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ABSTRACT 

In this study, airflow and temperature fields in an office 

room with a table and a sitting person are computed to predict 

the thermal comfort by means  of percent dissatisfaction (PD). 

The office room is ventilated with a wall type air conditioning 

unit for winter condition and the flow is considered to be 

turbulent, steady, incompressible, and two-dimensional. 

Govern ing equations are solved by using commercial 

computational flu id Dynamics (CFD) code of ANSYS15 

Fluent. Firstly, grid independency study is evaluated by using 

Standard k-ε (Std. k-ε) model with standard wall function 

approach, and then five RANS based two-equations turbulence 

models and near-wall modelling approaches are compared and 

validated by using well-known Annex20 test room. Although 

all k-ε based models exh ib it similar performance, Std. k -ε 

model with std. wall function approach was preferred due to 

common usage and its numerical robus tness. Computations are 

performed for nine different cases including three different in let 

velocities (1.5, 2.0, and 3.0 m/s) and three different in let 

temperatures (298, 300, and 303 K). Dissatisfied space 

increases with increasing inlet velocity for a specified in let 

temperature, and decreases with decreasing temperature for a 

specified in let velocity. 

 

INTRODUCTION 
Suitable airflow is important in ventilated spaces to provide 

good air quality and thermal comfort for the occupants, to 

maintain specified thermal and flow conditions for industrial 

processes, and to ensure the efficient use of energy. The 

importance of ventilation-related energy use is increasing and 

may represent up to 50% of the total energy use of a building, 

particularly for certain typologies such as office buildings  [1]. 

In addition, the productivity and efficiency of office staff are 

dependent on the conditions of thermal environment [2,3]. 

CFD is one of the primary methods used to assess indoor 

airflow [4-6], among other methods such as the building energy 

simulation (BES) approach and zonal models. In recent years, 

CFD has taken a prominent role in the simulation of indoor 

environment airflow problems [7,8]. 

Comfort generally can be evaluated as a balance between a 

variety of demands (D), and the capacities (C), to meet them.  

These D and C can be physical, physiological, o r,  

NOMENCLATURE 
Ar [-] Archimedes number 

g [m/s
2
] Gravitational acceleration 

L [m] Characteristic length 
u [m/s] Inlet jet velocity 
T [K] Temperature 

Q [W/m
2
] Heat loss from human body 

V [m/s] Local mean air velocity 
Tu [%] Local turbulence intensity 
PD [%] Percent dissatisfaction 

 
Special characters 
β [1/K] Thermal expansion coefficient 

k [m
2
/s

2
] Turbulance kinetic energy 

ε [m
2
/s

3
] Turbulance kinetic energy dissipation rate 

y+ 
[-] Dimensionless distance from the wall 

 

Subscripts 
s  Skin, surface 
a  Air 

 

psychological. In physical/physiological domains the ratio D/C 

is less than 20% is considered comfortable. A second level, 

with D/C ranging between 20% and 40% , is probably an 

optimal state for accomplishment of most work tasks. Thermal 

comfort is related to thermal environmental factors, such as 

temperature and air mot ion, and ASHRAE Standard 55 

identifies the thermal and air motion environmental conditions 

[9,10]. There are six key factors that affect thermal comfort. 

Three of them are environmental such as air temperature, air 

movement, and humidity, and others are mean radiant 

temperature, body heat generation, and clothing [9]. ASHRAE 

55 and another thermal comfort standard ISO 7730 [11] are 

both based on Fanger model, and currently they are the most 

frequently cited thermal comfort standards [12].  

By considering progress in thermal comfort research, the 

focus of thermal comfort air movement was draught, defined as 

unwanted local cooling [13], and in this study, velocity and 

temperature distributions among environmental factors are 

computed to predict the thermal comfort by means of percent 

dissatisfaction (PD) [10] or draught rate (DR) [11] for an office 

room with a table and a sitting person. 

 

ROOM MODEL 
Modeled room is designed and constructed for thermal 

comfort research in the thermal technology laboratory of 
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mechanical engineering department and two-dimensional 

physical model and boundary conditions  of this office room 

with a table and a sitting person are given in Figure 1. 

Dimensions of the height and length of the room are 2.4 m, 3.7 

m, and it is equipped with an Arcelik 4200 model split type air 

conditioning(AC) unit. AC unit has 3450-3800 W power and 

uses R22 as refrigerant. Detailed information about the room 

can be found in [14]. 

