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Abstract 

 

ENHANCING INDIRECT / DIRECT EVAPORATIVE HEAT EXCHANGER  

IN DATA CENTER COOLING BY USING  

PHASE CHANGE MATERIAL 

by 

Ahmed Ali Abuklam, MS 

The University of Texas at Arlington, 2017 

Supervising Professor: Dereje Agonafer 

 Electrical usage in data center continues to grow and recent projection estimate 

that it contributes 2% in the electricity use in the U.S. One method of controlling the 

electrical usage during cooling is to reduce or eliminate mechanical cooling; however, 

using indirect/direct evaporative (IDE) cooling system is starting to be quite popular. IDE 

has limitations and in this paper, we will show how phase change material (PCM) can 

extend the cooling capacity of IDE. The PCM has been used for temperature control 

operations. Latent heat storage is one of the most efficient ways of storing thermal 

energy in PCM. The advantage of temperature difference during diurnal and nocturnal 

time is applied to charge and release the latent heat capacity of the PCM respectively. 

Unlike the sensible heat storage method, the latent heat storage method provides much 

higher storage density with a smaller temperature difference between storing and 

releasing thermal capacity. In this research, extending the temperature control range by 

utilizing PCM can increase the cooling energy of the IDE cooler and minimize its working 

hours. That can create an acceptable air supply condition in data center under arid or 

extreme climate.   
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1. Introduction  

Indirect / Direct evaporative (IDE) cooling system has a substantial role in cooling 

technology. The optimal efficiency and low capital cost of its operating have made it used 

successfully for many years under arid climate. The IDE cooling extended by PCM 

system was conducted for the south region of the United States. For more reliability and 

optimum control, the idea of changing the system’s geographic location has been 

introduced. Creating a system, that can endure the extreme weather condition, opens the 

opportunity to investigate and analyze the system performance. In order to improve IDE 

cooling system capability to run in different environment, enhancing the IDE cooling 

system by employing PCM. The Iraq location is chosen for this study because the Iraq 

has been considered one of the countries that has a sever climate (Farah Souayfanea, 

2016), so improving the IDE under this location will increase its cooling energy. In 

addition, the PCM can modify IDE by minimizing the direct evaporative heat exchanger 

working hours thereby reducing the amount of consumption water. Finally, rating and 

calculating the size of thermal storage system presented by using the PCM can have a 

positive effect on the IDE performance.        

 

 

 

2. Literature review   

       One of the main parameters in developing the utilization of the energies is storing it 

in a suitable form. Using a phase change material has been successful in multiple 

usages. Applications of PCM have several advantages by integrating it with temperature 



control systems or by combining it with other types of materials in order to improve the 

system performance, however choosing a PCM is not always valid, and it is affected by a 

few factors.     

    Phase change materials (PCMs) have been appealing a substantial interest. They 

possess a magnificent heat of fusion, and they can be used as latent heat storage and 

release units. They can be applied for thermal management of computers, electrical 

engines, solar power plants, and for thermal protection of electronic devices (B, M, & H, 

2003). Paraffin wax is considered the most prospective PCM among several materials, 

because of some of its attractive properties. Paraffin wax has large latent heat of fusion, 

limited super-cooling, low vapor pressure in the melt (Kazem**, 2015). 

       A considerable number of PCM is available in any desired temperature range. 

According to their chemical composition. “PCM can be categorized as organic 

compounds, inorganic compounds and eutectic mixtures” as Souayfane. et. al (Farah 

Souayfanea, 2016) reported, so every sets have its normal range of melting temperature 

and its range of melting enthalpy. The paraffin waxes, salt hydrates, fatty acids and 

eutectic organic/non-organic com-pounds are the most used since last 30 years (J. 

Ko´sny, 2015). 

       PCM can be utilized by forming it in different shape. Encapsulation is one of the most 

successful methods that carried out to the PCM. The encapsulation of the PCM has 

developed the attention in several researchers. The characteristics of PCM including its 

geometries, type of materials, and its compatibility were studied by Lane (G.A. Lane, 

1986). That information allows to gather better results and sufficient reliability for 

application of PCM. Phase changing processes from liquid to solid and verse versa for 

ball-shaped water items was performed empirically by Eames et al. (I.W. Eames, 2002), 



suggesting a practical mathematical model that is helping to detect the ice sphere’s 

weight at different time during fusion or solidification path. The same study can be 

applied to PCM, and calculating the thermal conductivity and specific heat capacity for 

both liquid and solid phase of PCM will be achieved.  

