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Abstract:

This study investigates the complex interplay between magnetohydrodynamics (MHD), nanoparticle
behavior, and fluid flow characteristics in the context of a nonlinear stretching wedge with multiple
slips and non-uniform heating. The flow is driven by a water-based fluid containing nano-sized par-
ticles of aluminum oxide and copper (AloO3 — Cu/H>0) . The governing equations of the problem
are derived and then solved using appropriate numerical techniques. The effects of various parame-
ters such as the magnetic field strength, nanoparticle volume fraction, wedge angle, slip parameters,
and non-uniform heat source are thoroughly analyzed. Results reveal significant alterations in the
flow behavior due to the presence of nanoparticles and the applied magnetic field. The interaction
between the fluid flow and magnetic field induces a substantial change in velocity and temperature
distributions along the wedge surface. Moreover, the slip effects and non-uniform heat source further
modify the flow characteristics. This investigation provides valuable insights into the coupled effects
of MHD, nanoparticles, and slip conditions on the flow dynamics and thermal behavior in nonlinear
stretching wedge configurations. Such insights are crucial for understanding and optimizing pro-
cesses involving fluid flow and heat transfer in engineering applications, particularly those utilizing
nano-fluids and magnetic fields.

Keywords: Magnetohydrodynamics (MHD), Nanoparticles, Nonlinear stretching wedge, multiple
slips, Non-uniform heating

1. Introduction

In recent years, the exploration of magnetohydrodynamics (MHD) coupled with nanoparticle-laden
fluids has garnered significant attention due to its wide-ranging implications in various engineering
and industrial applications. This burgeoning field encompasses the study of fluid flow behavior in
the presence of both magnetic fields and nanoparticles, offering a unique avenue for enhancing heat
transfer and fluid transport processes. Among the numerous configurations studied in MHD liter-
ature, nonlinear stretching wedges stand out as versatile geometries with applications in boundary
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layer control, aerodynamics, and materials processing in [1-3]. The inherent complexity of fluid flow
in these geometries, compounded by the introduction of nanoparticles and non-uniform heat sources,
underscores the need for comprehensive investigations to elucidate the underlying phenomena and
optimize performance. This encapsulates the key focal points of this research endeavor [4]. This
study aims to delve into the intricate interactions between MHD, nanoparticle dynamics, slip con-
ditions, and non-uniform heating in the context of fluid flow over a nonlinear stretching wedge. By
dissecting and analyzing these coupled effects, the research endeavors to advance our understanding
of complex fluid dynamics and thermal behavior in practical engineering scenarios by [5, 6]. The uti-
lization of nanoparticle-laden fluids introduces novel challenges and opportunities in fluid dynam-
ics and heat transfer. Nanoparticles, due to their minuscule size and large surface area-to-volume
ratio, exhibit unique properties that can significantly influence fluid behavior and thermal charac-
teristics. In this study, the nanoparticles under consideration consist of aluminum oxide and copper
suspended in a water-based fluid [7]. The choice of nanoparticles is motivated by their widespread
availability, thermal conductivity, and potential applications in thermal management systems and
nanofluidic devices [8]. The presence of a magnetic field further complicates the fluid dynamics,
as MHD effects arise from the interaction between the magnetic field and the electrically conduct-
ing fluid. This interaction induces Lorentz forces that alter the fluid flow patterns and heat transfer
rates. Understanding the interplay between MHD and nanoparticle dynamics is crucial for optimiz-
ing processes such as magnetofluidic pumping, magnetic drug targeting, and magnetic hyperthermia
treatments. The nonlinear stretching wedge geometry serves as a pertinent model for investigating
boundary layer flow phenomena and fluid-solid interactions [9]. As the wedge stretches or contracts
nonlinearly, it induces variations in velocity and temperature gradients along its surface, leading to
complex flow patterns and heat transfer characteristics. By studying fluid flow over such geometries,
researchers can glean insights into boundary layer development, separation control, and drag reduc-
tion techniques. [10] To the geometric complexity, the inclusion of multiple slip conditions introduces
further intricacies into the flow dynamics. Slip boundary conditions, characterized by the relative
motion between the fluid and solid surfaces, play a pivotal role in determining the flow behavior
near the boundary. Understanding the influence of slip conditions on fluid transport and heat trans-
fer is imperative for optimizing the performance of microfluidic devices, lubrication systems, and
surface coating processes [11, 12]. The imposition of a non-uniform heat source adds another layer
of complexity to the problem. Non-uniform heating profiles, arising from practical considerations
or external factors, can significantly alter temperature distributions and thermal gradients within the
fluid domain. Investigating the combined effects of non-uniform heating, MHD, nanoparticle dy-
namics, and slip conditions provides valuable insights into thermal management strategies, energy
conversion systems, and heat exchanger design [13]. To unravel the intricate interplay between mag-
netohydrodynamics, nanoparticles, slip conditions, and non-uniform heating in the context of fluid
flow over a nonlinear stretching wedge. By comprehensively analyzing these coupled effects, the
study seeks to advance our understanding of complex fluid dynamics and thermal behavior, thereby
facilitating the development of innovative solutions for engineering challenges in various domains.
The exploration of coupled effects in magnetohydrodynamics (MHD) and nanoparticle-laden fluids
represents a frontier in interdisciplinary research, bridging the realms of fluid mechanics, electromag-
netism, and nanotechnology [14-16]. The integration of MHD principles with nanoparticle dynamics
offers a promising avenue for enhancing heat transfer rates, improving fluid transport efficiency, and
designing novel functional materials with tailored properties. The synergistic effects arising from the
interaction between magnetic fields and nanoparticles have been harnessed in diverse fields rang-
ing from biomedical engineering to aerospace propulsion. In biomedical applications, MHD-driven
nanoparticle transport holds promise for targeted drug delivery, where magnetic nanoparticles serve
as carriers for therapeutic agents, guided and localized within the body via external magnetic fields
[17]. Additionally, magnetic hyperthermia treatments leverage the ability of magnetic nanoparti-

