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The cabin car temperature will increase when parked in direct sunlight, so the energy required 

to cool cabin space by the air conditioner will be higher. This study aims to investigate using 

a thermoelectric cooling system as an alternative to a chiller system to supply cold air to the 

car cabin under different cooling methods for parked cars. Experimental testing of 

thermoelectric cooling systems was conducted to produce cold air that can be applied to car 

cabins as an alternative to conventional air conditioners. The thermoelectric cooling system 

was varied with single and double TEC modules. The double TEC modules are arranged in a 

series of electrical and parallel thermal arrangements. A cooling water block using a mixture 

of water and ethylene glycol with variations of 0.4 lpm, 0.5 lpm, and 0.6 lpm was added to the 

hot side of the thermoelectric module. The result shows that the thermoelectric cooling system 

can work properly during the 2-hour test, which constantly supplies air to the cabin space 

between 20-25 °C, depending on the configuration of the cooling system. The highest COP of 

0.84 was obtained when using the double TEC with heatsink and added 0.5 lpm water cooling 

system, while the lowest COP of 0.53 was obtained when using the single TEC module without 

a cooling water block. 

Keywords: Cabin car; Thermoelectric cooling; Cooling water block; COP 

1. Introduction 

The car cabin temperature will increase when 

parked under the direct sun, which means this 

extreme increase in car cabin temperature requires 

more energy consumption to operate the air 

conditioner [1], [2]. In addition, the drastic 

increase in temperature inside the vehicle cabin 

affects human comfort [1], [3], so an air 

conditioning system is needed to give thermal 

comfort to passengers. The energy consumption 

for operating an air conditioning system is high, 

so improving energy efficiency is essential [2]–[5]. 

Many studies have been conducted to develop 

cooling systems for parked cars. Setiyo M. et al. [6] 

utilized an evaporative cooling system to circulate 

ambient air from the environment into the vehicle 

cabin. The results showed that circulating fresh air 

with an existing fan in the car can reduce the 

vehicle cabin temperature to 9.8 °C. Su, Wang, et 

al. [7] also tried to reduce energy consumption for 

cooling systems in commercial vehicles, who 

conducted a computational fluid dynamics 

simulation of a localized driver thermoelectric air 

conditioning system. The cooling system consists 

of a TEC1-12706 module, centrifugal fans, heat 

exchangers, and a circulating water pump 

installed outside the thermal heat exchanger. The 

results show that when the air supply temperature 
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is 16 °C, air velocity is 5 m/s, and the constant 

ambient temperature conditions result in 

maximum comfort for the driver. 

To improve the energy efficiency of the car 

cabin cooling system, many researchers have 

investigated using local air conditioning systems 

with thermoelectric chillers to avoid significant 

energy waste. Wan, Su et al. [8] proposed a local 

air conditioning system using thermoelectric 

coolers (TECs) customized around the driver. The 

results show that the cooling system can meet the 

driver's thermal comfort requirements. 

Thermoelectric cooling systems are widely used 

for several advantages: lightweight, low noise, no 

refrigerant, compact, easy to use, and fast cooling 

technology [9]–[12]. The working principle of a 

thermoelectric cooler (TEC) is based on the Peltier 

effect, which directly converts electrical energy 

into TEC's temperature difference. The heat from 

the cold side of the TEC will be absorbed and 

transferred to the hot side of the TEC to be 

released so that the air on the cold side of the TEC 

will be cooled [10], [13], [14].  

The cooling system's performance can be 

achieved by increasing the heat transfer on the hot 

side of the TEC and increasing the number of TEC 

modules and positions [15]–[17]. Heat transfer 

enhancement can be done by adding a heatsink on 

the hot side of the thermoelectric. Mirmanto et al. 

[17] conducted experiments on several variations 

of thermoelectric positions in cooling box 

applications, in which the size was 215 mm x 175 

mm x 130 mm, and the wall thickness was 50 mm. 

