Indian J Pure Appl Math (2026) 57:1747-1762
https://doi.org/10.1007/s13226-024-00687-0

ORIGINAL RESEARCH

Gold-blood nanofluid flow in cone-disk system for Tiwari
and Das model in the presence of thermal radiation using lie
group approach

Aarti Manglesh@® - Rajeev Kumar - Tejinder Kumar

Received: 18 November 2023 / Accepted: 20 August 2024 / Published online: 9 September 2024
© The Indian National Science Academy 2024, corrected publication 2026

Abstract The cone-disk system, featuring a cone in contact with a disk at its apex, is a versatile arrangement
used in applications such as conical diffusers, viscosimeters and medical devices. Present research focus on
the theoretical analysis of gold blood nanofluid flow in cone disk system for Tiwari and Das model in the
presence of thermal radiation. The three dimensional axisymmetric gold blood nanofluid flow is analysed for
four distinct models namely model I (rotating cone and static disk), model II (static cone and rotating disk),
model IIT (co-rotating cone and disk) and model IV (counter rotating cone and disk). The governing non-linear
equations are transformed to self similar equations by using one parameter Lie group approach and solved by
using bvpSc package of MATLAB to examine the effect of different parameters involving in the problem. In
order to validate the result, Nusselt number at cone and disk surfaces are compared with the published literature
and the closed agreement authenticates the validation of the problem. The influence of various parameters on
velocity and temperature profile of gold blood nanofluid has been discussed in detail for all four configurations
of cone disk system for the gap angle 7 and are shown graphically. The result of this analysis shows that there
is a outward radial flow as a result of high centrifugal forces due to rotation of disk/cone. Also the velocity of
nanofluid decrease with increasing the nanoparticle volume fraction. The results also reveal that an increase in
the nanoparticle volume fraction, power exponent, and radiation parameter values leads to an increase in the
temperature profile.

Keywords Nanofluid - Gold-Blood nanofluid - Tiwari and Das model - Lie-Group approach - Cone-disk system

1 Introduction

A Nanofluid is a special kind of fluid that consists of nano-sized particles dispersed within base fluid, such as
water or oil. These naoparticles, which are extremely tiny, can improve the thermal and flow characteristics of the
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fluid. Nanofluids have lot of applications in microelectronics, biological and medical applications, administration
of drugs and antibacterial therapies, fuel cell, solar systems, solar panels, thermal storage systems, cooling of
electronic devices, etc [1]. The idea of nanofluids is adding solid particles of metals, carbides, and oxides into
heat transfer fluids to enrich the thermal conductivity. This idea was given by Maxwell in 1873. When tiny solid
particles (micrometer, millimeter) were mixed into the base fluids to enrich the thermal conductivity. They face
some serious issues like clogging, increase in the pressure drop and the erosion of pipes. Nanofluids was first
introduced by Choi and Eastman [2]. Choi [3] developed the nanofluid and demonstrated that a suspension of
small particles with a volume fraction of less than 5% improves the heat production of fluids. Nanofluids are
more stable than micro fluids and milli fluids. Base fluids behave more or less like pure fluids in the presence
of nanoparticles thereby incurring very little pressure drop and eliminate the need for surfactants. They have
distinctive properties like large surface area to volume ratio, properties that depend on dimension, lower kinetic
energy and greater stability. The most curious property of nanofluid is that they show remarkable enhancement in
thermal conductivity even by the addition of very small amounts of nanometer sized particles. Also Yu et al. [4]
investigated several metal and metal oxide nanoparticles in numerous base fluids and found satisfactory results,
but many questions concerning these nano-structured material suspensions are still unexplored. In this direction,
analyzing the flow dynamics of different nanofluids, Khan et al. [5—10] obtained results that underscored the
effectiveness of his study.

