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Abstruct:    

A numerical study to predict  the distribution of air velocity, turbulence 

kinetic energy and static pressure inside an enclosure with obstruction 

is done. The characteristics of air flow are analyzed under different 

parameters such as location of inlet-outlet apertures and height of the 

obstruction. The Naries – Stockes and turbulance equations are solved 

using finite volume technique. The k-є model with wall function 

approximation is used. This work focused on study of the effect of the 

obstrucion on the flow disribution inside an enclosure with different 

locations of inlet –outlet apertures. The results show that the 

recirculation regions are greatly effected  with the position of the inlet-

outlet apertures more than the location of the obstacle. Also the results 

indicated that the recirculation regions are increased when the obstacle 

is nearest to the outlet paerture. 

 

 لحيز.تحميل الجريان الاضطرابي داخل حيز مكيف ميكانيكياً مع وجود عائق داخل ا

في ىذا البحث تم إجراء دراسة عددية لتخمين توزيع سرع اليواء و الطاقة الحركية للاضطراب و   المستخمص: 
تم تحميل خصائص جريان اليواء تحت  الضغط الاستاتيكي داخل حيز مكيف قسرياً مع وجود عائق داخل الحيز. 

 –تاثير عوامل مختمفة مثل مواقع فتحات الدخول و الخروج و كذلك موقع و ارتفاع العائق. معادلات نافير 
ستوكس و معادلات الاضطراب تم حميا باستخدام تقنية الحجم المحدد. في ىذه الدراسة استخدم موديل الاضطراب 

(k-є  مع العلاقات التقريبي  ) ة لدالة الجدار. بينت النتائج إن مناطق إعادة التدوير قد تأثرت بصورة كبيرة بمواقع
فتحات الدخول و الخروج اكثر من تاثرىا بموقع العائق. ايضاً بينت النتائج ان مناطق اعادة التدوير قد ازدادت 

  عندما كان موقع العائق اقرب الى فتحة الخروج منو الى فتحة الدخول.
 

  

 

 

Nomenclature: 

hs              heigh of the aperture, m 

H            heigh of the enclosure, m  
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hin           location of intlet aperture 

 ho            location of outlet aperture 

i, j           tensor notation, - 

k           turbulance kinetic energy, m
2
/s

2
  

L            length of the enclosure, m 

P            pressure, N/m
2
 

yp             distance from position p to the wall, m 

Greak symbols: 

є             turbulance dissipation rate, m
2
/s

3
 

µ                molecular viscosity, N.s/m
2
 

νt                      eddy viscosity, m
2
/s  

σk   ;σЄ      turbulent schmidt numbers, - 

κ               von karman constant, - 

Е               empirical constant, - 

S              source term, -        

 

 

 

1. Introduction: 

 There are two main ways to obtain the characteristics of the flow inside an 

enclosure, one is from full –scale test and the other  from numerical analysis.  

Some papers have been published  on the experimental investigation of air 

motion, such investigations are very expensive and detailed measured data 

are not available. With the development of computational fluid dynamics 

there is many investigations relating analysis of the flow of air inside an 

enclosures [1-10]. These investigations range from the prediction of air jet 

diffusion, air velocity and temperature distribution to fire and smoke spread 

inside building. The aim of this study to get an insight into the turbulent 

recirculating air flows inside an enclosure with obstruction under different 

positions of inlet-outlet apertures. Solving of the goverening equations is 

done numerically using finite volume techniques. This method supply us 

with a set of discretizations equations having algebraic form. The problem of 

interest is shown in Fig. 1. The size of aperture is equal to 0.2 H and the 

height of the obstacle equal to 0.25 H [9].     
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 2. Mathematical Model. 

 The instantaneous motion of turbulance flow can be mathematically solved using 

the conservation laws of mass and momentum. More than 250 years ago , Claude 

Navier and George Stokes derived the differential equations that govern the 

behaviour of fluid mechanics [2]. These equations are the conservation laws of 

momentum and the instantaneous turbulent flow field. The general form of these 

governing equations can be written as follows[2]: 

Continuity equation 
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Fig.1.physical problem 
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Fig.2.  considered  mesh 

((31×21)   
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The instantaneous quantity 
~

 can be expressed as  
~

  , where   is the time 

averaged value and    is the fluctuation part of 
~

. After Reynolds averaging the 

governing equations and using the above expression of the instantaneous quantities, 

the equationsn have the following form: 
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Where jiuu  constitute the second – moments statistical correlation or so-called 

Reynolds stresses. 

2-1 Turbulance model  

One of the most widly spread models is the standard k.є. model by Launder and 

Spalding [8] . This model applies two transport equations i.e. turbulent kinetic 

energy k and dissipation rate є , as follows: 
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where the shear production term, ( pk ) are define as: 
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and the eddy viscosity is define as: 


 

2

μ
k

ct  -------------------------------------------------------------------------8 

the model coefficients are (  σk   ;σЄ ; C1є ; C2є ;  Cµ) = (1.0 , 1.3 , 1.44 , 1.92, 0.09 ) 

respectively[8]. These coefficients are considered empirical coefficients. 

 

2-2 Boundary Conditions: 

 In order to complete the mathematical model , the following boundary conditions are 

defined as follows according to Ref.[10] 

At inlet 

uu in  

u2
in

0.05k   
 

є = k
1.5

/ λH 

0.05λ   

at the walls 

Assume no slip boundary conditions are imposed. 
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c
 ; n is coordinate normal to the wall and P is a point adjacent to the wall. 

