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Dedicated outdoor air systems (DOAS) are used to supply treated outdoor air to a 

cooled space. This paper focuses on a DOAS and its application in tropical 

climate. This DOAS is equipped with a desiccant coated Enthalpy Wheel (EW), a 

dehumidifying cooling coil (CC), and a sensible heat wheel (SW). A mathematical 

model was developed using the governing equations and validated with a TRNSYS 

simulation and experimental data with a coefficient of determination of 0.88 and 

0.92, respectively. Simulations using the validated model showed that the DOAS 

configuration was applicable for the tested tropical climatic conditions. Further 

investigations showed that a maximum change in temperature with respect to 

rotational speed of SW achieved was 2.44°C, and maximum change in humidity 

ratio with respect to rotational speed of EW achieved was 0.38%. Also, CC 

showed a maximum change in temperature of 14.69°C and humidity ratio of 

8.35% with respect to chilled water flow rate. Likewise, Air flow rate also showed 

change in temperature and humidity ratio of the supplied air. 
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1 1. INTRODUCTION 

Climatic conditions in tropical regions could be hot and 

humid, hence air-conditioning contributes to a high 

portion of the total energy consumed. Although 

maintaining a suitable temperature and relative humidity 

is necessary, it is vital not to compromise the indoor air 

quality (IAQ) while doing so. With the increase of 

outdoor air (OA) requirements for buildings by 62-1989 

ASHRAE standards, dedicated outdoor air system 

(DOAS) developments have significantly increased [1]. 

Realizing the importance of IAQ, many problems were 

highlighted in the conventional cooling systems, and 

decoupled systems were proposed [2]-[8]. They were 

proposed either as ventilation air and space air cooling 

system, or sensible and latent cooling system.  
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 Various DOAS configurations are now available, 

and some are equipped with rotary heat exchangers. In a 

rotary heat exchanger, two parallel streams of (cross-

flowing) air is passed through two halves of a porous 

rotating media. Characteristics of this media allows heat 

(and in some cases mass) to be exchanged between the 

two air streams. As such, a sensible heat exchanger 

wheel (SW) allows the exchange of heat only, while a 

desiccant coated wheel allows the exchange of mass 

(moisture). Then there is an enthalpy heat exchanger 

wheel (EW), which is a desiccant coated wheel that 

allows both heat and mass transfer. In addition to the 

rotary heat exchangers, equipment such as cooling coils 

(CC), run around coils, and heat pumps are also used 

within the DOAS assembly to improve the performance 

of the system such as to achieve a higher 

dehumidification. 

 Literatures show studies of various DOAS 

assemblies. Energy consumption of a DOAS equipped 

with a rotary desiccant wheel, heater and heat recovery 

wheel was simulated in China [9]. The study concludes 

that use of solar energy to heat yields the lowest energy 

consumption but may be not be the best economical 

choice due to the initial cost. Natural gas for heating was 

concluded to be a better choice than using electrical 

heater. 

 Multiple DOAS configurations with rotary heat 

exchangers and cooling coils (CC) have been modelled 

in TRNSYS and simulated for the tropical climate of 

Thailand [10]. The study concludes that a configuration 

of EW, SW, and run around coil around the CC shows 

the lowest energy consumption with a possible 19-24% 

reduction in total cooling load. Similar configuration 

was studied for the climatic condition of Singapore [11]. 

In this case, EW, CC, and a passive dehumidification 
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component was used instead of the SW. This 

experimental investigation concluded that up to 30% of 

total cooling load could be delivered by the energy 

recovery wheels. 
 DOAS with SW, CC and EW equipped with dual 

wheel control system have also been studied and 

concluded to be the best option for all weather 

conditions [12]. That is, with the use of deep cooling 

coil for extreme weather conditions. Humidity and dry 

bulb temperature of the supplied air were controlled by 

varying the speed of EW and SW, respectively. A 

retrofitting simulation study to provide 100% fresh air 

into Intensive Care units to an existing hospital building 

in Egypt shows 87.50% savings in power consumption 

in winter and 13.53% savings in power consumption in 

summer [13]. In this study, like the previous study, 

relative humidity was controlled by the rotation speed of 

EW, and dry bulb temperature was controlled by the 

speed of SW.  