      In building application, using organic eutectic round shaped elements PCM was 

studied by Morikama et al. (Y. Morikama, 1985) with different concentration of water 

about (5-10%) and for PCM was (50-80%), so the developing of PCM and the medium 

fluid was useful to determine the time required for freezing and melting processes. 

Furthermore, the PCM can be Polymerized, and this treatment has been used in 

insulation purposes in industrial application or even in home usage (H. Inaba, 1997). The 

study offered another opportunity to reduce the energy consumption by utilizing the 

polymerized PCM in facility structure. For example, minimizing the air condition electric 

energy through involving the PCM with the walls of houses during summer or winter 

seasons in which these walls will separate the building from the outside environment. 

Additionally, the polymerized PCM has been given the interest of using it in clothing or 

bedding as insulation materials (I.O. Salyer, 1999).in similar subject, the studying of 

paraffin wax combined with high-density polyethylene (HDPE) without encapsulation was 

proposed by Lee. et al (C.H. Lee, 1998). The research was creating a new material that 

has a better storage energy ability and strong structure while the paraffin wax is in liquid 

form.        

        However, the application of PCM has many advantage aspects, PCM has also 

several invalid investigations. First, in a passive system, in which the system uses the 

natural temperature difference without incorporation of additional energy, the PCM 

depends completely on environmental temperature, and when the outside temperature 



does not fall under the PCM melting temperature, the PCM will not totally freeze (S. 

Takeda, 2004). That will affect negatively in the processing. Furthermore, Schossig. et al 

(P. Schossig, 2005) was suggesting to pre-cool The PCM before entering the recharging 

heat exchanger at night time during the Summer season by increasing the air flow rate. 

That leads to improve the heat transfer coefficient, but this method requires additional 

energy in order to get better cooling, then the system will maximize its electrical energy 

consumption. The high temperature in some areas considered unfavorable items for 

PCM to be employed. Moreover, climate condition is one of the most important factor that 

influences the PCM operation. Köppen-Geiger proposed a climate classification system. 

The system has five climate zones as A: equatorial, B: arid, C: warm temperate, D: snow 

and E: polar as shown in figure 1. Several studies were performed by examining the 

efficiency of PCM in different location. Ascion. at al (F. Ascione, 2014) was showing that 

using of PCM wallboard is more adequate in semi-arid climate than in hot or mild area. 

Another investigation occurred in Australia’s cities under variant climate by Alam. et al. 

(M. Alam, 2014), presenting the PCM is widely used in cold environment, but in hot and 

humid zones the PCM has limited advantages. Also the research described the possibility 

of the reducing energy consumption in mild and warm temperature. A research by 

Ramakrishnan et al. (Sayanthan Ramakrishnana*, 2016) discussed the effecting 

elements on micro-encapsulated PCM. the study was conducted in Melbourne during the 

heat wave period last days of January 2009. It has been resulted that the reduction in 

heat stress was significant at moderate weather condition while in sever climate the 

decreasing in temperature was not considerable because of trivial night cooling storage 

of PCM. Concluded from that PCM is much sufficient in law or normal temperature       

     The review of the literature shows the characteristics of PCM in different fields. On the 

other hand, there are several studies show many factors that should be examine when 



choosing the suitable PCM for thermal storage system. the latest research focuses on the 

location and the weather condition where the PCM can be used in. In this study, 

incorporation of paraffin wax PCM with vapor cycle system can be utilized in designing 

cooling equipment for data center.   

   

 

Figure 1- Koppen Map 

 

 

 

 



 

 

3. Methods and mathematical models 

3.1 location and weather condition   

    The study of examining the indirect/direct evaporative (IDE) cooling performance of 

data center room has been conducted under Baghdad, Iraq climate. Figure 2 shows the 

location of Baghdad in the middle east area. According to Koppen map (Farah 

Souayfanea, 2016), Baghdad is considered as zone A, a deserted climate, hot and dry 

during summer season while it is dry and cold in winter season. The research is mainly 

concentrated on the cooling months, that typically begin from month of May to August.  

