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Increasing the stability of nanofluids and its estimation methods
Bahman Rahmatinejad'*, Farzin Azimpour *
1- PhD, Department of Mechanical Engineering, Technical and Vocational University (TVU),Tehran, Iran.

2- Assistant Professor, Department of Mechanical Engineering, Technical and Vocational University (TVU),Tehran, Iran.

Abstract

Nanoparticles are materials which have at least one of their dimensions (length, width, height) at the nano scale (among 1 and 100 nm).
Nanofluids are obtained from the distribution of particles with nano dimensions in normal fluids. Common fluids such as water, oils and
ethylene glycol, which are usually used in heat transfer, have limited ability in terms of thermal properties. The interesting properties of
nanofluids (such as high heat transfer coefficient) and the great potential they show for increasing heat transfer have caused this group
of fluids to be in the focus of researchers’ attention in recent years. One of the key factors in optimizing the properties of these fluids is
their stability. The gathering of particles and their agglomeration increases the possibility of sedimentation, reduces the stability of the
suspension, and causes the loss of the properties of the suspension, such as thermal conductivity, viscosity, and increase in heat capacity.
In this research, methods of increasing stability and inspection tools were investigated. The results showed that the simultaneous use of
ultrasonic vibration and surface activating substances (surfactant) has a significant effect on the stability of nanofluid. And two methods
of using DLS light scattering and ultraviolet-visible absorption spectrometry have been used by many researchers in their research in
order to check stability.
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Numerical Analysis of Blood Interaction in a Vessel with a Flexible Wall
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Abstract

Heart attack and stroke are the leading causes of death in the world. Often the main reason for this phenomenon is the clogging of arteries. Eclipse is tiny
abnormal and abnormal vessels or other tubular structures in the body organs. This project aims is analyzing the flow in the artery-clogging effects. In
the present study, unsteady flow and flow developed before is completely eroded. After parsing several different models, the Careau model is considered
for the simulation of non-Newtonian fluid in the blood. Vessel model for validation of simulation data is selected from the valid article and the results
show the approximate accuracy of the non-Newtonian model is used. The following research vessels of different sizes Eclipse model is analyzed. When
the output is narrowing, the vessels have been strongly accelerating, and up to 12%, faster dilemma can be seen. However, the software cannot simulate
tears. However, the power of the threshold of bearing pressure on the wall tissue suggests that up to 50 percent of the eclipse diameter is tolerable.
Pressure values in the vessels by flooded 80 percent of the inner diameter with Eclipse reflect the diversity of pressure and speed with high intensity

within the veins that causes in areas near Eclipse values of shear stress to increase the flow considerably, vessel wall under pressure.
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Non-Newtonian Fluid, CAREUA Model, Numerical Analysis, ANSYS, Blood
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Effects of vibrator characteristics on uncloging and outflow of silo containing granular
material-DEM approach

Akbar Jafari', Ali Abolghandi? and Arash Gharibi*
1-Department of Mechanical Engineering, Technical and Vocational University, Tehran, Iran.

2-Faculty of Mechanical Engineering, Sirjan University of Technology, Sirjan, Iran.

Abstract

The output flow regime of the silo is influenced by different variables including its geometrical features, type and size of particles and flow aid devices.
In this research, the Discrete Element Method (DEM) has been used to simulate and study effects of vibration, caused by installing a vibrator, on
the output flow of silos containing granular materials. In order to ensure the accuracy of the simulations, the sensitivity analysis was performed on
the numerical solution factors. For validation, comparisons with experimental and numerical results available in the open literature have been made.
Observing the real conditions shows that when the opening of the silo is not large enough, the silo becomes blocked. Here, by performing a number of
simulations, the opening size threshold at which the silo becomes blocked was determined and named as the critical size. Sizes larger and smaller than
that threshold were introduced as non-critical and super-critical respectively, and numerical studies were carried out on these three cases. Numerical
studies have been done for different values of the vibration frequency and amplitude. Moreover, to find out effects of the vibrator location, relevant
stimulations were conducted, and based on the obtained results, when its location was within 20% of the bottom height of the discharge funnel, it had
the greatest effect. As another conclusion, it was found that by increasing the vibration frequency, the impact of the vibrator increases however, the
difference in the effects of different frequencies decreases with the increase of the vibration amplitude. Regarding effects of the studied variables, in

addition to the theoretical explanation, their physical interpretation and reasoning has also been discussed.

Keywords

Silo; Blockage; granular material; DEM.
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Modeling and investigating the behavior of triangular origami DNA under the
influence of laboratory temperature

Sadegh Dastorani'” , Reza Hasanzadeh Ghasemi>

1- PhD candidate, Department of Mechanical Engineering, Ferdowsi University of Mashhad, Iran.

2- Associate Professor, Department of Mechanical Engineering, Hakim Sabzevari University, Iran.

Abstract

In this article, the mechanical behavior of triangular origami DNA, which has special appearance and functional characteristics, has
been investigated. Triangular origami DNA can be introduced as a Nano-device with several degrees of freedom. To investigate this
issue, molecular dynamics modeling and simulation have been done and then its performance is analyzed. The first step in knowing a
Nano-device is its structural analysis. In this report, the structural changes of the Nano-device due to the change in temperature have
been investigated the results show that the amount of structural changes has reached its lowest level in approximately 800 picoseconds.
After this period of time, it can be said that the triangular origami DNA has relatively reached structural stability. The mechanical
behavior of origami DNA will be such that it is suitable for taking different volumes of cargo. In other words, it can be used to carry
Nano drugs with various dimensions. In fact, the most interesting parameter in this Nano-device is the flexibility of its arms. This
flexibility can be properly used to carry different types of cargo.
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Mechanical behavior, Molecular dynamics simulation, Origami DNA

s.dastorani1994@gmail.com « gl ygiuws Folo *


30476881
Underline


A Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

3oolawl JoSge slacpile (gt jo Lol Bun
Sl Gedle slizl lgie @ calie (g5elsm slo Lol
bl e JUS b 55 8 ol a1 gk o
2y eadnyaly 8 51 Gidan by 1>l (ol
Sogonr Ll (ol aloriisn it slhodld @ auly
DNAT 5 \U@S)J o)) u;‘ JRpRL g ‘AL?LH S Fean
ol ((Sle Jlail j5ige & g0ty aily 0
szl ol saen ST anS e jein L Jlal
WNgd 5Lige w2l e iS> g el jo s
s JSis dolﬂ G4z 0wz b Lluggil aslys o
$U ol jo Ledl ) ws g lag s Jlosl 4y ;08 &S
5 2 (o suile slil 5l solainl o e anil

Sl 0l 1

oolaiwl Gledbl Jol> leie 0 DNA 5l cads
s 0929 DNA o a5 ol Slogas WS
6‘)’" sl 6‘).’ tS""\D. ul.?r..u‘ QLA.” U"‘ 03 o
DNA I 2l sl Jlo o abl eoae SilSagls
St 55 g olend - (S lapiuns (o

I¥] ol ooty oozl S iSUlgst

"oy RNA F]7 005008 anile dapy 3T 5l solows
B ol 53 Glogs b (252 e (Sujolan
Slod S jabay a5 oo jsige o 0SS o Jes

Vb slaygize Jolt WS IS ey 330

dodsio—)

& 3 elled ol (sl JySlge (e g
wlis Slyelb g b aS w5yl (Sl sbolfis
35 UiS B eile Ky Lolul oyl s 09 o
obie o izl 5l S ol J9Sdg0 b yiogil uliio
o axdlas Y &ub)yl; 509> el 00l J.,._im 5;[;
lde jo slo Ol J 8 g o el p weslu ( o)k
ay ol Jlad e b Jled Jlsle e wilg oo bl sl
‘uLc)Uo‘ J.o.l.?v.- ‘JL:.ia.uJ Qs)ta.«.d)é cdb;y GKSJ.):L.’

JuSis 1y 95U wlidie jo (029,85 L8, g egian hge

Iy] s

kel o5 8 ebde jo (0,56 s by
5 Lala b Sigy 5 bao, 5 azil e olsil
Sodzmn hlug o le .S oo posd ool glao IS
Seon 0ais] )3 Lol gl (salwg 4y Wil o (JoSIge
Coo 5o lal,gl wanl o g, Ul L0gd
O s bdshe pens B 330 Slajg)ls 5 (Sap
ol oS sbmgl bl O Sl s sl sl 5
o) 45 9dio Ol gl g e o o )8
ool sl 3lSisth o ok b s
S5 5 bl Tyl 31 JsSlse slaatle

y- Protein

Y- Deoxyribonucleic Acid
Y- kinesin

f- RNA polymerase

&- Myosin

#- dynein

v-flagella



odsl cole soole g 4o DNA 5l solaiul (gous]
5 D (Byre T e op 06 Lawgs VAAY Jle yo L
oo Jlo Y08 Lo sols gl DNA colalllas g
DNA slolisbe glyl g3l 5 olis a5 col ongs
g i 5L e oo gimas oS
gl Sloamio 5| JSiie Gaman 5 )l DNA
ol ool (315 (e 9 (o)l (SO x> 90)
58l DNA (>l 5 a¥oizr argi JB (Syee b g
DNA Lol )z ol 50 0580 olyen (550554
Sl sl DNA gam 50 cguman (54l

DVE] loass o1l aiiais § 5b pplSe o olitws

ks o oles 5 fopenl Yo L o
S 59,5 (>b o5l DNA SS 4y 3y Slasi]
b dysl S5 @ ol ol (wzgylezr ool
Saden 4 DNA sloaiss; bawgi ¢33l (ol 5 oad
slr ol ool 5l do an pimen wal Jade
slaars, SoS5 4 zsler Sl @ pdSlhd

Do 10 JSe) wias Jaze DNA

(18] olKs 59/ DNA b 43y Sllasil g9,k ) S

Vo lais /ybie g b 0yg0 NF) Jloo [SlKe @i | Ve

So,gge 5l ala Jle a5 oog [A] ' LSTy, o [A]
aile ol @)lge cnl pogdle it Lol lrd
Mokt e o [V o] TS nd pl L 8 slo ey
OlF s 55 1) (s 9ran SLEIIE oo oy 555 [V)]

.o).g |al.3

3 Bime iz g n el 2 slaidle pogdle
30 e ile ;o DNA 5l eolaiul gl Guis Jb
(g slo,lale b awlie o o b ulie
Sially 5 il 5 039 Ke g ooles «SsS DNA

s, tSls DNA saise) o Sl glasls | SO
Codlad 400 5l a8 ol a0 SO s el o155l DNA
w0 > o5 gl DNA Ll 0,08 codie ol jo
Gl aman Sl )0 ax g wgangs S 0 ax
(G0 o205 (i g aily (gl ;ST g0y ol el
SoS 4y a5 alil oo oS (glats ) ST O jgody £
sandllas (Ailos 95 b) wious aiseel oo 4 laals, oy
el ol Jas o505 0 )ly 5STer LS )5l DNA
SolSiwd (sarwgs (e (slp @i sladl, 5 (S

Al 5o 55l DNA (5055 50 SilSagil

iS5 Wlgh 51 DNA (gaid, oz 05,5 lges sl
Slo )5 wsd o oolatul  ceias JeSUge
o lsa S,y DNA slaasle gl obe

Gdo) 9 U @ diusly o 50 aSdy ( owdigegil
D] sl as, Jlo o (Sojp

- Rotaxanes

Y- Fibronectin

- vorticellids

f- Nadrian Seeman
- Smith



L I Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

NA-UL 4 -
DMNA molecular nancactuator

W] gomans galwgeil —¥ JSCi

Sl Ll K Y Y Lo 4o oo ¢ Loy
sloJaie slyls LSlugl pl Ailodges (cwyp |y o
ol ¥ J5s po a5 jsblen ail oo Slye0 5 (2925
esiS s Ky ey lnlugil oyl sl ods ool

DAD sl a3 8 alowl K5

Hinges Connectors
— N
VRS Shder A B
\I Spindle
o
N 90— »

(@

les (AIIVAI DNA b (o398 9 S oo o juilSo S oF S

|, DNAGL,sb o, San o 'GoMls &YY Lo o
Gl SilSagils ol ;5 DNA olSiiws S 45 il |
@bl ool 2 Josdge la)l Joo 4 08 a5
5 Gilodls «sile b Gl Jobo e slass)
sl sl 555k g gl O SSle 55550
Sl YO ol b (oalo s (gaSiiy S S 4, DNA

Dyel (7 JSs) sl so yiagil FO x y2ogil YO x

[19] ool 59! DNA &by ygil - Jsis

i salisgsil S o) Sam o TaS YV F Lo o
b bl o galold oelas el b a5yl
sloarl, a5 oals JSid 3L ez 5l abewy (pl i S
G4y 93 GIs 5 00,8 ke ea 1) o] g )50
s gl dgazme JoSg0 Giwg sl (o) @3
e moe |y G o3l 99 &5 (2D sl i g

Dyl (v ) oS

\- Douglas
Y- Ke

Y- Sharma
f- Spindel



Flexible Joint

Fixed point |

[¥Y] ool 59 DNA fuaiogli b Jsio

aliwso (5,925 -7

*52,59/ DNA (5,95 -)-¥
DNA "cawls sl a4 b 5,5k8 5l smas g5
b @bl s gl lslugl ool (ol y
G, [Y0 g Y] wiS o soliinl T ousgalSys Jlos
DNA ojls o,lal &5 o SU 4 (pl5 0 5,0l
G JSololw! g1y DNA 0 ST s © oS