 In this paper, a DOAS configuration with CC, SW, 

and an EW was used. Objective of the study was to 

examine the effects of supplied ventilation air under the 

tropical climatic conditions of Thailand, by individually 

varying the rotational speed of SW and EW, by varying 

chilled water flow in the CC, and by varying the rate of 

supplied and exhausted air. Furthermore, to confirm that 

this DOAS configuration is a suitable model to provide 

outdoor air in the tropical climate and that the variable 

parameters studied can be used as controls to vary the 

condition of the supplied air. To do so, a mathematical 

model was developed for CC, SW, and EW using the 

governing equations and simulations were carried out 

using MATLAB. This approach was taken because 

generally available simulation software’s are limited 

when it comes to varying operational parameters (such 

as rotation speed of the wheel). Validation of the model 

was done by comparing simulated results with 

simulation carried out using TRNSYS and with 

experimental data. Results showed that the configuration 

was suitable for tropical climatic conditions. Moreover, 

controlled operating parameters allowed to control the 

condition of air supplied to a certain degree. 

1.1 DOAS Configuration 

DOAS configuration used in this study comprises of an 

EW, a CC, and a SW. On the supply side (refer to Figure 

1) outdoor air (at ambient condition) enters the EW, 

where air gets cooled and dehumidified by the enthalpy 

recovered from the return side. Then it passes through 

CC where the air undergoes further cooling and 

dehumidification. Finally, air then undergoes reheating 

by the heat recovered from the return side as it passes 

through the SW. On the return side, the air leaving the 

room passes through the SW and then the EW before it 

leaves the system. 

 

 
Fig. 1. DOAS configuration. 

 

2.  MATHEMATICAL MODELLING OF THE 

SYSTEM 

Rotary heat exchangers (SW, and EW) were modelled 

based on the governing equations derived by Al-Ghamdi 

[14]. For the SW, assuming only heat transfer takes 

place at this, the derived governing equations for the 

flow region and for the matrix region by energy balance 

was given by Equation 1 and 2. 
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where: 

vA  : Geometrical surface volume ratio (m2.m-3) 

gCp  : Specific heat capacity of air (J.kg-1.K-1)  

mCp  : Specific heat capacity of wheel (J.kg-1.K-1) 

HTh  : Convective heat transfer coefficient  

(W.m-2.K-1)  

mK  : Thermal conductivity of the matrix  

(W.m-1.K-1) 

gT  : Temperature of air (K)  

mT  : Temperature of wheel (K)  

t  : Time steps (s) 

gU  : Superficial mean gas velocity (m.s-1)  

x  : Space steps (m)  

  : Porosity of the matrix  

g  : Density of air (kg.m-3) 

m  : Density of the wheel (kg.m-3) 
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 As for the EW, since both heat and mass transfer 

take place at it, governing equations were derived using 

energy balance and mass balance. For the flow region, 

energy balance yielded Equation 3 and by mass balance 

of water vapor in the fluid region yielded Equation 4. 

Equation 5 and 6 was expressed for the humidity ratio in 

equilibrium with the matrix using air psychrometry and 

desiccant isotherm relationships [15]-[18]. 0T  is the 

temperature at which the isotherm for the descant was 

defined at, and *h  is defined as the ratio of differential 

heat of adsorption and specific heat of vaporization. 

Effect of condensation was not considered for the EW 

model since the model was to be used to simulate using 

tropical weather conditions which only requires cooling. 

For the Matrix region, energy balance yielded Equation 

7, and by mass balance yielded Equation 8. 

