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ABSTRACT 

       In this study, a simulation model inside a channel of rectangular section with high of (0.16 

m) containing two rectangular obstruction plates were aligned variable heights normal to the 

direction of flow, use six model of the obstructions height of (0.059, 0.066, 0.073, 0.08 and 

0.087 m) were compared with the flow behavior of the same duct without obstructions. To 

predict the velocity profile, pressure distribution, pressure coefficient and turbulence kinetic 

energy flow of air, the differential equations which describe the flow were approximated by the 

finite volumes method for two dimensional, by using commercial software package (FLUENT) 

with standard of k-ε model two dimensions turbulence flow. The obtained results show that the 

velocity and the turbulence kinetic energy increase with increasing the obstructions height 

perpendicular to the flow direction. Streamlines contours used to show mixing of averaged flow-

field in one pitch length. The streamlines helped to distinguish between important separated 

regions of the flow as well. Compared the first model of height of obstruction (0.059 m) with the 

fifth model of the obstruction of height (0.087 m) it is obtained an increasing in velocity about of 

(71 %) at the first obstruction and an increasing about (47 %) at the second obstruction. The data 

obtained by simulation are matching with previous the literature value. 

  

Keywords: turbulent flow, obstructions plates, air duct. 

 

 تغيرةهارتفاعات  للجرياى داخل هجرى هزود بعوارض راتعذدية  هحاكاة 

 كاظن عودة جحف. دم.

 قسى انًكائٍ وانًعذات

 بغذاد -يعهذ جكُهىجُا

 انجايعة انحقُُة انىسطً

 الخلاصة 

صوفُححاٌ  عهوً ححوىٌَ و( 0..6باسجفوا     انًقطو سوحطُم يجوشي ي داخوم اسحخذاو ًَوىر  يحااوا  ةانحانُ جحُاول انذساسة      

 ى اسووحخذاو سووث ًَووار  اسجفاعوواتوجوو ,داخووم انًجووشي  عًووىدٌ عهووً انجشَوواٌيحغُش رات اسجفووا باججوواِ يعوواا   اعحشاضووُحاٌ

نوُف  روشو   وقىسَوث انُحوائم يو  ًَوىر  اخوش m 0.087 ) و 6.60 (0.059 ,0.073,0.066, : انصوفُحة انًعحشضوة  وٍ

انضوغ  و يعايوم انضوغ  وانطاقوة انحشاُوة  انسوشعة و جىصَو  سوهى  اوم يوٍ . يٍ اجم جخًٍُيعحشضاتٌ ونكٍ بذوٌ انجشَا

جوى اسوحخذاو يشَقوة انحجوىو انًحوذد  نحوم انًعوادات انحفاضوهُة انحوٍ جصوا عشاوة انًوائ  ورنو   , نههوىا  ااضطشابٍ نهجشَاٌ

خوا   k-ε modelعسوابٍ  و زا انبشَوايم يوذعىو بًُوىر   ((FLUENTاسحخذاو انبشيجُات انحسابُة يثم بشَايم و, نبعذٍَ

جضداد بضَاد   انُحائم انحٍ جى انحصىل عهُها جظهش اٌ قُى انسشعة وانطاقة انحشاُة نهجشَاٌ ااضطشابٍ ,بانجشَاٌ ااضطشابٍ 

انخطوى   ال فوٍ يُطقوةفوٍ انًجو ةانخهو  انحاصوهعًهُوة وجسوحخذو نًمعظوة انجشَواٌ خطوىي اسجفا  انًعحشضات انعًىدَة عهوً 

 انًُىر ًقاسَة صهة داخم انجشَاٌ. وبًُايق انًُفانعهً انحًُُض بٍُ س  بٍُ انًعحشضات. خطىي انجشَاٌ جساعذ اَضا انًحصى

َحصوم عهوً َسوبة صَواد  بقًُوة انسوشعة  (m 0.087)اسجفا  انًعحوش  رو انخاي   انًُىر ي   (m 0.059)رو اسجفا  ااول 

جطابقا يهًىسا ي  َحائم  وقذ ارهشت انُحائم انُظشَة  ٍعُذ انًعحش  انثاَ %47) حش  ااول وبُسبة عُذ انًع (% 71)بُحى 

 انبحىخ انسابقة.
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 ائح انًعحشضة, انًجاسٌ انهىائُة.: انجشَاٌ ااضطشابٍ , انصفالكلوات الرئيسية

