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Abstract

This study investigates the occurrence of flow boiling in a microchannel with a uniform cross-sectional area. The
primary emphasis is placed on the attributes and qualities of deionized water when it is subjected to temperatures
lower than its boiling point. The experiments utilized deionized water as the working fluid in a rectangular
microchannel with a consistent cross-sectional shape. The experiments were conducted at an input temperature of
80°C, with a mass flux of 200 kg/m2s and a heat flux ranging from 1.735 to 625.1 kW/m2 The increase in wall
superheat is exactly proportional to the increase in heat flow, indicating that the onset of nucleate boiling (ONB)
occurs at a far lower point in nanofluid channels compared to bare channels. The observed rise in heat transfer
coefficient (HTC) at a mass flow rate of 200 kg/m2s suggests that nanofluids in microchannels demonstrate a
similar pattern to microchannels without nanoparticles. The average heat transfer coefficient (HTC) for
microchannels filled with nanofluids containing silver (Ag), multi-walled carbon nanotubes (MWCNTS), and a
combination of Agand MWCNTS (ina 1:1 ratio) is enhanced by 9%, 14.5%, and 18.01%, respectively, compared
to the microchannel without any additives.

The pressure drop decreases significantly as the wall heat flux increases due to the reduced viscosity of the liquid.
However, the phenomenon of pressure decrease experiences a change throughout the boiling process. The pressure
reduction in microchannels containing nanofluids has a similar trend to that of the microchannel without any
additives, where an increase in heat flow corresponds to an increase in pressure drop. The pressure drop for Ag,
MWCNTS, and the Ag plus MWCNTS mixture is respectively 3.3%, 4.4%, and 10.4% higher compared to the
bare channel. This study provides valuable insights into the behavior of deionized water and nanofluids in
microchannels under various heat conditions.
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1. Introduction these devices are summed up below: (1) Flow
Microchannel heat exchangers (MHEs) have an boiling can cause a modest alteration in the surface
extremely high surface-to-volume ratio, which temperature. The longevity of electronic devices is
makes it possible for them to move heat much faster greatly improved by reducing thermo-mechanical
than regular heat exchangers. Therefore, in stresses in the chip. (2) In order to achieve a highly
microchannels, using a single-phase flow can result compact and cost-effective cooling system, a small
in heat dissipation of approximately 10 MW/m?, as pump for liquid pumping is required. Even though
stated by Kandlikar (2003) [1]. An uneven flow boiling in microchannel heat sinks (MHSs) has
distribution of temperatures and a severe pressure clear benefits, some critical problems remain
drop unfortunately accompany this. Based on that, unaddressed. A few examples of these issues are as
investigation over the past two decades has follows: (1) Early dry-out due to low critical heat
concentrated on investigating flow boiling in MHEs flux; (2) Start-up boiling is the requirement for a
as a means of cooling systems with increased heat significant increase in wall temperature, known as
flux, including insulated laser diodes, fuel cells, gate wall superheat, to reach the point where boiling
bipolar transistors (IGBTs), and electronic devices. begins. (3) Flow reversals and instabilities. (4) The
Additionally, flow-boiling's primary advantages in boiling properties of microchannel flow are
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ambiguous. Many flow-boiling studies in
conventional microchannels reveal that at low heat
flows, mass flux has no impact. In contrast,
increases  in important
improvements in the coefficient of heat transfer at
fluxes with high heat or when the main type of flow
seen in the channels was convective boiling. In their
2008 study, Harirchian and Garimella [2] conducted
tests at various mass fluxes with FC-77. They
determined that the heat transfer coefficient was
maintained after nucleate boiling started, no matter
what the mass flux was. Besides this, when the heat
fluxes reached the point where bubble formation
was prevented at the channel walls (as viewed in the
flow visualization), greater coefficients of heat
transfer were achieved under conditions of higher
mass flux. In a silicon MHS under sub-cooled
conditions, Huang et al. (2016) looked into the
properties of the boiling flow of R1233zd(E) using
various mass flux ranges. According to their report,
in the region with very low vapor quality and a
subcooled area, keeping heat flux constant, local
heat transfer declined slightly. The mass flux rose.
However, the coefficient of local heat transfer
showed a substantial increase with rising mass flux
in the region with vapor of relatively high quality. In
a heat sink with microchannels operating with
distilled water as its fluid, the coefficients of heat
transfer in two-phase significantly rise with a higher
mass flux. This has been seen in studies conducted
by Markal et al. (2016) [4], Mohammed and
Fayyadh (2020) [5], and Al-Nakeeb et al. (2023) [6].
Some studies, including Al-Zaidi et al., 2019 [7],
have found a weak relationship between the mass
flux and the coefficient of heat transfer when
utilizing straight microchannel heat sinks. With
mass fluxes ranging from (50 kg/m2s) to (250
kg/m?.s) and wall heat fluxes ranging from (25.1
kW/m?) to (191.6 kW/m?), respectively, and under
subcooled conditions, they studied, in a heat sink
with a multi-microchannel, the HFE-7100 flow
boiling heat transfer. Contrarily, research by
Harirchian and Garimella (2008) [8] and Bertsch et
al. (2009) [9] observed that, in most cases, the two-
phase value was unaffected by mass flux. Whereas,
in the low heat flux zone, they found slightly greater
coefficients of heat transfer as mass
decreased. The mass flux impact on the quality of
vapor at the channels' exits was thought to be
responsible for this. Also, using R134a as the
operating fluid, Fayyadh et al. 2017 [10] did studies

