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ABSTRACT 
This work presents a comparative numerical study for predicting the indoor airflow and temperature distribution by adopting a 
displacement ventilation system within non-isolated symmetrical room (boardroom) under Iraqi climate (maximum outside 
temperature in summer is 47oC and daily rang is 18.7oC according to Iraqi cooling code). Computational fluid dynamics (CFD) are 
used to simulate the indoor airflow and temperature distribution by using (FLUINT6.3.26) and (GAMBIT2.4.6) software for solving 
the Navier Stocks, energy and turbulence equations using finite volume techniques. The Renormalization Group RNG K-Ɛ turbulent 
model was employed to simulate the study case. Assessment was applied for circular and corner air pattern for a case study and its 
detailed geometry. Four corner diffusers located inside tested room compared with a center located circular diffuser, since the two 
types gives the same airflow rate. The numerical results for the two types were compared with standard values due to Iraqi 
cooling code and ASHRAE standard. It was concluded that the (four corner location air pattern) devices gives more accurate and 
acceptable results than the one central location circular displacement ventilation devices. 
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INTRODUCTION 

 

Displacement Ventilation (DV) can be define as “Room ventilation created by room air displacement, by 

deliver  air at low level and velocity in a space at a low air temperature” and its  suitable for large spaces,[1], 

and in simply may be define as any airflow pattern where “old” air is displaced by “new” air,[2]. The DV 

system could be used with floor systems and can provide higher thermal comfort degree and better cooling 

efficiency comparing with the all air condition systems [3].  

Many experimental and simulation works have been done to investigate airflow pattern, temperature and 

concentration distribution in DV systems. For example, Hyder Mohammed, [4] presented a theoretical study 

about three-dimensional ventilation problems; the investigation has studied the flow for four different diffusers 

were tested by using two turbulence models (RNG K-ε and k-ω). This study showed there is a good agreement 

with (k-ω) model gives more accurate fitting and closer to reality. Chen Q. [5], compared eight modified (k-ε) 

models and concluded that the Renormalization Group (RNG) k-ε model performs best among all the eddy-

viscosity models tested for mixed convection flow. Bunn et al.,[6] reported a CFD and laboratory investigation 
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on a combined system of displacement and chilled beams. It was found that the buoyancy produced by the 

displacement principle was enhanced by chilled beams. Dickson [7] reported experimental results regarding 

displacement and mixing ventilation, shown that the room air temperature distribution was uniform for both 

systems, although temperature profiles were strongly dependent on the supply air temperature when using DV. 

Yuan [8], provided experimental data of DV for a small office, a large office with partitions, and a classroom 

with regard to airflow pattern, temperature and concentration distribution. Lau [9] studied a workshop with 

floor-supply DV. The indoor air quality can be improved due to the contaminant concentration in the breathing 

zone is lower than that of mixing system. Kobayashi [10] studied the performance of a displacement ventilation 

system using (CFD) program. The RNG k-ε turbulence model was used to predict the airflow, air temperature in 

the small office, if the cooling load is high, and the air change rate should be carefully selected to avoid a large 

temperature gradient. Jinfang [11] studied the velocity and temperature distribution of indoor air in houses with 

a displacement ventilation system with single and double heat sources. Applying the method of (CFD), two 

different cases of heat source were analyzed and compared. The results showed that there are three layers in 

vertical temperature fields of displacement ventilation system with single or double heat sources.  

Most of the researchers have discussed (the location and number of diffusers, comparing displacement 

ventilation with mixing ventilation system, position of the exhaust grills and effect of air change per hour on 

thermal comfort). However, the shortages of these studies in ability of using of displacement ventilation in the 

arid and hot climate for testing the occupied zones under Iraqi climate by adopting a numerical investigation and 

compared among various supply units. Therefore, the present study will focus on:  

• Tested the two types of diffusers have the same flow rate inside symmetrical room (Boardroom).   

• Calculation of the actual values of input flow rate and air supply temperature needed by the tested room 

depending on room cooling load.  

• Effect location and shape of diffusers.  

• Examining the possibility of using the displacement ventilation type under Iraqi climate.  

This work, conducted a set of full-scale boardroom to study the airflow and temperature distribution using 

DV system by calculating the heat from occupants, equipment and estimate the actually magnitude of the inlet 

air flow rate and temperature needed for best ventilation, and notes the influence on air flow pattern and 

temperature distribution around occupants due to multiple heat sources and  temperature for Iraq in  summer. 

