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Abstract

The advancement of microfluidic systems enables rapid development of Lab-On-Chip (LOC) for the applications in different fields, such as
biomedical diagnostics, environmental monitoring, healthcare and agriculture. Microfluidics LOC is integrated device platform for manipulations
of fluids within microscale to perform one or more laboratory functions. Smart technologies have now penetrated every aspect of modern life and
is ubiquitous. 3D printed sensors, Internet Of Things (I0T) and smartphone have been used as point of care device. A similar approach can be
extended in precision agriculture for nutrient detection. The integration of Microfluidics Lab- On -Chip (LOC), smart sensing and IOT presents a
transformative approach to nutrient management in precision agriculture. 3D printed Microfluidics LOC technologies enable the precise analysis of
nutrients and allowing for real-ime monitoring and optimization of plant growth conditions. Integrating electronic sensors within the microfluidic systems,
farmers can receive continuous data on nutrient levels for enhancing decision-making processes. This collaborative approach not only streamlines rapid
nutrient detection but also promotes sustainable agriculture. The proposed system has simulation comparison of Y channel and Y serpentine channel with
chamber mixer in COMSOL with 3D printed chip design validation. We integrate design simulation and experimental validation.
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Introduction

Digitization in agriculture is revolutionizing by leveraging cutting-edge
technologies to optimize resource use and enhance crop productivity [1]. The
use of smart sensor technology in precision agriculture is mainly focused on
soil, water and nutrient analysis. In precision agriculture soil and plant testing is
a valuable tool for determining the fertilizer needs, growth and maximizing the
fertilizer efficiency [2]. The soil macronutrients like Nitrogen (N), Phosphorus
(P) and Potassium (K) are essential for crop growth [3]. Emerging technologies
like microfluidics-based Lab-On-a-Chip (LOC) which enable rapid, on-site
nutrient detection [4]. Soil sample and plant petiole sap analysis in laboratory
is common practice [5]. Accurate, sensitive laboratory methods require bulky
and expensive instrumentation, labor intensive sample preparation with expert
operators and personnel [6]. Device miniaturization can be achieved using Lab-
On Chip (LOC) technology which integrates several functions on single chip.
This technology employs microchannels, mixer of microfluidics [7,8]. Integrating
detector to a LOC is critical for any analytical device. A number of technologies
have been used in LOC devices, including electrochemical, mechanical and
optical methods [9]. Microfluidic LOC technology with colorimetry utilizes
miniaturized fluid channels to analyse soil and plant nutrient levels efficiently
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[10]. These chips require minimal sample volume, reduce reagent consumption
and provide rapid results compared to conventional laboratory methods.
Integration of optical sensing colorimetry is a crucial interface for LOC systems
by providing a user-friendly platform for data visualization and analysis [11].

The microfluidics Lab-On—a- Chip (LOC), technology implies those techniques
that perform various laboratory operations on a miniaturized scale. LOC is a device,
which can scale the single or multiple laboratory functions down to chip-format [12].
The size of this chip ranges from millimetre to few square centimetres. LOC is the
integration of fluidics, electronics, optics and sensors. A microfluidics device consists
of micromixer, microchannel and microchamber. Microfluidics work on the principle
of capillary action that allows the movement of fluids in capillaries or microchannels
passively [13]. Micromixer are generally designed with channel as the mixing path
and increase mixing and chamber for detection [14-16].

In this context there is a need to develop real time and portable rapid
testing, analysis and quantification devices. In this paper concentration
distribution, pressure for the fluid flow and velocity field to determine whether
fluid flow in microchannel was observed. Also, paper explain geometry,
numerical simulation and development to form micromixer, microchannel and
microchamber design with 3D printing fabrication. The contribution offered by
the current work is modelling and simulation of microfluidics channel and mixing
with COMSOL Multiphysics (6.0) and development of 3D printed microfluidics
serpentine channel and mixer for sample and reagent mixing. The proposed
integration of microfluidic LOC, colorimetry and IOT in nutrient detection marks
a significant advancement in precision agriculture [17-20].

Materials and Methods

Micromixer and microchannel modelling

A CAD design (.dxf file) from SolidWorks is imported in COMSOL (6.0) for
geometry modelling for 2 inlet and 1 outlet Y and Serpentine microchannel,
micromixer with chamber as shown in Figures 1 and 2. PolyDiMethylSiloxane
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(PDMS) used as boundary material with water liquid as domain material. Build
with physical controlled mesh with fine element size as shown in Figures 3-8.

Results and Discussion

A COMSOL (6.0) Multiphysics software was used for fluid flow experiments
in microchannel, micromixer and chamber in Y channel with chamber and Y

serpentine channel with chamber. Time dependent study for laminar flow has
been conducted. Figures 9 and 10 shows variation of velocity with length of
channel. Figures 11 and 12 shows variation of surface pressure. Concentration
of channel was shown in Figures 13 and 14.

The mixing process in this type of micromixer is obtained by guiding two
sample liquids in channel before chamber, hence mixing is accomplished
before chamber which is used for detection. At microscale level, fluid properties
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Figure 1. Geometry model 2D of 2 inlet and 1 outlet Y channel with chamber.
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Figure 2. Geometry model 2D of 2 inlet and 1 outlet Y serpentine channel with chamber.
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Figure 3. Sub domain setting of Y channel.
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Figure 4. Sub domain setting of Y serpentine channel.
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Figure 5. Boundary setting PDMS for Y channel.
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Figure 6. Boundary setting PDMS for Y serpentine channel.
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Shinde SK, et al.