 CC model used in this paper, was adopted from a 

model developed by Chirarattananon [19] based on 

cooling coil calculations presented in HVAC Systems 

and Equipment in ASHRAE 2005 [20]. The model first 

estimates the heat transfer in the cooling coil based on 

the input conditions of the air and refrigerant and 

physical parameters of the CC. Then depending on the 

psychrometric conditions of air and refrigerant, the 

position, and the condition of the air at point where the 

dry section and the wet section is divided was estimated, 

followed by the heat transfer and area of the wet are dry 

section. Sum of the areas of wet and dry section areas 

were compared with the total area of the coil to be 

iterated until the areas were in an acceptable range. 
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where: 

adh  : Enthalpy of dry air (J.kg-1) 

MTh  : Mass transfer coefficient (kg.s-1.m-1) 

lwh  : Enthalpy of water (J.kg-1) 

vaph  : Heat of vaporization (J.kg-1) 

*h  : Ratio of differential heat of adsorption and 

specific heat of vaporization 
*h  : Ratio of differential heat of adsorption and 

specific heat of vaporization 

atmP  : Atmospheric pressure (kPa)  

wvsP  : Saturation vapor pressure (kPa) 

R  : Separation factor defining the isotherm shape 

s  : Relative Humidity (%) 

da  : Density of dry air (kg.m-3) 

ds  : Density of the desiccant (kg.m-3) 

g  : Humidity ratio of moist air (kgwv.kgda
-1) 

s  : Humidity ratio in equilibrium with matrix 

surface (kgwv.kgda
-1) 

m  : Moisture content of the desiccant (kgwv.kgdm
-1) 

max

 

: Loading of desiccant at 100% relative 

humidity (kgwv.kgdm
-1) 

 

 The major assumptions of the model included that 

the wheel matrix was homogenous in terms of porosity 

and solid structure. Exhaust and supply streams were 

well divided, with no intermixing. Pressure drop in the 

axial flow direction was negligible compared to total 

pressure in the system and effects of pressure drop on 

the thermodynamic properties of air mixture was also 

negligible. Lastly, heat and mass transfer coefficients 

were constant for supply and exhaust period. Calibration 

process showed that the output of the model highly 

depended on the thickness and the diameter of the 

wheel. Therefore, calibration of the model was done by 

adjusting the diameter and the thickness of the wheel. 

2.1 Solving the System of Equations 

Finite difference equations (FDE) were expressed for 

Equations 1 to 8. For the SW, the system of equations 

expressed in FDE form were linear, while FDE 

expressed for the system of equations of EW were non-

linear. Backward finite difference expressions were used 

to express the FDEs for higher stability of the numerical 

calculations. 

 For the linear set of equations (ie. Equations 1 and 

2), unknowns gT and mT at every point were solved by 

treating the system of equations as a set of simultaneous 

equations. As for the non-linear set of equations (ie. 

Equations 1, 3 to 8), the non-linearity arises because the 

present time step unknowns m , s , g , gT , and mT  

were also functions of mT and m . Assuming the mT  

and m  for the dependent functions to be the same 

value as that of the previous time step, the system of the 

equations were solved as a system of linear equations. 

The assumed mT  and m  was substituted with the 

calculated values, and the iterations were repeated until 

both sets converge. For both wheels, space steps of the 

FDE were a function of the depth of the wheel, and time 

steps was a function of the rotational speed (RPM) of 

the wheel. Hence the performance of the wheel (and the 
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system) was well represented by changes in RPM of the 

individual wheels. The numerical scheme grid was 

represented by space steps along the x-axis, and the time 

steps along the y-axis. Solutions of the overall grid was 

with a sweep along the x-direction and then moving to 

the next time step. MATLAB was used to solve to this 

numerical model, therefore from here onwards, this 

model will be referred to as MATLAB model in the 

following sections. 

 Figure 2 shows the flow chart of the fully 

assembled DOAS model. Since the wheel is in a 

rotational motion, at any given time, the wheel is 

interacting with the supply side air on one side, and the 

exhaust air on the other side. That is, each point of the 

wheel remains on the supply (exhaust) side for one half 

of the rotational period, and the exhaust (supply) side for 

the next half of the rotational period. Therefore, both 

supply and exhaust side were solved simultaneously 

before advancing in rotational time.  