Thermoelectrics were at the top, on the bottom, 

and on the wall. The results showed that TEC 

placement on the wall gave the best results, and 

the COP decreased with operation time. Ma, Zuo 

et al. [18] Investigated the performance of a single 

TEC module as a portable thermoelectric cooling 

system for local human body cooling and 

compared the optimal operational voltage. The 

maximum cooling capacity was 26.7 W, and COP 

= 0.92 was obtained at the best operating voltage, 

10V. Ang, Ng et al. [19] investigated single-stage 

and multi-stage TEC performance as a cooling 

wearable device. The results showed that multi-

stage TECs have the potential to provide more 

cooling capacity, which promotes more cooling 

sensation on human skin. Studies to compare the 

effect of using different numbers of modules were 

also conducted by Ahmed et al. [20]. Increasing 

the number of TEC modules will increase the 

cabin's heat transfer capability, thereby reducing 

cabin temperature. However, increasing the 

number of TEC modules must be followed by the 

input power availability, which also increases. 

Increasing the number of TEC modules without 

increasing the total input power will reduce each 

TEC module's input power and will cause a 

decrease in the TEC cooling system. Therefore, the 

source of electricity for cooling must be sufficient 

to get the impact of increasing the number of TEC 

modules. 

In addition to increasing heat transfer and the 

number of thermoelectric modules, modifying the 

structure of the heat transfer area can also 

improve the performance of a thermoelectric 

cooler. Qiu et al. [21] conducted qualitative and 

quantitative analyses to examine the factors 

influencing the thermoelectric cooler performance 

with a non-uniform cross-section. The results 

show that, compared to a thermoelectric cooler 

featuring a uniform cross-section, the optimized 

thermoelectric cooler with a non-uniform cross-

section increases 35.73% in cooling capacity and 

21.59% in Coefficient of performance. Chen et al. 

[22] conducted a combined mathematical 

modeling and experimental study. They designed 

a segmented converging structure for a heat 

exchanger at various angles to extract heat with a 

thermoelectric generator. This study also 

examined the impact of temperature and air mass 

flow on predicting backpressure power loss and 

the heat exchanger's performance sensitivity. 

Compared to a conventional plate-type heat 

exchanger, the segmented converging 

thermoelectric generator demonstrated a 12.5% 

increase in output power and a 14.8% reduction in 

backpressure power loss. Ang et al. [19] 

performed an analysis using finite element 

analysis (FEA) to examine the impact of multi-

stage thermoelectric coolers (TECs) on 

performance, especially on achieving lower cold-

side temperatures and optimizing the Coefficient 

of performance (COP). The findings indicate that 

multi-stage TECs could enhance the thermal 

comfort of human skin while controlling the 

power required per unit of cooling capacity. Liu et 

al. [23] compared the structural arrangements of 

thermoelectric coolers, specifically the cubic two-

stage TEC, square-type two-stage TEC, and 

pyramid-type two-stage TEC to determine the 
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optimal thermal performance. Their study 

revealed that C-TTEC exhibited the lowest 

temperature on the cold side compared to P-TTEC 

and S-TTEC, respectively. 

Another method to enhance the performance 

of a thermoelectric cooler involves incorporating 

additional devices, such as a vapor chamber based 

on heat pipe principles, along with additional 

instrumentation for more efficient control of the 

cooling system. Winarta et al. [24], experimented 

using a thermoelectric cooler box equipped with a 

vapor chamber to enhance heat absorption on the 

hot side effectively. Their investigation concluded 

that higher DC-ampere supply adjustments to the 

thermoelectric cooler resulted in lower 

temperatures within the cooler box. Furthermore, 

the experiment showed the highest Coefficient of 

performance (COP) achieved when the electric 

current was set to 4 Amperes. Midiani et al. [25] 

conducted a study to investigate the performance 

of thermoelectric coolers with and without a fan 

on the cold side. The results indicated that using a 

fan can optimize cabin temperature distribution 

and enhance the thermoelectric cooler's heat 

transfer performance on the cold side. Elarusi et 

al. [26] introduced an innovative system design 

incorporating an optimal cooling or heating input 

current. This system is installed before the 

vehicle's heating, ventilation, and air conditioning 

(HVAC) system becomes active. It includes a car 

seat climate control (CSCC) design with two heat 

pumps placed in the backrest and seatback. 

Furthermore, in the research conducted by [27], 

the result of the COP or efficiency of the 

Thermoelectric cooling system is measured 0.05-

0.07. The lowest temperature achieved by the 

thermoelectric cooling system is 27 °C. 

Recent research has extensively explored the 

application of thermoelectric generators that 

utilize the heat generated in motorized vehicles. 

