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ABSTRACT 

 

  Computational Fluid Dynamics (CFD) of indoor environment as well as quality 

considerations are important element in the study of energy consumption, thermal comfort 

and indoor air quality in buildings. This paper investigate a comparison work between 

impinging jet, displacement, and mixing ventilation systems for an isothermal and non-

isothermal ventilated room for Indoor Air Quality (IAQ) and thermal human comfort under 

Iraqi climate. For IJV system, draught discomfort is the issue of most concern since it 

supplies cooled air directly to the occupied zone. This study investigated a number of factors 

influencing draught discomfort and temperature stratification in an office environment. The 

considered factors, supply airflow rate and supply air temperature. RNG K-Ɛ turbulence 

model was used with the turbulent flow. The second aspect included numerical analyses by 

adopting ANSYS FLUENT15 code to generate simulation models. A square shaped air 

supply device was used with [0.1 times room height (h)] outlet terminal height from the foot 

level end. The IJV system proved more efficient than displacement and mixing ventilation 

systems. The Air Distribution Performance Index (ADPI) obtained for an isothermal and 

non-isothermal ventilated room adopting IJV system gave best values (0.80, 0.83) 

respectively compared with the other two ventilation systems. 

 KEYWORD: Impinging jet ventilation, mixing ventilation, displacement ventilation, 

comparison study, CFD, Indoor air quality, Numerical model, turbulence model. 

 

 الراحت الحراريت للشاغلين باستخذام هنظىهاثاستقصاء نىعيت هىاء الغرفت و

 تهىيت هختلفت عنذ ظروف الاجىاء العراقيت 

 علاء عباس ههذي              سارة هحوذ عباس   د.

 جاهعت بابل/ كليت الهنذست/ قسن الهنذست الويكانيكيت

 الخلاصت

ت َؼخبر اسخخذاً ٍحبمبة دَْبٍُل اىَىائغ لاسخقصبء اىبُئت اىذاخيُت وّىػُت هىاء اىحُس اىَشغىه ٍِ اىَىاضُغ اىَهَ     

اىَطبقت حذَثب فٍ دراسبث اسخهلاك اىطبقت واىراحت اىحرارَت ىيشبغيُِ وّىػُت هىاء اىغرفت. حقذً اىذراست اىحبىُت أسيىة 

ٍقبرّه بُِ ثلاثت أّىاع ٍِ ٍْظىٍبث اىخهىَت اىشبئؼت الاسخخذاً )ّظبً حهىَت اىبثق اىَؤثر , ّظبً اىخهىَت الازاحُه , وّظبً 

ِ اىغرف اىَنخبُت , الأوىً غرفه ٍؼسوىت حرارَب واىثبُّت غرفه غُر ٍؼسىه حرارَب ىخحذَذ اىخهىَت اىَخخيط( ىْىػُِ ٍ

اَهٌ افضو ػْذ حسبة ّىػُت هىاء اىغرفت ٍْظىٍت اىخهىَت بأسيىة اىبثق اىَؤثر اسخخذٍج ٍجري حجهُس هىاء رو ٍقطغ 

. أظهرث اىْخبئج اُ  (0.1h)بوٌ ػرضٍ ٍربغ اىشنو ومبُ بؼذ فخحت حجهُس اىهىاء ىيغرفت ػِ أرضُت اىغرفت  َس

أسيىة اىخهىَت ببسخخذاً ّظبً اىبثق اىَؤثر أفضو ٍِ اىَْظىٍبث الأخري ٍِ خلاه حسبة مفبءة اىخهىَت وحسبة ٍؤشر 

 أداء حىزَغ اىهىاء .
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Nomenclature 
 

Symbols  Description  Unit 

Af Surface area for floor m
2
 

As Face area for diffuser  

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

dx dy dz Control volume m 

E
ij
 The mean rate of deformation tenser  

g Gravitational acceleration m/s
2
 

ki,j,k Turbulent kinetic energy at cell (i,j,k) m
2
/s

2
 

P Pressure N/ m² 

Pz zone population person 

QDV Air required to satisfy the sensible cooling load 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
 