(F JS) b ulio 4 olgds (comsans 5

DNA
BACKBONE

-

[¥#] ool 9/ DNA jlisbw :F S

ORGANISED
DNA ORIGAMI

Vot i 5 sl o359 VE ) o ISlSe agyzi | W

25l Silads (slos (o 55 DNA

sibie Ll S olfSan 5 '\ XY L e
L e gouges JSal oloxl (gl YoilaS 8le 5 L
DNA (SaS 4 (¢ piysllasi! 5 85 L6 cladwass
hato JLlo glyls I pl aS wols @3l )| ol
Juo o DAl axslbse dgemogl Jo> sl g
DNA S50 camio o oLKen 5 (ggpms Y-V
Soelus gilwans 5l eolainl b g ok LKl
Godgazme ;S Jao ilosls 1B cw)p 950 (J5Sse
sr Ol Giluk s el sileand gy led
oo lyb g0yl a5 ol (LS s .l o
g 2 o Hlid 095 5l ales ol o], cewlie g)l0L
2o Vb clales o Lsls o baglegel 55 9575 b
o9l 5l aialy Hlis BT e ais soslie oS
o Jsss0 5l (grg b y5me sl Olgee s3leinn
0,5 oolaiul  ggle slrdlgass 5 by JeSUgecisjo
, Jelogilb o Kan g duciio ¥¥) Jlo o Y]
S50 Sl (sl b o 5 >
R D30 o 4 Suop slales o 1) T (s lwb
oKen 5 Shgiws YoV Jlo o IV wols 13
(@ JS2) 0is,S >lyb oSy 5 DNA Jaiesil
et g alie slod 4wy ] Gyl e
SS9 S ched i aile (SSl (ole>
B ez 0590 (J90g0 Salind (siloancd L1,

Ivy 5 vyl wols

V- Lee

Y- caDNAno

Y- Scaffold

f- Nucleotide Sequence
&- DNA Origami



W Vo lad [okins) g 5mb 0,90 NF ) Jlo /Sl &y 55

C5)> SYoleo [al.éo‘ LS‘)'? Ls;;',j) MD aod> )9104\.3

I¥Al el @3 51 Slacgame sl ((590) SeudlS

S LTSS DTS PTG VI IPCOWIUIIE VRUOWIREE SUE g
ols3 g s <l 4l oo b oo Ygans
dsloe yns 1) el aliee  Salns 5 (55l
teglio )75 ol b Losiiens |, by ] s o 457 0,5
o930 oYL s Sleje 40 sdwliawsds gulis 8,8

Ira] acs

Ol s 4‘5195.5.0 Saoliny (gilwaccs 5l oolazwl b

el el Jlosl LB (So3edsn slaptnn 55, Loo
Gl 5 eSSl wiile ((Soislen et
9 o5 Oygots ilize gloles Lyl cou L
&5 Gub 3l e Seoled gdoe (o RS
o tiSen y Joli a5 Wl o Cusody Jouilty (65,1
Joily 551 @l wblise Wgm e 5 Ve
) Toms e o JuSis ool go,0 (a3l ol
2 d9rge lapsl plod (ol Gy (e s oo
S Sl S e 5L 380 ek 1) e
oy lp S cul AS pl 4 JeSUge Stls
e g il Gy g CumBae Sl adsl bl Wl S5
5 el 5l il s iSCen s bogs o Josily 26
Galxe bawgs ol o Jlesl (65,05 p9o gal> 10
bgye slag i odleds (guisn slapsl Clx 5,
9 ) Slag i ogdleds ((sdign it slo LiiSen 4
il &8, cpgus gl po 50 05d o0 2Ll 0S8 L
ouls (gilwdand e &S > Yol oo > b
(S5 ey ol Cusdge p)loz Al e 53 9 Sunl

Iyslas ales ol 9 Olgie 0 pue g L oo

gl b jorlyser o olyze & 355 DNA

S 8 WS oo 8 e (SHG LS S 0
Olpls (aiS oo Lade 1) cnlicay 8 o9 (gAwain
o (Sozn b gaazr gbalidl ( IS5 sDNA

IVA s YV el 0,8 sl | sligomans

elsil el gl o5 5l DNA 5l ¢l sla L yo

Bt slod )5 (gl aman 5 gamge sla )bl
it 6l el ale YAl ous ool
L¥Y o ¥V s Jom sl abewsgil Y] ) JsSUgnSs
o 25 ale o SeilSe (69,18 sloosles Ciles uizan
o> B 1, DNA lacpilogil 059> ilgs oo S e
il o)l ) (ol o2 45 900 (57 (g0l
b rilogil (Sl 5, Shos (S sl Zanl sl
sl @Uls (V) w5l guds <8 g0 4 DNA
Sealios (ilwaz LSS oUlg (V) 5 (Sl ,li8, )b
(Sl S8 5S¢ pdige (b 0 (ES > )
ollan SlSe i b (glosle aim (glial 5l aslzl b
K59l DNA lial i [¥Y] codl oloiws LB

I¥f] wsl glise 05663 (sla_wlide 1o W3 o

g0 Solys (55905 VY
Fose Salns iloans ol a5 gl
Jlo Yo 5l G s plodil (g SO gl (MD)
Sopingw glyl sasdlas gl MD [¥0] 5,35
doasgdlS o (SN gl

oSy n  alox ]l

IyA xv sl

V- Single-Molecule Sensing
Y- Force field



S
%
)

gl 53810 5 50 Jubaiams (ool 55l DNA (> 1)k Y S

© P

[ 2

obgS (akh) iy o9z loz o Jold (b S
DNA gz olieS 5 5l a5 aib o JT 5k cas VE

(A S ) 08 g0 oloul adads Jlez o ate (glaii g0

ol yl38le 6 50 (Ao (o5 )3 DNA (2 1yb A JSo

SaLE B F I e Ll ol DNA (saiged auoles o g

A, B ety ol o a5 sl s LSi5 A, B,C,D
olﬁjf‘Lsc)éLgd;;&)C,D 6&;)5@9&;&\64@;)

Voslod [olims g b 090 VF) Jlo [SlSe a5 | €

o Slp Jese Selino g, (Badod opl o
slolos cow lie oS5l DNA_SolSe s,

Lbu’;)g) 9 lbo‘in—‘“

0% 59/ DNA alwggili (g 3LwJoo V=Y

@ a8 0n 2 Olgiee e i 4 axg L
il o glidgs 45 DNA sadyl sl a5
Lrmnlsl e bl ke e SIS
Sl 5lotart oS, 5l b g 5o
Lg (Sl )8, (omyz 5 e 9 0l el (JsSse
Jo sl Oliese camain SIS cnl (s iy illasi

Slo 13 eolatwl 8,90 dlgese 1 calizs glgil

b 4 emnleil 5l 5 5l eslisal b callie ol 5o
5ol hSay edie g alomy (Jubatae IS0 dw
o >,k cdie aS ol oo 4By 5y (slasis ;g0 DNA
oled 0,5 o 518 JsSge Salins (jlwdnds 350
gad, Sl l8le 5 ! ey 4 ead b S
bl ge o ylez ol JoSe oligS slaas ) g4k g
DNA Lz iS5 5l as asb o JT50 a3+

(Y USS ) 09 o0 ool alads a jo Jate (glals jg0

- Nano Engineer
Y- GROMACS



10 I Vo,lods /liny g 5wl 0,90 N Y Jlo /Sl 4y i3

pE B by aBislesl sles o (gjlwas
@S ST i sl osie plsl @s )
VMD? 55 5 JsSye Soalizs 3 ol
DNA (sa5505 V) IS5 0 28,5 1,8 solaiwl 5,40
VMD J38le 5 j0 (gilwand 51 J8 Glie (5,0

el oo ooly ioled

NPl 50 G 3lwaneds 51 o3 (ko (ool 59| DNA (geigas 1) JSo

VMD

izl 5158l 5 55 su ool )b e solKy 9l DNAA JSUi

F9g0 Soolias (g 5lwands -Y-Y
)15l oy DNA (g 1o Dl plnil gl
5 oloolal gl ol 58l 5 el oy ) _alise

S Gegh (2l )0 a5 all e 0990 DNA - jadlgs #8,
el o 00l SPDBVY 5" Jyasly (o 53lp 5

SRl 5l Jeslse Sl (giluand plsl ol
TIPYP o1 ¢ AMBERAY (69,5 floe b uShg,5
DNA ol «(gjlwacs plol gl .ol oads oolal
alolh 4 4z ler ol a0 e SISl
O UK sl sals ool 18 o)lge 5l ceslie
i (05,5l DNA G ol an> cais o
Silwdcd Saw 0 bl e ol JoSUge FYFAA
oSS ede sl LINCS )58l Josdge Sl
o sley a5l el sl a8 5 54 ladign ples
Sy xS sla STy .ol oo oolazuw! aslgiad
ozl VY Takad el L PME™ g, 5l oolatwl b
ploul a8 DVYO L (65, (o 5lhpanine ailoals oL
anl B (oledys wed B> bub gl wles b as §

\- PyMol

Y-Swiss PDB Viewer
Y- Particle Mesh Ewald
¥- Cutoff

&-Visual Molecular Dynamics



w

RMSF (nm)
~
(&)}

N

0 500 1000 1500 2000 2500 3000 3500 4000

Atom

o 4 sl Sl Golig.)gl DNA (6 ydySlaxil jlogoi VY S5l

oolal adgl LSl 5l Gl il o) s 610 a5 RMSDT
odS5ilodard s IS0 5l lme oo
K sbos ,o )b G ot owyp lp [F0] cl
O K slos 53 b bulyd plea b Ss b Yo
IS 50 sl RMSD oS coul oals plosil (g 5lwans
O PSA- s dga 5l am (gilwand a5 s o lis VF

] 00w, Jols >

25 T
— 300K

— 305K

RMSD (n

0 200 400 600 800 1000
Time (ps)

Ared Loy 4 Al (ALin ol y51 DNA (5 gl sfoge3 IF JSCi

Voylo ey 5 5l oy50 NP1 Jlo ISl ayis | T

oy g gl

A1y aliwg gl (Sl L8, s s iSu (ol 5o

g oo ol lie

31 any silie solKy 59l DNA saign (g )bl &l pus 1Y ST

S ilwads

S s SBllasslay ausly Jobss basl 1o Jo>DNA Ol pss
DNA ;| olbcwend il o DNA g tole Jow
riend 5 0L g piylasl gl slie LSl
Sly b J10,55 658 s pdyllasl I o
iz gl idy e g pdyllas (38 ow)
L slagise gl 15 (e a5l DNA
Sedise 435 S8 RMSFl iy (5 dycilla
¥ oS i b aliwggil (ol RMSF Y S o
Ll 5 JySlge Sadliss (s3lntends 31 45 4305 b
oo ool i el sdal oty aBiolosl sloo

- Root Mean Square Fluctuation

Y- Root-Mean-Square Deviation



W Vol [gkins) g 5mb 0,90 NF ) Jlo /Sl & 55

dlie ol ,sl DNA S IS Ll ols oles
oaile el Ly s 0 Solas (silwas 5l o
ol ol & b adliyS A+ o Lo e

‘sﬁﬁx;:g_éUa.xj‘ 8097 ‘@L.: 3O (e RS S PUvR:
Lf GCA?.LQ.S)O A oé‘é QLAA.S As Bs Cs D 64}[&) f

38 e oKl DNA sdiles mlaws (saulin

S ol Jol> ams cplesiloands 5l am g g5loans
aslas 6@‘}9;&)[3 u‘),..».u d.l,,wgy’lj w\ salad @a.w
390 balgese slp ol> loie 4 Wl oo 5 Sl

005 15 oolizal

&2y -
[1] A. Ghaffari, A. Shokuhfar, R. Hasanzadeh

Ghasemi (2012) Capturing and releasing a nano cargo
by Prefoldin nano actuator, Sensors and Actuators B:
Chemical, Vol. 171, pp. 1199-1206.

[2] Mavroidis C. (2006) Bio-Nano-Machines for
Space Applications, Phase II NIAC Grant, Final
Report.

[3] M. Askarian, M. Moavenian, R. H. Ghasemi (2013)
Prefoldin B1: A New Bio-Nanorobots component,
advanced science, Engineering and Medicine, Vol. 5,
No. 9, pp. 895-904.

[4] Howard J. (1996) The movement of kinesin along
microtubules. Annu. Rev. Physiol. 58: 703-729.

[5] Wang M.D., Schnitzer M.J., Yin H., Landick R.,
Gelles J., Block S. M. (1998) “Force and Velocity
Measured for Single Molecules of RNA Polymerase”,
Science, 282, 902-907.

[6] Sellers J.R. (2000) Myosins: a diverse superfamily.
Biochimica et Biophys. Acta (BBA) — Mol. Cell
Res. 1496: 3-22.

