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Since, chemically complex environments, the aroma has been a difficult task so far. Therefore, in the present
communication, an optofluidic Bragg fiber artificial nose for perceiving the temperature-functional molar
fraction of an adulterated binary composition of hydrated mono-alcohols is optimized and reported. The task
is theoretically predicted over an optofluidic Bragg fiber sensor having geometrical defects by creating an
asymmetry in mid of periodic cylindrical Bragg reflectors. In a cylindrical coordinate system, Henkel function
(HF) and transfer matrix technique (TMT) are used to simulate a multilayer concentric hollow-core Bragg fiber
(HCBF). The variation in refractive index (RI) of the adulterated binary mono-alcohol fuel is connected to
the temperature-functional molar concentration, which is again anticipated by making use of several models,
including the most suitable Dale-Gladstone, Lorentz-Lorenz, etc. A prominent sensing signal of which has the
full width at half maximum (FWHM) equal to 0.1 nm is observed in the examined photonic bandgap (PBG). The
signal is responsive to fluctuations in optofluidic core RI in the vicinity of a structural defect layer. The suggested
sensor’s temperature-dependent maximum sensitivity (due to varied weather circumstances) for ethanol fuel
rather than methanol fuel is 1057.32 nm/RIU. Furthermore, the surface plasmon-based static temperature sensor
is compared. Due to the smallest FWHM of output signal around 0.1 nm, other sensing performance metrics such
as detection accuracy and quality parameters are also enhanced in the proposed sensor device.

1. Introduction revenue. Consumer losses result from the under-distribution of supplies.
Though we are all aware, biomass-based fuels have tremendous energy
potential, and one of the key advantages is that they reduce greenhouse
gas emissions. These fuels are a sustainable fuel source that will even-
tually lessen reliance on ex-submerged biomass like petroleum while
also assisting in developing a strategic reserve [1, 2]. Monoalcohals,
whether pure or hydrated, are a kind of biomass fuel commonly em-

ployed as an energy source in cosmetics, the pharmaceutical industry,

Adulteration is described as the improper or unlawful inclusion of
foreign material into a base fuel or similar substance, causing the prod-
uct to fail to meet the product’s criteria and specifications. Adulterants
are exogenous compounds that, when added, modify and impair the
quality of essential transportation fuels. When items of equal quality
have varying costs or buyers lack adequate means to discriminate be-

tween identical objects of multiple standards, nefarious operators will
try to benefit illegally from the situation. Fuel adulteration is one of the
primary abuses in the retail industry, along with under-dispensing items
to clients. These tactics lead to losses in various areas, including engine
failure and deteriorating air quality. Fuel tax evasion also affects federal
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etc. [3]. The quantity of diesel, petrol, gasoline, and other fossil fuels is
considered constrained in the perspective of energy fuels. Mono-alcohol
can be environmentally benign biofuels that may be used instead of
diesel, gasoline, and other fossil fuels [4, 5]. The primary sources for
large-scale mono-alcohol production are sugarcane, switchgrass, maize,
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natural gas, municipal trash, and coal [6]. The Worldwide fuel mandate
[7] and also the expert committee on the roadmap for Ethanol blend-
ing in India by 2025 [8] is a viable method for promoting high-quality,
standardized fuels on a global basis while simultaneously taking into ac-
count the necessity for maximum engine and vehicle endurance as well
as the greenest feasible engine and vehicle technology operation. The
execution of the targeted objectives will benefit consumers by stream-
lining fuel markets, stimulating the economy, and aiding governments
in attaining their public policy goals.