Rp Outdoor air flow rate required per person l/s 

S Source term for the rate of thermal energy production J/kg 

Tav average room temperature  
o
C 

Ti,j,k Temperature at cell (i,j,k) 
o
C

 

∆Thf Temperature difference from head to foot level. 
o
C 

Tsp Setup (design) temperature. 
o
C 

Us Supply air velocity m/s 

Ux Local air velocity m/s 

 

Abbreviations 

ASHRAE American Society for Heating Refrigeration  and Air Conditioning Engineer 

ACH Air Change per Hour 

CFD Computational Fluid Dynamics 

IAQ Indoor Air Quality 

RNG Re-Normalization Group 

IJV Impinging Jet Ventilation 

MV  Mixing Ventilation  

DV Displacement Ventilation 

Sub-Scripts  

av. Average sp Setup 

f Floor t total 

h Room height 

l Overhead light 

Greek letters 

ρ Air density kg/m
3
 

Ɛ Turbulent energy dissipation rate.   

 
Prandtl or Schmidt number  

ω Specific dissipation rate  1/s 

Γ Diffusion coefficient (diffusivity) m
2
/s 
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INTRODUCTION 

 

   The target of mixing ventilation applications is to diffuse the supply air into the space so that 

the thermal conditions and eventual contaminant concentrations are uniform either in the entire 

space or in a specific zone of the space. 

   Displacement Ventilation system can be defined as room ventilation created by room air 

displacement, through delivering  air at low level and velocity in a space at a low air temperature 

to be suitable for large spaces, such as concert halls and workshops. Simply, it defined as any 

airflow pattern where “old” air displaced by “new” air, Hakon [2010]. 

  Impinging Jet Ventilation (IJV) systems is developed with the aim of combining both mixing 

and displacement ventilation system, and therefore be able to avoid their disadvantages and seize 

their advantages. In terms of flexibility, high momentum ventilation systems are better that 

buoyancy based ventilation systems. 

   A new method of air distribution, is based on Impinging Jet Ventilation (IJV). This method 

based on the principle of supplying a jet of air with high momentum downwards onto the floor. 

As the jet impinges onto the floor it spreads over a large area causing the jet momentum to 

recede but still has a sufficient force to reach long distances, .Karimipanah & Awbi [2001]. 

  The supply device of IJV is located at certain distance above the floor. This system combines 

some characteristics of mixing and displacement ventilation. The most relevant are: 

 - It supplies air at higher momentum than displacement ventilation systems, and lower 

momentum than mixing ventilation systems in some cases. 

- It is possible to achieve higher air exchange efficiency than in using mixing ventilation and 

more or less same as using displacement ventilation. 

-It offers possibility of jet entrainment as in mixing ventilation. 

-Air heated before entering into the room, in contrast to displacement   ventilation. For that 

reason, this type of system has potential applications for heating and cooling rooms. 

-Number of particles in the air and allergic substances in the air are less than in traditional 

supply systems. 

Therefore, more efficient ventilation systems in the occupied zone is achieved compared to a 

displacement ventilation system, Awbi [2003]. However, the draught sensation taken into 

account when designing such systems, since the high velocity might occur in the occupied zone. 

Therefore, the flow behavior of IJV system investigated carefully to enable proper design to 

achieve better thermal comfort environment. Compared with the widely used displacement 

ventilation (DV) system, which known for its high ventilation efficiency benefiting from the 

stratification principle, Yuan , et.al. [1998], IJV retains the strength of DV while overcoming the 

drawback of its low momentum supply. Thus, a better ventilation of the occupied zones achieved 

by IJV than DV, since air supplied by IJV has sufficient momentum to overcome the buoyancy 

force generated from heat sources and hence reach further regions of the room. However, 

adopting such systems, i.e., IJV and DV, requires cooled and fresh air directly supplied to the 

occupied zone, which could raise the potential risks of local thermal discomfort, i.e., draught due 

to cold air movement close to the floor, as well as excessive temperature stratification in 

occupied space , Melikov , et.al. [1990]. 