The main objectives of present study is to show the more suitable supply unit between four corner air pattern 

and one central circular diffusers for a symmetrical room to predict airflow motion and temperature distribution 

by used CFD technique to obtain higher level of indoor air quality (IAQ) and human comfort.  

 

2. Tested Room Configuration: 

A set of full-scale boardroom were conducted to study the airflow and temperature transport with the DV 

system. The tested room delivered by all the necessary equipment’s for DV system.  

 

2.1. Dimensions of the tested room:  

The selected dimensions of tested room is (7m *4.5m and 3.25m height) as shown in Fig.(1).  

 

2.2. Modeling of the tested room:   

The schematic diagram of the model room is shown in Fig(1). The inlet air supply device was located at the 

four corners for type-I and at the center of floor for type-II. Eight persons and three lumps were placed as a heat 

sources. The north wall exposed to outside conditions and it has a window, and the other room sides are 

partitions between rooms at same design air temperature (24oC due to Iraqi cooling cod tables). A full 

description of the configuration of the different details is given in table (1). Set a Person is 1.1m height, surface 

area is1.65m2, heat gain for set person is 75W,and ∆Thf  is 2 0C,[12]. 

  

2.3. Assumptions:   

The working fluid is air and the flow assumed to be steady, three-dimensional flow, incompressible, 

Newtonian and turbulent flow, the north wall exposed to outside conditions and the outside temperature at the 

maximum in Iraqi summer (47oC),[12].  

  

3. Air handling and supply system:  

The following two steps used to find ventilation rate and supply air temperature for displacement 

ventilation applications [13].  

 

3.1 Step one (Supply airflow rate):  

a- Calculation of the cooling load ventilation airflow rate, QDV:  

Eqn.(1) used to calculate the amount of air flow rate air needed for ventilated room,[14&15].  

QDV =(0.295qoe+0.132ql+0.185qex)/ (ρ cp ∆Thf)                                           (1) 
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b-  Calculation of fresh air flow rate, Qoz: 

From (ASHRAE 62.1-2004), Eqn.(2) is used to determine the flow rate of fresh air. 

p z A f

oz

z

R P +R A
Q =

E
                                                                                (2)  

The values of (Rp, RA, Pz and Ez) determined from ASHRAE standards [16&14],  Then, by select the larger 

value of flow rate calculated from steps (a) or (b) as the design flow rate of the supply air:  

Qs= Max [QAV, Qoz] 

 

3.2. Step two: Supply air temperature: 

Eqns.(3&4) used to determine the supply air temperature (Ts) for displacement ventilation 

applications,[14&15].   

Ts= Tsp –∆Thf – [(Af. qt) / (0.584QDV
2+1.208Af.QDV)]                      (3) 

qt  = qoe + ql  

Determination of heat transfer from outside to inside, (Joode,1984): 

 

Q= U*A*CLTDc                                       (4)     

U= 1/ Rt                               (5)  

 

1 n
t

i 1 o n

x x1 1
R = + +.......+ +

h k h k
          (6) 

Since CLTDc  determined as follows,[17]: 

 

For walls,  CLTDc = (CLTD+LM)×K+ (25.5-Ti) + (Tm-29.4)          (7) 

Where, 

LM: Corrector latitude and month, Ti: inside room temperature and Tm:  outlet design temperature.              

For doors and windows:      CLTDc = CLTD + (25.5-Ti) + (Tm-29.4)       (8) 

 

Heating load through window due to solar radiation is evaluated as:   

 

Qr = A*SC*SHG*CLF                                              (9) 

 

4. The Effective Draft Temperature (EDT): 

The effective draft temperature, is given as,[18]: 

 

EDT = (Tx − Tr) − 8(Vx − 0.15)                                                                       (10) 

 

Since it represented unwanted local cooling of human body caused by air movement and lower space air 

temperature [19]. The draft temperature limit was taken as -1.7 0C < EDT <1.1 0C and the maximum air velocity 

was taken as 0.35m/s [19&20]. The measured values of air temperature and velocity at uniformly spaced points 

throughout the occupied zone or through a vertical, centerline plane through the air supply [18]. 

