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ABSTRACT

Renal artery stenosis is a narrowing of arteries that carry blood to one or both of the kidneys. Most often seen in
older people with atherosclerosis (hardening of the arteries), renal artery stenosis can worsen over time and often
leads to hypertension (high blood pressure) and kidney damage. The body senses less blood reaching the kidneys
and misinterprets that as the body having low blood pressure. This signals the release of hormones from the kidney
that lead to an increase in blood pressure. Over time, renal artery stenosis can lead to kidney failure. In this study,
the effects of viscous heating in renal artery stenosis under peristaltic wall motions were investigated. Renal artery
stenosis usually does not cause any specific symptoms. Sometimes, the first sign of renal artery stenosis is high
blood pressure that is extremely hard to control, along with worsening of previously well-controlled high blood
pressure, or elevated blood pressure that affects other organs in the body.

Keywords: Renal artery stenosis, viscous heating, peristaltitions, Fluid solid interaction

INTRODUCTION

Renal artery stenosis is the narrowing of one dh lod the renal arteries, most often caused byratioderosis or
fibromuscular dysplasia. This narrowing of the learéery can impede blood flow to the target kidnessulting in
renovascular hypertension — a secondary type ¢f higod pressure. Possible complications of rertahastenosis
are chronic kidney disease and coronary arteryadesgl].Most cases of renal artery stenosis amagigymatic, and
the main problem is high blood pressure that cabeotontrolled with medication [2]. Decreased kigfienction
may develop if both kidneys do not receive adegbbted flow, furthermore some people with renaégyrtstenosis
present with episodes of flash pulmonary edemd&f8jal artery stenosis is most often caused by @gbkerosis
which causes the renal arteries to harden andwatve to the build-up of plaque. This accountsabout 90% of
cases with most of the rest due to fibromusculapthsia [4].Fibromuscular dysplasia is the predamircause in
young patients, usually females under 40 yearsgefH.Fluid dampers are used in military devicelsffit shock
isolation[2] and in civil structures [3]for suppsésg earthquake-induced shaking [4] and wind-indueibrations
[5], among many other applications [6]. Fluid damspwork by dissipating the mechanical energy irgatfj7]. This
example shows the phenomenon of viscous heatingcangequent temperature increase in a fluid darfgjer
Viscous heating is also important in micro flow a®g, where a small cross-sectional area and larggh of the
device can generate significant heating and affeefluid flow consequently [9].The structural elents of a fluid
damper are relatively few [10]. Figure 1 depictschematic of the fluid damper modeled herein withmain
components [11]: damper cylinder housing [12],qguistod [13], piston head [14], and viscous fluidte chamber
[15]. There is a small annular space between ts@mpihead and the inside wall of the cylinder hogigi6]. This
acts as an effective channel for the fluid [17].tAs piston head moves back and forth inside timepéa cylinder
[18], fluid is forced to pass through the annulbamrnel [19] with large shear rate [20], which letasignificant
heat generation [21]. The heat is transferred th tiee axial and radial directions. In the radiabction, the heat is
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conducted through the cylinder house wall and coteeto the air outside the damper, which is matiekng the
Newton’s convective cooling law [22-66].

More than 90% of the time, renal artery stenostsaissed by atherosclerosis, a process in whictuplatpde up of
fats, cholesterol, and other materials builds uptlen walls of the blood vessels, including thosadieg to the
kidneys. More rarely, renal artery stenosis cacdesed by a condition called fibromuscular dyplasiavhich the

cells in the walls of the arteries undergo abnorgrawth. More commonly seen in women and youngempfe

fibromuscular dyplasia is potentially curable.