mass flux caused

fluxes
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in a multi-microchannel for a mass flux and range of
heat flux. Mass flux affects the quality of channel
vapor. In flow-boiling systems, heat transfer's main
procedure requires evaluating how the heat transfer
factors change over time with mass flux.

An additional mass flux consequence is that faster
rates of heat transfer in the microchannels will
worsen while the mass flux rises. Coefficients of
heat transfer between 594 kg/m?.s and 1051 kg/m?.s
declined with increasing mass flux at low vapor
quality, according to Costa-Patry et al., 2011 [11],
owing to more intermittent dry-out and early bubble
coalescence.

The range of heat flux into the channel may also
affect the mass flux effectiveness. Agostini et al.
(Part I), 2008 [12] showed that the mass flux effect
was merely visible for (R245fa) when the flux of
heat fluctuated between medium and high and when
the heat flux was high for (R236fa). This might be
because of the variations in fluid properties that
create fluctuations in the dynamics of the extended
bubbly flow. For a particular heat flux, Alam et al.
(2016) [13] found that raising the mass flux up to
400 kg/m’.s increased the average coefficients of
transfer of heat in the array of silicon nanowire
microchannels to their maximum, while further
increasing the mass flux caused a major decline.

Based been

demonstrated

research, it has

utilizing

on previous
that
significantly enhances heat transfer due to their high

microchannels

surface-to-volume ratio, enabling more efficient
cooling in systems with high heat flux. Additionally,
nanofluids have proven to be an effective method for
augmenting heat transfer in conventional thermal
systems. However,
technology with hybrid nanofluids is expected to

combining microchannel

result in a synergistic improvement in thermal
performance. Hybrid nanofluids possess superior
thermal properties compared to the individual
nanofluids from which they are derived.

In this study, hybrid nanofluids composed of silver
(Ag) and multi-walled carbon nanotubes
(MWCNTs) were seclected to evaluate their
performance within a single microchannel under
two-phase flow conditions. The aim is to assess the
capability of these hybrid nanofluids to enhance heat
transfer and reduce pressure drop, compared to
microchannels utilizing conventional fluids or
single-component nanofluids. This research will
provide a deeper understanding of the thermal
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mechanisms at play in micro-scale systems and offer
insights into optimizing cooling efficiency for high
heat flux applications involving two-phase flow.