                

 

Figure 2-Iraq location the study is conducted in Iraq located in middle east area 

 (Source: http://maps.google.com) 



According to the weathering data for Iraq location during the summer, the 

temperature fluctuations of July and August are higher than other months. The extreme 

condition occurred during the period from mid of July to the first week of August, and the 

day of July, 30 is taken as particular interest of one of the hottest day of this period (Iraqi 

meteologist organization) (Iraqi meteorological organization and seismology, 2013) in 

which the thermal calculation can be calculated hourly. The summer time of Iraq has a 

normal average temperature of 35.31°C and 14.64% relative humidity as listed in the 

weathering data for the period. The maximum daytime temperature can reach 50°C at 

extreme condition while nighttime temperature is nominally12°C less on average 

temperature. This large shifting on temperature between diurnal and nocturnal 

establishes a perfect environment to utilize the PCM. Figures 3 to figure 6 show the 

temperature variation for both July and August of 2015 and 2014 respectively. 

 

Figure 3- Temperature distributions July 2015 



 

Figure 4-Temperature distributions August 2015 

 

Figure 5-Temperature distributions July 2014 



 

Figure 6- Temperature distributions August 2014 

 

3.2 system components 

      In order to evaluate the IDE cooling system performance, it is important to modify its 

components. The system consists of several parts. The cooling tower and indirect/ direct 

evaporative heat exchangers are considered the most essential elements in the system.  

3.2.1 Cooling tower  

In order to reduce the air temperature, there are several ways to achieve this 

process. Increasing the humidity ratio for the outside is one of the most efficient methods 

to lower its dry bulb temperature. The cooling tower is based in this technology. The main 

parameter that dominants the performance of the cooling tower is the wet bulb 

temperature for the air, which depends on the dry bulb temperature and relative humidity. 

Whenever the ambient air has less wet bulb temperature, the higher temperature 



difference can be obtained. Because of the low humidity and temperature as well in Iraq 

environment during certain time, the use of evaporative cooling is successful, and the 

circulated water temperature can range between 90% and 95% of the air wet bulb 

temperature (AHREA handbook HVAC and equipment, 2000). In this study, the cooling 

tower is utilized to produce cold water after that it can be used in both direct and indirect 

evaporative heat exchangers. By thermally analyzing the cooling tower, the control 

volume method is taken to calculate thermal properties of the output media consisting of 

air and water, and the energy balance equation can be applied in this process. Another 

parameter that can affect the cooling tower working is the feeding water temperature. The 

cold water collecting in the cooling tower reservoir can gain heat due to the additional 

water (makeup water) that is coming from losing some water because of evaporation. 

The water is pumped through a closed loop from cooling tower reservoir to the IDE heat 

exchanger then it is returned to the cooling tower’s top distributer. The cooling can be 

remotely located from the IDE that makes it more accessible for maintenance. The 

cooling tower efficiency varies between 55% and 75% (AHREA handbook HVAC and 

equipment, 2000) 

The ambient air enters the cooling tower at various temperature. The dry and wet 

bulb temperature are given from local sources as well as the relative humidity. The 

saturation pressure of water vapor at both dry and wet bulb temperature and the enthalpy 

of the ambient air are determined as the equation bellows: - 

For determining the saturation pressure, the equation below is followed: - 

log 𝑃𝑠 = {𝐶1 ∗ 𝑇 + 𝐶2 + 𝐶3 ∗ 𝑇 + 𝐶4 ∗ 𝑇2 + 𝐶5 ∗ 𝑇3 + 𝐶6 ∗ log 𝑇} 

 

 



 

Where: 

Ps = saturation pressure (KPa) 

T= Temperature (C°) 

C1=-5.800 220 6 E+03 

C2=1.391 499 3 

C3=-4.864 023 9 E-02 

C4= 4.176 476 8 E-05 

C5=-1.445 209 3 E-08 

C6=6.545 967 3 

 

 

The air enthalpy can be found either by using the psychrometric chart or by using the 

equation below: -  

𝐻 = 𝐶𝑃𝑎 ∗ 𝑑𝑏𝑇 +𝑊 ∗ (𝐿 + 𝐶𝑃𝑣 ∗ 𝑑𝑏𝑇) 

