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heat / mass transfer and fluid flow in rectangular channels with sharp turns of 180 ° for
high-speed flow with forced convection heat transfer. Research on the characteristics
of heat transfer in tubes with sharp turn technology is still very minimal. Therefore,
experimental studies have been conducted to understand the characteristics of
convection heat transfer on a U-shaped tube channel, which has a total length of 6
meters, with four variations in the length of the pass and different number of turns.
Four combinations of Heat Exchanger (HE) with tube length of 60 cm, 45 cm, 30 cm
and 15 cm were drained by hot water into a tube with a temperature of 60°C, 700C
and 80°C, while cooling water with a constant temperature of 26°C. The test is carried
out until the temperature of the hot water comes out stable with the interval of taking
data for 5 minutes. Turbulence flow will increase the heat transfer coefficient on the
tube surface. The highest heat transfer coefficient occurs in HE with a length of 30 cm
and has 30 turns, while the lowest heat transfer coefficient occurs in HE with a 60 cm
pass length and 14 turns.
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1. Introduction

Pipe-shaped channels (tubes) with sharp turns are commonly used for flow passes on thermal
equipment, especially in heat exchangers. The characteristics of heat transfer on a sharp turn channel
are very complicated, this is due to the emergence of a secondary flow in the flow caused by a turn
from the direction of flow, separation and recovery of the flow pattern that occurs around sharp
turns [1,2]. A large difference in the rate of heat transfer between the surfaces will increase the
thermal stress on the equipment component [3,4]. Data from a complete study of the problem of
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local heat transfer in this channel is needed for the design of critical heating or cooling of high
temperature heat exchanger equipment.

In order to respond to this, need some researchers have carried out both experimental and
numerical studies of heat/mass transfer and fluid flow in rectangular channels with sharp turns of
180° for high-speed flow with forced convection heat transfer. Applications from the research are
usually used for high technology that is often designed to build in developed countries such as for
internal cooling channels from gas turbine blades. For forced convection heat/mass transfer, the
problem studied is Reynold (Re) number to get Nusselt number (Nu) for determining heat transfer
characteristics, and Sherwood (Sh) number for assessment of mass transfer characteristics [5-11].

The study seeks to characterise the breakdown of the steady two-dimensional solution in the
flow around a 180-degree sharp bend to infinitesimal three-dimensional disturbances using a linear
stability analysis. The stability analysis predicts that three-dimensional transition is via a synchronous
instability of the steady flows. A highly accurate global linear stability analysis of the flow was
conducted with Reynolds number Re < 1150 and bend opening ratio (ratio of bend width to inlet
height) 0.2< B <5. This range of Re and B captures both steady-state two-dimensional flow solutions
and the inception of unsteady two-dimensional flow [12].

One of the most important concerns of hydraulics engineers is predicting erosion at the outer
banks of rivers by studying the flow pattern along the bend. Not only are the streamlines in meanders
non parallel curved lines, but they are also twisted. To study the streamlines flowing a sharp bend, a
180° sharp bend was constructed at Persian Gulf University in Iran. Three dimensional flow
components at different locations of the bend were measured using Vectrinovelocim [13].

The effects of air-induced duct diameter on flow and heat transfer of multiple impingement jet
are investigate experimentally and numerically in 5 columns x 5 rows of pipe nozzles, which have
diameter of d=17.2 mm, was arranged with inline configuration. The diameter of air-induced duct (D)
were varied at D/d=2, 4 and 6, and Reynolds numbers was fixed at Re=30,000 [14]. In another study,
the recycled concentric tube heat exchanger was designed with the principle of recycled heat transfer
technique over a short concentric tube, has been successfully constrained the heat transfer area of
the conventionally long arranged or floating tubes to a reduced size in terms of cycles/minute [15].

A mathematical model has been derived and used to develop a three-dimensional concentrating
solar collector as presented in this article. The developed solar collector gives the required flux
distribution along the longitudinal direction of tubular absorber. The model requires inputs like the
profile of required flux distribution, local solar flux, dimensions of the absorber and the distance of
absorber from the reflector [16]. Outlet temperature of the collector for efficiency of water-in-glass
evacuated tube solar domestic hot water system with natural circulation is generally more than the
flat plate collector systems. Additionally, this type of evacuated tube solar collectors with the free
circulation is economically cheaper than heat pipes collector systems, this system is widely used in
the world [17]. Heat losses of absorber tubes of parabolic trough collectors for the collector field of
250 kW Shiraz (Iran) solar thermal power plant is evaluated for various conditions. For analysis, both
experimental measurements and numerical modelling are made to find the impact of failure of heat
collecting tubes. The amounts of heat losses are compared numerically for 3 different types of tubes;
vacuum, lost vacuum (air) and broken glass (bare) tube. The experimental measured data are used
to validate the numerical simulation [18].

