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and tube type. Specifications of the designed HE are
shell length 4.8768 m, shell diameter 0.889 m, tube outer Keywords:

) ) Effectiveness,
diameter 0.0254 m, and thickness 0.0217 m. The Heat exchanger,
calculation is then performed manually using the Shell and tube,

Nano-lubricant.

Microsoft Excel application. The results showed that the
shell and tube HE designs with a one-pass type have
laminar flow with an effective value of 95.38 percent
and an NTU value of 31.79. This HE designs has a high
effectiveness so that it is considered effective for use.
This result is very important to maximize the efficiency
of shell and tube heat exchange. This HE designs
analysis can then be used as a learning tool for the
design process, operating mechanism, and HE
performance analysis.
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1. INTRODUCTION

A heat exchanger or also known as a
heat exchanger (HE) is a device that
transfer heat from one fluid to another.
Two fluids with different temperatures
are separated on the hot side or on the
cold side with a separation medium to
achieve an optimal thermal temperature
(Ma et al., 2015). Because it is used in a
variety of industrial applications, HE
plays an important role in the efficient
use of energy. (Hajatzadeh Pordanjani et
al., 2019). The HE consists of a series of
thin plates joined by a frame in a position
parallel to the plates (Alok Shukla. 2016).
One of the most widely used HE is the
shell and tube heat exchanger (Selbas et
al., 2006). The properties that determine
the capacity of a liquid to transfer heat
are: thermal conductivity, kinematic
viscosity v, specific heat cp, density and
thermal expansion. These properties
determine the ability of the liquid to cool
the device, namely the coefficient
(Bergman, T. L. et al, 2011,
Rudramoorthy, R., & Mayilsamy, K.,
2010). The advantages of using HE
include high thermal efficiency and
economic savings (Ma et al., 2015).

Nanoparticle-in-water ~water-based
nano-lubricant was developed as a new
type of environmentally friendly
lubricant (Rahmati et al., 2014; Spear et
al.,, 2015). Water-based nano-lubricant
has many advantages in that it is readily
biodegradable (Xie et al., 2019), has low
emission values, is environmentally
friendly (Sayuti et al., 2014), has good
refrigeration (Rahman). et al., 2019), fire
resistance and other advantages over
conventional emulsions because the base
fluid is water. MoS2 nanoparticles are
solid lubricants that are widely applied as
lubricant additives in various solvents

(Aralihalli & Biswas, 2013; Hu et al.,
2016). MoS2 is stable below 400 °C and
under nanometric conditions it is stable
below 300 °C (Wang & Zhang, 2016).
Nano-lubricants  offer solutions to
environmental problems associated with
traditional lubricant additives containing

sulfur, chlorine, and phosphorous.
Nanolubricants show a number of
advantages, such as having Dbetter

stability when suspended in a lubricant
compared to micro or macro sized
particles (Wang et al., 2009), particles are
not retained by the filter (Chou et al,
2010), can form films on various types of
surfaces (Spikes, 2015), have relatively
good temperature stability, and show
limited tribochemical reactions (Chou et
al., 2010).

This study describes a systematic
summary of research results presented in
previously published data, including
details of nano-lubricant preparation and
production methods and heat exchanger
design in  mathematical = models.
Deionized water and MoS2 nanoparticles
were used as main ingredients in the
production of the MoS2 nano-lubricant.

2. METHOD
2.1. Manufacturing of MoS2 Nano-
lubricant

MoS2 nanoparticles (99.8%, 100nm),
triethanolamine (TEA, 98%), oleic acid

(OA, 98%), glycerin (98%), sodium
dodecylbenzenesulfonate (SDBS),
sodium  polyacrylate (PAAS) are

materials used in the production of MoS2
nano-lubricant. TEA and OA were used
to obtain triethanolamine oleate (Deka et
al.,, 2018), which is a good surfactant
having both hydrophilic and lipophilic
fractions (Hafiz & Abdou, 2003). The
addition of glycerin can increase the



3 | International Journal of Design 3 (2023) 1-10

viscosity of the liquid and increase the
stability of the dispersion. SDBS is an
excellent anionic surfactant and corrosion
inhibitor (Kellou-Kerkouche et al., 2008).
PAAS is applied as a thickening agent in
nanolubricants (Kong et al., 2017). The
temperature of the nano grease should be
controlled at 50-70°C. Higher
temperatures will cause the organic
additives to break down, while lower
temperatures will accelerate the growth
of bacteria and damage  the
nanolubricant. The nanolubricant was
prepared using the flow chart shown in
Figure 1.

Fresh MoS2 nano fat was prepared by
a two-step method by dispersing the
nanoparticles in deionized water. As the
Fig. 1 shows. TEA and OA were mixed in
deionized water, heated to 80 °C and
for 10
temperature-controlled magnetic stirrer

stirred minutes with a
to obtain triethanolamine oleate. Glycerin
is added to the triethanolamine oleate
solution cooled to 25°C and stirred for 10
minutes. SDBS and PAAS were added to
the solution and the magnetic stirrer was
operated sequentially for 15 minutes to
obtain an alkaline solution. Finally, the
nanoparticles were added to the alkaline
solution and stirred for 15 minutes
(Yanan et al., 2020). Figure 2 describes the
HE design for MoS2 nanolubricant
production. The physical and thermal
properties of the fluids used are listed in
Table 1.