Where: - 

CPa= specific heat of air = 1.005 kj/kg 

CPv= specific heat of water vapor = 1.805 kj/kg 

L= latent heat of water vapor = 2501 kj/kg 

W= water content of the air (humidity ratio) kg(w)/kg(a) 

𝑊 = 0.622 ∗
𝑃𝑣

𝑃 − 𝑃𝑣
 

Pv= partial pressure for water vapor (kpa)  

P= total pressure (kpa) 

 

 

The carrier equation is used to calculate the vapor pressure of the air (Pv) :- 



𝑃𝑣 = 𝑃𝑠𝑎𝑡 −
1.8(𝑃 − 𝑃𝑠𝑎𝑡)(𝑇𝑑𝑏 − 𝑇𝑤𝑏)

2800 − 1.3(1.8 ∗ 𝑇𝑑𝑏 + 32)
 

 

For estimating the leaving water temperature from the cooling tower the energy balance 

equation is utilized. 

The heat lost from the water = The heat gained by air  

 

𝑄 = 𝑚° ∗ ∆𝐻 = 𝑚° ∗ (𝐶𝑃𝑎 + 𝐶𝑃𝑣 ∗ 𝑊) ∗ ∆𝑇 

 

 

3.2.2 Indirect/Direct evaporative (IDE) cooler 

  Indirect evaporative heat exchanger is considered the first stage of the system in 

which the air passing through has sensible cooling, and both the dry and the wet bulb 

temperature are reduced. The incoming water at certain temperature enters the indirect 

heat exchanger, and it is exposed to outside air coming at different temperature 

according to the daily time. Energy balance equations is used to determine the outlet 

condition for both water and air, so the heat lost by water is equal to the heat gained by 

air is taken in this process, and the heat exchanger efficiency is taken around 90%.  

     The second stage is the direct evaporative cooler. The process of this stage can be 

established by passing the air through wetted pads or exposing it through water injection 

spray. The water source is from the cooling tower reservoir, and it is coming at different 

hourly temperature. According to thermodynamic concepts, the enthalpy and the wet bulb 

temperature of the leaving air are still constant through this operation. The process is 

presented on psychrometric chart as straight line following the wet bulb temperature, but 

the water content (humidity ratio) and the dry bulb temperature are changed, and the 



value of these changes are mainly dependent on saturation effectiveness that can be 

reach 95% (AHREA handbook HVAC and equipment, 2000). Figure 7 listed below shows 

the IDE process on psychrometric chart, and figure (3.6) is showing temperature 

distribution for air supply leaving the IDE by hours for July,30. 

 

 

Figure 7-IDE process on psychrometric chart 

 



 

Figure 8- IDE system outline 

 

 

Figure 9-IDE temperatures distributions for July 2015 



 

Figure 10- IDE temperature distributions for August 2015 

 

Figure 11-IDE temperature distributions for July 2014 



 

Figure 12-IDE temperature distributions for August 2014 

 

3.3 PCM simulation    

Due to large temperature differences between night and day, the thermal storage 

system can play a valid role to increase the cooling capacity of the IE HX. 

Microencapsulated paraffin wax PCM type Micronal DS-5008 is examined in this study. 

DS-5008 has the thermal properties as listed in table 1. The cooling tower reservoir is 

used to solidify the PCM during the night because the water temperature is lower than 

the melting point of the PCM most of the summer nights. The charged PCM is pumped to 

cool down the IE air stream during the releasing time. 

The following equations can be performed to calculate the time duration for the 

PCM charging and discharging. 

𝑄(𝑃𝐶𝑀) = 𝑚° ∗ 𝐶𝑃𝑎 ∗ (𝑇𝑎1 − 𝑇𝑎2) 



And  

𝑄(𝑃𝐶𝑀) = 𝜌 ∗ 𝛥ℎ ∗ 𝛥𝑡 

Where: - 

h:   is the PCM enthalpy 

 

Property of DS-5008 PCM value 

melting temperature 23° C 

Heat of fusion 100  kJ/kg 

particle size 20 μm 

Table 1- thermal properties of DS-5008 PCM 

 

The PCM enthalpy can be also served as index parameter to show its 

temperature at any given time (Δt) as shown in the flowchart in figure 14. 