2. Experimental Facilities

Various mass fluxes have been experimentally
studied to see how they affect the boiling flow
feature in a single microchannel. A wide range of
tools and resources were needed to finish it. The lab
of the University of Technology's Mechanical
Engineering Department was the site of the
experimental investigation.

Figure (1) and Plate (1) show the experimental
facility, which includes the electrical power supply,
auxiliary cooling loop, testing flow loop, degase
unit, and measuring equipment. A main tank,
electrical preheater, micro-gear pump, test section,
filter, and sub-cooler were the primary components
of the closed-loop testing loop. A closed-loop
auxiliary cooling system was depicted by the chiller
unit.

This the
manufacturing of the test section which shown in the
Figure (2). The components include a housing, an O-
ring, thermocouples, a mica layer, a cartridge heater,
and a brass block.

work also included design and

A 30 mm wide, 114 mm long, and 81 mm high
copper block with two subchannels (one connected
to the microchannel's outlet and the other to its inlet),
a single rectangular microchannel on top, and the
manifold's outlet and inlet connected to the
subchannels' inlets and outlets. The nominal
microchannel width is 0.7 mm, and the nominal
microchannel depth is 0.3 mm. Both the inlet and the
outlet subchannels, whose width and length are 2
mm and 7 mm, respectively, are of the same depth
as the microchannel. The inlet and outlet manifolds'
dimensions are 10 mm in depth, 20 mm in width,
and10 mm in length. Using a 10 mm/min feeding
rate and a cutting machine, a single rectangular
microchannel was cut off, a subchannel on each side
of it, and the manifold from the top face of the brass
block. The brass block was heated by drilling two 8-
mm-diameter holes near the base of the block, into
which were inserted two cartridge heaters oriented
horizontally and parallel to the microchannel. The
heating capacity of each cartridge heater is 100 W. A
total of four type K thermocouples were evenly
spaced 14.7 mm apart and inserted vertically along
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the middle of the brass block. This measurement was
the heat
thermocouples of type K were put evenly along the
length of the microchannel and spaced 1 mm below
it. The distance between each thermocouple was
9.67 mm. Along the microchannel's axial direction,
the determination of the coefficient of transfer of
local heat was their purpose. Two thermocouples of
type K were utilized for the measurement of the
temperature of working fluid at the test section's
outlet and inlet. At the inlet manifold, one was
inserted into an opening that is 1 mm in diameter,
and at the outlet manifold, the other was inserted.
One-half millimeter is the diameter of each
thermocouple utilized within the brass block. Each
inlet/outlet manifold location had a hole drilled with
a diameter of 3 mm to find out how much pressure
dropped in the test area. To further fix the leakage
that occurs between the housing and the upper cover
of the microchannels, on top of the brass block, an
O-ring slot was cut out..

taken to determine flux. Seven

The heated brass block was encased in mica layers
on all sides to stop heat loss to the immediate
vicinity. The assembly was subsequently installed
into the housing component. Crafted from stainless
steel (SS), it was specifically tailored to fit the test
section within the testing loop. The housing
underwent drilling of 1 mm and 5 mm in diameter,
respectively, to accommodate the thermocouple and
pressure device wires. A stainless-steel top cover and
screws were then used to seal the assembly.

3. Nanofluid preparation

Acquired nanofluid formulations from VCN
Materials. The properties of Dione's water at 25°C
are the following: viscosity of 0.89 cP, density of
998 kg/m3, specific heat of 4200 J/kgK, and

thermal conductivity of 0.607 W/m.K. This
experiment employs a two-step method for
preparing nanofluids.

