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Experimental and Numerical Flow I nvestigation through a Radial Flow
Compressor Volute

M. Mojaddam  A. Hgjilouy Benisi

Abstract An optimal design and fabrication of compressors requires flow investigation through the
compressor components. Flow field inside the volute is fully three dimensional and turbulent. Better
understanding of flow mechanism leads to improve the volute design procedure. In this research the
experimental and numerical flow investigation through a radial flow compressor volute are performed to
recognize flow field pattern and its effect on pressure loss. The whole compressor components are
modeled and the flow field inside the volute is explored. Numerical studies are verified by measuring the
pressures at different cross sections using pressure taps. Flow field investigation through volute cross
sections at different operating range of the compressor is performed utilizing a five-hole probe. The
experimental and numerical result differences for volute total pressure loss prediction are limited and
decrease by mass flow rate increase. Flow field measuring results show the flow forced vortex structure
at volute cross section. The effect of diffuser discharge on the fluid field in semi-external volute cross
section is recognized as an extra pressure loss source in addition to creating the non-uniformity in
velocity profile.

Key Words Radia flow compressor; Volute; Flow field; Five-hole probe.
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Direct Numerical Simulation of Supersonic and Transonic Compressible Viscous Flow
by Kinetic Energy Preserving Scheme

S. Abbasi-Mood S.M. Malek-Jafarian

Abstract Present paper investigates the numerical solution of two-dimensional unsteady compressible
Navier-Sokes equations by a new scheme based on the finite volume method. Kinetic Energy Preserving
(KEP) scheme isintroduced for solving the supersonic and Transonic external compressible flow field on
very fine grids (with a number of cells of the order of the Reynolds number) without artificial dissipation
terms even in place of shock waves. It should be noted that the solution of flow field with this scheme in
this range of speed, is presented for the first time. By discretization of the governing egquations based on
KEP scheme and elimination of dissipative effects, the Direct Numerical Smulation (DNS) of the flow is
possible. The results of this solution for supersonic flow over flat plate and Transonic flow over the airfoil
at low Reynolds numbers show that the KEP method can be presented stable and non-oscillatory solution
by no artificial dissipation even in areas with shock waves. Therefore, the KEP method can be used for
DNS of turbulent flows (without a modeling the turbulence phenomena itself).

Key Words Compressible Viscous Flow; Finite Volume Method; Direct Numerical Simulation; Kinetic
Energy Preserving Scheme
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Statistical Analysis of Piezoelectric Energy Harvesting in the Bridge Systems
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Abstract One of the new methods for electrical powering of the bridge health monitoring systems is
applying energy harvesting systems using bridge vibration. In this method, the piezoelectric material is
employed for converting mechanical energy into electrical energy. The advantage of this method is based
on not implementing the battery charging system. In previous research, some studies have been done on
the energy harvesting from vibration of bridges. However, research on statistical analysis of produced
power with considering uncertain vehicle type and specifications has not been conducted. Therefore in
this paper, after modelling the bridge-vehicle-piezoelectric system with complete vehicles uncertainties,
the statistical analysis of produced voltage are carried out by Monte-Carlo simulation.
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Simulation of the Forced Convection Heat Transfer Non-Newtonian Nanofluid, Aqueous
Solution of Car boxymethyl Cellulose-Aluminum Oxide, in Slip Flow Regime
Through a Microtube

S.A. Sajadifar A. Karimipour D. Toghraie

Abstract At present study the flow and heat transfer of Non-Newtonian nanofluid, aqueous solution of
carboxymethyl cellulose-Aluminum oxide with different volume fractions of nano particles in a two
dimensional microtube is simulated for the first time. Sip velocity and temperature jump boundary
conditions are also considered along the microtube walls. The achieved results accuracy is investigated
by comparison with those of previous data. The results are presented as isothermal contours, Nusselt
number and the profiles of temperature and velocity at different cross sections of the microtube. It is
observed that Nusselt number increases with dslip velocity coefficient and volume fraction of nano
particles; while itsrate is more sensitive at higher values of Reynolds number.

Key Words Non-Newtonian nanofluid; Micro tube; Slip velocity; Temperature jump.
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A Study of the Effect of Curvature of the Corner of Hole on Stress Concentration
Caused by Uniform Heat Flux

M. Jafari M.B. Nazari

Abstract Onthe basis of the steady-state two-dimensional theory of thermoel asticity, stressfield around
various holes in infinite isotropic plate is discussed. The plate is subjected to uniform heat flux and
thermal insulated condition along the hole boundary is assumed. by using the complex potential functions
and by applying the conformal mapping and solving the integral equations, the effect of bluntness on
stress distribution around the hole is studied. The used method is the expansion of the Goodier and
Florence' s method. They used complex variable method for stress analysis of infinite isotropic plates with
dliptical and circular holes. For simplicity of using the Cauchy integral formula, the infinite area
external to the non-circular hole can be represented by the area outside the unit circle. The results
obtained demonstrate the effect of bluntness on stress distribution around the holes.

Key Words Bluntness; Complex Variable Method; Conformal Mapping; Analytical Solution; Uniform
Heat Flux.
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Simulation of Particle Motion in Non-Newtonian Fluids by Immersed Boundary
Lattice Boltzmann Method

A. Amiri Delouel M.H. Kayhani M. Nazari

Abstract In the current study, the immersed boundary — non-Newtonian lattice Boltzmann method is
developed for simulation of forces act on a particle and also for computation of the particle velocity in
vicinity of non-Newtonian fluids. In this research, the effect of extra force due to accelerated massis also
considered in non-Newtonian particle motion equations. Two applied problems of power-law non-
Newtonian fluid flow over a stationary cylinder with sgquare cross-section and a square falling particle in
non-Newtonian fluids with different shear-thinning and shear-thickening behaviour are investigated.
Results indicate that the force act on stationary cylinder and ultimate velocity of falling particle will
experience considerable increase and decrease with growth of power-law non-Newtonian behaviour
index, respectively.

Key Words Immersed boundary method; Lattice Boltzmann method; Direct numerical simulation;
Power-law non-Newtonian fluids; Square cross-section.
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Analytical Modeling of a Counterflow Diffusion Flame of a Dust Cloud

M. Bidabadi M. Ramezanpour A. Khoeini Poorfar

Abstract Diffusion Flame in a Dust cloud combustion in a Counterflow configuration is investigated in
thisresearch. It is presumed that the fuel particles vaporize first to yield a gaseous fuel to oxidize with the
gas phase. The reaction rate is assumed to be of the Arrhenius type. Conservation equations for the non-
unity Lewis number are solved and the flame temperature with the variations of different Lewis numbers
of fuel and oxidizer is proposed. Furthermore, the variations of flame position with the variation of Lewis
number are evaluated. It has been found that the flame temperature decreases with increasing of fuel and
oxidizer Lewis numbers, which for rise of fuel Lewis number from 0.1 tol.4, the flame temperature
decreases from 1943 to 1473K.

Key Words Dust Cloud Combustion; Counterflow; Diffusion Flame; Analytical Solution.
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Experimental Deter mination of HT29 Cancer ous Cell Surface Roughness by Atomic Force
Microscopy to be Applied in Nanomanipulation

M. Habibnegjad Korayem H. Badkoobeh Hezaveh M. Taheri

Abstract In this paper, surface roughness of HT29 cancerous is determined using topography images
obtained by Atimic Force Microscopy (AFM). The mean radiuses of cell and substrate surface asperities
are determined, based on results of conducted roughness analysis and Rabinovich roughness theory.
These values have been applied in the equations of rough particle nanomanipulation dynamic model and
the amounts of critical force and time are simulated. Based on results, the rolling mode is the dominant
dynamic mode at the onset of cells movement and the analysis based on rabinovich model predict lower
amounts of critical force and time compared to Rumpf model based analysis.

Key Words Surface roughness; HT29 cancerous cell; Atomic Force Microscopy; Nanomanipulation.

DOI: 10.22067/fum-mech.v28i1.40826 .1xl .+ 44N YNY 0T (5l jesl 5 QUMY dlie Sl s jo K
O Ol s 5 o olSils (Sl g $0SCE1s (Snlius 5 oo Sl ST ade i sl (1)
DL gl cmis 5 (e s (SIS g )l b S (Y)

m-taheri @araku.ac.ir .1, o&ils « wdige 6 50K50 (SO udige 03,5 bslial 1 st diuy 55 (7)



140 ‘“’\/f ;ju‘/’.:—-:ﬁjwdb

u@&_;)w[»w/}mj&.)f_)ﬁ(/pjlp 4;/,...;4

Sl s 4 0,3 L e ool IS Ul
s plo b bde 5 b Ol St
30 03 Sen 3 2eS plids 5o sl ol (65
oS sl S S dallas (gl Ladds 5 osl
Sl dad s H58lS w605 e sken,
33 g0

i 5 [4] OS5 LB -dsls
S350 5 PS5 Solite slag —Sesll
b o O s 50 5 Slad sk ahesr 5l bad gl o
3 ARPM) il (65 oSy Son Sl eslis
53 Azl (SEM) (55 20l i sy 5SS
S Sl el S Ol g ol mls e
S YL L aS s e OLES (505 sl xSl
S5 (Ml o B) Al s 51) Ol o 2y o
S el by s ol 3L L anlie 53 ad she o
Al o (55 e Dl w3155 5 sl
Al Rl

oLl [1] OLLSn 5 50551 (6 505 Godoss 3
AFM 1 esliicd U 6,05 sla s 50310l o8 i g
A aS e sl 4 el e ool u.<:.w.\} shils
5 o dd Sl b adas 51 g S o3l sla bl
ol 3 ls (S s (step SizE) pLS 3310l
Sie @alal (Sacly [2alS &S ol el Jrass
oS el 05 500 1k aSST 3l eslaad U (5 5
O3 gl e a9 Lledls sl HU slal s
Oliims ko ) 3 il il BB S350
e Dl ey S )
Sl o S0l iy dle) o (525 sla el
—>S 5 (root mean square roughness) ,—;
oLt (gl a3l 3 kb o Ol g4, (Skewness)
53 Laesls O3l s a3 (lwae g o
o3l b s gad (B me J ko L2865 il
SHie (Gaod opl 53 58 0e sy S 80 i )
iy el B s gl Ll w6 5
ol IS 5l s g3 lng o 0L