 Initial conditions of the wheel at the supply side 

were the final conditions of the wheel at the exhaust side 

of the previous half cycle and vice versa. As for the 

boundary conditions, at the entrance of the wheel, 

condition of the fluid region and the matrix for the 

supply side was the condition of ambient air at the 

supply side. For the exhaust side, the condition of the air 

at the room was boundary condition. After each 

complete cycle, effectiveness (  ) was calculated by 

using Equation 9. In the equation, m  is the mass 

flowrate of air and the Condition depends on the 

effectiveness that is being calculated. Temperature was 

the condition for sensible effectiveness, humidity ratio 

was the condition for latent effectiveness, and enthalpy 

was the condition for total effectiveness. Effectiveness 

values of the completed cycles were compared after 

each complete wheel cycle to check if the wheel has 

attained equilibrium and to progress to the next cycle. 

( )
( )

( )
( )

supply air in supply air out

supply air in return air in
max

g

g

mCp Condition Condition

mCp Condition Condition


− − − −

− − − −

−
=

−

 
(9) 

 With the description of the individual models, and 

the solution methodology, next step was to solve the 

fully assembled system as illustrated in Figure 2. 

Starting from the enthalpy wheel, using ambient 

condition ( AmbientConditionAir ) as the condition of air 

entering at the supply side, and assuming condition of 

the room or cooled space ( RoomConditionAir ) to be the 

entry condition of air at the return  side ( air return inEW − − ), 

condition of the supply side output of EW was evaluated 

using the EW model. This would become the condition 

of air entering the CC, therefor using this, the condition 

of air leaving the CC was evaluated. Next was to solve 

the SW output, this was evaluated using the CC output 

as the SW supply side input, and RoomConditionAir  as the 

return side input. After this step, the initial assumption 

of air return inEW − −  was compared with air return outSW − − . If 

the values were not within an acceptable range, the 

calculations were repeated starting from EW model. 

This time the air return inEW − −  was the air return outSW − −  

calculated in the previous step. This iteration was 

repeated until assumed air return inEW − −   was equal to the 

calculated air return outSW − − . 

 

 

Fig. 2. Flow chart of fully configured DOAS (EW-CC-SW) model. 
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3.  TRYNSYS MODELING 

Above DOAS configuration was modelled in TRNSYS 

18 to compare with the mathematical model. In this part, 

the comparison was done with fixed operating wheel 

speed. Components used in the TRNSYS model have 

been listed in Table 1, and Figure 3 shows the TRNSYS 

model. Even though in an actual scenario, condition of 

the room will not be maintained in the above said 

conditions, purpose of this comparison was to see how 

well the model agrees to a well-known simulation model 

such as TRNSYS. Hence, a control volume was selected 

around the DOAS which includes an EW, SW and CC 

within the control volume. System parameters and 

properties were fixed, and the inputs to the control 

volume were the conditions of the ambient air entering 

at the supply side, and the conditions of the air entering 

to the system at the return side. For this part, both 

models were simulated keeping the conditions of the 

return air from the room constant at 25°C and relative 

humidity at 50%, while TRNSYS weather data (TH-

Bangkok-484550) was used as condition of ambient air 

entering from the supply side. Psychrometric conditions 

of the ambient air in this weather data file were shown in 

Figure 5. 

 
Table 1. TRNSYS Components used in the model. 

Component Component Type 

Enthalpy Wheel Type667 

Cooling Coil Type52b 

Sensible wheel Type760 

 

 

 
Fig. 3. TRNSYS model of DOAS. 

 

4.  EXPERIMENTAL SETUP 

Experimental setup of the DOAS system was made at 

Bangkunthian Campus of King Mongkut’s University of 

Technology Thonburi, which was located at Bangkok, 

Thailand. Figure 4 shows the practical system which 

was equipped with EW, CC and SW, and sizing of the 

components is given in Table 2. Table 3 shows the 

details of the measurement devices used for data 

collection. 

 
Table 2. Details of the heat exchanger wheels and cooling 

coil. 

