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Abstract Simulation ofHeat transfer and lamin&ioy/water and Sigoil-engineflow over
backwardfacing step with anavithout obstacle numerically studied in tluaper. The finite
volume method adopted to solve continuitpomentum and energy equations in two
dimensions.The aspect ratio of triangular obstaaée = 0.5 presentedThe step height and
expansion ratio of channel we#e8,,, and 2 respectively, the range of Reynolds number
varied from 100 to 250, constant heat flux subjected on downstream of wall was
2000W/nf.Two types of base fluid used in this simulation the watet airengine with
constant properties at T = 300K®°, The Smanoparticles used with nanoparticles diameter
30nm and volume friction 4%. The average nusselmbernoticed increase with increa
Reynolds number witbbstaclefor two basefluid and also no&d that the nanofluid of Sio

oil engine has higher nusselt number compared with other nonoflhil.result shows
increase ofocal nusselt numbdor backward facing step with obstacle in compared to those
without obstacle. Thenaximum enhancement dieat transfer observed at obstacle due to
increaseecirculation flow after the obstacl8treamlineshowing the increase of recirculation
region with used obstacle in compared without obstacle and higleestulaton region
observed at obstacle.
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1- Introduction:

Flow over a backward facing step generates recirculation zone and forms vortices due to the
separation flow obtained from the adverse pressure gradientsdrfléiw. Improvethermal
performance in different engineerirgpplication become main goal in recent presented
researches as the fluid flow over backward facing steprsmon geometry used in cooling

and heating systems suel heat exchangers, chemicabqess, power plants, amiclear
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reactordue to generate separation aedttachmentegion. In addition, used obstacle in flow
passage leads tmcrease of static pressure and then enhance of heat trghjsféiany
researcher have been studiedexiperimental and numericédr analysis heat transfer and
fluid flow over backward facing step. Armaly et a?] jhave experimental and numerical
studied of laminar, transition, aridrbulent air flow over backwarthcing step. They found
thatthe separ&n length increase with increase of the Reynoldsiber for Re< 1200 while
reduction at Re between 12005650.De Zilwa et al. 8] developed new calculation method
for study laminar and turbulent flows through plane sudelgransions. The calculation§ o
laminar range found thahcrease thickness of the separating up to reach bgggeration
region and used-& models for turbulent range abtained good agreement compared to
experimental resultsE=ffect of step height on neNewtonian liquids flow though sudden
expansion investigated by Pak et dl. \where foundthat decrease of length reattachment at
norntNewtonian liquidcompared to water for same boundary condition of fldhanafer et

al. [5] performed numerical study of he@mansfer to laminamixed convection of pulsatile
flow over abackwardfacing step by using finite element method. Tepwed that improve

of the heat transfer rate with increasedRefynolds number but the thickness of the thermal
boundary layer reducediwo-phase flow overbackwardfacing step with low and high
Reynolds numbenumerically studied by Yu et al6][in 2D and 3D dimensionLES was
applied and found good agreement betweerBRDhumerical result with experimental result
in profile of velocityand temperature dr#bution. Heat transfer to laminar fluid flow between
parallel plateshrough baffles was numerically studied by Kelkar &adankar T]. The study
described flow by strondeformations and large recirculation regions and faanotease of
Nusselt numbeand friction coefficient withncreased Reynolds number.

More recently, the majority of studies have been utilizing nanofluid because of its higher
thermal conductivity compared to normal flu8l.[Abu Nada 9] is a pioneer in research on
laminar nanoflul flow over a backwarfcing step with Cu, Ag, ADs;, CuO, and TiQ
nanofluid, volume fractions between 0.05 and 0.2 and Reynolds numbers ranging from 200 to
600. An investigation of findings signifies that the Nusselt number increased with the volume
fraction and Reynolds number. Later, Kherbeet etlél. presented aumerical investigation

of heat transfer and laminar nanofluid flow over a miscale badkwardfacing step. The
Reynoldsnumbers ranged from 0.01 to 0.5, nanoparticle types comprised Al203, CuQ, SiO
andZnO, and the expansion ratio was 2. An increasiegn@lds number and volume fraction
seemed to lead to an increasiNgsselt number; the highest Nusselt number value was
obtained with SiO2Additional last investigations concern nanofluid flow over a backward
facing step for the laminar rang®lj 12|, but suchwork with respect to the turbulent regime,

in particular, is still not entirely understood. Due to the Cu has higher theomductivity

and many gperimental investigations dometh good improvement in thermal performance
then used in thisimulaton.