PRV

ey D3 El gl s a8 pladasiie 51 S
Al o ol o (505 8 o 13 eslinal 3550
Conds b Sl Lulls S Ol goay aasiln
Slid w65 [1] L3 o ks Tl Dl
Aile Joho mlans sladnl b 5l a5 43 ad sk
ot oS5 50 e L el (ST L oS5
S il JUie (sl S e et 5l slis
AL Jsb Gge oS5 51 OLES sk (5Lt o
5 dsl c]ﬁ—w S5 o O 2l sl
S as e Al S e e Sles s S
da Jahe slie a4y osls 38t 5, b Jlas]
S - P e W R | ERGI VR sladul b s
A3 s badsh glis w65 LT ol ol
5 Sy oladsd gl 53 few sladisal
[2] 5,05 5 558 =l

3ol 5o Lags 5 Sl (ot ds samme 35
Sl s Ladylo o 55, il JIS
Olee gla fiSan 1 5 oege sloew BB (G555
S e Ll Lo e = J sl 5 Jsbe — sk
Ot 5 S U e (655 5 ek Cons
5 St Ll 5 s LT L e 3
b 5 s ol U G T Ol IS8 ns
Eol (RS 53 368 ot D3 (S Ll 5
i s g ke S ST L Lo e elaw slay 3
835 B s el (Sl ¢ g3 Sl 5
G35 Do 5 b s 2 3 OF 03505 5 shaie 5 o
Sors P S Al o Doy S de ol 3
Ll Jobw slis mhw (655 o 0 2Ul5 o)
OF g 0y omal 05 5 VL 235 5 Sl
LS o ol 3

S Wsses Ol asn 5o 3] 0L 5 K
Sl 53 g Sl SB Lad e SO S5
Rt ol (S 5 &S o Wl Jb slanul 3

Y



AL e — Sl s~ S S o e

il Sl s ($ 0 e e

38R0 Sl xSbe ) mav 625 2l )
b ste plad s snly 5 St G055 Laily
Lo s 5 Gl o Jshos 8505 s (sla (St
CL'_'“ G3de palde e Ol 0dd 03] eSS
L ot e Al b Sealus Joa Jaals s bags
s slie 5 4B S 5 eslized 5,50 AFM 5l eslice
350 G db Gl (i (Sl Ol
sk opl o ad (65 B8 i 5o b andllas

Sl e (g3las

& HT29 b J s (g5lmeslel
AFM U (g3 2 o5

S35y b e 3L I HT29 Il 6y,
[ <RV [ A BRI TR Y R
o Olpl Dl Ao 53 W31 (NCBI) Ol J b
do30 5 lsa ds,390) YV C gles s 5 edd
s (SigmaB758) RPMI-1640 L s (CO2
Loy ) 5 (Gibco) ¢s8 pum o Ao 33 0 Lol
sty e .ol 0l (551345 (GibCO) ks o
ot i8S lad s dsa b 53 (G5l 5 5
b de 3 g el it Sl w5
A 512 s OT S 3l (53 255y S
HT29 S, Jdw el e (V) J5ii

a3 oo 0L ) & ged BB v (55, 2 eddzob

6})J;aM@UHT29;;|LwaJ}L~ \J_{,;

JEVCI A

slambl 5 kil 5 dshe lis golal DUl
AT o Cemzey (5 S 03100

oo oS Solis gladylp S aler )
Jes Sl il U (S3sden o3 b s d sl
ol (S5 s D3 Sals ol ol
Lol ol s Obe sla JuSien n Slidos day )l
el (S5 g b ladaoue 55 05 glad ke
ARM 3l osli ol U i e 6l al 0 S
bl L i seie lahs gl 51 Sl
S0 = 05 s 4o b seie ARM O
el Saa 53 L s o ol 3 ol e
L 5 Al e mhawr (35 2 15 0T 5 XS o 513
b s S 5 Bl glaesls o 5l eslind
gl il dide Sl (Salys Al
Sl Ladias plralr C 5l e b 5355 0
Clidos 055U sl s el D13 5L S
S U KK 5 sslwdis Dol 3L
Lo mlas 5 003 (galal 5 lamms Cilie gla 2l
el o a3l Saliys

Serligs Je sl sbas 2 [5] 5515 5 Iy S
$las s 5,5 1B s L a3 ool sl i)
o= anllhe L 0L 5w ko g e
Gla b conle 0T e 0 Jie il b ol
Al e S i e AT S Ol 5
53 A3 gl gl el wuT 8 e St sla el
Soalys Jas [6] (6,515 5 wlh S (5503 oo
o3 U/ e sl ARM 51 esbizad b 01y a3
S oS s Ll s g5 IS 68
by a5 L da.d sl

by e gbas Il i ol s
s HT29 Sl v Jlw 15 500 (g3lwaslel
sl sl aztls 0 ARM 5l onlanal U (g5ls 5 suad
oslitl b oal Gy rlans 31 S5 5 sl e
gl 5 dsl e Sl el (8 S s Se

aJ_,aTQ_.Aqﬁ;LEA Slas s g 0l éﬁjww

VY



140 ‘“’\/f ;ju‘/’.:—-:ﬁjwdb

u@&_;)w[»w/}mj&.)f_)ﬁ(/pjlp 4;/,...;4

(ol gl Al LB ARM (5l 5 s 5l el
5 AL ol e Slslee LS 5 s sl
Lags s gLl oo 5 603 S S plad
idsles o Jas (Y=8) OVslas . [7]005 500 4l
glad 5 1ms L o SVslae 5 S (65,0
S a5 gl o en 5 05 Gl S
3l e [12, 13, 7] Ol 5 s sy Jae 0
Sl Jie (Selos 5 (Sl SVslas o
Pt by s b sl el tosls ey
BN J<*—w>f CU-?)‘ 3 é*—i) CJLM (5L"°‘_;<:w*’.';3
(mosaly 60 Jhs Sl oddiosls anu s Js
i s 2 03 () gl 6, 7] 5 e 3415
sy 3l rmschw S b gl by
L s ARM Slesli ol U o3 e S oldas S
5 i s bl ol e sSe Uslas 3l eslicad
s bl d el mae g Sl e sl
Sl Ol g sl b 003 e (6 5
3315 i e AT b (S5l 3 053 i
o 03 oS slagsbeand bl LS e

Lo 11 g lwand

Ay , IR R

Fabin. = + ) M
RN 6202 THR (Lt ymax 1 Z0)?

r =1.485rms )

Ymax =1.82rms ©)

5t S Ymax o T oVale (ol 0 S
R 5 IS o5 Gl Ko plisl o SLo
Aol 70 5 Slaas CUAY (3,5 5,3 —
Ll LIms (65 el polie sl e il
23bad 53 Jsbo a5 Le w5l (6 0l L
MMS 158l 5 (5 5 S5 Sl oolizl L AFM ol
Gty gl B gad 0 Sl sl 5 U dloes
ol b Lo elaws 5 sk o 315 5 5 okal

sl 0l 03l OLES (V) IS5 55 ARM

) B ges el (65 2 25 5T
L law

HUT s DME Ji58le 5 5l eslinal b cad cpl 3
ol (013 p e (Gl J s B gad o 625
el ol s
S DUl 5l esliand b ik = slawr 5 5
@) gl )l palie) sdi(s - Solhl sdms> Jds 2
Sy S b e S (gl e ig S a1
il WJlednl ma e & oS (Sl 658
gl 5 Ol Gl ol oyl o5
adom 3l o = Seslusl LB 5 eas Ol
bl Jhidad 5l e Slidws s gl oAb
Sl o Sl i (8g) (5 b gie ol
old oLl s g5 (S (Sglms ) 5
Sku ) edli bl kb (Kurtosis) 55 (Sei )
ot SV (S}/JSUSZ) add — ol Cw)‘ «
s lae Slan U o (sla S5 5 Gos ey Sbe
Sl e baals Olea L Sl gl oes Sl Sp
3 ol e glite sls sl Ol
st gl a5 e s P S
S el SU sl s el opl YU Cgulos
(MS) (5 15 Sla o :0le Ly eyl b L5

Usles &) gt O (g 0diashyl Dslas oS (Al o0

[11] sl e ()
|25

Dbl pli,)l Gl 7 5 baesls bl slaws m
Pbdé‘@ﬁba&%ﬂﬁpdﬂ.ﬂ)‘f‘
Cgor oslinal 5590 3 Lalgy 055 Sgs 0,8 s
SOl a e 5L 5 25 psbw (S 6500 brlons

Cwddy 2 glaesls I ams c\ad S bl

)

AR}



Sl ore =L s o )5 LY o o e

il Sl s ($ 0 e e

Cb_ﬂwirb-hilﬁiﬁsw ol O5sed 35l LAl
Golwand 3 il g gl B e pen s Lses

.:.\qu,a 35l

Isup, = 1.485rmsq . = 1.48x87.3 ()
=129.2(nm)

fon = 1.485rms_, =1.48x103.6 )
=153.3(nm)

Ymax, gg = 1-82IMScell = )
1.82 x103.6 = 188.5(nm)

Ymax, sub. = 1.82rmsgqp = W

1.82x 87.3 = 158.9(nm)

_;‘ eu\_.:tﬂb._wbu L;j") LSL‘“;L‘U{ J._:_l._m ﬁJL_‘a.A

@cMde}L«cﬁwbbyJAsJi}ajgijou

b 5 g

Sy =0.7
sy =667.8(nm)

