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Abstract  

In addition to the environmental and personal factors, the position of the air conditioning unit in a room and 

the air circulation from the unit are the two other important factors for the comfort of its occupants.  In this 

study, air flow from an air conditioning unit was simulated to visualize its circulation in an office room. 

SolidWorks flow simulation was used in this study and the room selected for this study was Savannah State 

University’s Hubert D-414. The furniture in the room was created as SolidWorks Part files according to 

dimensions and then assembled with the room’s floor, roof, and side walls. The furniture along with the air 

conditioning unit and the front door was placed exactly in the same location as they are located in the room 

in order to build the room virtually. The volume flow rate from the air conditioning unit system was set at 

61024 in
3
/sec (i.e. 1 m

3
/sec).  Flow visualization videos and cut plots on top and front planes were generated 

to investigate the air flow. Results showed that the lowest air flow velocities were around the lower corners 

of the room and were highest in front of the air conditioning unit. The air also gains a high velocity before 

its leaves the door.   
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1. Introduction  

Because of the reason that human thermal comfort varies with individuals, it is highly difficult to measure 

[7]. According to ASHRAE (American Society of Heating, Refrigerating, and Airconditioning Engineers) 

[5], thermal comfort is defined as ‘that condition of mind which expresses satisfaction with the thermal 

environment and is assessed by subjective evaluation.’ The two types of factors needed to be considered for 

human thermal comfort are the environmental and personal factors. Environmental factors include air 

temperature, radiant temperature (temperature from surfaces surrounding the occupant), air velocity, and 

relative humidity; and personal factors include metabolic rate (the energy generated from human body) and 

clothing insulation [7]. In case of an enclosed space, these factors sometimes cannot ensure its occupant’s 

thermal comfort. Although the temperature of the thermostat is set at occupant’s desirable temperature and 

all the other factors are met, the occupants sometimes may not feel thermally comfortable. In an enclosed 

space such as an office room, the position of the air conditioning unit the position of its occupant with 

respect to the unit, and the air circulation from the unit also play roles for the comfort of its occupant.  

When the position of the air conditioning unit and the flow velocity are known, it is possible to explore the 

different air velocity zones in an office room to understand where one may sit in order to be the most 

comfortable by employing some flow simulation techniques. Keeping this in mind, the main object of the 

study is to create air flow visualizations from an air conditioning unit inside an office room with an aim to 

investigate the air circulation. It was is planned to generate flow visualization videos and cut plots on top 

plane at different elevations from the floor of the room and front plane at different distances from the 

entrance door of the room for a better understanding of the air flow inside the room. SolidWorks flow 

simulation, an embedded flow simulation software within SolidWorks was used for this study. The room 

selected for this study was Savannah State University’s (SSU’s) Hubert D-414, and the position of the 

furniture and the air conditioning unit inside the room was kept the same. The furniture in the room was 

created according to dimensions as SolidWorks Part files and then assembled with the room’s floor, roof, 

and side walls. The exact dimension of the room was maintained; and the furniture along with the air 

conditioning unit and the door was placed appropriately in the same location as they are located in the room 

in order to build the room virtually. The flow simulation was conducted at a specific air flow volume rate to 

avoid the effect flow rate. Flow visualization videos and cut plots on top and front planes were generated to 

investigate the air flow.  

 

2. Office Room Model  

As mentioned in the previous section, the office room was virtually created to make it ready for flow 

simulation. To do that, the dimensions of the room and all furniture sets were measured accurately and then 

everything was created was Part files [4], which were later assembled to prepare the office room model. The 

dimensions of the room and furniture sets are listed in Table 1. The location of all furniture sets, the air 

conditioning unit, and the door was kept the same as that of the original room to maintain the resemblance 

of the model with the office. The exploded and the assembly views of the office model are shown in Figures 

1 and 2, respectively.   
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Table 1. Dimensions of the office room and furniture sets 

 

Items  Dimension (Length × Width × Height)   

Office room  14.00 ft × 10.50 ft × 10.00 ft   

Front door  6.50 ft × 2.75 ft × 1.50 in  

Glass window  14.00 ft × 7.00 ft × 0.30 in  

Air conditioning unit opening  4.50 ft × 1.50 ft × 0.60 in  

Heater  14.00 ft × 2.00 ft × 4.00 in  

Desk 1  4.50 ft × 2.25 ft × 2.25 ft (1 in thickness)  

Desk 2  5.50 ft × 3.00 ft × 2.25 ft (1 in thickness)  

Corner Desk  3.00 ft × 3.00 ft × 2.25 ft (1 in thickness)  

Shorter shelf  (2 items)  3.00 ft × 1.25 ft × 3.00 ft (1 in thickness)   

Taller shelf   3.00 ft × 1.25 ft × 6.00 ft (1 in thickness)  

Desk-shelf assembly  4.50 ft × 1.50 ft × 5.00 ft (1 in thickness)  

 

 

 
 

Figure 1: Exploded view of the office room: 1. Roof, 2. Floor, 3. Side wall, 4. Front wall, 5. Back Wall, 

6. Glass window, 7. Air conditioner, 8. Front door, 9. Shorter shelf, 10. Taller shelf, 11. Desk 1, 12, 

Desk 2, 13. Corner desk, 14. Desk-shelf assembly, 15. Heater. 

