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Abstract. Natural convection effects of the numerical solution fosteady, laminar, free
convection flow over an incompressible viscous fluid pastraisothermal vertical cone
with surface temperatur€,,(z) = T., + az™ varying as power function of distance
from the apex £ = 0) is presented here. The dimensionless governing equations
of the flow that are unsteady, coupled and non-linear padffidrential equations are
solved by an efficient, accurate and unconditionally stéibi¢e difference scheme of
Crank-Nicolson type. The velocity and temperature fieldsehzeen studied for various
parameters Prandtl number, semi vertical afi§le< ¢ < 90° andn. The local as well
as average skin-friction and Nusselt number are also pregand analyzed graphically.
The present results are compared with available resuliteiafure and are found to be
in good agreement.
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Nomenclature

a constant ‘Nu non-dimensional average Nusselt
f"”  local skin-friction in [5, 15] number
Grr,  Grashof number n exponentin power law variation
Gr; modified Grashof numbeti{ry, cos ¢) in surface temperature
g acceleration due to gravity Pr Prandtl number
L reference length R dimensionless local radius of the
Nu, local Nusselt number cone
Nuy average Nusselt number r local radius of the cone
Nux non-dimensional local Nusselt T’ temperature

number T dimensionless temperature
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t' time X dimensionless spatial co-ordinate

t dimensionless time x spatial co-ordinate along cone generator

U dimensionless velocity itk -direction Y dimensionless spatial co-ordinate along

u  velocity component irc-direction the normal to the cone generator

V' dimensionless velocity iy -direction y spatial co-ordinate along

v velocity component iy-direction the normal to the cone generator

Greek symbols

e thermal diffusivity 1 dynamic viscosity

I} volumetric thermal expansion v kinematic viscosity

At  dimensionless time-step 7. local skin-friction

AX dimensionless finite difference grid 7x  dimensionless local skin-friction
size inX-direction Tr  average skin-friction

AY dimensionless finite difference grid 7 dimensionless average skin-friction
size inY -direction —6’(0) local Nusselt number in [5, 15]

0] semi vertical angle of the cone

Subscripts

w condition on the wall oo  free stream condition

1 Introduction

Natural convection flows under influence of gravitationak&have been investigated
most extensively because they occur frequently in natumeedisas in science and en-
gineering applications. When a heated surface is in comtbtthe fluid, the result of
temperature difference causes buoyancy force, which esltie natural convection. The
atmospheric circulation with all its hurricanes, blizzai@hd monsoons are essentially
driven by natural convection. Mainly, these types of heatdfer problems deal with the
design of spacecrafts, nuclear reactor, solar power ¢oliecpower transformers, steam
generators etc.

Since 1953, several authors have developed similaritytisolsifor axi-symmetrical
problems for natural convection laminar flow over a vertioathe in steady state. Merk
and Prins [1, 2] developed the general relation for simitdutsons on iso-thermal axi-
symmetric forms and they showed that the vertical cone hatsasolution in steady state.
Braun et al. [3] obtained similar solutions for isothermelsymmetric bodies (i.e., cone,
parabolic-nosed, flat-nosed bodies) with closed lower eanttintegral methods are used
for obtaining heat transfer results for a wide range of Pilamgimbers. These authors
also presented the results obtained by numerically intiegrshe differential equations
with including Prandtl number af.72 and concluded; the body shape influences the heat
transfer strongly for lower Prandtl numbers. Further, Hgrand Grosh [4] showed the
similarity solutions exist for steady free convection floweoa vertical cone with variable
surface temperature and it varies as power function ofigtfrom apex along the cone
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ray. Numerical solutions of the transformed boundary lageuations are obtained for
both isothermal and linear surface temperature with Ptamathber(0.7. They noticed
from the velocity and temperature profiles that the dimarisi&s tangential-flow function
for the iso-thermal cone attains 22 % greater than that ferctne with linear surface
temperature distribution. Hering [5] extended the probleihHering and Grosh [4]
for low Prandtl number fluids, and obtained numerical soha&ifor liquid metals and
concluded that the thermal boundary layer thickness is rfaarédow Prandtl number
fluids. Sparrow et al. [6] observed that the boundary laymktiess in the case of iso-
thermal vertical plate for airffr = 0.733) is comparativelyi4.5 times less than that for
liquid sodium Pr = 0.003). Roy [7] extended the work of Hering and Grosh [4] for
high Prandtl number fluids, and derived expressions forl Iskia-friction and Nusselt
numbers. Also, Alamgir [8] has investigated the overallthesnsfer in laminar natural
convection from vertical cones using the integral methagh &d Takhar [9] have studied
the compressibility effects in laminar free convectiomfra vertical cone. Kumari and
Pop et al. [10] who investigated the steady mixed convedlmmover a vertical cone for
two values of thePr, namelyPr = 0.733 (air) and Pr = 6.7 (water) However, these
authors have considered only the case of assisting flow. rlgc®op and Grosan et
al. [11] analyzed the steady laminar mixed convection bauywhyer flow over a vertical
isothermal cone for fluids of angr for the both cases of buoyancy assisting and buoyancy
opposing flow conditions. The resulting non-similarity bdary-layer equations are
solved numerically using the Keller-box scheme for fluidsaof Pr from very small
to extremely large value9 (001 < Pr < 10000).

