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Abstract: In this research, three-dimensional incompressible turbulent flow and heat transfer in a circular tube
of U-configuration has been mvestigated numerically. The mfluences using the U-tube n various downstream
lengths and curvature radius ratios on thermal and hydrodynamic fields are presented in details. Two cases for
U-tube are tested, the first case is using the tube with different downstream lengths (1, 0.5 and 0.25 m), the
second case 1s using the tube with different curvature radius ratios (1.5, 2 and 2.5). The tube surface 18 subjected
to a constant heat flux and the air is chosen to be the working fluid with turbulent flow under a range of
Reynolds number (10000-25000). The turbulent flow and heat transfer 1s governed by continuity, momentum
and energy equations. The effect of turbulence is treated by a k-e turbulent model. ANSY'S Fluent code (15.0)
based on finite volume method is used to get the numerical results. The obtained results of increasing the
downstream length and reducing the curvature radius ratio showed an mcreasing in both Nusselt number and
friction factor as compared with those of straight tube, for all the considered values of Reynolds number. It 15
discovered that increasing the downstream length by 50% enhance considerably the heat transfer by about
1.7% and reducing the curvature radius ratio by 100% enhance the heat transfer by about 1.5%, due to the
strong mtensification of the secondary transverse flows. The maximum enhancement efficiency 1s obtained for
the circular cross-section U-tube with the highest downstream length and lowest curvature radius ratio
at Re = 20000. Numerical investigations indicated that within the U-bend, secondary flows partially invert
temperature profiles resulting in a significant localized decrease in average fluid temperature at the pipe surface.
As a result, a sigmficant heat transfer enhancement 1s observed. The present numerical results are compared
with empirical correlations and verified a comparatively good agreement.
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INTRODUCTION

U-tubes (two lengths of straight tube joined by
180° bend at one end) are commonly used in large
engineering application, such as heat exchangers, gas
turbine blades, waste heat reboilers, nuclear reactors,
evaporators and steam generators, e.g., when a fluid
moves through a straight tube, the fluid velocity near the
centerline is higher than that near the wall. The effect is
especially pronounced m laminar flow but 15 true for
turbulent flow, too. When the tube 1s coiled or bent 180°,
all flmd elements experience a centrifugal force radially
outward which 1s proportional to the square of the
element velocity and inversely proportional to the radius
of the curvature. Therefore, the more rapidly moving
elements near the centerline tend to move towards the
outside, displacing the slower elements which in turn
move back toward the bend axis. The effect is to
superimpose a “Secondary” flow pattern upon the
primary flow.

Due to the existence of the secondary flow, the heat
transfer 1s higher in a curved tube than in an equivalent
straight tube under similar fluid flow conditions and the
heat transfer mechanism 15 more complicated that’s the
reason of using numerical investigation (Moshfeghian,
1978).

In the tube bend, due to local imbalance among
pressure gradient and inertial forces, the flow is
characterized as a secondary flow/circulation. It is mainly
depend up on the curvature of the pipe which is bemng a
characteristic length of tube cross-section, for instance
the radws or hydraulic radius and the radius of
curvature.

The characteristics of the secondary flow/
circulation depend not only on Reynolds number
and diameter but also on the shape and size of the
tube’s cross-section. In developing flows, e.g. in the
entrance region between a straight tube and a bend,
they depend also on the distance from the curve

entry.

Corresponding Author: M. Avad Ali, Al-Mussaib Technical College, Al-Furat Al-Awsat Technical University, Babil, Iraq
11122



J. Eng. Applied Sci., 13 (Special Issue 14): 11122-11134, 2018

The study of twbulent flow and fluid behavior in
U-tube configurations has been a subject of interest
among many researches. have
examined the fluid flow and heat transfer characteristics

Several researchers

experimentally as well as computationally.

