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 This study investigated thermoelectric cooling system performances to cool the water 
flowing inside a water block.  The experiments employed two identical thermoelectrics model 
TEC2-25408 with an overall dimension of 40 mm x 40 mm x 6.4 mm. The cold side of the 
thermoelectric was affixed to the top surface of the water block, while the hot side of the 
thermoelectric was attached to the heat pipe. The mass flow rates of the water were varied, 
i.e. 1 g/s, 1.5 g/s, and 2 g/s. Calibrated K-type thermocouples with an uncertainty of ± 0.5°C 
were used for measuring the temperatures. The experiment was observed for about 5 hours. 
All data were recorded using the data logger DAQ MX 9714 NI that was connected to the 
PC with the LabView program. The results show that raising the mass stream rate increases 
the cooling capacity and the COP. However, the effect of the mass stream rate on the water 
temperature at the outlet is unclear. In general, the thermoelectric has less advantage for 
cooling flowing water. 
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1. Introduction  

The cooling system for electronics develops continually in 
accordance with heat pipe technologies for removing heat rates 
from CPU. With its compact shape, high heat dissipation, and 
easy maintenance, the combination of heatsink-heat pipes 
becomes the right solution to cool the hot side of the 
thermoelectric module (TEM). The advantages of thermoelectric 
cooling system (TCS) are: (i) no heavy components, (ii) not noisy, 
(iii) small and compact, (iv) easy to maintain. However, the 
system also has disadvantages; e.g. small capacity, low COP 
(even less than 1) as reported in Ananta et al. [1], Mirmanto et 
al. [2, 3]. Ananta et al. [1] studied a thermoelectric cooler box 
for cooling drinking water. The aim of their study was to know 
the effect of thermoelectric electrical arrangements on the 
cooler box COP. The TEMs were arranged in parallel and 
series electrical connections. Meanwhile, Mirmanto et al. [2] 
investigated the effect of heat dissipation units on the cooler 
box performances. Nevertheless, they all used the TEMs to 
cool the water in plastic bottles placed inside the cooler box. 
The water did not flow at all. Cooling static water (not flowing 
water) seems to be easy because the water temperature 
decreases with time.   

Different from cooling static water, cooling flowing water 
is more complex because the inlet water temperature is 
constant; it does not decrease with time. Therefore, this may 
need a lot of energy. When the thermoelectric used is just one 
or two, the water may not get low temperatures at the outlet. 
The temperature difference between the inlet and outlet is very 
small. This means that cooling purposes cannot be achieved. 
Azimi et al. [4] reported that the decreased temperature of 
flowing water that was cooled using thermoelectric was around 
1.2°C. Ahamat et al. [5] cooled the flowing water using TEM 
with the hot side of the TEM cooled using water. They found 
their COP was greater than 1, i.e. 4.5.  However, the water 
temperature at the outlet was not revealed. Recently, Ardian [6] 
conducted an investigation using TEM to cool flowing water 
inside a water block. He found a similar phenomenon. He 
obtained the difference in temperature between the inlet and 
outlet was just only 4°C. Further, studies on the use of TEMs, 
unfortunately, are still limited. Therefore, not much 
information can be reviewed.   

In general, researches on TEMs that have been done are to 
cool stationary water; e.g drinking water, water in bottles, 
water in a tank, stationary air or solid materials. The flowing 
water or air is usually used to cool the hot side of the TEM; e.g. 
Jugsujinda et al. [7],  Enescu and Spertino [8], Kin et al. [9]. 
For the above background, this study tries to explore the 
possibility of TEMs to cool flowing water. The aim of this study 
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is to investigate wheater the TEM is proven able to reduce the 
temperature of streaming water significantly.  