S, =87.34(nm)
Sy =43

Ol 8l g S pid gt Salys Jke

Sonlys Jls el 5 @ e b i ol 5o
23 sl ol s 3 L S i s
i g Al Salos Jie asiS Slidss
5 635 3 sl ARM Sl eslizal b 01, ossa;
slawdn bl Sl @l m Gasdon 5 bas
gl sl Gk 5o 5 lail gl Ll (655 58
Ll s s glagileans e RGSUW P WPV
©33d e Sl 55 e s o) slal 0,505
238l 6s b s 23 o n sl
o il (S35 sm Ve 5 5 T pn L
D330 5 Ke35 s Doda b Lior s [810] o
O3 5a syl sl Ll 4 a5 L ol 4 Js
U Jols Sl gladal b 53 oo (5 13
[6, 7] OLLSen 5 )5S 5L slal 53 5 Sy
i) | ARM Sl esliall i se U Soolys Joe

[779nm] 1.05 pm

o _
8 5-
|
o2
@
o
—_ =
5
o
o

a0 a0 [wri]

¥o

o
X

n'

-~

gl s HT29 Sl oo an B S 555 s ¥ IS
AFM 1 eslinad b gaman (O) 5 gt s () L

oled s e 2

Job din cedl st slal s p b

S3d o ks 655 o Dl B L o 350
SO ladis G im0 52 0pl ol
Tad 5 Serlus Jde 3 andes pl g b se leS
Jo 585 plad oo oo ol oalind (g5l
Cesay s S VVOADME i3l 5 5l eslizal L
5 e sl Saer gl 5 plad ke e Al
(¥ 5 8) S¥slne lesliul Ly o5 say Jybw
a5 bl e csas (0-A) Vsl & s
L e idiie 15 53 e IMS 1t SO
sl (6 5 Dlawloes ‘.L”Tda Cwddy sl (65l 0ae
sdsl Cwsan ol Sl 5 as LSS Slads

w5 50 p) Dok e o B IMS Ol gisey




140 ‘“’\/f ;ju‘/’.:—-:ﬁjwdb

u@&_;)w[»w/}mj&.)f_)ﬁ(/pjlp 4;/,...;4

DL 1 (6 05 s 5 pdiie dsile Cilisen aunkin
Ol s 7 5 sl gl 23 O (35,5 45 doms
3 e (ol e LBl g0 3580 Gas olae
o w58 (g35,5 Olgea adsl l b e sdle
Lo OVslas Jo cpl sly gl 0 55l i s
! ﬁJJ—Q‘QYJL"‘J—’ﬂf'&‘Ji’.”.Cﬁ“%
oS53 Al e (IS8 G o) (s
i i e 5 3 ol e L
el by (Sole sl 400 51 ey o5
23D S 5 B Lo s 3Ll Dlinle
Jole T Slis Sl 5 sl
Fr sFz « By ((Seelos SValms o 50
s b lend 2ty s sl o Sa
Sos 5 L 5 B gl jo WSHL L ARM
S HBl e g b Sl esd L als Al
sanle o For Gl ol s Ry Gl
i )3 Fp o ldie Jsles o3 oS = lasd 3 0lej
W ol by ol I:r* L Fe s lag,e p ade
b 5 s ol dsly @b 0Nl s sl
o el a5 T SISl sl
o 5 ol P 5 Ag lis dmin/o)d 50,3 05 5
Sl i byt (Salus doe o 5303 &S
S CSp pla sy el de O w by e Uslast
3 A Sl G pelie daily Sl eslanal
deglin Al (55 Slie b 5 edkdalne 22le
Sllie o Aol (g e &S Jal 5 45 K sd
Sl it e S e S s (65
5 e sl 0 SNl ol s o 238
S AL e od a5 sl o 3 O bs e
Silerms Llsy 03 o m Cumdge ol Al 6l
S50 B
gl 5 Jhe dn s S5 5580 o5
3 m S5 S B e LT (Salys Ly,
SB, 7] ezl o 53 i s 055 a5 Lo <o

) 0l

o b o S5 e 55 S L s L
RS RU R LY RTTPIRUSS I SRR
Lsls

LS as b ARM alvsa 03 ) s
o gois S 350 o STl o b L amis
5 Alad e S s ph 0 O 4 ey 353 0
WS ol et 53 2,8 e B s b el
o O el e 50,5 o Jlasl glay s
G o=l 8 LS Rl p e s O e
DAELS 3 oy 5 et e (el S
Slas s 5 oskals o s (Rl L s S
S50 2SS g osd b paols Jeadl oSe
LS o U i

Oy b Sl s e by,
s 6y AFM Oy 5l eslizad b s 5/ 5 oo
5 Slo eyl maw (sl ISl ol 5 (555
s dS Slidss 5 sdsalyl oy, lus oo 3
alsl s sl sl w1 (F) S o) S LI s
OLes 5 5, palie (3loand au) S cpl sl
Ol an HT29 Sl o ol gl 28 > Gl
el s gl AT 3 ol s a8

Yp () s p:i)jiu 53 el SYsles s
s Ysub sAFM sy B 5 Bl Camdse Zp
Lo la &S 2 Co e 5 Sand e 54 Vaub
~RoRy s O plal H it o
0345 O O 5 Ba oyl Cl;w e Lo S
Ot 5 0 aibo 2,8 e 3053 Ll
= sl maw = o3 Ol 3 i o S
el o8 S8 ek Al Sl s il e O e
5ol plat Kl L 55,8 S5 sl KR
sdizail,) Usles llas (555 oppet > edialyl i,
e U HlAde PR J.\Jda Cewd s V':'*'))'Q‘ BE
sl e (6518 s j3 doles St S

35 Sz 53 (F) IS s edzalll o, S
o 5 e Jalld 1) RSG5
Ll o 3 055 558 Gas dslee Jold (S

AR



Sl ome —a 0l s o )5S OE e p s

il Sl s ($ 0 e e

P

Yo. =2 :U.%:O.?",:!, = Lsing,

Yt = Yosu + "-uh"

Yp =Vsub+(Rp+ R, = )sing— Hsind

Zp = Zsub +(Rp + Ry = &;)cosp + (R, - 85) + H cos @

¥

_iip = Voub — r'f, sin @ — Hé cos 0+ !102 sin @
3 =% -8 cosp-5, — Hisin@ - HO cosO

3

il .:;|J.': \51‘#
2
s o Sama
§=0_ |Z==
R 3K

(5‘_‘__()‘_, «— o :|:%[F-l 3R i-{ﬁmﬁm!“-f (3;115(-3):)':]

2 eld ey

F,=F, —’—;’(Héf cosf- Hojsin6), F, =K z,

F, =F, +2(HO sin0-Hi cosO),F, =K.,

M, =F,Hsin@+F,Hcos0-10,M, =K,0

J58 59,5 (Sowzp 2 lp oled (555 iy,
balyy 0)ly () 3980 Gas g 29d o0 D8 55
Spdee Joe

. ;D . 2 Fy
Fr=vF;" + Fy* oy =tan™ %z]
L]
o . N
Y singr— g cosy
T, A+T 4

e (R, +r)(sing+cos)+p sing -y cosy

o A4y peph bos Fr>Fs
oyd Al w g0 byt FroFr

t=t,.Fr=F,
8,5 S5 aibl

AFM U sar 25 slail sl S35 5 S i gote Salys Jte oz, SN Y IS8

sl Ll d e 5 05 5 003 G sl 5 003
53 sdcdaslyl oledbl alie doul b gsluans s
55 e Sl Jh el ot sl [7] o e
s goin B 5 53 eld el 56T 51 eslazal b
el ok (55 s S TVOA plat Lo S
Sl 53 78S s il e 5 laiens
=l e Ayl s Ghaea ol ys 5L S
2 Al o 5 AT o polie sileass
CHT29 (65,5 S35 gl o omid e sl 3
Ch.ﬂ chls Sll= 55 53 ey Ko Y7V 0A Cb_u wa

b id geie (S pw Ol 5 5,8 3lwand
AFM 3l sslizal LHT29 b

=l Oy 5 s polie (ilwand 4 i ol o
Sy oy HT29 b e Jsh i e
S A s L Jle) Blo mhaw 6lls 658
S gl s s mlae 5 05 o (5552 (63
e o a3y (F) S
5 s Olasie s ol oledl
Ot Sehsdsm 5 oledbl s ARM SO ol s

AR



]r‘qd‘gﬁnc‘)w:fﬁu&j@:‘gd@

;@‘Kd})w‘@hﬂj‘;)ﬂ)[{fjb {gf‘b

lie L opl by S e wla3 o = /08 (uN )
ngjsﬁjsﬁsﬁ@eﬂm@uwl
Sl S e Al (8 e (8)
e s I (Sales e s 5 Ay 22k
S p3le bl ol 2o e o) oS > &2
OB 53805 ES gt Sl Bl Slem
Lo JSi ln olie (pl @ o b S i
sdasglis el ol aS s e LS il 6,3 4

gl S (B s Ss (Sdeer a8

(0 9299,500) 9525

¥ :
¥
%
3
’ ¥ ¥ A 3 'Y
(b L) plej
()

st s S S a5 Slo Jle
Sl VoYY CMZQJ&ZLSJJSLSL&JQN@J{
Wl s ) (8) IS 3 (gl y Jbe sl )
03 e sdaliie (8) IS5 3 45 5 sboles
P T P g PRSI T P PSR (W 1)) NI
Fo = V0N )5 tor =AY (MS) s 1, 53
YA (MS) s ‘)va_;‘fu. S, 1o g—ad 3
03 5 4SS @]‘-" For = /A (uN) 5 Tgr =
s lor =VME)s a1 6 s (o) T
3 M Sl S D sei Py =10 (uN )
tor =VoY(mMS) js 1, —iade Sl o, slsel

(a6 L) oo

(<)

JJWa))C]a.-:6});1L;J.l_)&fﬁﬁjlm)éuju\;(u_d‘)HngJUafa J}wﬂm@]fu QLA)}_}ﬁﬁ)UL& in/\»Z
el e gl 003wl (655 2 5 B S K e L ()

(09039 500) 3,25

(45l o) olej
(b
las 003 o s55 2 5 025 s LHT29 Sl dle il s Slom Ol 5 5500 palis 0 IS5




