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Abstract—Energy saving and shifting study to space cooling of a resident conventional test room 
situated in Iraq with dimensions of 3 x 2.5 x 3 m. A water evaporative cooler is used to produce 
cold water that is circulated inside the roof core by a pump. The air delivered from the evaporative 
cooler is directed to the outdoor A/C unit to minimize condenser temperature for COP enhance-
ment. The Thermal Energy Storage (TES) is filled with Phase Change Material (PCM) paraffin. TES 
exchanges the heat (charging and discharging) with air forced by a fan through channels. An elec-
tric solar system operates evaporative cooling and the TES fan while the A/C is off. The solar pan-
els are cooled by another air stream supplied by the evaporative cooler. Experimental work was 
carried out in the dry summer, from April, May, June, July, August, September, and October. The 
experimental results showed that the reduction in the percentage of heat gained through the ceil-
ing using water was 3.44%,4.78%, 7.67%, 15.87%, 11.45%, 10.21%, and 6.23% respectively. The re-
sults also showed a reduction of power consumption by using paraffin for the summer months 
3.8%, 6.65%, 7.34%, 8.57%, 5.85%, 4.77%, and 3.53% respectively as well as enhancing A/C COP, 
but only 9.01% of energy was saved due to the effect of improving A/C COP alone. Maximum 
heat gain participation was through the roof at 43% without operating the systems, and water cir-
culation was minimized to 21%. 

. 

Index Terms--Cooling System, Thermal Energy Storage, PCM, Energy. 
.   

——————————      —————————— 

1 INTRODUCTION                                                                     

Recent and current research has focused on improving energy 

efficiency by boosting renewable energy usage, regulating 

energy consumption, and lowering heating and cooling ex-

penses. This is owing to a considerable increase in global en-

ergy consumption as a result of the world's rapid population 

and economic development, both of which have severe envi-

ronmental consequences [1–8]. Economic expansion, the inten-

sity of energy consumption, population growth, and the inten-

sity of carbon emissions, according to Kaya and Yokoburi [9], 

all have an influence on total carbon emissions, which con-

tribute to global warming. Researchers and policymakers, on 

the other hand, have connected high carbon emissions intensi-

ty to increasing energy consumption as a result of rapid eco-

nomic growth and greater usage of fossil fuels [10–12]. The 

aim of this paper is to energy save and shift the study to space 

cooling of a conventional test room using PCM, which also 

improves the COP of A/C also reduction power consumption. 

2 TEST ROOM SPECIFICATION 

A test room was constructed and situated in Kirkuk (33.3°N 

and 44.4°E) above a resident's 2 floors by external dimensions 

(length 3 x width 2.5 x height3) m. The roof was created from 

a reinforced concrete slab with a thickness of 15 cm. For slab 

cooling by water circulation, aluminum pipes with a 1 cm 

diameter were installed in a U shape for three passages (for-

ward and returned) on the longitudinal side of the roof at the 

reinforcement level. The conventional evaporative cooler was 

selected to use for system enhancement purposes by produc-

ing water at a temperature close to that of the wet bulb to be 

pumped into the roof piping network. In addition, air will be 

blown to the A/C and PV solar panels. Current research will 

adopt the conventional air cooler, which contains 80 L of wa-

ter and produces air at (1700 m3/hr) by a fan connected to an 

air diverter. The overall electrical load is 180W. The air cooler 

external dimension is (0.9*0.9*1.1) m. The wet pads are made 

of wood fiber gird. The water is sucked from the water sump 

and pimped directly to the roof piping network and back to 

the experimental rig by dripping on wet pads to cool it down 
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by evaporation. The experimental rig with all parts is shown 

in fig. (1).  

 

 
 
 
 

Fig (1): The experimental rig with all parts. 
 

3 PARAFFIN WAX PREPARATION. 

 
Soft paraffin wax was used as a PCM, this wax resulted from 

a process of segregation from national crude oil components, 

the thermos- physical properties of the current PCM specifica-

tion were provided by the mentioned manufacturer and are 

listed in table (1). 