Methanol and Ethanol are mono-alcohol hydrocarbons that are now
sustainable and used as direct gasoline additives and as feedstock for
the production of gasoline additives. Methanol and Ethanol have com-
parable physical-chemical properties, such as water solubility, density
values, appearance, smell, and transparency [9]. The cheaper cost of
water compared to mono-alcohols and their resemblance contribute to
the simplicity with which hydrated mono-alcohol Fuels may be adul-
terated. The purity of high ethanol quality is critical to its long-term
effectiveness as a fuel and a source of additional fuel additives. The in-
formation here includes manufacturer feedstock recommendations for
the ethanol quality required for optimum engine and vehicle perfor-
mance. The prescribed limits are for anhydrous 100 percent ethanol
(E100) [10] blendstock intended to blend with petroleum-based gaso-
line to produce a maximum of 10% ethanol by volume (E10) appro-
priate for automobiles with spark-ignition engines. Higher-level mixes
(more than E10) [11] are only suitable for use in vehicles designated
for this type of fuel, such as “flexible propelled” cars, and Ethanol
used for higher blends may have different restrictions. Ethanol is the
most widely produced biofuel on the planet, with annual production
reaching over 90 billion liters (yearly) in the previous decade. Such
an energy matrix is a decent choice for petroleum derivatives in Eu-
rope, the United States, Brazil, Japan, India, Argentina, and Mexico.
Anhydrous Ethanol is added to gasoline to increase fuel performance
by acting as an octane stimulant [11]. The most common way to adul-
terate mono-alcohol fuel is to add too much water since the blends
are translucent and have no distinctive fragrance. It results in a loss of
power and an increased fuel consumption rate.

Additionally, the molar concentration of mono-alcohol changes sig-
nificantly dependent on atmospheric temperature and varied meteo-
rological circumstances [12, 13, 14, 15]. Because all-season types are
common throughout India and the Asian continent, monitoring the
molar content of contaminants in a binary composition of hydrated
mono-alcohols in various weather situations should become a top fo-
cus. The physical properties of this pseudo-binary combination, such as
refractive index, viscosity, and density, are all temperature-functional
and connected [13, 14, 15]. As a result of the fluctuation in these pa-
rameters with temperature, the variation in the molar concentration
of hydrated mono-alcohols during different climatic conditions must
be felt. Infrared spectroscopy [16], indirect photometric determina-
tion [17], direct-injection enthalpimetry [18], cyclic voltammetry [19],
photothermal detector [20], webcam photometer [21], ultrasonic prop-
agation velocity [22] and surface plasmon sensor [23] have all been
proposed for determining water content in mono-alcohol fuels. These
approaches work well for mono-alcohols at static temperature behavior
only. Given the likelihood of temperature-dependent molar concentra-
tions of hydrated mono-alcohols adulteration, it is necessary to develop
a quick, simple, and low-cost technique for detecting if the allowed
maximum levels of these solvents have been exceeded with improved
detection accuracy.

As a result, in contrast to the aforementioned investigations con-
ducted in static surroundings and at static temperatures, the function
of a temperature change as a result of variable climate/metrological
circumstances is extended and included in our current research. Adul-
terant molar content in hydrated mono-alcohols is thus measured. For
this task, we have used the hollow-core Bragg fiber (HCBF) with the
defect layer as the sensing platform for the present analysis. As per
our existing knowledge, this proposed work is entirely new and has
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been first accomplished and renowned using HCBF in the context of
adulteration measures in mono-alcohols. The high and low RI periodic
arrangement based concentric circular layer in length is the essential
foundation of HCBF structure, where EM-wave is transmitted through
the empty core under no. of Bragg reflections through the periodic
claddings [24, 25, 30]. Under Bragg conditions, the HCBF structure also
shows a photonic bandgap (PBG). A band of wavelengths known as the
PBG range is not permitted to pass through the HCBF structure. HCBF
has many encouraging applications in doubly tuned multi-wavelength
LASER sources [26], biosensors [27], tunable voltage multiplexers [28],
wavelength and intensity modulation [29, 30], etc. In this paper, the
high RI contrast (e.g., chalcogenide glass Arsenic tri-selenide As,Se;
and polymer film Poly-ether imide PEI) and multi-clad HCBF structure
has been investigated. The present hollow core in HCBF plays the role
of an optofluidic flow cell for hydrated mono-alcohols throughout the
sensing process. As we know, for transient response to improve the over-
all performance of sensing devices, narrow transmission bandwidth and
constant intensity of output signal for inline application are needed. By
inserting a PEI geometrical defect/flaw layer into the cladding period-
icity and breaking the symmetry/creating asymmetry, it is possible to
get this attribute in the present periodic structure. This layer is then
used to produce a resonant transmission peak in the PBG area. With
the aid of the TMT and mathematical HF formalism in a cylindrical co-
ordinate system, the transmission characteristics of the electromagnetic
(EM) wave through the under consideration HCBF structure were inves-
tigated.