Further, Gorla and Startman [12] considered the analysisanisverse curvature
effect on axi-symmetric free convection boundary layer flofwvater at4° C past a
slender vertical cone and observed the heat transfer rateases with the increasing
transverse curvature. Also, Kuiken [13] have considereddhase of a slender cone
where the transverse curvature effect is considered. Trsformed boundary-layer
equations are non-similar, and these equations were soiviedms of series expansion
of the transverse curvature variable. Watanabe [14] sadvedn-similar free convection
boundary layer flow with constant wall temperature and unifguction/injection over
a cone and presented numerical results for various suittjeation and vertical angle
parameters. Recently, Hossain and Paul [15] studied thesimoifarity solutions for
the laminar free convection from a vertical permeable coith nwon-uniform surface
temperature. Using a finite difference method, a seriedisalmethod and asymptotic
solution method, the solutions have been obtained for timesiroilarity boundary layer
equations. Takhar and Chamkha et al. [16] investigated ffleeteof thermo physical
quantities on the free convection flow of gases over isontlaéwertical cone in steady
state, in which thermal conductivity, dynamic viscositydaspecific heat at constant
pressure were to be assumed a power law variation with aestdmperature. They
concluded the heat transfer increases with suction anedses with injection. Further,
solutions of the transient free convection flow problemsr@veertical/started vertical
plate and inclined plate/vertical cylinder have been otgdiby Takhar and Ganesan
et al. [17], Muthucumaraswamy and Ganesan [18], Ekambavand Ganesan [19],
Ganesan and Rani [20] using finite difference method.
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The investigation, namely unsteady laminar natural caiwedlow past a non-
isothermal vertical cone has not received any attentioitenature. Hence, the present
work-studies and deals with the laminar free convection fieer a non-isothermal verti-
cal cone. The governing boundary layer equations are sblyad implicit finite differen-
ce scheme of Crank-Nicolson type with:, ¢ andn as controlling parameters. In order to
check the accuracy of our numerical results, the preseultsesre computed aX = 1.0
by considering modified Grashof numb@r; = Gry cos¢ = 98 COW(T’ “TL® and

results are compared with the available results of Herirg@rosh [4], Hermg [5] and
Hossain [15].

2 Mathematical analysis

An axi-symmetric unsteady laminar free convection of a eiscincompressible flow
past a vertical cone with variable temperatdtg(x) = T, + az™ on the surface is
considered. It is assumed that the viscous dissipatiorteffre negligible. It is also
assumed that the cone surface and the surrounding fluid vidathrest are at the same
temperature”’_. Then at timet’ > 0, the temperature of the cone surface is suddenly
raised toT,(z) = T., + az™ and it is maintained. The co-ordinate system is chosen
(as shown in Fig. 1) such that measures the distance alofgceunf the cone from

fx

u

R

Fig. 1. Physical model and co-ordinate system.

the apex £ = 0) andy measures the distance normally outward. Hgrie the semi
vertical angle of the cone andis the local radius of the cone. The fluid properties are
assumed constant except for density variations, whichdadwoyancy force term in the
momentum equation. The governing boundary layer equatibosntinuity, momentum
and energy under Boussinesq approximation are as follows:

Equation of continuity:
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equation of momentum:

ou ou ou 0%u
— tUu— Fv— = T - T — 2
8t+u0x+vay gﬁcosgi)( oo)Jrl/ayQ, (2
equation of energy:
oT’ n oT’ . oT’ 0T’ 3)
u v =075
ot’ ox oy oy?
The initial and boundary conditions are
t'<0: u=0, v=0, T =T, forall =z,y,
t'>0: u=0, v=0, T'(z)=T, +ax" at y=0, @
u=0, T =T., at z=0,
u — 0, T — T, as y — oo.
Local skin-friction and local Nusselt number are given exdjyely by
ou
Y/ y=0
(%)
_ Y /y=0
R ©
Average skin-friction is given by
2 7 0
_ I U
Tr=— | z| — dr. (7
L2 J (ay)y_()
Average heat transfer co-efficient over cone surface is
L (aT’)
— _Qk' dy y=0
h= B /mT’—T’ dz, (8)
0 w o0
then average Nusselt number is
_ L (aT’)
— hL -2 % ).—o
Nuy = — = — - ‘v
e e A B T i ©)
0
Using the following non-dimensional quantities:
X = %, Y = %(GTL)i, R= %, where r = xzsin ¢,
vL 1 ul 1 l/tl 1
VZT(GTL) i, UZT(GTL) 2, t:ﬁ(GrL)% (10)
T —T 9B(T,,(L) — T )L? v
T=——>— = = Pr=—.
-1 V2 T
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Equations (1), (2) and (3) are reduced to the following nomeshsional form:

O(UR) O(VR) oU) V) U

ox "oy Y\ ax tay Tx ) (11)

oU U U 02U

W+U6—X+V6—Y—TCOS¢+W, (12)
2

or ;o  yor _ 1 o7 (13)

ot ox oy Pray?®
The corresponding initial and boundary conditions in nimeahsional quantities are given
by

t<0: U=0, V=0 T=0 forall XY,

t>0: U=0, V=0 T=X" at Y =0,

(14)
U=0, T=0 at X =0,
U —0, T—0 as Y — oo.
Local skin-friction and local Nusselt number in non-dimiensl quantities are
_ i (oU 15
= (7). (15)
X —oT 1
Nuyx = —_— Gr;. 16
. TY—O( oy )Y_() k (16)
Average skin-friction and average Nusselt number in nanegisional quantities are
/ ou
3
T=2Gr [ 2| == dX, a7)
o ). o
0 v=
— 1 X —oT
Nu = 2Gr} / (—) dX. 18
L] Ty—o\ 0Y )y_, (18)

0

3 Solution procedure

The unsteady non-linear coupled partial differential eigquies (11), (12) and (13) with the
initial and boundary conditions (14) are solved by emplgyarfinite difference scheme
of Crank-Nicholson type which is discussed by many authomshMcumaraswamy and
Ganesan [18], Ganesan and Rani [20], Ekambavanan and Gafi&a Takhar and
Ganesan et al. [17]. The finite difference equations cooedimg to the equations are
given by
Ui]f;& - Uzkj—ll,j + Uilfj - Uikfl,j + Uf;;ll - Uikjll,jfl + Ui,jfl - Uikfl,jfl
4AX
k+1 k+1 k k k+1 k+1 k k
" Vii = Vi + Vi = Vi n Upj + Ui+ UG+ U —0

2AY 4iAX

(19)
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KL _ g7k KL _ kel Lk 7k
Uij Ui e Yy = Uitny U5 = Uity
At 7 2AX
k+1 k+1 k k
Ly Yig 2 Uiy Ui = Ui (20)
b AAY
k+1 k k+1 k+1 k+1 k k k
e P o el P Wl ek
SWNGE !
K+ _ ok KLkl ko
Tig =10 e T — Ty T 10 = Ty
At 7 2AX
k+1 k+1 k k
Ly T = Lo F T = 160 (21)
& AAY
k k k
L T A T T 2T 4 T
Pr 2(AY)? '

Here the region of integration is considered as a rectangle ¥,,.. = 1 and
Ymar = 20 whereY,,., corresponds td&” = oo which lies very well outside both
the momentum and thermal boundary layers. The maximuii @fas chosen ag0,
after some preliminary investigation so that the last twaritary conditions of (14) are
satisfied within the tolerance limit0—>. The mesh sizes have been fixedaX¥ = 0.05,
AY = 0.05 with time stepAt¢ = 0.01. The computations are carried out first by reducing
the spatial mesh sizes by 50% in one direction, and later th Hmections by 50 %.
The results are compared. It is observed that, in all cakes,esults differ only in the
fifth decimal place. Hence, the choice of the mesh sizes séeims appropriate. The
co-efficient ofUZ.’fj and Vi’fj appearing in the finite-difference equations are treated as
constants at any one-time step. Hédesignates the grid point along ti&direction, j
along theY -direction andk along the time. The values of/, vV andT are known at all
grid points whent = 0 from the initial conditions.