1. INTRODUCTION  

        The flow in ducts with plates represents a topic of paramount industrial interest. This 

geometry is representing the internal channels of turbine blades for cooling. The understanding 

of this flow is then very important for the optimization of cooling process. The  phenomenon  of  

flow  separation  in  ducts  with  segmented  baffles or obstructions  has  many engineering 

applications, for example, shell-and-tube heat exchangers with segmented obstructions,  

labyrinth  shaft  seals,  laser  curtain  seals,  air-cooled  solar  collectors, and internally cooled 

turbine blade. One of the techniques used to enhance the convective heat transfer in a smooth 

channel is to place obstructions on the channel walls in-line or staggered arrangement. Turbulent 

flow and heat through ducts roughened with both attached and detached ribs has the topic of 

many experimental and numerical studies. However, the researches relating the detached ribs are 

few. , Lio and Chen, 1993.and ,Rau et al, 1988 studied the turbulent flow in channels with 

attached ribs. The main objectives of these studies were to obtain the heat transfer characteristics 

and friction factor. ,Goax and Sunden, 2001 by using oblique and shaped attached ribs to the 

duct wall. These studies conducted that the resulting secondary flow from the ribs increase the 

fluid mixing between the core region and near wall region. 

         Investigation of characteristics of the turbulent flow and heat transfer inside the periodic 

cell formed between segmented baffles staggered in a rectangular duct was studied by , Habib et 

al., 1994. To show that the pressure drop increases as the baffle height does. The heat flux was 

uniform in both upper and lower walls. The experiments focused on the influence of Reynolds 

number and baffle height on the local and global heat transfer coefficients, and pressure drop 

measurements. Large recirculation regions and velocity gradients were observed behind the 

baffles. Pressure drop increases more rapidly than the heat transfer coefficient with the Reynolds 

number.        

        Experimental investigation of complex flow, turbulent flow along an external corner has 

been conducted by , Moinuddin et.al, 2004. and ,Luo et.al, 2003. They studied the fully 

developed turbulent flow in an air-cooled horizontal equilateral triangular duct fabricated on its 

internal surfaces with uniformly spaced square ribs. Five different rib sizes of 5 mm, 6 mm, 7 

mm, 7.9 mm and 9 mm were considered. Both the ducts and the ribs were fabricated with 

duralumin. The experimental results showed that the pressure drop along the triangular duct, 

increased almost linearly with the rib size. The developed equations were valid for a wide range 

of Reynolds numbers 4,000 < Re D < 23,000.  

        Zilwa et al., 1998, studied laminar and turbulent flows through plane sudden expansions. 

Turbulent flow simulations using k-ε models showed to be very reliable when compared to 

experimental results. Measurements using LDA technique in the turbulent flow in a duct with 

several baffle plates were performed by ,Berner et al., 1984 with the purpose of determining the 

number of baffles necessary for obtaining a periodic boundary condition and the dependence on 

Reynolds number and the geometry. Results showed that with a Reynolds number of 5.17×10
3
 

four baffles were necessary for obtaining a periodic boundary condition. By increasing the 

Reynolds number to 1.02×10
4
 a periodic boundary condition was obtained with three baffles. 

       Li and Kottke, 1998 studied heat transfer and pressure drop in simulating models of shell-

and-tube heat exchangers. Two variable parameters used in the experimental work the Reynolds 
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number and the distance between the baffles. Results demonstrated that for a constant value of 

the Reynolds number, an increasing the distance between the baffles increases the heat exchange 

coefficient and the pressure drop. 

       A numerical analysis presented by , Jin-Xing et al., 2006, The baffle  heat  exchanger can 

slightly  enhance the shell  side  heat transfer  coefficient  with the significant  reduction of  

pressure loss  due to the  shell  side  fluid  flowing  longitudinally  through  tube bundle, which 

leads  to  the reduction of  the  manufacture and running cost and  in  some  cases  to  the  

dimensions  reduction  of the  heat  exchangers.  The numerical results showed that the baffles 

placed vertically and horizontally in the unit duct continue to shear and comminute the 

streamline flow when the fluid crosses over the baffles, change the fluid flow directions.   