  Traditional mixing ventilation (MV) systems, which driven by high jet momentum force, still 

occupy a large portion of the market although in many cases has poor ventilation efficiency and 

is less energy efficient. In displacement ventilation, (DV) fresh air usually supplied at floor level 

with an inlet velocity < 0.5m/s and temperature ≥18 
o

C and the cool air rises as it encounters heat 

sources in the room thus creating a temperature stratification. However, DV alone only used for 

cooling.  Recently, a new method of air distribution developed by Air Innovation in Sweden that 

based on the impinging jet   principle, Cho1, et.al. [2002]. As a medium momentum supply 

device (DV < IJV momentum < MV). Impinging Jet Ventilation (IJV) can combine the positive 
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effects of both mixing and displacement system. It produces higher momentum than 

displacement ventilation and can result in the jet spreading evenly over the floor, Chen, et.al. 

[2013].  

 The objectives of the work is to conducted (CFD) study to obtain the airflow and temperature 

distribution for each of the three ventilation systems to 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. In addition, 

present study obtained the comparison between Impinging Jet Ventilation (IJV), displacement 

and mixing ventilation to investigate the indoor air quality and human thermal comfort under 

Iraqi climate. 

 

CFD SIMULATIONS 

 

ANSYS FLUENT 15 code software was used to simulate the present case as explained in the 

following section: 

 

Numerical Details 
      The dimensions of Isothermal tested room are (3 *1.75 * 3) m as shown in Fig. (1-a) for 

impinging jet ventilation under the same conditions. The supply air outlet for IJV (type-I) was 

located at the north wall and the exhaust grille located below the ceiling on the north sidewall, 

with the airflow rate equal 20.15 l/s, and supply temperature 18 . The schematic diagram of the 

modeled room shown in Figs. (2-a & 3-a) for displacement and mixing ventilation systems 

respectively. The supply air outlet for DV (type – II) was located at the corner between north and 

east wall and the exhaust grille located below the ceiling on the south sidewall. In addition, the 

supply air outlet for MV (type-III) was located at the corner between north and east wall and the 

exhaust grille located below the ceiling on the south sidewall. Which furnished for one person's 

simulator (shape of human body properties represented by using manikin). The elevation of 

human manikin is 1.1m (breathing zone) for a person at sitting situation, with heat source of 

75W, having the same surface area and releasing heat similar to a human, one PC-simulator 

(45W), one tables, one lamp (100W) were placed as a heat source, one door located at west side. 

In addition, the impinging, mixing and displacement ventilation under the same condition.   

   The dimension of the tested room for non-isothermal study are (4 * 3.5 * 3.75) m as shown in                  

Fig (1- b). The supply air outlet for IJV was located at the south wall and the exhaust grille 

located below the ceiling on the south sidewall. The walls for tested room are partitions among 

rooms with the airflow rate is 50.48 l/s, supply temperature 20 . The supply air diffuser was 

located at the south wall and the outlet grill placed in the center of the window at the north wall. 

The schematic diagram of the modeled room shown in Figs. (2-b& 3-b) for displacement and 

mixing ventilation systems respectively. The supply air diffuser for DV was located at the south 

wall and the exhaust grille located below the ceiling on the north sidewall. In addition, the 

supply air diffuser for MV was located at the south wall and the exhaust grille located below the 

ceiling on the north sidewall. Two occupant (150W), two computer (90W) and two florescent 

lights (280W) placed as heat sources. 

   The air diffusion (distribution) performance index (ADPI) is a percentage of the number of 

points measured in an occupied zone where EDT is within the set limit (> -1.7°C and < 1.1°C) 

over the total number of points measured in it Chen & Glicksman , [2003]. ADPI of 60 to 69 

considered as unsatisfactory, 70 to 79 as satisfactory and 80 and above as good air distribution.  

The boundary conditions specified as follows: The working fluid used is air and the flow 

assumed to be steady, three-dimensional, incompressible fluid, Newtonian and turbulent flow. 

The ANSYS FLUENT15 code software was used to generate the model and meshed case study 

depending on many testing meshes then analyses by using ANSYS FLUENT15 code software 
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until the residual error for solved equations arrived to (10
-3

) and (10
-6

) for energy equation. 

Second-order upwind scheme using for the convection terms. PRESTO (Pressure Staggering 

Option) scheme used for the pressure. For the pressure-velocity, coupling the SIMPLEC scheme 

used. When working with unstructured meshes, a high-order scheme is preferred for the 

discretization of convection terms to minimize the discretization errors. The boundary conditions 

and assumptions obtained are shown in tables 1&2. 