Renal artery stenosis is often found by accidemiaiients who are undergoing tests for anotheoreaRisk factors
include:

e Older age

* Being female

» Having hypertension

» Having other vascular disease (such as coronagyyattsease and peripheral artery disease)
» Having chronic kidney disease

» Having diabetes

» Using tobacco

» Having an abnormal cholesterol level
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Fig.1. Top: schematic of a fluid damper that indicatesthe locations of theinternal 1 and 3 and external ther mocouples 2and 4installed on
the damper tested during this study; bottom: rectangular and Dirac heat-sour ce distributions at the piston head

Kidneys

Fig.2. The kidneys ar e two bean-shaped organs
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Artery Kidneys

Fig.3. In most cases of RAS, plaque builds up on theinner wall of one or both renal arteries

Specialists have known for a long time that renaérg stenosis (RAS) is the major cause of renavasc
hypertension and that it may account for 1-10% lé 60 million people in the United States who have
hypertension. Apart from its role in the pathogénes hypertension, renal artery stenosis is atsadincreasingly
recognized as an important cause of chronic remalfiiciency and end-stage renal disease. In ditividuals,
atherosclerosis is by far the most common etiolofiyrenal artery stenosis.[1, 2] As the renal artkmnen
progressively narrows, renal blood flow decreaBeentually, the decreased perfusion compromiseal fanction
and structure. With the increase in the elderlyybajion and the possible increase in the prevalencenal artery
stenosis and ischemic nephropathy, clinicians dgaliith renovascular disease (RVD) need noninvadiagnostic
tools and effective therapeutic measures to resbl@roblem successfully. This article exploresmhatural history
of this disorder, the value of a variety of invas@and noninvasive diagnostic procedures, and theecpuence of
allowing the artery to remain obstructed versugrsng renal artery occlusion.

EXPERIMENTAL SECTION

The goal of treatment is to reduce the risk oflgrfcerebrovascular accident). Intervention (cdretidarterectomy
or carotid stenting) can cause stroke; however,revige risk of stroke from medical management alisnieigh,
intervention may be beneficial. In selected triattizipants with asymptomatic severe carotid argteyosis, carotid
endarterectomy reduces the risk of stroke in the Beears by 50%, though this represents a realudti absolute
incidence of all strokes or perioperative deathapproximately 6%. In most centers, carotid endactemy is
associated with a 30-day stroke or mortality rdte 8%; some areas have higher rates [6] .

Some simplifying assumptions can be made befordyimgpthe conventional Navier—Stokes and energyagqos
to model the fluid flow and the heat transfer psscimn the micro-channel. The major assumptions are

1. The fluid is Newtonian, incompressible and wathminar fully developed profile of velocity anduaiform inlet
temperature;
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2. The transport processes are considered to bdysttate and bi-dimensional (throughout the mitaooel the
velocity and the temperature profiles are consileefully developed);

3. Thermal radiation is neglected;

4. All channel walls are rigid and non-porous;

5. Axial thermal conduction (Pe>>1), natural cori@yGr/Ré<< 1), and interior heat sources are neglected;
6. Fluid thermophysical properties are assumeabastant.

Cylinder — Fluid
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Fig.4. A sketch of atypical fluid damper with itsmajor components
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Fig.5. Boundary condition

By make use of the axially symmetric nature of flaéd damper and model it in a2D-axisymmetric getmas

shown in Figure 2. The geometric dimensions anéroplarameters of the damper are taken accordiRgtol to

represent the smaller, 15 kip damper experimensdligied therein. Thus, the piston head has a dé&noé¢ 8.37

cm, the piston rod diameter is 2.83 cm, and thetlg@gness is about 1/100 of the piston head diam&he damper
has the maximum stroke UO of 0.1524 m. The dampléat parts are made of steel, and the damping figllicone

oil.

Cylinder Chamber | Orifice Chamber 2

Fig.6. Geometry and mesh. The domains (from |eft to right) represent: piston rod, piston head and damping fluid space, the damper
outer wall

The fluid flow in the fluid damper is described tine weakly compressible Navier-Stokes equatiorigjrgpfor the
velocity field u = (u, w) and the pressure p:

ou ou oP 0%u  0%u (1)
P(”a”a)*a“‘(w*%)*ﬂ

ov ov oP 2%v  9%*v 2
P(“a*”@)*@*“(m*a—yz)”y

The density is assumed independent of the temperaithile the temperature dependence of the flisdosity is
taken into account as the Relation between shesgssand shear rate is:
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T = ply] ©)
In equation 10, the shear stress tensor is given by
7= p[VV + (V)] (4)
And the shear rate is given by:
V= [VV+ (VW)"] ()
And viscosity is given by the power law model aofe [12]:
p=my"! (6)
or in a compact form
1d
f2u =-=P (7)
Hdg