The following is the proposed structure for the current communi-
cation: The detailed description of the HCBF structure and sensor de-
vice schematic layout using the Transfer matrix technique and Henkel
formalism is provided in section 2. Section 3 addresses the results ob-
tained, and Section 4 provides a summary conclusion.

2. Comprehensive outline of the HCBF structure and sensor
device schematic setup

Fig. 1a shows the cladding RI and thickness profile of a pseudo-
binary combination of water and mono-alcohols filled optofluidic core
HCBF structure with a geometrical flaw. The longitudinal axis of the
HCBF structure is cylindrically symmetric (propagation axis). The pe-
riodic repeating of bilayer high RI chalcogenide glassy substance Ar-
senic tri-Selenide As,Se; (ng,dy) and low RI polymeric layer poly-
ether-imide (PEI) creates the HCBF structure (n;,d;). Furthermore, by
breaking the periodic arrangement’s symmetry, a low RI polymeric
layer called poly-ether-imide (PEI) is imposed as a geometrical de-
fect layer described by (np,dp). Entirely thicknesses are chosen for
maximum transmission intensity via a quarter-wave stack (QWS) con-
dition of nydy_n;d; =npdp = A9/4, where A, is the HCBF structure’s
design wavelength. In addition, Fig. 1b shows the schematic config-
uration for optimizing the temperature-dependent molar concentra-
tion of the pseudo-binary combination of water and mono-alcohols
using this HCBF adulteration sensor. The EM waves from the multi-
wavelength broadband source impinge on the pseudo-binary mixture
filled optofluidic core HCBF in this basic schematic configuration. Af-
ter that, a photo-optic detector detects the output transmitted waves,
then evaluates them by an optical spectrum analyzer on the computer
setup.

2.1. Analytical modeling of HCBF structure: transfer matrix technique
(TMT) and Henkel function (HF) formalism

Theoretical and mathematical modeling of the above-mentioned
HCBF structure in cylindrical coordinates using TMM and Henkel for-
malism has been provided. The following is the refractive index profile
of several layers of the HCBF structure used in this framework:
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Fig. 1a. Thickness and RI profile of HCBF with geometrical defect layer and hydrated mono alcohols filled optofluidic core.
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Fig. 1b. Schematic setup to optimize the temperature-functional concentration of adulterant in hydrated mono alcohols using HCBF adulteration optofluidic sensor
device.
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The cylindrical wave TMT [24, 25] may be used to create the above-
specified HCBF structure solution to reflection and transmission. For a
substrate with permeability ; and permittivity e, the below Maxwell
equations (2)-(3) [31, 32] are stated as:

VXE=—-jouH 2)
VX H = jweE 3

The relationship among the longitudinal and transverse segments of the
electric and magnetic fields is specified in the system of cylindrical co-
ordinates (r, z) [31, 32], assuming that all fields have the same temporal
aspect exp(jwt). The Helmholtz wave equations (4)-(5) are expressed as
follows in the cylindrical coordinate system [31, 32]:

r% <rde> —rzla—‘E o, + J

o0H.
( z > +a)2/45r2HZ =0 (TE-mode)

or eor or 00\ 00
@
J0E ou 0E E
ri r—= —rzl—” 4+ 9 2 ) 4 o’ uer’ E, = 0 (TM-mode)
ar ar U or or a0 \ d0

()

The aforementioned differential equations may be solved using the vari-
able segregation procedure. The Maxwell field solution is calculated for
radial and angular components of the cylindrical wave [24, 31]. The
TE-mode solution has three non-zero components (H, Ey, E,), which
are stated below in equations (6a), (6b) and (6¢) [24]:

H,(r,0) = [AJ,,(kr) + BY,,(kr)]e/™ (6a)
1 OH(r.0)
Ey= —jwe T (6b)
E =" H.(.0) (60)
we r

where A and B are random constants and J,, are Y,, Bessel and Neu-
mann functions, k = <%’)n is the wave vector of the medium, n rep-
resents the R.1. of the medium. The elements of the transfer matrix T,
that correlate the field vector to another point r from an initial position
r, are calculated using Abeles’ multilayer structure theory [24, 32] and
are described by the below equation (7) and (8) [24]:

-l
Ty, = %krc [Y! (kr.) ,, (kr) = I (kr,) Y,, (kr)] (8)
Ty = j%krc p|Y) (kr,) J! (k)= ! (Kr,) Y, (k)] (8b)
Ty, = % kre [J,, (kro) Y) (kr) =Y, (kr) J!, (kr)] (80)
T, =- j% % [V (ko) Y,y k) = Y,y (Kr) J, ()] (8d)
where p = f is the medium’s intrinsic impedance. The asymmetric

defect layer transfer matrix component must be written using the above-
mentioned steps. Because the radii of two interfaces must be taken into
account when calculating the element of the transfer matrix, the nth
transfer matrix 7, therefore, be determined by substituting r, — r,_;,
r—r,, k—k, and p — p,. In addition, because the structure is periodic,
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we must take n(r) = n; if n=even and n(r) = ny if n = odd. We have total
(2N +1) layers in the HCBF structure with an asymmetric low RI defect
layer; thus, the overall transfer matrix is written below in equation (9)
[24]:

Virp) | _ V)| 4 [ Ve
[U(rﬂ]‘Tz” """""" Tle[U(rc>]‘T[U<rc>] ©

U(r) is the Helmholtz equation solution at point r, and V(r) is the
Helmholtz equation solution at point r. As shown above, transfer ma-
trices, equivalent to Fresnel’s equation [31] in a planar geometry, are
used to compute propagation and wave reflection in a cylindrical struc-
ture with various layers. The reflection coefficient through the HCBF
system could be calculated as below in equation (10) [31]:

@ G )
(T, - Jpocr(n(;Tlll) + ‘Ipfci(ﬂ}(TZ,Z - prCfn(;sz)
rag = 10)

- . 1 . 2 . 1
T} + Jpocr(n(;Tlll) + prcr(nj)"(_TZ,Z + Jpocin(;Tllz)

In equation (10), the matrix element T 1’ i Tz’z, Tl’ 5 and Tz’1 are the inverse
matrix element of matrix 7" in Eq. (9) and the below coefficient is given

by equation (11) [31]

1,2)
ct2) _ Hu™ tary)

= with /=0, f an
)
" HP )

For the azimuthal field variation m, the first and second kind Henkel
function can be expressed by H, ,(,,1) and H ,(nz> respectively. The reflectance
can be measured as R = |r M|2, and the percentage transmittance for
non-absorbing media is calculated accordingly, T = (1 — R) x 100 with
values between 0 to 100%. The T M -mode formula can be attained basi-
cally by inserting u < € and j < —j it in the TE-mode expression.