        The finite volume commercial code Fluent 6.1 was used by  Márton, 2005  to compute the 

flow-field inside a square section duct with square section ribs mounted on one side 

perpendicularly to the flow direction successively, the Reynolds number was 40000 based on the 

hydraulic diameter (Dh). The rib height (h) to hydraulic diameter ratio was 0.3, and the pitch (p) 

to rib ratio was 10. Computation was carried out in one pitch length using periodic boundary 

condition in streamwise direction. The same flow configuration was investigated previously at 

the Von Kármán Institute for fluid dynamics by experimental techniques it is compares with the 

results with the PIV measurement of , Casarsa et al. 2002. The comparison in the symmetry 

plane of the duct (Z/h=0) was shown because this seemed to be the most characteristic for the 

main features of the flow.  

         ,Moosavy and Hooman, 2008 performed study about laminar heat and fluid flow in the 

entrance region of a two dimensional horizontal channel with isothermal walls and staggered 

baffles. The computations were based on the finite volume method and the SIMPLER algorithm. 

Data for heat and fluid flow as well as pressure drop were presented for the Reynolds numbers 

ranging from 50 to 500 and baffle heights between 0 and 0.75. The results were reported for the 

thermal entrance region with sixteen baffles. This relatively large number of baffles allowed to 

think of working media except air and water so that the Prandtl number may vary from 0.7 to 70. 

While most of the work available in the literature showed the effects of Reynolds number on the 

hydrodynamic development of flow that not only the Reynolds number but also the Prandtl 

number affects the precise location of the periodically fully developed region similar to the case 

of smooth channel. It is not surprising when one observes that most of the previous articles are 

concentrated on moderate Prandtl numbers compared.  

 

2. OBJECTIVES 

       From previous works review there are no attention on the height of the obstruction or baffle 

in the flow field in the air ducts. The present paper will present the method and the results of a 

numerical simulation of rectangular section containing two rectangular obstruction plates were 

aligned variable height normal to the main flow direction, using the commercial solver 

(FLUENT version 6.3.26) .A secondary objective is to show the differences between the 

developed flow fields in the duct containing two rectangular obstruction plates with the duct 

without rectangular obstruction plates. 

3. MATHMATICAL FORMULATION 
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       In Reynolds averaged approach to turbulence, all of the unsteadiness is regarded as a part of 

the turbulence. Applying the Reynolds decomposition, the nonlinearity of the Navier-Stokes 

equations gives a rise to terms that must be modeled. In a statistically steady flow, every variable 

can be written as a sum of an average and a fluctuation, Mushatet and Mehdi, 2008. In this 

paper use the following assumption:  

1. Steady turbulent flow.  

2. Two dimensional flow constant properties.  

3. No edge effects.  

4. No buoyancy effects.  

5. Fully developed flow.  

6. No heat generation.  

7. Negligible axial diffusion.  

8. No slip and impermeability boundary conditions are imposed at the walls. 

        This must be large enough to eliminate the effects of the fluctuations. The averaged 

equations of continuity and momentum can be written in the following form ,Vass P., 2005. 
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      Balance equations for the kinetic energy (k) and its dissipation rate (ε) for the model are, 

Mushatet and Mehdi, 2008: 
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      Where 
R

ij  is the mean stress tensor or Reynolds stress tensor, called "standard k-ε" model is 

a semi-empirical one, based on the conservation equation of the kinetic energy (k) and its 

dissipation rate (ε). The basis of the model is Boussinesq’s hypothesis, that the Reynolds stresses 

j
U
i
Uρ  are proportional to the strain rate of the mean flow, by means of the eddy viscosity 

concept: 

ε

2k
μρCtμ   

Gk represents the production rate of the kinetic energy due to the energy transfer from the mean 

flow to turbulence, given by 

I
X
J
U

j
U
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k
G




                                                                                                    (6) 

And can represent the Gk by: 
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2

tk SμG   

Where S is the modulus of the mean strain tensor, given by 

ijijSS2S                                                                                                                     (7) 

And the strain tensor is 
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Considering the effects of the wall for the standard k-ε model, Launder and Spalding 1972, a 

“law of the wall” for the mean velocity distribution is given by 

)*ln(Ey
k

1*U                                                                                               (9) 

Where y* is the dimensionless distance to the wall is given by: 

μ

P
y
P
kμρC

*y

2141

                                                                                                   (10) 

κ= Von Kármán constant (= 0.42) 

E = empirical constant (= 9,81) 