The reference material properties of silicone mlased. No Slip wall boundary conditions are agpfor both ends
of the damper cylinder and on the inner wall of tdamnper cylinder house. Moving/sliding wall withetlgiven

velocity is applied on the boundaries of the pidtead and on the piston rod. The conjugate headfarais solved
both in the fluid domain and the damper cylindend®wall: heat transfer by convection and conduodtiche fluid

domain, heat transfer by conduction only in thedsdbmain, and the temperature field is continubesveen the
fluid and solid domains. In the fluid domain, thisoous heating is activated and pressure work eamdiuded

when the slight compressibility of the damper flokds to be considered:

dT, QL , Eel’ o
dz PeQ ReQ"

(8)

where the first term and second terms on the figind side represent the heat source from pressore and
viscous dissipation, respectively. Hence, the mwbls a fully coupled fluid-thermal interaction ptem. In the
solid domain of the cylinder house wall, this edumatreduces to conductive heat transfer equatichout any
heating source. The heat flux boundary conditiosedaon the Newton’s cooling law is applied on thesiole
boundaries of the cylinder house wall. The tempeeafield is continuous between the fluid and sdiidnains. The
ends of the damper connected to the structureeudse kept at constant temperature.

In the fully developed thermal region of a heatedtdhe temperature profile continues to changé Wibut the
“relative temperature shape” of the profile nonger changes. Using the definition of thermal fullgveloped
region it is possible to demonstrate that, forktidoundary condition, the energy equation can tegmated on the
area of the cross-section by obtaining the follgniesult:

u(&) 20

9
a 07 (9)

Dze+f[mu.mu] =

The piston head movement is provided as harmomidatfons with given amplitude and frequency, agsin(2rf ).
The motion is modeled using the arbitrary Lagrandtalerian (ALE) deformed mesh. The ALE method Hasd
the dynamics of the deforming geometry and the ngwoundaries with a moving grid. The Navier-Stokes
equations for fluid flow and heat equations for pemature variation are formulated in these moviagrdinates.
Since using the definition of thermal fully devedab

% _ d@b _ Oy +IUJ-Q[DU.DUbQ
0 d¢ £C,WQ

(10)

Where gw is the linear heat flux to the heated Wéllis the fluid average velocity) is the area of the cross-section
and®b is the bulk temperature defined as follows:

6, =< | €O N0 )

It is suitable to introduce the following dimendiess quantities:
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4
=% (12)
Dh
-
y D,
(13)
2=5
L (14)
ro='
Dy (15)
Q=22
Dy (16)
[
0°=D,0 an
v="
W (18)
.66,
NG, 19
o=
Dy (20)
s__Dp dp
Ec = W—2
2¢c, A8 4 (22)
pe=""Pr _ Repy
a (23)
~ _ Oy
qW kAgref
(24)

Consequently, the dimensionless momentum and ertgl@nce equations are readily obtained in theotig
forms for the problem examined:

R —pD
dT, _ qWL* +2 EcL o°
dz PeQ ReQD (25)

in which the dimensionless viscous-energy-dissipatiinction is defined as

o"=| |0VvV.OVHQ"
IQ][ h

(26)
The complete set of boundary conditions for th@eiy distribution is thus:
V|. =0
Tb| z=0 = O (27)

In particular, it is possible to determine the eabf the Poiseuille number( the product of the Fagpfriction factor
for fully developed flow and the Reynolds numbesing the following relation:
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1 o_ P
f Re= ——— (OV)dQ” ==
2Q 2 (28)
by using the properties of the Laplacian
OV.OV =-vO + 202y
2 (29)
By integrating Eq. (29) on the cross-section area
* 0— _ * 0, 1 *2\ 72 0
[ [bvovhe®=-[ voivdo +—[0v?da (30)
The second integral of the r.h.s. of Eq. (30) canlémonstrated to be zero:
[,0%v2dQ" = [ nOV?dr =0
Q r (31)
By using the Navier—Stokes equation
*2 00— _ 0 00— _nloo
[ VOvdQ® = -p”[ vdQ" =-pQ )
finally
rD
=, .0V.OVdQ"=2f ReQ”= f Re—
o 2 (33)
it is possible to show how the axial variation efthulk temperature is related to the Poiseuille lmem
T, o,L
o Qb 20Tt Rel]
dz PeQ Re (34)