Moshfeghian (1975) heat transfer through a 180 bend
tube was studied. A Reynolds range from 7,300-27,000
was investigated for a bend radius of 9.875 inches and
7/8-inch OD (0.052 inch wall thickness). The test section
was heated electrically. Analysis of the experimental data
obtained in this investigation of the 180 bend indicates
that the local heat transfer coefficient in the straight
section upstream of the bend is independent of peripheral
position. The peripheral heat transfer is far from uniform
in the bend, being much higher at the outside and lower
at the inside of the bend, resulting in a higher mean heat
transfer coefficient as compared to a straight tube under
similar conditions. At any cross section in the bend, the
distribution of peripheral heat transfer coefficient is
almost symmetrical about a plane contaimng the
longitudinal axis of tube and the radius of the bend. At
the entrance region of the downstream section of the
bend, the distribution of peripheral heat transfer
coefficient 15 symmetrical about the plane of the bend.
Also, the peripheral heat transfer coefficient is highest at
the outside wall of the bend and lowest at the inside wall.
Rowe (1970) experimentally examined the heat transfer
effect in large wavy pipe due to secondary flow which
leads to complete interchange of fluid in the wall and the
central core line. Their research particularly focused on
single phase flow in various pipe bends like 180 U-bend,
45°/45° S-bend attached to the end of a long straight pipe.
In a 180 bend it 1s found that, from the start of the bend,
the secondary flows mcrease to a maximum and then
decrease to a steady value. This effect is explained by
relating the local total pressure gradient to the production
of streamwise vortices. Patel and Parekh (2015) carried out
the design of optimum size and the temperature difference
of U-type shell and tube heat exchanger, general design
consideration and design procedure is also illustrated.
Different types of methods are carried out for optimum
design, by LMTD method, €-NTU method, P-NTU
method and also for ¥-NTU method, also, according to
design parameters experimental analysis is carried out.
The results show that keeping the hot water mass flow
rate constant at 0.401kg/sec and varying cold water mass
flow rate at 0.4785, 0.5173 and 0.5595 kg/sec with increase
m cold water temperatwe of 6.8, 57 and 4.9°C,
respectively. Based on the design methodology we
design and fabricate the shell and U tube heat exchanger

and perform the experimental test. Sudo et al. (2000) an
experimental steady, developing turbulent flow in a
circular sectioned 180° bend has been investigated. The
bend had a radius of 104 mm and a curvature radius ratio
of 4.0 with long, straight upstream and downstream pipes.
Tt was shown that in the section upstream from a bend
angle of about 60, both the flows through the 180° and the
90° bend are closely similar in their behavior. In the
section from the bend angle of 90°, the high-velocity
regions occurred near the upper and lower walls as a
result of strong secondary flow and the turbulence with
high level emerges in the central region of the bend. Just
behind the bend exit, an additional pair of vortices
appears in the outer part of the cross section owing
to the transverse pressure difference. In the downstream
tangent, the flow returmns slowly to the proper flow in a
straight pipe but it needs a longer distance for recovery
than in the 90° bend. Nayak et al. (2017) numerically
examined the flow and heat transfer characteristics n 180
bend pipe having flow of water-fly ash shury. In their
worl they considered RNG k-g¢ turbulence model. The
pressure drop and heat transfer examined for multiphase
flow using finite volume approach. The results indicated
that for pipe bend the heat transfer coefficient for smaller
radius ratio is 53.28% more than the larger radius ratio for
the solid concentration of 10% and velocity of 1 m/sec,
also the value of the heat transfer coefficient mcreases
with increase in the particle concentration and velocity
due to the presence of a secondary flow m the bends.
Tanyanti et al. (1993) performed CFD analysis to examine
the Gas-particle motion m 90 and 180° circular
cross-section pipe bends. They found that the secondary
flow induced in the gas phase due to curvature affects the
motion of the particles which causes the smaller particles
to come out of the bend without deposition. Munch and
Metais (2007) mvestigated numerically the mfluence of
the curvature radius “Re¢” on the flow carrying out
three Large Eddy Simulations (LES) for U-bends with
Re/Dy, =3.5, 6.5 and 10.5. It’s observed that the decrease
of the curvature Radius was accompanied by a strong
intensification of the secondary transverse flows. They
also showed that the secondary flows strength was
directly related to the radial pressure gradient intensity.
Clarke and Finm (2008) studied the enmhancement of
internal convection heat transfer following a heat
exchanger U-bend under laminar flow conditions.
Numerical investigations, conducted using “Fluent”
computational fluid dynamics, to mvestigate the
development of temperature profiles upstream of within
and downstream of a U-bend for a laminar flow refrigerant.
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The model geometry utilized in this study consisted of a
U-bend preceded by a straight circular inlet pipe and
followed by an identical straight circular outlet pipe. It
was shown that centrifugally induced secondary flows,
known as dean vortices, partially invert the temperature
profile. Tt was found that Nusselt values downstream of a
U-bend were found to exceed Nu values for a combined
entry situation by >20% for up to 20 pipe diameters
downstream. Azzola et al. (1986) used laser-Doppler
velocimetry measurement to examine the turbulent flow in
a 180 pipe bend. Numerical simulations have reproduced
with a gratifying degree of fidelity the measured evolution
of the flow. Predictions of the flow development were
presented based on a “semielliptic” truncation of the
Reynolds equations in the main part of the flow with the
standard  k-e viscosity model
approximate the turbulent stress field. They found that the
bend of angle between 90 and X/D = 5 (X and D being the
axial distance from the pipe mlet and pipe diameter,