The computations d¥/, V andT at a time leve(k + 1), using the values at previous
time levelk are carried out as follows. The finite-difference equatii) @t every internal
nodal point on a particular-level constitutes a tri-diagonal system of equations a&nd i
solved by Thomas algorithm as discussed in Carnahan et$l. [thus, the values of
T known at every nodal point at a particulaat (k + 1) time level. Similarly, the
values ofU are calculated from equation (20), and finally the valuek @fre calculated
explicitly by using equation (19) at every nodal point on atigalar i-level at(k + 1)1
time level. In a similar manner, computations are carridbgunoving along-direction.
After computing values corresponding to eacht a time level, the values at the next
time level are determined in a similar manner. Computatamesrepeated until steady
state is reached. The steady state solution is assumed ¢oblean reached when the
absolute difference between the values of the veldgitgs well as temperatufe at two
consecutive time steps are less than® at all grid points.
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The scheme is unconditionally stable. The local truncagioor isO(At? +AY 2+
AX) and it tends to zero aAt,AY and AX tend to zero. Hence, the scheme is
compatible. Stability and compatibility ensure the cogesrce.

4 Resaults and discussion

In order to prove the accuracy of our numerical results, tliesgnt results in steady state
atX = 1.0, Pr = 0.7, = Y and considering?r; = Gry, cos ¢ = w
are compared with available similarity solutions in ther#ture. In Figs. 2(a) and 2(b),
the velocity and temperature profiles of isothermal and isothermal vertical cone are
compared with similarity solutions of Hering and Grosh [d]steady state and found to
be in excellent agreement. In addition, local skin-frintioy and local Nusselt number
Nux values for different Prandtl number and exponerare compared with the results
of Hering [5] in Tables 1 and 2, respectively. It is observiedttthe results are in good
agreement with each other for small valuesnof There is small deviation with these
results for large values of and the deviation increases with Also, present values of
local skin-frictionTx and local Nusselt numbéYu x values for different Prandtl number
and exponent value when are compared with the recent resattssimilarity solution of
Hossain [15] in Table 3. Finally, Pop and Takhar [9] resuitsfar incompressible fluid
same as those of Hering and Grosh [4] results. Hence, pressarits well agree with the
results of Pop and Thakar [9] for incompressible fluid.

In Figs. 3-5, transient velocity and temperature profilessiiown atX’ = 1.0, with
various parameter®r,n and¢. The values ot with star symbols«) denote the time
taken to reach steady state. In Fig. 3(a), transient vglpcdfiles are shown for different
angles withPr = 0.71 andn = 0.2. When¢ increases, near the cone apex, it leads to
a decrease in the impulsive force along the cone surfacecd;d¢me difference between
temporal maximum velocity values and steady state valuedses with increasing the
values of¢. The tangential component of buoyancy force reduces asetimé \ertical
angle increases. This causes the velocity to reduce as angbeeases. The momentum
boundary layer becomes thick, and the time taken to reacttstate increases for
increasingp.

In Fig. 3(b), transient temperature profiles are shown ffiedint angles withPr =
0.71 andn = 0.2. It is observed the temperature and boundary layer thickimesease
with increasingy. The difference between temporal maximum temperaturesgadund
steady state values decrease with increasing

In Figs. 4(a) and 4(b), transient velocity and temperaturdilps are plotted for
various values of’r with ¢ = 15° andn = 0.2. Viscous force increases and thermal dif-
fusivity reduces with increasingr, causes a reduction in the velocity and temperature as
expected. Itis observed from the figures that the differdmateveen temporal maximum
values and steady state values are reduced vitrancreases. It is also noticed the time
taken to reach steady state increases and thermal bourganthickness reduces with
increasingPr. Itis also clear from the Fig. 4(a), the momentum boundargidshickness
increases with the increase Bf from unity.
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Table 1. Comparison of steady state local skin-frictiomulttssatX = 1.0 with those of