 
Figure 1 Test room and its two-dimensional model with 

boundary conditions (All d imensions are in mm) 

 

NUMERICAL METHODS 
Firstly, grid independency study is evaluated by using 

Standard k-ε (Std. k-ε) model with standard wall function 

approach by using three different cell numbers (4525, 18110, 

and 28500 cells), and then five RANS based two-equations 

turbulence models (Std. k-ε, RNG k-ε, Realizable k-ε, Std. k-ω, 

and SST k-ω,  and four near-wall modelling approaches  (Std, 

non-equilibrium, scalable wall functions, and enhanced wall 

treatment) are compared and validated by using well-known 

IEA Annex20 test room as seen from Figure 2. 

 

 
Figure 2 Geometry and measurement lines of IEA Annex20 

room. 

 

Air was treated under the Boussinesq assumption, and the 

Archimedes number is defined as, 

 

2u

TgL
Ar





      (1) 

Dimensionless velocity, temperature and turbulence 

intensity profiles at all measurement lines as seen from Figure 2 

are compared with experimental values  for all turbulence 

models [15]. Although all k-ε based models exhib it similar 

performance, Std. k-ε model with std. wall function approach 

was preferred due to common usage and its numerical 

robustness.  

Although excessive kinetic energy prediction at stagnation 

region and turbulence isotropy assumption are the main  

disadvantages of the Std. k-ε model, the model works 

surprisingly well in many types of flows [16] including 

ventilation and thermal comfort studies [17]. Comparison 

results only for this model is given in Figure 3.
 

 

 
Figure 3 Comparison of dimenless x-velocity profiles with 

experimental values [18] at x = H=3m for Std. k-ε 

model with Std. wall function 

 

Under the light of grid independency and validation study, 

test room is divided into 104590 hexahedral cells  to resolve 

areas near the walls and around the table and human. Near-wall 

treatment is crucial in any turbulence model, and the most 

popular approach is the wall function approach due to its 

simplicity. Basically, the method requires that the  first grid 

point near the wall be located in the fully turbulent region. The 

grid points must therefore not be chosen closer than y
+
=11 but, 

on the other hand, the distance should not be much greater 

because the wall functions are not an exact description of the 

flow in the general situation [19]. Minimum, maximum, and 

mean values of y
+
 values on the walls of model room shown in 

Figure 1 are g iven in Table 1. But, due to complex nature of 

room air movement, as mentioned by Voigt [20], it was not 

possible to design a grid with both satisfying resolution of the 

wall jet and 30<y
+
<100, as seen from Table 1.  

 

Table 1 y
+
 values on the model room walls  

Walls 

y
+
 

a b c d e f 

Minimum 2.36 1.25 11 3.2 0.7 0.3 

Maximum 13.3 15.11 12 0.8 3.62 9.91 

Mean 7.15 7.08 4.5 1.42 1.34 6.06 

 

The k–ε model introduces two new variables  turbulent 

kinetic energy and its dissipation rate (k and ε) into the system 

of equations. The values of k and ε come d irectly from the ir 

differential transport equations for the turbulent kinetic energy 

and the turbulence dissipation rate [21]. The governing 

equations were solved using the ANSYS 15 Fluent, which is 

based on the finite volume method. SIMPLE algorithm was 

used for the pressure-velocity coupling. Pressure and 

momentum were discretized by applying second order, and 

second order upwind respectively. First order upwind was 

applied for both turbulent kinetic energy and its dissipation 

rate. The convergence was achieved when the weighted residue 

of each of the governing equations was 10
-6

. 

No-slip boundary condition was  applied all surfaces and 

other boundary conditions are shown in Figure 1. By  

considering mild winter condition in Bursa, wall surface 

temperatures are set to 293 K. Under thermal neutrality, by 

considering the heat loss from a human body (Qm), the mean 
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skin temperature may be estimated by the following Fanger 

equation [22], 

 

 ms QT 028.077.35      (2) 

 

But, Gao and Niu [23] reported that the body temperature is 

usually set in the range from 304 K to 306.7 K in numerical 

studies. So body surface temperature was set to 305.15 K in this 

study. For example, it was taken as 306.85 K in the study of 

Murakami et al [24]. 

Draft is defined as unwanted local cooling of the body 

caused by air movement, and percent dissatisfaction (PD) due 

to draft is determined according to ISO 7730 [11] by using 

following equation, 

 

  )14.337.0()05.0(34 62.0  VTuVTPD a
 (3) 

 

where Ta is the local air temperature (20-26°C), V is the 

local mean air velocity(<0.5 m/s), and Tu is the local turbulence 

intensity in percent(10-60%) .  

Since CFD program provides the information about 

velocity, temperature, and turbulence, PD is computed by 

integration of above equation into the software platform by 

using Custom Field Functions option.  

 

RESULTS AND DISCUSSION 
The nine cases shown in Table 1 are investigated. As seen 

from Table 2, velocity is increased from 1.5 to 3 m/s for fixed  

inlet temperature, and inlet air temperature is  decreased from 

303 K to 298 K.  

 

Table 2 Investigated computational cases 

Case no Inlet vel. 