effective used to

circumferential velocity profiles

reversals

respectively), the
displayed secondary flow which  are
mndependent of the Reynolds number.

The present investigation is undertaken to study the
effect of a 180° bend on heat transfer to a single phase
fluid in tubes and to obtain a better and more quantitative
insight into the heat transfer process that occurs when a
fluid flows in a U-bend tube, so, the objectives of this
steady can be abbreviated as follows:
¢ TInvestigate the hydrodynamics and thermal

performance of U-shaped tube as compared with

straight one
*  Assessment the variation in curvature radius ratio
and downstream length on heat transfer enhancement

and overall performance
MATERIALS AND METHODS
Model description: The physical domain consist
of U-tube configuration, this configuration consists of
three parts, 1.e., the upstream tube, the U-bend and the
downstream tube. Three cases for U-tube geometry are

mvestigated as follows:
Case 1: The configuration consists of a circular
cross-sectional tube, the length of the upstream tube 1s 20
times the diameter of the tube while the length of the
downstream tube Ly 15 5, 10 and 20 times the diameter of
the tube which is (1, 0.5 and 0.25 m). The curvature Radius

ratio “Re” equal to 1.5 as shown in Fig. 1.

Case 2: The configuration consists of circular U-tube with
different values of dimensionless parameter called
curvature Radius ratio “Re”. Three different bends have
been studied depending on “Re¢” (that is equal to the
radius of the U-bend curvature to the hydraulic diameter
of the tube, Rc = R/D,) which is (1.5, 2 and 2.5) as shown
mFig. 2.

Air flows m the tube, enters with a different velocities
and the outlet is assumed to be an outflow boundary.
Turbulent, 1sothermal and steady state conditions will be
considered to solve the flow field. The study has covered
four Reynolds numbers from 10000-25000 and a constant
Prandtl number. Local heat transfer coefficients were
computed from knowledge of local heat flux values along
the test section which is 1000 w/m’.

Mathematical model and numerical analysis
Assumptions: The following assumptions are used to
simplify the proposed model solution:

¢ The fluid is air

»  The fluid has constant properties

s Steady state flow

»  Incompressible flow

s The gravity effect is neglected

+  Non-slip flow is assumed

»  The dissipation of heat 1s assumed to be neglected
*  Negligible wall thickness

Governing equations for the turbulent flow: The
description of the flud motion in the tube for the
state is
differential equation of mass (continuity) and momentum
equation 1n addition to the (k-g) Model equation. The
turbulent flow is characterized by fluctuation velocity
field.

In describing the turbulence flow in mathematical

turbulent. made by solving the average

terms, it’s convenient to separate it into mean motion
and a fluctuation or eddy motion. As in the following
form:

Continuity equation:

ox gy 9z

Continuity equation is a mathematical representation
for the mass conservation. Its form 1s (Kumar, 2010).

