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Studying the effect of adding a ventilation system consisting of two devices, impinging 

and personal ventilation, and knowing the extent of their impact on the presence of different 

thermal loads represented by humans, computers, and light inside a thermally isolated 

office room by using sandwich panels. In addition, examining the air distribution inside a 

room also found the required thermal comfort for two people who were represented in the 

form of the thermal manikin and inside them a heat source close to 80 watts, which is close 

to the heat emitted by the human being according to the global A share. The most important 

results that were obtained first when adding the personal ventilation system to the 

impinging ventilation showed a clear improvement in heat levels close to the thermal 

manikin at a level of 1.1 meters and above. Second, the homogeneity of temperatures 

within the space, where the difference between the main source of ventilation (impinging) 

and the heat at the level of 1.8 meters is relatively small, compared to the use of the 

impinging ventilation system alone. The aim of the research is to prove the efficiency of 

such a system within the Iraqi summer weather between march to June month, under the 

conditions studied during this project, energy savings can be achieved using this strategy. 

Providing respiratory and thermal comfort inside the air-conditioned space, especially in 

the people’s seating area at 1.1 meters, and achieving two goals of sustainable development 

(an industry with innovation and clean with affordable energy).  
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1. INTRODUCTION

It is well known that poor ventilation in an office room 

causes SBS ( Sick Building Syndrome(, one of the syndromes 

that afflict a person as soon as he enters the place for the first 

time, sometimes some new employees feel that they are 

uncomfortable in the company or that their respiratory system 

is getting worse and they feel uncomfortable and during the 

end of the working hours they return to their normal life 

without any symptoms, and although this syndrome is not 

believed by some With its existence or health, it has infected 

many around the world. 

We would like to point out, it is called environmental 

disease when ventilation is not good in the building or air 

conditioners are relied on all the time or even because of the 

inherent dust that contributes to attracting disease, and it was 

revealed that up to 25% of the newly constructed buildings are 

unfit of the individual and harm his health because of the air 

quality inside, which poses a threat to the respiratory system. 

Therefore, to enhance human comfort, health and 

productivity, it is recommended that indoor environments be 

ventilated at rates higher than the minimum levels stipulated 

in current standards and guidelines [1]. The ventilation system 

occupies an important place in the design of buildings, as it is 

the main factor for the comfort and well-being of its residents, 

or for the performance of industrial processes inside these 

buildings [2]. There are some challenges that are formed in the 

ventilation of the office environment, which raises the calorific 

value of the place in addition to the intensity of solar radiation, 

including computers and other devices that carry high thermal 

loads. Therefore, many studies have appeared with a view to 

improving the ventilation of offices so that the poor air inside 

does not cause most diseases and physical discomfort [3]. 

Efficiency of air exchange is used to refer the action of 

ventilation and the quality of internal air in ventilation offices. 

However, it does not pick into account the apportionment of 

personal in the room and is therefore limited. Revised air 

exchange efficiency considering occupant distribution in 

Ventilated Rooms However, for some ventilation types, such 

as personalized and large space ventilation, the ventilation 

effect great changes in place on another side, the busy zone is 

finite to only a definite part of the area. The conventional 

Efficiency of air exchange weights different zones of the room 

equally when valuation the ventilation effect. Such treatment 

may lead to unconscionable results adjusted air exchange 

efficiency taking into account the distribution of occupants in 

ventilated rooms. By applying CFD modeling, most 

researchers have studied airflow in terms of temperature 

distribution and air movement or in terms of air diffusers [2, 4, 

5]. 

Ng et al. [6] studies of computational fluid dynamics have 

been widely applied to simulate indoor and outdoor airflow 
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however, most numerical tests are based on a single factor 

design at a time. According to the Box-Behnken design 

method, first- and second-order models were developed based 

on test conditions using a least-squares method based on a 

second-order RSM model. The presentation temperature was 

shown to be the most important design with a 95% 

dependability term.  