AL re — 50l s~ 58 E o o e

il Sl s ($ 0 e e

3 eslaal U Lagsluand 53 sdol Covsas L CEM
9 tCr =Y“\\/(mS) Q_JJJ:J Jde 2 g;,_nb LSJ") J.l.n

W P

-3 5 Fg = /AT ()

e
bzl L s For = /W (uN) 5 ter =121 (ms)
L =ln i e 5o 5 sl 5 i
Ao s s For = VAY (aN ) 5 tgr =T4r (ms)
For = /Y (4N 5t = \AS(mS) il
(0 57 sla I3 5 odal v @L"J LI o g
Cop las GBua 853 sy dnl s sl
S A L gsleand S 53 8 55 ARM
A 3 i e S Dl il (5
A Sl S M e 5 e
B L 0)d S kgt Sl e
sslie i as 355 e Aol bes mlae S350 053
S oS R b i e Glow Ol 5
Jdbe Gluo v yislas el S S s sl Jdbe sl
Jice 3 4SOT @ x5l nl bl o sl
5 Wl sl g s syl 36 esdle s sy

TS Wb wﬁ}b)sfb UNLCLGJJL;JJ))‘;W};)J

O (PO S

X
&
)
Y Yo e Ta ¥
(a5l leo) )le;
()

(P gy 5e0) gy

ot sl Ol 5 s polie (0) IS
S RS B s L L HT29 Sl e sl
5 () el (s dde Sl 003 =l (55
gLl 5 plad polie heslinal b 5 () sl
0Lty o i 53 sdoal iz oyd (Koo
50k polide dagsluand mld (Slus,y das o
2 LHT29 b dsl i soe Gl 650
Sloslinal b s 033 mhas 55 2 505 85 kS
e e A e s sl () e
O s For =2/M0 (uN ) ter =YWW(ms)
s Fog =408 (uN) 5 tor =)oY (mMs)
Alr A e 5 s sy 5 e S L
e s s Fg = /A (uN) 5 ter =Yov (ms) L
For =+/0 (uN) 5 tgr =Vor(ms) — =de
sl okal S 34y
=l Ols 5 g palde 55 (V) JSs
oS R LHT29 Sl 5l 2 s
el G Jhes Sl s w655 0 (6 25
@b palde leslinnll 5 () sy 5 (D
L L s (sl 8 i 3 sl sy 6 25
s Sl S, 5 Oley slie L das e 0L
Som S35 5 L HT29 b Jsle

\VAs

(4l Leo) o)lej

(=)

Slon p bn e (05 2 625 85 5 LHT29 Sl o ol i Slom Olej 5 5,8 polae 1 S5

sy () 5 by Jbe (D

ARRY



140 ‘“’\/f ;ju‘/’.:—-:ﬁjwdb

u@&_;)w[»w/}mj&.)f_)ﬁ(/pjlp 4;/,...;4

e oS el L Sl gl Gl el
35 o3 sl ghls b CS 4 g Seelys
S e el e e 5 S

L bagssboand 55 sdal sty s Gullas
350w S50 5o e (§ 25 03505 sk
VOAN laie gl L HT29 o, sl 558
=i A 53 Olas 5 sy Sl polde ey S
e A 53 g VAL VEL s g i s
aS s o QLA |y [rals 04V L 5 V80T i Sa
St 5 S 5 8 Sl
5003 Ol el 53 e pled mha a8 Al 5
Al o mhaw (615 03503 sk b Lo <l

23 Sl sOb) 5 o, Ole SN o en
S O3 ges psle b el 5 ) (Sals e 5
S sl b ol Sl 5 b r 2a 03 sl e
laran oy g8y dlanl )3 (55 Rl b
Al Rl Ak

eddelnil lagluand mld Glos oo ea
O g S S50 5 Oley palie (L Ao 5o
S S35 A 52 LHT29 Sl Jsle
Sl 625 ek b b b b 5 OBk 03 mhas
sdal Cozay sl 4 o Lo )3 A g puly Je
by dis Sl 525 0 b5 Ll 5 ol o
o s b gl pl asdie Gmie S
sl G Jhs 53 S5 o5 Al O35
lie s 5 ol a5 BBl Jle 4y S
R R TR

550 S5 Sen b s Loyl ol L
Sl s of Tl S S dwkin dhar 5l s
Olos 5 5 polie 5 piid gt T3 s O (ol
S5 P RSN N T UL JUUCO |
dol B s Sy e s s el )l (sl 05 gl
53 ekl Jde 05508 5535 Gl AL o (505 5

23 52 1 Ol S AL Vs e i )

S oms 5 Lo

sl 53 (ol S S Son 355 sla kil
sl 3 Slige 5 plralr Osmes il L
e Ll 2 s 5 oslane Sl b 5L 5 5 S
5 ST mls s 5 1ya S il
oS ! 5 S B A & e (S35 55
Lol ol Lo g Gl D glite slaej s> o

DAy Al Seals (siloans 5 siladas
53 ot D o8 ARM Sl sl b mlae (55,5 5
S-S i T el G IS 5 el
Sl OF G35 J 58 5 ot oo 2013 (6l
e T e e a6 i
ke laS il 3 o 2 lad Lo gl
Al e AT Sl Ol 5 58 W cn S
ol 5 g 2 4 oo opl 53 550 0 Ses
Slesliwl LHT29 Sl o Joke pid s 0T 5
SIUT Il e ol (gl ool 0l axtls , AFM
AFM 5l sl ol LHT29 Sl o Jsk o (525
S g3 Dbl (¢S50 b s 0 plnl
e Jhe nl e (31555 nslal Sl el sy
ol O s Sl O 5 5 palie oluand
ol s 4l s L

ST b o (55 gli] 5 plad (s3de alie
gl sl DME Jl5sle 5 5 eslinal b eddolsil 6 5
Sl VANO VOV s 54 HT29 Sl o J ke
A VOMA S WYY s 5y 5 L mhas 6l
el ez

Sl Ol 5 50 3de p3lie w e g L
a gt dagilead BIS 3 sdel Cose i st
G0 G5 B S B 5 Sl 53 55 0pd 28
oS 55 05 e 5 00 g 5 Lue mlans
s enils Lo s s sl 5 05d v 6l 6 05
Ail e b e (5550 003 ke b s le

VY



Al one — S0l ks o35 SN o e i St s (S5 2T en

G5 Sla e oSSl aly Rms 3 i i er 5 35 3l 53
5,5 sl
S350 ¢ R L HT29 b J e ol | L5l
S s Sa ~
Sbyd ol Gl aS g plas! ol e 6,5 584
b ol 50l e (15 =S Sk - j. fr ¢ .w. . ,5
okl bl s s Sku

R 3l dslis uled sladis e 6,8 LS
sy li- il S7,§,8y
3 C)l)'s_Lg\J_g L Laggsbmand OlpS oo (o on

G5 Slarye S0ke i Sq
Dlos b e (sl K55 Gas o Slo s, 7 ARM s ()8 ladass 55 5 S0 gla e
Lao s .;ﬁwﬁﬁ)sﬁj&\}ca\ﬁl}ljsbﬁleu’\
oals Olea b (Saal s plis| a SLe Sp
G5 JSChGs S b Saer gl ey Se Ymax f)uwj@
Rl galols Zp Slea b Ay
Sl o ol 1 dhs ¢l 51 Sl z Wesls bl sl {
CE.JL;L&LS;M?}: glas r

ey

1. D Antonio, P, Lasalvia, M., Perna, G., & Capozzi, V., "Scale-independent roughness value of cell
membranes studied by means of AFM technique”, Biochimica et Biophysica Acta (BBA)-
Biomembranes, Vol. 1818(12), pp. 3141-3148, (2012).

2. Guduru, R. "In situ AFM Imaging of Nanoparticle-Cellular Membrane Interaction for a Drug
Delivery Study", Master of Science thesisin biomedical engineering. Florida International University,
(2011).

3. Mege, J. L., Capo, C., Benoliel, A. M., Foa, C., Galindo, R., & Bongrand, P., "Quantification of cell
surface roughness; a method for studying cell mechanical and adhesive properties’, Journal of
theoretical biology,Vol. 119(2), pp. 147-160, (1986).

4, Kaul-Ghanekar, R., Singh, S., Mamgain, H., Jalota-Badhwar, A., Paknikar, K. M., & Chattopadhyay,
S., "Tumor suppressor protein SMAR1 modulates the roughness of cell surface: combined AFM and
SEM study", BMC Cancer, Vol. 9(1), pp. 1-12, (2009).

5. Korayem, M.H. & Zakeri, M., "Sensitivity analysis of nanoparticles pushing critical conditionsin 2-
D controlled nanomanipulation based on AFM", J Adv. Manuf. Technol, Vol. 41, pp. 714-726, (2009).

6. Korayem, M.H. & Zakeri, M., "Dynamic modeling of manipulation of micro/nanoparticles on rough
surfaces’, J Applied Surface Science, Vol. 257(15), pp. 6503-6513, (2011).

7. Korayem, M.H., Badkoobeh Hezaveh, H. and Taheri, M., "Dynamic Modeling and Simulation of
Rough Cylindrical Micro/Nanoparticle Manipulation with Atomic Force Microscopy", Microscopy
and Microanalysis, Vol. 20 (6), pp. 1692-1707, (2014).

AR



1740 o plosd (niis g Cony L Sl 3 lolons 5 52,005 ook 50

10.

11

12,

13.

Sitti, M. & Hashimoto, H., "Force controlled pushing of nanoparticles. Modeling and experiments”,
In International Conference of Advanced Intelligent Mechatronics, pp. 13-20, (1999) Sep 19, Atlanta,
GA.

Korayem, M.H., Motaghi, A. and Zakeri, M., "Dynamic modeling of submerged nanoparticle
pushing based on atomic force microscopy in liquid medium", Journal of Nanoparticle Research,
Vol. 13(10), 5009-5019, (2011).

