Pa

In the study of the effect of nanofluid, all the boundary conditions are as same as above, except
there is a wall coupled boundary condition between the two adjacent walls of the inner nanofluid
pipe and the outer ribbed pipe. Water is used as base fluid in the outer pipe region instead of air.
It is noted that there is no mixing of water and nanofluid, as there is a thin wall placed between
these two. To ensure the flow as laminar the Reynolds numbers were taken less than 2000 for

this study. The inlet velocity of water passing through the outer ribbed pipe and the nanofluid

20



passing through the inner ribbed pipe with different constant velocities placed in . The
inlet temperature is also as same as before, 293.15 K. Zero-gauge pressure was taken for both of
the pipes. Outer pipe wall temperature IS 423.15K.

Table 4.2: Different inlet velocity of water at the outer pipe for nanofluid study

Velocity (ms™) Reynolds Number (Re) Dean Number (De)
0.05 634 237
0.1 1270 476
0.15 1904 714

21



CHAPTER 5:

RESULTS AND DISCUSSIONS

Geometrical effect with three different ribbed profiles and three different coil revolutions are
shown in this chapter. Velocity, temperature distribution and local Nusselt number comparison
have been done to evaluate the geometrical effect properly. Finally, comparison among four
different nanofluids applied in the best type of heat exchanger inserting a circular pipe is shown

and discussed.
5.1. Model validation

The numerical studies were validated against some experimental correlations and numerical
simulations. Analysis of straight pipe was validated against the numerical study done by Kurnia
et al. and two experimental correlations done by Edwards et al. and Baehr and Stephan

respectively shown in the This is about the local Nusselt number comparison
throughout the whole pipe. On the other hand, for the helical geometries, Nusselt number with a
variation of Dean number has been shown and validated against a numerical study done by
Kurnia et al. and an experimental correlation by Manlapaz and Churchill which is
represented in . It is observed that less than 4% relative error for both the
geometries while validated from the experimental correlation and 1% relative error for the
numerical study. So, this small amount of relative error was taken in consideration to proceed

further in this present study.

22
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Figure 5.1 Validation graph of (a) Nu vs Gz™ plot for straight pipes (b) Nu vs De plot for

helical pipes

52. Effect of geometry in terms of  helical or straight
There are significant variations in the velocity and temperature distributions across the heat
exchangers. The numerical simulation results show the effect of the geometry of the helical and
straight pipes. For observation, contours were plotted at the same distance of 250mm from the

inlet in all the geometries which are shown in Figure 5.2 Velocity distribution of helical heat
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exchangers of all 9 cases has been shown and it is observed that the higher the ribbed geometry

higher the velocity due to curvature, also the higher the revolution higher the velocity across the

(d) (e) (f)
(g) : (h) I (i) I

L 4
0.0 0.3 0.7 1.0 14 1 Y . 2.1 24 o
| O - ,._I
Velocity

[m s*-1]

pipe.

Figure 5.2 Axial velocity profile contour in helical heat exchanger of (a) Case 1 (b) Case 2 (c)

Case 3 (d) Case 4 (e) Case 5 (f) Case 6 (g) Case 7 (h) Case 8 (i) Case 9 at L= 250mm
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Similarly, Figure 5.3 shows the axial velocity contour plot for all the 9 cases of straight-type
heat exchangers. It is observed that the axial velocity is higher at the middle portion of the
straight pipes. Velocity is higher in a straight type heat exchanger than a helical heat exchanger

due to less amount of friction loss.

Velocity [m s*-1]
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Figure 5.3 Axial velocity profile contour in straight heat exchanger of (a) Case 1 (b) Case 2 (c)

Case 3 (d) Case 4 (e) Case 5 (f) Case 6 (g) Case 7 (h) Case 8 (i) Case 9 at L= 250mm

In all the geometries, everywhere there will not be the same temperature. After passing through
some distance the temperature of the fluid will change accordingly. As it is a heating case so it is
expected that the temperature is higher on the outer side of the wall. shows the
temperature distribution at the distance of 250mm from the inlet. It is found that there is a
significant effect of ribbed revolutions. Higher the ribbed profile revolutions higher the

temperature in a particular distance contour plot.
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Figure 5.4 Temperature distribution contour in helical heat exchanger of (a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4 (e) Case 5 (f) Case 6 (g) Case 7 (h) Case 8 (i) Case 9 at L= 250mm

For the straight heat exchangers, the temperature distributions are not that much higher than the
helical heat exchangers. But in Figure 5.5 it is observed that the higher the coil revolution of the

pipe  higher the  temperature at a  certain  distance of the  pipe.
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Figure 5.5 Temperature distribution contour in straight heat exchanger of (a) Case 1 (b) Case 2