@ axg b e o0 ,5l DNA 588 ) sl
Seolisd (sl g jlusancs 5l sanliawsds (g Sy yuuss

O gty Hie olK,5l DNA gailes whaw « J5SIgs
JLasl b g ol el oais 00,91 s Los 51 s
Sy s g5b ,e slaaiwlaisl slatl o lags!
Olie 4 alewgsll Gl gailes gl (V0 S8)
o Sl Gl 55 G bl Dl ) )l
Sy wobee Jom LB laddgezs sojlail 5 SO
s bagil (galold alwsgil (o) 5o e bl
o Ao dhwggl 695k aw (@lgyo wdlbioe oo
sl s slad &S > nl 5 00 oS > sl

S oo et o )

& Lot 31 B s ——

O PO S——

9 & )bwdad 31 Jude ko (2ol 59! DNA (gailas (g Lo 10 JSCi

Sl 31 o

S 7S azxi-0
b e ete S s g s sy ]
Sy Slasil (cw) 4 g 0b ploxil jimlyils 138l
Silwded S5 a4 (e (5l DNA (5lwb o
ol @l oz lp b Sy (JiSse Sl
soliciul Sy S JsSge Saalins l5ale 5 5l ctlimo

2l ab el (palS Yo 0 g ¥ee glos g0 yo il



[16] Douglas, S. M.; Bachelet, I.; Church, G. M. (2012)
A Logic-Gated Nanorobot for Targeted Transport of
Molecular Payloads. Science 335, 831—-834.

[17] Ke Y.; Meyer T.; Shih W. M. & Bellot G. (2016 )

Regulation at a distance of biomolecular interactions

using a DNA origami nanoactuator. Nature
Communications.
[18] Sharma R., Schreck J. S., Romano F,

Louis Ard A., and Jonathan P. K. Doye, (2017),
“Characterizing the Motion of Jointed DNA
Nanostructures Using a Coarse-Grained Model”,
ACS Nano, 11, 12426-12435.

[19] Lee Ch., Lee J. Y., and Kim D.-N,,
(2017) “Polymorphic design of DNA origami
structures through mechanical control of modular
components”, NATURE COMMUNICATIONS.

[20] Khosravi, R., Ghasemi, R.H. & Soheilifard, R.,
(2020) Design and Simulation of a DNA Origami
Nanopore for Large Cargoes. Mol Biotechnol 62,
423-432.

00261-z
[21]  Mogheiseh, M., Hasanzadeh =~ Ghasemi,
R. and Soheilifard, R.(2021), “The effect of

crossovers on the stability of DNA origami type
nanocarriers”’, Multidiscipline Modeling in Materials
and Structures, Vol. 17 No. 2, pp. 426-436. https://
doi.org/10.1108/MMMS-05-2020-0094

[22] Dastorani, S., Mogheiseh, M., Ghasemi, R. H.,
& Soheilifard, R.(2020). “Modeling and Structural
investigation of a new DNA origami based flexible
bio-nano joint”. Molecular Simulation. https://doi.or
¢/10.1080/08927022.2020.1797019

[23] Dastorani, S., Ghasemi, R. H., & Soheilifard,
R.(2021). “A Study on the Bending Stiffness of a New
DNA Origami Nano-Joint”. Molecular Biotechnology.
https://doi.org/10.1007/s12033-021-00367-y.

https://doi.org/10.1007/s12033-020-

Vol [l g 5y 0y90 Vo) Jlo [ Slso s | WA

[7] Sack S.Muller J.,Marx A., Thormahlen
M., Mandelkow E.M. et al. (1997) X-ray structure
of motor and neck domains from rat brain kinesin.

Biochemistry 36: 16155

[8] Berg H.C. and Anderson R.A. (1973) Bacteria
swim by rotating their flagellar filaments. Nature
245:380-382.

[9] Schalley C.A., Beizai K. and Vogtle F.K., (2001)

“On the Way to Rotaxane-Based Molecular Motors:
Studies in Molecular Mobility and Topological
Chirality”, Accounts of Chemical Research, 34, 465-
476.

[10] Erickson, H.P. (1997) “Stretching Single
Protein Molecules: Titin is a Weird spring”, Science,
276,1090-1092.

[11] Mahadevan L. and Matsudaira P. (2000)
“Motility Powered by Supramolecular Springs and
Ratchets”, Science, 288, 95-99.

[12] M. Keramati, R. Hasanzadeh Ghasemi (2016)
Study of interaction between Prefoldin nano actuator
and amyloid beta dimeric pathogenetic cargo with
MD simulation, Modares Mechanical Engineering,
Vol. 16, No. 7, pp. 385-391. (in Persian )

[13] A. Ghaffari, A. Shokuhfar, R. Hasanzadeh
Ghasemi (2011) Prefoldin: a nano actuator for
carrying the various size nano drugs, Journal of
Computational and Theoretical Nanoscience, Vol. 8,
No. 10, pp. 2078-2086.

[14] Akinori Yuichi Ohya (2014)
Nanomechanical Molecular Devices made of DNA
Origami, 1742-1749.

Kuzuya,

[15] David M. Smith, Verena Sch™uller, Carsten
Forthmann, Robert Schreiber, Philip Tinnefeld &
Tim Liedl (2011) A Structurally Variable Hinged
Tetrahedron Framework from DNA Origami, Journal
of Nucleic Acids doi:10.4061/2011/360954.



14 Vo Lo [ limnn g b 0,90 NV F o) Jlo [ SslSe 4y 5

with Tunable Mechanical Properties,” ACS Nano,
8(1), pp. 27-34.

[34] Tinland, B.; Pluen, A.; Sturm, J.; Weill, G.
(1997) Persistence Length of Single-Stranded DNA.
Macromolecules, 30, 5763-5765.

[35] Fajer, M., Swift, R., McCammon, J.: (2009)
Using multistate free energy techniques to improve
the efficiency of replica exchange accelerated
molecular Chem. 30,

1719-1725

dynamics. J. Comp.

[36] Brooks, C.L., Karplus, M., Pettit, B.M.: (1989)
Proteins: A Theoretical Perspective of Dynamics,

Structure and Thermodynamics. Wiley, New York

[37] Karplus, M.: Molecular dynamics: applications
to proteins. In: J.L. Rivail (ed.) (1990) Modelling
of Molecular Structures and Properties, Studies in
Physical and Theoretical Chemistry, vol. 71, pp.
427-461. Elsevier Science Publishers, Amsterdam.

Proceedings of an International Meeting

38] S.C: (1987)

Dynamics of Proteins and Nucleic Acids. Cambridge

McCammon, J.A.,, Harvey,

University Press, Cambridge

[39] Wang, Y., McCammon, J.A. (2012). Introduction
to Molecular Dynamics: Theory and Applications
in Biomolecular Modeling. In: Dokholyan, N. (eds)
Computational Modeling of Biological Systems.
and Medical
Engineering. Springer, Boston, MA. https://doi.
org/10.1007/978-1-4614-2146-7 1

Biological Physics, Biomedical

[40] M. Talab F., Arab S. Sh., Mohammadian J.
(2020) “Structural investigation of bacteriorhodopsin
protein due to absorption of microwaves using
molecular dynamics simulation”, Madras Journal ,
Vol. 7, Num. 2, P. 1-13,, (in Persian).

[24] Seeman, N. C. Nanomaterials Based on DNA.
Annu. Rev.Biochem. 2010, 79, 65-87.

[25] Han, D.; Pal, S.; Nangreave, J.; Deng, Z.; Liu,
Y.; Yan, H. DNA Origami with Complex Curvatures
in Three-Dimensional Space. Science, 332, 342-346,
2011.

[26] Dastorani, S.,(2020). Design and simulation of
biologically joints using DNA origami by molecular
dynamics method, Degree of Master of Science
(M.Sc.) in Mechanical Engineering, Hakim Sabzevari

University.

[27] Rothemund, P. W. K. (2006) Folding DNA To
Create Nanoscale Shapes and Patterns. Nature, 440,
297-302,.

[28] Castro, C. E.; Kilchherr, F.; Kim, D.-N.; Shiao,
E. L.; Wauer, T.; Wortmann, P.; Bathe, M.; Dietz, H.
A (2011) Primer to Scaffolded DNA Origami. Nat.
Methods, 8, 221-229,.

[29] Linko, V.; Dietz, H. (2013) The Enabled State
of DNA Nanotechnology. Curr. Opin. Biotechnol., 24,
555-561,.

[30] Langecker, M.; Arnaut, V.; Martin, T. G.; List,
J.; Renner, S.; Mayer, M.; Dietz, H.; Simmel, F. C.
(2012) Synthetic Lipid Membrane Channels Formed
by Designed DNA Nanostructures. Science, 338,
932-936,.

[31] Douglas, S. M.; Bachelet, 1.; Church, G. M. A
(2012) Logic-Gated Nanorobot for Targeted Transport
of Molecular Payloads. Science, 335, 831-834,.

[32] Zadegan, R. M.; Jepsen, M. D. E.; Thomsen, K.
E.; Okholm, A. H.; Schaffert, D. H.; Andersen, E. S.;
Birkedal, V.; Kjems, J. (2012) Construction of a 4
Zeptoliters Switchable 3D DNA Box Origami. ACS
Nano, 6, 10050-10053.

[33] Zhou, L., Marras, A. E., Su, H.-J., and Castro, C.
E., (2014), “DNA Origami Compliant Nanostructures



AY-Y o asival V olad] by 9 b 0,98/ V) Jlo / Sl

b Sl (wigo 38 (59l g ple 4 pid
. * &
i = DOI: 10.22034/STME.2022.162708

yoodw il (6 5lgmw 95095 399 g0 Swlob Juo (15 Judxd
"6 SN yaxe g ST e S

L)‘J"‘ ‘u|).@{.x “5‘45)? 9 ‘.S'J oKl a&u&n Ls.w«.\a.e(.é 05; ‘)L\.«M—"Q_\
Ol 5o 5o olRsls (cwdige g (B (GoaSiily (SlSe  cwadiges 09,5 ¢ Lol

ouSs

anlllas (ol 0001 ouge 1) (3o 3liot (slay5ige 50 canlio ploj )3 (29,5 9 (53959 Slligw atpley JyS sainlsg laSalol Joe
3505 3l s Salob o SO ol canSs 00 5 bl (6 S o leadans e jailes 1l 5095 10 Salob s 50 55, ol Jelos
‘M‘ aLb&_iAL)L:LJ.:A LS")} Sde R 6‘;; o9 ool dLm‘ Y 9 \ AS.AL)L\ O )0 r.ngl.\s )‘)Q YA Sgd> )| o Lg)in) 9 )4.0515 )‘]b \YY
RWPIPLI K ARG Sar SO N PESPISRWIPN E S I ISPV S I SO E WP L= ISV ] FOUU UL S SO oy Y I ;;L;;‘..)'Laﬂ 6)‘;"5-.‘.
L'L'.J)J ‘Saza.: ATAI ),.5|J> s_ialdl)dm é.la.a.o ‘57:.,...:‘5..7;..: caL.a CAMJ‘ m)}g G"w ﬁ,j)l.c L: o‘J.o.m 9 u‘“‘“’ )5)"“ 64.:}[.1 )| (53“4"‘0@»7’ 55)4
Gt‘u QQ;‘SA JW ‘SAZM) L'L'.J)J fA- Sgd> Jﬁ‘.&? (5’)‘)’ uu.o.c oy d.chA c.‘a‘u G’L.?LMJ Ja...:}:uo JAQLGA 45(5’)5‘0)‘5 W Lg)jo)LAJ‘
AL 0525 5 b e ol s Jb Jlesl LBl elge 315 ailes co Salol cunSs L;LQ) 5 S 5 Egpd oty aS oly Hlis sw)p
RUII AR WOER St NCPEERE

ouls’ wlols

sty e (1,58 8 Ll o Saloly e ConSi 0,055 susiiges

Failure analysis of six-cylinder passenger car engine camshaft

Karim Aliakbari'", Jafar Langari?

1- Department of Mechanical Engineering, Technical and Vocational University (TVU), Tehran, Iran.

2- Department of Mechanical Engineering, Faculty of Engineering, University of Bojnord, Bojnord, Iran

Abstract

The camshafts are responsible for controlling the timing of the intake and exhaust valves at the right time in internal combustion
engines. In this study, failure analysis was performed on two camshafts in a six-cylinder car made of gray cast iron. One camshaft failure
occurred after about 177,000 kilometers and the other after about 208,000 kilometers between cam 1 and 2. In order to investigate the
cause of cam failure, first, a series of tests including determination of chemical composition, microstructure, hardness measurement,
and fractography were performed. The morphology of the fracture surface showed that the growth of the intergranular crack was from
the zone of stress concentration and accompanied by ratchet marks. The hardness measurement results of the camshaft cross-section
measured a maximum of 155 HB, while the average surface hardness values of the heat-treated surfaces are suggested to be at least 480
HB. The results of the investigation showed that the phenomenon of crack initiation and eventual failure of the cam can be caused by
factors such as excessive load, low hardness, and the presence of impurities in the stress concentration zone of the camshaft.
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Automotive engineering, Camshaft fracture, Microstructure, Fractography, Failure cause.
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Investigating the effect of process parameters on gas forming of AA6063 aluminum tube at hot temperature using
response surface method

M. Rajaee™, S. J. Hosseinipour?, H. Jamshidi Aval®

1-Department of Mechanics, Faculty of Neyshabour, Khorasan Razavi Branch, Technical and Vocational University, Neyshabour, Iran

2-Research Center for Advanced Processes of Materials Forming, Babol Noshirvani University of Technology, Babol, Iran

Abstract

Aluminum alloys have many applications, anti-corrosion properties, and good strength-to-weight ratio. The hot metal gas forming process is one of the new
methods. In this article, a statistical method based on finite element simulation has been used in order to obtain the highest percentage of mold filling and
the lowest percentage of thinning in the forming area of 6063 aluminum alloy cylindrical stepped tubes. First, the detailed model of the finite elements of the
process is prepared and the accuracy of the created model is confirmed by comparison with the results of the experimental part. Then the regression analysis
of the response procedure has been used to fit a level on the responses obtained from the experiments. Effective factors including forming temperature,
pressure, pressure rate, axial feed and punching speed were evaluated from the response surface method in order to extract the model and find the greatest
effect. Each of these factors has been studied at three levels in the form of central composite design experiments to identify the effect of parameters and the
best conditions. Design Expert software was used for modeling the response surface method and Abaqus finite element software was used for simulation.
According to the obtained results, the optimal point obtained for both studied characteristics is: Temperature 552 °C, pressure 6.5 bar, pressure rate 0.02
bar/s, axial feed 7 mm and feed speed 0.05 mm/s with filling percentage 91.2 and thinning percentage 10.37 were obtained. The presented model for

predicting the values of the dependent variables had very close results with the experimental findings.