By integrating Eq. (34) from the inlet to the otittda long channel, where the entrance effectsaggtigible, one
obtains the temperature rise

T(2=9 =" =Gl +a=[f Rel ]
A  PeQ’ (35)

By using Eq. (35) for an adiabatic micro-channgl ), the value of the dimensionless temperatutieaoutlet of
the channel can be calculated as follows:

T(z=)= A6, —4E—Z[fReLD]

ref (36)
As well, The temperature gradient along the chadoelto the viscous heating can be expressedlas/fol

AG
% :(4E f Rd) ref

d{ Re D, (37)
Morini [21] gave a fifth order polynomial approxiti@n for calculating fRe as a function of the chalnsspect ratio

5
f Re= z g,/
= (38)

for two different fluids, ¢ and d, and for a fixedlue of the Reynolds number, hydraulic diameter enoss-section
geometry, the temperature gradient ratio is lintcethe following ratio of the fluid thermophysigadoperties:

%)

A7 ). _(v.)[Cm

EAG

A< ) (39)

for gases the constant properties can be usefylibifiese two conditions are verified:
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A
Ma< 02°P < 005

Pin (40)
The theoretical value of the Poiseuille numberepehdent of Reynolds and experimental Poiseuilfeba&u, can be
related through:

H“(6,)
f Re,, :£ m jf Re,,

Where 6, is the mean temperature between the inlet andtitiet. the viscous dissipation effects in adiabati
channels cannot be neglected if the following ctadiis satisfied:

45151 Rel21
Re

(42)
If the viscous dissipation effects cause to a teatpee rise ofl K between inlet and outlet, it dddee considered.
So

2
—‘M; LD2 Pr® > 0056
IOVVCp ref =h (43)

If Eg. (36) can be employed to determine experi@énthe value assumed by the apparent frictiotiofacan be
determined without measuring the pressure dropgaibe channel and just by means of temperatureflandate
measurement alone:

AG, [ 1
fapp = *
NG, | 4EcL

(44)

Time=40 s Streamline: Velocity field (Spatial)
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Fig.7. Streamlinefield in the damper at the end of smulation
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Time=40 s Surface: Temperature (degF)
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Fig.8. Temperaturefield in the damper at the end of simulation
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The modeled loading has the amplitude of 0.127nd,the excitation frequency is0.4 Hz. This représéme long-
stroke loading experiment performed in Ref. 1. Taaling time period is 40 s.

Note that the simulation results for the temperatare presented in degrees Fahrenheit for the chkasier
comparison with the experimental measurements.r&iguives the temperature field in the dampehatend the
loading. It also shows a typical streamline configion for the flow induced in the damping fluid.

Figure 4 shows the temperature of the inner walthef damper at the end-of-stroke position z = UBIiST

corresponds to the internal probe position und@esgrments performed in [1]. The simulation resgh®w very
good agreement with the experimental measuremse¢sKig. 9 in [1]).
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Fig.11. Temperature of the damper inner wall. T¢=80, T ens=240
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Fig.12. Temperature of the damper midline. T¢=80, Teng=240
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Fig.13. Temperature of the damper outer wall. T¢=80, Teng=240

700



A.J. Keilkhaand M. Y. Abdollahzadeh Jamalabadi J. Chem. Pharm. Res., 2016, 8(5):689-706

By decompose the computational domain into sevgaets and mesh the domains with mapped meshesdtvee
the very thin annular space. For the moving meshprescribe the displacement of the mesh in eaofadoso that
their alignment remains unchanged with a zero dighent at the top and the bottom of the dampénds

housing connecting to the high-performance seal,tha displacement equal to that of the piston headed for
the domain lined up with the piston head. Thisdbieved by specifying the mesh displacement fieldadinear
function of the deformed mesh frame coordinate tedreference (material) frame coordinate. Thel steerial

needed for the damper solid parts is availabléénbwilt-in material library. You create a useridedl material for
the silicone oil. Such damping fluids are typicaltharacterized by the density, kinematic viscositythe

temperature 25° C, and so-called viscosity temperatoefficient, VTC = 1-(viscosity at 98.9° C)Kwposity at
37.8° C). Using these parameters, you createribarlicorrelation for the dynamic viscosity givenHnuation 1.