UP = time average velocity at position P 

P k = kinetic energy of turbulence at position P 

P y = distance from position P to the wall 

        One of the most widely spread models is the standard k-є model proposed by , Launder 

and Spalding 1972. This model implies two transport equations turbulent kinetic energy (k, 

m
2
/s

2
) and the dissipation of turbulent kinetic energy (є, m

2
/s

3
) to remedy the large steep 

gradients near the walls of the duct and the baffle plates; wall function approximation used by 

,Versteege, 1995 is adopted the model coefficients are ( ζk ;ζЄ ; C1є ; C2є ; Cμ) = (1.0 , 1.3 , 1.44 

, 1.92 , 0.09 ) respectively.  

 

3.1 Computational Model and Boundary Conditions 

        The present paper performs the turbulent flow in a rectangular cross section duct were two 

obstructions were placed, so as to simulate the conditions found in  shell-and-tube heat 

exchangers, where flow and pressure distribution need to be known. The physical domain is 

shown in Fig.1 the flow geometry under consideration and the boundary conditions used in this 

paper (top and lower) walls and (top and lower) plates considered as a wall boundary conditions 

zero velocity conditions (at y=0 and y=H →U=0) and the inlet velocity at the entrance of the 

duct (at y=H/2→U=Uo) the fluid enters at an inlet velocity, Uin=Uo=(8 m/s) (reference velocity), 

where the discharge of the duct exposure to the atmospheric pressure (P =Patm). The total length 

of the duct is equal to 0.554 m where obstructions plate with variable height about (0.059, 0.066, 

0.073, 0.080, and 0.087) toward the flow which is not sufficient for the flow development.  

     Therefore, no influence will result from the side walls, so that the flow can be considered as 

being two-dimensional. The Reynolds number was Re = 1.44×10
5
 based on duct hydraulic 

diameter (DH) such that:  

μ
o
U
H

ρD
Re                                                                                                              (11) 
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Where DH is the hydraulical diameter of the channel equal to 0.275 m determine by: 

W)2(H

W)4(H*

P

A4

H
D


                                                                                   (12) 

 Kinetic energy of turbulence and dissipation rates are prescribed, following, as  

2
o0.005Uok   

λH

1.5
ok

oε    005.0  

Where oinlet UU   the inlet velocity of air, for the upper and lower walls it is imposed 

0
n

k





 

 

3.2 GEOMETRY AND GRID ARRANGEMENT 

       The geometry and the gird were generated using GAMBIT® the preprocessing module of 

the FLUENT code. The geometry consist of a rectangular duct height 0.16 m and length of 0.554 

m, the first obstructions plate is located 0.218 m from inlet section at the top plate and the second 

with the distance of 0.142 from the first one at lower plate, using a two-dimensional formulation 

with the SIMPLEC-algorithm [18] built and tested with the (Fluent 6.6.26) (©Fluent Inc., 2000). 

The mesh was generated by the pre-processor software (Gambit 2.3.16). This code is based on 

hybrid scheme. Due to this strong inherent coupling and non-linearity inherent in these 

equations, relaxation factors are needed to ensure convergence. The relaxation factors used for 

velocity components, pressure, temperature and turbulence quantities are 0.5, 1, 0.7 and 0.7 

respectively. The mesh was refined at all solid boundaries; however these relaxation factors have 

been adjusted for each case studied to accelerate the convergence criterion defined as the relative 

deference of every dependent variable between iteration steps. In order to ensure that the 

numerical computations are not significantly affected by the mesh, by using the multi zone 

meshing generated the Map mesh with interval account of (180 × 60) and 10131 nodes in the 

geometry. With made a clustered zone near the obstruction wall by interval size about 1.05 the 

that near the baffle plate near the solid boundary to resolve velocity and pressure gradient as 

shown in Fig. 2 additional refinements were performed, considering the geometry and features  

of the numerical solution of the problem. Fig. 3 presents an example of the mesh used near the 

tip of a obstruction plate in the presence of flow separation. This refinement was necessary to 

resolve the velocity and pressure gradients in that region. Necessary fluid exit, entry and wall 

boundary conditions were given before numerical simulation. 