Keywords
Optimization, Hot Metal Gas Forming, Response Surface Methodology, AA6063 Alloy Step Tube
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The effect of hot fluid and Nanotube-Water Flow Rate on the Efficiency of Nanofluid
on Gasket-plate heat exchanger

Omid Ramezani Azghandi*', Mohammad Ali noparast?
1- PhD, Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran.
2- Sana Mobadel Tose pars company, Mashhad, Iran.

Abstract

In this paper, the Carbon nanotube was stabilized in a water-based fluid by sodium dodecyl sulfate as a surfactant. Then, hot fluid
(water) was in contact with the nanofluids (carbon nanotube -weight percentage of 0. 01) on both sides of the heat exchanger plate
that has 13 plates. In order to investigate the functional groups and morphology of nanoparticles, obtained by FTIR, EDX, Raman
analysis, Transmission, and Scanning electron microscopes images were used. The effect of the flow rate of hot fluid and nanofluid on
the heat transfer coefficient and pressure drop was analyzed experimentally. The results in the range of laminar flow showed that the
heat transfer coefficient increased by the flow rate of hot fluid and nanofluid rising (53.47% and 43.4%, respectively) and decreases the
pressure drop of nanofluid, which are both positive effects. Determining the effect of nanofluid on the efficiency of the heat exchanger
compared to the state without nanofluid (water-water), it was found that the increase in the flow rate of hot fluid and cold fluid causes
an increase of 22.9% and 17.3%, respectively. It indicates the benefit of using carbon nanotubes in high stated flow rates.

Keywords

Carbon nanotube, Surfactant, Heat Transfer Coefficient, Heat Exchanger, laboratory set
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Numerical study of the effect of magnetic field on velocity and pressure drop of magneto
hydrodynamic fluid in blanket
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Abstract

The present study investigates the structure of a nuclear fusion reactor and the importance of magnetic hydrodynamic fluid. In reactors, the fluid is
separated from the main body of the blanket by a separating layer. The separating $tructure is important in two ways. This structure primarily acts as
a thermal insulator. The second priority is used for the separator to adjust the pressure and reduce it. The topics selected in this study are: the effect of
magnetic field strength, profiles and dimensions of a blanket, wall thickness, flow velocity and pressure drop, as well as the profile of flow velocity
changes due to magnetic field strength. The results show that the maximum velocity in blanket with rectangular cross section in 1T field is 11% and in
4T field is 9% faster than blanket with square cross section. Also, increasing the magnitude of the magnetic field from 1T to 4T causes a 9-fold increase

in pressure drop in the blanket with a square cross-section and an 11-fold increase in the pressure drop in the blanket with a rectangular cross-section.
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Magneto hydrodynamics, Blanket, Pressure drop, Magnetic field, Numerical study, Nuclear fusion
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Numerical and Experimental study of a new building cooling system based on compression refrigeration cycle
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Abstract

Today, various cooling systems such as evaporative cooler, split, air conditioner etc., are used to cool the building, which have a number of advantages and disadvantages.
One of the most important disadvantages that can be mentioned for many cooling systems is the non-uniform temperature distribution in the building zones. The most
important part of the building’s heat loss is through the windows. Accordingly, in this research, a new cooling system based on compression refrigeration cycle is proposed
and examined numerically and experimentally. Experimental evaluation of this system was performed in the air conditioning workshop and its numerical evaluation was
performed in Design Builder software. In addition this system was compared with split cooling system. Among the most important results obtained from this research, we
can point out the uniform distribution of the indoor air temperature and the reduction of energy consumption compared to the convectional cooling systems. When using a
window coil system, the difference between the maximum and minimum temperature in a large part of the room was less than 1 degree Celsius. In the split system, however,
the temperature has changed by about 2 degrees Celsius by moving from the ceiling of the room to the floor. Moreover, energy consumption of the system was 6.7% lower

than that of split cooling system.

Keywords

Building cooling system, Window coil system, Split system, Experimental evaluation, Numerical evaluation, Uniform temperature distribution.
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V- Heating, ventilation, and cooling (HVAC)
Y- Thermal Energy Storage
Y- Phase Changing Material
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V- Discretization

Y- upwind
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Experimental Analysis of an Orthosis Effect on Human Balance during standing and walking

seyed amir hoseini sabzevari'' , maryam zare*

1-Assistant Professor, Faculty of Engineering & Technology, University of Gonabad, Gonabad, Iran

2- Bachelor’s degree in mechanical engineering, Faculty of Engineering & Technology, University of Gonabad, Gonabad, Iran

Abstract

In recent decades, due to the significant increase in the elderly in the age pyramid of most of the country, wearable orthoses have
received more attention with regard to rehabilitation. Sudden falls are one of the most important factors leading to death in the elderly.
In this article, the impact of an orthosis on human balance while standing and walking has been investigated. The effect of this simple
orthosis in reducing body metabolism while walking has been studied. In this article, the experimental effect of this orthosis on people’s
balance has been investigated. For this purpose, the desired orthosis was designed and manufactured. Then a data bank was created
by the results of the experiments. To compile this data, the results of the experiments conducted by 10 volunteer students were used.
In these tests, ear fluid and vision indicators were analyzed on the performance of people when using this orthosis. The findings of
the studies are related to the study between people. According to the results of the tests, the use of the above orthosis improves the
performance of people in the dynamic body, while the results of this research on static performance do not show any effect.
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Wearable orthoses, balance, walking, standing, sudden falls
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Increasing the stability of nanofluids and its estimation methods
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Abstract

Nanoparticles are materials which have at least one of'their dimensions (period,
width, peak) (length, width, height) at the nano scale (among 1 and 100 nm). Nanofluids are
obtained from the distribution of particles with nano dimensions in normal fluids. Common
fluids such as water, oils and ethylene glycol, which are usually used in heat transfer, have
limited ability in terms of thermal properties. The interesting properties of nanofluids (such as
high heat transfer coefficient) and the great potential they show for increasing heat transfer
have caused this group of fluids to be in the focus of researchers' attention in recent years. One
of the key factors in optimizing the properties of these fluids is their stability. The gathering
of particles and their agglomeration increases the possibility of sedimentation, reduces the
stability of the suspension, and causes the loss of the properties of the suspension, such as
thermal conductivity, viscosity, and increase in heat capacity. In this research, methods of
increasing stability and inspection tools were investigated. The results showed that the
simultaneous use of ultrasonic vibration and surface activating substances (surfactant) has a
significant effect on the stability of nanofluid. And two methods of using DLS light scattering
and ultraviolet-visible absorption spectrometry have been used by many researchers in their
research in order to check stability.

Keywords

Nanofluid, nanoparticles, nanofluid stability, estimation of nanofluid stability.

Introduction

The interesting properties of nanofluids (such as high heat transfer coefficient) and the great
potential they show for increasing heat transfer have caused this group of fluids to be the focus
of researchers' attention in recent years. But the main problem of these fluids is their long-term
sustainability. Which has limited their use in industrial applications. In this research, methods
of increasing stability as well as methods of controlling stability are discussed. Due to the lack

*: Corresponding author, brahmati@tvu.ac.ir



of similar studies comprehensively in this regard and on the other hand, the presentation of
conflicting results by the researchers in this case caused this research to be carried out.

Methods of increasing the stability of nanofluids

Preparation of uniform and stable suspension has a significant effect on improving the thermal
properties of nanofluid. One of the things that affects the stability of nanofluid is the
phenomenon of cluster formation or accumulation of particles, which causes these particles to
settle. The phenomenon of clustering may have a negative effect on nanofluid in two ways.
This phenomenon may cause instability of the suspension by creating large masses and also by
creating empty areas of nano-particles in the liquid and increasing the thermal resistance, it
causes a decrease in heat transfer.

14 ... °
Y S
12 *0

10

Thermal conductivity ratio (K)
[ee]

0 0.2 0.4 0.6 0.8 1
Volume fraction
Figure 1: Effect of clustering and volume percentage on thermal conductivity coefficient

Figure 1 shows the effect of clustering and volume percentage on thermal conductivity
coefficient. It is known that there is a possibility of clustering with the increase in volume
percentage of nanoparticles. Also, the more the nanoparticles become clusters, the thermal
conductivity coefficient will decrease. To increase stability in nanofluids, the following
methods can be used.

% Using electric stirrer and magnetic stirrer

% Using ultrasonic vibration

¢ Adding surface activators (surfactants)

+ PH Changing

Nanofluid stability inspection tools
The main disadvantage of nanofluids, which has limited their use, is the unwillingness to
disperse homogeneously in the liquid phase. Therefore, the discussion of the stability of
nanofluids is very important. The following methods are used to accurately estimate the relative
stability of nanofluids.
% Photographing the deposition of nanoparticles
Applying an external gravitational field to prevent nanoparticles from settling
UV-Vis spectrophotometry
Sediment balance method
Zeta potential test
Use of TEM and SEM images
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¢ Using DLS light scattering
¢ Using a spectrophotometer
¢ Using the 3w method

Results and Discussion

One of the key factors in optimizing the properties of Nano fluids; It is a matter of
sustainability. The gathering of particles and their agglomeration increases the possibility of
sedimentation, reduces the stability of the suspension, and causes the loss of the properties of
the suspension, such as thermal conductivity, viscosity, and increase in heat capacity. Different
methods have been introduced to increase the stability of nanofluids, and the results of
examining different sources showed that the simultaneous use of ultrasonic vibration and
surface activating substances (surfactant) has a significant effect on the stability of nanofluids.
Also

, In order to check the stability of nanofluid, two methods of DLS light scattering and
ultraviolet-visible absorption spectroscopy are used in different sources.

Conclusions

The new technology of using nanofluids has created bright horizons in heat transfer studies.
But the main problem of these fluids is their long-term sustainability. which has limited their
use in industrial applications. The stability of nanoparticles in the base fluid has a significant
effect on improving heat transfer. increased heat transfer; It has the advantage of equipment
miniaturization. which also saves energy. Therefore, nanofluid is economically very affordable
compared to basic fluids. Different chemical and physical methods have been proposed to
stabilize the suspension, among which can be mentioned the change of acidity, the use of
surfactants, and ultrasonic vibration.
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Abstract

Heart attack and stroke are the leading causes of death in the world. Often the main reason for
this phenomenon is the clogging of arteries. Eclipse is tiny abnormal and abnormal vessels or
other tubular structures in the body organs. This project aims is analyzing the flow in the
artery-clogging effects. In the present study, unsteady flow and flow developed before is
completely eroded. After parsing several different models, the Careau model is considered for
the simulation of non-Newtonian fluid in the blood. Vessel model for validation of simulation
data is selected from the valid article and the results show the approximate accuracy of the
non-Newtonian model is used. The following research vessels of different sizes Eclipse model
is analyzed. When the output is narrowing, the vessels have been strongly accelerating, and
up to 12%, faster dilemma can be seen. However, the software cannot simulate tears. However,
the power of the threshold of bearing pressure on the wall tissue suggests that up to 50 percent
of the eclipse diameter is tolerable. Pressure values in the vessels by flooded 80 percent of the
inner diameter with Eclipse reflect the diversity of pressure and speed with high intensity
within the veins that causes in areas near Eclipse values of shear stress to increase the flow
considerably, vessel wall under pressure.