Korayem, M.H., and Geramizadeh, M., "DNA Manipulation in Biological Liquid Environment Based
on Atomic Force Microscopy", Nanoscience and Nanotechnology, Vol. 2(4), 109-115, (2012).

Beach, E.R., Tormoen, G.W., Drelich, J. and Han, R., "Pull-off Force Measurements between Rough
Surfaces by Atomic Force Microscopy", Journal of Colloid and Interface Science 247, pp. 84-99,
(2002).

Rabinovich, Y.l., Adler, JJ., Ata, A., Singh, R.K. & Moudgil, B.M. (2000a). Adhesion between
nanoscale rough surfaces: |. Role of asperity geometry. J Colloid Interface Sci 232, 10-16, (2000).
Rabinovich, Y.I., Adler, J.J., Ata, A., Singh, RK. & Moudgil, B.M. (2000b). Adhesion between
nanoscale rough surfaces: |1. Measurement and comparison with theory. J Colloid Interface Sci 232,
1724, (2000).

\YY



H“M“,C_@M‘MJWLJLA &.&JL@JJ&”@W}&)}JK,{}&‘@/@

¥ STIN A 8 9 3 o0laill B39 <Ko B9 3 Wi T 9 53 ding HUiS oyt
(J;.asj}l ceslssb)

). ) ) N
u.wLS.,\.:M L),\,.A.;-.,\.‘»@e.e s D5 e BV WLA ‘JNL&

5 S e s oot Yo o bl e (s Sl b s e eS80 S slati 5 0 oSy
A islilgid = g e leked Sy shitots s Koo s ek (ot (15 Oloo 4o Loy o DI I S ol s s STL
ol 3 i sl szl o pimge S S Oliots 3 S L e llie ol > ol plad LS L Snlis gk ewe S
S (S ilatings 5 o] 350 0 1 03lizal b 3 pitoms (Sli] iy oS5 b ok iy O3 5 S5 LS s 350 o/

o] sty LS iy s (s s U7
j35dome (li| s s ol A w15 (Saalus s Gras 5ES gl sl = b s s Slalas (ST (Sbvo 3Ty

Deter mination of Optimal Pressure Path in Sheet Hydrofor ming Process
Using Simulated Annealing M ethod

A. Hashemi M. Hoseinpour S.M.H. Seyedkashi

Abstract In sheet metal forming processes, one-stage production of conical-cylindrical parts with high
accuracy is very difficult due to wrinkling and rupturing. Hydrodynamic deep drawing assisted by radial
pressure is one of the most applicable procedures in sheet hydroforming process on the point of
producing conical-cylindrical parts. In this paper, forming pressure path is investigated as one of the
most important parameters of this process. The optimized pressure path is obtained utilizing a new
procedure by combination of the finite element method using ANSYSILS-DYNA and an optimization
method using simulated annealing.

Key Words Conical-Cylindrical Parts; Hydrodynamic Deep Drawing; Simulated Annealing Algorithm;
Finite Element Code; Pressure path.
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4- Conclusion
In the present study, modeling counterflow diffusion

flame is investigated and a novel approach is presented.
Flame features of diffusion flame such as temperature
and mass fraction of the fuel and oxidizer are studied. It
is considered that the organic dust cloud vaporized and
generated a gaseous fuel that then reacts with air as the
oxidizer. Since the fuel and oxidizers are at the opposite
sides of the counterflow configuration and flow toward
the stagnation plate, the location of the flame depends
on the initia conditions of the fuel and oxidizer.
Therefore, the flame can be formed in either side with
regards to the stagnation plate. Conservation equations
are analytically solved for various Lewis numbers and
the flame temperature in terms of the change of the
Lewis numbers of the fuel and oxidizer isinvestigated.
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Analytical M odeling of a Counterflow
Diffusion Flame of a Dust Cloud
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1- Introduction

Due to the importance of investigation of flame features
of combustion dust cloud, many studies have been
performed analytically, numerically and experimental to
model the phenomenon of combustion of dust particles
with the oxidizer.

In the concept of modeling of counerflow
combustion, Daou et a. studied counteflow combustion
of premixed gaseous flames with the consideration of
heat losses. In the presented two-dimensiona model, a
first order Arrhenius model was considered and the
influences of heat losses and strain rate on premixed
flame were studied. Also, Fashadi et a. studied
counterflow combustion of premixed organic flames. In
his research, two three-zone and four-zone combustion
models in counterflow combustion of premixed flame
were investigated. Linan studied counterflow diffusion
flames. In his research, two streams of fuel and oxidizer
from opposite sides that react chemically at a certain
location were investigated. Also, Seshadri et al. studied
the structure of counterflow diffusion flames at high
values of activation energy. They presented their results
for small ratios of mass of gaseous fuel to that of
oxygen. Greenberg et a. investigated counterflow
combustion for the spray of gaseous fuel from nozzles.
In this research, they studied the effects of change of
Lewis numbers of the fuel on the maximum adiabatic
temperature where fuels were being sprayed form
nozzles. Witchman and Yang dso analytically
investigated modeling of a counterflow diffusion flame
consisting of fuel and oxidizers spraying from nozzlesin
a counterflow system. With regards to numerous
investigations on the concept of counterflow combustion
of diffusion flames, counterflow combustion of diffusion
flame of dust particles is presented with a novel
approach in the present research study. In this model, it
is assumed that with vaporization of organic dust cloud,
gaseous fuel will be obtained which will undergo
reaction with the oxidizer. As the fuel and oxidizer
streams flow towards the stagnation plane from the
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opposite sides from the two nozzles, the position of the
generated flame can be formed in either side of the
stagnation plate depending on the initial conditions of
the fuel and oxidizer.

2- Governing equations

The governing conservation equations of mass and
energy are presented. To solve these equations, non-
dimensional parameters are proposed. The conservation
equations are rewritten based on the new parameters. To
solve the equations anayticaly, a new coordinate
system is proposed. The conservation equations are
rewritten in the new coordinate system. Equations in the
three zones. preheat, after vaporization and oxidizer, are
solved completely with using boundary conditions in
these zones and jump conditions at the interface of the
Zones.

3- Results

In Figure 1, the variations of flame temperature is shown
as a function of fuel Lewis number for different values
of mass particle concentration. It has been assumed that
the oxidizer Lewis number is unity. It has been shown
that the flame temperature decreases with the rise of fuel
Lewis number. For example with increasing of fuel
Lewis number from 0.1 to 1.4, the flame temperature
decreases from 1943 K to 1473 K for mass particle
concentration equal to 100 % Also, with increasing of

mass particle concentration from 67 2 to 100 2=, the
flame temperature increases.

~4—Mass Particle Concentration=67 (g/m"3)

~#-Mass Particle Concentration =3 (g/m*3)

~#—Mass Particle Concentration =100 [g/m*3
g .\\\ ass Particle Concentration (&/m*3)
I S
5 1m0 R
é- \x _—
& w00 s,
© - —~——
E T— —————
3 10 T — —
[ —— —a—— —a

© 01 02 03 04 05 08 OF OB 08 1 11 12 13 14 15
Fuel Lewis number

Fig. 1. Thevariation of flame temperature as a function of fuel
Lewis number for different values of mass particle concentration

In figure 2 the temperature profile of gaseous fuel
formed from the vaporization of solid fuel particles and
the temperature profile of oxidizer is illustrated. It is
shown that the flame temperature of gaseous fuel is
rising from left to right and the oxidizer temperature is
rising from right to left to achieving the flame
temperature. Also it has been shown that the decreasing
of oxidizer Lewis number from 1 to 0.8 and to 0.6,
increases the flame temperature and moves the
temperature location to | eft.
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Fig. 2. stream lines near the square cylinder in channel filled with
shear-thinning (n=0.9), Newtonian (n=1.0), and shear-thickening
fluids (n=1.1), Ar,=10°
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Fig. 3. Timeevaluation of particles’ longitudinal position for
shear-thinning (n=0.9), Newtonian (n=1.0), and shear-thickening
fluids (n=1.1).
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Fig. 4. Time evaluation of particles’ longitudinal velocity for
shear-thinning (n=0.9), Newtonian (n=1.0), and shear-thickening
fluids (n=1.1).

5. Conclusion

The immersed boundary — non-Newtonian lattice
Boltzmann method (IB-NLBM) is utilized to simulate
the interface forces of fluid and solid structure. Two
practical problems of non-Newtonian flow over
stationary square obstacle and motion of square particle
in non-Newtonian fluid are studied in details. The results
show that the reduction of non-Newtonian behavior
index leads to decreased accuracy of the problem. Also,
the results indicate the significant effect of non-
Newtonian behavior on forces acting on stationary
square obstacles and velocity of moving particles. For
the case of non-Newtonian fluid flow over a stationary
square cylinder, drag coefficient is increased by the
growth of non-Newtonian behavior index for both
steady and unsteady flows. Also the periodic time of lift
coefficient for unsteady flows over stationary cylinder
reduces by diminishing of non-Newtonian behavior
index. In the case of falling particle in non-Newtonian
power-law fluid, the terminal velocity of the particle
increases with areduction of shear-thickening behavior.
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Simulation of Particle Motion in Non-
Newtonian fluids by Immersed Boundary-
L attice Boltzmann M ethod

A. Amiri Delouei’, M.H. Kayhani?, M. Nazari®

1. Introduction

Particle flows have wide applications in various
industries and sciences such as chemistry, biology,
geology, environmental sciences and so on. Although
numerous studies have been carried out in the field of
particle flow, a few research studies have considered
non-Newtonian behaviors. It is worth noting that most of
the work done on particle motion phenomena in both
Newtonian and non-Newtonian fields are in the circular
geometry. In real applications, non-circular geometries
have also contributed to the field and it is necessary to
investigate the motion of particles with different
geometries, such as sguare particles.