Other numerical studies have also examined the heat exchange of mixed convection in laminar
(3D) three-dimensional cubic cavities. This study predicted the behaviour of the flow structure
between Multi clear structure dominated by natural convection when the Reynolds number is small,
and a Multi clear structure by forced convection when the Reynolds number is high [19].
Computational Fluid Dynamics (CFD) is widely used to investigate heat transfer, fluid flow, chemical
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reaction and mass transfer phenomenon. While solving the Navier-Stokes equations, the convection
term is always prone to numerical instability and therefore the discretisation of the convection term
requires special attention. The performance of various convection schemes had been previously
performed on one-dimensional convection-diffusion problem [20].

Recent development of nanotechnology has led to the concept of using suspended nanoparticles
in heat transfer fluids to improve the heat transfer properties of the base fluids. The heat transfer
enhancement by nanofluids is the significant concern in the efficiency of domestic water heat
exchanger system. A computational investigation of the heat transfer in a domestic water heat
exchanger was conducted on the water and water-based nanofluids. Copper (Cu) nanoparticle and
alumina (Al203) nanoparticles were selected in the water-based nanofluids [21].

A CFD simulation analysis about enhancement of turbulent flow heat transfer in a horizontal
circular pipe by convenient software FLUENT was used to predict the heat transfer coefficient and
Nusselt number for forced convection heat transfer of Ag/HEG+water nanofluid. The range of
Reynolds number selected were 20,000 and 40,000 in a horizontal straight tube of diameter 0.01 m
with heat flux of 1000 W/m?[22]. Considering that the feasibility of increasing Ag / Heg heat transfer
is still controversial. The study of forced convective heat transfer in nanofluid silver / graphene (Ag /
Heg) turbulent pipe flow in stainless steel straight circular pipes with 0.01 geometry in hydraulic
diameter and 0.8 m length was also carried out using numerical studies (Ansys Fluent) [23]. Numerical
studies also conducted on turbulent incompressible flow over 2D backwardfacing step in order to
investigate the performance of three different turbulence models (standard k-e, realizable k-e and
SST k-w) in predicting the region of separation and reattachment behind the edge of the step [24].

Optimum design of HEN can cause significant reduction in the total cost of the plant. Targeting
method using pinch analysis diagrams was presented to find out investment cost required and the
period of return of the investment of optimization of the refinery system. This method can be done
by knowing the amount of ATmin and by pointing the composite curve of saving vs investment (S-I
curve). The targeting method is the modification of the system that need to be done to avoid
movement of heat exchangers in order to minimize the return of the investment [25].

From previous studies, it appears that more research is done by numerical methods. While
research on the characteristics of heat exchangers experimentally especially those that study on the
characteristics of heat transfer in tubes with sharp turn technology is still very minimal. That is why
the author has conducted an experimental study of the influence of the length of the tube pass to
the characteristics of heat transfer on a sharp U-channel. In this study, it will be analysed how far the
influence of the tube pass length on the application of U-shaped sharp turn technology to the
characteristics of heat transfer. The total length of the pipe used is 6 meters. From the length of the
pipe each will be formed 4 Heat Exchanger (HE) units with different lengths of passes. HE with a tube
length of 60 cm have 14 sharp U turns HE with a tube length of 45 cm has 22 sharp turns U, HE with
a 30 cm tube length has 30 sharp turns U and HE with a 15 cm tube length has 55 sharp U turns.

2. Methodology
This study tested experimentally the effect of tube pass length on the characteristics of heat
transfer on U-sharp turns. For this purpose, four units of tube-type with the same length of pipe are

6 m, but have different lengths of passage. In this case, HE has a number of U turns different from
one another. The four HE units as shown in Figure 1 and the HE dimensions are shown in Table 1.
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Fig. 1. Heat Exchanger Scheme tested

Table 1
Dimensions of the Heat Exchanger
Type N Turn Tube Length HE Length
A 14 60 cm 18 Cm
B 22 45 cm 30Cm
C 30 30 cm 42 Cm
D 55 15cm 84 Cm

Testing support equipment used in this study is a heater and pump. Heater is a heating element
that functions to heat water for the needs of hot water as a medium that will be cooled at a certain
temperature, and the pump as a distributor of hot water that will be distributed into the tube. The
required temperature was measured using a digital thermometer using a thermocouple cable K-type.
The material used is galvanized iron pipe with an overall length of each 6 m heat exchanger, with a
tube outer diameter (Do) of 22 mm and an inside tube diameter (Di) of 20 mm.

3. Results
3.1 Experimental Results

In this test, hot water is fed into the HE tube with three different temperature conditions, namely
60°C, 70°C and 80°C.While the cooling water fluid has a constant temperature of 260°C. After
measuring the temperature distribution in the four HEs, it was obtained as shown in Table 2 for hot
water entering HE at 80°C.

