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Abstract: Indonesia is a tropical country with relatively warm temperatures, so it is necessary to 

use air conditioning in daily activities. The use of the air conditioner causes the large use of electricity. 
This prompted the government to intervene by issuing the Minister of Energy and Mineral Resources 
Regulation No. 57 of 2017 regarding the provisions for labeling energy from air conditioning units 
that are marketed in general. To test the air conditioner unit requires a room called a psychrometric 
chamber which is an isolation room where the temperature and humidity can be controlled. Before 
use, the psychrometric chamber is needed to be tested first by analyzing the air loop using CFD, 
ensure the installation design is completed, and compare between the ideal condition (CFD) and 
actual condition (on the field). In this case, the object used is Universitas Indonesia’s indoor side of 
the psychrometric chamber, air conditioner 18,000 Btu/h split type, and other supporting components. 
The method used is air enthalpy based on SNI ISO 5151 regulation by measuring, modeling, 
installing, simulating, and compare temperature and air velocity data between CFD as ideal condition 
and actual psychrometric chamber. The result shows that the temperature difference at the AHU inlet 
is 4.7 ℃, the AC inlet is 2.9 ℃, the air velocity difference at the AHU inlet is 2.8 m/s, AC inlet is 
2.6 m/s, and indoor air loop systems side installation is completed. 

 
Keywords: Air Conditioner, Air Handling Unit, Air Loop, Computational Fluid Dynamics, 

Psychrometric Chamber 
 

1.  Introduction  
Indonesia is a tropical country because it is located on 

the equator of the world. This makes the temperature 
conditions in Indonesia quite warm, which is in the range 
of 24°C – 32°C with a humidity of 60% - 95%, resulting 
in many areas, especially in big cities, using air 
conditioning or air conditioning in the room to maintain 
the temperature and stay comfortable1,2). Comfortable 
environment has a great impact on people’s productivity 
and health 3,4).The use of this massive air conditioner 
causes the use of electricity2,5,6). According to data from 
the Ministry of Energy and Mineral Resources in 2017, 
electricity usage reached 1,012 kWh per capita. Most of 
air conditioning are being used by commercial and 
residential area7–9). The amount on energy used for 
heating, ventilation, and air conditioning (HVAC in a 
commercial building is reported to be approximately 
almost 50% of their total energy consumption10–12). 
According to the trend in electricity consumption that 
continues to rise can have an impact on global 
warming13,14). Furthermore, the government issued a 
Minister of Energy and Mineral Resources Regulation No. 
57 of 2017 through the Ministry of Energy and Mineral 

Resources, which adopted the international standard JATL 
and SNI ISO 515115,16). The contents of this regulation that 
the Indonesian government explains the application of 
minimum energy performance standards and the inclusion 
of energy-saving labels for air conditioning devices. 
Because of the regulations, the existing air conditioning 
units are soon to be replaced by new and more efficient 
systems17). New and efficient systems would be an action 
to reduce the global warming potential. 

To support these regulations in implementing efficient 
and energy-efficient energy conversion in air conditioning 
devices. The psychrometric chamber itself is an AC 
testing tool to conform to predetermined standards. To 
support temperature and humidity conditioning, the 
installation of a psychrometric chamber requires several 
components including an air handling unit that works to 
regulate air and air temperatures, nozzles, and box nozzles 
as a place for air to flow to take its characteristics, and a 
perforated ceiling that circulates air evenly into the 
room6,18,19). In order to analyze the flow visualization 
inside the psychrometric chamber, Computational Fluid 
Dynamics (CFD) is usually used. Most of the current 
studies are based on CFD and based on Reynolds-
averaged Navier-Stokes (RANS) equations with an eddy 

- 465 -



EVERGREEN Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 09, Issue 02, pp465-469, June 2022 

 
viscosity turbulence model 20–22) or large eddy simulation 
(LES) techniques23,24). It’s a challenge to simulate the 
indoor environment. This study aims to obtain the analysis 
of air distribution from the actual conditions in the air 
circulation (air loop) psychrometric chamber simulation 
of ideal conditions using Computational Fluid Dynamics 
calculations. 

 
2.  Methodology 

The study is based on Minister of Energy and Mineral 
Resources Regulation No. 57 of 2017 that using SNI ISO 
5151 as standard in order how to make a psychrometric 
chamber, according to SNI ISO 5151 states that the indoor 
side of the chamber should be maintained at 27°C. The Air 
Enthalpy method is a way to test the dynamic performance 
of an air conditioner by calculating the enthalpy and 
circulating air volume on the inlet and outlet sides of the 
AC25). Enthalpy is measured by measuring the 
temperature of the dry-bulb and wet-bulb26). The room 
was set with the AHU outlet with a temperature of 27℃ 
and the maximum AC outlet at 16℃ and when the AC was 
not running at a maximum temperature of 25℃ to see the 
performance of the AHU when maintaining the room 
temperature at 27℃ according to the regulations of the 
SNI ISO 5151 test room conditions. 

In order to analyze the air loop system in the chamber, 
it needed to make a CAD modeling that consists of an air 
handling unit, nozzle box, perforated ceiling, and other 
supporting parts. After everything got assembled it needed 
to be converted to a cavity feature so that the CFD can 
simulate only the air as the fluid part. After the model 
successfully opened in the CFD program the next step are 
doing name selection and mesh independence.  