Keywords

Non-Newtonian Fluid, CAREUA Model, Numerical Analysis, ANSYS, Blood
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Full Abstract

A thrombus is an abnormal narrowing of a vessel or other tubular structure in the body. In
fluid mechanics, clogging indicates the presence of an obstacle in the way of blood flow inside
the vessel. Vascular branches in the parts that have unusual fluid dynamics are known as places
prone to atherosclerosis. Fluid mechanics studies show that atherosclerosis occurs in
bifurcations with complex geometry (in areas with high Reynolds numbers and shear stress
lower than the average shear stress of the wall). The flow pattern is related to non-uniform
shear stress and wall curvature. In addition, local disorder and circulation areas play an essential
role in the initiation and development of atherosclerosis. The complexity of the dynamics of
the blood flow downstream of the occlusion will cause further development of the occlusion or
will cause the vulnerability of the plaque to fracture and the phenomenon of thrombosis.
Clogging or narrowing of the blood artery will face various hemodynamic consequences of
pressure drop, which leads to the development of clogging. Pressure drop depends on flow
velocity and blockage geometry, but fluid properties such as density and apparent viscosity are
relatively constant. Arteries with multiple blockages result from plaque growth in
atherosclerosis, which may collapse under certain physiological conditions. The collapse of the
inner wall of the vessel is a process under which the bending of the artery is under certain
pressure and tension. In these conditions, the collapse of the inner wall of the vessel occurs.
The result of compaction resulting from this collapse will be to accelerate the process of fatigue
and rupture. If the plaque separation occurs in the coronary and cerebral arteries, it directly
leads to a heart attack and stroke. Clogging develops when the plaques adhere to each other,
and when the flow is sufficiently constricted, the turbulence may increase and raise the shear
stress of the flow and the walls. For healthy vessels, the blood flow is usually laminar
(Re<1000), but in the presence of occlusion, sufficient turbulence can be produced during the
cardiac cycle. Therefore, it is vital to predict the state of flow when the simulation is performed
in blood vessels with occlusion.

The purpose of this paper is to analyze the non-Newtonian blood fluid in the vessel. In the
present study, the flow is unsteady and fully developed before entering. The Carreau model is
considered for the simulation of non-Newtonian fluid of blood. Also, the values of speed and
pressure are given as the existing reality and with pulses.

The equations governing the problem are divided into two parts. The first part is the
equations related to the fluid, which include the equations of conservation, momentum, and
turbulence. The other part is the governing equations of the solid wall interacting with the fluid.
Ansys software has been chosen for simulation. The equations solved in the software include
the equations of conservation of mass and momentum.

The beat is selected as a pulse, and because the Fluent software cannot define this type of
beat, the codes defined by the user for the system are defined separately. The geometry of the
vessel, which includes a crossroads with an outlet diameter two times the inlet diameter, is
drawn, and before the intersection, the blockage is tested and compared with different
percentages. To create more tension in the vessel and complicate the problem, the diameter of
one of the outlets is reduced by half, and the results are compared. This sophistication enables
us to solve similar problems and analyze the output information. Different models are available
to define the blood fluid in the software. The selected models include Carreau, non-Newtonian
Power-law and Newtonian Power-law, and, the Carreau model has the slightest error compared
to the analytical solution. Numerical analysis was done using a commercial code of Ansys,
software for analysis. For simulation, the desired model is first drawn in Catia software and
then gridded in Gambit software. In the next step, this gridded model is entered into the Ansys



software, and after giving the values of the boundary conditions and determining the solution
method, it is analyzed.

The desired geometry is drawn in the design software. Fig. 1 shows the drawn geometry.

Fig. 1. Geometry of vessel

The number of generated mesh is 524,000 elements. To correctly determine the number of
elements, independence from the network was investigated, and convergence was established.
In Fig. 2, a view of the generated mesh can be seen.

Fig. 2. View of the generated mesh

For numerical analysis in Fluent software, it is necessary to give boundary conditions. The
boundary condition of the non-slip body is assumed. Modeling of the inlet flow has been done
using the mass flow rates used in the reference. The outlet pressure boundary condition is also
used for two vessel outlets. Since the solution is unsteady, the User-defined function has been
used to give the input and output boundary conditions. In Fig. 3, a view of the desired geometry
along with the boundary conditions, and in Fig. 4, the values given by the reference can be
seen.
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Fig. 3. Geometry of vessel with boundary conditions
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Fig. 4. Input and output values of blood flow according to time

To analyze the fluid-structure interaction, the dynamic mesh method is used in Ansys
software. In this method, the effect of the fluid on the wall and its changes are obtained using

the diffusion or penetration method.
In Fig. 5, the generated geometry is given for half-diameter vessel blockage. In this
simulation, the eclipse is assumed to be circular.
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Fig. 5. Vessel geometry with occlusion of fifty percent of vessel diameter



Fig. 6 shows the shear stress values of the vessel wall and Fig. 7 shows the intravascular
pressure, which are the results of the analysis of this article.
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Fig. 6. Shear stress values on the vessel wall with 80% occlusion and 50% outlet narrowing
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Fig. 7. intravascular pressure

In this article, the eclipse is assumed to be circular. The deformation of the wall mesh due
to pressure has shown that the wall tissue will not be able to withstand the pressure in severe
blockages and will be on the verge of tearing. Also, the pressure effect inside the tissue of the
vessel wall is evident. For small amounts of occlusion, the large vessels will bear the pressure.
Although the software cannot simulate rupture, the strength of the pressure tolerance threshold
of the wall tissue indicates that it can tolerate up to 50% of the blockage diameter. The pressure
values in the vessel with a blockage of 80% of the internal diameter and a narrowed outlet
indicate a high intensity and pressure heterogeneity inside the vessel, which causes the shear
stress values to increase significantly in the areas near the blockage, and the flow, the vessel
wall put pressure on. The deformation of the wall network due to this pressure has shown that,
the wall tissue will not bear this amount of pressure and will be on the verge of tearing. Velocity
values inside the vessel are given for different modes of analysis. In the area before the
blockage due to the increase in pressure, the flow faces a sharp drop in speed. This increase in
speed continues to the intersection area, which causes an increase in friction and shear stress.
In the case where the outlet of the vessel is narrowed, the speed increases, and up to 12% more
speed is observed in the intersection area. In this case, the tissue of the wall will not bear this
amount of pressure and will be on the verge of tearing.
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Abstract

Silo is one of the widely used devices in many industries including mining, chemical,
pharmaceutical and agriculture. The outflow regime of this device is influenced by different
variables including its geometrical features, type and size of particles and application of flow
aid equipment. In this research, Discrete Element Method has been used to simulate and study
the effects of vibrator characteristics on the outflow of a silo containing granular materials. To
ensure the simulations accuracy, sensitivity analysis on the numerical solution factors was
performed. Furthermore, for validation, comparisons with experimental and numerical results
reported in the open literature have been made. Based on the simulations results and also
realistic observations, for a certain size of the silo outlet, which is called critical state here, and
of course smaller than that, the silo will be blocked. Adequate numerical studies were carried
out on three supercritical, critical and non-critical states. Numerical studies have been done
for different values of the vibration frequencies and amplitudes. In addition, relevant
simulations were conducted to figure out effect of the vibrator location on its anti-blocking
performance. The obtained results were discussed to explain probable physical reasons for the
influence of the studied variables.
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Introduction, theory and formulation

Jamming of the outlet is a common problem in many silos, which occurs for various reasons,
such as the locking of particles to each other, the formation of arche in the funnel, or the
adhesion of particles. Various researches with theoretical and experimental approaches have
been conducted to study and find possible solutions for this problem. In the current research,
discrete element method is employed to study effects of the vibrator characteristics on the silo
blockage and outflow.

In a system with N particles, the position, velocity and forces between the particles are known
at the time ty. By integrating the following Newton's equations of motion, the position and
velocity of all particles at time t; are obtained. By repeating this process, a complete set of
information about the position, speed, acceleration and energy of each particle, versus the time,
are orbited.
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In the above equations, # and M, are respectively the force and moment on the ith particle. m,
and JJ, are its mass and moment of inertia are, respectively. The forces and moment are related
to the position, 7, , orientation, ¢, linear velocity, v, and angular velocity, ;. It should be
noted that £ is summation of all forces due to contacts of ith particle with the other particles

and the device walls. Here, Kelvin-Hertz viscoelastic model is employed to estimate the contact
force. Based on this model, the collision force is obtained using the following equation. In
fact, the force depends on the equivalent Young’s modulus,E*, equivalent radius, R*, the

particles deformation, & , the speed of the collision,£, and the internal damping,n [1].
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It is obvious that due to the large number of governing differential equations, it is not possible
to solve them analytically and they must be solved numerically. Here, the prediction-correction
algorithm (Gear) is used for numerical integration. Open source program LIGGGTHS which
is actually an improved version of Lamps program [2] was used to run computer simulations
conducted under Linux operation system.

Solution and implementation method

As shown in Fig. 2, the wall of the silo funnel is divided into five areas, harmonic excitation is
entered into one of the parts to study effects of the vibrator location. The particles are spherical
grains made of glass, whose specifications are based on the reference [3]. Obviously, by
reducing of the silo outlet size, the blockage probability increases, so the size threshold at which
the silo is blocked is called the critical size. Here, based on the simulation results of silos with
different outlet sizes, the critical size was obtained. In this research, for critical, supercritical
(jammed) and non-critical outlet sizes simulations have been performed. The vibration
excitation is by harmonic excitation with the function x = A sin wt, where A is the amplitude,

.. . w . .
w is its circular frequency, and f = oo Is its frequency.



Fig. 2. Schematics of the silo, division of the funnel wall and a snapshot of the simulation.

Effects of the vibration amplitude, frequency and location

In fact, the vibration amplitude indicates the amount of silo wall movement, which causes the
adjacent particles to move. It was seen that increasing the vibration amplitude in the
supercritical silo leads to the improvement of the unjamming effect, however, with the increase
in the frequency, the difference between the results of different amplitudes is reduced. On the
other hand, by increasing the size of the silo opening and in the non-critical silo, there is
basically no significant difference between the effect of different amplitudes, and even by
increasing the amplitude after a certain limit, there is a negative effect on the discharge rate. In
terms of physical interpretation, it can be said that by increasing the vibration amplitude, more
displacement is introduced to the adjacent particles and the chance of the adhesion and arche
decreases. Nevertheless, an excessive increase in the vibration amplitude can push the particles
upwards and the results of two positive and negative effects leads to diminish effect of the
vibration.

In terms of the effect of the vibration frequency, it can be said that increasing the frequency
increases the supercritical silo discharge rate. However, for the non-critical silo, there is no
significant difference between the effect of different frequencies. In terms of physical
interpretation of these results, we can point to the fact that with the increase in the frequency,
the energy of the wave is increased, and accordingly, the energy transferred to the particles
near the silo wall is also increased. This energy can overcome the adhesion of particles and
prevents the blockage and enhance the flow consequently. However, it must be insisted that in
the conditions that the silo is non-critical, the share of the vibration energy into the kinetic
energy of the overall flow is not significant, so it does not have considerable effect on the
discharge rate.

Regarding effect of the vibrator location, it was seen that if the vibrator installed closer to the
outlet, its positive effect on the discharge rate increases. Regarding the physical reason of such
behavior, it can be said that when vibration enters near the exit, its energy effectively moves
the locked particles at that region and intensify the flow. On the other hand, when the vibration
enters at a higher elevation, its energy is distributed within a wider region leading to weakening
its impact on the particles flow.



Conclusion

In this research, the effect of vibration of the silo walls on its discharge was studied using the
discrete element method. In order to ensure the accuracy of the simulations, a time step
sensitivity analysis was performed. Also, the height of the load was chosen big enough to
maintain stable conditions in the silo discharge. To validate the methodology, a comparison
was made with numerical and experimental results reported in related references. A silo that is
discharged spontaneously without vibration is called non-critical, and by reducing the size of
the outlet, it reaches the blockage threshold, which is called critical. When the size of the
opening is smaller than this limit, blockage occurred and it was called supercritical state.
Numerical studies were carried out on the three introduced modes and it was found that
vibration has a significant effect on the blockage presentation and increasing the discharge rate
of critical and super-critical silos, while its use in non-critical silos has negligible effect. Based
on the numerical results, increasing the vibration amplitude until reaching an optimal value
leads to an increase in the discharge rate, but after that it decreases. It was also found that by
increasing the vibration frequency the discharge rate is improved, however, this trend decays
gradually. In addition, it was found that the closer the vibrator location to the outlet, the more
its positive effect on the discharge rate. It seems that vibration mechanical energy causes
breaking bonds and adhesion between particles and unjamming consequently. In practical
viewpoint, it is suggested that the silo critical level be identified and if it is super critical or
critical, the vibrator installation is recommended. Nevertheless, there is no definite setting for
the vibration frequency and amplitude (stimulation force), and its optimal setting should be
adjusted adequate for the working condition. In fact, if the vibrator is not set in optimal
conditions, it will not have the expected positive unjamming effect and outflow enhancement.
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Abstract

In this article, the mechanical behavior of triangular origami DNA, which has special
appearance and functional characteristics, has been investigated. Triangular origami DNA can
be introduced as a Nano-device with several degrees of freedom. To investigate this issue,
molecular dynamics modeling and simulation have been done and then its performance is
analyzed. The first step in knowing a Nano-device is its structural analysis. In this report, the
structural changes of the Nano-device due to the change in temperature have been investigated
the results show that the amount of structural changes has reached its lowest level in
approximately 800 picoseconds. After this period of time, it can be said that the triangular
origami DNA has relatively reached structural stability. The mechanical behavior of origami
DNA will be such that it is suitable for taking different volumes of cargo. In other words, it
can be used to carry Nano drugs with various dimensions. In fact, the most interesting
parameter in this Nano-device is the flexibility of its arms. This flexibility can be properly
used to carry different types of cargo.

Keywords

Mechanical behavior, Molecular dynamics simulation, Origami DNA.