2. Research Method 

2.1. Experimental Set-up 

To know the ability of the TEM for cooling flowing water, 
experiments are set as follows. This study uses an experimental 
method, i.e. testing the research apparatus to obtain data that are 
required to answer or solve the problem statement. The schematic 
diagram of the research apparatus is shown in Figure 1. The 
apparatus consisted of a water block, two TEMs, two heat pipe 
units, a water pump, a small radiator, a flowmeter, and a small 
water tank. The material investigated was water flowing in a water 
block as indicated by Figure 2. The water block dimension was 
200 mm x 40 mm x 10 mm, and it was made of aluminum. The 
water block comprised of 15 fins inside with a thickness of 1 mm. 
The mass flow rate of the water was varied; e.g. 1 g/s, 1.5 g/s and 
2 g/s, and measured using a flowmeter model FL1000 with an 
accuracy of ± 0.1 g/s. Type K thermocouples, which were 
calibrated, were used to measure all temperatures and the total 
numbers of thermocouples employed were 18. The uncertainty of 
the temperature was ± 0.5°C obtained from calibration. The 
temperatures were recorded directly using a data logger NI-
cDAQ9174 so that all temperatures were recorded simultaneously. 
Meanwhile, the power supplied to the TEMs was of approximately 
82.2 W. 

Two TEMs model TEC2-25408 were utilized in this study. 
They were installed on the water block. The cold side was faced 
to the water block, while the hot side was stuck on the heat pipe. 
Further, the water block was also insulated using an aluminum 
foil sponge. The heat rate from the water block was absorbed by 
the cold side of the TEMs, and then it was thrown away to the heat 
pipe on the hot side of the TEMs. The heat pipes employed were 
double fan heat pipe because each heat pipe had two fans.  The 
photograph of the heat pipes installed and the dimension of the 
water block is shown in Figure 2.  

Water was circulated throughout the test rig using a small pump. 
From the tank, water flowed to the flowmeter. Before passing 
through the flowmeter, the mass flow rate of water was adjusted 
using valves 1 and 2. Using this adjustment, the water mass flow 

rate could be controlled and suited. From the flowmeter, water then 
flowed to the water block, where two thermoelectrics were 
installed. The temperature of water decreased after passing the 
water block, and then water streamed to the heat exchanger. In the 
heat exchanger, the water gained heat again and the water 
temperature increased. From the heat exchanger, the water returned 
to the tank, and circulated again and so on. 

2.2. Data Analysis 

Analyzing experimental data can only be performed after 
some experiments are conducted. Data that are analyzed are 
temperatures, mass flow rates and power given to the TEMs. The 
data are analyzed using some equations that have been available 
in the published papers or books. From the analysis, some 
dependent variables are obtained and known; e.g. Qc, Qh, P, and 
COP. Then from these variables, a conclusion can be made. The 
conclusion will give us information about whether the TEM is 
potentially used to cool the flowing liquid or not. 

In the use of Peltier principles, one side of the TEM becomes 
hot and the other becomes cool. The hot side temperature of the 
TEM can be estimated using equation (1) that can be found in 
Mirmanto et al. [3], Jugsujinda et al. [7], Abdul-Wahab et al. [10], 
Wahyu [11].  

hh QTT θ+= ∞                        (1) 
 

Th is the hot side temperature of the TEM (°C), T∞ represents the 
ambient temperature (°C), ϴ is the thermal resistance of the TEM 
(°C/W) and Qh is the heat rate (w) that is released by the hot side 
of the TEM. 

The temperature difference between the cold side and the hot 
side of the TEM, ∆T, can be obtained using equation (2). This 
equation is adopted from [2, 3, 7, 10] and Mani [12]. 

 
ch TTT −=∆                      (2) 

Figure 2: Water block and heat pipe; (a) positions of the thermocouples on the water 
block (unit in mm and without scaling), (b) double fan heat pipe installed on the 
water block, (c) TEM type TEC2-25408, Ardian [6]. 

 
Figure 1: Schematic diagram of the research for cooling flowing water using 

TEMs, HP is heat pipe, HE is heat exchanger. 
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( ) fpoipc TcmTTcmQ ∆=−=    (4) 

 
ṁ is the water mass flow rate (kg/s), cp is the specific heat 
(J/kg°C ), and ΔTf is the difference in temperature of the water, 
which is equal to the inlet temperature minus the outlet 
temperature at the water block (°C). cp is determined using bulk 
temperature. The bulk temperature is equal to (Ti + To)/2 as 
suggested by Incropera et al. [16]. 