 

Dimensions of Supply Air Outlets 

   In impinging (type-I), displacement (type-II), and mixing (type-III) ventilation systems there 

are some goals should be investigated for the airflow and temperature fields, thermal comfort as 

well as ventilation effectiveness with respect to heat removal effectiveness and air exchange 

efficiency for each of the iso-thermal and non iso-thermal room.   

   In present work, the IJV system used a square cross sectional area of supply air duct at outlet 

height equal 0.1h from the room foot level. The supply air velocity selected equal 2.5m/s. Then 

dimensions of outlet across sectional area can obtained, Qasim , et.al. [2014]: 

          Qs= ux * As                                                                                                                  (1) 

The dimensions of supply air outlets for each type of ventilation systems are listed in tables 3& 4. 

 

 The Mathematical Model 

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

incompressible, Newtonian and turbulent.        

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

continuity, momentum and energy equations as follows, Ren &  Zhang, [2007] .  

 

                                                                                       (7)
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Where:  

(Γ) Is the diffusion coefficient (diffusivity), which is given by: 
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Turbulence Model  

  RNG K-Ɛ turbulence model used with the equations is, Ren & Zhang [2007]: 

  

2 [ ]i t k eff

i i i

k k
U S

x x x
    

  
  

  
                                                                                 (12) 
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                                                           (13) 

The value of model constants are:   C1ε=1.42 and C2ε=1.68 

    Air speed is used to determine the effective draft temperature, from which the air diffusion 

(distribution) performance (ADPI) can be calculated. This parameter is useful in describing the 

diffusion performance of air for a diffuser in a ventilated space, Iraqi Cooling Code,[2012].   

ADPI = (Nθ / N )* 100                                                                                                               (14) 

Ventilation effectiveness, another parameter is used to confirm the results that obtained from 

(ADPI), and can be calculated by using the following equation: 

                                                                                                                                    (15) 

 

RESULTS AND DISCUSSION 

 

Figs. 4 & 5 show a comparison results between the three ventilation types that investigated the 

contours of air temperature distribution in the isothermal room at a plane location (z=0.875 m, 

y=0.1 m), and non-isothermal tested room at a plane location (z=1.75 m, y=0.1 m) .The 

temperature increases from    18
 o

C closely at the supply air terminal and reach about 30
o
C near 

the human body and (PC) simulater. The cold air expands through the floor of the room and then 

passes vertically since a hot air due to heat exchange with heat sources in the room (occupants & 

appliances). Thermal plumes generated by convection due to the differences in temperature 

between the heat sources and the surrounding air.  

It found that the floor region near the supply diffuser zone would show the lowest temperature 

values, due to the cooling effect of the supply entering air. In addition, a gradual increase in 

temperature obtained as elevation increase inside the room. Also, an increase in indoor 

temperature can be noted near the person, PC-simulator and lighting.  

    Figs. 6 & 7 show a comparison results between the three ventilation types by obtaining the 

flow field patterns as air velocity distribution for each of isothermal and non-isothermal tested 

rooms. A buoyancy-driven thermal plume develops near the body due to the temperature 

gradient between the body surface and ambient air. The air moves horizontally over the floor due 

to momentum from the supply outlet air and suction from thermal plumes. It then passes 

vertically to a high level in the room where it is exhausted from the exhaust grills. Vertical air 

movement between layers caused by strong convection forces associated with heat sources 

(occupant & computer).  

 Acceptable values of Air Distribution Performance Index (ADPI), effective temperature and 

ventilation efficiency is determined. Impinging Jet Ventilation (IJV) system gives efficient 

results better than Mixing Ventilation (MV) and Displacement Ventilation (DV) systems for 

isothermal and non-isothermal tested rooms as listed in tables 5 & 6, Also good air distribution 

system not only promotes a comfortable and healthy environment for occupants, but also 

contributes to energy conservation. 
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CONCLUSIONS 
 

  The present study focuses on a comparison between three types of ventilation systems to 

predict airflow field and temperature distribution under Iraqi climate. Impinging Jet Ventilation 

system with square cross sectional area supply duct gives good results for indoor air quality and 

thermal human comfort when compared with other two ventilation types (mixing and 

displacement ventilation systems) for both case studies of tested rooms (isothermal and non-

isothermal rooms).. 