Molecular engineering products need robotic devices known as nanorobotics to perform their
activities. A nanorobot is basically a machine that can be controlled at the nanometer or
molecular scale, which is made up of components at the nanoscale. The ability to manipulate
at the nanoscale is the main application of Nanorobots. Applications vary from medical to
aerospace and military applications. The construction of complex molecular devices can be
made possible by Nanorobots in the future. It is expected that Nanorobots will create a
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fundamental revolution in the medical industry in the future, from precise drug delivery to cell
repair and the destruction of cancer cells.

The main goal in the field of molecular machines is to use different biological elements as
machine components. In this context, protein and DNA can act as motors, mechanical
connections, transmission elements or sensors. If all these different components are assembled
together in the right fit and rotation, they can form nanodevices with several degrees of freedom
that are capable of applying forces and manipulating objects in the Nano world. The advantage
of using natural machine parts is their efficiency and reliability.

DNA itself is relatively flexible as a biopolymer, but in DNA origami, many DNA strands are
arranged in a coherent mechanical structure that maintains a well-defined geometry. Therefore,
DNA origami has created new Nano-objects with three-dimensional geometric complexity.

In recent years, origami DNA has been used to construct a variety of 2D and 3D structures for
various applications, such as Nanopores for single-molecule sensing, and Nanodevices for drug
delivery. Also, the construction of functional mechanical structures such as springs, and
actuators can greatly expand the field of DNA nanomachines, many of which are still unknown.
In general, the mechanical performance of DNA nanomachines requires two key capabilities:
(1) the ability to design mechanical behavior and (2) the ability to integrate dynamics (i.e.,
motion). In engineering design, control of mechanical behavior can be achieved by using multi-
material components with optimal mechanical stiffness. The stiffness of origami DNA
components can be different on different scales.

Therefore, in this research, nanodevices were modeled with the help of origami DNA, and then
molecular dynamics simulation was used for structural investigation. First, in this article, using
the Nanoengineer software, the design of three rectangles, pentagons, and triangles made of
double-stranded DNA has been discussed, and the designed triangle is subjected to molecular
dynamics simulation. All the shapes designed by this software consist of a long main string
(chain), which is called a scaffold, and the rest of the short strings are complementary to this
scaffold. Various software packages have been provided to perform calculations in the field of
DNA. There are softwares available for preparing and fixing DNA defects, in this study Paymol
and SPDBV' softwares were used.

Gromacs software with an AMBER94 force field and TIP3P water has been used for molecular
dynamics simulation. To perform the simulation, first, the triangular origami DNA is placed in
a tetrahedral water box at a suitable distance from the wall. As a result, the box contains a
triangular origami DNA and 63688 water molecules. During the molecular dynamics
simulation, the LINCS algorithm is used to bind all bonds. A time step of one femtosecond is
used. Electrostatic reactions have been evaluated using the PME method with a cutoff radius
of 1.2 nm. Energy minimization is done with 5125 steps to remove misplaced calls. Finally,
the simulation process is performed at laboratory temperature with 500,000 steps (1 ns). VMD?
software was used to graphically examine the results obtained from molecular dynamics.

DNA changes around equilibrium conditions depend on the local structural flexibility of DNA.
Some parts of triangular origami DNA have high flexibility and some parts have less flexibility.
RMSEF’ is used to accurately investigate the local flexibility of different parts of triangular
origami DNA and extract the parts with more flexibility. This nanodevice is shown by
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specifying 4 branches obtained from molecular dynamics simulation in laboratory temperature
conditions.

RMSD*, which is used to evaluate the deviation from the initial structure, is a measure of the
convergence of the simulated system. For further investigation, once at 300 K temperature and
once again with the same conditions at 305 K temperature, the simulation has been done, and
the RMSD of the atoms shows that the simulation has reached equilibrium after about 800 ps.

In order to accurately investigate triangular origami DNA, according to the change in
configuration obtained from molecular dynamics simulations, the opening surface of triangular
origami DNA has been obtained as a function of temperature. This level is defined by
connecting the atoms at the end of the amino acids of each arm. The surface of the opening of
this nanodevice is a criterion of structural changes and also a criterion for examining the shape
and size of portable cargoes, and an important parameter in examining the nanodevice is the
distance of the arms relative to each other. In fact, the three arms of the nanodevice move
relative to each other, and this movement changes the internal space of the nanodevice as a
result, which can be used as a carrier for cargo.

4Root-Mean-Square Deviation
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Abstract

The camshafts are responsible for controlling the timing of the intake and exhaust valves at the right
time in internal combustion engines. In this study, failure analysis was performed on two camshafts
in a six-cylinder car made of gray cast iron. One camshaft failure occurred after about 177,000
kilometers and the other after about 208,000 kilometers between cam 1 and 2. In order to investigate
the cause of cam failure, first, a series of tests including determination of chemical composition,
microstructure, hardness measurement, and fractography were performed. The morphology of the
fracture surface showed that the growth of the intergranular crack was from the zone of stress
concentration and accompanied by ratchet marks. The hardness measurement results of the camshaft
cross-section measured a maximum of 155 HB, while the average surface hardness values of the
heat-treated surfaces are suggested to be at least 480 HB. The results of the investigation showed
that the phenomenon of crack initiation and eventual failure of the cam can be caused by factors such
as excessive load, low hardness, and the presence of impurities in the stress concentration zone of
the camshatft.

Keywords
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Introduction

Most cast irons have a chemical composition of 2.5-4% carbon, 1-3% silicon, and the rest iron. Gray
cast iron has lower tensile strength and impact resistance than steel, but its compressive strength is
comparable to low and medium-carbon steel. The function of the camshafts in internal combustion
engines is to open and close the intake and exhaust valves. Most camshafts are made of steel and have
a surface hardness created by heat treatment, which is made by forging or casting methods [1]. In this
study, failure analysis was investigated on six-cylinder passenger car camshafts made of gray cast iron.
In the present work, in addition to focusing on the microstructure and mechanical properties, special
attention has been paid to the stress analysis and the investigation of the cause of failure, which has
been less mentioned in others research. In short, the order of the work done in the present work study
is as follows: Selection of broken camshaft; Macrostructure analysis and dimension measurement;
Analysis of the chemical composition of the camshaft material; Examination of mechanical properties
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(hardness tests); Investigation of the microstructure using optical and scanning electron microscopes
(OM and SEM); Numerical analysis of the stress field; Investigation of the failure cause.

Experiments

The chemical composition of the constituent elements of the camshaft was carried out according to
ASTM E415-17 & ASTM E1086-14 standards by a spectrophotometer model SPECTROMAXx made
in Germany. Microstructural images were taken using an optical microscope from different surfaces of
the cross-section of the camshaft. After examining the microstructure of the material, the hardness test
was performed based on the Brinell standard according to the ASTM standard: E384-17. In order to
investigate the fractography of the cross-section of the camshafts after fracture, SEM images were
prepared.

Results and Discussion
The subject of study in this research is the failure analysis on the camshafts of six-cylinder passenger

cars. Fig. 1 shows the location of the fracture of the camshafts. One camshaft was broken after about
177,000 km and the other after about 208,000 km in service in the fillet zone between cams 1 and 2.

Fig. 1. The location of the camshafts fracture.
The results of the average values in terms of weight percentage of the chemical composition showed
that the cast iron is of ferrite-pearlite gray cast iron type.

Fig. 2 shows the microstructure of the ferritic sample with partial pearlite before etching and after
etching.
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Flg 2. The mlcrostructure of the cross-sectional surface of fhe camshaft (a) Before etchlng, and (b) After
etching.

Fig. 3 shows the hardness measurement in the radial direction from the inner radius to the outer radius
in two broken camshafts. As shown in Fig. 3, the maximum hardness value of the material of camshaft



no. 1 and no. 2 is equal to 155 and 154 HB, respectively, which is within the hardness range of standard
material G150 [2] for the state without heat treatment. For camshafts according to Refs [1,3], the
average hardness of the cross-section was reported as 240 HB (23 HRC), and if the average hardness
of the surface layer under heat treatment is between 485 and 570 HB (50-56 HRC). So, it can be
concluded that the measured hardness value of the camshafts in this work is lower than the standard
hardness value used in the camshafts.
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Fig. 3. Hardness measurement in the radial direction from the inner radius to the outer radius in two broken
camshafts.

Fig. 4 shows the Macro and micro microstructure images of the fracture surface of camshafts no. 1. The
morphology of the fracture surfaces in sample shows that the loading is of low cycle stress type and
consists of two zones the crack initiation zone A, and the final fast fracture zone B with small ratchet
marks. To investigate the origin of the crack in more detail, images of the fracture surfaces of camshaft
no. 1 were prepared using the SEM, which are shown in Fig 4.b. It can be seen from the images that the
fracture surface of gray cast iron shows the cleavage fracture characteristics of type A and B flake
graphite structure and also a matrix with many holes on the fracture surface.
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Fig. 4. Macro and micro structure images of fracture surface; (a) Macrostructure image, and (b) SEM image
with magnification of X250.



To determine the points of stress concentration in the fracture zone with the finite element method
(FEM), a camshatft stress analysis was performed. In the present study, meshing, element type selection,
boundary conditions, loading method, and stress analysis were performed based on Refs [4,5]. Fig. 5
shows the von Mises stress distribution field resulting from the maximum applied force in the camshatft.
The von Mises stress distribution at the stress concentration point of the camshaft fracture is equal to
30.34 MPa, which is about 23% of the yield stress of the camshaft material.
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Fig. 5. The von Mises stress distribution in the camshaft.

Conclusion

The study was carried out considering the failure of camshafts with 177000 and 208000 km in service
of a six-cylinder gasoline passenger car, and the following results were obtained.

1. The results of the chemical composition confirm that the material used in the camshaft is G150 grade
according to the standard. On the other hand, the results showed that the hardening of the camshaft was
not properly subjected to deep heat treatment, or induction hardening was not used.

2. Examination with the OM showed that the microstructure of gray cast iron type A is of ferritic-
pearlitic type. The presence of impurities in the matrix causes the discontinuity of the matrix and leads
to the reduction of some mechanical properties of gray cast iron, and this in turn reduces the fatigue
strength.

3. The morphology of the fracture surfaces in both samples showed that the loading is of low cycle
stress type and consists of two-zone the crack initiation zone and the final rapid fracture zone with small
ratchet marks.

4. Numerical stress analysis showed that the highest stress with about 23% of the yield stress is in the
zone of the camshaft fillet where the failure occurred.

5. Fractography analysis showed that the fracture surface of gray cast iron has the cleavage fracture
characteristics of type A and B with flake graphite structure and also a matrix. Also, the observation
results showed that there is more rose-shaped graphite on the fracture surface of gray cast iron.

6. Given that the material chosen for the cast iron camshaft of the present work was selected according
to the standard. But to ensure high fatigue life and prevent premature failure, it is recommended to use
high-grade gray cast iron and nodular cast iron camshaft due to their high strength and also increase the
hardness of the main camshaft surface.



7. Due to insufficient oil and overload on the engine, a series of scratches can be seen on the camshatft.
Therefore, another way to prevent premature failure is to control the oil pressure and reduce the load
on the engine, which can increase the fatigue life of the camshaft and prevent camshaft failure.

References

[1]  Yamagata H. 5 - The camshaft. In: Yamagata HBT-TS and T of M in AE, editor., Woodhead
Publishing; 2005, p. 110-31. https://doi.org/https://doi.org/10.1533/9781845690854.110.

[2]  Elliott R. Cast Iron Technology. Butterworth-Heinemann; 2014.

[3] Bayrakceken H, Ucun I, Tasgetiren S. Fracture analysis of a camshaft made from nodular cast
iron. Eng Fail Anal 2006;13:1240-5.

[4] Hejma P, Svoboda M, Kampo J, Soukup J. Analytic analysis of a cam mechanism. Procedia Eng
2017;177:3-10.

[5] Torshizian MR, Aliakbari K, Ghonchegi M. Failure Analysis of Ductile Iron Differential

Housing Spline in 4WD  Passenger Car. Int J Met 2021;15:587-601.
https://doi.org/10.1007/s40962-020-00487-2.