Table 2
Temperature distribution in HE with the incoming temperature of 800°C
obtained from the measurement results

Hot Water Cool Water
HE Type Tube length N Turn Tin(°C) Touw(’C)  Teo(°C)
A 60 Cm 14 80 71.3 26
B 45Cm 22 80 70.3 26
C 30CM 30 80 65.4 26
D 15Cm 55 80 67.3 26
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3.2 Data Analysis

The measurement results as shown in Table 2 after being changed to graphical temperature
distribution as shown in Figure 2 shows a decrease in temperature of hot water in the tube after
cooling for 10 minutes. The flow of hot fluid entering with a temperature of 80°C is seen only to
experience a transient temperature decrease in the initial 5 minutes. In a heat exchanger that has 14
turns, a temperature drops of 8.7°C occurs. In a heat exchanger that has 22 turns there is a
temperature decrease of 9.7°C. The heat exchanger with 30 turns has a temperature decrease of
14.60°C and the heat exchanger 55 turns a temperature decrease of 12.70°C. Then in the 10th to
50th minute the temperature of the hot water has a very small regular decrease until the steady state
is reached.

From Figure 2 it is clear that the largest temperature gradient between the inlet and the outlet
occurs at a 30 Cm pass length with a total of 30 U-turn.

Temperature Distribution with 80-C
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Fig. 2. Temperature distribution of tube cooling with 80°C inlet
temperature for U-HE Turning Variations

Figure 3 shows the temperature distribution of the 30 Cm long pass with 30 turns at the
temperature in the tube 60°C, 70°C and 80°C. This condition clarifies the difference in gradient
temperature between the tube inlet temperature and the tube out temperature which is very real,
showing the same heat transfer characteristics for each temperature in the tube 60°C, 70°C and 80°C.
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Fig. 3. HE Temperature Distribution of 30 Cm long pass and 30
turns with temperature entering tube 60°C, 70°C and 80°C

4, Discussion

From the results of the measurement of temperature distribution in the HE system that is tested
as obtained from Table 1 and Figure 2, after the analysis is obtained, coefficient of convective heat
transfer hc is obtained as shown in Figure 4.

Figure 4 shows that HE with a 60 cm pass length has the lowest convection heat transfer
coefficient, because of the lack of flow turbulence fields along the pipe. The effect of turbulence is
what causes the convection heat transfer coefficient (hc) along the tube pass. On a tube that is 45
cm long the convection heat transfer coefficient is higher than the 60 cm tube length. This is because
the number of turn U is more than 22, while the length of the tube 60 cm is only 14 turns. Tube is
the highest coefficient of heat transfer convection which has a tube length of 30 cm with a number
of 30 turns. But on a tube that is shorter than 30 cm which is 15 cm long with a number of turn 55
coefficient the convection heat transfer is lower than the 30 cm tube. But this value is still higher
than the convection heat transfer coefficient of a tube that is 45 cm long.
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Fig. 4. The coefficient distribution of convective heat transfer hc to the
length of the HE tube pass

Thus, the results of this study indicate that the highest convection heat transfer coefficient

occurs at 30 cm pass length with a number of 30 turns. Followed by the value of convection heat
transfer coefficient on 16 cm tube length with the number of turns 55 pieces. The lowest convection
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heat transfer coefficient is the one on the tube length of 60 cm with the number of 14 turns followed
by the convection heat transfer coefficient of the tube length of 45 cm with the number of turns 22.

A large mass / heat transfer rate occurs in a sharp turn 180 degree square rectangular and is
caused by high turbulence at bends and flows after bends (1). Turbulence occurs in the flow entering
the turn and after the turn along a distance of 10-14 Dh depending on the turning distance (10). The
value of convection heat transfer coefficient increases slowly in the direction of flow at the turn. A
sudden change in flow direction causes a low hc area at the turn and after the turn. The heat transfer
coefficient soars very high reaching the local maximum near the meeting on the final wall and outside
wall.

The characteristic phenomenon of rectangular channel convection heat transfer with sharp turns
applies also to the heat transfer characteristics of U-turn flow in a pipe-shaped channel. Tubes that
have a length of 60 cm are 33 times the size of the tube diameter, while those that are 45 cm long
are 25 times the diameter, which are 30 cm long, 16 times the diameter and 15 cm long, 8 times the
diameter.

From this study it can be stated that the influence of the length of the pass on the U turn is very
real if the length of the tube is about 10-16 times the diameter of the tube. With another statement
stated that the highest convection heat transfer coefficient occurs in the tube length between 10-16
times the tube diameter.

So that in the design of a heat exchanger it needs to be optimized, where we must be able to
design a heat exchanger with a high convex heat transfer coefficient so that we can use relatively
small HE dimensions.

5. Conclusions

The results of the current study can be summarised as follow;
i.  The number of turns or pass length tube influences the convection heat transfer coefficient
value.
ii.  The value of local convection heat transfer coefficient increases due to turbulence of flow in
certain regions of the flow.
iii.  Flow turbulence after turns still occurs from the turn area up to 10-16 times tube diameter.
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