Kanaan et al. [7] evaluation the air improvement in spaces 

conditioned via personalized ventilation and displacement 

ventilation based on CO2 concentricity levels. The 

interactivity in the middle of the upward flow of the ascending 

passenger column, the expiratory flow and the flow of 

displacement ventilation, and the flow of air intended for 

transporting carbon dioxide into the space and the inhalation 

area of the passengers are designed to recorder air quality. The 

contribution of PV to lower CO2 condensation in inhaling air 

is calculated by the effectiveness of personal laying open in 

terms of CO2 condensation in inhaled air also PV air with also 

without PV. The advanced sample was check it out via 

comparing sample effects of CO2 condensation with the results 

were obtained from three-dimensional simulations using 

business software also with Published empirical data for many 

PV for distances from the occupant, temperatures and flow 

rates of PV jets. The performance of PV in conjugation with 

DV regard to breathing air goodness count on the location with 

regard to the human face then the PV temperature & air flow 

rate. 

Currently, the devices are widely used in offices, in addition 

to solar energy conditions, can cause high heat loads in these 

enclosed spaces. These problems will pose challenges to the 

ventilation of office buildings [8]. Although the specific 

factors commitment to ventilation problems are not known, 

several studies have shown that most diseases and complaints 

are Due to poor indoor air quality and noticeable physical 

disturbance [3]. To achieve reasonable indoor conditions of 

comfort and air quality, both the designers and operators of 

ventilation systems must be aware of the heat equilibrium in 

the midst of indoor conditions and the toy body and the factors 

that involve thermal comfort and disturbance, as well as the 

concentrations of dirtiness that people can carry and the nature 

of physical activity [2]. 

Personal ventilation is a general descriptor of air 

conditioning registers installed on a desk or workstation that 

transfers direct delivery of conditioned air to the breathing 

region of office employees. Photovoltaic systems have the 

ability to restore occupant comfort by enhancing indoor air 

quality at the time of usage via increased individual control of 

air conditioner ports. They may also be able to cut energy use 

by delivering less conditioned air to the workstation [9]. 

Personal ventilation has been used for many years to increase 

the thermal comfort of people in most situations and 

automobile cabins. Few studies have examined the 

effectiveness of PV in office buildings [10]. The design of the 

PV Air-Terminal Device has a significant impact on the 

efficacy of tailored ventilation [11]. Designing personal 

ventilation systems with excellent ventilation efficiency and 

simple implementation is not an easy undertaking. Apart from 

the effectiveness of ventilation, other factors are also 

important, such as control strategies, background room air 

distribution, appearance of air supply devices, occupant 

activities [12-15]. The ability of personal ventilation systems 

to promote thermal comfort, the quality of indoor air and the 

resulting energy savings under hot and humid tropical 

conditions was examined. In addition to enhancing thermal 

comfort and IAQ acceptability, the findings indicate that 

combining a small PV system with a large air conditioning 

system may cut energy usage by 15 to 30 percent [16]. In an 

office mockup, two kinds of pneumatic terminals for a 

personal ventilation system were fitted beside a complete 

volume mixing or offset ventilation system. The performance 

of the systems was assessed based on the concentration and 

temperature of pollutants in the inhaled air, as well as the 

temperature, velocity, and distribution of pollutants in the 

inhabited space. Personal ventilation will always improve the 

quality of the air breathed in rooms with mixed ventilation, 

according to the findings [17]. Various kinds of ATD devices 

Designed, evaluated, and compared. A typical office 

environment was replicated by simulating an office with ATD 

devices put in a climate chamber. ATD devices have been 

evaluated differently with regard to the temperature of the 

breathed air, which serves as an additional indication of air 

quality, as well as the corresponding temperature. The findings 

suggest that PV might dramatically lower the number of 

unsatisfied passengers with air quality. However, an ATD 

must be created to provide more successful classification and 

less mixing of assigned air with contaminated room air [18]. 

Multiple ATD devices were designed, compared, and 

evaluated. In a climate chamber, a typical office environment 

consisting of an office with ATD devices placed was recreated. 