2

? . e — Mechanics, Vol 1, Issue 1, 1401

Journal of Science and Technology in Mechanical Engineering @ .
SR
DOI: 10.22034/stme.2022.162758

Investigating the effect of process parameters on gas forming of AA6063
aluminum tube at hot temperature using response surface method

M. Rajaee'”, S. J. Hosseinipour?, H. Jamshidi Aval?

1. Department of Mechanics, Faculty of Neyshabour, Khorasan Razavi Branch, Technical and Vocational University,
Neyshabour, Iran
2. Research Center for Advanced Processes of Materials Forming, Babol Noshirvani University of Technology, Babol, Iran

Abstract

Aluminum alloys have many applications, anti-corrosion properties, and good strength-to-
weight ratio. The hot metal gas forming process is one of the new methods . In this article, a
statistical method based on finite element simulation has been used in order to obtain the
highest percentage of mold filling and the lowest percentage of thinning in the forming area
of 6063 aluminum alloy cylindrical stepped tubes. First, the detailed model of the finite
elements of the process is prepared and the accuracy of the created model is confirmed by
comparison with the results of the experimental part. Then the regression analysis of the
response procedure has been used to fit a level on the responses obtained from the experiments.
Effective factors including forming temperature, pressure, pressure rate, axial feed and
punching speed were evaluated from the response surface method in order to extract the model
and find the greatest effect. Each of these factors has been studied at three levels in the form
of central composite design experiments to identify the effect of parameters and the best
conditions. Design Expert software was used for modeling the response surface method and
Abaqus finite element software was used for simulation. According to the obtained results, the
optimal point obtained for both studied characteristics is: Temperature 552 °C, pressure 6.5
bar, pressure rate 0.02 bar/s, axial feed 7 mm and feed speed 0.05 mm/s with filling percentage
91.2 and thinning percentage 10.37 were obtained. The presented model for predicting the
values of the dependent variables had very close results with the experimental findings.
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Optimization, Hot Metal Gas Forming, Response Surface Methodology, AA6063 Alloy Step
Tube
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Introduction

With the ever-increasing progress of military, aerospace and automotive technology in order
to reduce fuel consumption, reduce production costs, produce higher quality products, and also
produce complex parts, the use of lightweight materials such as aluminum alloys has been
seriously considered. In this regard, one of the new solutions is the use of gas blowing at a very
high temperature, which is called the process of hot metal gas forming. The extremely low
silane stress of the material at high temperature enables the forming of large parts, and the high
ductility of the material at high temperature, which enables the production of complex and deep
parts, is one of the beneficial features of this process.

Statement of the problem, innovation and mention of goals

In this article, the optimal determination of the parameters of forming temperature, pressure,

pressure rate, axial feeding and punching speed on the ductility of stepped pipes in the process
of hot metal gas forming in order to create a suitable filling of the mold and to minimize the
maximum thinning of the pipe, which is done using the response surface method It has been
used in order to extract the model and find the most effective factors. Each of these factors has
been studied at three levels in the form of central composite design experiments to identify the
effect of the parameters and the best conditions for the maximum filling of the mold and to
minimize the maximum thinning of the tube.

Research method

The equipment used in the hot forming process of the tube with gas blower along with axial
feeding are: 6063 aluminum alloy tube with a diameter of 25 mm and a thickness of 1.3 mm,
mold, air compressor, manometer, k-type thermocouple, heating system and axial feeding
system set. In this research, with regard to forming at high temperature, a new design was used
in the mechanism and mold to apply axial feeding, the material of the mold was SPK steel,
which was machined with CNC machine with high precision. Due to the change of the
symmetrical shape of the pipe, a three-dimensional axially symmetrical model was used to
simulate the process with Abaqus software. The type of elements is C3D8R and the number of
elements is 3 in line with the thickness of the pipe and the dimensions of the elements are 0.43
x 1 x 1 mm?. The mold was also meshed with R3D4 linear and square elements, from the series
of rigid elements, and the implicit solver was used for simulation analysis. The most important
issue of this research is the investigation of the main and mutual effects of the factors, which
is why the statistical design of the response level was chosen.

Experiment design

In this research, modeling was done to perform the experiments introduced by the response
surface method, using finite element simulation software (Abaquse), and then RSM-FEA
method was used to obtain the required information according to the DOE design. In this study,
the effect of independent variables including: forming temperature (T), pressure (P), pressure
rate (P), axial feed (X) and mandrel speed (V) was evaluated at three levels.

The initial design of the experiments was designed and used with the help of Design & Expert
software and 43 experiments were used by the software for optimization. Among the different
models, the software has suggested the quadratic equation as the most suitable model for fitting
the data. After selecting the quadratic equation as the appropriate model, ANOVA analysis of
variance was performed. p-value is used to ensure the correctness of the statements in the
model. The smaller the p-value (significant level), the better the proposed model fits the
response values. If two expressions have the same level of significance, an expression with a
higher F-value (test statistic) is more important.



Statistical analysis

Expressions whose P value is less than 0.05 can statistically predict the data with an error of
less than 5%. The results of ANOVA variance analysis for mold filling percentage show that
the effect of nutrition (X) is the most important, followed by pressure (P) and temperature (T).

The results of ANOVA variance analysis for the pipe thinning percentage show that the effect
of temperature parameters, pressure rate and gas pressure value have a greater effect on the
response of the thinning percentage. According to the F-value in the presented variance
analysis, temperature is the most important and influential parameter for the thinning
percentage.

Results and discussion

The mutual influence of parameters on the mold filling percentage was investigated. The
interaction effect of pressure and temperature with axial feeding on the mold filling percentage
showed that with increasing temperature, pressure and axial feeding, the filling percentage
increases. It can also be seen that with increasing pressure, the effect of axial feeding on the
filling percentage increases. Therefore, by increasing the pressure, the shrinkage disappears
and the filling percentage increases. It can also be seen that in low axial feeding, the filling
percentage increased with increasing temperature from 530 to 550 degrees Celsius. But from
the temperature of 550° to 580°C, the filling percentage does not change significantly. This
process continues with the increase of the central nutrition. On the one hand, with the increase
in temperature, the strength of the material decreases and the deformation of the pipe increases.
On the other hand, with the increase in temperature, the possibility of the tube sticking to the
mold wall increases and the flow of material into the mold cavity becomes more difficult.

Optimization

After finding regression models to obtain the maximum mold filling and the minimum thinning
percentage in the optimization section of Design Expert software, in order to determine the
optimal point, the amount of forming temperature, pressure, pressure rate, axial feed and
mandrel speed as objective functions, and percentage The filling of the mold and the percentage
of tube thinning were introduced to the software as the desired goals of the experiments in the
statistical analysis.The optimization of the dependent variables was done using the response
level method and the optimal points were determined. Optimum values were obtained at a
temperature of 552 degrees Celsius, a pressure of 6.5 bar, a pressure rate of 0.02 bar/s, axial
feed of 7 mm from each side, and a mandrel speed of 0.05 mm/s with a filling percentage of
91.2 and a thinning percentage of 10.37, The experimental test was carried out under optimal
loading conditions.

Conclusion

A combination of the response surface method and the finite element method in order to
determine the conditions for the plasticity method of the cylindrical stair tubes with the aim of
achieving the maximum filling and minimizing the thinning in the sections. The obtained
results indicated that the percentage of filling of the mold and the percentage of thinning of the
produced piece were 92.3 and 9.45, respectively, which is in good agreement with the results
of the value predicted by the model. The thickness distribution diagram of the formed sample
was compared in simulation and experiment. The difference between experimental and
numerical filling percentage is less than 5%.
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Abstract

In this paper, the Carbon nanotube was stabilized in a water-based fluid by sodium dodecyl
sulfate as a surfactant. Then, hot fluid (water) was in contact with the nanofluids (carbon
nanotube -weight percentage of 0. 01) on both sides of the heat exchanger plate that has 13
plates. In order to investigate the functional groups and morphology of nanoparticles, obtained
by FTIR, EDX, Raman analysis, Transmission, and Scanning electron microscopes images
were used. The effect of the flow rate of hot fluid and nanofluid on the heat transfer coefficient
and pressure drop was analyzed experimentally. The results in the range of laminar flow
showed that the heat transfer coefficient increased by the flow rate of hot fluid and nanofluid
rising (53.47% and 43.4%, respectively) and decreases the pressure drop of nanofluid, which
are both positive effects. Determining the effect of nanofluid on the efficiency of the heat
exchanger compared to the state without nanofluid (water-water), it was found that the increase
in the flow rate of hot fluid and cold fluid causes an increase of 22.9% and 17.3%, respectively.
It indicates the benefit of using carbon nanotubes in high stated flow rates.

Keywords
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Introduction

Using different nanoparticles [1-2] and adding them to different base fluids such as water,
ethanol, oil, ethylene glycol, etc. [3] in order to improve their properties, which are introduced
as nanofluid [4], is a desirable method in different heat transfer applications. In this article,
with the help of a sodium dodecyl sulfate surface as a surfactant (non-functional method), a
nanofluid containing multi-walled carbon nanotubes in 0.01 weight percent was prepared. The
prepared nanofluid was used in a laboratory setup equipped with a gasket plate heat exchanger.
And it was tried to check the effect of changing a fluid that is on one side of the exchanger (for
example, it flows on the even plates) on the results of the other side of the exchanger (odd
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plates). Based on this, the effect of hot fluid flow rate (water fluid) on the overall heat transfer
coefficient and pressure drop of nanofluid was investigated. The tests were carried out for a
weight percentage of 0.01. Also, in order to determine that the described method and use of
nanofluid improve the heat transfer and performance of the exchanger, the efficiency of the
exchanger has been checked for two states of nanofluid and without the use of nanofluid (water-
water).

Experiments

To prepare nanofluid containing multi-walled carbon nanotubes, from sodium dodecyl sulfate
surface activator (50 gr, product of Azmiran company in Iran), multi-walled carbon nanotubes
(diameter 20-30 nm and length 10-5 pm) and product of VCN company, gr5, deionized water
(150 liters, neutral pH, from inside Iran) was used.

For the morphology of the obtained powder, an energy dispersive spectroscopy (EDS), Fourier-
transform infrared spectroscopy (FTIR), Raman spectrometer, and transmission electron
microscope (TEM) image were performed.

1. Energy Diffraction Spectrometer (EDS): An EDS was used for structural analysis and
chemical properties of the sample. The design principles are based on X-ray radiation to the
sample at different angles and analysis of its diffraction or reflection pattern.

2. Fourier infrared spectrometer: FTIR is a method for identifying molecules and especially
functional groups in compounds. A device that obtains the absorption spectrum of a compound
is called an infrared spectrometer or, more precisely, a spectrophotometer. Each substance has
its own infrared spectrum, and like a fingerprint, it is specific to the molecule itself.

3. Raman spectrometer: One of the main applications of Raman spectrometers in the discussion
of carbon nanostructures is to determine the ratio of disordered groups to tangential groups.
The hybridization of carbon in carbon nanotubes (with high purity) is sp?, and the addition of

functional groups to their main structure changes the hybridization of carbon and turns it into

sp’.

4. Transmission electron microscope (TEM): TEM was used to examine the morphology.

Fig. 1 shows the device and substrate made to check the overall coefficient of heat transfer and
pressure drop of nanofluid (carbon nanotube-water) in a laminar flow regime. The bed consists
of two hot and cold loops, each of which has a fluid storage tank, a pump, a pressure and
temperature measuring section (before and after the plate heat exchanger), and a section related
to measuring the fluid flow rate. In all the tests, the heat exchanger has 13 plates, which by
changing the hot fluid inlet flow rate, tests are performed at a certain cold fluid flow rate, and
then the cold fluid flow rate is changed with the help of valves embedded in the setup and the
tests are repeated.

S R ——

Fig. 1. The test setup used for the tests



Using the prepared test setup and the equations and specifications provided by Ramezani [5],
with the help of the temperature and pressure notes for the cold and hot fluid at the inlet and
outlet of the exchanger and the flow rates recorded at the inlet of each fluid, the thermophysical
properties of each fluid (such as density, Specific heat capacity, coefficient of thermal
conductivity and viscosity, mass velocity in the channel and in the inlet and outlet, Reynolds
number, Prantel number, volume and weight fraction, Nusselt number, convection heat transfer
coefficient, and overall heat transfer coefficient, friction coefficient, the pressure drop for the
channel and port and the total pressure drop are calculated in the same way.

Also, with the help of Eq. 1, the pump power can be obtained for two states of nanofluid
water and water-water (without using nanofluid) [6].

W) =G v

W, Hb/ \Pn

With the help of Eq. 2, the efficiency or performance of the heat exchanger can be calculated.
In order to be economically acceptable, the ratio of the convection heat transfer coefficient to

the ratio of pumping power in the two modes of using hybrid and without nanofluid should be
greater than one [7].

_ (hye/hp) @)
1 Wae/Wo)

In the above equations, p, W, h, and W are fluid density, viscosity, conversion heat transfer
coefficient, and pump power, respectively. Also, the subscript nf is the nanofluid and b is the
base fluid.

Results and discussion

In Fig. 2, the results obtained from the curves of the overall heat transfer coefficient in terms
of volume flow rate for water-water fluid are drawn. The volume flow rate of hot fluid is
considered to be 3 Ipm. By comparing the results obtained from the graph of the overall heat
transfer coefficient in terms of volume fluid flow rate with the results of Tiwari et al. [8], it was
determined that the small difference is related to the Chevron angle and perhaps the small
difference in the properties of the water base fluid (such as pH). Also, the vertical error range
of the graphs is 4%.

verall heat transfer coeff

3 3.5 4 4.5

Fig. 2. Comparison of the results obtained for the exchanger with a Chevron angle of 45
degrees with the theoretical relations for the water base fluid.



To determine the effect of hot fluid flow rate on the overall heat transfer coefficient and
pressure drop, a heat exchanger and nanofluid-water were used. In Fig. 3, the effect of hot fluid
flow rate on the overall heat transfer coefficient of nanofluid (cold fluid) at different flow rates
has been investigated.
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Fig. 3. The effect of different flow rates of hot fluid on the overall heat transfer coefficient of
nanofluid

For this purpose, the temperature of the element was set to 60 °C. Nanofluid with a weight
percentage of 0.01 and a flow rate of 2-6 Ipm was placed in contact with a hot fluid with a flow
rate of 2-5 Ipm. As it is clear in Fig. 3, increasing the flow rate of hot fluid (at a constant flow
rate of cold fluid) and cold fluid (specific flow rate of hot fluid) improves the overall heat
transfer coefficient of nanofluid. In heat exchangers, in addition to the heat transfer coefficient,
the pressure drop in the exchanger is also very important. Therefore, Fig. 4 was analyzed in
order to determine the effect of increasing the flow rate of hot fluid and cold fluid on the
pressure drop of nanofluid.