2.2. The correlation between the RI of hydrated mono-alcohols with
composition and temperature

Monoalcohals, whether pure or combined with water, are exten-
sively used in a range of applications, with energy supply being our
primary concern throughout the research. The surface tension, den-
sity, RI, viscosity, and other physical parameters of these pseudo-binary
fuel resources are beneficial analytical information for fuel industries
[13, 14, 15]. We are interested in two physical parameters, only RI
and density, as per the need of our proposed sensor system. There-
fore, the predictive capacity of different proposed equations Lorentz-
Lorenz, Dale-Gladstone, Eykman, Newton, Kay, etc., has their strength.
Still, the first two Lorentz-Lorenz and Dale-Gladstone have success-
fully explained the theoretical prediction and experimental matching
[14]. The refractive index n; and density p of a pseudo-binary mix-
ture of mono-alcohols + water (hydrated mono-alcohols) also measured
at a temperature of 298.15 K (room temperature) and atmospheric
pressure. The refractive indices of these solutions have also been stud-
ied as a function of temperature in the range 7 =278.15 K to 323.15
K (desired range of weather temperature) and atmospheric pressure.
The refractive indices acquired empirically and estimated using the
Lorentz-Lorenz and Gladstone-Dale relations have been compared [14,
15]. The Gladstone-Dale equation yielded results that were similar to
those observed experimentally in every case [14] for mono-alcohols.
The excess molar volumes V¥ and molar volume fraction deviations
AR of these combinations, as well as the discrepancies between exper-
imental and Gladstone-Dale RI values, have been calculated. Thus, the
Lorentz-Lorenz relation below in equation (12) is the most widely used
theoretical method for predicting the RI of pseudo-binary mixtures of
liquids [14].

2 2 2

np —1 np, — 1 np, —1

2 2 =%a 2 2 b 5 2 (12)
nL+ nDa+ nDb+

where n; is the RI of the mixture according to the Lorentz-Lorenz
formula; @, and @, are the molar fraction of hydrated mono-alcohols
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Table 1a. Experimental measurements data of density (p) and mixture Rls (n,,) for Methanol (fuel) + Water pseudo-binary mixtures (hydrated
mono-alcohol) along with the values obtained for ng, n;, Ang, AR and V¥ at a temperature of 298.15 K [14].

S. x p np ng np Ang ARX 1076 VEx107°
No. (kg.m™3) (m3.mol™") (m3.mol™")
1 0.0000 997.02 1.3326 1.33260 1.33260 0.00000 0.00000 0.00000

2 0.3330 917.74 1.3396 1.34063 1.32931 —0.00103 —0.04050 —0.89700
3 0.6635 840.72 1.3360 1.33538 1.32737 0.00062 —-0.01115 —0.84819
4 1.0000 786.62 1.3264 1.32637 1.32640 0.00000 0.00000 0.00000

Table 1b. Experimental measurements data of density (p) and mixture RIs (n,) for Ethanol (fuel) + Water pseudo-binary mixtures (hydrated
mono-alcohol) along with the values obtained for ng, n,, Ang, AR and V¥ at a temperature of 298.15 K [14].

S. X p np ng np Ang ARX107° VEx107¢
No. (kg.m™3) (m3.mol™") (m3.mol™")
1 0.0000 997.02 1.3326 1.33260 1.33261 0.00000 0.00000 0.00000
2 0.3332 894.81 1.3582 1.36071 1.34914 -0.00251 —0.06492 -1.02180
3 0.6664 825.77 1.3618 1.36111 1.35685 0.00069 ~0.00134 —0.67725
4 1.0000 785.08 1.3593 1.35930 1.35892 0.00000 0.00000 0.00000
obtained from volume determinations based on mass and density mea- where A4, is the change in resonant sensing signal wavelength and

surements, ny, and np, are the individual R.I’s of the mono-alcohols
and water, respectively. Empirical equations have also been established
to determine the refractive indices of pseudo-binary liquid systems,
including that proposed by Gladstone-Dale and represented below in
equation (13) [14]:

-1 -1 -1
nG —w, <nDa ) +w, <nDb ) 13)
p Pa Pb

where n; and p is the RI and experimental density of the mixture; w,
and w), are the mass fraction of mono-alcohols and water; np, and np,
are the again individual RIs of the mono-alcohols, and water, respec-
tively. Several researchers have confirmed the validity of the Lorentz-
Lorenz and Gladstone-Dale relationships in the context of various sorts
of mixtures [13, 14, 15].

Calculations have been completed of the excess molar volume, V£
employing the following equation (14) [14]:

_ X M+ x,M, _ x,M, _ x, M,
p Pa Pb

vE 14
where p is the density of mixture; p, and p, are the density of the com-
ponents; x, and x, are the respective molar fractions, M, and M, are
the molar masses of the pure components.