2.2. Mathematical models for designing
a heat exchanger

The assumptions wused for the
characteristics of the fluids operating in
the HE is shown in Table 2. Several
assumptions are used for the HE shell-

and-tube design. The heating fluid used
in this study is mineral oil, while a
mixture of ethylene glycol and water is
used as the cooling fluid. The hot fluid
inlet at 80°C and outlet at 62°C. The cold
fluid inlet at 20°C and outlet at 25°C. The
mineral oil flow rate is 19.63 (kg/s) and
the ethylene glycol flow rate is 5.55
(kg/s). In the data collection process
regarding the standard Tubular
Exchanger Manufacturers Association
(TEMA) specification is used as the
standard method and thermal analysis in
the form of manual calculations using
basic Microsoft Office applications based
on Equations 1 - 15. the calculated heat
exchange parameters are shown in Table
2.

To measure the energy transferred

(Q) some variables need to be
determined, as mentioned below.
Qin = Qout 1)

me X Cp. X AT, = my, X Cpp, X ATy,

Where, Q is the energy transferred
(Wt), m is the mass flow rate of the fluid
(Kg/s), Cp is the specific heat, and AT is
the fluid temperature difference (°C).

To calculate the LMTD the result has
to be determined using the eq. 2.

LMTD — (Thi_TCi)(ThO_TCO) (2)
l

(Thi-Tc)
(Tho_TCo)

Where, Ty; is temperature of the hot
fluid inlet (°C), Ty,is temperature of the
hot fluid outlet (°C), T¢; is temperature of
the cold fluid inlet (°C), and T¢,is
temperature of the cold fluid outlet (°C).

To measure the heat transfer field
area (A), it has to be determined using the
eq. 3.
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A=—2— (3)

UgXATLmTD

Where Q is the energy transferred
(W) U; is the overall heat transfer
coefficient, and AT} yrp is the logarithmic
mean temperature difference (F).

To determine the Number of tube
(Nt) use the eq. 4.

Where, A is the heat transfer area
(ft2), L is the Length of tube, and a” is the
outer surface area (ft/ft2).

To calculate the surface are of heat
transfer in tube (a:), it can be determined
by the eq. 5.

!

a
As¢ = Ns,t - (5)

n

Where, a'; is the flow area in the tube
(m?) and n = the number of passes. The
result of a’; will use to calculate mass
flow rate of water in tube (G;)

Gy = =25 (6)

st

These two values were needed to
calculate the Reynolds number. The
Reynolds number can be determined by
using Eq. 7, where u is the dynamic
viscosity of the fluid in the tube.

Prandtl Number (Pr) in the tube can
be determined by using Eq. 8, where K is
the thermal conductivity of the tube
material.

1

=)@

The value of Reynolds number and
Prandtl number was used to determine
the Nusselt number (Nu).

Nu = 0.023 X Rey”® x Pro33  (9)

Actual Overall Heat Transfer
Coefficient (Usr) can be determined by
using eq. 10.

(11)

1
Uger = ar
k

L 1
h; ho

Where, h; is inside heat transfer
coefficient, h, is outside heat transfer
coefficient, and Ar is wall thickness. To
measure the hot and cold fluid rate, it has
to be determined using the eq. 12 as
mentioned below.

(12)

Where, C; is hot fluid rate (W/K),
Cppis specific heat capacity (J/Kg K), and
my, is mass flow rate of hot fluid (Kg/s).
this calculation also applied to calculate
the cold fluid rate.

Cp = mpCpp

(13)

When, C, is cold fluid rate (W/K),
Cp.is specific heat capacity (J/Kg K), and
m, is mass flow rate of cold fluid (Kg/s).
this result used as Cy;p,.

C. =mCp,

Number of heat transfer units, NTU
can be determined by using Eq. 14.

NTU = UxXA

(14)

Cmin

Heat exchanger effectiveness, € can
be determined by using Eq. 15.

£= g—f x 100% (15)
Qmax = Cmin(Thi — Tei) (16)
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Qqce 1s actual energy transferred, Ty;  specifications are taken from the results
is temperature of the hot fluid inlet and of literature review and calculations.