    The solution control and the initialization of the solution have to be given before the iteration 

starts to reach the converges. The solution controls like the pressure velocity coupling and the 

discrimination of the different variables. The SIMPLE scheme for the pressure velocity coupling 

is used and the second discrimination is used for the momentum and the standard scheme is used 

for the pressure. Besides, in the channel outlet it is prescribed the atmospheric pressure. 
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4. RESULTS AND DISCUSSION   

      Four position were taken in this study to presented all the profiles in the two dimension of the 

test duct in the x-axis of the duct there are the (x = 0 m, x = 0.218 m, x = 0.336 m, x = 0.554 m) 

represented the entrance, first obstructions position, second obstructions position, and the outlet 

the duct. This technique used in all models of the study with variable length the baffles of (0.059, 

0.066, 0.073, 0.08 and 0.087) respectively. Figs. (4 to 8) include the numerical results of mean 

velocity profiles for these positions measured downstream of the entrance. These positions are 

located upstream of the entrance, located at an x = 0.218 m and x = 0.336 m from the entrance. 

Velocity values are obtained from the fluent result for the models of (0.059, 0.066, 0.073, 0.08 

and 0.087 m). For the one model it is show the entrance velocity kept constant with increasing y-

value (the height of the duct) at the value of (8 m/s) with increasing x-value to the (0.218 m) 

were at the position of the first obstruction observe increasing the values of the velocity at the 

range of height of the duct of (0 to 0.06 m) from the lower wall to the centerline of the duct.  

         But at the x-axis of (0.336 m) show a high increasing in the velocity values at the range of 

high of (0 to 0.16) from the lower to top wall but with values less than that the velocity at the 

outlet of the duct at (x=0.554 m). The effect of increasing the obstruction length on the velocity 

magnitude in the duct, increasing the velocity of the flow approaching the passage under the 

obstruction and the increasing the obstruction length leading to increase the velocity magnitude 

shown clearly at the second obstruction plate where show that the value of the velocity 

approximately about (24.4 m/s) when used the third model (0.073 m height obstruction plate) 

with compared with second model (0.066 m height obstruction plate) obtained outlet velocity 

about (28.8 m/s).  

       The presence of the baffle plates influences not only the velocity field but also the pressure 

distribution in the whole domain investigated. To represent the pressure field in dimensionless 

form, a pressure coefficient is defined a Demartini L. C. et al., 2004 

2

2
oρU

)atmp(p
pC


                                             (11) 

Where p is the static pressure and patm is the atmospheric pressure. For the comparison of 

numeric with experimental results of Cp, the pressure p is the measured wall pressure or the 

calculated pressure. Figs.9 show the numerical results of pressure coefficients at positions (x = 

0.218 m and x = 0.336 m) respectively compared with value of the entrance and the out let of the 

duct the figure show that the pressure coefficients remain constant at the entrance and the out let 

of the duct. The pressure coefficients increasing at the first obstruction (from 0 to 654) and at the 

second obstruction decreasing from (702 to 321). Fig.9 and 10 represented numerical results 

comparison of the values of pressure coefficients visa versa the height of the duct at the sections 

of (x = 0.218 m) and (x = 0.336 m) respectively shown increasing the pressure coefficients 

values with increasing height obstruction plate and The lower pressure values near the tip of the 

baffles are due to the high velocities in that region. 

          The turbulence kinetic energy very important indicator to the intensity of the turbulent flow 

in the duct, Figs. 11 to 15 show the turbulence kinetic energy of the first obstruction plate, the 

second obstruction plate, the inlet section and the outlet section of the duct, for all heights of the 
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obstruction plate of (0.059, 0.066, 0.073, 0.08 and 0.087 m). For example at the case of height 

(0.059 m) of the obstruction the turbulence kinetic energy increasing from (41.2 to 68.3 m
2
/s

2
) 

from section of the first to the second obstruction plate, with compared with the case of 

obstruction height of (0.087 m) obtain increasing about (71 %) at the first obstruction and 

increasing about (47 %) at the second obstruction when used the case of height of obstruction of 

(0.059 m). 