 

1  

2  

3  

3  
4  

5  

6  

7  

8  

9  
10  

9  

11  

12  

13  14  

15  



European International Journal of Science and Technology              ISSN: 2304-9693          www.eijst.org.uk 

 

 

12 

 

 

Figure 3. Trajectory of the air flow inside the office room 

 

3. Flow Analysis   

Figure 2 represents the 3D model of the office room generated by SolidWorks. SolidWorks, a 3D 

mechanical CAD program, is very popular these days and used by thousands of engineers all over the world. 

The air flow simulation was conducted by SolidWorks Flow Simulation [3], which is embedded within 

 

Figure 2. Assembled view of the office room model.     
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SolidWorks and a powerful computational fluid dynamics (CFD) tool that enables quick and easy simulation 

of fluid flow.   

The flow analysis carried out is this study was the internal-type [2], as it involved air flow bounded by the 

roof, side walls, back wall, glass window and front wall. To perform the analysis, it was made sure that 

model was completely enclosed by the air conditioning unit and the door. In the present study, the opening 

of the air conditioning unit acted as the inlet and the front door acted as the outlet of the model.   

The unit system used for the study was in-lb-sec. Since the purpose of the study was just to investigate the 

air flow visualization and it did not involve any type of heat transfer, adiabatic wall thermal condition was 

assumed. The roof, floor, and walls were considered smooth. The initial condition of the analysis was 

assumed ambient.   

Two boundary conditions were set for the analysis:  

(a) Outlet pressure: environmental pressure  

(b) Inlet volume flow rate: 61024 in
3
/sec (1 m

3
/sec)  

For high pressure ducts, the recommended volume flow rate for air [6] in user areas like offices is less than 

2950 ft
3
/min i.e. in

3
/sec or, 84960 in

3
/sec. The inlet volume flow rate in the present study was set 

as 61024 in
3
/sec (1 m

3
/sec), which satisfies the recommended volume flow rate. Based on the dimension 

of the air conditioning unit opening in the present model, the air flow velocity entering the room is 62024              

                                                                                                                                                                      54×18 

in/sec, which is approximately 63 in/sec.             
 

 

The simulation goals were set for maximum inlet and outlet flow velocities.  

 

4. Results  

Figure 4 shows the flow trajectories of the air inside the office room. It shows that the air enters the room 

with a high velocity, and as it travels ahead, the velocity gets low. This figure also shows that the air, after 

entering the room from the air conditioning unit located on the top left side, hits the back glass window, 

bounces back and travels towards the front door. A portion of a low velocity region is observed on the lower 

left side of the room.  

Top views of the air flow inside the room at different elevations are shown in Figure 4. As seen in Figure 

4(a), the high velocity zone is on the left side of the room where the air enters the room. As the air spews out 

of the air conditioning unit, it hits the back wall and circles around to create two vortices, a big one on the 

right and a smaller one on the left, with the lowest air velocity in the centers. As seen in the subsequent 

pictures in Figures 4(b) and (c), with the decrease in elevation, the high velocity zone tents to shift from the 

left side to the right side of the room. The higher velocity zone in the elevation close to the floor (Figure 

4(c)) is in front of the door when the air leaves the room. This is because of the venturi effect [1]. Figure 

4(b) reveals that at the sitting level of the room’s occupant, the velocity is higher in the rear side of the room 

close to the glass window and in front of the door, which suggests that these are the two areas where one 

may sit in the room in order to get the maximum air flow.   

Figure 5 show the air flow inside the room at three different front sections, at sections close to the door, 

middle of the room, and close to the rear window, respectively. These three flow visualization images also 

suggest the same phenomena observed in the top views of the room in Figure 4. Air enters the room with a 

high velocity and after circulating inside the rooms, it also leave the room through the door with a relatively 

high velocity; but its exit velocity is lower than the entering velocity. In the sitting elevation level of the 

room’s occupant, the high velocity zones are located in areas close to the rear glass window and in front of 
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the door. The entire area in front of the door from the front wall to the rear glass window always experiences 

a higher air velocity.  

 

 

 
 

Figure 4. Top view of air flow at different elevations of the office room: (a) close to the roof, (b) in 

between the roof and the floor, and (c) close to the floor. 

 

 

 

    

   

 

 

( a )  

( b )  

( c )  
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Figure 5. Front view of air flow at different distances from the front door of the office room: (a) close 

to the front door, (b) mid-section of the room, and (c) close to the back wall. 

 

5. Conclusions  

Flow from an air conditioning unit was simulated inside Savannah State University’s Hubert D414 room by 

SolidWorks flow simulation. The aim was to investigate the air circulation inside the office room to identify 

the regions where its occupants may sit to get the maximum air flow. The office room, along with its all 

furniture sets, was virtually created and flow visualization videos and cut plot images in different top and 
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( b )  
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front planes were generated with a volume flow rate of 61024 in
3
/sec (i.e. 1 m

3
/sec). The videos and images 

showed that the lowest air flow velocities were around the corners of the room. The higher flow velocity 

region was observed in front of the air conditioning unit. The air also gains a comparatively a higher 

velocity before its leaves the door. In the sitting level of the room’s occupants, two areas were identified 

where they can sit to experience the higher air flow: the rear side of the room close to the glass window and 

area in front of the door. The entire area in front of the door from the front wall to the rear glass window 

always experienced a relatively higher air velocity.  
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