Gold nanoparticles play a crucial role in the field of biomedical sciences and shows great potential as effective
treatment agents. Gold nanoparticles are currently being studied as drug carriers, photovoltaic agents and contrast
agents. Additionally, they are highly regarded as effective compound for drug transfer and delivery due to their
ability to encapsulate large amounts of therapeutic molecules. They exhibit several desirable characteristics for
cancer therapy. Due to their small size, they can efficiently penetrate various regions of the body, making them
suitable for targeted treatment. The utilization of gold nanoparticles allows for the binding of a wide range of
proteins and drugs, offering the potential for targeted treatment of cancer cells and elimination of bacteria. The
elevated atomic number of these nanoparticles generates heat, making them valuable for selective photothermal
therapy in the context of tumor treatment. Xiaohua Huang and Mostafa El-Sayed [11] put forth the optical
characteristics and practical uses of gold nanoparticles in the realms of cancer diagnosis and photothermal
therapy. Gold nanoparticles have emerged as a focal point of research due to their unique and robust plasmon
resonance in the visible spectrum and their applications in the field of biomedical sciences [12]. Researchers
have collectively investigated the interaction between gold nanoparticles and blood [13,14].

Tiwari and Das model is also known as homogeneous flow model and has been discussed by Khanfer et
al. [15] and is concluded that an enhancement in heat transfer characteristics of nanofluides is only due to the
increased thermal conductivity of fluid. This flow model is also known as single phase or single component
nanofluid model. Ho et al.[16] did an experiment to see how heat can be moved around in an enclosed space
using free convection.They established an improvement of 18% in the heat transport of water with 0.1% of the
volume fraction of alumina nanoparticles. The study of the flow of nanofluids using Tiwari and Das model has
been done by several researchers [17-28].

In the 19th century, Sophus Lie [29] pioneered the development and application of symmetry groups to
differential equations. Lie symmetry groups have found applications in various fields, such as control theory,
quantum mechanics, relativity, and mathematical finance. These approaches offer a systematic and mechanical
computational algorithm, enabling the explicit determination of the symmetry group for any given system of
differential equations. They further employ dimension reduction techniques to optimize the resolution of non-
linear differential equations within defined parameter ranges by reducing the order of equations or the number
of variables involved. Olver [30] and Bluman and Kumei [31] deliver a comprehensive and thorough treatment
of Lie group techniques in the context of differential equations. The advantages of the Lie groups in numerical
analysis are extensively discussed in [32-34]

The cone-disk devices have numerous practical and technical applications, such as calculation of viscosity of
fluid using viscometry [35], the stability scrutiny of the creeping flow of Oldroyd-B liquid [36], medical purpose
[37], applications of bioengineering for propagating endothelium cells placed as a monolayer on the plate [38],
for gas turbines in a conical diffuser in the cooling system to compress air [39]. The energy and Navier-Stokes
equations for heat transport and laminar flow in cone disk system were originally given by Shevchuk [40] in
self-similar versions. Shevchuk demonstrated the compatibility of self-similar solutions with the experimental
data provided by Sdougos et al. [41]. Furthermore, Shevchuk showed that the self-similar results are in line with
those of Buschmann [42] for smaller conicity. Shevchuk [43] investigated the heat transfer in a conical diffuser
and confirmed self-similar solutions with experimental data for a smaller gap angle. Shevchuk [44] extended the
analysis of Shevchuk [43] by considering the boundary layer mass transport with the power law radial distribution
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Fig. 1 Physical model

of the concentration at the disk surface. The consideration of heat transfer in rotating disk configuration has
gained significant attention in various applications. Von Karman [45] made significant advancements in 1921
by developing similar solutions for symmetrical rotational flow caused by a rotating disk. They highlighted the
presence of radially outward flow near the disk surface, which in turn induces an axial inward flow. Batchelor
[46] presented a set of equation to analyze the fluid dynamics in the vicinity of a rotating disk, considering the
scenario where the surrounding fluid also rotates in the same direction as the disk. Stewartson [47] findings
revealed that when using co-rotating discs, the fluid also rotates, whereas in the case if counter-rotating disc,
the fluid remains predominantly stationary. Pearson [48] expanded on Stewarson’s [47] work by generalizing it
time-dependent cases and investigating the fluid dynamics when the disk starts impulsively. Helcig and Shevchuk
[49] performed emperical research on the influence of elevated Prandtl numbers (up to 5000) on convective heat
transfer, considering temperature-dependent properties. The findings indicated that the observed experimental
outcomes align with the self-similar solution proposed by Von karman [45]. Mahanthesh et al. [50] successfully
derived self-similar solution for the flow of nanofluids induced by a revolving disk and influenced by surface
tension. Dambaru Bhatta and Mahanthesh [51,52] used the Lie group analysis to study the flow and heat transfer
of nanofluid in cone-disk system. Turkyilmazoglu [53,54] conducted a comprehensive analysis of the heat transfer
occurring in a system with two rotating discs that have ability to expand. Recently flow of different types of
nanofluid through cone disk system has been studied by [55-57].