The electrical power supplied to the TEM can be estimated 
using equation (5), and it can be obtained in Incropera et al. [16], 
Cengel and Boles [17]. 

 
VIP =                                           (5) 

 
Th is the hot side temperature (°C) and Tc is the cold side 
temperature (°C). The relationship between heat rate of hot and 
cold sides of the TEM can be expressed by equation (3). This 
equation was taken from [1-3, 12]. 
 

PQQ ch +=                        (3) 
 

Qc is the heat rate of the cold side of the TEM (W), and P is the 
DC electrical power given to the TEM (W). Equation (3) was also 
used by Nugroho [13], and Ramdhan [14]. Qc is also called a 
cooling load/ capacity that can be predicted using equation (4). 
This equation can be found in Holman [15], and Ardian [6].  
 

P is the electrical power (W), V is the voltage (V), and I is the 
current (A). The voltage and current can be measured directly 
using a multitester. Meanwhile, the performance, which is noted 
by COP, can be predicted by equation (6), which was taken from 
Jugsujinda et al. [7]. The COP of the TEM usage is smaller than 
the COP of the compression refrigeration system as revealed in 
Wang et al. [18]. 

P
Q

COP c=                                          (6) 

COP is the Coefficient of performance. 

3. Results and Discussion 

This study aims to cool water using a TEM with a heat pipe as 
the heat dissipation unit. The heat pipe is chosen because of the 
previous research has shown that the heat pipe can remove much 
heat rate compared to a heat sink with a fan as reported in Anggani 
[19]. The results of recording temperatures are shown in Figure 3.  

Figure 3 indicates temperatures Tc and Twb. Tc and Twb increased 
drastically at just after a second. After a few seconds, they become 
flat or even sometimes they increased. They increased because the 
room used for conducting experiments was not conditioned.  When 
the ambient temperature increased, the temperatures of water and 
water block increased too. This actually indicated that the TEM 
could not absorb much heat from the water block containing 
flowing water. The TEM seemed not able to resist the small change 
in the ambient temperature. Meanwhile, the temperature of the hot 
side of the TEM increased drastically after a second and then it 
became constant. In Figure 3, the effect of mass flow rate on Tc is 
significant. The recorded Tc is presented in Table 1. Mass flow rate 
increases, Tc and Twb also increase. This indicates that at higher 
water mass flow rates, the TEM cannot decrease the outlet 
temperature at the water block exit. This phenomenon is really 
different from the thermoelectric cooling system performance for 
cooling stationary water. Cooling the stationary water could have 
lower temperatures, e.g. 13°C as reported in [2, 3], and Mirmanto 
et al. [20]. Furthermore, at around the initial time of running the 
machine, Tc and Twb decreased sharply while Th increased 
drastically. This was due to the character of the TEM. When the 
current flowed to the TEM, the cold and hot sides of the TEM 
suddenly changed. The cold side became cold abruptly, and the hot 
side became hot rapidly. However, after a moment, the heat 
transfer equilibrium took place, so that all temperature became 
constant or sometimes they raised due to the increase in ambient 
temperatures. 

As shown in Table 1, Tc raised with an increase in mass flow 
rates. The temperature difference for each other was almost 1°C. 
This phenomenon was due to the constant power of the TEM. The 
power of the TEM affected greatly the capability of the TEM to 
absorb heat. Therefore, when the cooling load increased due to the 
rise in the mass flow rate, Tc elevated because the cold side of the 
TEM was no longer able to transfer heat. This was also found by 
Mirmanto et al. [20]. Nevertheless, Tc influenced the room and 

 
Figure 3: Relationship between temperatures and time; (a) 1 g/s, (b) 1,5 g/s, (c) 2 g/s. Tc: is cold side temperature of TEM, Th: hot-side temperature of the TEM dan 

Twb: average water block temperature. 
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water temperatures inside the cooler box. When Tc increased, the 
room and water temperatures raised as reported in [20]. In this 
study, when Tc elevated, the average water block also increased as 
shown in Figure 3. 