(c) Case 3 (d) Case 4 (e) Case 5 (f) Case 6 (g) Case 7 (h) Case 8 (i) Case 9 at L= 250mm

Helical heat exchanger is more effective than a straight type of heat exchanger. Figure 5.6 shows
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the heat transfer comparison between helical and straight types of heat exchangers. It is clearly
seen that the helical heat exchanger has a higher local Nusselt number than the straight type of
heat exchanger with the same ribbed head profile and coil revolutions. It is noted that with the
same ribbed head number and coil revolutions, 2 ribbed 30 revolutions helical heat exchanger

gave 2 times higher Nusselt number than the straight type heat exchanger.
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Figure 5.6 Nusselt number vs local distance plot of (a) helical pipes with (b) straight pipes

From the graphs, it can be said that the two head ribbed with 30 coil revolutions helical heat
exchanger ensures the highest amount of heat transfer rate. And four head ribbed with 10 coil

revolution straight tube heat exchanger has got the lowest value of heat transfer rate.

5.3. Effect of ribbed profile

From eqgn 17, it can be said that the higher the surface area of the heat exchanger higher the heat
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transfer rate. To get a larger wetted perimeter of the cross-section, ribbed geometry profiles can
be introduced. The present study deals with the geometrical effect of the heat exchanger and
ribbed geometry profiles play a good role in enhancing the heat transfer rate for both helical and
straight pipe. Xu et. al investigated that ribbed profile geometry transfers heat 1.05-1.35
times higher than the plain tube. In the helical heat exchanger, the ribbed geometry ensures a
significant amount of mixing due to present of curvatures. Curvature ensures better mixing and
mixing enhances the heat dissipation resulting in increasing the heat transfer rate.

shows the ribbed geometry effect in helical heat exchangers and shows
the ribbed geometry effect in straight heat exchangers. It is observed that taking the same
revolution turn of the ribbed geometry, the two head ribbed heat exchanger has the highest heat
transfer rate. Four head ribbed geometry has given the lowest heat transfer rate.

represents the constant 10 revolutions
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Figure 5.7 Nusselt number vs local distance plot of helical heat exchanger with (a) 10 revolution

(b) 20 revolution (c) 30 revolution

For a straight heat exchanger, it can be noticed the effect of ribbed geometry as well. It is no
wonder that for straight heat exchanger the same result. Figure 5.8(a) represents the constant 10
revolutions with 2 head ribbed, 3 head ribbed, and 4 head ribbed geometry of straight heat

exchangers. It can be seen that the 2 head ribbed 10 revolution ensures the highest Nusselt
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number throughout the pipe. Similarly, Figure 5.8(b) represents the constant 20 revolutions with
2 head ribbed, 3 head ribbed, and 4 head ribbed geometry of straight heat exchangers. It is
observed that 2 head ribbed 20 revolution has the highest heat transfer rate. Figure 5.8(c)
represents the constant 30 revolutions with 2 head ribbed, 3 head ribbed, and 4 head ribbed
geometry of straight heat exchangers. The result shows that 2 head ribbed 30 revolution has the
highest heat transfer rate. So it can be concluded that the lesser the rib head number higher the

heat  transfer  rate  for  both  helical and  straight heat  exchangers.
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Figure 5.8 Nusselt number vs local distance plot of straight pipe with (a) 10 revolution (b) 20

revolution (c) 30 revolution

5.4. Effect of coil revolution

The unique design introduces helical ribbed structure in the helical and straight heat exchangers.
Previously shown that the ribbed profile enhances heat transfer rate and lesser the rib profile

head number higher the heat transfer rate. So, the goal is to observe the effect of coil revolution
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of the ribbed geometry.
Higher the coil revolution higher the curvature ensured in the heat exchanger. and

shows that the effect of coil revolution in helical and straight heat exchanger
respectively. It is observed that taking same ribbed profile, higher the coil revolution, higher the

heat transfer rate. So, the 30 revolution has given the highest heat transfer rate.