109



Akinrinmade and Kolawole

cles to generate heat under alternating magnetic fields, selectively ablating cancerous tissues while
minimizing damage to healthy cells. The precise control afforded by MHD techniques offers a ver-
satile platform for advancing the efficacy and safety of therapeutic interventions. Energy conversion
and storage, MHD-based systems offer potential solutions for improving the efficiency of power
generation and heat transfer processes. Magnetohydrodynamic generators harness the kinetic en-
ergy of conductive fluids in the presence of magnetic fields to produce electrical power, offering an
alternative approach to traditional turbine-based generators [18]. Furthermore, the integration of
nanoparticles into heat transfer fluids enhances thermal conductivity and convective heat transfer
coefficients, leading to more efficient heat exchangers, solar collectors, and thermal energy storage
systems. In aerospace and propulsion engineering, the application of MHD principles in conjunction
with nanoparticle-laden fluids holds promise for advancing propulsion technologies and aerody-
namic control systems [19-22]. Magnetohydrodynamic propulsion systems, utilizing ionized gases
or conductive fluids accelerated by magnetic fields, offer potential solutions for achieving high-speed
propulsion with reduced fuel consumption and emissions. Additionally, the manipulation of fluid
flow characteristics using MHD techniques enables precise control of aerodynamic forces, leading
to enhanced maneuverability and efficiency in aerospace vehicles [23]. Overall, the integration of
magnetohydrodynamics and nanoparticles represents a paradigm shift in the design and optimiza-
tion of engineering systems, offering unprecedented opportunities for innovation and advancement
across diverse fields [24-26]. Through comprehensive investigations into the coupled effects of MHD,
nanoparticles, slip conditions, and non-uniform heating, this research endeavor seeks to contribute
to the foundational knowledge and practical applications of this emerging interdisciplinary field.

2. Materials and Methods

We assume a Falkner-Skan flow of an incompressible unsteady tangent hyperbolicnanofluid over a
faster/slower stretching wedge in light of an applied magnetic field along with activation energy and
magnetic field. The Reynolds number is considered very small, and prompted magnetic field would
ignore. The fluid is assumed to be Newtonian, electrically conducting and its property variations
due to temperature and induced magnetic field are limited to fluid density.