Further, the molar refraction deviations, AR to optimize the accu-
racy of the measurements, have been calculated from the following
expressions (15) and (16) [14]:

2
ny, =1 M, +x,M
R, = f Xg Mg+ Xp My (15)
np+2 14
AR=R,, — (x,R,, x,R}) (16)

where nj, is the RI of the mixture. In contrast, calculations have also
been made of the differences between RIs obtained experimentally, n,
and that calculated from the equation of Gladstone-Dale, ng i.e. Ang =

np —ng.
2.3. HCBEF optofluidic adulteration sensor performance parameter

In this work, the performance of the proposed HCBF optofluidic
adulteration concentration sensor is assessed using its performance pa-
rameters, sensitivity (S), detection accuracy (DA), and overall quality
parameter (QP). The ratio of the measured output to the variation in
the physical quantity being monitored is known as the sensor’s sensi-
tivity. Therefore, the sensitivity of the current sensor is theoretically
defined as the ratio of a spectral shift in resonance wavelength to a
minute change in analyte RI or molar concentration.

S=Ak,/An, or, S=AL,/A(V,/V) 17)

An, is the change in RI in hydrated medium, V, is the volume fraction
of mono-alcohol in water, and ‘V’ is the volume of a pseudo-binary mix-
ture. The detection accuracy (DA) parameter, which describes the true
value of the measurand, is also crucial. The ratio of change in resonant
sensing signal wavelength to the FWHM of the resonant sensing signal
is the DA of this sensor.

D.A. =AM, /Akys (18)

where A4 s is spectral width at 50% of transmittance. The quality pa-
rameter (QP) is another important performance parameter that demon-
strates the overall performance of the presented sensor with an impor-
tant sensitivity parameter, and DA QP is defined as:

Q.P.=5/Akys (19)

where S is known as sensitivity defined in Eq. (17) and A4y is the
FWHM of the sensing signal. According to the results of the study, the
FWHM of the sensing signal should be as narrow as feasible to minimize
the inaccuracy in identifying the sensing signal wavelength.

3. Numerical findings and discussion

The HCBF optofluidic fuel sensor with a geometrical flaw is de-
signed, theoretically modeled, and further compared with some other
published results to optimize the adulterants in temperature-functional
concentration of hydrated mono-alcohols (Methanol and Ethanol) fuel.
The current sensor arrangement is based on the EM wave’s design wave-
length Ay = 1550 nm. The core of Bragg fiber is hollow enough that
it may function as an optofluidic flow cell and store a pseudo-binary
mixture of hydrated mono-alcohols. The hollow core’s circumference is
kept large enough to easily retain the mixture. Furthermore, the core
is encircled by concentric cladding layers of Arsenic tri-selenide, a high
RI material As,Se; (ny =2.82) and low RI material Poly-ether-imide
PEI (n; = 1.66) [24, 25] with their thicknesses followed by a quarter-
wave stack (QWS) condition nydy =n;d; = npdp = Ay/4. Furthermore,
a low-index material defect layer (Poly-ether-imide) with RI (np = 1.66)
and QWS thickness dj, = Ay/4n, is introduced in the mid of periodic
stacking (N = 16) by breaking the symmetry, i.e., creating asymme-
try in the periodicity of concentric cladding layers. The glass/polymer
combination was chosen in this investigation for the ease of produc-
tion of HCBF. The polymer PEI has good thermal stability up to 400 °C
[33] with glass transition temperature above 220 °C in the visible and
near-infrared region, which is necessary for additional monitoring of the
temperature-dependent (present temperature study range is 5°C-50 °C
only) transmission spectra. The achieved results of this study have been
shown in Table 3a and Table 3b and further plotted in Fig. 4 and Fig. 5.
The performance of the present device is tabulated in Table 4. Since the
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Fig. 2. Finding sensing signal position for the different fractions of hydrated Methanol fuel at various temperatures by using HCBF spectrum.