This heat is then coupled with a thermoelectric 

cooler to provide vehicle cooling. Kim et al. [28] 

utilized twelve thermoelectric generators to 

harness heat from the internal combustion 

engine's exhaust to generate electricity. This 

electricity was then used to operate a cooling 

system, enhancing the comfort of the car's air 

conditioning. Their research found that the 

cooling system could reduce the cabin 

temperature from 45 °C to 26 °C in less than three 

minutes, requiring a power input of 90.715 watts. 

Al-Amir et al. [29], designed a cooling system that 

utilizes a thermoelectric cooler powered by 

exhaust gases from a diesel engine. They reported 

a 17% reduction in fuel consumption when using 

the thermoelectric cooler compared to a system 

without this technology. Using waste heat energy 

to generate power in vehicles through 

Thermoelectric Generators (TEG) to enhance the 

cooling performance of electric motors and meet 

braking requirements has seen widespread 

development [30]. 

A literature review shows that increased heat 

transfer on the hot side of TEC significantly 

impacts the cooling system's performance. In 

application, TECs still need to be applied to air 

conditioning systems of car cabins. Therefore, this 

study investigates the use of a thermoelectric 

cooling system as an alternative to a chiller system 

to divert the function of a conventional air 

conditioner that supplies cold air on the 

evaporator side into the cabin of a parked car. This 

study also tested whether the thermoelectric-

based cooling system can work constantly for a 

certain period while the vehicle is parked through 

a 2-hour test. In addition, the effects of single-TEC 

and double-TEC arrangement variations and the 

use of cooling water blocks on the cooling system 

performance and energy efficiency were also 

investigated. 

 

2. Methods 

2.1. Experimental Setup 

Air conditioning systems in cars generally use 

conventional (compression) air conditioning, 

which consists of a compressor, condenser, 

expansion valve, and evaporator. To cool the car 

cabin, fresh air or recirculated air from inside the 

cabin will be passed by the blower through the 

evaporator grille so that the air entering the 

vehicle cabin becomes cold, as shown in Figure 1a. 

The conventional AC system usually works when 

the vehicle is running. However, the engine is off 

when the car is parked, so the AC system doesn't 

work. If the vehicle is parked in an open space 

under direct sunlight for a long time, the 

temperature in the cabin will rise significantly and 

even exceed the ambient temperature. In this 

study, an alternative thermoelectric cooling 

system is designed to switch the function of 

conventional AC that supplies cold air on the 

evaporator side, as shown in Figure 1b. The cold  
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Figure 1. (a) Air conditioning circulation in conventional AC [31]; (b) Thermoelectric cooling proposed for car 

cabin 

 

air obtained from the thermoelectric cooler can be 

used as an alternative cooling to supply cold air to 

the cabin car while parked. 

The experimental testing of a thermoelectric 

cooling system will be carried out to produce cold 

air that can be applied to car cabins as an alternative 

to conventional air conditioners. The 

thermoelectrical cooling system consists of supply 

air ducting, hot side and cold side ducting, 

thermoelectric module TEC1-12706, the aluminum 

heatsinks on the hot and cold side, an axial fan on 

the hot and cold side, and power supply to 

generate DC current. Ducting is made of a 

Polyurethane duct with a thickness of 20 mm; on 

the air supply side, the inner size is 40 mm x 40 mm 

x 180 mm (WxHxL), while the exhaust heat duct 

measures 92 mm x 92 mm x 180 mm (WxHxL) 

(Figure 2). The air velocity in the hot side and cold 

side of the ducting was kept constant at 2 m/s. 

Thermal paste with a thermal conductivity of 12.6 

(W/m.K) is added between TEC and the heat sink 

to increase heat transfer by reducing the air-gap 

resistance between both surfaces. This study also 

investigated the effect of using cooling water blocks 

on the hot side of the TEC to release heat on the hot 

side of TEC and thermoelectric cooling 

performance, as shown in Figure 3. A water-

ethylene glycol mixture radiator coolant was used 

as a liquid coolant for the cooling water block. 

Using a Water-ethylene glycol mixture is based on 

considering its advantages, which are lower 

freezing and higher boiling points. This coolant can 

be used against freezing and overheating and can 

work optimally to keep the TEC hot side 

temperature as low as possible [32], [33].  