       The effect of obstructions plates on the recirculation regions and the structures of the flow is 

depicted in Figs 16 to 18 for case of with obstructions plates (the case of height obstructions of 

(0.059 m)) and without obstructions plates and Figs 19 to 21 for case of demonstrate the 

comparison between the case of duct with and without the obstructions plate on the flow 

characteristics. As the figure shows the recirculation zones are significantly increase with the use 

the plate obstructions, these figures give a detail description of stream function and streamlines 

and axial stream wise velocity contours. The flow separates downstream each obstruction plate 

forming large recirculation zone where the region behind the obstruction plate works as a sudden 

expansion. The recirculation zoon seems to be larger at the first obstruction plate. The first 

obstruction plate accelerate the flow along with separated zone creates a significant pressure 

loss. In the downstream of the obstruction plates, the mixing promoted by turbulence and the 

separation zone is decreased. The separation zone is larger and the flow is faster in the distance 

between the obstruction plates, the recirculation zone behind the first obstruction plates is less 

compared with the other zones in the stream wise direction because the acceleration of the flow 

is larger behind the first obstruction plate and that leads to increase in separation zone in the next 

obstruction plate. 

    The effect of increasing the height obstructions plates on the recirculation regions and the 

structures of the flow is depicted in Figs 22 illustrates the effect of the obstructions height on 

velocity field distribution and the streamlines function contours for the behavior of the fluid 

inside the duct. Flow is from left to right in duct of the case of height obstructions of (0.087 m) 

compared with the case of height obstructions of (0.059 m) compared with the Fig. 19 (the case 

of height obstructions of (0.059 m)) the numerical results show very low velocity values adjacent 

to the obstructions plates. In the regions downstream of both obstructions plates, recirculation 

cells with very low velocity values are observed. In the regions between the tip of the baffle 

plates and the channel walls, the velocity is increased. Due to the changes in the flow direction 

produced by the baffle plates, the highest velocity values appear near the upper channel wall 

with an acceleration process that starts just after the second obstructions plates. And Fig. 23 the 

case of height obstructions of (0.087 m) has shown the contours of streamline function 

distribution compared with the Fig. 20 (the case of height obstructions of (0.059 m)) of 

streamline function distribution streamline values in (kg/sec) observe generate an circulation 

motion of the fluid with high value of stream line behind the obstruction, this circulation motion 

of the fluid increasing with increase the obstruction height. Compression the present numerical 

result with the numerical and experimental results of the (Demartini et. al., 2004) used baffle 

height (H=0.08 m) showed in the Fig. 24 and 25 dimensionless velocity profiles the first and 

second obstraction plate the present models for the first (H=0.059) gives low velocity magnitude 

and fifth model (H=0.087) gives high velocity magnitude compare with the model used by 

(Demartini et. al., 2004) because the velocity increase with increase the obstraction height.  
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5. CONCLUTIONS   

        Numerical calculations are presented for turbulent fluid flow in a rectangular duct with 

segmented obstructions plates that are staggeringly arranged on both top and bottom walls of the 

duct. The results are reported for fixed baffle spacing and different values height obstructions 

plates. It was observed increase in the velocity magnitude with increasing the obstruction length 

where at the second obstruction plate where show that the value of the velocity increasing 

approximately about (16 %) when used the third model (0.073 m height obstruction plate) with 

compared with second model (0.066 m height obstruction plate). And the pressure coefficients 

increasing at the first obstruction (from 0 to 654) and at the second obstruction decreasing from 

(702 to 321) at (x = 0.218 m) to (x = 0.336 m). the case of height (0.059 m) of the obstruction the 

turbulence kinetic energy compared with the case of obstruction height of (0.087 m) obtain 

increasing about (71 %) at the first obstruction and increasing about (47 %) at the second 

obstruction when used the case of height of obstruction of (0.059 m), where observe generate an 

circulation motion of the fluid with high value of stream line behind the obstruction, this 

circulation motion of the fluid increasing with increase the obstruction height.  

. 
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NOMENCLATURE                                                   

E                      empirical constant 

H                     duct height, m                                               

h                  obstruction height, m                              

i, j                    tensor notation.                                          

k                      turbulent kinetic energy, m
2
/s

2
                             

k P                  kinetic energy of turbulence at position P, m
2
/s

2
                             

P                     pressure, Pa  

p                     obstruction pitch, m                                      

patm                 atmospheric pressure, bar                                                  

Re                   Reynolds number                                      

S                     modulus of the mean strain tensor 

U in                  inlet velocity, m/s   

U P                  time average velocity at position, m/s 

jiUU              Reynolds stresses N/m
2
  

iU    and 
jU        mean velocity components, m/s 

W                    Width of the duct, m    

Xi  and Xj        directions. 

y P                   distance from position P to the wall, m 

 

Greek symbols: 

µ          molecular viscosity, Pa/s 

νt           eddy viscosity,m/s
2
 

ρ           air density, kg/m
3
 

δij          the Kroenecker Delta        

κ          Von Karman constant 

ε           dissipation rate, m
2
/s

3
                             

k            kinetic energy, m
2
/s

2
                             

ζk          turbulent Prandtl number for turbulence 

ζЄ          turbulent Prandle number for dissipation of turbulence. 
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Figure 1. Detail of the duct with the obstruction plates and boundary conditions (dimensions in 

m). 