ATD devices have been evaluated differently with regard to 

the temperature of the breathed air, which serves as an 

additional indication of air quality, as well as the 

corresponding temperature. The findings indicate that PV has 

the potential to dramatically decrease the number of travelers 

dealing with air quality. However, an ATD must be created to 

provide more efficient distribution and minimal mixing of the 

assigned air with the contaminated room air [19]. The 

development of a multi-layer model to simulate heat transport 

in rooms with mixed displacement ventilation and specialized 

ventilation systems. Solving heat and mass balance equations 

yields the temperatures and flow rates of the columns and 

ambient air in each stratum. The ambient air temperature and 

midline temperature of the heat source column were measured 

and compared to the predicted model findings. The simplified 

model properly predicted the ambient air temperature at higher 

altitudes, while underestimating it by 6% at lower altitudes 

[20]. Minimizing the SARS-CoV-2 virus transmission is 

essential to face the COVID-19 pandemic. This is even more 

important for highly crowded indoor environments, e.g. 

schools, where the mitigation solutions based on social 

distancing and hand washing seem to be not effective to reduce 

the virus airborne transmission mode, which is the main route 

of transmission. To minimize the airborne virus transmission 

a proper ventilation is necessary [21]. 

 

 

2. EXPERIMENTALLY WORK 

 

2.1 Test office room  

 

All tests for our project were accepted isolated attempted 

office room (sandwich panel) in a lab of air conditioning and 

refrigeration in Al-Mustaqbal university college as shown in 

Figure 1. 

The office room was designed in an isolated form as 

sandwich panel, where the focus was on changes in 

temperature, speed and flow rate, as well as the places of 

people and the required respiratory and thermal comfort 
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through the use of impact ventilation first and personal 

ventilation in conjunction with IJV ventilation second within 

the climate of Iraq. 

The room, designed with dimensions (3 m x 2 m x 3 m), 

contains two people in the form of a mannequin, two personal 

computers and a light source. Thermal loader inside the room 

as shown in Figure 2 and its location as in Table 1. 

 

 
 

Figure 1. Front view of an isolated room 

 

Many items are located in an isolated room and took on the 

thorough test were three sorts of thermal sources supplied in 

the test room, shown as two manikins (Human body) with 80-

watts estates [18] addressed by a utilized human warm puppet 

set, two PC with heat flux 45 Watt and one lamb is set as a 

heat source and introduced in the suspended roof as depicted 

in subtleties in Figure 3. Additionally, an air conditioning 

system is utilized to transfer the cooled air to the inner region 

of the tested room. 

The best position for people to sit was chosen in the office 

room, where the distribution of convection and air spread is 

homogeneous where the distribution of people sitting opposite 

in the office room [15]. 

For the second case (IJV) and (PV) combined, a two-person 

office, one grill positioned on the north side of the room, and 

a door in the west as shown in Figure 4. The basic 

requirements for this model have also been specified also they 

are summarized in Table 2. 

The various items situated in proven space also took on 

during tests were 3 sorts of heat sources utilized in the test then 

depicted by: two person properties addressed by utilized 

person warm puppet, two computers with a heat source of 45 

Watt for everyone also colorific light were put as heat-source 

and attached in the roof as portrayed in subtleties in Figure 4. 

Likewise, PV framework comprises of fan at various stream 

rates constrained by an electric controller where the air is 

pulled from base at (0.4 m) Through air terminal duct (ATD) 

to the top at the level of person seat of (1.1 m). 

 

 
 

Figure 2. Schematic diagram model of ventilation (IJV) 

 

Table 1. Isolated room configurations for ventilation (IJV) case-I 

 

Heat. {18} w 
Size (m) Location (m) 

Item 
z∆ y∆ X∆ Z Y X 

- 3 2 3 0 0 0 Room 

- 2.80 0.5 0.15 0.5 0.7 2.85 Square air duct 

- 0 0.1 0.12 2.7 0.5 0 Exhaust grille 

80 1.1 0.35 0.35 0 0.25 0. 6 Person no.1 

80 1.1 0.35 0.35 0 0.25 1.5 Person no .2 

45 1 0.25 0.3 0 0.175 0.28 PC-simulator no.1 

45 1 0.25 0.3 0 0.175 1.72 PC-simulator no. 2 

100 0 0.1 0.1 0 1.49 3 Lamp 

- 0.7 0.4 1 0 0.1 0.1 Table 1 

- 0.7 0.4 1 0 0.1 1.9 Table 2 

 