The aim of the present worls to investigate the heatansferandlaminar fluid flow over
backward facing step withnd without obstacléy using two types of basefluid with Sio2
nanoparticlesThe numerical data for used obstacleflow passage wh backward facing
step will be more helpfuto design thermal channel with higher performance. In this
investigation, Finite Volume Method in commercial progfatENT 6.3.26is employed.

2- Numerical model
2.1 Description of geometry

In this simulation,the geometry and flow domaia shownin Fig. 1 where the dimension of
geometry was according tl-Aswadi et al. 12]. Backwardfacing step of duct with and
without triangularobstale are adopted. The heigbit obstacle istmm and 2am width fixed
at 200nm from the step with expansion ratio 2 at Reynolds numbed0f 175, and 30.
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The total length of duct is 1050mmonsist of 50mm upstream length and 1000mm
downstreamength and inlet height of duct is 4.8mm and exit heigBt@nm. Constant heat
flux (2000 W/n) is subjected odownward of duct while insulated other parts of diigto
working fluids used as a basefluid pure water andemgine and then added &io
nanoparticles for them at constant volume friction and constant diameter of nanapétticle
and 30nm respectively) to study the enhancement of heat transfer with and without obstacle.

Insulatel E— ——

Heat Flux eo—

d=0
— | FLOW QLT
FLOW IN =
[———
H/5=2
g=a
8 =4 . 8mm é ¢ —_
g = 2000 Bm?
1
S mm 1 (00 maar

Figure 1. Geometry domain and boundary condition

2.2Governing Equations:

Continuity, momentum (X, Yand energy equations witissumption laminaisteady state,
incompressible, and twdimensional are employed in this simulation and camnvidten as

(1)-(4).

— — m 6é6é6.. (1)
6— U— -— O — — 66é..(2)
6— O— —— O — — 66é6..(3)
6— U— o —— | — — L ééé(4)

Whereo6 andv represent velocities in x, y directisaspectively,” and| define density and
thermal expansiongspectively.

The Reynolds number is computed based on inlet chaerght (H).
YQ — .eeé. . (5)
00 - 00 Q0 eéeé. . (6)

Where(L) is the length of thbeateddownstreanwall.

2.3Boundary conditions
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The boundary conditions for thesmulationare:
T At the inlet Chanel the f
and temperature (TD) U
1 At the outletChanel: P=0

T I'nsut awelkf dafheduThe mathematical”_uud),rm of
Yy

d

ui [ d
ub, T

| e
= K ,

1w

assum
Tb=300

V9q=0
1 For the downward of ducConstant heat fluxgq (2000 W/nf) is subjected while
insulated other parts of duct

2.4Numerical procedure and Data Validation

FLUENT 6.3.26 software with computational fluidlynamics (CFD) were conducted in
numerical simulationsThe procedure for generate geometry and meshing pracass
performed with Gambit 2.3.18oftware. Viscous lamindlow model with energy dialog box
was selected to sohentinuity and X,Y momentum equations as well as eneggation. In
computational fluid dynamics (CFD), SIMPL&lgorithm is a commonly used in numerical
procedure to solvéhe NavierStokes equations thdoge employed to link theelocity and
pressure fields. The residual of solution wsasaller thar(10) for continuity equation, (1%
for momentumequations anq10°) for energy equation. In order to increasecuracy of
solution, the density of mesh ldackward anabstacle was merhighly than other part$he
computational conditionand thermephysical propertieased in the numericaimulation are
shown in Tabléel. Five size of gridwas adopted at Re =175 and airflow as a working fluid.
Where thayrid densities wa$19558, 40864, 70752, 116506 and 228700) triangular. ddiks
grid independent selectgd 16506)cells among the others due tbe difference imusselt
number was less than 3% compared to dhids as shown in Figure..2For purposeof
validations used boundary conditions as reportedlbgswadi et al. 12] and then obtained
results with acceptabkgreement as shown in kg 3.
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Figure 2. Grid independence test results forNusselt number
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Figure 3.Comparison velocityprofile with Al-Aswadi et al. 12].