Tp: the temperature of PCM  

To: the initial PCM temperature 

Tm: the PCM melting temperature 

 

Figure 13- IDE system with PCM 



  

                  

 

Figure 14- PCM calculation processes 

 

3.4 Data center cooling load 

The sizing of cooling system in data center room needs an estimating the value 

of heat generated by the equipment contained in data center room. IT equipment, plus 

other items such as UPS, power distribution, air conditioning units, lighting, and people 

are the typical components of data center. Each of these items produce a certain amount 

of heat that can be determined by using standardized rule from ASHREA fundamental 



book. UPS and distribution systems are consumed a fixed amount of energy upon 

devices brand. The heat output from this equipment is consistent and can be 

approximated without any error. People and lighting heat loss can also be specified using 

ASHREA standard tables. The major step is how to determine the cooling load for the 

entire system. In this study (67) KW is the value of the total data center cooling load. As 

Neil Rasmussen stated in (Rasmussen, 2011) . The typical value of the IT load of the 

data center would be 30% of the total data center cooling load. Under this condition, the 

total data center thermal output is approximately 50% more than the total IT load, so data 

center cooling load sizing should be 1.3 times the expected IT load rating. Any item 

added for redundancy or for future devise must be added to total load. Sizing of 

humidification effects and oversizing for future requirements are considered the factors 

that affecting the measuring the size of cooling system (Rasmussen, 2011).  

 

 

 

3.5 Analysis approach  

The analysis section in this study consists mainly of simulated data for both the 

IDE and the PCM heat exchangers, and the analysis is conducted during the period of 

July and August for the years of 2015 and 2014. These two months demonstrate the 

cooling season in Iraq for which the outside temperatures can reach their maximum 

value.  

 



3.5.1 Analysis of IDE 

The simulated data was performed by hours in July and August, which are the 

hottest months during the summer period. According to the monthly temperature 

distributed shown below figure (), the temperatures can be divided into two regions: -  

1. Low temperature period from (1-8) am in which the IE can provide 

acceptable air conditions. 

2. High temperature period from 9 am to 12 midnight. The humidity ratio 

has small value (less than 5.75 g/Kg) especially between (12-7) pm, so 

the IE provides insufficient cooling to the air stream to reach the 

recommended zone. 

 

Figure 15-Humidity ratio profile 

Figure shows the humidity ratio distributions addition to two different periods.  
(1-8) period can be treated by IE while (9-24) needs to IE and DE to provide valid 

conditions. 

 



 

Figure 16-Two regions of outside temperatures 

Figure shows the outside temperature distributions addition to two different temperature 
periods. (1-8) period can be treated by IE while (9-24) needs to IE and DE to provide 

valid conditions 

 

 

3.5.2 Analysis of PCM  

In this study, a microencapsulated paraffin wax Micronal DS-5008 slurry was 

chosen to improve the IDE system performance through increasing the cooling capacity 

of IE heat exchanger also reducing the working hours of the DE heat exchanger. The 

melting temperatures of the Micronal DS-5008 is 23°C. In order to completely freeze the 

PCM, the cooling tower reservoir water, which has lower temperature than the PCM 

melting temperature, was used at nighttime to solidify the PCM, furthermore, using a 

concept design of temperature simulation figure (3.11), which is derived from the energy 

balance equation, has a notable advantage. It allows giving an accurate temperature 



values at any time during the charging or releasing period of the PCM. The analysis of 

the PCM temperature simulation quantifies its thermal storage capacity per one cubic 

meter and gives a valid view about the durations of charging and discharging.  

3.5.2.1 PCM Charging Time  

 

The graph below shows the water temperature through the average day for both July and 

August, and it can be observed that at (5-7) am period the water has the lowest 

temperature values. The charging time can start from 2:00 am to 7:00 am because in 

these period the water temperatures are below 23° C (PCM melting point).  

 

Figure 17-Water temperatures profile and PCM charging time 

 



 

Figure 18-water temperatures and PCM melting point for July 

 

 

Figure 19-Water temperatures and PCM melting point for August 
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Figure 20- Water cooling capacity for July 

 

 

Figure 21-Water cooling capacity for August 
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3.5.2.2 PCM Releasing Time  

The air should have humidity ratio value within the acceptable range of the recommended 

zone in order to get satisfactory performance using PCM.  According to the air conditions 

after the IE HX humidity ratio profile, at (9-11) am period the humidity reaches its high 

values as shown below. 