Zaferetal. [58] gave a comprehensive review on the recent development of Tiwari and Das model in nanofluid
flow for different geometries. The study of blood carrying gold nanoparticles in cone-disk system has not been
explored yet. Such consideration is of great value in biomedical and engineering research as gold nanoparticles
play a major role to activate or inhibit the growth of blood vessels. This stems the motivation for the current
research which focuses on the gold blood nanofluid flow through cone-disk system in the presence of thermal
radiation. The effect of various parameters on four different models of cone-disk system are investigated.

2 Formulation of the problem

A three dimensional steady axisymmetric flow is considered in the cone-disk system, with the assumption that
either the cone and disk can either rotate or remain stationary. Here blood is considered as Newtonian fluid which
act as base fluid and gold (Au) as nanoparticles. Four configurations are considered namely, model I (a rotating
cone with static disk), model II (a rotating disk with static cone), model III (the co-rotation of cone and disk)
and model IV (the counter-rotation of cone and disk).

The system is described in cylindrical coordinate with r as radial direction of disk, ® is azimuthal angle and z is
direction perpendicular to the ». Height of cone-disk system is given by & = r tan 8, where 8 is the cone angle.
The physical model studied in present problem is given in Fig. 1. The rotation speed of cone and disk are given
by 2 and w respectively. The disk is maintained with radially varying temperature 7,,(r) = T + cr”, where

@ Springer



1750 A. Manglesh et al.

c is a positive constant and n is power exponent, it takes positive, zero, or negative values to allow modelling
of radially increasing, unvarying, and radially decreasing distribution of 7, on the disk surface [40]. While the
surface of the cone is held at a temperature 7.

As the flow is axisymmetric, the symmetry is taken in the azimuthal direction, so the derivative with respect to
@ is considered as zero. Under these assumption the governing equations of conservation of mass, conservation
of momentum and conservation of energy, taking Rosseland approximation for radiative heat flux into account,
are given by [51,59,60]
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here u,, ug, u; are the velocity component in radial, azimuthal and axial direction respectively, p is the pressure,
T is temperature. Here radiative heat flux is considered as

16SbT3,
=———2VT. 6
qr 3R, (6)

where Sb is the Stefan—Boltzmann constant and R, is Rosseland mean absorption coefficient. The corresponding
boundary conditions are given by [59,60]:

u =0, up = wr, u; =0, T = Ty,(r) at z = 0 (at disk), (7)
ur =0, up = Qr, u; =0, T = T atz = h (at cone), ®)

The effective dynamic viscosity (i, s, The effective density p, 7, the effective heat capacity (ocp), r and the
effective thermal conductivity «, ¢ of nanofluid are defined as [61]:

mr .
(1 _¢)2.5’
Pon g =L —@)ps+ dps;
(,Ocp)nf =(1 - ¢)(;0Cp)f + ¢(,0Cp)s;
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where p ¢ pertains to the density of the base fluid, py is associated with the density of the nanoparticles, while ¢
quantifies the volume fraction of nanoparticles. In addition, (pocp) r, (pcp)s correspond to the heat capacitance
of the base fluid and nanoparticles, respectively, and « ¢, «; are used to specify the thermal conductivity of the
base fluid and nanoparticles.

