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Table 2.Variants of comfort design for a typical classroom 

Plant 
Shading 

Infiltration
ClassroomSemi-outdoor

Exhaust Air 
over Facade 

Fans 

Tempered Air Supply 

Cooling
Water

V2: 20/20
V3: 22/22 

supplied with 20°C and a dew point temperature of 14°C (10 g/kg), the latent and sensible heat recovery is 75%. The fan 
coil unit is designed to cool the room air to maximum 26°C operative temperature and to keep room air humidity ratio 
below 12 g/kg. Infiltration is set to 0.2/h. In this system the air conditioning is introducing fresh air, cooling, 
dehumidification and air circulation (to be distinguished from the air movement in the hybrid system: see next sub-chapter). 

Hybrid system comfort design, decoupling cooling from air movement, with tempered air and elevated air speed 

For the hybrid system comfort concept fresh air is supplied with also 30 m³/h*pers to the room. The supply air is 
tempered, meaning cooled to 20°C (resp. 22°C) air temperature and dew point (equal to 14.7 resp. 16.7 g/kg) only. The 
supplied air is pressurizing the room and spilling over to the hallways, which minimizes infiltration (Figure 4). The 
condensate from the decentralized supply air units is used for irrigation of the façade plants. 

To establish constant comfort, six ceiling fans with 
controlled air speed are used in addition. Air velocity is 
automatically elevated in two steps from 0 to 0.7 to 1.2 m/s, 
if perceived comfort exceeds 0.5 PMVeas. This is set to be in 
line with recommended limits for air speed of sedentary 
work (0.7 m/s) and maximal air speed under occupant 
control (1.2 m/s) according to ASHRAE Standard 55.  

For further comparison a design without any 
mechanical ventilation but natural window ventilation (air 
change rates, driven by thermal boundary conditions, range 
from min. 4.8/h to about 10/h) and elevated air speed with 
ceiling fans has been compared (see next chapter). 

RESULTS AND DISCUSSIONS 

fan coil cooling. The variants V2 and V3 are based on the 
comfort design of tempered air and use of fan. V4 
represents the fully natural ventilated design with no air 
tempering but use of fans. 

All four variants have been evaluated on the same basis with PMVeas for the purpose of comparing the achieved 
comfort. Figures 5 and 6 show that for V1, V2 and V3 the achieved PMVeas is in the range of 0.2 to 0.5. Thus, those variants 
provide excellent comfort. In contrast, V4 provokes uncomfortably warm conditions, even though fans are at high air speed 
of 1.2 m/s (Figure 8). Its PMVeas increases up to typically 2, in maximum to 3. Thus, V4 is not discussed any further. 

Figure 5 PMVeas curves of comfort design variants 
over Dhaka’s summer period 

Figure 6 Sorted PMVeas curves of comfort design 
variants over Dhaka's summer period 
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0.5

1

1.5

2

2.5

3

0     22   0 660 1   10    0 132

PMVeas

Opera Hours

V1 V2 V3 V4

May Jun 440 Jul Aug Sep  88     0 Oct

Ttive ime

0

0.5

1

1.5

2

2.5

3

0 220 440 660 880 1100 1320
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Operative Hours
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Heat recovery

conventional comfort concept of full air conditioning and Fan Unit Tsupply [°C] Tdewpoint [°C] [%]
V1 No Yes 20 14 75
V2 Yes No 20 20 -
V3 Yes No 22 22 -
V4 Yes No - - -

In Table 2 the four variants of different comfort 
designs are compared. The first variant V1 stands for the Variant Ceiling Fan Coil Mechanical Ventilation

Figure 4 Comfort design with tempered air and elevated air 
speed 
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Compared to Singapore, Dhaka’s summer climate 
differs significantly in terms of humidity ratio and ambient 
air temperature (Figure 2). 

As a consequence, the BRAC University comfort 
design could rely on natural ventilation for the winter 
period, but not for the hot and humid summer time. 

Thus, based on the original design concept of the 
SOTA classrooms energy efficient comfort design 
strategies for a typical classroom of BRAC University 
have been compared, analyzing the difference between a 
conventional fully air conditioned and a hybrid system 
concept for the Dhaka summer period. 

IMPLEMENTED BUILDING SIMULATION METHOD 

All environmental parameters (room geometry, internal and external loads, occupancy, buildings physics, ventilation, 
cooling power, etc.) are modelled with the dynamical thermal simulation program TRNSYS 3D on an hourly base. In a 
second step the thermal comfort is modelled based on the calculated environmental parameters and the control strategy of 
the fans using the Engineering Equation Solver (EES) where the codes for SET and PMVeas have been implemented 
according to the ASHRAE Standard 55-2013. 

The simulation model 

The thermal simulation work was carried out for a typical classroom model of BRAC University in Dhaka with 
dimensions 9.0*9.0*3.1 m³. The east and west façades are 30% glazed, semi-outdoor hallways affiliate on the outside. The 
hallways are naturally shaded by façade plants. For a typical university schedule, the classroom’s operation time includes 
weekdays from 07:00 to 17:00, fully occupied by 40 students. Sedentary activity with 70 W sensible and 65 g/h (40 W) 
latent load per student as well as adaptive clothing from 0.5 to 1 clo were assumed. In Table 1 the major characteristics of 
the classroom model are summarized. 

Table 1. Simulation settings for the classroom model used in TRNSYS 17 3D 

Conventional comfort design with full air conditioning and fan coil cooling 

In the tropics, the typical climate concept for offices 
and public buildings is closed façades combined with full 
air conditioning. So for the conventional case, a climate 
concept with conditioned supply air and heat recovery 
from the returned air combined with fan coil cooling was 
chosen (Figure 3). Aiming at 26°C operative temperature 
and 12 g/kg humidity ratio, this system fulfills the 
conventional “static” PMV comfort standard. For 
evaluation the following design assumptions are made: 
Fresh air supply is set to 30 m³/h*pers in order to achieve 
good air quality for an university environment. Fresh air is 

Climate Data SWERA Dhaka Time May - Oct Occupants  110      W/Pers
Shading West/East External Operation Day 07:00 - 17:00 Electrical Loads  5      W/m²
Classroom Area 81 m² Total Operation Hours 1320 h Artificial Light   10.5   W/m²
Classroom Volume 251 m³ Occupants Number 40 Air Supply   30      m³/Pers

Climate, Shading & Geometry Internal Loads & Air SupplyTime Settings & Occupants
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Figure 2 Psychrometric chart with IWEC Singapore (grey) 
and SWERA Dhaka (red) summer climate data 

Figure 3 Conventional comfort design with full air conditioning
and fan coil cooling 
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