T=60°C and C=0.01 wt%

drop, kPa

Volume flow rate, Ipm

Fig. 4. Effect of hot and cold fluid flow rate on nanofluid pressure drop

As it is known, increasing the nanofluid flow rate increases the pressure drop, which is not
desirable (for 2 Ipm of hot fluid, increasing the flow rate of nanofluid increases the pressure
drop by 33.530% in the exchanger), but increasing the hot fluid flow rate decreases the pressure
drop in the exchanger (In a specific nanofluid flow rate of 6 lpm, increasing the hot fluid flow
rate from 2 to 5 lpm improves 396.5%), which is very desirable and will be effective in
choosing the pump size.



T=60 °C and C=0.01 wt%

Efficiency

1
ume flow rate, Ipm

Fig. 5. Effect of hot fluid flow rate on exchanger efficiency

From Fig. 5, it was found that increasing the flow rate of hot fluid at a certain flow rate of
nanofluid improves the efficiency of the exchanger, or in other words, the use of nanofluid-
water will improve the efficiency of the exchanger compared to when only water-water is used
(both sides are water exchanger plates).

Conclusion

In the present work, a multi-walled carbon nanotube was stabilized in water base fluid at a
weight percentage of 0.01 wt.% with the help of a sodium dodecyl sulfate surface activator. In
order to investigate the effect of hot fluid flow rate (water) at a constant temperature of 60 °C
on the heat transfer coefficient and pressure drop of nanofluid, a gasket plate heat exchanger
was used in which nanofluid (on odd plates) and water (on even plates) are flowing. The hot
fluid flow varies from 2 to 5 Ipm. The results showed that increasing the flow rate of hot fluid
increases the overall heat transfer coefficient by 50.47% and also decreases the pressure drop
on the side of the nanofluid, which both results are favorable (positive point) in heat
exchangers. Also, in order to determine the effect of nanofluid compared to the time when
nanofluid was not used (water-water), the performance of nanofluid on a gasket plate heat
exchanger with 13-plate was investigated. Therefore, it was found that the increase in hot fluid
flow rate leads to an improvement of 22.9%, which indicates that the preparation of nanofluid
with the help of sodium dodecyl sulfate surface activator and the method (containing carbon
nanotubes in water base fluid) described in the discussions that aim to improve the rate of heat
transfer will be desirable. Also, the increase in the flow rate of nanofluid was also investigated,
which indicates the improvement in performance.
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Abstract

The present study investigates the structure of a nuclear fusion reactor and the importance of
magnetic hydrodynamic fluid. In reactors, the fluid is separated from the main body of the
blanket by a separating layer. The separating structure is important in two ways. This structure
primarily acts as a thermal insulator. The second priority is used for the separator to adjust the
pressure and reduce it. The topics selected in this study are: the effect of magnetic field
strength, profiles and dimensions of a blanket, wall thickness, flow velocity and pressure drop,
as well as the profile of flow velocity changes due to magnetic field strength. The results show
that the maximum velocity in blanket with rectangular cross section in 1T field is 11% and in
4T field is 9% faster than blanket with square cross section. Also, increasing the magnitude of
the magnetic field from 1T to 4T causes a 9-fold increase in pressure drop in the blanket with
a square cross-section and an 11-fold increase in the pressure drop in the blanket with a
rectangular cross-section.

Keywords

Magneto hydrodynamics, Blanket, Pressure drop, Magnetic field, Numerical study, Nuclear
fusion.

Introduction

Due to the lack of fossil fuel resources, air pollution and a significant increase in energy
consumption, scientists have been looking for a clean and safe energy source such as nuclear
fusion since 1970. The ITER nuclear fusion reactor is the largest international project in which
very important issues such as the magneto hydrodynamic fluid pressure drop, flow rate and the
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amount of heat transfer from the blanket body have been investigated. Despite the extensive
efforts of researchers, the ITER project has not yet been put into operation. In this research, the
effect of the magnetic field on the velocity profile and pressure drop and the effect of the
channel cross-section dimensions on the magnetic hydrodynamics behavior have been
investigated with the aim of improving the nuclear fusion process, achieving a reliable velocity
profile and choosing the best blanket channel cross-section.

Materials and Methods

In this research, two blankets with a square cross-sectional area of 25%25 mm and a rectangular
cross-sectional area of 25x50 mm were designed with the aim of comparing the velocity and
pressure drop of magnetic hydrodynamic fluid. Pb-Li 17 has been used as fluid. Assuming that
the external walls of the channel are insulated, two magnetic fields of 1 Tesla and 4 Tesla have
been applied to the blanket in the Z direction. By using the Ansys Fluent 20 software, the
independence of the blanket network is checked and a network consisting of 1,200,000 nodes
is selected to solve the problem. Considering the no-slip condition in the walls and choosing
the speed of 0.01 m/s and the pressure of 0 atmosphere as the boundary conditions, the velocity
profile and the fluid pressure drop have been investigated. Finally, for validation, the results
obtained in this study have been compared with the results of one of the previous valid studies.

Channel mesh with square cross section.

Results

According to the obtained results, the rectangular profile is not suitable for the blanket because
it increases the pressure drop. Since the Lorentz force acts against the direction of the fluid,
with the increase in the intensity of the magnetic field, the amount of pressure drop also
increases. By increasing the magnetic field from 1 Tesla to 4 Tesla, the pressure drop increases
9 times in the square cross-section and 12 times in the rectangular cross-section. Although the
magneto hydrodynamic fluid pressure drop is always mentioned as an undesired factor, but in
this research, with a new approach, the pressure drop in the blanket has been used to control
the stability of nuclear fusion. Also, by increasing the magnetic field from 1 Tesla to 4 Tesla,
the maximum velocity near the side walls increases twice. Needless to say that, by changing
the cross section of the channel from square to rectangle, due to the reduction of Lorentz force,



the maximum velocity increases by 11%. By looking at the Velocity profile in the both
rectangular and square cross-section, this fact can be observed that due to the Lorentz force,
the magneto hydrodynamic fluid velocity will be in the highest possible form near the side
walls and decreases drastically in the center of the channel.
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Full velocity profile in channel with square cross section at 1T.
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Abstract

Today, various cooling systems such as evaporative cooler, split, air conditioner etc., are used
to cool the building, which have a number of advantages and disadvantages. One of the most
important disadvantages that can be mentioned for many cooling systems is the non-uniform
temperature distribution in the building zones. The most important part of the building's heat
loss is through the windows. Accordingly, in this research, a new cooling system based on
compression refrigeration cycle is proposed and examined numerically and experimentally.
Experimental evaluation of this system was performed in the air conditioning workshop and
its numerical evaluation was performed in Design Builder software. In addition this system
was compared with split cooling system. Among the most important results obtained from this
research, we can point out the uniform distribution of the indoor air temperature and the
reduction of energy consumption compared to the convectional cooling systems. When using
a window coil system, the difference between the maximum and minimum temperature in a
large part of the room was less than 1 degree Celsius. In the split system, however, the
temperature has changed by about 2 degrees Celsius by moving from the ceiling of the room
to the floor. Moreover, energy consumption of the system was 6.7% lower than that of split
cooling system.
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Building cooling system, Window coil system, Split system, Experimental evaluation,
Numerical evaluation, Uniform temperature distribution.

* : Corresponding author, m.m.naserian@pgs.usb.ac.ir



Introduction

In this article, a new cooling system based on compression refrigeration cycle is proposed and
examined numerically and experimentally. The novel system uses a transparent cooling coil
with water as the working fluid, inside the windows. The reason for using the coil in the
window is to make the room temperature distribution uniform. In addition, the water in the coil
reduces the energy consumption needed for cooling by reflecting and absorbing part of the
infrared spectrum of sunlight. For this purpose, we will first design and then investigate, and
analyze the heat transfer of two rooms with the same boundary conditions and dimensions with
different cooling systems, one of them equipped with the current system and the other one with
the split system.

Problem analysis
These two systems have been analyzed separately as follows:

1- Conducting tests and comparisons experimentally with actual boundary and dimensional
conditions based on existing standards.

2- Simulation and comparison using the DesignBuilder software with specifications and
practical test data.

The new cooling system is based on the cooling coil and is installed on the window. In this
transparent glass coil, water with a lower temperature enters the coil from the lower part and
after heat exchange, it leaves with a higher temperature from the upper part of the coil. The
schematic of the coil is shown in the figure below.

Figure 1: Schematic of the glass coil used in this research
Experimental study

In order to experimentally study the designed system, the prototype of this system was built
and installed in the air conditioning workshop of Montazeri Technical College of Mashhad.
This system consists of a glass coil placed inside the window of the room (Figure (2)) and also
a condensation refrigeration cycle (Figure (3)) installed outside the room. The working fluids
of the compression refrigeration cycle and the window coil are R314 and water, separately.
The use of water is due to its transparency (daylight passes through the window without
disturbance), high specific heat capacity and non-toxicity (in case of leakage). Heat exchange



between the water cycle and the refrigeration cycle was conducted through a coil heat
exchanger with a copper coil.

In order to compare the two systems in terms of energy consumption, they were modelled in
Design Builder software. The simulation results of these two systems in Design Builder
software show that the energy consumption of the split system is 209 kWh and the energy
consumption of the window coil system is 195 kWh. According to the results, the energy
consumption of the window system is about 6.7% less than the split system.

T AN = ELT cavinew

:
n
:

Figure 3: A view of the room and the cooling system

Results and discussion

As can be seen in figures (4) and (5), the use of this system, compared to the split system, has
resulted in more uniformity of temperature in the room, so that the difference between the
maximum and minimum in a large part of the room is less than 1 degree Celsius which is in
consistent with the experimental measured temperatures at eight different heights from the
room floor. However, in the split system, by moving from the ceiling of the room to the floor,



the temperature changes by about 2 degrees Celsius. The non-uniform distribution of the room
temperature in the case of using the split is caused by the heat entering through the window
due to the large difference in the temperature of the inside and outside air (approximately 20
degrees Celsius). In addition, the air around the split evaporator exchanges heat with the
refrigerant at a temperature of 5 degrees Celsius, while in the window system, water enters the
coil at a temperature of 16 degrees Celsius. Therefore, the temperature difference of 20 degrees
of the refrigerant in the evaporator with the set temperature of the room (25 degrees Celsius),
compared to the temperature difference of 9 degrees of the water entering the coil and the set
temperature of the room, has led to the creation of a cooler core around the split, which This
itself leads to non-uniformity of room temperature.
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Figure 4: Room temperature contour in cooling with window coil in DesignBuilder software
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Figure 5: Room ambient temperature contour in split cooling in DesignBuilder software
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Abstract

In recent decades, due to the significant increase in the elderly in the age pyramid of most of
the country, wearable orthoses have received more attention with regard to rehabilitation.
Sudden falls are one of the most important factors leading to death in the elderly. In this article,
the impact of an orthosis on human balance while standing and walking has been investigated.
The effect of this simple orthosis in reducing body metabolism while walking has been studied.
In this article, the experimental effect of this orthosis on people's balance has been
investigated. For this purpose, the desired orthosis was designed and manufactured. Then a
data bank was created by the results of the experiments. To compile this data, the results of
the experiments conducted by 10 volunteer students were used. In these tests, ear fluid and
vision indicators were analyzed on the performance of people when using this orthosis. The
findings of the studies are related to the study between people. According to the results of the
tests, the use of the above orthosis improves the performance of people in the dynamic body,
while the results of this research on static performance do not show any effect.
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Introduction

World health organization estimate the percentage of person’s age 80 years or over is projected
to jump to nearly 20 percent of the world’s population by 2050. Sudden falls are one of the
most leading cause of unintentional injury deaths worldwide in elderly. In recent years,
numerous studies have been carried out on rehabilitation robots to help elderly people balance.
In this study, the effects of a simple wearable exoskeleton has been investigated on human
dynamic and static balance.

Methods
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Ten male students from Gonabad University between 18 to 22 years old are chosen among
volunteers. They were in healthy physical condition, no history of neuromuscular diseases, no
visual impairment, no lower limb injuries for the past three months and they were not selected
for membership in the university sports teams. They were asked to not participate in any sport
activity for at least 24 hours before experiments, do not take supplement and medicine for at
least a week before experiments and be in a good mental conditions during the experiments.
The effects of an orthosis were investigated experimentally on human dynamic and static
balance with emphasis on vision and vestibular system.

Results

The results of experiments showed the influence of using the proposed orthosis on human
balance. Although, wearing proposed orthosis cause decreasing 6.4% in static-vision, the
dynamic-vision balance increase 4.65%. The effect of orthosis on static-vestibular system of
balance was not perfectly preserve but cause increasing 10% on dynamic-vestibular system of
balance.

Conclusion

Using the proposed passive orthosis increasing human balance as well as reducing the
metabolic cost of walking. The results of the experiments show the importance of
gastrocnemius muscles on human balance.