The thermophysical properties of blood and gold nanoparticles are given in the Table 1:
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Table 1 Thermophysical properties of blood and gold nanoparticles [62]

Material Density(p) Specific heat (cp) Thermal conductivity (k) Dynamic viscosity (i)
(kg/m?) (J/kgK) (W/mK) (Pa.s)

Blood pr = 1063 (cp)f =3617 Ky =0.52 nr =0.003

Gold(Au) ps = 19300 (cp)s =129 ks =318 ws = 0.00464

3 Lie group analysis

The systematic utilization of Lie symmetry group analysis allows for the derivation of invariant similarity trans-
formations that, in turn, lead to ordinary differential equations from the governing partial differential equations.
Consider the following transformation of the Lie Group [30,63];

eby e€by

. {r*:re 2=z ut = e,

up = ugpeh, ul =uze

ebs’ p* — peeb(’. (10)

here € is the parameter of lie group and b;(i = 1, 2, ...6) are arbitrary real constant to be determined under
invariant conditions. Using Eq. (10) in Egs. (1)—(4), following new relations are obtained

bz — by = bs — by, (11)
2bs — by = bs + by — by =2by — by = bg — by = by — 2b1 = by — 2by, (12)
by + by — by =bs+ by — by =by —2by = by — 2by, (13)
by 4+ bs — by = 2bs — by = bg — by = bs — 2by = b5 — 2bs. (14)

Solving Egs. (11)—(14) following relations are obtained
by = by, b3 = by = bs = —by, bg = —2b;. (15)

Substituting the value of Eq. (15) into Eq. (10), transformation of Lie group becomes

eby €by

eb * —
Yu; =ure ,

,Zh=ze

r=re
r: iy (16)

ugp = uq>e7€b‘,u;‘ =u,e " p* = pe
Using derivation process [59] in Eq. (16), following characteristics equations are obtained

dr dz _ du, _ due _ du; _ dp

— == = = a7
z —ur  —up  —uz  —2p
After solving and normalizing (17), following similarity transformation are obtained
Z r r
n=-, F(Tl) = —Uy, G(77) = —Uo,
r vy vy
2 (18)
r pr T—-T
H) = —u;, P()) = —,00) = ———,
vy PfUF Ty — Teo

here the terms n, F, G, H, P, and 6 correspond to dimensionless similarity variable, radial velocity, azimuthal
velocity, axial velocity, pressure, and temperature, respectively.

@ Springer



1752 A.

Manglesh et al.

Table 2 Comparison for the value of Nuy with the data in Turkyilmazoglu [60] and Basavarajappa [51] when Re = 12, Rd = 0

and Pr =0.71 for p = /4

Turkyilmazoglu [60] Basavarajappa [51] Present Results
(Runge-Kutta method)
Model I n=-1 1.17660019 1.17660024 1.17660043
n=0 1.09328442 1.09328437 1.09328437
n=2 —1.54423530 —1.54422303 —1.54421437
Model IT n=-—1 1.09783630 1.09783626 1.09783624
n=20 1.17198527 1.17198529 1.17198533
n=2 —0.93598578 —0.93596154 —0.93599083
Model 11T n=-1 1.13380335 1.13379245 1.13380343
n=0 1.13538224 1.13540222 1.13538216
n=2 —1.18400733 —1.18388642 —1.18400793
Model IV n=-—1 1.14297867 1.14297868 1.14297867
n=0 1.12618149 1.12618149 1.12618150
n=2 —1.33449962 —1.33449993 —1.33449161

Table 3 Comparison for the value of Nu, with the data in Turkyilmazoglu [60] and Basavarajappa [51] when Re = 12, Rd = 0

and Pr =0.71 for p = /4

Turkyilmazoglu [60] Basavarajappa [51] Present Results
(Runge-Kutta method)
Model 1 n=-1 0.58830009 0.58830012 0.58830021
n=20 0.83028093 0.83028103 0.83028103
n=2 3.47605658 3.47604646 3.47604668
Model 1T n=-—1 0.54891815 0.54891813 0.5489182
n=20 0.78069847 0.78069848 0.78069843
n=2 3.34300860 3.34296550 3.34300751
Model III n=-1 0.56690167 0.56689626 0.56690171
n=0 0.80178312 0.80177021 0.80178317
n=2 3.36462622 3.36460059 3.36462635
Model IV n=-—1 0.57148934 0.57148934 0.57148934
n=0 0.81339331 0.81339331 0.81339331
n=2 3.50319972 3.50320003 3.50319131

4 Self-similar equations

On employing self similar transformation (18) in the governing Egs. (1) to (4), the transformed ordinary differ-

ential equations are:

H —nF =0,

AL+ 0> F" + {3An+ B(nF — H)}F' + B(F> + G*) +2P + P’ =0,
A(l+n*)G" + {3An+ B(F — H)}G' =0

AQ+nHH +{3An+ BmF — H)}H + (A+ BF)H — P' =0

C + Rd
;—D{a + 120" +n(1 —2n)0" 4+ %0} + (nF — HY9' — nFO = 0
"

19)
(20)
2y
(22)

(23)

where ’ denotes the derivative with respect to 7. The boundary conditions (7)-(8), after using self similar trans-

formation (18) become

F(n) =0, G(n) = Rey,, Hn) =0, 6(n) =1latn =0,
F(n) =0, G(n) = Req, H(n) =0, 6(n) =0

atn = tan(p),
here A=Mt p_Prf c_ %t hap= (pcp)n f
K Ps kr (pcp)f

are nanofluid property ratios. The dimensionless parameters that involved in above equations are:
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e The Prandtl number (Pr = pfc:;ffuf) quantifies the relative importance of the base fluid’s kinematic viscosity

and thermal diffusivity. In this particular investigation, Pr = 21 is taken, aligning with the properties of
blood.

3
e The Rosseland radiation parameter, denoted as Rd = 136?:;’0 , 1s employed to assess the impact of thermal
radiation and is characterized by positive values. '
. 2 2
e Rotational Reynolds numbers, denoted as Re,, = “;L and Req = %—’_, are defined based on the angular

velocities, w and Q, associated with the disk and cone respectively. Following Shevchuck’s [59] approach,
the rotational Reynolds numbers are selected as 12, corresponding to gap angles of 45°, which represents a
relatively large gap.

After eliminating the pressure term from Eqs. (20) and (22), following equation is obtained
A+ F" + (14 1){10An + B F — H)}F"+

3F'{AQ+Tn*) + B(1 +20*)F — BnH} 27
+2BGG' +3(A+BF)H =0

Therefore, Egs. (19), (21) and (27) are to be solved for velocity components. The pressure field can be obtained
by integrating Eq. (22) and is given by

P=nA(+n)F +n(A+ BF)H — BH? + T1*

where IT is the constant of integration.

5 Implementation of bvp5c solver

The nonlinear differential Egs. (19), (21), (23) and (27) are solved numerically together with boundary conditions
(24) and (25), using bvpSc solver of MATLAB for different values of flow parameter. In order to apply bvpSc
[64] solver, the nonlinear differential equations must be written as a system of first-order ordinary differential
equations. Introducing the following new variables,

fh=F fQO=F, fO=F" fh=H

f®) =G, fO =G, f(Hh=06, f& =0

Putting these new variables into the Egs. (19), (21), (23) and (27), the new system of first order equations are
obtained

' =f@,

'@ = 1o,

'3 = { — (L+7)[10nA + B(pf (1) — f(4)]1f(3) — 2B (5)f(6)

A(l +n?)?
—3fQIAQ+ T + B + 21 f(1) — nBf (4] — 3[A + Bf(l)]f(4)},

'@ =nfQ2),

f'5) = f(0),
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Fig. 2 Effect of ¢ on radial velocity profile F (1) for gold blood nanofluid for a stationary disk and rotating cone b rotating disk and
stationary cone ¢ co-rotation of disk and cone d counter rotation of disk and cone
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The boundary conditions after using new variables are:
fa(1) =0, fa(5) = Rew, fa(4) =0, fu(7)=1

(1) =0, fp(5) = Req, f(4) =0, fp(7)=0
here, f, denotes the positions of = 0 and f; denotes the positions of n = tan(f).

6 Result and discussion

System of equation given by (19), (21) (23) and (27) along with boundary condition, (24) and (25) is simulated
numerically with the help of bvp5c solver of MATLAB to find the velocity and temperature profiles for the cone-
disk system corresponding to four different configurations. Here the value of rotational Reynolds number is taken
12, which corresponding to the gap angle 45° [59]. The value of Prandtl number is set 21 which corresponding
to blood, which act here as base fluid. To validate the result a comparison is performed with available published
data. The value of the Nusselt number at the disk and cone are compared with those of Turkyilmazoglu [60] and
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Fig. 3 Effect of ¢ on azimuthal velocity profile G (1) for gold blood nanofluid for a stationary disk and rotating cone b rotating disk
and stationary cone ¢ co-rotation of disk and cone d counter rotation of disk and cone

Basavarajappa [51] and is given in Table 2 and Table 3. The closed agreement authenticates validation of the
problem.