2. Numerical Method

The lattice Boltzmann method is used to simulate non-
Newtonian fluid flow and the immersed boundary
method is utilized to model the motion of particle in
fluid flow. Generaly, the immersed boundary method
can be defined as a non-body-conformal grid method
that satisfies the no-dlip boundary condition by
implementing a force density term to the flow governing
equation. In order to study the effects of immersed body,
the direct-forcing algorithm is applied. Since the forcing
nodes are placed on the computational points and they
are not located on solid boundaries, an interface
algorithm is needed for achieving the velocity on
computational nodes. In the current study, the four-point
interpolation scheme is applied to link between the
Eulerian fluid nodes and Lagrangian particle points. The
general forces acting on the particle are, (1) the forces
acting on the surface of fixed particle and (2) the force
resulting from accelerated mass.

3. Validation

To validate the proposed method, a step by step process
is used. The validation consists of three benchmark
problemsi.e. (1) non-Newtonian fluid flow in a channel,
(2) Newtonian fluid flow over an infinite cylinder with
sguare cross-section, (3) falling of circular particle in a
channel filled with Newtonian fluid. The current results
have a good agreements with the previous study on all
of the above-mentioned problems.
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Fig. 1: Drag coefficient for Newtonian and non-Newtonian fluid
flow over the square cylinder in steady (Re=40) and unsteady
flows (Re=80).

4. Resultsand Discussion

Two different geometries including non-Newtonian flow
over astationary cylinder and falling particlein a
channel filled with non-Newtonian fluids are considered.

4-1- Non-Newtonian flow over an infinite stationary
cylinder with squar e cross-section

Fig. 1 shows the variation of drag coefficient with
respect to non-Newtonian behavior index in Newtonian
and non-Newtonian fluid flow over a square obstacle.
Fig. 1 is depicted for both steady (Re=40) and unsteady
(Re=80) flows. According to this Figure, the drag
coefficient increases with the growth of non-Newtonian
behavior index.

4.2. Falling of square particle in different power -law
fluids

Fig. 2 shows the stream lines near the moving square
cylinder in different shear-thinning, Newtonian and
shear-thickening fluids after 50 seconds of beginning of
motion. The differences of streamlines for different non-
Newtonian behavior indices are considerable.

Also, the time histories of longitudinal velocity and
position for a falling square particle in different power-
law fluids are presented in Figures 3 and 4, respectively.
Although the differences in the variation of power-law
index in Figs. 3 and 4 are rather small, they have
remarkable variations on the presented results. This
shows the significant effect of non-Newtonian behavior
on particle motion.
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3- Reaults

The main results are listed as follows, (a) the cutout
shape and the bluntness of the cutout corners have
significant effects on the maximum dimensionless stress.
Moreover, the location of the maximum dimensionless
stress depends on the cutout shape. (b) The greater
curvature radius decreases the maximum dimensionless
stress. (c) For some cutout shapes, such as hexagonal
cutout, finding a w that causes the maximum
dimensionless stress to be less than that of a circular
cutout is possible. This means that the circular cutout is
not always the best. For a certain noncircular cutout, aw
may be found which leads to achieving a less maximum
dimensionless stress in comparison with a circular
cutout. For a hexagonal cutout, the maximum
dimensionless stress for w up to 0.012 is less than that of
a circular cutout (w=0) while it increases for w greater
than 0.012. The least one equals to 0.996 when
compared with circle cutout occurs for w=0.005.

4- Conclusion

In this study, the effect of bluntness parameters for
different holes under uniform heat flux was studied. The
results indicate that the hole curvature has a great effect
on stress distribution around the different holes. In
designing the perforated plates, effective parameters can
be selected in order to achieve desirable stress. The
results presented herein indicate that for a wide range of
bluntness (w), the desirable stress holes is less than that
of similar plates with a circular hole.
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A Study of the Effect of Curvature of the
Corner of Hole on Stress Concentration
Caused by Uniform Heat Flux

M. Jafari®, M.B. Nazari®

1-Introduction

Plates have extensive applications in the production of
various structures. Plates have important practica
applications in designing new steam and gas turbines, jet
and rocket engines, and nuclear reactors. Components of
such structures are subjected to thermal loading and this
type of loading causes temperature gradients and
unegual thermal expansion of various components. If the
non-uniform thermal expansion in an elastic material
cannot proceed freely, thermal stresses are created.
When the uniform heat flux is disturbed by the presence
of an insulated hole, local intensification of the stress
around the hole is caused. Determining the amount and
location of these stresses in modern engineering design
process is essential to achieve accurate design and to
predict the service life and reliability of structures.

In this study, stressfield around a triangular hole in an
infinite isotropic plate is discussed based on the steady-
state two-dimensional theory of thermo-elasticity. A
plate subjected to a remote uniform heat flux and
thermal insulated condition along the hole boundary is
assumed. The used method is the expansion of the
Goodier and Florence's method. An infinite plate
containing a noncircular cutout is mapped to a unit
circle. In this paper, a conforma mapping function is
proposed to study the effect of the bluntness of the
cutout corners and cutout shape on the stress distribution
around a hole.

Fig. 1. The effect of bluntness of the cutout cornerson its shape
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Although a lot of research has been done on the study
of perforated plate under the uniform heat flux, there is
no article with afocus on the evaluation of the bluntness
of the cutout corners. In the present study will try to
investigate the influence of bluntness on the stress
distribution around a hole. In Fig.1, the bluntness of the
cutout corners (w) is shown.

2-Analytical Solution
An anaytical solution method based on the complex
variable method is used to investigate the effect of
bluntness parameter. Florence and Goodier studied the
stress distribution around a circular and elliptical hole by
employing the analytical method. In order to apply this
method to other hole shapes, establishing a relation
between any hole and a circular hole is necessary. A
specia conformal transformation can be used to map the
externa area of different holes in the z-plane into the
area outside the unit circle in the mapped plane. To
verify the analytical results, the finite element method is
implemented in the ABAQUS software. In the software,
an infinite plate is modeled as a finite plate with length
to the hole characteristic length equal to 20. The
mechanical proprieties such as Young modulus,
Poisson’s ratio and thermal expansion coefficient are
considered as a function of temperature. The upper and
lower boundaries of the plate are exposed to a unit
uniform heat flux while the lateral edges and the traction
free edge of the hole are assumed to be thermally
insulated.

In this paper the bluntness parameter is displayed with
w. the variations of the dimension stress with w are
shown in Figs. 2 to 4 for different shapes of hole.

12
10

GNorm

o N B~ O ©

0 0/1 0/2 0/3 0/4

Fig. 2. Variation of dimensionless stresswith bluntness parameters
for triangular hole
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condition. The temperature on the walls of the microtube
has been considered to be constant. Recently, researchers
have shown that no-slip and temperature jump boundary
conditions may not be appropriate for flows in microscale
channels, because a microscale flow of a liquid is
different from a macroscale flow.

4. Results and Discussion

Figure 2 shows a graph of local Nusselt numbers
versus the dimensionless lengths of the microtube. It
can be seen that with the slip coefficient increasing,
the Nusselt number increases since the temperature
gradient increases along the walls of the microtube.
The Nusselt number has the maximum value at the
inlet of the microchannel due to the highest
temperature difference between the nanofluid and
the walls of the microchannel. The velocity of the
nanofluid is low around the walls of the microtube.
As a result, there is enough time for heat exchange
between the nanofluid and the walls of the
microtube. Thus, the nanofluid's temperature
increases and reaches the temperature of the
microtube's walls thereby reducing the temperature
difference between the nanofluid and the walls of
the microtube. In general, the Nusselt number
increases with the increased volume fraction of
nanoparticles and increased Reynolds number.
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Fig. 2. Changesin thelocal Nusselt number versus different values
of dlip coefficient

Average Nusselt numbers of the nanofluid on the
walls of the microtube for different values of slip
coefficient can be seen in Figure 3. The results show
that an increase in the slip coefficient increases the
Nusselt number. For all values of Reynolds number,

the average Nusselt number increases with the
increased [J. Because with the increased wt% of the
solid nanoparticles, the thermal conductivity
coefficient of the nanofluid increases, thus
increasing the thermal performance of the nanofluid.
The average Nusselt number is a dimensionless
number that represents the ratio of the heat
transferred by convection to the heat transfer by
conduction.
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Fig. 3. Changesin the aver age Nusselt number versus different
values of dlip coefficient

5. Conclusion

The present problem dealt with investigating the
heat transfer of carboxymethyl cellulose-aluminum
oxide aqueous solution in a slip regime. We
investigated parameters such as the Reynolds
number, Nusselt number, and the volume fraction of
solid nanoparticles in different areas of the
microtube's walls. The Brownian motion of the
nanoparticles was taken into consideration in the
computations being used in the model, to calculate
the thermal conductivity of the nanofluid. The heat
transfer rate increases at high Reynolds numbers.
With the volume fraction of the solid nanoparticles
increasing, the thermal performance of the nanofluid
increases, which is due to the increased volume of
nanoparticles  with  higher relative thermal
conductivity. The significant increase in the Nusselt
number due to the increased volume fraction of solid
nanoparticles is more manifest at higher Reynolds
numbers.
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Simulation of The Forced Convection Heat
Transfer Non-Newtonian Nanofluid,
Aqueous Solution of Carboxymethyl

Cellulose-Aluminum Oxide, in Slip Flow
Regime Through a Microtube

S.A. Sajadifar', A. Karimipour?,

D. Toghraie®

1- Introduction

In the present study the flow and heat transfer of Non-
Newtonian nanofluid, aqueous solution of carboxymethyl
cellulose-Aluminum oxide with different volume
fractions of nano particles in a two dimensional microtube
is simulated for the first time. Slip velocity and
temperature jump boundary conditions are also
considered along the microtube walls. The accuracy of the
results obtained is investigated by comparison with those
of previous data. The results are presented as isothermal
contours, Nusselt number and the profiles of temperature
and velocity at different cross sections of the microtube. It
is observed that Nusselt number increases with slip
velocity coefficient and volume fraction of nano particles;
while its rate is more sensitive at higher values of
Reynolds number.