Momentum equations (NSEs): Momentum equation in
x-direction:

11124



J. Eng. Applied Sci., 13 (Special Issue 14): 11122-11134, 2018

&

0.200(m)

Fig. 1: The geometry of the U-bend tube with different downstream length (a-c 1s Lpg = 1, 0.5 and 0.25 m)
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Momentum equation in z-direction:
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where, p. 18 the eddy or turbulent, viscosity. In turbulent
flow goverming Eq. 4-6, the terms of turbulent stresses are
added to the terms of laminar stresses using the concept
of effective viscosity:

Mg = 10, )
Energy equation:

T ol owT 9 aT) o oT | o aT
——t otV FEE — |t FEE — It FEE o
ox dy 9z 0% ox | Jy gy | 0z 0z

(6)
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Fig. 2: The geometry of the U-bend tube with different curvature radius ratio (a-c1s Re = 1.5, 2, 2.5)

The standard k-€¢ Model: The standard k-¢ Model
has two model equations one for k and one for
€. The model transport equation for k 1s derived
from the exact equation while the model transports
equation for € was obtained by using the physical
The standard model uses the following
transport equations for k and €. For turbulent kinetic

energy (k):
9 )+ a2 _ ok
ot ) |- 2 22 )
ofp k) 9fp k) .
ayl o, ay | ez o, oz T

For energy dissipation rate (g):

analysis.

p{;(u)+aay(")+aaz(w)]_aax[giaax} ®)

(w9, (L e E
vl o dy| oo o] Pro Py

where, G is referred to the generation term and is given
(Al-Aboodi, 2010):

m K [aw) avon
ax dy oz dy ox (©)

G= t
[%MT{%WT
0z 9x dz dy
Also:
K =1/2(0"+v? +w') (10)
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c—elb (11)

The turbulent kinetic energy (k) and the dissipation
rate of the turbulent kinetic energy (&) are chosen as the
two properties to determine the turbulent viscosity.
Where:

2

_ 12
Mt—pcp‘? ( )

where, ¢, is a constant.

Boundary conditions: The boundary conditions are
specified for each zone of the computational domain as
follow:

Inlet boundary conditions:
*  Umform wmlet velocity, U= U,
¢ The flow is 1sothermal (T = T,, = 300 K)

‘Wall boundary condition:

*  The velocity at the walls 1s taken to be zero (no slip).
(u=v=w=0)inthe x, y and z direction

* A constant heat flux (g = 1000W/m?) concentrated on
the whole surface area of the wall in the circular
cross-section tube

Qutlet boundary condition: Zero gage pressure is
specified at the outlet domain.

Hydrodynamic parameters: In this study, sigmfication
parameters are defined as: The Reynolds number is

defined by Eq. 13-14:

Re = Inertial forces/viscous forces:
Re = pU, D, /u (13)
where, D, is the hydraulic diameter:

D, = 2a (14)

Friction coefficient: The friction coefficient can be
expressed in shear stress at the channel surface is defined
as:

C, :TW%DUZ (15)

where, T 1s the wall shear stress and defined as:

du aw
= i CRN G T (16)
T, =M (E ) (ay)

For the turbulent flow and due to complex behave of
this flow the friction factor always calculates from the
experimental equations. Therefore, for the turbulent flow
Re<2x10" friction factor is given by Saysroy and
Eiamsa-ard (2017):

f=0.316Rey” (17)

In addition, friction coefficient (Fanmng fraction
factor) is given by:

f
-t (18)

The bulk temperature; The bulk temperature is described
as:

T - _[T1 pdvi _ 2?: 1T1 p|vi| (19)
Yo fedv. 3T o,

The wall temperature: the wall temperature 1s
described as:

(20)

Ai

_1 _1x
T, = AIT1 dA. A;Tl

The pressure drop was calculated by surface integral
by means of area weighted average:

P- ideA (21)
A

The coefficient of heat transfer 1s defined as:

"

|

h= (22)
Tw-Tb

where, ¢” i3 the heat flux. The Nusselt number: the
Nusselt number 1s defined as:

N Ps (23)
K

The Radius curvature ratio (Re):
Rc=R/D, (24)
where, R 1s the tube curvature Radius.

Numerical analysis: Computational Flud Dynamics
(CFD) is considered the science that helps the computers
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Table 1: Different grids and their Nusselt number and friction factor results for different studied cases

Cases/No. of grid elements Nu MU f .
ST

465,094 37.1807 0.017957 0.033993 0.023358
541,082 37.86056 0.044694 0.034806 0.042845
683,636 39.63186 0.036364

cuT

1,008,000 40.05469 0.011956 0.037385 0.028532
1,197,774 40.53936 0.021926 0.038483 0.025722
1,480,347 41.44816 0.039499

CUT with LDS = 0.5m

758,784 39.35966 0.03254 0.037079 0.034753
970,776 40.6835 0.005527 0.038414 0.019876
1,047,600 40.90960 0.039193