temperature (due to different weather conditions and temperature vari-
ation throughout the day) has superior significance in the present study,
therefore in Fig. 2a, 2b, 2¢, and Fig. 3a, 3b, 3c, the PBG along with
sensing signal peak positions have been estimated through transmit-
tance spectra for Methanol and Ethanol in pseudo-binary hydrated fuel
at temperatures of interest. The above transmission spectra have been
drawn using equations (10)-(11) and Tables 1a-1b and 2. The obtained
sensing signal peak positions at different temperatures (5 °C-50 °C) for
all three molar fractions (x =0.33, 0.66, and 1.00) have been optimized

in Table 3a and 3b. These sensing signal peaks having the least FWHM
of about 0.1 nm only are necessary for sensing applications.

The findings also indicate that the sensing signal exhibits an ef-
fective redshift with the smallest FWHM of 0.1 nm for various molar
fractions at various temperatures, which will be used to enhance a per-
formance parameter for the HCBF sensor that has a geometrical fault.
Figs. 4 and 5 depict the relationships between the sensing signal peak
wavelength and different molar percentage fractions of methanol and
ethanol in the applicable temperature range. This study displays the lin-
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Fig. 3. Finding sensing signal position for the different fractions of hydrated Ethanol fuel at various temperatures by using HCBF spectrum.
ear signature of variation between the peak wavelength of the sensing From Table 4 and Fig. 6, it is clear that the maximum found sensitiv-
signal and various molar fractions at different weather temperatures. As ity is 1057.3 nm/RIU in the case of ethanol fuel rather than methanol
constant sensitivity is preferred for high sensor performance, which is fuel. Further, we compared the obtained results with the static tem-
tabulated in Table 4 and displayed in Fig. 6, this linear variation will perature molar concentration measurement of adulterants in hydrated
result in the outstanding performance of the suggested sensor. A com- mono-alcohol fuel using a surface plasmon resonance optic sensor re-
parative performance analysis for the mono-alcohols is plotted in Fig. 6. cently published by Kumar et al. [23]. Our obtained result is superior
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Table 2. The RI variations with the temperature of the soluble mono-alcohol
fuel for each of the specified molar fractions (x).

S. T (K) Methanol (x) + Water Ethanol (x) + Water

No. x=0.33 x=0.66 x=1.0 x=0.33 x =0.66 x=1.0
1. 278.15  1.3446 1.3425 1.3326 1.3653 1.3696 1.3670
2. 283.15  1.3438 1.3411 1.3312 1.3630 1.3675 1.3648
3. 288.15 1.3419 1.3403 1.3293 1.3618 1.3661 1.3627
4. 293.15  1.3410 1.3379 1.3281 1.3527 1.3640 1.3612
5. 298.15  1.3396 1.3368 1.3264 1.3582 1.3618 1.3593
6. 303.15 1.3382 1.3356 1.3250 1.3564 1.3600 1.3572
7. 308.15  1.3371 1.3337 1.3231 1.3549 1.3582 1.3559
8. 313.15 1.3363 1.3329 1.3216 1.3528 1.3561 1.3538
9. 318.15 1.3344 1.3306 1.3203 1.3511 1.3536 1.3520
10. 323.15 1.3334 1.3299 1.3185 1.3496 1.3518 1.3500

Table 3a. Sensing signal position measurement for the various molar fraction
of Methanol at different temperatures.

S. T Methanol (x=0.33)  Methanol (x=0.66)  Methanol (x = 1.0)
No. Y RIL Sensing  R.L Sensing  R.L Sensing
signal signal signal
(nm) (nm) (nm)
1 278.15  1.3446 1092.00 1.3425 1093.01  1.3326 1103.01
2 283.15  1.3438 1092.04 1.3411 1094.04 1.3312 1104.04
3 288.15  1.3419 1093.08 1.3403 1095.01 1.3293 1106.00
4 293.15 1.3410 1094.05 1.3379 1097.09 1.3281 1107.05
5 298.15  1.3396 1096.00 1.3368 1099.08 1.3264 1109.01
6 303.15  1.3382 1097.04 1.3356 1100.02  1.3250 1110.04
7 308.15 1.3371 1098.05  1.3337 1102.02 1.3231 1112.02
8 313.15  1.3363 1099.03  1.3329 1103.00 1.3216 1113.04
9 318.15 1.3344 1101.09 1.3306 1104.03  1.3203 1115.02
10 323.15 1.3334 1103.00 1.3299 1105.01 1.3185 1116.04

Table 3b. Sensing signal position measurement for the various molar fraction
of Ethanol at different temperatures.