 

Table (1): Soft Paraffin Wax Specification 

 

 

lowering melt-solid temp. in this research Kerosene is used to 

be mixed with melted paraffin liquid, the process attempting 

several Kerosene fractions (10%, 20%, and 35%) of volume 

mixed very well with 100% of melted paraffin and examining 

the melt-solid temp. for each separately, figure (2) is discharg-

ing process in an environment of multiple mixtures of one 

type of PCM with different Kerosene concentrations, with 

35% of Kerosene showing about 29°C of phase change tem-

perature. 

 

 

 

 

 

 

 
 

 

 
 

Fig (2): The mixing of paraffin wax with paraffin oil. 
 

4 EXPERIMENTAL CALCULATIONS ENTHALPY. 

Using the energy balance method, 0.2 kg of modified wax was 

slowly heated until 100% liquid at 31°C, then quickly poured 

into 0.6 kg of water initially at 19.5°C placed in an adiabatic 

buckle. The melted modified PCM will solidify quickly within 

a few seconds, giving off a final balanced temperature of 

24.5°C by applying the following formula [13]: 

                              (1) 
 

5 HEAT TRANSFER FROM ROOF 

The heat added or removed from roof is evaluated from fol-

lowing famous equation [14]: 

 
                                  (2) 

 

6 EVALUATING AND ENHANCING COEFFICIENT OF PER-

FORMANCE OF A/C UNIT. 

 
The concept is that the cooled air from evaporative cooling is 

orientated by flexible ducts to hit the A/C condenser front to 

minimize the condenser temperature and proportional pres-

sure by maximizing heat rejection, which will increase the 

sub-cooling region. From the concept of the refrigeration cycle 

the COP is evaluated as the following equation [15]: 

 

                        (3) 

7 THERMAL ENERGY STORAGE. 

It is supported by a frame and metallic bar. The TES is placed 
in a position facing to A/C indoor split unit downstream, 
where there is an electric fan blowing cold air from A/C into 
TES circular air passages the exit to the test room indoor 
space. The heat capacity of TES is evaluated by contained 

Property Measure 

Melting Point 48°C 

Oil Content 1.5% 

Color Cay bolt (min)  

Specific Heat 2.1kJ/kg °C 

Thermal Conductivity 0.2W/m k  

Density 880kg/m3 

Enthalpy of Fusion 210kJ/kg 
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PCM, to heat up or cool down PCM from temperature level to 
another undergoing phase transition point, the energy is 
equal to the summation of sensible prior and after transition 
point plus the latent heat as per the following formula [16]: 
 

                     (4) 
 

                  
(5) 

 

            
(6) 

 

8 RESULT AND DISCUSSION 

8.1 Effect of Water-Cooled Roof on Average Roof 
Temperature 

 

The effect of cold water circulating inside the slab core will 
surely alter the roof's overall temperature; the reason is that 
the water will remove heat through direct contact. Figure (3) 
shows a stabilized temperature difference of 3.28 °C (With 
and without water) across the months with sine wave as ab-
solute values, indicating that the average roof temperature is 
directly proportional to ambient parameters (Solar Radiation 
and Ambient Temperature). Figure 3 also shows the effect of 
a phase-changing material on reducing and stabilizing the 
temperature distribution, which gives a comfortable envi-
ronment for the space. 

 

 

Fig (3): Effect of Water-Circulation and PCM on  

Average Roof Temperature per Day. 

 
8.2 Effect of Water-Cooled Roof on Average Heat Gain 

 
Heat accumulation and the effect of circulating water in a roof-
ing sheet is other important factor to consider. When testing 
with cooling water circulation, overheating during summer 
should be avoided. Heat gain was calculated using CLTD 
technology, and was calculated for both indoor and outdoor 
water circulation scenarios. Overall, 3.44%, 4.78%, 7.67%, 
15.87%, 11.45%, 10.21%, and 6.23%, respectively, were reduced 
heat gain, according to seasonal average statistics (7 months) 

as shown in figures (4,5). Since the bulk of heat absorption or 
heat transfer occurs through the roof throughout the day, this 
is   a significant reduction and reflects an acceptable result. 
 

 

Fig (4): Effect of Water-Circulation on roof heat gain with 
months. 