represents the constant 2 head ribbed with 10 revolutions, 20 revolutions, and 30
revolutions geometry of helical heat exchangers. It is seen that the 2 head ribbed 30 revolution
ensures the highest Nusselt number throughout the pipe. Similarly, represents the
constant 3 head ribbed with 10 revolutions, 20 revolutions, and 30 revolutions geometry of
helical heat exchangers. It is observed that 3 head ribbed 30 revolution has the highest heat
transfer rate. shows the constant 4 head ribbed with 10 revolutions, 20
revolutions, and 30 revolutions geometry of helical heat exchangers. It is observed that 4 head

ribbed 30 revolution has the highest heat transfer rate.
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Figure 5.9 Nusselt number vs local distance plot of helical pipe with (a) two-head ribbed (b)

three-head ribbed (c) four-head ribbed with different revolutions

Figure 5.10 (a) represents the constant 2 head ribbed with 10 revolutions, 20 revolutions, and 30
revolutions geometry of straight heat exchangers. It is seen that the 2 head ribbed 30 revolution
ensures the highest Nusselt number throughout the pipe. Similarly, Figure 5.10 (b) shows the

constant 3 head ribbed with 10 revolutions, 20 revolutions, and 30 revolutions geometry of
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straight heat exchangers. It is observed that 3 head ribbed 30 revolution has the highest heat
transfer rate. Figure 5.10 (c) represents the constant 4 head ribbed with 10 revolutions, 20
revolutions, and 30 revolutions geometry of straight heat exchangers. It is observed that 4 head
ribbed 30 revolution has the highest heat transfer rate.

So it is concluded that the higher the coil revolutions higher the heat transfer rate for both the

helical and straight heat exchangers.
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Figure 5.10 Nusselt number vs local distance plot of straight pipe with (a) two-head ribbed (b)

three-head ribbed (©) four-head ribbed with different revolutions.

5.5. Comparison of Nanofluid

So far, all the geometrical effects have been shown and from the obtained result it is clear that 2

head ribbed and 30 revolution helical heat exchanger has the highest local Nusselt number which
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means it is the best heat exchanger among the 18 geometries. A numerical study has been done
on this heat exchanger inserting a circular pipe inside it using four different nanofluids. The
water-based nanofluid Al,O3, CuO, SiO;, ZnO were used for the observation of the nanofluid
effect. It is one kind of tube in tube heat exchanger where the nanofluids pass through the inside

circular pipe and water pass through the outer pipe of the heat exchanger.

LN Sy e s A e B B B By B s ey

200 300 400 500 600 700
De

Figure 5.11 Nusselt number vs Dean number plot for water based nanofluids
Figure 5.11 shows the nanofluid effect on the heat exchanger in terms of total Nusselt number
and Dean number. First of all, it is observed that increasing the Dean number the total Nusselt
number also increases for all the nanofluids and water as well. Also, it is found that among four

different nanofluids Al,O3 has the highest heat transfer rate and CuO has the lowest Nusselt
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number varying the Dean number.
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Figure 5.12 Temperature distribution of tube in tube heat exchanger of (a) De= 237 (b) De= 476

419
Temperature K]

(© De= 714 at L=250mm
Dean number has the significant effect of Nusselt number, Figure 5.12 represents the
temperature distribution of the Al,O3 water based nanofluid with three different Dean number of

237, 476 and 714 at the distance of 250mm from inlet.



CHAPTER 6:

CONCLUSION:

This study investigates the geometrical effect on a helical heat exchanger and straight heat
exchangers. The numerical simulation was validated against several experimental correlations
and numerical simulations. Further study was evaluated changing the geometry of the heat
exchanger shape. Two different variable rib head and coil revolution were taken to observe the
geometrical effect. 2 head ribbed, 3 head ribbed, and 4 head ribbed were taken and 10
revolutions, 20 revolutions, 30 revolutions were taken. It is found that the lesser the ribbed
geometry higher the heat transfer rate resulting in 2 head ribbed geometries was most effective
than the 3 head ribbed and 4 head ribbed. Also, the higher the coil revolution of the rib profile
higher the heat transfer rate resulting in 30 revolutions has given the higher local Nusselt number
than the 20 revolutions and 10 revolutions. So, the most effective geometry among the total 18
geometry is 2 head ribbed 30 revolutions helical heat exchanger. It is found that a helical heat
exchanger is more effective than a straight heat exchanger, for some cases it is 2 times higher
even. Implying nanofluid of Al,O3, CuO, SiO,, ZnO inside the best heat exchanger it is observed
that Al,O3 water-based nanofluid gives the highest Nusselt number across the pipe. Further study

can be done using turbulence in the heat exchangers.
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Nomenclature:

Re= Reynolds number (=

Qtota=

Cross sectional
Surface
= Specific
Dynamic
Hydraulic
Gravitational
pPVDp
— )
Dean Number
Graetz number
Prandtl number
Nusselt number
Heat transfer
Coil
Thermal
Tube
Total heat
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area
area

heat
viscosity
Density
diameter

acceleration

— Dn
(= Re ZRC)

=24 RePr)
L
—‘p
=2k)

(==2)
coefficient
pitch
conductivity
length
Pressure
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Qwanl=

mean—

Wall

Colil

Inlet

Outlet
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Wall

Inlet

Mass

LMTD= Log Mean Temperature Difference
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