CUT with LDS = 0.25m

638,510 39.1067 0.01517 0.037002 0.020308
712,050 39.70907 0.012275 0.037769 0.011412
829,578 40.20254 0.038205

CUT with Re =2

959,889 39.2036 0.027685 0.036857 0.024353
1,049,622 40.31984 0.002167 0.037777 0.011177
1,237,194 40.4074 0.038204

CUT with Rc =2.5

1,191,095 39.16034 0.035202 0.036816 0.035599
1,273,857 40.58917 0.01863 0.038175 0.01659
1,336,384 41.35972 0.038819

to produce quantitative calculation of fluid flow basis.
This includes the governing fluid motion and
conservation laws and considered the tools basis to
design and develops the engmeering application. CFD 1s
become necessary work of many researchers in the world
because it used predict internal flow and the development
of computer became accurate and near to the fact. Fluent
program is used in advanced numerical applications to
solve many problems in order to achieve effective results
for many different models.

Grid independency: A grid independence study is made
to choose the optimum grid to get a better solution. The
present results consider three different values for the grid
independency investigate. The results are summarized in
Table 1 shows the specified grid for all shapes. The
Nusselt number 1s determined for all shapes at Re = 10000.
Tt is found that there is a small change in the average
value of Nusselt number. The grid resolution
investigation reveal that ST, CUT, CUT(Lyg = 0.5 m), CUT
(Lps =0.25m), CUT (Re = 2) and CUT (Re¢ = 2.5) become
mdependent of the grid at cells 541,082, 1,197,774,
1,047,600, 829,578, 1,237,194 and 1,336,384 cells
respectively.

Solving by Fluent: The numerical method of discredited
governing equations can be solved by writing a code or
the problem can be solved by using one of the commercial
(CFD) code. ANSYS Fluent 15.0 Software is used to
calculate the current numerical nvestigation, since,
Fluent is generally used in this field and it is considered
one of the greater among other available codes. With
a RNG (k-g) Model, a finite volume discretization is
used in approximating the govermng equations. A
double-precision and pressure-based solver 15 used mn the

numerical computation. A non-slip boundary condition
is adopted on pipe surface. The simple algorithm is used
for pressure-velocity coupling. A second-order upwind
scheme was adopted to the discretization of all terms.

RESULTS AND DISCUSSION

In this study, the numerical results have been
addressed to verify the intensification of forced
convection 1n a U-tube configuration with different
shapes. The hydraulic diameter of the U-tubes 1s (0.05 m).
Two cases for U-tube are discussed, the first case 1s a
circular cross section U-tube with different downstream
length (1, 0.5 and 0.25 m) and compare the result with a
Straight Tube (ST) of the same cross sectional area and a
length of (1 m), the second case is circular cross section
U-tube with a different curvature Radius ratio “Re™ (1.5, 2,
2.5)and compare the result with the straight tube.

Case 1 (Effect of downstream length): The effect of the
downstream length on the average Nusselt number
variation for different values of Reynolds number is
described in Fig. 3. It 1s observed that the Nusselt number
increases as the downstream length increases for all the
considered values of Reynolds number. However, this
increase seems to larger for high Reynolds number (Re =
15000-20000). The highest downstream length (L = 1 m)
indicated the maximum merease m Nusselt number as
compared with other downstream lengths. The results
verified that the enhancement m the mean Nusselt 1s
found to be 8.6, 7 and 5.3% for L,; = 1, 0.5 and 0.25 m,
respectively as compared with the straight tube. Tt can be
noted that utilize of the U-bend configuration lead to
greater heat transfer for all the considered downstream
length values. The cause is attributed to the flow
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Fig. 3: Effect of downstream length on Nusselt number
for circular cross section U-tube
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Fig. 4: Effect of downstream length on friction factor
variation for circular cross section U-tube

separation and secondary flow formation at the bend
section and consequently a superior disorganized mixing
between the central and the wall areas. This flow mixing
disturbs the boundary layer and as a result intensification
the heat transfers.