S. T Ethanol (x =0.33) Ethanol (x = 0.66) Ethanol (x = 1.0)
No. ® R.L Sensing  R.L Sensing  R.IL Sensing
signal signal signal
(nm) (nm) (nm)
1 278.15  1.3653 1070.01  1.3696 1065.06 1.3670 1068.01
2 283.15 1.3630 1072.02  1.3675 1067.04 1.3648 1070.04
3 288.15  1.3618 1073.01 1.3661 1069.00 1.3627 1072.01
4 293.15  1.3597 1075.03  1.3640 1071.01 1.3612 1074.05
5 298.15  1.3582 1077.05 1.3618 1073.03  1.3593 1076.03
6 303.15  1.3564 1079.04 1.3600 1075.00 1.3572 1078.04
7 308.15  1.3549 1081.01 1.3582 1077.01  1.3559 1079.05
8 313.15  1.3528 1082.09 1.3561 1079.02 1.3538 1081.02
9 318.15  1.3511 1084.06 1.3536 1082.08 1.3520 1083.01
10 323.15  1.3496 1086.07 1.3518 1084.01  1.3500 1085.04

to their achieved result in terms of sensitivity and practical difficulties
in the realization of the surface plasmon sensor. Thus the HCBF optoflu-
idic adulteration sensor may play a good role in optimizing adulterants
in a temperature-dependent molar fraction of hydrated mono-alcohols.
Furthermore, the other sensing performance parameters as QP and DA,
which are firmly inversely proportional to the FWHM of sensing signal
(Eq. (18) and Eq. (19)), appear best in result in comparison to the re-
sult obtained in [23] because the least FWHM value of sensing signal
peak in the present study. To the best of our knowledge, we are the
first to present this type of optic sensor with a better performance pa-
rameter, which is also more convenient and accessible than those now
available.

4. Conclusion

An HCBF optofluidic adulteration sensor with a geometrical flaw has
been effectively developed in the current communication for optimiz-
ing and monitoring the adulterants in a temperature-dependent molar
percentage of hydrated mono alcohols Fuel in various weather condi-
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Fig. 4. Representation of sensing signal vs. temperature at a different concen-
tration of Methanol in binary hydrated fuel.

tions. A narrow sensing transmission peak is obtained in the measured
PBG due to a geometrical flaw in the HCBF structure, which is sensitive
enough to changes in the hydrated fuel-filled core RI. The performance
metrics of the current optofluidic sensor are substantially improved as
compared to other similar sensors due to the smallest FWHM of the
sensing signal. The maximum achieved a sensitivity of the HCBF sen-
sor is 1057.3 nm/RIU in all weather conditions, which is superior to
the attained sensitivity for surface plasmon resonance optic sensor for
concurrent sensing of hydrated mono-alcohols but at static tempera-
ture. Because the other sensing performance metrics DA and QP are
inversely proportional to the obtained FWHM of the sensing signal peak,
the least FWHM for this structure improves these sensing characteristics
as well.
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Table 4. Sensing performance parameters estimation of HCBF optofluidic adulteration sensor for optimizing
the temperature-functional concentration of mono alcohols in hydrated binary fuel mixtures.

Average sensing Methanol Ethanol
parameters x=033 x=0.66 x=1.00 x=033 x=0.66 x=1.00
Sensitivity (S) (nm/RIU) 982.14 952.38 943.26 1057.32 1039.32 1017.65
Detection Accuracy (D.A.) 110.0 120.0 133.0 166.0 185.0 173.0
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