Also, the induced magnetic field is assumed to be either also contribute to the fluid flow properties.
Let the x—axis be taken along the direction of plate and y—axis normal to it. If u,v,7 and B;,i = 1,2
are the fluid x-component of velocity, y—component of velocity, temperature and induced magnectic
respectively. Further, we considered that fluid flow is caused by stretching wedge with the velocity

bx™
w(T,t) = 2.1
(1) = T e
The free stream velocity for the current problem is
az™
(& 7t = 2.2
el 1) = 22)

where m, a, b, c are positive constants with 0 < m < 1, and ¢t < 1. The angle of the wedge is

supposed to be

2
Q = 73, where § = Hlm (2.3)

symbolizes the wedge angle parameter. From the perspective of White, positive value of 5(5 >
0) provides acceleration to the fluid flow and negative value of 3(f < 0) generates retardation.
Additionally, 5 = 0 (i.e.,m = 0) corresponds to boundary layer flow over a horizontal flat plate and
f = 1 (ie.,m = 1) relate to boundary layer flow near the stagnation point of a vertical flat plate.
Further, we assume that (concentrations, temperature) at the wedge surface (C.,, T},) are higher than
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the ambient (concentrations, temperature) i.e., (Cx,T) thatis , C,y > Cx, and T,, > T. The
Cartesian coordinates (x,y) is utilized with x correspond coincides with the surface of the wedge
and y perpendicular to it, and y < 0 is the fluid occupied region (see Figure 2). Also, the fluid binary
reaction under the influence of moving flat surface, buoyance forces and magnetic field occurs in
a permeable device with isothermal boundary layer. The chemical mixture for a single exothermic

reaction with continuous particle collision is propelled by chemical heat generation and chemical
kinetics.
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Figure 2.1: Schematic flow of distribution.

3. Model Analysis

The combined velocity of the stretching sheet and the slip condition was provided by u = w,,(z,t) +
vLC‘%’y‘éwhereas u — ue(x,t) provide the velocity of stagnation point. Moreover,v,,, —k% = h(Tw™T)
an

Respectively sets out the suction velocity, convective heat transfer, and the magnetic flux provided at
acute angle

® = g rad (3.4)
du Ou
ey 3.5
Oz + oy (3:5)
0By 0B,
52 oy =0 (3.6)

Momentum Equation

ou ou ou ouy Hnf 1 ou\1 0%u g (ki1\,.
GO S T e s 2 o ()| S (2
ot "oz —H)ay e [pnf ( * 'y) Vg <8y)} Oy? "~ puy \ 0 @
127 <B 631 0B dB() g
1

— B 1—B I T—Too Bc - Yoo
o (B G+ Bt~ B+ e (1= T+ B(C - O

(3.7)

(u—U)
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Induced Magnetic Field Equation

0B; 0B; 0B; ou ou 9%B; kny Oqr
— Bi— 4+ B Z
o +u B +wv oy 150 + 28y + 1o oy? (pc)nf By

(3.8)

Energy Transfer Equation

or =~ or 9T _ kpny O°T

ot + “or v By (pcp)hnf Oy?

oT oC Dy < > <8u>
+Nps | D + 1+ 3.9
f 8y &y T (ﬂ)2 dy (3.9)

Jy

1 (881 ) 2"
+
o (Cpp)nf oy (Pcp)}mf
Mass transfer (species) equation becomes

9C | O9C ., OC _9Cw0*C  Dr T K™ 0
ot 9r 0y puf OU2  pufTe Y2 Tpas Oy

(C— Co) V7] (3.10)

(%)

B%u?

— tu—+uv +
ot 0w 9y (pCp),y 0y T (0Cy),,
o 3Bl> T ( ocC DT 8T> oT
+—(Dm—— + — —+

o (pCp) s < dy Pnf 0y T Oy ) 0y (pCp);

N knp 160T2 9T kuy, () A(Tw—Too)u
(PCp),y 3ks  0y* — x(pCh),,; bx

oCc ~ oT = 0T  kny O°T Lin f <1+1>
gl
g

+

+B(T_Too)

ac+ ac+ 9C Dy 0*C Dy a%_z&,wi
ot 0x 0y puf 0¥ pufTeo Oy Epnyg Oy (3.11)

(€= Ce )g:zj br <z€o>xp< REGT> (€ = Ce)

aC  oC  8C D, 9*C Dy T Kk u,s 0 oT
S, T z — 2 o Co) Gy

ot ' 0x 0y puy 0¥2  pufTec OY2  Epus Oy
The boundary conditions at the plate surface and far into the cold fluid may be written as:

(3.12)

t<0: uy(z),v=0, d%—32:0 T=T, C=Cy, Vy

+ N ,v=0, %8t =B, =0
t>0: () < >8y DT8T2 },aty:O (313)
2023 —knsG =h(Tw—T), D% + 755

U—>Us, Bl > Be, T > Ty, C = Csx, asy— oo

where his the plate heat transfer coefficient, T}, is the plate temperature of the hot fluid at the left
surface of the plate and ks is the thermal conductivity coefficient. Dp and Dr are the Brow-
nian diffusion and thermophoretic diffusion coefficient respectively, u. is the free stream velocity,
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By, m, p, ¢y, Eq,n and I are the uniform magnetic field strength, Falkner-Skan power law parameter,
fluid density, specific heat capacity, activation energy, the power law index, and Williamson param-
eter, respectively.

Under the above assumptions, the system of equations governing the flow because, the system is

reduced to
ou ov

oz oy

0B1 0By

o oy

du 6u:8ue+(1_ )unfau Hns (8u>82u

Enl” = V2
" s 0 V2 pny \ Oy ) 0y
B2 (¢ . OB OB dB,
-2 ;()(u—ueﬂ%‘; ; <B1 2 LBy 8y1 - B, dm)
due 98 p_p v 4 95C o _ o
dx Pnf Pnf
0B1 0B1 ou ou 9B

oo ,eet g 9t g gt il
Yo —H}@y 1833+ 23y+'u0 Oy?

oT 8T kny T Mo f < > < >2
u——+v
Ox a?/ (pcp)nf ay?  (cpp) nf

& (aBl) +T(D oc DT‘;Z)BT 4 gu2 (3.15)
T

=0

=0

(3.14)

+Ue

+
kng 160TS 0°T  Kuy (z) { (
(Pcp)nf 3ks Oy (Pcp)nf

u+ B* (T —T, )}

x=0: wuy(x), v=0, 851—3220 T=T, C=Cy, Yy
9B1 _ -
> ( )+N<1+,Y> 8:1/7 O) dy B 0}7 aty:O (3_16)
z 20, knfa h( T)7
U—Usx, Bl > Be, T - Ty, asy— o0

where
Ny (f, g, 0)

o? A 92 92 o [0 92
L 0) = 5’”@ + 5 (f (m) 8977(277) —g(n) 8];(277)> -5 < 985;7) " 89772”)) =0

Ng(fa g

For

2
1>a‘g7(72’0),f( 0)=S,g" (n,0)=0,9(n,0) =0,

9¢ (n,0)
on

f’(n,0)=1+v<1+
(3.17)

—(1—9(7%0))7‘0 _(1_T9(7770)

and forp=1,

of ;1) _ 9g(n, 1) _ _ _
As p changes from 0 to 1, fo(n), go(n) and 6y(n) approach f(n, p), g(n, p) and 0(n, p) respectively.
By Taylor’s series expansion,

fn; p) = fo(0 +me (3.19)
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9(m; p) = 90(0) + > gm () p"
n=1

0(n; p) = 60(0) + Y _ b (n) p"
n=1

¢(n; p) = ¢0(0) + D> _ b (n) p" (3.20)
n=1
where
Lo,
fm (1 p) = Honm (n; p) (3.21)
Im (0 D) = ,;;:;g (n: p) (3.22)
1 om
Om (0 p) = H(?Tme (n; p) (3.23)
1 m
bm (05 p) = Kl o (n; p) (3.24)

At p = 1 the series equations 1 and 2 converge if the following parameters: initial guesses, auxiliary
linear operators, and the auxiliary are chosen appropriately. Hence,

Fa) = fom)+>_ fm () (3.25)
n=1
g(m) = go() + > gm (n) (3.26)
n=1
0(n) = thetag(n) + Y _ Om (1) (3.27)
n=1
é(n) = do(n) +Y_ bm (n) (3.28)
n=1
The dth-order deformation problems are:
L(fa— Xafa1 = hyR5() (3.29)
Lg(94 — Xag9a—1 = hgR%(n) (3.30)
Lo(a — xaba1 = hoRG(n) (3.31)
Lo(®g — xa®a_1 = hgRS (1) (3.32)
With the conditions:
P00 =14V (14 1) 10 fal) = 5, filo0) = 6:33)
94 () =0,9a(n) =1, g;(c0) (3.34)
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B2 (14 0) b () =0, (3.35)
POD) — (1= 12 (00) 6 (00) =0 (3.36)
Where
=1 d=1 d=1
Ri(n) = << ) + 52 > > y (Z Th1wdi+ Y G kIR — 1) + A2
k=1 k=1 k=1