Table 1.The computational conditiorad thermephysical properties

COMPUTATIONAL *[13] *[14]
CONDITIONS
Fluid Water (basefluid) Oil-engine Sio; nanoparticles
(basefluid)
Pressure velocity SIMPLE SIMPLE SIMPLE
coupling scheme
Density 998.2 kg/m 884.1 kg/m * 2220 kg/mt *
Viscosity 0.001 (N.s/rM)  0.486 (N.s/rf) * -

Thermal conductivity 0.6 (W/m.K)  0.145 (W/m.K) * 1.4 (W/m.K) *
Heat capacity 4182 (J/Kg.K) 1909 (J/Kg.K) * 745 (J/Kg.K) *

Viscous model Laminar model Laminar model Laminar model
Reynolds number 100, 175 and 25C 100, 175 and 25C 100, 175 and 250
Thermal heat flux 2000 W/nt 2000 W/nt 2000 W/nt

3- Thermo-physical properties of nanofluids:
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The effective properties afanofluid are defined as follow:
Density:

. p 6é6..(7)

Heat capacity:

~

Wi 6é. (8)

The Egs. (6) and (7) were introduced by [15].

The thermal conductivity:

Z

This was introduced by [16].

Where (n) is a shape factor and equal to (3) for spherical nanoparticles.
The viscosity:

The effective viscosity can be obtained by using the following mean empirical correlation
[17].

‘ ‘ o éeéee.l

Where: Q —_— eéeé(11)

Where:M is themolecularweight of basefluid, N is thé\vogadronumber= 6.022 10*> mol
-1}t is themassdensityof the basBuid calculatedat temperature =300 K. the table 1.
Show the thermghysical properties of nanoparticles and working fluids.

4- Results and discussion:
4.1 The effect of different base fluids
The effect oftwo types of base fluids on the Nusselt numbensus the Reynolds number is
presented in Fi§. It can clearly beseen that Sif oil enginehas the highest value of Nusselt

numberwhile Sigiwater has the lowest value of Nusselt number. Thicause oil engine
has the highest dynamic viscosity in nature compstrenther base fluids and Siparticles
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are mixed properly imil enginewhich contributes to increase the thermal transport capacity
of the mixture which in turn increases the Nussamber.

4.2 The effect of the Reynolds number

The effects of the Reynolds number on the lozeselt numer for the laminarangeswith

and without obstaclare presented ifrigures. 4(A),(B) respectively. With the increase of
Reynolds number, thausselt number increased in the laminar rangéf®ct of Reynolds
number onsurface nusselt numbevrith axial distance at case with and without obstacle is
illustrated. Generally, increase o$urface nusselt numbdound with increase Reynolds
number forall cases which denote to enhancement of theperdbrmance.

4.3 Average Nusselt number

In Figure. 5the variation of average Nusselt number with the Reynolds number at different
nanofluidwith and without obstaclean be seen. For all cases, the agerNusselt number
augmented as the Reynolds numiereased. The highest Nusselt number was obtained at
250 Reynolds numberThe maximum ratio of enhancement heat transfer to nanofluid was
abaut . % for Sio,-0il engine with obstacle compared with Swater with obstacledue to
increase of intensity convection of enhanced conductivity nanofluid.

4.4 Streamline of Velocity

Streamline of velocity for backward facing st®jth and without obstaclér both nanofluids

at Reynolds number P&areillustrated in Figire 6. It can be seen that the recirculation region
is clearly appeared at the inlet region of backward and @ligacle due to pressure gradient.
Increase size of recirculatioregion found with increase Reynolds numlaer shown in
Figure. 7Where the largesegion noticed at Reynolds numbé&Q2with obstacleand Sig-oil
enginecompared with other cases.

4.5 pressure drop

The pressure drop variation with axial distancedifferent Reynolds numbers and Sigater
nanofluics is presented inFigures. 6 and .7According to the results, the pressure drop
intensified as the Reynolds number increaged nanofluid volume fraction. Generally, the
highest pressure drop occurred at the downstream inlet regittn obstacle due to
recircdation flow which caused the improvement of heat transfer
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Nomenclature

Cp

specific heat capacity (J K&K ™)

Nu,

surfaceNusselt number

NUay

averageNusselt number

P

Pressurg¢Pa)

Pr

Prandtl number

heat flux (W nY)

Reynolds number

—| 0|1
(¢]

temperature (K)

velocity component (m'

<

spatial coordination (m)

Lengthof the heatedownstreanwall (m)

Step height

Height of outlet channel (m)

Height of inlet channglm)

Height of obstacle (m)

Width of obstacle (m)

molecularweightof basefluid

Particles diameter (nm)

Basefluid diameter (nm)

ZIolYZs|e|T|T|in|r|x|c

Avogadronumber

Greek symbols

K thermal conductivity (W MmK™)
U dynamic viscosity (Pa s)

I density (kg nit)

| Thermal expansion

1 bf Densityof basefluid(kg m~)
. Volume friction (%)
Subscripts

nf nanofluid

p Nano particles

bf basefluid
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