 

5. Air Diffusion Performance Index (ADPI): 

 (ADPI) used to satisfies the comfort limits, a percentage of the number of points of draft temperature 

measured in occupied zone in which (-1.7 0C < EDT <1.1 0C)  to the total number of draft temperature points 

measured in occupied zone,[20]. The Kansas test data have shown that the ADPI  depend on the type of air 

terminal device, the room load, the supply air flow rate and the room geometry. ADPI is useful for cooling 

mode operation; a value of 80% is usually considered the minimum acceptable, [18]. 

 

ADPI = (Nθ / N )* 100  where Nθ in which    -1.7 oC < EDT <1.1 oC           (11)

  

Now to find air flow rate and supply temperature used the standard values in table(2) ,(Iraqi cooling code). 

Then values of air flow rate (Qs) and air supply temperature (Ts) can be determined and listed in table(3). The 

air change per hour (ACH) can be calculated by using Eqn. (12) ,[18]. 

 

ACH= (Qs/VRoom)*3600                    (12) 
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6. Selection of Diffuser & Exhaust Grills: 

The supply air unit is originally designed as a general displacement unit. In displacement ventilation there 

are some goals must be satisfied such as clam operation, thermal comfort, low velocity and low noise diffuser. 

There is more than one type of diffusers as rectangular diffusers and circular diffusers, in this present work 

circular diffusers were used. Eqn.(13) used to calculate area of diffuser,[21], by assumed the air supply velocity 

0.25m/s, then the dimensions of supply air unit are  (0.23m Radius *0.5 m height). 

 

Qs= ux * As                                                (13) 

 

The two exhaust grills are design as 75% of diffuser surface area,[22]   

 

7. Cfd Modelling: 

7.1 governing equations: 

The governing equations of motion based on Navier-Stockes equations conservation form for continuity, 

momentum and energy equations as follows,[23]. 
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7.2 Turbulent models:  

The study used turbulent model (RNG K-Ɛ), Chen,[4] studied eight K-Ɛ models for mixed convection flow 

and found that the Renormalization Group (RNG K-Ɛ) model. Yakhot,[24] fulfill best among all the other 

models tested. Yuan,[25], studied predict indoor contaminant distribution in a displacement ventilated room by 

used (RNG K-Ɛ) model. 

 The equations for the turbulent model are,[23] : 
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                 (19) 
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      (20) 

The model constants have the values of:   C1ε=1.42 and C2ε=1.68   

 

7.3 The mesh and Numerical Solution: 

The GAMBIT 2.4.6 software was used to generate the model and meshed case study depending on many 

testing meshes as shown in Fig.(2). The solution to flow field problems (temperature, pressure, velocity, etc) 

was defined at nodes for each cell. For the present cases and depending on many testing meshes, the edges of 

room in dimensions (x, y and z) were meshed as interval size of (0.05), with double side ratio (1.16). Edges of 

supply diffuser, Extract Grill are meshed as interval size of (0.03), All surface meshed as triangle elements 

pave type for interval size (0.05) and volume Meshed as Tet/Hybrid elements and TGrid type for interval size 
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(0.05), After applying the mesh strategy above,  the number of cells for the model check by fluent software 

was about (1,362,405).  

Then analyses by using FLUENT6.3.26 code software until the residual error for solved equations arrived 

to (10-3) and (10-6) for energy equation as shown in Fig.(3). Second-order upwind scheme used for the 

convection terms. PRESTO (PREssure Staggering Option) scheme was used for the pressure. For the pressure-

velocity, coupling the SIMPLEC scheme was used.   

  

7.4 Boundary Conditions:  

The air supply diffuser defined as inlet velocity boundary and all walls assumed as no slip-condition and 

no penetration. Exit air is defined as zero pressure condition. Floor, ceil, side walls, door and  window, 

simulator, where the constant temperature and occupants, lights and T.V. show as constant heat flux heat 

sources. The boundary conditions shown in table (4).  

Finally, it was necessary to validate the RNG K-Ɛ turbulent model with another experimental study [26] 

to verification of RNG K-Ɛ accuracy. The validation was done by comparing the RNG K-Ɛ model results with 

experimental data obtained in an office room with a wall-supply displacement ventilation system. The 

comparison depends on the vertical air temperature, which measured in five points at vertical pole as shown in 

Fig (4).  

The comparison gives a good agreement between the experimental data [26], and air temperature 

simulated by used the RNG K-Ɛ turbulent model. The average error, between the experimental and numerical 

values is 4.6 % , [27].  