Figure 4 shows the influence of the downstream
length on the average friction factor variation for different
values of Reynolds number. Tt can be noticed that the
friction factor acquired from the three various downstream
lengths are reduces with intensifying Reynolds number.
Tt is viewed from the figure that there is significant
decrease in the friction factor for utilizing Lo, = 0.5, 0.25m
and there 1s a significant rise in the friction factor for the
higher downstream length, particularly at L, = 1 m. The
gained results indicated that the increase in the friction
factor is found to be 1.95 and 3.3% for L,; = 1 m as
compared with the downstream length L, = 0.5 and
0.25m. It can be observed that use of the U-bend

0] - Ly=1m
& L1,=05m
604 * L=025m
50 4
40-
4
30 4
20 1
10 1
0 L] T T 1

10000 15000 20000 25000
Re
Fig. 5: Effect of downstream length on pressure drop

variation for circular cross section U-tube

configuration lead to greater friction factor for all the
considered downstream length values. This 13 because of
the wall shear stress at the bend section, 1.e., at inner
region and at outer region is quite different, the inner
region experience higher rate of friction and shear stress
as compared to the outer region

The influence of the downstream length on the
pressure drop variation for different values of Reynolds
number 13 depicted m Fig. 5. It can be examined that the
pressure losses obtained from using tlwee different
downstream lengths are increased with the increase of
Reynolds number. The highest downstream length (Tpg =
1 m) denoted the highest growth in pressure drop as
contrasted with other downstream lengths. The collected
results illustrated that the rise in the pressure loss is
found to be 40.8 and 64.6% for L, = 1 m as compared with
the downstream length L, = 0.5 and 0.25 m. The rise in
pressure loss with U-bend configuration 1s widely
greater contrast than the straight tube, this is because
of the dispersion of the dynamic pressure of the fluid
due to centrifugal force that drives flud from the
bend outside around the tube wall towards the bend
inside, that is produces a reverse flow and due to the
length of the U-tube which is greater than of the straight
tube.

The temperature variation along the domain is
exposed in Fig. 6. This variation in temperature
distribution was displayed for the case of circular U-tube
and the effect of the downstream length variation for air
flowing with Re = 15000,

For an upstream length tube, the fluid temperature
reduces radially from the tube wall to its midpoint in a
circular model due to the absence of reverse flow. As the
flud flows more downstream, its temperatures will rise
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Fig. 6 Temperature-contour for circular U-tube for Re = 15000 of deferent downstream length; a) Lpg =1 m; b) Lpg = 0.5
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forcing the colder area which lies at the tube center, to be
smaller and smaller due to rising in heat attracted by the
fluid from the tube wall and the growing of thermal
boundary layer. As showed through the figure, when the
fluid enters the U-bend area the temperature distribution
will disrupt. The secondary flows are observed to drive
cold fluid from the core of the tube towards the outside of
the tube wall, this cold fluid replaces warm fluid that had
developed at the tube walls as the fluid moved through
the inlet tube. The warm fluid is simultanecusly driven by
the secondary flow, around the tube walls towards the
bend inside wall and onwards towards the tube core.
Consequently, the thermal boundary layer is eliminated
and a sudden drop in fluid temperature at the surface of
the tube occurs within the bend. This temperature
drop and elimination of the thermal boundary layer that
causes the subsequent downstream heat transfer
enhancement. This figure shows that the using of U-bend
configuration will increase the range of temperature
gradient when contrasted with that of straight tube. This
influence is related to rising in the mixing of the flow.

Case 2 (Effect of curvature radius ratio): The effect
of the curvature radius ratio on the average Nusselt
number variation for different values of Reynolds number
is described in Fig. 7 Tt is observed that the Nusselt
number increases as the curvature radius ratio decrease
for all the considered values of Reynolds number which
15 agreed with Munch and Metais (2007). The lowest
curvature radius ratio (Re = 1.5) indicated the maximum
increase in Nusselt number as compared with other
downstream length. The results verified that the
enhancement m the mean Nusselt 1s found to be 7.9, 7.4
and 7% for Rc = 1.5, 2 and 2.5, respectively as compared
with the straight tube, the decrease of the curvature
radius was accompanied by a strong intensification of
the secondary transverse flows. Tt can be noted that
using of the U-bend configuration lead to greater heat
transfer for all the considered curvature radius ratio
values. This i1s due to the development of secondary
flows at the bend section. This flow mixing disturbs the
boundary layer and as a result intensification the heat
transfers.
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Fig. 7. Effect of curvature radius ratio on Nusselt number
for circular cross section U-tube
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Fig. 8 Effect of curvature radius ratio on friction factor
variation for circular cross section U-tube