For the case of a fluid damper with force on th&tqi rod isP and radially adiabatic the one-dimensional energy
equation is

DO(xt) . 320(xt)  PH)u()
mP Dt _ks axz + p(X)

While in radially conduction we have

DA(x,t) k 2 _ . 0%0(x,t)  P(u(t)
oC, + ' [6(xt) - 6,(x.t)] =k 2+ p(X)
ot A In[1+ jg} ox A

(45)

P (46)
the second term in Eq. (46) can be approximatel wit
.k
a(t) = ==[6xt) - 6, (1)
Aot (47)

By a rectangular function distribution, with a widtqual to the length of the orifice at the pidead we have
1 I I
p(x.1) = —[h(x+—) - h(X——)}

Wheré width of the piston head; ardHeaviside function of the variabie The distribution is illustrated in Fig. 1.
Then Solution to the Energy Equation under Smatb&t Motions withu, sinQt is

a(xt) = ﬁApVo f [COSZa)O (t-&€+ ]].{erch (Iﬁ - %j %} - erch (I—X + %) %}}df
S (49)

Where pressure drop across the piston head andityetonplitude are important. But under Long-Strdketions
Newton’s law of cooling applied

26(xt) _
ksT - h[Tair HO (X’t)]

(50)
where radial heat flux can be approximated with
_y 96(xt) 2k [O(x.t) - 8,(x,t)] _ k JO(x.t) -8, (x,1)]
> on - £
d, In£1+ ZEJ
d; (51)
Substitution of the thin tube approximation
L0000 00) g, -1, ]
£ (52)
and by introducing the parameter
Kk
=S 53
y h (53)
can be rearranged into
— ﬁ _ 90 (X!t) _Tajr
& B(xt) -6, (x1) 54
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Prior to loading, all the temperatures appearinghiw ratio are equal; indicating an intermediate vajuat the
initiation of loading is a constant. Subsequerdlyjoading proceeds, parametencreases at a nearly linear rate so
that

yt) = Vot 5[‘90(0 _Tair] (55)

And a more realistic law of cooling is

90 (t) Ty
—o= e =y +3[6,() - T, ]
0(1:) - 00 (t) ° ° (56)
which after rearranging terms gives
Q(t) — 5602 (t) + (l+ Yo~ aTair )60 (t) _Tair
o6, (t) = AT, + ¥, (57)

In theory, the solve for the external temperature
8,(xt) = 1A+ 6(t) + [5267 (1) + Ba() + C] 2

20 (58)

RESULTSAND DISCUSSION

It is initially treated with medications, includingjuretics, and medications for blood pressure robri6] .When

high-grade renal artery stenosis are documentedlaod pressure cannot be controlled with medicatiw if renal

function deteriorates, surgery may be resortedTt®® most commonly used procedure is a minimallyasive

angioplasty with or without stenting. It is unclehthis approach yields better results than the osmedications
alone [14]. It is a relatively safe procedure.[l1#i]all else fails and the kidney is thought to bersening

hypertension and revascularization with angioplastgurgery does not work, then surgical removahefaffected
kidney (nephrectomy) may significantly improve higlood pressure [15] .
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Fig.14. Temperature Contour at t=0's
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Time=40 s Contour: Temperature (K)
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Fig.15. Temperature Contour at t=10s
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Time=40 s Contour: Temperature (K)
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CONCLUSION

By taking into account the viscous heating andcitresequent decrease of the fluid viscosity, itheen shown that
it is possible to explain the decrease of theifncfactor when the Reynolds number increases ssrebd by some
researchers. In addition, a criterion has beerepted to discern the limit for which the effectvigcous dissipation
can no longer be regretted in micro-channels.
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