Liquid from the tank is pumped to the entrance 

side of the water block so that the heat from the 

hot side of the TEC will be absorbed by the liquid 

and then flow into the radiator. The fluid that 

enters the radiator will be cooled by convection, 

flowed into the storage tank, and then pumped 

again to the water block. 

A DC voltage regulator controls the pump 

voltage to regulate the liquid flow rate so that the 

water flow rate varies depending on the voltage 

applied to the pump. The coolant flow rate varies 

at 0.4 lpm, 0.5 lpm, and 0.6 lpm with adjustments 

to the DC voltage of 5 V, 6 V, and 7 V, respectively. 

After flowing into the block, water temperature 

increases, which means that heat from the hot side 

TEC has been transferred to the liquid before 

being transmitted through the heatsink. This 

study tested the performance of a single TEC and 

double TEC arranged in a series of electrical and 

parallel thermal, as shown in Figure 4. On the hot 

side of the TEC, an aluminum heatsink and a 

combination of the aluminum heatsink and liquid 

block were used (Figure 5). This study used a 

water-ethylene glycol mixture coolant with a flow 

rate of 0.4 lpm, 0.5 lpm, and 0.6 lpm. 

The temperature measurement uses a K-type 

thermocouple connected to a Lutron LUTRON 

TM-947SD digital thermometer with an accuracy 

of ±0.1 °C. The placement of thermocouples is 

shown in Figure 6. Measurement data is recorded 

in the digital thermometer via SD card. Data was 

recorded for 7200 s for each variation, assuming 

the car was parked for at least 2 hours. This is 

conducted to determine the thermoelectric 

cooling system performance system while 
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working for 2 hours. Voltage, current, and 

electrical power from thermoelectric modules, 

fans, and pumps in each test are measured using 

a watt meter. The water flow rate was varied by 

0.4 lpm, 0.5 lpm, and 0.6 lpm by adjusting the 

pump voltage within 5, 6, and 7 volts. The water 

temperature in and out of the water block was 

measured with a K-type thermocouple. Air 

velocity on the cold and hot sides of the ducting 

was measured with an anemometer. 

 

 
Figure 2. Prototype test model (without liquid block) 

 

 
Figure 3. Prototype test model (with liquid block) 

 

 
Figure 4. Thermoelectric arrangement: (a) Single thermoelectric; (b) Double thermoelectric, which is arranged in a 

series of electrical and parallel thermal arrangements 
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Figure 5. The thermoelectric cooling system's configuration: (a) Aluminum heatsink only; (b) A combination of 

aluminum heatsinks, and liquid block (b). 

 

 
Figure 6. Experimental setup 

 

2.2. Thermoelectric Cooling Performance 

The performance of a thermoelectric cooler can 

be expressed by the Coefficient of performance 

(COP), as in Eq. (1) and Eq. (2) [34], [35].  

 

𝐶𝑂𝑃𝑇𝐸𝐶 =
𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 

𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
 (1) 

 

𝐶𝑂𝑃𝑇𝐸𝐶 =
�̇�𝑐

𝑃𝑡𝑜𝑡
 (2) 

 

The cooling capacity of a thermoelectric cooler 

(�̇�𝑐) can be determined by the total heat of the 

airflow through the cold-side heatsink [34], as 

shown in Eq. (3). 

�̇�𝑐 = �̇�𝑎𝐶𝑝𝑎(𝑇𝑎,𝑠 −  𝑇𝑆𝐴) (3) 

where �̇�𝑎 is the mass flow rate of air in the cold 

side ducting, 𝐶𝑝𝑎 is the air-specific heat,  𝑇𝑎,𝑠 and 

𝑇𝑆𝐴 are the air temperature in start condition and 

supply air temperatures of the cold side ducting, 

respectively. 

The total input electrical power (P) to the 

thermoelectric cooling system [34] can be 

determined by Eq. (4). 

 
𝑃 = 𝑃𝑇𝐸𝐶+ 𝑃ℎ+ 𝑃𝑐 +  𝑃𝑝𝑢𝑚𝑝+ 𝑃𝑟𝑎𝑑 (4) 

PTEC is the thermoelectric module's electrical 

power, Ph and Pc are the fan's electrical power on 
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the hot side and cold side of the thermoelectric, 

respectively, 𝑃𝑝𝑢𝑚𝑝 is pump electrical power and 

𝑃𝑟𝑎𝑑 is radiator fan pump electrical power. 