   

RESULTS AND DISCUSSION 

 

The presented work-study shows effects shape and location of the supply unit by compared between two 

types of diffusers adopting a displacement ventilation system for symmetrical room. Type-I represented by put 

four corner diffusers inside the boardroom and type-II represented by put one central circular diffuser. The 

two types have the same flow rate.  

Figs.(5&6) show the simulated air temperature distribution contour for vertical plane at y=2.25m for type-I 

and type-II respectively.  

Each type has different air temperature contour because of location and shape of diffuser. The cold air 

expands through the floor of the room and then passes vertically as a hot air due to heat exchange with heat 

sources in the room (pers333ons & walls). Thermal plumes are generated by convection due to the differences 

in temperature between the heat sources and the surrounding air.  The warm zone due to  type-II is more than in 

type-I, that's clearly at (z >1m) due to the cold air in type-II impact by the persons and table, that’s lead to the 

cold air  in type-II obstruction and don’t reach over the table, antithesis that in type-I notes that the cold air more 

diffusivity over the table, Which provided a cool ambience inside room.  

Figs.(7&8) show the simulated air temperature distribution contour for horizontal plane at z=0.4m for 

diffusers (type-I) and (type-II) respectively.  

For two type's notes that the cold air diffuse along the floor and the air temperature decrease whenever, 

the air moved away from the source. In type-II the cold air is concentrated at the center of the room and 

decreases its temperature around the personae's while notes the cold air in type-I diffuse around the person’s 

body.     

Figs.(9&10) shows the simulated air velocity vector for vertical plane at y=2.25m for the two diffusers 

types. The cold air has a higher density than a warmer air, and thus creates upward convective flows, then the 

warm air exits from the room by extracting grilles. The variety in the values of air velocity appeared in the 

area near the floor level due to the air movement from the diffusers near the floor in displacement ventilation 

system, addition to the presence of obstacles (persons). Velocity in the occupied zone for the most part found 

to be less than 0.1m/s, with small velocity variations (<0.05m/s) along the height for the two types, that was 

agreement with thermal comfort zone  ASHREA standard.  

Table.5 obtained the difference between the setup temperature (design temperature) and the simulation 

average temperature for the room in the two types (Average temperature for the tested room is determined by 

using the temperatures predicted at the cell nodes obtained from Fluent program). The values of the (ADPI) 

calculated from Eqns.(10&11) for (13000) nodes at near of the floor for each types. The average temperature 

from type-I was found to be more acceptable and near the design temperature if compared with the 

temperature from type-II, and the value of (ADPI) obtain from the corner diffuser  (type-I) is more than that 

obtained from the circular diffuser (type-II).  
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Table 1: Room configuration 

Item 

Size 

                                         M 
Heat 

            W 
Δx Δy Δz 

Room 7 4.5 3.25 - 

Exhaust grill 0 0.5 0.5 - 

Person 0.4 1.1 0.35 75 

Compute 0.37 0.3 0.35 45 

Lump 0.1 0.1 0.25 100 

Table 3 0.1 0.75 0 

 

Table 2: Heat transfer details through wall and window at 1/July, 13:00 o’clock in Iraq-Hilla city. 

Latitude 32.9o North wall Glass 

CLTD  5 (group -B) 7 

LM 0.5 0 

K 0.65 1 

DR 18.7 

SHG  126 

SC  0.65 

CLF  0.86 

hi(inside room) 8.29w/m2.k 

ho(outside room) 22.7 w/m2.k 

 

Table 3: Values of air flow rate (Qs), supply air temperature (Ts), and walls surface temperature 

 Qs 

               

l/s 

Ts 
      oC 

ACH 
1/s 

 Wall surface temperature 

South 

        oC 

north 

        oC 

East 

         oC 

west 

        oC 

ceil   

        oC 

floor   

              oC 

Window 
              oC 

90.3 18 3.6 25 26.34 25 25 25 22 35.4 

 

Table 4: Boundary Conditions 

Assumptions Velocities 

                              m/s     

Temperature 

                                        Co 

Inlet U =Us  , V=0 , W = 0 T=Ts 

Outlet 
in

s

out

A
U=U

A
  0

T

X





 

No slip at walls U=0,   V=0,    W=0 T=Twall 

 
Table 5: Different temperature and (ADPI)values 

Types Setup temp.  

                oC 

Average temp.  

              oC   

Temp. different 

                                  oC 

ADPI 

Corner air supply unit 25 24.36 0.64 52.3% 

Circular air supply unit 25 29.34 -4.36 32.2% 

 

 

             
 

Fig. 1\a: Schematic diagram for the tested room adopting  DV system, type-I 1.four number corner type air 

supply units. 2.persons 3.tabels 4.windows 5.door 6.exhaust grille. 7.lumps 
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Fig. 1\b: Schematic diagram for the tested room adopting  DV system, type-II 1.Circular type air supply unit.  