Nowadays, due to the use of microscale tools and
components in industries such as: the electronics industry,
aviation industry, medical and laboratory industries, it is
necessary to develop and employ new and high efficiency
methods in the field of heat transfer in these tools. Due to
their small geometric dimensions, and depending on their
applications, these tools are not able to transfer the heat
flux generated by conventional methods. Hence, by
employing new methods with high efficiency, we can
benefit from the advantages of these tools in the industry.
New methods may include use of microchannels and
nanoparticle powders being added in the cooling fluid,
which is one of the high-efficiency methods in cooling
micro-scale tools. Nowadays, air cooling is the most
common method of cooling. However, this method does
not work in transferring high heat fluxes. Therefore,
engineers have become interested in liquid cooling
methods. The cooling liquids are usually water, ethylene
glycol, different types of refrigerants, liquid nitrogen, and
other coolants, depending on specific applications. These
liquids usually have poor heat transfer properties, and
they definitely will not be used much in the future to
transfer ultra-high cooling loads.
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Microchannels are increasingly wused in many
industrial applications in order to achieve more compact
geometries for heat transfer. Especially, microchannels; as
a solution to decelerate the ozone layer depletion process,
enable us to use lower doses of environmentally-harmful
fluids in our applications while maintaining the
efficiency. To solve the governing Navier-Stokes
equations and discritization of the solution domain, the
numerical method of finite volume and SIMPLE
algorithm have been employed. To discretize all of the
terms of the equations, second order upwind has been
used. Slip velocity and temperature jump boundary
conditions are also considered along the microtube walls.
Walls of the microtube are under a constant temperature.

Results of the current work show a good agreement
with the numerical and experimental studies of other
researchers. Data are presented in the form of velocity and
temperature profiles, streamlines and temperature
contours as well as amounts of slip velocity, temperature
jump and Nusselt number. The results show that local
Nusselt number along the length of the microchannel
increases with the increase in Reynold number. It is also
noted that rise in slip coefficient and volume fraction of
nanoparticles leads to an increase in Nusselt number,
which is greater for higher Reynolds numbers.

2. Problem Definition

The problem being studied is a two-dimensional
microtube, as shown in Figure 1. The intended nanofluid
contains carboxymethyl cellulose aqueous solution, and
solid nanoparticles of aluminum oxide. Nanoparticles are
all spherical and have a diameter equal to d,= 10nm. The
cool nanofluid with a temperature of 298 degrees Kelvin
and constant velocity of ui enters the microtube, and exits
from its end after cooling the wall. The nanofluid flow in
the microtube has been considered to be laminar, steady,
non-Newtonian, and incompressible.

L=7mm
Tw=308k
=sek = Lyfics - Nanofiuid e

Tw=2308k

Fig. 1. A schematic of the problem

3. Boundary conditions

The boundary conditions applied to the microtube,
include inlet and outlet boundary conditions and walls. In
the inlet boundary condition, the flow has been
considered to be uniform at unit dimensionless speed and
temperature.  And  hydrodynamic and  thermal
development conditions are used in the outlet boundary

D=0.2mm
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Carlo for simulation and Newmark-Beta method for the
solving process. This acceleration has been considered as
the input excitation for the base of the energy harvester
beam. By obtaining the mentioned acceleration and also
by considering the specifications of the energy harvester
beam, harvester equations have been solved. Then, the
output voltage has been acquired. So, calculation of
acceleration for the attaching point of the energy harvester
(bridge mid-span) has been carried out for five different
classes of road surface roughness and for passing of 100
vehicles with various random specifications in this study.
The road surface qualities has been considered as very
poor, poor, average, good and very good. Also, the
confidence interval is considered to be 95%.
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Fig. 2. Statistical resultsfor dynamic response of bridge mid-span
point and output voltage associated with very good surface quality of
theroad
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Fig. 3. Statistical resultsfor dynamic response of bridge mid-span
point and output voltage associated with very poor surface quality of
theroad

By considering these Figures, it can be seen that
increasing the road surface roughness causes a growth in
the amplitude of acceleration. As a result, by increasing
the (excitation) acceleration amplitude, the mean value of
the output voltage increases. On the other hand, it can be
seen from variance diagrams that increasing of the surface
roughness also causes growth in output voltage variance.
This point leads to a low level of reliability for the output
voltage.

4- Conclusion

Nowadays, the application of low power electricity
sensors  and  wireless  communication systems has
increased in various industrial applications such as
Structural Health Monitoring (SHM). One of the new
methods of powering these low-power electronic devices
is applying energy harvesting systems. In this paper, after
the modeling of bridge-vehicles and harvester systems, a
statistical analysis of the energy harvester power output
has been carried out by considering al possible
uncertainties tha are effective in the dynamic response of
the bridge. In this analysis, the Mount-Carlo method has
been used for the simulation of the stochastic system with
the energy harvester attached to the mid-span point of the
bridge. Then, the main statisti cal parameters such as mean
and variance values of deflection, velocity, acceleration
and energy harvester voltage output have been calculated.
It should be noted that the important result is the effect of
road surface roughness in power production. The results
of this section have shown that by increasing surface
roughness, more power has been harvested from bridge
vibration energy. However, a reduction has been observed
in reliability of the harvested power at the same time.
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1- Introduction

In recent years, application of low power electricity
sensors and wireless communication systems has
increased in various industries such as Structural Health
Monitoring (SHM). Health monitoring of the traffic
induced bridges is an essentia requirement for life
safety and also for prevention of economic losses. One
of the effective methods for bridge structural health
monitoring is the utilization of wireless sensors. Energy
Supplying for wireless sensors with separate sources
such as batteries is undesirable for many reasons, eg.,
they are quite bulky, have a limited life and include a
finite quantity of energy .

Nowadays, progresses in compact circuit
technologies such as sensors and wireless systems have
made it possible to use autonomous systems. These
systems do not require an independent source for
supplying the required energy and acquire it from
environmental energy resources such as solar energy,
wind energy and thermal gradients. However, each of
the above mentioned environmental resources has its
own problems. For example, in the case of solar energy,
insufficient light is one of the disadvantages of this kind
of energy source. Thus, another sources of energy
should be considered. It is for these reasons that severa
researchers have proposed new methods of supplying
energy which can convert mechanical vibration to
electrical power. Among the various mechanisms which
are used to convert vibrational energy to €electrical
energy, such as electromagnetic, piezoeectric and
electrostatic, the method of implementing piezoelectric
meaterial has been noticed more than the others, due to
the simple structure and convenient usage.

A comprehensive review of the other scientific articles
in this field has been done and this review has revealed
that a dstatistical analysis of the voltage output from
bridge-energy harvester system under general uncertain
parameters (such as mass, stiffness, damping, suspension,
speed and dimensions of crossing vehicles) with different
road surface roughness have not been simultaneously
carried out. Therefore, in this study, all of the
uncertainties related to the crossing vehicles have been
considered in a pervasive model and a detailed statistical
analysis has been carried out for the mentioned power.
Also, the effect of the uncertain parameter associated with
the class of the vehicle has been carefully investigated.
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The mentioned classes are divided into light, medium and
heavy crossing vehicles which have been defined with
proper random parameters in the simulation. Moreover,
the bridge has been modeled as a ssimply supported Euler-
Bernoulli beam for the mentioned purpose, and the finite
element method has been applied for discretization. It
should be noted that in the modeling and simulation
section of this study, the vehicle has been considered as a
four degree of freedom mass-spring system and the 1SO
standard has been used for road surface roughness
simulation. Finaly, the mean and variance values and
confidence interval of the deflection along with velocity,
acceleration and voltage of the piezoelectric harvester in a
point with random characteristics and classifications have
been obtained by the Monte-Carlo simulation method.
This simulation has been carried out by a program
developed in MATLAB. Then, the harvested power from
these vibrations has been calcul ated.

2- Simulation of the bridge-vehicle and harvester
system

In this paper, the dynamic response of the assumed node
on the bridge has been obtained by considering the
uncertainty effects of the passing vehicle and by applying
the Newmark-Beta method for numerical solution. In
addition, the Monte-Carlo method has been used for
simulation and then the output voltage of the piezoelectric
harvester has been calculated. For this purpose, a program
has been written in MATLAB and aso the main data
associated with several classes of vehicles have been
extracted from the database of CarSim software. The
vehicles have been classified into three classes based on
their variables. The eguation of motion of the bridge-
vehicle system has been solved using the Newmark-Beta
method in which, g and y have been assumed to be 0.25
and 0.5, respectively.
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Fig. 1. Bridge-vehicle system model

3- Resultsand Discussions

In this section, vibration (upper and lower limits for the
mean values of deflection, velocity and acceleration) of
the bridge mid-span has been obtained by using Monte-
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Pressure coefficient and skin friction variations

Fig.2 shows surface pressure coefficient distribution
around the airfoil. In numerical simulation of
compressible flows, the existence of artificial viscosity
is essential even in smooth area (without shock waves).
According to Fig.2, the KEP has been able to show the
non-oscillating solution (without artificial viscosity).
The pressure is in good agreement compared with the
Mittal results (“numerical [8]” on Fig.2).

Fig. 3 shows the variation of skin friction on the
above and bottom of the airfoil. Except for a slight
increase (due to the low thickness of the boundary layer
at the leading edge), skin friction decreases to the
training edge of the airfoil. Generally, the results of the
present numerical simulation are also in good agreement
with the Mittal results.

0S5

.Cp

0.5

-1 :. Present Work
[+] Numerncal [8]

15 I | 1 1 1 1
0 0.2 0.4 06 08 1

x/L

Fig. 2. Pressure coefficient distribution over NACA 0012
(Re,, =500 ¢« Ma,, = 0.85)

04

: Present Work

K o Numerical [8]
03pR

‘6 g%

a2l
0.2
01}

0-...1...1...l..;l.

