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Abstract. Shell and tube heat exchanger is now widely used in the field of industry and
technology. In many applications, the working fluid is still a conventional fluid that still has a
low thermal conductivity properties. Nanofluid is one of the ways that can be used to increase
the thermal conductivity. The purpose of this research is to identify the influence of volume
fraction against the heat transfer rate and effectiveness on shell and tube heat exchanger. The
material used is ALQO; with difference fraction volume of 0.5%, 1%, and 1.5% on the cold fluid.
The temperature of the fluid used in the heat of 90 °C . The result of this study shows the
highest effectiveness in mixed fraction nanofluid volume of 1.5%, which is 42% with the rate of
heat transfer of 7061.93 Watts. Then the lowest effectiveness obtained on the State mixture
volume fraction without nanofluid, which is 17.7% with the rate of heat transfer of 5666 .71
Watts. Thus it can be concluded that when the fraction of nanofluid is getting higher, then the
volume will increase the rate of heat transfer convection as well as the effectiveness of the shell
and tube heat exchanger.

Keywords: shell and tube heat exchang er, heat transfer, nanofluid, aluminum oxide.

1. Introduction

Heat exchanger is a tool used to exchange heat energy from a flowing fluid to another flowing fluid
that can occur through direct or indirect contacts [1,2]. Shell and tube heat exchanger is one of the type
of heat exchanger used in various industries. The working fluid used in industries field is conventional
fluid that has low thermal conductivity properties. One way to increase the heat transfer is to improve
the thermal properties of conventional fluid with nanofluid. Nanofluid is a new innovation from the
fluid consisting of a basic tluid and nanoparticles sized (1-100 nm) and it is suspended jointly. There
are several types of nanofluid, i.e. Al:O;, ZrOs, SiO2 and TiO2 as oxides nanofluids. Ag and Cu as
metal nanofluids, and Teflon as polymer nanofluid.

Aluminum oxide is a chemical compound of aluminum and oxygen with chemical formula (Al,O;).
Aluminum oxide also widely used in fabrication industries, so it is easy to find.

Concentration factor in nanofluid affects the magnitude of the increasing forced convective heat
transfer coefficient ratio. The addition of nanofluid with volume fraction 1% shows a increased
coefticient as 31%-48% [3]. One of the nanofluid condition that can be used in cooling nuclear system
is having low neutron absorption ans short half-life time. Nowdays, a research about cooling nuclear

system u‘ug nanofluid only use AlbO3 and ZrQ- [4]. Heat transfer rate on annular tube will increase
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as the increasing of nanoparticles Al:Os; concentration ratio [5]. Research on heat transfer of Al:Os-
water nanofluid volume variations of 0.15%, 025% and 0.5% with the experimental method. Obtained
the results of an increase in the highest Nusselt number of 40.5% in partiel 0.5% volume variation on
Al,Os-water nano fluid [6]. The addition of nanoparticle on base fluid in concentric pipe heat
exchanger, will increase the rate of heat transfer due to temperature variation and volume fraction
variation on nanofluid. The addition 0,5% volume fraction is the highest rate of convective heat
transfer [7]. The usage of nanofluid on shell and tube heat exchanger will minimize the cost of
optimization on shell and tube heat exchanger as 55,19% [8]. The arrangements of instrumentation
system in shell and tube heat exchanger design explains that shell and tube heat exchanger
performance test has a heat transfer as 5105,30 watts and effectiveness as 37% [9]. Effect of carboxyl
grapherene nanofluid on automobile radiator performance It is observed that addition of carboxyl
graphene nanoplatelets increases the Nusselt number and effectiveness of radiator while friction factor
is unaltered. The effectiveness of radiator increases by 27.38% and 23.41% for inlet temperatures of
40 O and 50 OT respectively at 0.02 vol% and 5 LPM flow rate [ 10]. Enhancing heat transfer rate in a
car radiator by using Al:O; nanofluid as coolant. Furthermore, this increase nanoparticle
concentration, water velocity and nanofluid velocity and enhances the overall heat transter coefficient
[11].

Based on the existing research related, so this study aims to analyzing the effect of using low
concentration of Al:Os; nanofluid against the rate of heat transfer convection in shell and tube heat
exchanger.