(m/s) 

Inlet temp. 

(K) 

1 1.5 303 

2 2 303 

3 3 303 

4 1.5 300 

5 2 300 

6 3 300 

7 1.5 298 

8 2 298 

9 3 298 

 

 The velocity vectors  and temperature distributions 

obtained under specified boundary conditions are given in 

Figures 4 and 5 respectively. Total Percent Dissatisfaction and 

uncomfortable Percent Dissatisfaction distributions are also 

given in Figures 6 and 7.  

At first sight, it is detected different flow pattern of the 

lowest inlet velocity (1.5 m/s) for all inlet air temperatures 

(303K case Ia, 300K case IIa, and 298K case IIIa)  in Figure 4. 

The air jet is directed to upwards under the effect of the low 

pressure in the top of the AC unit. Since all inlet air 

temperatures are higher than wall temperatures, buoyancy force 

acts to tend the air flow downwards  for all cases. But it seems 

that buoyancy has no any effect on flow pattern in low inlet 

velocity cases.  

 

 
Figure 4 Vectoral velocity distributions for investigated 

cases a)1.5 m/s, b)2 m/s, c)3 m/s and I)298 K, II)300 K, 

III)303K 

 

As seen from Figure 5, this “back-suction” of air prevents 

the warming of the air in the remainder of the room space.  

 
Figure 5 Temperature distributions for investigated cases 

a)1.5 m/s, b)2 m/s, c)3 m/s and I)298 K, II)300 K, III)303K 

 
Although room temperatures increases with increasing inlet 

air temperatures, this phenomenon is not preferable from 

energy conservation point of view since heated air is 

discharged without diffusion inside the room. But, 

a) 

b) 

c) 

II I III 

a) 

b) 

c) 

II III I 
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interestingly this situation causes increase in thermal 

comfort by decreasing dissatisfied regain around the human 

body, and dissatisfied regain decreases with increasing the 

inlet temperatures as seen from Figure 7 a.  

 

 
Figure 6 Total Percent Dissatisfaction (PD) distributions 

for investigated cases a)1.5 m/s, b)2 m/s, c)3 m/s and I)298 

K, II)300 K, III)303K 
 

 
Figure 7 Uncomfortable (PD ˃ %15) Percent 

Dissatisfaction distributions (PD) for investigated cases 

a)1.5 m/s, b)2 m/s, c)3 m/s and I)298 K, II)300 K, III)303K 

 

For all other inlet velocity cases (Except the case IIIc), 

almost similar flow patterns are obtained. In all cases the 

highest temperatures are obtained around the human body since 

body surface temperature is higher than all considered inlet air 

temperatures.  In case IIIc, mixing is enhanced, and as a result 

more uniform temperature distribution is obtained. In case IIIb, 

slightly different flow pattern is obtained, and temperature 

distribution is more uniform than the other seven cases except 

the case of IIIc. In low velocity cases (Ia, IIa, and IIIa), small 

cold plumes under the table and human body are formed, but 

the plume under the table d isappears with increasing inlet air jet 

temperature. In contrast, the plume under the human body is 

persistent. However, the velocities of these plumes are low and 

there is no effect on PD distribution in the room as seen from 

Figures 6 and 7. In addition there is no any effect of slit of door 

sill on the flow and temperature d istributions in all cases. 

 

CONCLUSION 

Airflow and temperature fields in an office room with a 

table and a sitting person for mild winter condition are 

computed to predict the thermal comfort by means of percent 

dissatisfaction (PD). For this purpose, Std. k-ε model with std. 

wall function approach was preferred due to common usage and 

its numerical robustness. For the lowest inlet velocity, the air 

jet is directed to upwards under the effect of the low pressure in 

the top of the AC unit. This back-suction phenomenon is not 

preferable from energy conservation point of view, but it causes 

increase in thermal comfort by decreasing dissatisfied region 

around the human body, and dissatisfied regain decreases with 

increasing inlet temperatures. Cold plumes obtained for the 

lowest inlet velocity cases does not affect the Percent 

Dissatisfaction (PD) distributions. For all other inlet velocity 

cases (Except the case IIIc), almost similar flow patterns are 

obtained. There is no any effect of slit o f door sill on the flow 

and temperature distributions in all cases. Under the considered 

conditions, to avoid the back-suction effect, and simultaneously 

to decrease uncomfortable reg ions, medium speed and high 

temperature running case of AC unit is recommended by 

considering energy conservation for mild winter condition. 

However, need to experimental studies is obvious to verify 

back-suction phenomena. 
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