= d=1 d=1 d=1
(Z 1 kfk_Zfd 1—kfe+ (Zfd 1k gz d—1— k)) + Gr (0a-1 + Noa)
k=1 k=1 k=1

d=1 =1 d=1 d=1
= g1 o (Zfd Jd—1-k — ng—fé/—1—k> —% (Zg/d+nzgg—l—k>
k=1 k=1
AR, 1\ & =l )
RY <A4—>Zed . k+PrEc( )Z N 0] — A3 Pr al——ka Zek (3.37)
=1

v k=1 k=1

=1 d=1 d=1
+Asap ng 1— K9k + Duz% 1_kPh + As (A* ch’lflfk + B*9d>

k=1 k=1

d=1 d—1 d=1
Rj - Z (bd 1-k k + 57 Z Hd 1- kell - B Z (¢d Z 9&_1_k>
k=1 k—1 k=1

d=1 d=1
—o (727 — Z fk) d)gflfk + 51¢ (77)”

k=1

where
X = Owhend < 1

and
x = lwhend > 1

Hence, the general solutions are:

fa(m) = fa (77)/ + ca + cn + 03?72 + 04773
ga(n) = ga(n)" + 5 + cee” + cre " (3.38)
0a(n) = 04(n)" + cge” + coe™”

Here, fg4 (n)/,gd (77)/ and 64 (77), are the particular solution, while ¢'s are constants which were
determined by the boundary conditions.

Lastly, the equations are coded and executed in a symbolic system Maple 2021 package.

The solution for the non-magnetic case is chosen as an initial guess and the iterations using Euler
scheme are continued till convergence within prescribed accuracy is achieved, with the corrections
incorporated in subsequent iterative steps until convergence, which is used to obtain the values
of our initial guesses. Finally, the resulting guesses together with the system was solved using
generalized Thomas’ algorithm. The system of equations has to be solved in the infinite domain
0 < 00 < 7). A finite domain in the n-direction can be used instead with 1 chosen large enough to
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ensure that the solutions are not affected by imposing the asymptotic conditions at a finite distance.
Grid-independence studies show that the computational domain 0 < oo < 74, can be divided into
intervals each of uniform step size which equals 0.02. This reduces the number of points between
0 < 00 < 7 without sacrificing accuracy. The value 7., = 5 was found to be adequate for all the
ranges of parameters studied here.

Table 3.1: Computed Initial Conditions at the wall

Parameters f'(n) ¢'(0) 6(0) ¢(0) Parameters f'(n) ¢ (0) 6(0) ¢(0)

a; =0.01 0.90 1.27 036 1.02 Q=04 0.90 1.24 036 1.02
o; = 0.05 0.90 1.24 036 1.02 Q=08 0.90 1.22 036 1.02
a; =0.10 0.90 1.19 036 102 Q=14 0.90 1.18 0.36 1.02
op =0.20 0.89 1.09 037 102 Q=24 0.90 1.14 035 1.02
Le =0.5 0.90 1.28 025 122 A=00 0.88 1.37 040 1.01
Le =0. 0.90 1.25 031 111 X=0.2 0.90 1.23 035 1.02
Le = 0. 0.90 1.24 035 1.02 X=04 0.92 1.15 031 1.02
Le = 0. 0.90 123 043 08 X=12 1.07 1.01  0.28 1.02

Sr=0.0 0.90 1.23 045 082 k1 =00 0.90 1.24 035 1.02
Sr=0.2 0.90 1.23 040 091 k1 =1.0 0.89 1.22 036 1.02
Sr=04 0.90 1.23 035 1.02 k1 =30 0.87 1.20 037 1.02
Sr=0.5 0.90 1.23 032 1.08 k1 =6.0 0.86 117 039 1.01
B =-0.5 0.90 123 035 102 N=01 0.89 1.22 035 1.02
B8=-01 0.90 123 038 096 N=0.6 0.90 1.24 035 1.02
8=0.1 0.90 1.23 040 092 N=1.6 0.91 1.26 0.34 1.02
B8=0.5 0.90 123 042 088 N =32 0.93 1.30 0.33 1.02
Rd = 0.00 0.90 123 038 101 Gr=00 0.89 1.22 036 1.02
Rd = 0.05 0.90 123 037 102 Gr=05 0.90 1.24 035 1.02
Rd =0.10 0.90 123 036 1.02 Gr=1.0 0.91 1.25 034 1.02
Rd =0.25 0.90 123 032 103 Gr=20 0.93 1.29 034 1.02