3- Numerical Procedure 

 Finite volume method (FVM) is used to solve the above mentioned mathematical 

model. This gives a system of discretisation equations which means that the system 

of elliptic partial differential equations is transformed to the system of algebraic 

equations. Common Gauss-Siedl method helps in solving algebraic equations 

system. The essence of the discretization is to select appropriate discretization 

scheme (appropriate option of balance between convective and diffusion terms 

through the boundary of each control volume.) The general governing differential 

equations takes the form[11]: 

    SgraddivUdiv


                                                  (9) 

In this paper orthogonal grid with hybrid scheme is used. The one dimensional 

convective and diffusive fluxes can be expressed as follows: 

x
UJ x 


                              (10) 

Then by using finite volume method the discretization of east side flux by hybrid 

scheme gives the form [11]: 
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 A computer program is built to obtain the results of numerical procedure using 

SIMPLE algorithm. The first calculation is started from zero field and the every one 

takes the previous as initial condition.                             

 

4- Rsults and Discussion: 

 The results obtained from this study including  velocity vectors, turbulent kinetic 

energy and static pressure are discussed as follow: 

Fig 3. demonstrates the computed velocity vectors for different position of inlet-

outlet aperture. It is clear that the position of aperture affected the flow behavior in 

all the studied cases. In case (a) the flow is characterised by the wall jet region and 

small recirculation region. When the air is detached from the wall, the inertia force 

is decreased and the velocity vectors begins to increase at the outlet aperture. A part 

of the flow recirculates under the effect of obstacle. There is no core region is 

formed in this case. In case (b) two recirculation regions are found, one in the 

vicinity of the wall and the other in the upper corner. The effect of obstacle on the 

flow is obvious. The recirculation region size is the larger among the other cases. 

The values of the velocity vectors are less in the vicinity of the outlet region. The 

semi core region is seemed to be formed at case (c) where the position of the 

apertures allow the flow to circulate and the inertia of the wall jet is decreased. The 

effect of the position of the obstacle on the flow distribution is depicted in Fig.4. As 

the figures show, the recirculation regions become large when the obstacle be closer 
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to the outlet aperture. This phenomina is demonated for all the studied cases. The 

obstacle affected the location and size of the recirculation region. Fig. 5. exihibts the 

effect of height of the obstacle on the flow disribution. It is clear that the 

recirculation region is increase in the regions adjacent to the obstacle at case (b). 

The validation of the numerical procedure is tested with the published experimental 

results as shown in Fig. 6. As the figure shows the agreement  was satisfactory. 

Figs(7-8) shows the turbulent kinetic energy disribution under the studied cases. As 

Fig. 7. shows the turbulent kinetic energy is higher at case (a) among the other cases 

at the same location of the obstacle while in Fig. 8. the turbulent kinetic energy was 

higher when the obstacle is closer to the outlet aperture. The pressure disribution 

for the studied cases is seen in Fig.9. isobars of the studied cases indicate the 

pressure drop and the values of these isobars are different according to the position 

of aperture. 

6. Conclusions: 

 In this work , the k-є model gives acceptable results to estimate the structure of 

turbulent – recirculating flow inside a ventilated encloure with different positions 

and heights of the obstacle. The obtained results indicated that the enclosure re-

circulation regions are increased when the obstacle is closer to the outlet aperture. 

Also the results indicated that the presence of obstacles in such kind of problems 

distorted the formation of central core region.  
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Fig.3. predicted velocity vectors for different inlet-outlet positions 

a. l=0.46L, hin= ho=0.85H 

b. l=0.46L, hin=0.46H, ho=0.46H 

c. l=0.46L, hin=0.85H, ho=0.46H 
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a. l=0.2L 

    Fig.4. predicted velocity vectors for different locations  
of obstruction, hs = 0.25H 

  

b. l=0.46L 

c. l=0.75L 
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a. hs = 0.25H, l=0.2L 

Fig.5. predicted velocity vectors for different heights of obstruction  

b. hs = 0.3H, l=0.2L 

a. Experiments[17] 

b. present prediction 

Fig.6. comparison between present and published results 
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Fig.7. Turbulent kinetic energy 

a. l=0.46L, hin= ho=0.85H 

b. l=0.46L, hin= ho=0.46H 

c. l=0.46L, hin=0.85H, ho=0.46H 

b. l=0.75L 
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Fig. 8. Turbulent kinetic energy for different positions 

of obstruction    

0.000268686

-0.000965051

-0.00423809

-0.0128439

-0.0154455

-0.0178375

-0.0195197

-0.027352

-0.0646775

-0.102003

-0.251305

-0.0483893

-0.0682206

-0.0761971

-0.0869992

-0.102339

-0.107247

-0.121563

-0.204784

-0.341347

-0.819319

-0.955882

0.0757079

0.0373039

0.00817021

0.00592394

-0.00110019

-0.00614928

-0.0395042

-0.0779083

-0.231525

-0.346737

-0.423545

-0.461949

Fig.9. contours of predicted Static 

pressure  

a. l=0.46L, hin= 

ho=0.85H 
b. l=0.46L, hin=0.46H, 

ho=0.46H 

c. l=0.46L, hin=0.85H, 

ho=0.46H 

a. l=0.2L 