Mesh independence is needed to determine how many 
meshes is the best for the model, in this study there are 6 
variation of mesh independency that variate the general 
sizing and mesh body sizing on the perforated ceiling 
model, the general mesh size of 0.07 and body size mesh 
of 0.007 with the total of mesh element of 945,748 is 
determined as the best mesh of this model because 
showing the most convergence result compare the other 5 
variations. The Grid Convergence Index calculation was 
carried to define the best and efficient mesh size used in 
this simulation27). Porous zone mode should be turned on 
in the perforated ceiling model so CFD can simulate the 
airflow through the model, air velocity set on 2 m/s with  
27°C temperature on the AHU outlet as ideal condition 
and 24.8°C as actual condition based on the real data, 
nozzle box outlet set with 18°C temperature, air velocity 
on 1 m/s as ideal condition and 2.5 m/s  as an actual 
condition28,29). Data on the actual condition of the 
psychrometric chamber is being collected with 2 
variations on the AC outlet, the first one is by setting the 
AC outlet at 16°C as maximum AC performance and 25°C 
in order to see how well the air handling unit maintained 
the air temperature at 27°C. On the models’ tab set 
multiphase (volume of fluid), energy (on), viscous (k-

epsilon, standard).  

(a) 

(b) 
Fig. 1: (a) Indoor Room Model, Side View; (b) Indoor Room 

Model, Isometric View 
 

In boundary conditions, the interior-perforated ceiling 
type was set from the wall to porous-jump so that ANSYS 
can simulate the impact of air when passing through the 
perforated ceiling. Porous-jump needs to be turned on 
when the model is in solid form without any holes, this is 
done to make CFD calculations easier 30). Figure 1 shows 
the geometry of the indoor room of the psychrometric 
chamber. 

 
3.  Results and Discussion 

After getting the simulation results with CFD 
calculations and experimental results to see differences in 
air velocity and temperature values in the psychrometric 
chamber, a comparison of data collection conditions 
(TABLE 1) and locations that can be compared; The AHU 
outlet as the variable that is regulated can be seen in 
TABLE 2 and the AHU inlet and indoor air unit inlet as 
the air sample taken can be seen in TABLE 3 and 4. 
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Table 1. Data comparison condition 

Name Condition Comparison 
  Temperatur

e 
Velocit

y 

CFD I 
Steady, 

Ideal 
Simulation 

✓ - 

CFD 
II 

Steady, 
Actual 
Simulation 

- ✓ 

Actua
l I 

Average, 
Experimenta
l 

✓ - 

Actua
l II 

Average, 
Experimenta
l 

- ✓ 

 
Table 2. AHU outlet data comparison 

Outlet AHU 
Temperature (℃) Velocity (m/s) 
CF

D I 
Actua

l I 
Actua

l II 
CF

D II 
Actua

l I 
Actua

l II 
27 24.8 26.0 3 3 3.0 

 
Table 3. AC inlet data comparison 

Inlet AC 
Temperature (℃) Velocity (m/s) 
CFD I Actual I Actual II CFD II 
26.8 23.9 0.7 3.3 

 
Table 4. Air Handling Unit data comparison 

Inlet AC 
Temperature (℃) Velocity (m/s) 
CFD I Actual I Actual II CFD II 
26.8 22.1 1.1 3.9 

 
For comparing temperature use the “CFD I” and 

“Actual I” data and for air velocity use “CFD II” and 
“Actual II” data. As seen in the comparison data in table 
1-4, the CFD simulation and actual data shows differences 
value at temperature and air velocity. 

Fig. 2: Temperature contour 

 
Figure 2 shows the temperature contour on the indoor 

side of the chamber, it shows that the temperature comes 
out from the nozzle box and goes directly to the room. 
Figure 3 shows that the porous zone on the ceiling area of 
the room was holding the air velocity in the room. 
Furthermore, the 0 Pa pressure at the inlet resulted in 
pressure differences between the room and the air 
handling unit, resulted in the air movement from the 
plenum and directly to the air handling unit inlet section. 

 

 
Fig. 3: Velocity streamline 

 
3.  Conclusion 

In this study, a psychrometric chamber is designed and 
developed to test energy performance of a split air 
conditioner. The air loop inside the chamber was analyzed 
using CFD before actual installation. The simulated model 
compares between the ideal condition (CFD) and actual 
condition on the field. The chamber uses air enthalpy 
method which is based on SNI ISO 5151. The study 
includes measurement, modeling and simulation, 
installation and comparison of temperature and air 
velocity data between CFD simulation as ideal condition 
and actual psychrometric chamber. The result shows that 
the temperature difference at the AHU inlet is 4.7 ℃, the 
AC inlet is 2.9 ℃, the air velocity difference at the AHU 
inlet is 2.8 m/s, AC inlet is 2.6 m/s, and the installation of 
indoor air loop systems side is completed. 
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Nomenclature 

AC 
AHU 
CAD 
CFD 
COP 
RANS 

Air conditioner (-) 
Air handling unit (-) 
Computer aided design (–) 
Computational fluid dynamics (-) 
Coefficient of performance (–) 
Reynolds-averaged Navier-Stokes (-) 
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