Table 2. Isolated room configurations for ventilation (PV+IJV) case-II 

 

Heat.{18} w 
Size (m) Location (m) 

Item 
z∆ y∆ X∆ Z Y X 

- 3 2 3 0 0 0 Room 

- 2.80 0.5 0.15 0.5 0.7 2.85 Square air duct 

- 0 0.1 0.12 2.7 0.5 0 Exhaust grille 

80 1.1 0.35 0.35 0 0.25 0. 6 Person no.1 

80 1.1 0.35 0.35 0 0.25 1.5 Person no .2 

45 1 0.25 0.3 0 0.175 0.28 PC-simulator no.1 

45 1 0.25 0.3 0 0.175 1.72 PC-simulator no. 2 

100 0 0.1 0.1 0 1.49 3 Lamp 

- 0.7 0.4 1 0 0.1 0.1 Table 1 

- 0.7 0.4 1 0 0.1 1.9 Table 2 

    0 0.25 0. 6 Personal (pv) 1 

    0 0.25 1.5 Personal (pv) 2 
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Figure 3. Configuration of impinging (IJV) ventilation only 

from the top view 

 

 
 

Figure 4. Configuration for impinging (IGV) ventilation and 

personal ventilation (PV) system from the top view 

 

Human Thermal radiation It is the energy that an object 

transmits thanks to its temperature and through the infrared 

wavelengths of the electromagnetic spectrum. All objects 

without exception emit some infrared radiation, no matter how 

low their temperature. It happens that when they are in 

accelerated motion, electrically charged particles oscillate and, 

thanks to their kinetic energy, they constantly emit 

electromagnetic waves. 

 

2.2 Air supply system 

 

There is a means to observe the temperature of the air supply 

and ventilation rate for impinging ventilation applications. The 

methodology depends on the Iraqi cooling [22].  

 

2.2.1 Air stream space of ventilation 

The expected air stream rate as cooling load, is: 

 

𝑄 =
0.295𝑞𝑜𝑒 + 0.132𝑞𝑙 + 0.185𝑞𝑒𝑥

𝜌𝑐𝑝∆𝑇ℎ𝑓  
 (1) 

 

Q = (U × A × ∆T) (2) 

 

𝑈 =
1

𝑅
, 𝑅 =

1

ℎ𝑖
+

∆𝑥

𝑘
+

1

ℎ𝑜
 (3) 

 

2.2.2 Air supply temperature 

To predict temperature of supplied air (Ts) used Eq. (4) was 

used [13].  

𝑇𝑠 = 𝑡𝑠𝑝 −
𝐴𝑓 ∗ 𝑞𝑡

0.584 ∗ 𝑄2 + 1.208 ∗ 𝐴 ∗ 𝑄
 (4) 

 

The Eq. (5) was find the value of the air change per hour 

(ACH) by and its determined as 8.32 [14], 

 

A.C.H = (Q/VRoom) ∗ 3600 (5) 

 

For air supplying diffuser gives one direction (IJV) as 

shown in Figure 4. While the diffuser of PV shown in Figure 

5. 

 

 
 

Figure 5. The supply air diffuser (IJV) Manufacturing 

 

2.3 Procedures of measurement 

 

1-Test units at every one of the tests there are three example 

units ,for each example unit has six level being set at different 

stature levels of (0 m,0.4 m, 0.8 m, 1.1 m, 1.4 m, 1.8m) and 

used to record the boundaries that are situated at 1st (x=21 m, 

y=01 m, z=0.871 m), 2nd pole(x=0.71 m, y=01 m, z=0.51 m) 

and 3rd pole(x=0.7 m, y=0 m, z=1.25 m) for all cases as 

displayed in Figure 6. 

2-Air speed: The hot wire thermo-anemometer sensors 

model YK.2005AH. 

3-Tempe estimation devices: An enormous number of 

thermocouples type K were utilized to record air temperature. 

The thermocouples measure the temperature with time normal 

600s. 

 

 
 

Figure 6. Air outlet supplying for ventilation (PV) diffuser 

 

2.4 Procedures 

 

All tests have done in two phases IJV with and without PV. 