 

Fig (5): Percentage reduction amount of heat gained with 
months. 

9 POWER CONSUMPTION  
Figure 6 shows the amount of power consumed with and 
without a phase-changing material for the studied space for 
seven consecutive months during the summer from April to 
October, respectively. The obtained values showed the im-
portance of the effect of a PCM on reducing power consump-
tion in varying proportions, and for each of the previously 
mentioned months, as follows: 3.8%, 6.65 %, 7.34%, 8.57%, 
5.85%, 4.77%, 3.53% as shown in Figure 7. 

 
 

Fig (6): Power consumed with months. 
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Fig (7): Percentage reduction in power with months. 

10 EFFECT OF DISCHARGING PCM PROCESS ON 

PARAMETERS 

Other illustrations in figure (8) allude to the average variation 

of energy consumed by A/C to discharge the PCM inside TES 

presuming constant duration of time, it is showing the energy 

consumed is increasing about 1 𝐾𝑊 with the warmest sum-

mer months (June, July, and August), this justifies the hy-

potheses of the effect of heat gain during night resulted from 

the temperature difference between ambient and indoor to be 

presented as an extra thermal load on A/C evaporator at 

which won't participate on discharging PCM. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig (8): Effect of Power Consumed PCM vs. Duration 
 

11 EFFECT OF CHARGING PCM PROCESS ON 

PARAMETERS 

Figure (9) is showing the PCM is behaving in an almost simi-

lar range of charging (Heating) over months, that was for the 

Test, whilst the heat gain over three hours of peak time of 

charging was increasing with warm summer months, reason-

ably because of the effect of environment temperature and 

solar radiation. 

 

 

 

    

Fig (9): Heat Gain & PCM temp. Difference During 3hrs. 

12 EFFECT OF A/C COP ENHANCEMENT ON OVERALL 

SYSTEM. 

Figure (10) illustrates the average value of COP for an en-

tire season and the enhancement level in Test 1. The COP is 

shaped in curvature concave maintaining the lowest values 

in the hottest month July and August 2.32 and 2.27 respec-

tively, even though it is below the nominal CPO =2.83, the 

justification of such behavior is the extreme ambient tem-

perature which directly influences the heat rejection from 

the condenser. Whilst the COP showed a significant in-

crease with lower ambient temperature months, from this 

concept ambient temperature was cooled by the water 

evaporation process and pushed to the condenser on the 

reason of COP enhancement, Test 1 in the same figure (11) 

shows the blue trends is on top as it is diverging in low am-

bient temperature months because the evaporation cool-

ing is more efficient. 

 

 

Fig (10): Average COP Variation Through Months. 
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Fig (11): Average Monthly Temp. of Air Leaving Condenser 

 

13 CONCLUSIONS 

1-The experimental results showed that the reduction in the 

percentage of heat gained through the ceiling using water was 

3.44%,4.78%, 7.67%, 15.87%, 11.45%, 10.21%, and 6.23% re-

spectively. 

2-The results also showed a reduction in power consumption 

by using paraffin for the summer months 3.8%, 6.65%, 7.34%, 

8.57%, 5.85%, 4.77%, and 3.53% respectively. 

3-A/C COP enhances by minimizing average condenser tem-

perature, with air supplied from evaporative cooling can be 

enhanced within 9.01% during warm and dry summers in 

Iraq. 

 4-Ultimate heat gain timing shifting is directly affected by 

building material and overall building thermal capacitance. 

5-PCM material is used in the application of residence cool-

ing, its phase conversion temperature must be within the 

comfort temperature range of 22 to 27°C. 

6-Only 27% of the energy spent on the discharging process 

alone by the A/C is going to discharge the PCM heat casing 

and minimize its temperature because the A/C must cool 

down the entire space during the night as well as the effect of 

TES effectiveness. 

7-TES maintains the room temperature within a comfortable 
temperature range during the peak time of over 2.5 hours. In 
the last half hour, there has been a significant temperature in-
crease. Especially during very warm summer days. 
8-Maximum heat gain participation was through the roof at 43% 
without operating the systems, and water circulation was mini-
mized to 21%. 
 

 

 

 

 

 

14 NOMENCLATURE 
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