T,; is temperature of the cold fluid inlet. ~ operating conditions And The heat
. , exchanger specifications are shown in
Required data such as operating ¢t 5P
g Table 2.
conditions and  heat  exchanger
[ Deionized water ]
I

adding oleic acid dan TEA

adding glycerin

Adding PAAS dan SDBS

}

Adding MoS 2 nanopartikel

}

[ MoS2 nano-lubricant J

Fig. 1. Schematic method of manufacturing MoS:2 nano-lubricant

Oleic acid TEA Cliserin PAaAS  SDBES

Feed D D ’___|

—
[ ——— fe—— [ ———

DI water Trithanolamine
oleat

Mos2

Base solution

Hot fluid in 30°C, Cold flud in 25°C, 15 tmin stirring 15 min stirring
@ 10 min sturing @ 10 mun stwring

MoS2
MNano-lubricant

Fig. 2. Process flow diagram of manufacturing MoS:2 nano-lubricant
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3. RESULTS AND DISCUSSION
3.1. Engineering Perspective

The production of MoS2 nano-
lubricant has several advantages because
the lubricant can be recycled. Water-
based MoS2 nano lubricants are proven
to have excellent reusability
characteristics. The use of recycled MoS2
nano-lubricant greatly reduces lubricant
consumption and waste water disposal.
In addition, it is very important in saving
resources, protecting the environment
and reducing costs. In this study, several
assumptions and conditioning were used
based on the illustration of the MoS2
nano-lubricant ~ production  process
shown in Fig. 2. Based on these
assumptions and operating condition in
table 2, it was shown that the HE designs
resulted in an effectiveness of 95.38%.

The concept of HE design is used to
calculate  the difference  between
temperature of hot fluid inlet and cold
fluid inlet with a visible effect on the

outlet temperature. The value of Q in the
shell and tube HE types design was
772754.58 W with the Reynolds number
in the tube is 0.44 and in the shell 20.7
which is lower than 2300, so the type of
flow that occurs in the shell is the laminar
flow. Type of the shell and tube HE is
single tube pass, type E, square tube
layout and baffle type single segmental.
The NTU number of this operating
condition is 31.79.

The effectiveness this heat exchanger
design is high when the temperature
condition of hot fluid inlet is 80°C and
outlet 62°C. This HE effectiveness
determined by the actual heat transfer
rate divided with the maximum possible
heat transfer rate. The total performance
of HE is determined by the density,
viscosity, thermal conductivity and
specific heat of the working fluid. The
magnitude of the effectiveness value of
this HE designs indicates that this design
is suitable for the production of MoS2
nano-lubricant.

Table 1. Physical and thermal properties of the fluid.

Hot Fluid Cold fluid
Mineral oil at 80°C | Ethylene glycol at
(Nadolny & 25°C
Dombek, 2017) (Yaws, C. L., 1999)
Thermal conductivity A (W m1 K1) 0.126 0.256
Viscosity v (mm? s1) 3.43 17.645
Heat specific ¢, (J kg! K1) 2187 2433
Density p (g1-1) 832 1110
Thermal expansion g (K-1) 0.00080 0.00057

Table 2. Specification of shell and tube heat exchanger and operating condition
for mineral oils and ethylene glycol fluid based on calculation result



7 | International Journal of Design 3 (2023) 1-10

Description

Type/value

Type of heat exchanger

Single tube pass, type E shell
and tube heat exchanger

Mineral oil inlet temperature (°C) 85
Mineral oil outlet temperature (°C) 62
Ethylene glycol inlet temperature (°C) 20
Ethylene glycol outlet temperature (°C) 25
Tube outside diameter, do (mm) 254
Tube inner diameter, di (mm) 21.74
Pitch, (mm) 31.75
Total tube number, N 497
Total Heat Transfer Surface Area in Tube (m?) 0.0922
Mass Flow Rate of Fluid in Tube (kg/m?2.s) 212.84
Reynold Number in Tube 0.44
Prandtl Number in Tube 59535
Nusselt Number in Tube 0.50
Tube layout Rotated square
Shell inner diameter, Ds (mm) 990.60
Shell thickness, ds (mm) 3.20
Total Heat Transfer Surface Area in shell (m?) 0.3925
Mass Flow Rate of Fluid in shell (kg/m?2.s) 14.14
Reynold Number in Shell 20.70
Prandtl Number in Shell 167696.42
Nusselt Number in Shell 37.49
Baffle type Single-segmental
Baffle spacing, B (mm) 247.65
Initial Heat Transfer Rate (W) 772754.58
Logarithmic Mean Temperature Difference (°C) 10.15
Area of Heat Transfer (m?) 596.31
Mineral oil mass flow rate (kg/s) 19.63
Ethylene glycol mass flow rate (kg/s) 5.55
Mineral oil heat rate (W/K) 42,930.81
Ethylene glycol heat rate (W/K) 13,503.15
HE Effectiveness (%) 95.38

Number of Transfer Unit

31.78
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4. CONCLUSION is very important to maximize the
efficiency of the shell and tube heat

In summary, HE designs with shell exchanger. Therefore, the results of the
and tube and single pass types have analysis lead to information that will help

various specifications. The results of the optimize the single-pass shell-and-tube
single pass type HE shells and tube HE models.

design have a specification of shell length

of 48768 m, pipe inside diameter of ACKNOWLEDGMENTS

0.0254 m, shell diameter of 0.0217 m and

thickness of 0.000889 m. This type of HE We acknowledged Bangdos
design is laminar flow. The effectiveness ~Universitas Pendidikan Indonesia.

of HE is 95.38% and NTU is 31.79. This

HE designs has a high effectiveness so it

is considered effective for use. This result
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