Investigations were tested in April and march 2021.  
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2.4.1 Case-I (using first type of ventilation IJV only) (Table 3) 

 

Table 3. Temperature degree in (℃) obtained by using IJV system 

 

Type of supply air duct Pole no. 

Thermocouple height from the foot level(m) 

0 0.4 0.8 1.1 1.4 1.8 

Air temperature (℃) 

Impinging ventilation 

Pole1 21 21.2 22.4 23 23.8 24.3 

Pole2 22 22.2 23 24 24.5 25 

Pole3 22 23.2 24 25.1 25.8 26.3 

 

Table 4. Tempe degree in (℃) obtained by using IJV and PV ventilation system 

 

Type of supply air duct Pole no. 

Thermocouple height from the foot level(m) 

0 0.4 0.8 1.1 1.4 1.8 

Air temperature (℃) 

Impinging and personal ventilation 

Pole1 21 21 22 22.1 23 23.6 

Pole2 22 22.1 22.5 22.3 23.3 23.8 

Pole3 22.2 22.4 22.6 22.5 23.4 23.9 

 

2.4.2 Case-II (combined IJV and PV system) 

Air enters the room through a suppling device IJV and 

personal ventilation. Personal ventilation draws the air from 

inside the room at a height of 0.4 meters from the ground level. 

PV system consists of fans at different flow rates 5l/s and 10l/s 

where the air is flowing from the bottom to the top and through 

(ATD) to the seating human level (1.1m), as shown in Table 4.  

A fan has best flow rate about (10 liter/sec) was used in this 

case to drag air at 0.4m high then blow air to breathing zone 

with 1.1m high [15]. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Test results 

 

Results within the arranged space for case-I also case-II 

were analyzed. Preliminary outcomes got at different diffusers 

and regions for different inhabitant apportionments. Other 

than assessed air temperature scattering, speed apportionment 

from the poles for the cases learned at regions 1st pole (x=2 1, 

y=0 1, z=0.875 1) m, 2nd pole (x=0.7 1, y=0 1, z=0.5 1) m and 

3rd pole (x=0.7 1, y=0 1, z=1.25 1) m. shows the relation 

between air temperature and level with the three poles. it was 

shown that the temperature changed with the height of the 

room. The clarification of this temperature values 

augmentation is a direct result of the addition of distance from 

the air supply level. 

The air temperature is greatly affected by the heat sources 

in the space and the air temperature below 1 m height from the 

top readings at the pole is about 90% of the heat source 

(thermogenic and computer). The most extreme concentration 

in pole 1 (at a distance of 1 m from the north side) was lower 

than the different air temperatures in prisms (2 and 3) (located 

at a distance of 2.3 m from the channel source) for the first 

case since column 1 was closest to the tube Cold air station 

stock as shown in the Figure 6 for case-II of inhabitant 

dispersion in Figure 7, the three posts (1,2 and 3) give 

comparative variety values for smooth air temperature 

appropriation. In this way, the second instance of the tenant 

gives more ok ventilation due to the great circulation of air 

temperature inside the tried room. 

PC and light effect on the environment of all room air 

temperature that reduces ventilation capability, for case-II 

suitable spread region and air course gained near the three 

warmth source result from the improvement of cold air from 

personal ventilation decrease heat transmitted by the thermal 

manikin, light and PC. In like manner, case-I and case-II in 

Figures 8 and 9 showed best air dissemination over condition 

while case-II at mass stream 10 l/s High estimations of 

velocity were gotten at the lower territory where the region of 

air effortlessly diffuser IJV exists during this zone. The air 

move process at this zone is progressively capable of 

diminishing the temperature of the hot space of warmth 

sources during this zone . 

 

 
 

Figure 7. Image for poles and nodes level position with 

device of thermocouple 

 

 
 

Figure 8. The relation of air temperature through pole (1, 2, 

3) at case-II
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Figure 9. The relation of air temperature through pole (1, 2, 

3) at case-II 

 

3.2 Comparison results 

 

Through the mentioned results, it was found that the use of 

ventilation in general led to an increase in thermal comfort for 

people, especially in office rooms, and thus we obtained 

energy at low prices compared to traditional air conditioning. 