Figure 8 shows the mnfluence of the curvature radius
ratio on the average friction factor variation for different
values of Reynolds number. It can be noticed that the
friction factor acquired from the three various curvature
radivs ratios are reduces with intensifying Reynolds
number. Tt is viewed from the figure that there is decrease
mn the friction factor for utilizing Re = 2, 2.5 and there 1s a
rise in the friction factor for the lower curvature radius
ratio, particularly at Rc = 1.5. The gained results mdicated
that the increase in the friction factor is found to be 1.8
and 2.4% for Rc = 1.5 as compared with the curvature
radius ratio Re = 2 and 2.5. Decreasing the curvature
radius ratio of the bend, causes more enhancement of the
secondary flow. The secondary flow results a very high
frictional loss 1in the tube bend compared to straight
tubes under similar conditions. It can be observed that
use of the U-bend configuration leads to more friction
factor for all the considered curvature radius ratio values.
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Fig. 9: Effect of curvature radius ratio on pressure drop
variation for circular cross section U-tube

The pressure losses suffered in a bend are caused by
both friction and momentum exchanges, resulting from a
change i the direction of flow. Both these factors depend
on the bend angle, the curvature ratio and the Reynolds
number.

The influence of the curvature radius ratio on the
pressure drop variation for different values of Reynolds
number is shown in Fig. 9. It can be examined that the
pressure losses obtained from using tlwee different
curvature radius ratios are increased with the increase of
Reynolds number. The lowest curvature radius ratio
(Rc = 1.5) denoted the highest growth in pressure drop as
contrasted with other curvature radius ratios. The
collected results illustrated that the rise in the pressure
loss for Rc = 1.5 as compared with the curvature radius
ratios Re =2 and 2.5 is 1.8 and 4.2%, respectively. The rise
in pressure loss with U-bend configuration is greater
than the straight tube, this 13 due to the centrifugal
force that dnive the fluid from the bend outside around the
tube wall towards the bend inside, In addition to the
transverse velocity components of a secondary flow in
the bends.

The temperature variation along the domain is
exposed in Fig. 10. This variation in temperature
distribution was displayed for the case of circular U-tube
and the effect of the curvature radius ratio variation, for
air flowing with Re = 15000.

For an upstream length tube, the fluid temperature
reduces radially from the tube wall to its midpoint in a
circular model. As the fluid flows more downstream, its
temperatures will rise forcing the colder area which lies at
the tube center. As showed through the Fig. 10, when the
fluid enters the U-bend area the temperature distribution
will disrupt and thermal boundary layer is eliminated and
a sudden drop m fluid temperature at the surface of the
tube occurs within the bend. Due to the high circulation

11131



J. Eng. Applied Sci., 13 (Special Issue 14): 11122-11134, 2018

@
N 3.77e+02

3.73e+02
3.69e+02
3.65e+02
3.61e+02
3.57e+02
3.53e+02
3.49e+02
3.44e+02
3.40e+02
3.36e+02
3.32e+02
3.28e+02
3.24e+02
3.20e+02
3.16e+02
3.12e+02
3.08e+02
3.04e+02
3.00e+02

(b)
| 380er2
' 3.76e+02

3.72e+02
368e+02
364e+02
360e+02
356e+02
352e+02
348e+02
344e+02
3.40e+02 o
336e+02 4
3.32e+02
3.28e+02
324e+02
320et02 W
316e+02
312e+02
3.08e+02
3.04e+02

3.00e+02

©

3.86e+02

| 38le+02
3.77e+02
373e+02
3.68e+02
364e+02
3.60e+02
3.56e+02
351e+02
347e+02
343e+02
3.39e+02
3.34e+02
3.30e+02
326et02 %
321e+02
3.17e+02
3.13e+02
3.09e+02
3.04e+02
3.00e+02

Fig. 10: Temperature-contour for circular U-tube forRe = 15000 of different curvature radius ratio; a) Re = 1.5, by Re =2

andc)Rec=2.5

when the radius curvature ratio decreases the temperature
reduces 1n the U-bend and growth take place m heat
transfer enhancement. This figure shows that the using of
U-bend configuration will increase the range of
temperature gradient when contrasted with that of straight
tube.