2.persons  3.tabels  4.windows  5.door 6.exhaust grille. 7.lumps 

 
 

Fig. 2: Apart from meshed model 

 

 
 

Fig. 3: The residual error monitor 
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Fig. 4: Validation between the RNG k-Ɛ turbulent model with an experimental results. 

 
 

Fig. 5: Air temperature distribution contours for vertical plane at y=2.25m, type-I 

 
Fig. 6: Air temperature distribution contours for vertical plane at y=2.25m, type-II   
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Fig. 7: Air temperature distribution contours for vertical plane at z=0.4m, type-I   

 

 

 

 
Fig. 8: Air temperature distribution contours for vertical plane at Z=0.4m, type-II   

 
 

Fig. 9: Velocity vector for vertical planes at Y=2.25m and Z=0.4, type-I 
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Fig. 10: Velocity vector for vertical planes at Y=2.25m and Z=0.4, type-II 

 

Conclusions: 

In this study two types of diffusers are compared inside boardroom adopting displacement ventilation 

system under Iraqi climate. Type-I represented by put four corner diffusers inside the boardroom and type-II 

represented by put one central circular diffuser at the same flow rate. 

The main conclusions can be listed from the results of the present study were as follows: 

1- Distribution of four numbers of corner diffusers gives more comfortable conditions than using of one 

central location of a circular diffuser for symmetrical space. 

2- The shape and location of supply unit have an important effect on temperature and velocity 

distribution when using displacement ventilation system, hence, it effects on the thermal human comfort. 

3- Displacement ventilation system gives a suitable inside conditions in a hot climate depending on 

several factors such as shape and location of diffusers. 

 

Nomenclature: 

Af            Surface area for floor [m2] 

As            Face area for diffuser [m2] 

Cp            Specific heat of the air at constant pressure.[ kJ/kg.K] 

dx dy dz  control volume [m] 

Eij             The mean rate of deformation tenser 

G              Gravitational acceleration [m/s2] 

ki,j,k           Turbulent kinetic energy at cell (i,j,k) [m2/s2] 

P               Pressure [N/ m²] 

Pz              zone population [Person] 

QDV           Air required in a DV system [l/s] 

ql              Cooling load for  the overhead lighting [W] 

qoe           Cooling load for  occupants, desk lamps and equipment. [W] 

Qoz           Fresh air flow rate [l/s] 

RA            Outdoor air flow rate required per unit area [l/s. m2] 

Rp            Outdoor air flow rate required per person [l/s. person] 

Rt             Total thermal resistance [m2. oC/W] 

S               Source term  [J/kg] 

Tav            average room temperature [ oC] 

Ti,j,k          Temperature at cell (i,j,k) [ oC] 

Thf            Temperature difference from head to foot level.[ oC] 

Tsp           Setup (design) temperature.[ oC] 

Us            Supply air velocity [m/s] 

Ux            Local air velocity [m/s] 
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Abbreviations: 

ACH        Air change per hour 

CFD        Computational Fluid Dynamics 

CLTD      Cooling Load Temperature Difference 

DV          Displacement Ventilation 

CLF         Cooling load factor. 

IAQ         Indoor air quality 

RNG        Renormalization Group 

SC           Shadow coefficient. 

SHG        Solar heat gain. 

 

Sup-Scripts: 

Av          Average 

DV         displacement ventilation 

f            Floor 

L            Overhead light 

oe         Occupants and equipment 

sp          Setup 

t             total 

 

Greek letters: 

ρ           Air density [kg/m3] 

Ɛ           Turbulent energy dissipation rate.[m2/s3] 

Ω          specific dissipation rate1/s 

Γ           Diffusion coefficient (diffusivity) m2/s 
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