 

 

 

 
Figure 2. Mesh generated on the tip of the first obstruction plate with refinements and the 

boundary conditions. 

 

 
Figure 3. Resolution and iterations for the simulations runs 
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Figure 7. Velocity profiles at the first plate, 

second plate, inlet section and outlet section of 

the duct with obstruction height 0.080 m. 

 

 
 

 

Figure 6. Velocity profiles at the first plate, 

second plate, inlet section and outlet section of 

the duct with obstruction height 0.087 m. 

 

 
 

 

Figure 9. Pressure coefficient at the first 

plate, second plate, inlet section and outlet 

section of the duct with obstruction height 

0.059 m. 

 
 

 Figure 4. Velocity profiles at the first plate, 

second plate, inlet section and outlet section of 

the duct with obstruction height 0.059 m. 

 

 
 

 

Figure 5. Velocity profiles at the first plate, 

second plate, inlet section and outlet section of 

the duct with obstruction height 0.066 m. 

 

 
 

 

Figure 6. Velocity profiles at the first plate, 

second plate, inlet section and outlet section of 

the duct with obstruction height 0.073 m. 
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Figure 13. Turbulence kinetic energy at the 

first plate, second plate, inlet section and outlet 

section of the duct obstruction height 0.073 m. 

 
 

 

Figure 14. Turbulence kinetic energy at the 

first plate, second plate, inlet section and 

outlet section of the duct obstruction height 

0.080 m. 

 
 

 

Figure 15. Turbulence kinetic energy at 

the first plate, second plate, inlet section 

and outlet section of the duct with 

obstruction height 0.087 m. 

 
 

 

Figure 10. Pressure coefficient at the first 

plate, second plate, inlet section and outlet 

section of the duct with obstruction height 

0.073 m. 

 

 
 

Figure 11. Turbulence kinetic energy at the first 

plate, second plate, inlet section and outlet section 

of the duct with obstruction height 0.059 m 

 
 

 

Figure 12. Turbulence kinetic energy at the 

first plate, second plate, inlet section and 

outlet section of the duct with obstruction 

height 0.066 m. 
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Figure 16. Velocity field distribution in rectangular duct without obstraction plates flow is from left to 

right, velocity values in (m/s). 

 
Figure 17. Contores of streamline function distribution in rectangular duct without obstraction plates, 

flow is from left to right, streamline values in (kg/s). 

 

 
Figure 18. Pressure field distribution in rectangular duct without obstraction plates flow is from left to 

right, ). pressure values in (pa). 

 

 
Figure 19. Velocity field distribution. in rectangular duct with obstraction plates height (0.059 m) flow 

is from left to right, velocity values in (m/s). 
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Figure 20. Contores of streamline function distribution. in rectangular duct with obstraction plates 

height (0.059 m) flow is from left to right, streamline values in (kg/sec). 

 

 
Figure 21.  Pressure field distribution in rectangular duct with obstraction plates height (0.059 m) flow 

is from left to right,  pressure values in (pa). 

 
Figure 22. Velocity field distribution in rectangular duct with obstraction plates height (0.087 m) flow 

is from left to right, Velocity values in (m/s). 

 
Figure 23. Contores of streamline function distribution in rectangular duct with obstraction plates 

height (0.087 m) , flow is from left to right, streamline values in (kg/sec) 
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Figure 24. Dimensionless velocity profiles the first obstraction plates (x= 0.218 m) for the first 

(H=0.059) and fifth model (H=0.087) compared with the exprimental model of (Demartini et. al., 

2004) baffle height (H=0.08 m). 
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Figure 25. Dimensionless velocity profiles the second obstraction plates (x= 0.336 m) for the first 

(H=0.059) and fifth model (H=0.087) compared with the exprimental model of (Demartini et. al., 

2004) baffle height (H=0.08 m). 
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