2. Mathematical Formulation

Density
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3. Experimental Setup
Shell and Tube Heat Exchanger Trainer
Experimental instrument used has the following requirements
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Fig 1. Shell and Tube Heat Exchanger Trainer

Shell and Tube Heat Exchanger with following specification:

Shell

QOutside diameter (do,s) :0.17m
Inside diameter (di,s) 10.164 m
Length (Ls) :0.955m
Thickness (Th,s) :0.003 m
Conductivity (K) 1 15.1 W/m®C
Material : S8 304
Tube

Total of tube 212

Outside diameter (do.t) 20,0127 m
Inside diameter (di,t) :0.0097 m
Length (Lt) :0.966 m
Tube pitch (Pt) :0.045 m
Tube clearance (C”) :0.029 m
Thickness (Tht) 20,0015 m
Conductivity (K) : 385 W/im°C
Baffle

Baffle spacing 10.04m
Inside diameter :0.163 m
Thickness :0.003 m
Baffle cut :21%
Material : Aluminium

Materials and Instruments

Materials used in this research are:
- Shell and tube heat exchanger

- Hot fluid pump

- Cold fluid pump
- Heating element

- Thermocouple

- Pipe

- Fluid tank

- Valve
- MCB
- Scale

Substance that used in this research are aluminium oxide Al,O; as nanoparticle and distilled water.

Instrument that used in experiment are:
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- Thermocontrol
- Pressure gauge
- Flowmeter

Data Collection

Data collecting was carried out with 4 variations of the volume fraction of nanofluid which are: none
of nanofluid mixture, 0.5%, 1%, and 1.5%. Each variation of the volume fraction is treated in 90 ° C.
The data obtained is then descriptively analyzed.

4. Results and Discussion
Overall Heat Transfer Coinfisient (U)
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Fig 2. Overall Heat Transfer Coefficient Shell and Tube Heat Exchanger

Based on the fig, it can be seen that the rate of overall heat transfer coefficient is a significant increase.
The highest overall heat transfer coefficient obtained when nanofluid volume fraction is 1.5% with
303.05 W/m?K. This is because at a fraction of the volume of 1.5%, a lot of particles movement will
also increasing so the nanoparticles with high volume fraction will absorb the heat transmitted by the
hot fluid.

Rate of Heat Transfer (q)
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Fig 3. Rate of Heat Transfer (q) on Shell and Tube Heat Exchanger
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Based on the graph above, it can be seen that the rate of heat transfer (q) will increase in line with the
increasing of nanofluid volume fraction. The highest rate of heat transfer is obtained when the
nanofluid volume fraction is 1.5% with 7061.93 watts. This is caused by nanoparticles ALO; that
absorbs heat, the more nanoparticles, the more heat can be absorbed and the rate of heat transfer will
also be increased.

The Effectiveness of Shell and Tube Heat Exchanger
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Fig 4. The Effectiveness of Shell and Tube Heat Exchanger

Based on the fig, it can be seen that the effectiveness of shell and tube heat exchanger increase
following with the increasing of nanofluid volume fraction. The highest effectiveness is obtained
achieving 42.2% at the time of the nanofluid volume fraction of 1.5%. It is because when the rate of
heat transfer is increased, then the effectiveness will also be increased automatically. Compared with
research on heat transfer of Al-Os;-water nanofluid volume variations of 0.15%, 0.25% and 0.5% with
the experimental method. The results obtained of an increase in the highest Nusselt number of 40.5%
in partiel 0.5% volume variation on Al:Os-water nanofluid. So the result is the higher the volume
fraction of nanofluid, the better the effectiveness of heat exchanger.

5. Conclusions

Experimental test results influence the fraction of volume against the heat transfer convection
nanofluid water — AlLO; on the shell and tube heat exchanger can be concluded that convection heat
transfer rate increases along with increasing of Al:Os nanofluid volume fraction caused nanoparticles
move growing rapidly because it is broken down by high temperatures. A growing number of
nanoparticles then will also increasingly absorb the heat of the hot fluid that flows in the side of the
tube. Rate of heat transfer and effectiveness of most optimal volume fraction occurs at 1.5% nanofluid
with the results of 7061.93 watt and 42.2% respectively.
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