n=>0 0.90 1.27 032 107 V =0.0. 1.00 1.26 038 1.01
n=1 0.90 1.23 036 102 V =0.02 0.82 1.21 033 1.03
n=2 0.90 1.23 036 101 V =0.04 0.71 1.17 031 1.03
n=3 0.90 123 036 101 V=08 0.59 1.14 029 1.04
Ec=0.0 0.90 123 026 104 S5=00 0.93 287 091 097
Ec=0.5 0.90 123 035 102 S§=04 0.93 1.87 0.60 1.03
Ec=1.0 0.90 1.23 044 1.00 S=038 0.92 1.50 047 1.04
Ec=15 0.90 1.24 054 097 S=12 0.91 1.32 039 1.03

ap =0.0 0.90 1.23 034 1.02 Bi=-0.5 0.90 1.23 0.18 0.81
ap =0.1 0.90 1.23 035 1.02 Bi=-0.1 0.89 1.23  0.02 0.57
ap =0.2 0.90 1.23 036 102 Bi=0.1 0.90 1.23 035 1.02
ap = 0.5 0.90 1.24 039 101 Bi=05 0.90 1.23 024 0.89

Du =0.0 0.89 121 037 101 r=0.1 0.91 1.26  0.61 3.72
Du=1.0 0.89 121 036 101 7r=0.5 0.90 1.24 042 1.69
Du =2.0 0.90 1.21 035 102 r=1.0 0.90 1.23 035 1.02
Du =25 0.90 121 035 102 r=1.6 0.90 1.23 032 0.69
0=-0.6 0.90 1.23 037 098 ¢=0.0 0.88 117 0.30 1.03
0=-0.2 0.90 123 036 1.00 ¢=0.2 0.95 1.53  0.57 0.96
0=0.2 0.90 123 035 102 ¢=06 0.99 1.85 0.75 091
0=0.6 0.90 123 034 1.04 ¢=08 1.03 239 096 0.85
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The Graphical Representation and Analysis of Results,
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Figure 3.2: Graph of velocity for various values stretching parameter A
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Figure 3.11: Graph of velocity for various values stretching parameter Pr
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Figure 3.12: Graph of temperature for various values stretching parameter A
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Figure 3.13: Graph of temperature for various values stretching parameter Ha
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Figure 3.14: Graph of temperature for various values stretching parameter o
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Figure 3.15: Graph of temperature for various values stretching parameter IV
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Figure 3.16: Graph of temperature for various values stretching parameter Gr
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Figure 3.17: Graph of temperature for various values stretching parameter A, B
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Figure 3.18: Graph of temperature for various values stretching parameter /3
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4. Conclusion

The comprehensive analysis of magnetohydrodynamics (MHD), nanoparticles, slip conditions, and
non-uniform heating in fluid flow over a nonlinear stretching wedge provides valuable insights into
their intricate interplay. Through numerical simulations and theoretical investigations, this research
elucidates complex fluid dynamics and thermal behavior, paving the way for advancements in en-
gineering applications. The significant influence of MHD and nanoparticles on flow patterns, tem-
perature distributions, and heat transfer rates is underscored, offering opportunities for tailored con-
trol and optimization of processes. Leveraging MHD techniques and nanoparticle additives holds
promise for enhancing heat transfer and fluid transport in various applications, including heat ex-
changers, microfluidic devices, and thermal management systems. Insights gained have implica-
tions for biomedical engineering, aerospace propulsion, and energy conversion, addressing critical
challenges and advancing technological frontiers. The analysis of slip conditions and non-uniform
heating profiles highlights their role in influencing flow behavior and thermal gradients, essential
for optimizing design in microfluidics, lubrication, and surface coating. Overall, this research con-
tributes to understanding complex fluid dynamics and thermal behavior, informing the development
of innovative engineering solutions across diverse applications
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