Component Valve Unit 

Diameter of the wheels 500 mm 

Depth of the wheels 295 mm 

Cooling coil (length, height, depth) 890, 400, 

164 

mm 

Number of tubes in the cooling coil 6 Nos 

Number of passes in the cooling coil 12 Nos 

 

 Wheels were made from aluminum foil in a 

honeycomb structure, and the enthalpy wheel was 

coated with molecular sieve3A desiccant coating. Bry-

Air wheel (model HRW500-MS200) were trimmed to 

the desired diameter given in Table 2 and used in a 

Career enclosure. The wheels and the blowers were 

equipped with variable speed drives. The same physical 

parameters were used in the MATLAB and TRNSYS 

model. During the experiment, conditions of the room 

were varied using exhaust heat from a portable air 

conditioner, and by boiling water in the room to get 

different sensible and latent loads in the room. 

 Experimented data was collected by varying 

chilled water flow to the CC, varying the RPM of the 

wheels individually, and varying the air flow rate. Since 

air supplied into the DOAS was the ambient air and the 

air exhausted into the DOAS was the air from the room, 

the system was subjected to varying conditions of air 

due to the weather. In addition to the weather conditions, 

and manually adjusted operating parameters mentioned 
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earlier, the system required roughly 30 to 45 minutes to 

reach steady state upon changing an operating 

parameter. The systems condition and ability to achieve 

steady was monitored live by checking the effectiveness 

(using Equation 9) of the of the system every minute. 

For the full system operation, sensors were placed at the 

air ducts instead of the chambers (supply chamber 

between EW and CC, supply chamber between CC and 

SW, exhaust chamber between SW and EW… etc.) 

because the conducted position sensitivity tests showed 

high variance in measured data within chambers due to 

the turbulent condition of the flow within. Experimental 

data also showed that supply air gained heat from the 

blower located in the supply blower chamber resulting 

in a 0.23℃ to 0.42℃ rise in air temperature depending 

on the air flow rate. 

 

 

 

(a) 
 

 

(b) 

Fig. 4. (a) Sectional view of DOAS and (b) DOAS setup. 

 

 

 

 

http://www.rericjournal.ait.ac.th/


Ibrahim F., et al. / International Energy Journal 21 (September 2021) 401 – 414       

www.rericjournal.ait.ac.th  

407 

Table 3. Sensors equipment’s used for data recording. 

Item Description 

Model: CTV 110 

KIMO instruments  

Measures temperature and velocity of air 

Temperature measuring with an uncertainty of ±0.25°C, and velocity 

measurement with an uncertainty of ±0.05 ms-1 

Model: 210-R 

KIMO instruments 

Measuring humidity and temperature 

Temperature measuring with an uncertainty of ±0.25°C, and humidity 

measurement with an uncertainty of ±1.50 % RH 

Model: FT440, with S-Series 

Low Flow meter 

Seametrics 

For flow rate and total indicating of chilled water 

Model: IN 520 

LUMASENSE Technologies 
IMPAC infrared thermometer  

 

5.  VALIDATION OF THE MODEL 

With a mathematical model being developed, the model 

was validated before making any analysis using the 

model. Figure 5 shows the three set of weather data that 

was used in this paper. One set was the weather data 

obtained during the experiment which was during the 

daytime between July to September of 2018. This set 

was used to compare the MATLAB model with 

experimental data (Figure 6). Second set of weather data 

was from TRNSYS (TH-Bangkok-484550). This data 

set was used to compare the MATLAB model with 

TRNSYS model (Figure 7). The wider range of data 

available in this set of TRNSYS helped to further 

validate the MATLAB model and its adaptability to a 

full range of tropical climate. In addition to this, another 

set of data was used which includes four points selected 

from full year weather data recorded at the weather 

station in Asian Institute of Technology, Thailand in 

2013. These selected points were marked on Figure 5 

with details give in Table 4. 

 
Table 4. Selected points from 2013 weather data of 

Bangkok. 