 

 

 

 

 

             
                      

                         a- iso-thermal tested room       b- non-isothermal tested room 

 

Fig. 1 :   Schematic diagram of tested room adopting IJV System 

 

  

 

 

 

                       

                      a- iso-thermal tested room        b- non-isothermal tested room 

 

Fig. 2 :   Schematic diagram of tested room adopting DV system 
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         a- iso-thermal tested room               b- non-isothermal tested room 

 

Fig. 3:    Schematic diagram of tested room adopting MV system 

 

 

Table 1: Boundary Conditions 

 

Item  Consideration  
Momentum conditions 

Wall motion Shear condition 

Person Wall Stationary No Slipping 

Computer Wall Stationary No Slipping 

Side walls, floor, ceil, Wall Stationary No Slipping 

Tables and lights Wall Stationary No Slipping 

Supply air duct velocity inlet magnitude, normal to boundary 

Extract air grill Pressure outlet 

-Gauge Pressure = (0 Pascal), [constant]. 

- Backflow direction specification 

method: (normal to boundary). 

Tsp=18  (isothermal test room) 

Tsp=20  (non-isothermal test room) 

 

 

Table 2: Solution methods 

 

Fluid flow(fluent) Solution methods 

Scheme SIMPLEC 

Pressure Standard 

Momentum Second order 

Turbulent kinetic energy Second order 

Turbulent dissipation rate Second order 

 

 

Table 3: Dimensions of supply air outlets for isothermal room 

 

 Ventilation system IJV(Type-I ) 

DV(Type-II), Zahraa 

&. Ala'a , [2016] 

MV(Type-III), 

Zahraa & Ala'a , 

[2016] 

Outlet area (m
2
)
 

0.0144 0.736 0.084 

Exhaust grille area(m
2
) 0.011144 0.04 0.04 
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Table 4: Dimensions of supply air outlets for non-isothermal room  

 

Ventilation system IJV(Type-I)  

DV(Type-II), Zahraa 

& Ala'a , [2016] 

MV(Type-III ), 

Zahraa & Ala'a , 

[2016] 

Outlet area (m
2
)
 

0.0144 0.5 0.12 

Exhaust grille area(m
2
) 0.175 0.16 0.16 

 

 

Table 5: A comparison results of ADPI & ventilation effectiveness for isothermal test room 

 

Type of 

ventilatio

n system 

IJV DV MV 

ADPI % 0.80 70.9 79.8 

 

1.09 1.06 0.42 

 

 

 Table 6: A comparison results of ADPI & ventilation effectiveness for non-isothermal test room 

 

Type of 

ventilatio

n system 

IJV DV MV 

ADPI % 0.83 75.6 68.1 

 

1.034 1.086 0.25 
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a. Adopting  IJV system 

 

     

    
b. Adopting  DV  system, Ali & Ala'a , [2016] 

 

 
c. Adopting MV system, Ali & Ala'a , [2016] 

 

Fig. 4:  Temperature distribution contours for isothermal test room at z=0.875m, y=0.1m 
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a. Adopting  IJV system 

 

 

 
b. Adopting DV system, Zahraa & Ala'a, [2016] 

 

 

 
c. Adopting MV system, Zahraa & Ala'a ,[2016] 

 

Fig. 5 Temperature distribution contours for non-isothermal test room at z=1.75m, y=0.1m 
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a. Adopting IJV system  

 

 
b. Adopting  DV system, Zahraa & Ala'a, [2016] 

 

 
c. Adopting MV system, Zahraa & Ala'a , [2016] 

 

Fig. 6 Velocity vectors distribution for isothermal test room at z=0.875m, y=0.1m 
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a. Adopting  IJV system 

 

 
b. Adopting DV system, Zahraa &Ala'a , [2016]  

 

 
c. Adopting MV system. Zahraa & Ala'a , [2016] 

Fig. 7 Velocity vectors distribution for non-isothermal test room at z=1.75m, y=0.1m 
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