In order to create nanofluids, the required amount of
nanoparticles was measured using a weight device
and then dispersed in deionized water, which was
quantified using an analytical balance made by
Precisa in Switzerland. Subsequently, the samples
were agitated for a duration of 60 minutes using a
magnetic stirrer. A homogeneous and stable
nanofluid was generated using the ultrasonication
probe (QSonica, USA; Hielscher UP400S, 400 W,
24 kHz, Germany). Stirring with a stirrer for 60
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minutes at a speed of 1200 revolutions per minute.
The nanofluids that were agitated underwent
ultrasonication for a duration of 2 hours using a 700
W, 20 kHz digital sonicator. This process was carried
out to disintegrate large particle agglomerations and
produce a sample that remained free of silt for a
prolonged period of time. A 550-watt ultrasonic
probe was used for a duration of 60 minutes to
achieve stability in nanofluids.
There was no 24-hour period of settling. The
stability test consisted of acquiring a minute sample
of nanofluid and visually inspecting it for any signs
of sedimentation. There was an absence of sediment.
The materials fabricated
nanotechnology laboratories.

4. Reduction of Data

were in dedicated

4.1 The single-phase flow

Across the microchannel, the decrease in

pressure, as shown by AP, is determined by:
AP, = AP,,-
(D

Where AP, - refers to the change in pressure across

APloss

the test segment. AP;,s; refers to the decrease in
pressure because of small losses. It is determined
using the formula given below:

APyyss = APsch,i +APsch,o + AP + AP,

2
Where Pgcp, and APy, ; refer to the subchannel's
pressure drop at its outlet and its inlet, respectively.
While AP, and AP, refer to pressures caused by the
sudden shortening and the sudden widening,
respectively.

At a minimum Re of 166.5 and a maximum Re of
2393, the losses because of the subchannel’s outlet
and inlet were 2.3% and 0.26%, respectively;
because of this, they went unnoticed. Hence, the
following is the drop in pressure caused by every
minor loss from abrupt expansion and contraction,
as calculated using the equation below:

APyyss = (Kse, + Ksel)g * VZchy: + (Kscq +

The coefficients of loss because of the sudden
contraction at the test section’s inlet, which passes
through  the  manifold, subchannel,
microchannel, are represented by (Kscl & Ksc2).

and
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Alternatively, the coefficients of loss due to the
sudden expansion are shown by (Ksel & Kse2). It
starts at the outlet of the microchannel and moves to
the and, finally, the
Additionally, the coefficients of loss are 0.5 for
Kscl, 0.47 for Ksc2, 0.72 for Ksel, and 0.81 for
Kse2., as stated in [5]. (cfb)

subchannel manifold.

On the base heat sink, the heat flux can be found by
the following formula:

X (P—Qyoss)
ap = Ta,

“

P = I Vv
®)

Where V, I, and P denote the voltages (volts), electric
current (ampere), and heating power (watts),
respectively. According to the equation below, the
heat sink's base area is denoted as, Aj:

Ab = Wb * Lb
(6)

Where, L;, and W), are the base heated block's length
and width, respectively.

The heat losses (Q 10ss) from the section of the test to
the immediate vicinity were measured by heating the
test section without any flow using the turn-off gear
pump. The microchannel's heating power and
temperatures were then recorded when the system
reached a steady state. By doing this process over
and over, different amounts of electricity were also
tested. The heat loss formula was then derived by
comparing the ambient and brass block temperatures
with the applied electrical power. This method was
detailed by researchers in their publications [5] and

[6].

The (hgp(z)) coefficient of local heat transfer is

determined as:

4p*Wp

hop(2))=
)

A conduction equation of one dimension was
applied to change the microchannel's temperature of

a local wall (T}, (2)) at an axial location (z), as
determined using the following formula:

3 *th
Ty (2) = Ty (2) — L2

Kpr
®)
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Where, Ty.(z) refers to the thermocouple's local
temperature positioned at a (th) distance,
corresponding to 1 mm below the microchannel.
Furthermore, by applying an energy balance and
presuming boundary conditions of homogeneous
heat flux, the fluid's local temperature (Tf(z)) may
be determined using equation (9):

ap*(Wp 2)

Te(2) = T; + ;7@
)

The average Nusselt number was determined
utilizing the equation that follows:

1 Len  hsp. Dp.dz
Nu - fof Zsp- Zh B2
Lcp Kf

(10)
4.2 The two-phase flow

Subcooled fluid is the working fluid state
condition at the inlet microchannel. At the
microchannel inlet, the working fluid is a one-phase
case until thermodynamic equilibrium is achieved
(0). After this, the boiling phenomenon begins.
Hence, can be defined by the
microchannel's length: The single-phase zone has a
length of Lg,,
length of (Lcp-Lsp). The thermodynamic quality

two zones

whereas the two-phase zone has a

position, represented by the value of 0, indicates the
exact point of division between two distinct zones.
Furthermore, the below formulae can be utilized to
compute the drop in pressure in different regions and
the coefficient of heat transfer:

The drop in pressure at a single phase can be
calculated by:

2fappG?
A = pf;n p
(11)

This formula was utilized to determine the apparent
friction factor fi, using the developing flow
equation given by [5]:

fapp
_ 3.44
Re(L") /2
K(wo) 344
(frpRe) + A~ W

Re(1+ C(L)92) (12)
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L* = Lg,/ReDy,

(13)

The constants ((C) and K (0)) rely on an aspect ratio.
The amounts are (1.1972) and (1.7784 x 10-4) for
the geometry used in this study, respectively [6].
Furthermore, the Poiseuille number (frpRe) was
provided via [5] regarding the fully evolved single-
phase fluid flow:

(fFDRe)
= 24(1—1.35534p + 1.9467[32 - 1.7012,[)’3

+ 0.9653p3*

—0.2537B%) (14)
The aspect ratio for the microchannel, denoted by

(B) in the overhead formula, was calculated using:

= Wen
'8 B Hep
(15)
Also, this formula was utilized to determine the
single-phase length (Lg,):
_ mcp(Tsat_Ti)
P apWp
(16)
Then, the drop in pressure of the two-phase region
(APyy) in the microchannel is given by:

L

AP,, = AP, — AP,
a7

The coefficient of transfer of heat in the two-phase
zone is expressed as:

W
(Tw(2)-Tsat(2))(Wen+2Hcp)

htp (z) =
(18

The fluid’s local saturation temperature is denoted
by, Tsqt(z)- According to reports in [5] and [6], it was
calculated utilizing the local pressure, which was
acquired using the assumption that the pressure
drops linearly along the microchannel's length.

z—Lsp

Pp(2) = Pyye(Lgp) — (M) APty
(19)

Additionally, this formula was used to calculate the
vapor’s thermodynamic quality at each axial
location x(z):
i(2)-ii(2)

x(z) = iig(2)

(20)

Where ( i;4(z) and i;(2) ) denote the vaporization
latent heat y and the liquid-specific enthalpy,
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respectively, which are computed using the formula
(19) at microchannel local pressure. At the location
(z) adjacent to the microchannel, the enthalpy of the
fluid, denoted as i(z), was determined using the
energy balance in this equation:

i(z) = iy + 122
@1

The symbol i; represents the inlet’s specific
enthalpy, which can be foung by gauging the
pressure and temperature at the test section's inlet.

4.3 Uncertainty Analysis

The difference between the measured and
actual quantities of a quantity is known as the
measurement error. Several factors can contribute to
this, such as systematic bias and chance error.
Calibration of devices helps reduce bias errors,
which are caused by measurement inaccuracies.
Errors in accuracy (random) can be caused by
environmental variables such as humidity,
temperature, and pressure. Assessed utilizing the
technique introduced via [6].

5. Result and Discussion

5.1 Single-Phase Flow and Heat Transfer

Earlier than initiating the tests of two-phase flow
boiling, experiments were conducted to study
single-phase flow. These tests were performed at
various Reynolds numbers, with 1 bar of pressure in
the system, under both diabatic and adiabatic
circumstances. The purpose of this was to guarantee
that the instruments work as intended and provide
accurate results. The experiments were conducted in
a standard microchannel with a Reynolds number
range of 166.5 to 2547 and an intake temperature of
30 °C, determined by the hydraulic diameter. To
estimate the friction factor and Nusselt number, the
experimental data stood in comparison to previous
work that used a plain microchannel and found
correlations.  For  both  conventional and
microchannels, these relationships were postulated.
Additionally, the comparisons were assessed by the
mean absolute error (MAE) of Fayyadh. et al. 2017
[10] in the following way:

MAE = %Zﬁyﬂw x100%

Oexp,j
(22)
Wherein:
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O: indicates either the Nusselt number or the
Fanning friction factor.
N: data point quantity.