As the use of collisional ventilation reduced the heat 

generated by the thermal sources during the air-conditioned 

space, and where it was found that the temperature decreases 

the closer to the source of ventilation, as shown in the 

thermocouple holder close to the IJV ventilation where the 

temperatures are lower than if we move away. Also, the 

achieved speed was proportional to the work of diffusion of air 

to all corners of the room, as is evident when reading the 

temperatures of the carriers 2, 3. 

Results of practical were studied and a comparison was 

made between the first and second cases. It was studied 

practically based on the different positions and way of the 

occupants and based on the presence of ventilation devices 

where the distribution of heat and speed of air was studied on 

three columns divided within the area designated for human 

comfort for all spaces. Figure 9 shows the association of air 

temperature at the space height through pols (1,2,3). Where the 

change in temperature is evident during the occupied space. 

This temperature thinking strategy is the addition of a good 

way to brilliantly air level. 

As for the second case, when using PV and IJV ventilation, 

we see a clear improvement in temperatures close to the seat 

of the thermal mannequin at 1.1 m, as shown in Figure 10 

which is t the height for people to sit according to Ashare 

Standard, and thus it has achieved thermal and respiratory 

comfort for the occupants. 

 

 
 

Figure 10. The relation of air temperature through pole (2) at 

case-1 and case-II 

 

3.3 Concluding remarks 

 

From the outcomes of the current audit, the going with 

closures can be summarized as follow: 

1- The use of ventilation in general led to good thermal and 

respiratory comfort and less energy compared to traditional air 

conditioning. 

2- It is found that impinging jet ventilation has tremendous 

application potential in both winter and summer office 

environments. This device dramatically enhances thermal 

comfort and air quality inside. Applying impinging jet 

ventilation (IJV) requires a thorough evaluation of the system's 

constraints and characteristics, such as supply air velocity, 

temperature, and air duct form.  

3- The use of personal ventilation with impact ventilation 

has clearly improved the diffusion of air inside the air-

conditioned space, especially where it is located. 

4- Increasing the cooling efficiency inside the air-

conditioned space in order for personal and collision 

ventilation to reduce the heat loads resulting from the available 

heat sources. 

 

 

ACKNOWLEDGMENT 

 

We would like to express our thanks to the respected editors 

of Journal of Frontiers in Heat and Mass Transfer (we and the 

respected reviewers for their comments that clearly enhance 

the manuscript. Also, we would like to thank our institution 

"Al-Mustaqbal University College" for the financial support 

(https://www.mustaqbalcollege.edu.iq). 

 

 

REFERENCES 

 

[1] Wargocki, P., Wyon, D.P., Sundell, J., Clausen, G., 

Fanger, P.O. (2000). The effects of outdoor air supply 

rate in an office on perceived air quality, sick building 

syndrome (SBS) symptoms and productivity. Indoor Air, 

10(4): 222-236. 

[2] Awbi, H.B. (2002). Ventilation of Buildings. Routledge. 

https://doi.org/10.4324/9780203476307 

[3] Turiel, I. (2012). Indoor Air Quality & Human Health. 

Routledge. 

[4] Wargocki, P., Wyon, D.P., Sundell, J., Clausen, G., 

Fanger, P.O. (2000). The effects of outdoor air supply 

rate in an office on perceived air quality, sick building 

syndrome (SBS) symptoms and productivity. Indoor Air, 

10(4): 222-236. https://doi.org/10.1034/j.1600-

0668.2000.010004222.x 

[5] Seppänen, O., Fisk, W.J. (2005). A model to estimate the 

cost-effectiveness of improving office work through 

indoor environmental control. ASHRAE Transactions, 

111: 663. 

[6] Ng, K.C., Kadirgama, K., Ng, E.Y.K. (2008). Response 

surface models for CFD predictions of air diffusion 

performance index in a displacement ventilated office. 