0.2 04 0.6 0.8 1

XL

Fig. 3. Skin friction coefficient distribution over NACA 0012
(Re, =500 ¢« Ma,, = 0.85)

3- Conclusion
In the present work, viscous compressible flow
equations based on the kinetic energy preserving scheme
(KEP) were discretized. Then, the scheme was used for
simulation of supersonic and transonic flows. The
results of this study are as follows:

oThe first test for supersonic laminar flow over a
flat plate at Reynolds number of 1000 and Mach number
4 showed that the KEP can capture shock waves without

adding artificial dissipation even at the place of shock
waves.

e The second case (transonic flow over a NACA
0012 airfoil at Reynolds number 500 and Mach number
0.85) showed non-oscillatory pressure contours and skin
friction coefficient distribution, even in the absence of
dissipation terms.

e According to the results we can say that the KEP
method is capable of presenting non-oscillating and
stable solution without any artificial dissipation terms,
even in the vicinity of shock waves. So, KEP can be
used for direct numerical simulation of compressible
flows without any worry about deletion of some
turbulent flow characteristics (due to the presence of
artificial dissipation terms).
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Direct Numerical Simulation of Supersonic
and Transonic Compressible Viscous Flow
by Kinetic Energy Preserving Scheme

S. Abbasi Mood!, M. Malek Jafarian®

1- Introduction

Viscous and inviscid fluxes must be calculated across a
cell face in the finite volume method. In calculating
these fluxes, we can consider some features of the N-S
equation like kinetic energy preservation (KEP).
Recently, Jameson showed that the interface fluxes of a
semi-discrete conservative scheme can be constructed in
an alternative way which assures that the global discrete
kinetic energy evolves in a manner that exactly
corresponds to the true equation for kinetic energy.
There is some latitude in the definition of the fluxes for
such scheme (KEP), provided that the fluxes for the
continuity and momentum equations satisfy a
compatibility condition. The main feature of these fluxes
in the KEP scheme for capturing of kinetic energy
preservation lies in momentum flux estimation. This
calculation method causes the deletion of convective
flux terms of the kinetic energy equation. In fact, the
KEP scheme uses arithmetic mean value of each pair of
adjacent cells for estimation of viscous and inviscid
fluxes. On the other hand, the KEP scheme conserves
the total amount of kinetic energy throughout the
computational domain, in addition to mass, momentum
and total energy. Implementation of KEP with a fine
mesh in smooth flows and flows with discontinuity
(shock waves) provides a sufficiently stable condition
for the calculation.

The present paper investigates the numerical solution
of two-dimensional unsteady compressible Navier-
Stokes equations by the kinetic energy preserving (KEP)
scheme. It is introduced for solving the supersonic flow
over a flat plate and transonic flow over an airfoil at low
Reynolds numbers on very fine grids (with a number of
cells of the order of the Reynolds number) without any
artificial dissipation terms even in place of shock waves.
It should be noted that the solution of the flow field with
the desired scheme in this range of speed, is presented
for the first time. By discretization of the governing
equations based on the KEP scheme and elimination of
dissipative effects, the Direct Numerical Simulation
(DNS) of the flow is possible.

2- Results

In order to evaluate the ability of KEP in the DNS
simulation of compressible flow, we used this scheme
for flow around a NACA 0012 airfoil. The flow
conditions are shown in Table (1). In order to reduce the
numerical calculations, the low Reynolds number

"' M. Sc. Student, university of Birjand
2 Corresponding Author, Associated Professor, University of
Birjand, mmjafarian@birjand.ac.ir

assumption is used. The KEP' results are compared with
the Mittal results (Finite element computation of
unsteady viscous compressible flows).

Table 1. Free stream information around the airfoil

T, a Uq, PoUoC
ol Ma,, = — Rey, = ——
) (deg) Coo Hoo
288.16 0.0 0.85 500

Pressure contours distribution

The pressure contours of KEP are compared with the
Mittal results in Fig.l. The pressure contours are
perfectly symmetrical above and below the airfoil
because the angle of attack is zero. As can be seen, the
pressure distribution of KEP (Fig.1.a) is absolutely non-
oscillating in the absence of dissipative terms and
generally is in good agreement with the Mittal solution
(Fig.1.b).

(@)

\‘a
._ Af\_} |
w i

(b)

Fig. 1. Pressure contours around NACA 0012
(Re, =500 ¢« Ma,, = 0.85)
a) Present work (500x300) Grid b) Mittal results
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4.2. Flow field Study

For measuring the pressure and velocity through the
volute cross section, four stations are considered at the
volute casing. Traversing a five-hole probe at each
station, the flow field characteristics are obtained. Fig. 2
shows the installed probe at one of the measurement
stations with its traversing mechanism.

Fig 2. Thefive-hole probe and traver se mechanism
installed at the compressor test rig

Using the five-hole probe, five pressure values are
measured which are then used for obtaining the total
pressure, static pressure, velocity magnitude and the yaw
and pitch angles to be used in the velocity vector
calculation.

The typical results are shown in Fig. 3 and Fig. 4.
The numerical and experimental values of velocity ratios
(the magnitude of velocity to the mean of velocity at the
cross section) are plotted at different traverse positions.
Theresults are reported for two different conditions with
0.15kg/s and 0.13 kg/s mass flow rates at 60,000 rpm
and 70,000 rpm, respectively.

The results show a good agreement between the
numerical results and the experimental ones. The
velocity vector profiles are used for assessing the fluid
structure inside the volute and are further used to
recognize the loss mechanism in the volute.

10 o _ —

—O._
0.9 a
—o— Numerical Result o n\n
& 1 o Experimental Result bt.
0.7 - od
% 06 %
2 0.5 - o
g 5a :
03 5
A
0.2 - el
L
o O
0.1 - 0N
Sl
0.0 o B e :
0.0 0.2 0.4 0.6 0.2 1.0 1.2 1.4
Velocity/V,,.

Fig. 3. Numerical and experimental recults- the velocity
profileat 0.15 kg/s mass flow rate
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Fig. 3. Numerical and experimental results- the velocity
profileat 0.13 kg/s mass flow rate

5. Conclusion

In this research, experimental and numerical flow
investigations are performed through a radia flow
compressor volute in order to recognize the flow
structure and its effect on volute pressure losses.

Flow field investigation through the volute cross
sections at different operating range of the compressor is
performed utilizing afive-hole probe.

Numerical studies are verified by measurement data
which shows good consistency.

The results show that the flow pattern at each volute
cross section is a forced vortex structure generated from
the radial component of the velocity vector at the volute
inlet. However, the diffuser’s discharge flow changes
the structure at the hub wall. The effect of diffuser
discharge on the fluid structure in semi-external volute
Cross section is recognized as an extra pressure loss
sourcein this type of volute.
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Investigation through a Radial Flow
Compressor Volute
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1. Introduction

Having a high pressure ratio, appropriate efficiency and
broad operating range are the main concerns for the
radial flow compressor designers who need a good
understanding of flow behavior in compressor
components including impeller, diffuser and volute.
Asthe flow in a compressor volute is turbulent and fully
three dimensional, performance prediction of this
component requires more attention using 3D models
where the previous 1D and 2D models are not
satisfactory.

Besides the development of optical measurement
techniques, conventional measuring instruments such as
three-hole probes for measuring pressure and velocity
magnitude and also five-hole probes for measuring the
pressure and velocity vector are widely used since their
results are precise and acceptable.

In the current study, the flow field is investigated
experimentally and numerically through a semi external
volute of aradia flow compressor in aturbocharger.
After obtaining the compressor component geometries,
creating the model and meshing the parts, flow field
simulation is performed by solving the Reynolds
averaged Navier-Stokes (RANS) equations using the
SST turbulence model.

Volute performance is obtained using pressure taps
on compressor spiral case to evaluate the volute losses at
different operating conditions. Furthermore, the flow
field is explored by implementing a five-hole probe
traversing at different cross sections of the volute.

2. Modeling

For compressor modeling, all components including
inlet, impeller, vane-less diffuser and volute are
considered. Multi-Slice CT scan of the spiral case and
impeller are performed to obtain the geometries.
Constructing the geometry of the impeller needs more
attention. Hence the impeller is re-designed to meet the
geometry requirements which are obtained through
scanning analysis.

Creating the compressor component models, the
mapped structured hexahedral elements are implemented
for the impeller and vane-less diffuser section grids and
the unstructured tetrahedral elements for volute meshes

(Fig. 1).

1 Corresponding Author, Assistant Professor, Mechanical
Engineering and Energy Department, Shahid Beheshti
University, m_mojaddam@sbu.ac.ir

Professor, Mechanical Engineering Department, Sharif
University of Technology

For performance prediction simulation, coarse grids
are adequate since they can lead to decreased cost of
numerical calculations. However, finer meshes are
required for flow field investigations. Hence, both
coarse and fine grids are explored to satisfy the mesh
independency requirements.

Fig. 1. Volute mesh

A three dimensional viscous flow solver is used in
which the Reynolds averaged Navier-stokes equations
are solved using the shear-stress transport (SST)
turbulence model.

The discretization of the equations is done via
segregated implicit method and the SIMPLEC algorithm
isused for coupling pressure and velocity.

3. Experimental study

The test rig at the Sharif University of Technology’s
turbocharger laboratory is used to perform the
experimental studies.

Total and gatic pressures are measured by three
precision strain gauge transducers and ‘scanivalve
channel  selector system. Calibrated J type
thermocouples are used to measure temperatures.

The appropriate stations are considered for
measurement devices to obtain the desired data at each
COMPressor components.

4. Result and discussion

4.1. Theeffect of volute on pressure losses

Pressures and temperatures are measured at the inlet and
discharge of the compressor components including the
impeller, diffuser and volute, in order to study the effect
of each component in total pressure losses.

The sample results are presented herein Table 1. The
numerical and experimental results are the total pressure
losses at the volute for 0.05, 0.08 and 0.11 kg/s mass
flow rates at the rotational speed of 60,000.

It is clearly seen that the deviations of humerical and
experimental results are decreased with increasing of the
rotational speed.

Table 1. Experimental and numeerical results-Total pressure
loss at the volute

Mass Numerical Experimental Deviation (%)
Flow Results Results

rate (Pa) (2%1.5 Error)
(kgls) (Pa)

0.05 2119 2300 7.86
0.08 3781 3900 3.05
0.11 5283 5500 3.94
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