For the four models, Figure (3) depicts the Reynolds
number versus the experimental Fanning friction
factor. The correlation of Shah and London (1978)
[14] provided a satisfactory correlation with a mean
absolute error (MAE) of 1.89% at the same period
with  respect to developing  flow.
Additionally, they discovered that the data supported
the correlation. Conversely, Blasius (1913) [15]
predicted the experimental results for two models at
a turbulent zone in fully matured using correlations,
the absolute (MAE) was
approximately 2.57%. The correlation analysis
carried out by Phillips (1987) [16] demonstrated
precise estimation with a mean absolute error
(MAE) of 2% during the time when there was a
turbulent developing flow. The relationship between
the study outcome and the prior experimental data of
Q. A. Al-Nakeeb [17] is deemed satisfactory, with a
mean absolute error (MAE) of 8.07%, which is
higher than that of H. Q. Hussein[18],] with a mean
absolute error (MAE) of 2.9%.

laminar

and mean error

The experimental average Reynolds number versus
the Nusselt number can be shown in Figure (4). The
present study's findings, in contrast to the data
anticipated by Shah and London correlations [14]
for completely developed flow, reveal an inadequate
estimate with a mean absolute error (MAE) of
26.13%. While comparing the results of the simple
microchannel with the correlations presented by
Shah and London [14] for developing flow, an MAE
of 15.12% was predicted. In the meantime,
Mirmanto's [19] assessment of microchannel
correlations revealed a low MAE of 25.63% and
59.54% for the outcomes of plain microchannel
predictions. This may be attributed to the fact that
the connection disregarded material influence.

The figure clearly shows that the current work's
results were satisfactory in comparison to prior
experimental data by H. Q. Hussein [18], with a
mean absolute error (MAE) of 4.46%. Finally, it is
clear from the single-phase flow investigations that
the system of measurement and calibration can
deliver satisfactory findings for the experiments
with two-phase flow.
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5.2Two-Phase Results

The present work involves an experimental
exploration of the transfer of boiling heat,
subcooling flow, and drop in pressure of deionized
water in a single microchannel across a mass flux of
200 kg/m?s. Heat flux varied from 1.7 kW/m? to 650
kW/m?. The inlet temperature was set to 80°C, while
keeping the inlet pressure at 101.325 kPa.

The influence of nanofluids in
microchannels on the boiling curve is exhibited in
Figure (5). At identical operating conditions (mass
flux of 200 kg/m?s and degree of subcooling of 20
K), Figure (5) examines the curves of boiling for the
bare microchannel and nanofluids at the
dimensionless site of Z/L = 0.98, which is close to
the microchannel's exit. Based on the figure, the
boiling curve of nanofluids followed a pattern
equivalent to a bare channel, with a little leftward
shift. Researchers like Benkheira et al. (2006) [20]
discovered this finding. There is a considerable
reduction in the ONB for nanofluid channels as
compared to bare channels. For example, the wall
superheat is approximately 1.8, 1.65, 1.3, and 0.77
K for the bare and Ag, MWCNTS and Ag WITH
MWCNTS (1:1) nanofluids microchannels,
respectively. The result is that the wall superheat was
reduced due to the presence of nanofluids in the
microchannel. Hence, the percentage reduction in
wall superheat for coated channels by Ag,
MWCNTS and Ag WITH MWCNTS (1:1),
respective to the plain channel, was 10.8%, 20.2%,
58.3%, respectively. Same as in
Balasubramanian et al. (2013) [21] and Qu and
Mudawer (2003) [22].