 

Figure 22-Humidity ratio profile and PCM releasing time 

 

3.6 Heat Exchanger specifications 

 

A heat exchanger could be defined as an equipment in which the heat 

transfer between two fluids takes place. The energy transfers from a hot fluid to a 

cold fluid, with maximum rate and minimum investment and running costs 

(Rajput, 2008). Indirect contact cross flow which is the common type heat 

exchanger has been selected in the research according to the following: - 

1. Easy construction. 

2. More economical. 



3. More surface area. 

4. Much suitable for stationary plants.    

In addition to heat transfer requirement, pressure drop is substantial parameter 

in heat exchanger design. The size of heat exchanger can be reduced by increasing 

the fluid velocities that will increase the overall heat transfer coefficient, but large 

velocity can be resulting in high pressure drops and high pumping costs. The heat 

exchanger tube diameter may also involve with pumping costs. The smaller tube 

diameter, for a given flow rate, leads to less initial capital cost but higher pumping 

costs.     

 

 

Figure 23-Fan power along with tube diameters 
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Figure 24-pump power along with tube diameters 

 

According to the previous charts and by using EZcoil software program, the 3/8” 

tube diameter has the minimum required fan power; however choosing this tube size 

resulting in large water pump power, but the water pump power has less fluctuation 

values than the fan power has. 

 

Figure 25-Heat exchanger outline 



 

To sum up, the heat exchanger dimension depends on three parameters the heat 

flux between the fluids media, pressure drop for the hot side region, and pressure drop 

for the cold side region. 

 

Table 2- the heat exchanger specifications for both IE and PCM 

 

 

4. Results 

The results of this study have presented in two parts: the IDE simulation and 

PCM simulation. The period of July and August under Iraq weather condition is a 

particular of interest, also the period from mid of July to the first week of August for year 

2015 is considered the warmest duration among the summer season on that area.  

4.1 IDE heat exchanger simulation 

The charts present the air conditions before and after IE HX during the summer 

period. The dots inside the recommended zone represent the low temperature period 

 (1-8) am mostly and the dots outside the zone represent the high temperature period (9-

12) am. Therefore, the IE HX provides the required cooling for most of (1-8) am period. 



 

                                     The outside air conditions                                                                                    The air conditions after IE HX 

Figure 26- Air conditions before and after IE HX for July 

 

 

 

The outside air conditions                                                                                    The air conditions after IE HX 

Figure 27-air conditions before and after IE HX for August 



4.2 PCM simulation  

The calculated data for the air temperatures before and after the PCM heat exchanger 

are presented in the figures below. 

 

Figure 28-Air temperatures before and after PCM HX for July 

 

 

Figure 29-Air temperatures before and after PCM HX for August 
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The figure below presents the air conditions before and after PCM HX during July and August combined on psychrometric charts. The outside dots from 
recommended zone represent the hours that the PCM is not completely frozen caused by hot nights. In addition, some dots are located in the area below the 
zone illustrating the hours in which the air has less humidity. 

 

 

                                              The air conditions before PCM HX                                                                   The air conditions after PCM HX 

Figure 30-Air conditions before and after PCM HX 

  



5. Discussion  

5.1 PCM performance 

 

It can be seen from the water content monthly profile of the IE cooler that (9-11) am 

period has the maximum value (between 9-10.75 g/Kg) most of the days, and these hours 

require sensible cooling only to reach the comfort zone. Using the DE cooler during these hours 

may lead obtaining not valid results, so utilizing the PCM is advantageous. The outside air dry 

and wet bulb temperatures are controlling the cooling tower water temperature. According to 

water cooling capacity, the invalid nights caused by the air dry and wet bulb temperature more 

than 30°C and 18°C respectively that put a limit for the cooling tower to provide sufficient 

cooling to solidify the PCM.  From (9-11) am the PCM raises the IE cooling energy by 25.47% 

and 23.26% for each July and August respectively. The PCM raises the IE daily capacity by an 

average of 3.23% and 3.6% for July and August respectively. Also the PCM reduces the DE 

working hours by 2 hours per day that is resulting of saving the water amount consumed by DE 

from 24383.4 Kg/month to 22764 Kg/month or it can save around 45 Kg/hr of water.  Finally, 

The PCM averagely reduced the air dry bulb temperature by 4.8°c. 