Table 1: Recorded Tc at several mass flow rates 

 Time Tc (°C) 
(s)  at 1 g/s at 1.5 g/s at  2 g/s 

0 28.26 28.15 28.04 
1800 19.43 20.57 22.85 
3600 20.36 21.12 23.26 
5400 20.82 21.56 23.31 
7200 20.94 21.96 23.85 
9000 21.23 22.44 23.78 

10800 21.31 22.35 24.03 
12600 21.41 22.34 23.91 
14400 21.38 22.66 24.06 
16200 21.39 22.95 24.20 
18000 21.69 23.18 24.04 

 

To analyze the ability of the TEM further, Figure 4 is presented. 
Figure 4 indicates the relationship between Qc and time at several 
water mass flow rates. Figure 4 demonstrates that Qc is constant 
with time. However, increasing the water mass flow rate elevates 
Qc.  This is suitable for the theory of Holman [15] or agrees with 
equation (4). The outlet temperature, To, decreased drastically at a 
few seconds, but then it increased gradually. This was due to the 
effect of ambient temperature. The research was started in the 
morning at 08.00 am and finished in the afternoon at 01.00 pm. 
Therefore, the ambient temperature increased, and consequently, 
the outlet water temperature, To, increased. Figure 5 shows the 
outlet water temperature, To. The effect of water mass flow rates 
on the outlet water temperature is unclear. The lines of outlet 
temperatures are touching each other at the uncertainty of ± 0.5°C. 
This could be due to the fluctuation of To. To and other 
temperatures were affected by the ambient temperature, therefore, 
To fluctuated depending on the ambient temperature. 

 
Figure 4: Relationship between Qc and time at several mass flow rates of water 

 
 

Figure 5: Relationship between To and time at several mass flow rates of water. 
 

 
Figure 6. Relationship between COP and time at several  mass flow rates of water 

Another variable examined in this study is COP. The 
experimental COP is presented in Figure 6. COP indicates the 
performance of the cooler box, i.e. cooling capacity divided by 
power supplied to the TEM (or system) as expressed by equation 
(6). The power supplied to the TEM is calculated using equation 
(5). The calculated COP is given in Figure 6 at the three different 
mass flow rates. Similar to the cooling capacity's trend, COP 
increases drastically and then it gets persistent. This phenomenon 
occurs for the three mass flow rates. In Figure 6, it is clear that 
COP is affected by the mass flow rate. As the mass flow rate raises, 
COP elevates. This can happen due to increased cooling capacity, 
while the power supplied to the TEM is constant. This 
phenomenon was also found by Ramdhan [14], Mirmanto et al. 
[20]. Nevertheless, they used the cooler box for cooling water in 
plastic bottles. Their COP increased with an increase in the water 
volume. Further, COP obtained in this study and by Ramdhan [14] 
and Mirmanto et al. [20] is still lower than 1. 

4. Conclusion 

Experiments have been done to investigate the ability of the 
TEM to cool the flowing water. The TEMs used were two 
pieces with the electrical power of 82.2 W and the mass flow 
rates of the water employed were 1 g/s, 1.5 g/s, and 2 g/s. Some 
findings are as follows: 

1. In general, the trend of the temperature in accordance 
with the results obtained by the previous researchers. 

2. The effect of the mass flow rate on the cooling capacity 
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is clear. Increasing the mass flow rate elevates the cooling 
capacity. 

3. The effect of the mass flow rate on the outlet temperature 
is unclear. 

4. The temperature of the water block elevates as the mass 
flow rate increases. The minimum temperature of the cold 
side of the TEM at 1 g/s is 19.43°C, at 1.5 g/s is 20.57°C 
and at 2 g/s is 22.85°C. 

5. COP raises with the increase in mass flow rate. 
6. The water temperature is affected greatly by the ambient 

temperature. 
7. Cooling flowing water using TEC is not powerful. The 

TEM is better to be used for cooling the stationary liquid. 
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