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5 -4.028 530 -4.010 089 -4.028 535 -4.010 094 -4.028 536 -4.010 095




R PG HIOR AN 5 24 0 ATE SRR RE i

7 Bl S AL R R

1 SR ASEOA I XA F RS M, 45 T YRR R [ AF (3 28 R 43 A1 ith 42, el [
VIS AEHA VORI AR SF- D7 16 643 FE R ARG S K0 M B3 i), ik— 2P n]
VIFE S, Sl 0 2R EREE MBSl s | S SORE i Ak i S A B 4 XHEL A3 . 181 2 45
T ANERRE S B o SBR[ AR BE (VA 19 R Z0 AR A SE IR, (LA R A 2, B AR E

e A UUEE DIIBUYE 4 A

0 2 4

1 BEHSEL MR HEE 53 AT R
Fig. 1 Effect of magnetic parameter

M on velocity profiles

3 25t 1 Ry dB ry -5 AH BAE 251 B BUAN W]
BN AR B A3 A i 2R T LU B, 24 B 1A, A
(M) BYHEE £ () ZEWIN T REAH (OB A
F(m) SOMAERGIN. >4 B HU{E TE K, [ AH (3WokL) 19
st 5% s [ A ik 20> 7 008 s A YRR T [ R 1) A
[Fl.

Kl 4(a) MK 4(b) 43505 VWT Fl VHF B, 2 H
TAFIANFRE SE o BRI AT 43 A I 2. (5] 4 7]
DI BEE AR E S o B9, TR 20 A i 267
FaHs/ N, IEW] T XA N EEH T ARESE o
(B, 3507 I B 3R PR, SR 7T 3K S A A T 2l Y B (1)
.

El5(a) FIE 5(b) 438t VWT F1 VHF B 1

i 1.0
— ()
"""" Fi
(1) 0.8
= =
E.: LZ: 0.6
S S
g 0.4

—
------- Fn)
@=0,0.1,0.2,0.3
0 2 4 8 0 12

6

n

B2 ATESEL o X HES 0 R
Fig.2 Effect of variable unsteadiness

parameter a on velocity profiles

1.0 — f(
"""" F(n)
0.8
N
F:: 0.6 1
S
i, 0.4+

B3 Ja#bn-EMH ISR
Xt S JBE 43 BRI SR

Fig.3 Effect of local fluid interaction parameter

B on velocity profiles

12

T AR B - A LA TS K B T X L A3t BE A1 2. IAPEL 5 0T ARt Bt 3L [T AH A

ZHB WSE R WORH - [ A Bt B A R Al ).

K16 (a) FIET 6 (b) 205t VWT Al VHF B, 45 1 Pr (B EE 734 fh 2K A2 0. ih & 6
UL XS ETAT B PrAL, 3205 N R BE S AT RS W L /N 5 AR BT T R ) S SR — B0, xR
WA Pr {8, P 10 2 58 2 M B /1 , i 3 9 3™ B 2 i, Prandid %t

2 eegibbi s I Ev

B 7 (a) F1IE 7 (b) 43505t VWT Fl VHF B, 2 3 TSR Ec AR TXT I TR EE 40 A il 28,
& 7 89531 RN, JCIe S VWT b2 VHF, Ec {8 8988 s 153 3 X 3800 59 15 20 A ZE 88 ., 3%



950 B-J- 7 B dlria G-S- & C-S- B LA

0(n), 0,(n)

n n
(a) VWT 15 (b) VHF 1
(a) VWT case (b) VHF case

B4 *Pr=072,E =20, N=0.58=0.1,f =2.0,8=0.4,
E = 2.0 N, REESEL o MRS i i #0R
Fig.4 Effect of unsteadiness parameter o on temperature distributions with Pr = 0. 72,

Ec=20,N=05,8=01,f=20,8=04,E=20

1.0 1.54 —
e ' a0
o84\ 77 0y(n) 12 ’
S S
- 0.6 c{;‘ 0.9
T 047, %

$=0.1,0.5,1.0,2.0 $=0.1,0.5,1.0,2.0

0.3
0 T T T T T ) 0 T T T ]
0 2 4 6 8 10 12 0 2 4 6 8 10 12
n n
(a) VWT 151 (b) VHF 15
(a) VWT case (b) VHF case

B5 *4Pr=072,E =20, N=05,8=0.1,f =20, a=0.2,
E = 2.0 W JRsyi- A AE I 2508 RHRE 52 130
Fig.5 Effect of local fluid interaction parameter 8 on temperature distributions with Pr = 0.72,
Ec=20,N=05,8=0.1,f=20,a=02E=20
B T BRI IR A SR IR Z . RIS R MR W A SV, RIS 1Y Ec (HRYH &
S P BOR M B TR
8 (a) FMIE 8 (b) 40l #E VWT Fl VHF AT, S AH (F0kL) A9 ECER % 5 N BUAS[H]
BT, 2 JC R IR B BE n 7k ZR. 8 F W R RH A0 I3 R T8 0 A il 28 B 35 B0 o
HOE NN N
B9 (a) FIE 9(b) 4l VWT Fl VHF B, 25 1 T AR A #0810 250 8 x4 i1 742
PRI B 8 A3 A T AR B B A B A 7 TS B G T B, SR, an SRR A 1 L W A
HHR.