Date Time Temperature (℃) RH (%) 

15-Jan-13 12:10 23.54 95.40 

1-Mar-13 15:20 35.83 55.04 

26-Mar-13 12:55 37.49 27.53 

18-Dec-13 12:20 19.30 97.00 

 

 
Fig. 5. Psychometric conditions of the air in TRNSYS eather data. 

  

 Figure 6 shows total effectiveness of MATLAB 

model compared with measured experimental data. Data 

in Figure 6 encompasses recorded data with; RPM of the 

individual wheels varied from 1 to 25 RPM, CC water 

flow rate varied from 0.1 to 0.6 lps, and air flow rate 

varied from 300 to 400 cubic meter per hour (CMH).  

 Propagated error, based on the uncertainties of the 

measuring devices used, and the governing equations for 

the total effectiveness was calculated to be within 

±1.37%. Coefficient of determination ( 2R ) was 

calculated using Equation 9 to both outputs. In the 

equation, X  was either total effectiveness from the 
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experiment or TRNSYS model, and Y  was total 

effectiveness from the MATLAB model. 

( )( )
( )

2

2 1 i i

X Y

X X Y Y
R

N  
=

 − −  
    

 

  (10) 

Figure 6 shows that the data points lie along y=x 

line, and the 2R  of two data sets were 0.88. Hence, 

MATLAB model was in good agreement with the 

experimental data. Do note that the total effectiveness is 

higher than 1 because in addition to the heat recovered 

by the wheels, there is heat removed from the system by 

the CC. Similarly, Figure 7 shows that the MATLAB 

model was in good agreement with TRNSYS with an 
2R  of 0.92. Also note that the span along y=x line is 

larger for this figure because, one full year’s weather 

data was used in this case. Hence, 2R  values, 

considering the percentage propagated error shows that 

the model is in good agreement with the TRYNSYs 

model and experimental values. 

 

 
Fig. 6. MATLAB model compared with experimental data. 

 

 
Fig. 7. MATLAB model compared with TRNSYS model. 

 

6.  SIMULATION RESULTS AND DISCUSSION 

From here onwards, four selected weather conditions (in 

Table 4) were used to study how the system reacts to 

different operating conditions. As the condition of air 

exiting the DOAS from the supply side depends on the 

condition of air being vented out from the exhaust side 

(condition of air leaving the room), it was necessary that 

the exhaust air from the room be fixed to study the 

effects of varying other parameters. Hence, condition of 

the air entering to the exhaust side of the DOAS was 

kept at 25℃ temperature and 50% relative humidity 

(9g.kg-1 humidity ratio). 

 Path taken by the supply side air at each position 

within the DOAS was illustrated on a psychrometric 

chart in Figure 8. S1 is the ambient condition of air 

entering the DOAS, and S2, S3, and S4 are the exit 

condition of air from the EW, exit condition of air from 

the CC, and the condition of air entering supplied to the 

room after it exits SW respectively. Note that all the 

operating parameters were kept constant for the current 

simulation. Results show that, for four selected weather 

http://www.rericjournal.ait.ac.th/


Ibrahim F., et al. / International Energy Journal 21 (September 2021) 401 – 414       

www.rericjournal.ait.ac.th  

409 

conditions, the system was able to supply the ventilation 

air between 23.90 - 24.50℃ of temperature, and 8.80 - 

11.60 g.kg-1 humidity ratio. 

Next approach was to study how the system was 

able to vary the condition of the supply air by varying 

the operating parameters of DOAS. Three scenarios 

were simulated in this approach. First was to vary the 

RPM of the EW. Figure 9 shows how the temperature 

and humidity ratio of the air supplied into the room 

varies with the RPM of EW. For all selected days, 

temperature and humidity ratio decreases with the 

increase in RPM. Gradient of the slope also decreases 

with the increase in RPM. For the selected condition 3, 

at beginning starting from 0, a rise in temperature and 

humidity ratio was observed. Upon closer analysis, it 

was noticed that this rise was because at lower EW 

RPMs, supply air was undergoing cooling and 

humidification. This process changes to cooling and 

dehumidification between 4 and 5 RPM. S1–S2a and 

S1–S2b in Figure 8 is psychrometric process air 

undergoes in EW at different RPMs where RPM of S1-

S2 < S1-S2a < S1-S2b. Table 5 shows the gradient of 

the slopes (average for all the selected conditions) in 

Figure 9 step wise. It should also be noted that the effect 

of EW RPM becomes almost negligible beyond 15 

RPM. 