J Biosens Bioelectron, Volume 16:04, 2025

I o FOED 5ME- [T ye—— R
EEDE e Deviien Geewry Wb Masih Phold Ml S Reds Drebsn olobof o
E = [ Bl Thoes [ f%vos Lme T wwage o
E - Alsetewart vt B K Wen . U . o it Pt P e v “' :E
e pad [T iy - o i
e |olenEe e o ¥ I arwrstaan (= * SeaPel o Lul Liw .
= Arirbuie abe | toput
Miodeal [ 1 =8 aghes  Casemgencs Bk | -
v LW = - - T cos-~-H 4 @EO-®8
153 FORSS - Palpaliwmih s e | E e - - a
e Wt Ayt e = Trmeldw Surtare. lsier y mageada (mje}
@ Laveir b e 5 = o :
Y e —-— 3 il
A el e 15
A5 w1 15
= ® n
= k1
4 2%
i Tosruport ol Dilwised Speees Wy Seleion
& TwvpetFrocetan | T » I
5wk
il * Bt Seliren 5 .
1 Coniearion | E
= Laivwnen i Autewsic =i e i
s it | B
pomwn bk | 5
L5 Sl Ml g o
[ Faquagin g be s sy 5 L.
W Pl e s sl e -0 - -0 -la 0 i F aa A e
Cwme Famdtens b [T, Frogiees lag = u
Parie | ol b d . \ o
! M Wiy rph Tin 8, 72, 10 BV Sy e el (el 70 chrwsin i and 18T Sadary sherwei
! B e ) ® Pl Ergad LR 5 (% 1D PR e o i of el Ho 3100 LS B0 v L
Tl 3 T D P ek e Oy T3] & () et 11 oo
(Eak JRRAE ]
e
o m—— a = i =T
. Qe ¥ D9 - eBneEav g* s Su..-'_-.-n-, il = e
Figure 10. Variation of velocity of 2 inlet and 1 outlet Y serpentine channel with chamber.
=g 28" = FamRg- L - LU, Bl - o X
B e Cebemem  Gromiy  Gwsh Mewab Pham Msh Sl Pouh Deses o 8
- | [ EE O | o Lamwire gl mige F i I =
: '-E i srta o W et WA = ! " ik P (L |- = B
e Eldmenufie i | Arriatiee o s ot Maroates | CSecosdbretbiielin T
Pt &gd Mt Aypan st Laport
I Hudeker =& | Lo =8 Gieries  CEmweiperer He u
=t f e W W Tt g aaf-F L- BEG-ap £
Hir Har T e e B
ekl kom Time=l & ot Prewirs (P 2
5 Coruanaian abes  Sreciurs gafl = o 1
1 [omosntaeing ! e
o " Lam: Hiw (g} = Cuin l e
= “nx“::qglt;lri Dmwer  Sooy VSoiueon | {0t - u [ ] am
A Imzay @ - Fl — L]
B bt i z LE
= mal ek 2 i \\ . TE*
£ ot | This 0 I 1T Il|j (5]
A, Matghnaia b ! W
i Mot | = Pl ey 2 P \ I
PRt 4 i | 112
B g . Tive Dupercdend i ks - B i o 154
© P Satewr Cerd punttart xmis ey, 1] i (_K. ina
P a i
a.r
[ S Fadiey amies. T Ee
[ Prpagte bt ko lewer devorseens
2 it 20 15 I 5 o 5 1] 15 b
Coien | Fanprere . [EEL PEgEE LB rasston 00 =-a
L R T - HRLE P We 'u?_.wluu_dr;g.
= Coioe L, At L2 |
! =TH A ST S
1R R
2| o ‘ pouemeav P8 = B L L
= ' - L ol - PR —— " o p
Figure 11. Variation of surface pressure for Y channel.
a7 e W HEEHE R i imdrph - (OB LA phwics - a4 x
“ vews  Delnboiw  Ceavewy WAk Mewik  Sesin Mk Saly  akn Deeige e gl 7]
Wt i [ oo s [, i Ir
Mistacattimghl Poomos  Enoa - m. o Wil Puind b Cl Line ; = .u-m
e i rriet T Al o 2 s o Sumedbie e i Ly T .
ot Rt Pk Mk Sakart el
-8 =W Grapher;  Cenwergenie M § =
aa@m-F - @M@C-w8
Catizur Premars (P L
= .l™ | rt
-
* D i L8
FE N
Bubeny By - T . 2 ] s
| LAz
& bt i 5 i 5
=5 aHn The ' J‘!\ Lar
o ke 1 e 5 [ T— in
e 51 Letinge 5 L= = £
8 e oy LR s WL 1"':
£y Tk o L
P - it 5
(7= thma1: ey pruiikek [ - (%)
E -'::l"r"""-"‘"““ | Shashidar wiie 5 I
AL s - | =amaors mvi e et nar
o Pt s g 20 . L . s s ned
Gk -+ o -0 8 [ 1t Fo) n TG
e [ Sewcn il
M P i Toere [ el b0 = P e Progies:  logl -
L v
o Ruporn = Gzl e LA L S, W P Wi o I Baress of oy ehiae I M6 dtan 1 emmal (001
A B g [P 2. 23, W0 IR S i (e 120
T s e
Lidm) 1518
R - - = e W e 2oar
W oo + mODOoueCcwmenv @8- W ~e ey Ity

Page 5 of 8
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Figure 14. Concentration for Y serpentine channel.
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Figure 15. 3D printing prototype of Y channel mixer with chamber for 2 inlet and 1 outlet.
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Figure 16. 3D printing prototype of Y channel serpentine mixer with chamber for 2 inlet and 1 outlet.

Figure 17. Red and blue ink mixing for Y channel mixer with chamber for 2 inlet and 1 outlet.
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Figure 18. Red and blue ink mixing Y channel serpentine mixer with chamber for 2 inlet and 1 outlet.
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