The change in HTC with the heat flow for bare and
Ag, MWCNTS and Ag WITH MWCNTS (1:1)
appears in Figure (6). At a dimensionless site (Z/Lch
=0.98, which is close to the microchannel's exit), the
findings were given for a degree of subcooling of
20K and a mass flux of 200 kg/m?s. Compared to
the bare microchannel, the HTC for the nanofluid
microchannel follows a comparable pattern, as can
be seen in the figure. Unlike the bare microchannel,
the average HTC for three nanofluid microchannel
models with Ag, MWCNTS and Ag WITH
MWCNTS (1:1)is enhanced by 9%, 14.5%, and
18.01%, respectively, including Qu and Mudawar
(2004) [22] and Harirchian and Garimella (2008)
[23].
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Figure 7 indicates the association between the drop
in pressure and the heat flux for the baree channel
and the nanofluid channel. With a subcooling degree
of 20 K and a mass flux of 200 kg/m?s, the outcomes
were given. The drop in pressure for the nanofluid
microchannel follows a pattern comparable to that of
the bare microchannel, as shown in the figure. Three
models showed a rise in the drop in pressure as the
heat flux rose. For instance, the drop in pressure for
nanofluid Ag, MWCNTS and Ag WITH MWCNTS
(1:1) relative to the bare channel is 3.3%, 4.4%, and
10.4%, respectively. Researchers such as Harirchian
and Garimella (2008) [23] and Mohammed
(2020)[24] discovered this observation.

6. Conclusions

The present investigation analyzed the occurrence of
flow boiling in a single microchannel with a
consistent  cross-sectional specifically
concentrating on the characteristics of deionized
water at sub-cooled temperatures.
The experiments were conducted using deionized

area,

water as the working fluid in a single rectangular
microchannel with a uniform cross-sectional area.
The experiments were conducted at an inlet
temperature of 80°C, with a mass flux ranging from
200 kg/m2-s and a heat flux ranging from 1.735
kW/m2 to 625.1 kW/m2.
The findings of the current investigation are given,
resulting in  the following
1. It is evident that the wall superheat rises
proportionally with the increase in heat flux.
Furthermore, it is evident that the ONB for
nanofluids channel substantial
decrease in comparison to a bare channel.
2. The heat transfer coefficient is increased when the
mass flow rate is 200 kg/m2s. The trend of the heat
transfer coefficient (HTC) for nanofluids in a
microchannel is evidently identical to that of the

conclusions:

experiences a

bare microchannel. The average heat transfer
coefficient (HTC) is increased by 9%, 14.5%, and
18.01% in three nanofluid microchannel models
containing Ag, MWCNTS, and Ag with MWCNTS
(1:1), respectively, compared to the bare
microchannel. There is a substantial reduction in
pressure drop as the heat flux on the wall is
increased. This is due to a decrease in the viscosity
of the liquid. Subsequently, the pressure drop pattern
will change once boiling occurs. The pressure drop
in a microchannel for nanofluids has a comparable
pattern to that of the bare microchannel. The
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pressure drop exhibited an increase in three models nanofluids, the pressure drop is 4.4%; and for Ag
as the heat flux was increased. The pressure drop for with MWCNTS nanofluids in a 1:1 ratio, the
nanofluids in a microchannel is as follows: for Ag pressure drop is 10.4%. These values are relative to

nanofluids, the pressure drop is 3.3%; for MWCNTS the pressure drop in a bare channel.

1: Degasses 2: Main Tank 3: Filter 4: Micro-Gear Pump 5: Flow meter 6:
Pre-Heater 7: Test-Section 8: Sub-Cooler 9: Data Logger 10: DAQ-NI-6009
11: Pump Controller 12: AC-Stabilizer 13: Unit Power Supply 14: Variad
15: Chiller Unit

Plate 1. Experimental facility
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Figure 1. Detailed schematic of the laboratory
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Figure 5 Boiling curve microchannel over different models at sub-cooled 20K
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Figure 7 The drop in pressure versus the exit vapor quality over different models at sub-cooled 20 K.
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