Energy and Buildings, 40(5): 774-781. 

https://doi.org/10.1016/j.enbuild.2007.04.024 

[7] Kanaan, M., Ghaddar, N., Ghali, K. (2012). Quality of 

inhaled air in displacement ventilation systems assisted 

by personalized ventilation. HVAC&R Research, 18(3): 

500-514. 

https://doi.org/10.1080/10789669.2012.649882 

1155



 

[8] Chen, H. (2014). Experimental and numerical 

investigations of a ventilation strategy–impinging jet 

ventilation for an office environment. Doctoral 

dissertation, Linköping University Electronic Press. 

https://doi.org/10.3384/diss.diva-106483 

[9] Drake, S. (2009). The use of personal ventilation in open 

plan offices: A study of the TASK AIR system. In 

Performative Ecologies in the Built Environment: 

Sustainability Research Across Disciplines: 43rd Annual 

Conference of the Australian and New Zealand 

Architectural Science Association, Launceston. 

[10] Kroner, W.M. (1994). Environmentally responsive 

workstations and office-worker productivity. ASHRAE 

Transactions, 100(2): 750-755. 

[11] Melikov, A.K., Cermak, R., Kovar, O., Forejt, L., Wai, 

T.K., Sakhar, S.C., Cheong, D. (2003). Impact of airflow 

interaction on inhaled air quality and transport of 

contaminants in rooms with personalized and total 

volume ventilation. In 7th International Conference on 

Healthy Buildings 2003, 2: 592-597. 

[12] Schiavon, S., Melikov, A., Cermak, R., De Carli, M., Li, 

X. (2007). An index for evaluation of air quality 

improvement in rooms with personalized ventilation 

based on occupied density and normalized concentration. 

https://escholarship.org/uc/item/2kw822s7. 

[13] Nellis, G., Klein, S. (2008). Heat Transfer. Cambridge 

University Press. 

[14] Qasim, H. (2014). Numerical study of air velocity and 

temperature distribution by displacement ventilation 

Doctoral dissertation. 

[15] Yakoob, M., Mahdi, A., Alamir, R. (2020). Evaluation of 

air exchange efficiency in rooms with personal 

ventilation in conjunction with displacement ventilation 

systems. International Journal of Mechanical & 

Mechatronics Engineering IJMME-IJENS, 19(6): 47-58. 

[16] Staveckis, A., Borodinecs, A. (2021). Impact of 

impinging jet ventilation on thermal comfort and indoor 

air quality in office buildings. Energy and Buildings, 235: 

110738. https://doi.org/10.1016/j.enbuild.2021.110738 

[17] Sekhar, S.C., Gong, N., Tham, K.W., Cheong, K.W., 

Melikov, A.K., Wyon, D.P., Fanger, P.O. (2005). 

Findings of personalized ventilation studies in a hot and 

humid climate. HVAC&R Research, 11(4): 603-620. 

[18] Cermak, R., Melikov, A.K., Forejt, L., Kovar, O. (2006). 

Performance of personalized ventilation in conjunction 

with mixing and displacement ventilation. Hvac&R 

Research, 12(2): 295-311. 

[19] Melikov, A.K., Cermak, R., Majer, M. (2002). 

Personalized ventilation: evaluation of different air 

terminal devices. Energy and Buildings, 34(8): 829-836. 

https://doi.org/10.1016/S0378-7788(02)00102-0 

[20] Kanaan, M., Ghaddar, N., Ghali, K. (2012). Quality of 

inhaled air in displacement ventilation systems assisted 

by personalized ventilation. HVAC&R Research, 18(3): 

500-514. 10.1080/10789669.2012.649882 

[21] Iraqi cooling code, 2012 

[22] Stabile, L., Pacitto, A., Buonanno, G., Dell’Isola, M. 

(2021). Ventilation system operation to minimize the 

COVID-19 airborne transmission in schools. TECNICA 

ITALIANA-Italian Journal of Engineering Science, 

65(2-4): 300-306. https://doi.org/10.18280/ti-ijes.652-

424 

 

 

NOMENCLATURE 

 

A Surfaces Area for Wall.m2 

Cp Specific heats of the air at constant pressure 

H Convection heats transfer coefficient W/m2.K 

p pressure (n/m2) 

Q Heats transfer through the wall. W 

T Temperature (℃) 

U Total heats transfer coefficient. W/m2.K 
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