REPEARE ORI IR 5 2B TR TE AR Ao R T 20 B AR By 52 ) 951
1.84
— 0(n) —g(m
""" 0, () ]
S
-
=
© Pr=0.5,0.72,1.0,2.0
6 8 10 12 8§ 10 12
n
(a) VWT 1 (b) VHF &
(a) VWT case (b) VHF case
B6 E=20,N=05,aa=02,6=0.1,f =20,
B =0.4, E = 2.0 B, Pr (X B 19 0
Fig. 6  Effect of Prandtl number Pr on temperature distributions with Ec = 2.0,
N=05a=02,6=0.1,f =20,8=04,E=2.0
—0(n) — &
~~~~~~ 0,(n) e &,(1n)
Ec=0,0.5,10,20
g 10 12 4 6 10 12
n
(a) VWT f&ii (b) VHF {5
(a) VWT case (b) VHF case
B7 *%Pr=072,N=0.5,a=02,86=0.1,f =20,
B =0.4, E =20, Ec{HXEE> 520
Fig.7 Effect of Eckert number Ec on temperature distributions with Pr = 0.72,
N=05aa=02,6=01,f =20,8=04,E=20
®3 MPr=10,E=0.1,8==-1,8=0.4,f = 2 K BE{AL Y F I E BRI HR REL
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0.3 -2.923 237 2.953 541 2.564 333
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Table 4 Values of wall temperature gradient 8 (0) (for VWT case) and wall temperature g(0) (for VHF case)

VWT case VHF case
a B N Pr Ec
6'(0) 6,(0) £(0) g,(0)
0.0 0.1 0.2 0.72 2.0 0.5 -0.364 904 0.357 540 1.276 119 0.433 473
0.1 -0.386 949 0.366 779 1.262 878 0.441 483
0.2 -0.408 099 0.374 163 1.250 384 0.447 310
0.2 0.0 0.2 0.72 2.0 0.5 -0.600 051 0.614 374 1.175 804 0.704 931
0.2 -0.549 913 0.414 201 1.191 115 0.476 944
0.4 -0.454 623 0.381 732 1.230 778 0.450 770
0.2 0.1 0.5 0.72 2.0 0.5 -0.408 099 0.374 163 1.250 384 0.447 310
1.0 -0.724 629 0.341 228 1.102 440 0.368 515
2.0 -1.221 764 0.299 354 0.931 253 0.283 348
0.2 0.1 0.2 0.50 2.0 0.5 —-0.384 453 0.420 851 1.348 171 0.543 155
0.72 -0.408 099 0.374 163 1.250 384 0.447 310
1.00 -0.408 180 0.335 845 1.192 329 0.382 522
0.2 0.1 0.2 0.72 0.0 0.5 -2.363 966 0.292 138 0.423 017 0.123 579
1.0 —1.386 033 0.333 150 0.836 701 0.285 444
2.0 —0.408 099 0.374 163 1.250 384 0.447 310
0.2 0.1 0.2 0.72 2.0 -0.5 -0.595 325 0.356 728 1.161 414 0.401 928
0.0 —-0.440 969 0.370 988 1.234 006 0.438 835
0.5 -0.268 249 0.388 261 1.324 027 0.486 078
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Effect of Viscous Dissipation and Heat Source
on Flow and Heat Transfer of a Dusty Fluid
Over an Unsteady Stretching Sheet

B. J. Gireesha, G.S.Roopa, C.S. Bagewadi

(Department of Studies and Research in Mathematics, Kuvempu University,
Shankaraghatta-577 451, Shimoga, Karnataka, India)

Abstract: The problem of hydrodynamic boundary layer flow and heat transfer of a dusty fluid
over an unsteady stretching surface was investigated. The study considered the effects of fric-
tional heating ( viscous dissipation) and internal heat generation or absorption. The basic equa-
tions governing the flow and heat transfer were reduced to a set of non-linear ordinary differen-
tial equations by applying suitable similarity transformations. The transformed equations were
solved numerically by Runge-Kutta-Fehlberg-45 order method. An analysis was carried out for
two different cases of heating processes, namely Variable Wall Temperature (VWT) and Varia-
ble Heat Flux (VHF). The effects of various physical parameters such as magnetic parameter,
fluid-particle interaction parameter, unsteady parameter, Prandtl number, Eckert number,
number density of dust particles and heat source/sink parameter on velocity and temperature
profiles were shown in several plots and the effect of wall temperature gradient function and

wall temperature function were tabulated and discussed.

Key words: heat transfer; boundary layer flow; stretching surface; dusty fluid; viscous dissi-

pation; non-uniform heat source; numerical solution