Hering [5]
Hering [5] Present value$ Hering [5] Present values

770 S OVPr /G | F(0) S (OVPr _ 7a/(Grp)”"
n Pr =20.03 Pr=0.1
0 7.185 1.2444 1.2406 3.466 1.0960 1.0932
0.2 | 6.928 1.1999 1.1973 3.353 1.0603 1.0589
1 6.174 1.0693 1.0703 3.019 0.9545 0.9567
2 5.582 0.9668 0.9709 2.749 0.8693 0.8736
4 4.892 0.8473 0.8568 2.425 0.7668 0.7757
8 4,197 0.7269 0.7864 2.091 0.6612 0.6778
n Pr=0.7 Pr=1.0
0 0.9796 0.8195 0.8163 0.7694 0.7694 0.7660
0.2 | 0.9513 0.7959 0.7937 0.7475 0.7475 0.7451
1 0.8663 0.7248 0.7255 0.6815 0.6815 0.6819
2 0.7962 0.6661 0.6684 0.6270 0.6270 0.6289
4 0.7096 0.5937 0.5993 0.5596 0.5596 0.5645
8 0.6172 0.5164 0.5277 0.4872 0.4872 0.4977

Table 2. Comparison of steady state local Nusselt numbeesatX = 1.0 with those

of Hering [5]
Hering [5] Present values Hering [5] Present values
—0'(0) —0"(0)vVPr Nux/(Gri)* | -67(0) —0'(0)vPr Nux/(Gri)/*

n Pr =0.03 Pr=0.1

0 |0.7185 0.12440 0.1258 0.6683 0.2113 0.2121
0.2| 0.7726 0.13380 0.1352 0.7159 0.2263 0.2271
1 |0.9415 0.16307 0.1623 0.8663 0.2739 0.2733
2 |1.0890 0.18860 0.1879 0.9919 0.3136 0.3120
4 | 1.2870 0.22290 0.2174 1.1650 0.3684 0.3620
8 | 1.5330 0.26550 0.2522 1.3810 0.4367 0.4185
n Pr =07 Pr=1.0

0 | 0.5392 0.4511 0.4554 0.5104 0.5104 0.5157
0.2| 0.5730 0.4794 0.4833 0.5148 0.5148 0.5465
1 | 0.6777 0.5670 0.5684 0.6389 0.6389 0.6406
2 | 0.7693 0.6436 0.6412 0.7240 0.7240 0.7213
4 | 0.8945 0.7484 0.7374 0.8406 0.8406 0.8285
8 | 1.0530 0.8810 0.8489 0.9889 0.9889 0.9535
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Table 3. Comparison of steady state local skin-friction lmedl Nusselt number values
at X = 1.0 with those of Hossain [15] whem = 0.5 and suction is zero.

Local skin-function Local Nusselt number
n = 0.5 | Hossain values Present valugsHossain values Present values
Pr /7 (0) /(G| =00 Nux/(Gr)"?
0.01 1.23231 1.224 0.08828 0.0914
0.05 1.09069 1.0922 0.183 0.1829
0.1 1.01332 1.015 0.24584 0.2466

In Figs. 5(a) and 5(b), transient velocity and temperaturdilps are shown for
various values ofi with Pr = 0.71 and¢ = 15°. Impulsive forces are reduced along the
surface of the cone near the vertex for increasing values &fue to this, the difference
between temporal maximum values and steady state valuaseedt is also observed
that asn increases, velocity and temperature reduce and the tinem takreach steady
state value increases.

Once velocity and temperature profiles are studied, it isr@dting to study the
local as well as the average skin-friction, and the rate @it hensfer in steady and
transient state. The derivatives involved in equation3«{{lB) are obtained using five-
point approximation formulae and then the integrals arduatad using Newton-Cotes
closed integration formula. The local skin-frictiog and local Nusselt numbé¥w x for
different values ofp, at various positions on the surface of the coNe=£ 0.25 and1.0)
in the transient period are shown in Fig. 6(a) and 6(b) respey. It is observed from
the figures local skin-frictiomyx and local Nusselt numbe¥u x values decrease with
increasing angle. It is observed this effect is less near the cone apex.

The local skin-frictionrx and local Nusselt numbé¥u x values for different values
of Pr, at various positions on the surface of the calie=£ 0.25 and1.0) in the transient
period are shown in Fig. 7(a) and 7(b) respectively. It issowsd from the figures local
skin-friction 7 and local Nusselt numbée¥u x decreases with increasing- and also
clear fromthe figures decreasing rate-@fand Nu x increases when the distance increase
from the cone vertex along the surface of the cone.