The comparison between the numerical work and
published results: The collected numerical results are
validated with existing empirical correlations for Nusselt
number and friction factor. Before the primary analysis,
Nusselt numbers for the U-tube are calculated under a
consistent heat flux condition and then contrasted with
those acquired from the essential Eq. 25 by Dittus and
Boelter:

Nu = 0:023Re"* pr'* (25)

Figure 11 exposes that the heat transfer results of the
present work agree appropriately with those acquired from

80+
= Dittus and Boliters

Y Present work

60_
Z 50 4
40-

30

10000 15000 20000 25000

Fig. 11: Validation the present results of average Nusselt
number with Dittus and Boltters

Eq. 25 with the differences of less than +21.7%. The
variations of friction factor with Reynolds number for
the existing plain tube are offered m Fig. 12, It 1s
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Fig. 12: Validation the present results of average friction
factor with Blasius
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Fig. 13: Validation of the theoretical works with results of
(Kumar et al, 2016) and Blasius equation for
circular cross section U-tube

realized that the friction factors are within +20% as
contrasted to those accomplished from Blasius

correlation:
f =0316Re™™ (26)

Validations: The results of friction factor for U-tube
found through this work numerically for the experimental
works by Kumar ef al. (2016). The validations mcludes the
friction factor as displayed in Fig 13. The average
deviation for average friction factor between the
experimental works by Kumar et al. (2016) and the
theoretical works 15 14% and between the Blasius
equation for Kumar et al. (2016) and the theoretical works
18 27%.

CONCLUSION

The heat transfer mtensification m a heated U-tube
with different configurations has been numerically
investigated. In this study, the following conclusions can
be collected. The heat transfer m the tube could be
augmented highly by using U-bend configuration. On
comparing the performance mn terms of heat transfer
between straight tube and U-bend tube, U-bend tube
yields better performance and heat transfer. The higher
downstream length and lower curvature radius ratios of
the U-tube accomplish better intensification of heat
transfer rate and enhancement efficiency for all cases.
The enhancement efficiency for a circular cross-section
U-tube, with ligher downstream length and lower
curvature radius ratio 1s found to be higher as compared
with all other cases. The optimum enhancement efficiency
15 ranged between 1.07-1.099 for using the circular
cross-section U-tube with Re = 1.5 and L, =1 m. Heat
transfer coefficient and friction factor increases with the
decrease in curvature radius ratio and increase the
downstream length as compared with the straight tube.
The Nusselt number increases with reduction of the
curvature radius ratio and increasing Reynolds mumber.
The maximum heat transfer rates is obtained from using
the circular cross-section U-tube with Rc = 1.5. Empirical
relations for the Nusselt number and friction factor are
presented for a comparison use. The enhancement in the
mean Nusselt for utilizing the different downstream
lengths 1s foumd tobe 8.6, 6.7 and 5.1% for Lz = 1, 0.5 and
0.25 m, respectively as compared with the straight tube.
The enhancement in the mean Nusselt for utilizing the
different curvature radius ratios 1s found to be 8.6, 8.08
and 7.59 % for Re = 1.5, 2 and 2.5, respectively as
compared with the straight tube. Friction factor reduces
with rising Reynolds number for various U-tubes with
different configurations. As
increases friction factor reduces. The pressure drop at the
bend section, 1s quite complex as compared to straight
pipe. All U-tube configurations provide a considerable
increase 1n pressure drop over the straight tube. The
increase in the pressure drop of the CUT with Ly, = 1 m 18
found to be 28.9 and 39.2% over that for using L, of (0.5
and 0.25 m), respectively and about 66.8% over the
straight tube. The average wall temperature for utilizing
the circular cross-section U-tube are observed to be
proportional directly to the downstream length and
inversely to the cwvature radius ratio, for the same
cross-sectional area. The increase in the pressure drop for
the U-tube with Re = 1.5 is found to be 1.76 and 4.02%
over that for using Rc of (2 and 2.5), respectively and to
be about 66.8% over the straight tube. The fluid

curvature radius ratio
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circulation in the U-bend area for employing the circular
cross-section are observed to be proportional inversely to
the downstream length and the curvature radius ratio on
Reynolds number equal to 15000.
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