 

 
Fig. 8. System behavior for the 4 selected conditions of the year. 

 

 

 

Fig. 9. Effect on temperature and humidity ratio of the supply air due to EW RPM. 

 

Figure 10 shows the effect of varying the RPM of 

SW. At lower RPMs, there was an increase in the 

temperature with the increase of RPM, which becomes 

steady with the rise of RPM. No effect on humidity ratio 

was noticed with the increase of SW RPM. As for the 

effect of temperature and humidity ratio of supply air by 

the flow rate, temperature of air decreases with the 

increase in air flow rate, while humidity ratio of supply 
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air increases with the increase of RPM. Table 6 shows 

the gradient of the slopes in Figure 10. The effect of SW 

RPM was almost negligible beyond 10 RPM. 

 

Table 5. Change in temperature and humidity ratio with respect to EW rpm. 

 EW RPM ranges 

 0 - 2.5 2.5 - 5 5 - 7.5 7.5 – 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

𝑑𝑇𝑔
𝑑𝑅𝑃𝑀
⁄  -0.013 -0.050 -0.037 -0.020 -0.012 -0.008 -0.006 -0.004 

𝑑𝜔𝑔
𝑑𝑅𝑃𝑀
⁄  -0.375 -0.440 -0.304 -0.151 -0.077 -0.048 -0.030 -0.024 

 

 

Table 6. Change in temperature and humidity ratio with respect to SW rpm. 

 SW RPM ranges 

 0 - 2.5 2.5 - 5 5 - 7.5 7.5 - 10 10 - 12.5 12.5 - 15 15 - 17.5 17.5 - 20 

𝑑𝑇𝑔
𝑑𝑅𝑃𝑀
⁄  2.437 0.680 0.130 0.055 0.037 0.017 0.015 0.012 

𝑑𝜔𝑔
𝑑𝑅𝑃𝑀
⁄  0.001 -0.004 -0.002 0.001 -0.001 0.000 -0.001 0.001 

 

 

 

Fig. 10. Effect on temperature and humidity ratio of the supply air due to SW RPM. 

 

Similar effect as the EW RPM was noticed by 

varying the chilled water flow rate of the CC as 

illustrated in Figure 11 and Table 7. The effect on the 

output temperature was higher than effect on humidity 

ratio, and the impact of flow rate becomes negligible 

beyond 0.2 lps. Lastly, Figure 12 shows the effect of 

varying the air flowrate on the temperature and humidity 

ratio of the supply air. With the increase in air flowrate, 

temperature of the supply air decreases, while humidity 

ratio of the supply air increases. The average slopes 

were -8.0×10-4 ℃.m-3.h and 6.6×10-3 g.kg-1.m-3.h for 

gdT

daflow
 and gd

daflow

  respectively. Unlike other 

controlling parameters, effect of air flow rate on the 

temperature was the opposite of that on the humidity 

ratio. However, this control might be beneficial to 

provide outdoor air for a multipurpose functional space 

where the recommended air changes per hour might 

vary depending on the function of the space. Since the 

slopes are in opposite directions, a change airflow rate 

might need to be supplemented by another control 

measure discussed earlier. 
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Table 7. Change in temperature and humidity ratio with respect to CC water flow rate. 

 CC water flow rate ranges 

 0 - 0.1 0.1 - 0.2 0.2 - 0.3 0.3 - 0.4 0.4- 0.5 0.5 - 0.6 

𝑑𝑇𝑔
𝑑𝑤𝑓𝑙𝑜𝑤⁄  -14.699 -0.185 -0.070 -0.027 -0.023 -0.013 

𝑑𝜔𝑔
𝑑𝑤𝑓𝑙𝑜𝑤⁄  -8.350 -1.357 -0.438 -0.220 -0.147 -0.095 

 

 

Fig. 11. Effect on temperature and humidity ratio of the supply air due to chilled water flow rate in CC. 