The nanofluid flow velocity components inradial F (1), azimuthal G (1) and axial H () direction are presented
in Figs. 2—4 for the gap angle 7 /4. In case of stationary disk and rotating cone (model I) radial velocity component
F(n) behave radially inward near the disk surface and radially outward near the cone surface. As the cone is
rotating, so near the cone surface centrifugal force is high, due to which there is an outward radial flow near the
cone. In case of rotating disk and stationary cone (model II) radial velocity behave opposite to that of model 1.
As the disk is rotating and the centrifugal force give rise to outward flow near the disk. In the case of co-rotating
disk and cone (model III) the value of rotational Reynolds number are takes as Re,, = 12 and Req = 11.8812
i.e. Re, > Regq. In this case the radial velocity behave similar to that of model II. If Re,, < Reg the the radial
velocity behave like model I, but the magnitude of velocity remains smaller. In model IV, where the disk and
cone rotate in opposite directions, here the values of Re,, = 12 and Req = —12 is taken corresponding to disk
and cone. Due to counter rotation of disk and cone there is outward flow near both the surfaces and the radial
velocity F (1) changes its sign twice. Figure 3 shows the variation of Tangential velocity G () and it is observed
that it behave linearly for all the four configuration of cone-disk system. Figure 4 shows the behaviour of axial
velocity H (n) w.r.t. . It is interpreted from the figure that the axial velocity behave in similar way for model I
and model I'V and an opposite trend is observed for model IT and III. These results are in good agreement with
Shevchuk [59] and Basavarajappa [51].

The variation of radial, tangential and axial velocity with the nanoparticle volume fraction parameter for all
the four configuration are shown in Figs. 2 — 4. Figure 2a—d gives the graphical representation of the radial velocity
F(n) for different values of ¢ for all four models. Figure 2a shows the graphical variation of radial velocity for
different value of nanoparticle volume fraction parameter for model I. It is found that with an increase in the
value of ¢, velocity decrease near the stationary disk surface, it is because as ¢ increases the density of fluid
increases which causes decrease in the velocity, but the radial velocity increases near the rotating cone due to
the centrifugal forces. In case of rotating disk and stationary cone (model II) velocity increases with an increase
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<011

18 L L L L L L L L L 02

Fig. 4 Effect of ¢ on axial velocity profile H (1) for gold blood nanofluid for a stationary disk and rotating cone b rotating disk and
stationary cone ¢ co-rotation of disk and cone d counter rotation of disk and cone

in the value of ¢ near rotating cone, but then it decreases in the region near the stationary cone and is shown in
Fig.2b, which is exactly opposite to model I. Same trend of radial velocity is seen for the co-rotating disk and
cone (model III) but the magnitude of velocity is less and is given in Fig. 2c. When the disk and cone are rotating
in opposite direction the variation of radial velocity with ¢ is shown in Fig.2d. From the figure it is interpreted
that velocity increases near the disk surface, then it decreases and again it increases near the region of rotating
cone. It is also observed that magnitude of velocity is more near the cone as compare to the disk surface.

Figure 3a—d shows the effect of nanoparticle volume fraction on the tangential velocity G () for four different
configuration. Figure 3a shows the effect of ¢ on velocity for stationary disk and rotating cone (model I) and
it is observed that with increase in ¢ velocity decreases and the magnitude of velocity increases in the region
near the rotating cone. As excepted the opposite trend is seen for rotating disk and stationary cone (model II),
here magnitude of velocity is high at rotating disk surface and it is shown in Fig. 3b. It is observed that velocity
decreases with increase in ¢ for co-rotation of disk and cone as shown in Fig. 3c. Figure 3d shows that velocity
increases with ¢ for counter rotation of disk and cone.