 

Figure 31- System cooling capacities 1 

Figure represents the System cooling capacity during the average day for 850 Kg of PCM 



 

 

Figure 32-system cooling capacities 2 

Figure represents the System cooling capacity during the average day 

 for 1800 Kg of PCM 

 

Table3- the cooling capacity besides the PCM efficiency during its releasing time 

 

 

Table 4-the overall system cooling capacity during the entire day 



 

 

Table 5- the water saving amount done by PCM 

 

 

Figure 33-water saving along with PCM releasing time 

 

5.2 Comparison to other studies 

In this study, the return air has not involved in the system calculation of the air supply. 

The idea is not much useful because the return air still has high humidity also high temperature 

as well. High relative humidity means high wet bulb temperature. That will affect negatively on 

the performance of the direct/indirect evaporative. The relative humidity of Iraq weather 

condition has substantial influence increasing the efficiency of direct/indirect evaporative 

cooling. On the other hand, Chaiyat and Kiatsiriroat (Nattaporn Chaiyat, 2014) concluded in 

their study of the energy optimization for air-conditioner that it can be helpful to use the return 

air to solidify the PCM and reuse it again by mixing it with fresh air coming from outside. The 

concept was satisfied to reduce the air inlet temperature with respect to the relative humidity 

which is typically in the accept level under Thailand environment. Additionally, Lutterl, Jeffery 
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reported in direct/indirect evaporative cooling expansion (LUTTRELL, 2016) that idea of using 

water sump temperature to handle the solidification process was feasible in the south region of 

the United States.  

 

 5.3 Potential Drawbacks 

As listed in the previous section that the relative humidity of Iraq in the summer season 

was relatively small; however, in heat wave period when the temperature is maximized from mid 

of July to first week of August the relative humidity reaches the level in which the PCM has 

invalid performance for most of days during the heat wave period that returns to high cooling 

tower water temperatures (higher than 23°C) which affect the PCM solidification process. 

Furthermore, there are a few days that the outlet air, after PCM heat exchanger, has low 

humidity ratio as represented as the dots located below the recommended zone shown in 

figure-30 in this case the air needs to adiabatic cooling to be in comfortable conditions.  

 

5.4 What could be done in future?       

However, the outcomes of this study propose that the PCM has a valid influence on the 

data center cooling system; one of the deep questions to examine is what an alternative way to 

more improve the system performance. This is specifically significant in terms of the PCM’s 

charging process using the cooling tower reservoir water during the night where the active 

cooling was taken place, and it is logical to take any advantages that help to gain additional 

cooling capacity to reduce the air supply temperature. Increasing the mass flow rate of the 

cooling water aids improving the heat transfer coefficient through the PCM charging heat 

exchanger between the two media fluids. Another possible option to enhance the system 

performance is to utilize the cooling tower exit air. The air can be used as a feedback to the 

system inlet air because it has higher humidity than the outside air, so it will be possible using it 

to cool down the air adiabatically during the low humidity ratio hours.   



6. Conclusion 

This research estimates the ability of direct/indirect evaporative cooling to minimize the 

air zone envelope that causes due to changing the weather condition and discovers the options 

of how to enhance this ability. Utilizing thermal storage system which represented by using 

PCM aided getting adequate performance. The PCM heat exchanger played a valid role of 

reducing the air stream dry bulb temperature by 4.8 °C. According to figure 28 and figure 29, 

PCM can extend IE daily cooling energy by 3.4%. Furthermore, the PCM can reduce the D.E 

working hours and decrease the water consumption by 45 Kg/hr. There are a few days during 

the summer period in which the PCM has an unsuccessful performance due to the unsuitable 

climate that occurred in a few nights. In this case, using adiabatic cooling can lead to get 

effective results. Finally, there are also a few hours especially at the IE working period (1-8) am 

that their humidity ratio less than the minimum required value of (5.75 g/Kg). In addition, these 

hours can be treated by passing the air through the DE HX to obtain a comfortable condition.   
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