 

 

 

Fig. 12. Effect on temperature and humidity ratio of the supply air due to air flow rate.  
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Fig. 13. Effect of exhaust air condition on the supplied air. 

 

Final analysis of this study was to check the effect 

of the condition of exhaust air (which is in the room due 

to the cooling loads in the room) on the supply air 

treated by the DOAS. Assumption here was that the 

parallel cooling system was handling the sensible load in 

the space, hence keeping the air at 25℃. Figure 13 

shows the condition of the air supplied for the 4 selected 

conditions by varying the relative humidity of the 

exhaust air from 50% to 75% in steps of 5%. To 

simplify the discussion, humidity ratio has been used as 

axis labels instead of relative humidity. With the slopes 

rather constant, for any selected point (as marked with 

coordinates on Figure 13), humidity ratio of the supply 

air (on the secondary y-axis) was lower than humidity 

ratio of air at the exhaust air stream (on the x-axis). 

Therefore, a net effect to lower the moisture content in 

the space was there for all the selected conditions. This 

was indicative that the DOAS configuration was able to 

meet the latent load requirements under the tested 

weather conditions. 

 Overall results showed that wheel speeds can be 

modulated to change the condition of the supply air;  

- SW speeds can be modulated to control the 

temperature of the supplied air,  

- EW speed can be modulated to control the 

humidity ratio of the supplied air,  

- water flow in CC can also be used as control for 

temperature and humidity ratio of supplied air, and 

- air flow also can be used as a control but might 

have to be supplemented by another control.  

 Results were in agreement with [12], and the 

simulated results showed that the system with the 

controls can be used in the tropical climatic conditions.  

 Similar system was studied in a retrofitting 

approach to reduce the energy consumption in an 

Intensive Care Unit of an existing hospital building in 

Egypt [13]. The simulation study showed that the system 

could save up to 87.15% energy savings in winter, and 

13.53% energy savings in summer. As seen in this 

study, wheels at 0 RPM results in one condition of air 

supplied by the DOAS, the study also showed that the 

switching the wheels off was also an operating option 

which showed energy savings depending on the supply 

and exhaust air conditions. 

7.  CONCLUSION 

- Propagated error based on the uncertainties of the 

measuring devices were calculated to be within 

±1.37%, and the mathematical model (MATLAB 

model) was in good agreement with the 

experimental data (with an 2R =0.88) and 

TRNSYS simulation (with an 2R =0.92). 

- Simulated scenarios show that the tested DOAS 

configuration could be used in Tropical climate 

and system had the potential to meet latent load 

requirements.  

- RPM of SW could be used to control the dry bulb 

temperature of the supplied air and this 

investigation shows 2.44 as a highest change of 

dry bulb temperature with respect to RPM. Effect 

of SW RPM becomes almost negligible when it is 

higher than 10 RPM. 

- RPM of EW could be used to control the humidity 

ratio of the supplied air and this investigation 

shows 0.38 as a highest change in humidity ratio 

with respect to RPM. Effect of EW RPM becomes 

almost negligible when it is higher than 15 RPM. 

- Chilled water flow rate of CC could be used to 

control both dry bulb temperature and humidity 

ratio of the supplied air. This investigation shows 

14.70℃.lps-1 as a highest change in dry bulb 

temperature with respect to water flow rate, and 

8.35 g.kg-1.lps-1  as a highest change in humidity 

ratio with respect to water flow rate. 

- Air flow rate also have an effect on the dry 

bulb temperature and humidity ratio of supplied air 

but have be supplemented by other control 

parameters. Average change in dry bulb 

temperature with respect to air flow rate was -

8.0×10-4 ℃.m-3. h, and average change in humidity 
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ratio with respect to air flow rate was at 6.6×10-3 

g.kg-1.m-3. H. 
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