The effect of ¢ on axial velocity H (n) four for all models are shown in Fig.4a—d. There is decrease in axial
velocity near the stationary disk but it increases near the rotating cone as the value of ¢ increases and is shown in
Fig.4a. From Fig. 4b it is observed that there is very small increase in velocity near rotating disk but the velocity
decreases significantly near the stationary cone. Same trend of axial velocity is observed for model III but the
magnitude of velocity is different and is shown in Fig. 4c. It is observed from Fig. 4d that axial velocity decreases
with increase in ¢ near the rotating disk but then it increases near the rotating cone. This pattern is same as that
of model I but the magnitude of velocity is different.

The variation of temperature with ¢ for four different configuration of cone and disk are shown in Fig. Sa—d.
Figure 5a shows the variation of temperature profile for stationary disk and rotating cone (model I) and its found
that temperature increases with increases in ¢, as with increase in nanoparticle volume fraction parameter ¢, the
fluid become denser, resulting an increasing in temperature profile. Same trend is observed for counter rotation of
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Fig. 5 Effect of ¢ on temperature profile (1) for gold blood nanofluid for a stationary disk and rotating cone b rotating disk and
stationary cone ¢ co-rotation of disk and cone d counter rotation of disk and cone, for Pr =21, Rd =1, andn = 1.

disk and cone and is shown in Fig. 5d. Figure 5b and c shows that temperature profile decreases with an increase
in the value of ¢ which corresponds to model II and model III.

The variation of temperature for the different values of power exponent n is represented in Fig. 6a—d. Negative
value of n mean radially diminishing disk surface, n = 0 means unvarying disk surface and positive value of n
corresponds to radially increasing disk surface. From the Fig. 6, it can be seen that 0 (1)) reduce from unit value
at disk to zero values at cone. Figure 6a shows that the temperature profile increases with increasing value of
n and this increase in temperature is more prominent near the disk surface than the cone (model I). Figure 6b
show the results for model II. From the figure it is clear that temperature profile decrease near the disk whereas
it increase near the cone. Temperature field increase with the increase of n for both III and IV model. Variation
of temperature profile is in good agreement with that of Shevchuk [59], Turkyilmozoglu [60] and Basavarajappa
[51]. Variation of radiation parameter on temperature profile has been shown in Fig. 7a—d for all four model.
From the graph it is seen that with the increase in radiation parameter temperature profile decrease for I and IV
model, as expected radiation decreases the rate of energy transported to fluid and hence decrease in the fluid
temperature, whereas an opposite trend is observed for model II and model III.

7 Conclusion

In this paper velocity and temperature gold blood nanofluid in cone-disk system in the presence of thermal radia-
tion has been analysed using lie group approach. Here blood is considered as Newtonian fluid. Present problem is
important due to its applications in targeted drug delivery system and medical devices. The gold particles are effi-
cient drug-carrying and drug-delivery vechiles as they can encapsulate large quantity of therapeutic molecules.
The effect of different parameters on velocity and temperature profile has been discussed. It is concluded that:
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Fig. 6 Effect of n on temperature profile 6 (1) for gold blood nanofluid for a stationary disk and rotating cone b rotating disk and
stationary cone ¢ co-rotation of disk and cone d counter rotation of disk and cone, for Pr = 21, Rd = 1 and ¢ = 0.05

e Velocity of gold blood nanofluid increases near the rotating disk/cone, due to high centrifugal force in that
region.

e Velocity of blood nanofluid decreases with increasing value of nanopartical volume fraction parameter ¢, it
is because as ¢ increases the density of fluid increases which causes decrease in the velocity.

e The temperature profile of gold blood nanofluid increases with increases in nanopartical volume fraction
parameter ¢ as with addition of nanoparticle to base fluid the denser behaviour of fluid enhanced which
results an increase in temperature profile.

e The temperature profile of gold blood nanofluid increases with increase in power index n for I, III and IV
model whereas for model II it decreases near the disk then increases near the cone.

e The velocity and temperature profile are in good agreement with Shevchuk [59].

e The result for present problem can be validated by comparing the heat transfer rate at cone and disk that of
Turkyilmazoglu [60] and Basavarajappa [51] for Re = 12, Rd =0, Pr = 0.71 for 8 = /4

8 Future Suggestions

e The same model could be extended to the unsteady case.
e The researcher can use slip an jump conditions for the same model.
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