The variation of the local skin-frictiony and the local Nusselt numbé&fu x in the
transient period at various positions on the surface of dme¢X = 0.25 and1.0) and
for different values of:, are shown in Figs. 8(a) and 8(b). It is observed from Fig) 8(a
that the local skin-friction decreases with increasingnd the effect of: over the local
skin-friction 7x is more near the apex of the cone and reduces gradually veathasing
the distance along the surface of the cone from the apex. Fign8(b), it is noticed
that near the apex, local Nusselt numbérx reduces with increasing, but that trend is
slowly changed and reversed as distance increases alosgrfaee from apex.

The influence of average skin-frictigtis more in transient period for smaller values
of ¢ or lower values ofPr or smaller values of. which is shown in Figs. 9(a), 9(b),
displays influence of average Nusselt numberin transient period for various values of
Pr, ¢ andn. It is clearNu is more for smaller values af and large values aPr. Also,
observed that there is no significant influenceafver the average Nusselt number.
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Present Results Present Results

""""" 0.35 -
Pr =0.7
i— =0
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Fig. 2. Comparison of steady state temperature profilesn@)alocity profiles (b) at

X =1.0.

. Pr= 071
n = 0.2

¢ = 300 R

45"

* Steady state value

Pr = 0.71
n = 02
¢ = 30° —

28

554+

20

437
* Steady state value
1.0
2 3 4 5 6
Y

Fig. 3. Transient velocity profiles (a) and transient terapuge profiles (b) aX = 1.0

for different values ofp.
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t 6 = 15°
. n =02
Pr= 071 —— 0.71
10 | 10
7.0

U
005 * Steady state value
* Steady state value
Y
CY (b)
Fig. 4. Transient velocity profiles (a) and transient terapuge profiles (b) aX = 1.0
for different values ofPr.
. ¢ = 15°
o 26 Pr = 0.71
n = 0.0
0.2 .
1.0
2.0

* Steady state value

@ (b)
Fig. 5. Transient velocity profiles (a) and transient terapuge profiles (b) aX = 1.0
for different values of.
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T,/Gr™

T /Gr

Pr = 0.71

n
¢ = 18° ——

Nuy/Gr, "

€Y (b)
Fig. 6. Local skin friction (a) and local Nusselt number (bya = 0.25 and 1.0 for
different values of in transient period.

TS e
nmpn
e
)

Nu,/Gr, "

@ (b)
Fig. 7. Local skin friction (a) and local Nusselt number (bya = 0.25 and 1.0 for
different values ofPr in transient period.
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¢ = 15°

Pr= 0.71

n=100 ___
0.2 ...
1.0 _,
2.0

T /Gr >

@

Nu/Gr, "

X=0.25

(b)

Fig. 8. Local skin friction (a) and local Nusselt number (b)Xa = 0.25 and 1.0 for
different values of: in transient period.

34

T/Gr,

7.0 20
7.0 1.0
7.0 20

@

071 1.0

(b)

Fig. 9. Average skin friction (a) and average Nusselt nunfbgfor different values of
Pr,n, and¢ in transient period.
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5

Conclusions

This paper deals with the flow over an unsteady non-isothlerenical cone. The dimen-
sionless governing boundary layer equations are solvechhynplicit finite-difference
method of Crank-Nicolson type. Present results are cordpaitl available results in
literature and are found to be in good agreement. The folilgwbnclusions are made:

1.

2
3
4,
5
6

10.

The velocity reduces when the parametgrBr, n are increased.

. Temperature increases with increasingnd decreasing’r, n values.

. Momentum boundary layers become thick wkieaind Pr are increased.

Thermal boundary layer becomes thin wiieis reduced andr is increased.

. The time taken to reach steady state increases with siaga, Pr andn.

. The difference between temporal maximum velocity valnd steady state value

becomes more wheh Pr, andn are decreased.

. Decreasing or increasingPr, n reduces the difference between temporal maximum

temperature values and steady state values.

. The influence ofi over the local skin frictionx is large near the apex of the cone

and that reduces slowly with increasing distance from it fartthe values of, Pr
the local skin frictionry is less near the apex of the cone and that become more with
increasing distance from it.

. The effect of the local Nusselt numh¥i. x is less near the cone apex for the values

of ¢, Pr. In transient period, the local Nusselt numBér x reduces with increasing
n near the apex but that trend is changed and reversed as thecdisncreases from
it.

Average skin frictiort is increases when the valuesgfPr, n are reduced and ave-
rage Nusselt numbeYu is reduces when the values Bf decreased ap increased.
The effect ofn on average Nusselt numb®t is almost negligible.
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