 

3. Results and Discussion 

3.1. Profil Temperature 

Figure 7a shows the profile temperature of the 

thermoelectric cooling system of a single TEC 

with a heatsink. TTEC,h and TTEC,c represent the hot 

and cold side TEC temperatures, respectively. Ta,h 

is the air temperature in the hot side ducting, TSA 

is the supply air temperature that will flow into 

the car cabin, and Tamb is the ambient air 

temperature. Data was collected for 2 hours (7200 

minutes) for each variation, assuming the car was 

parked for 2 hours. In Figure 7a, TTEC,h, and Ta,h 

show an increase with time from 0 to 1000 s. The 

increase of TTEC,h and Ta,h is due to the release of 

heat from the cold side to the hot side of TEC, 

which then flows through the hot side ducting, 

Ta,h. The TEC cold side temperature TTEC,c 

continues to decrease from the ambient 

temperature until it reaches 14.5 °C, and TSA 

reaches 21.4 at 130 s, and then rises again until 

1000 seconds. Overall, the temperatures of TTEC,h, 

TTEC,c, Ta,h, TSA, and Tamb tend to be steady from 

1000 to 7200 s. The electric current flows into the 

TEC module when connected to the power source, 

and due to the Peltier effect, heat is transferred 

from one side to another side of the TEC surface 

[36]. In the initial condition, the Peltier module has 

not yet operated at its maximum efficiency, so the 

temperature continues to drop to the lowest point 

on the cold side of the TEC. On the hot side, it also 

continues to rise at the highest temperature until 

a steady state, which aligns with the research of 

Remeli et al. [36]. 

The temperature profile of TTEC,h and Ta,h, which 

sometimes rises from 0-1000 s, and the 

temperature of TTEC,c, TSA, which drops to 1000 s 

and then constant, is in line with research 

conducted by Mirmanto et al. [17] and Gökçek and 

Şahin [37].  The profile temperatures show that 

thermoelectric cooling can work properly for 2 

hours to produce cold air in the cabin. A 

thermoelectric that can work constantly for 2 

hours shows that this thermoelectric cooling can 

be applied to parked cars. The total power 

required by the thermoelectric cooling system, 

which consists of a single TEC and heatsink, is 53.3 

W. Thermoelectric cooling using a single TEC 

with a heatsink can reduce the temperature by 7.3 

°C from an average ambient temperature Tamb of 

31.6 °C to an average supply air temperature TSA 

of 24.3 °C. The supply air temperature, which 

initially has the same value as the ambient 

temperature Tamb = 31.6 °C, is passed on the cold 

side of the TEC and heatsink, which has a 

temperature TTEC,c = 14.5 °C. Because there is a 

temperature difference between both states, heat 

transfer occurs so that the Supply TSA temperature 

becomes cooler to 24.3 °C. The heat from the TSA 

air will be transferred to the cold side of the TEC 

and discharged through the hot side of the TEC 

Module and heatsink to the environment. This 

process of transferring heat and cooling the 

supply air temperature (TSA) will continue to 

work as long as there is power input to the TEC 

module [38]–[41]. This supply air temperature 

(TSA) will be blown to the evaporator side in the 

cabin of the parked car. 

The temperature profile of the thermoelectric 

cooling system testing double TEC in a series 

electric-parallel thermal arrangement with the 

heatsink is shown in Figure 7b. In this 

configuration, the total power for the cooling 

system is 33.5 W. The temperatures of TTEC,h, and 

Ta,h show an increase with time at time 0 to 500 s. 

The temperatures of TTEC,c and TSA continue to 

decrease from seconds 0 to 500 s, while the 

ambient temperature tends to be relatively 

constant around 32 °C. In this second test, the 

temperatures of TTEC,h, TTEC,c, Ta,h, TSA, and Tamb 

tend to be stable from 500  to 7200 s. Like in the 

first test using a single TEC, thermoelectric 

cooling can work stably for 2 hours to produce 

cold supply air to the cabin, and a faster steady 

temperature is achieved.  

The double TEC with heatsink cooling system 

can reduce the temperature by 7.1 °C from an 

average ambient temperature of 33.5 °C to an 

average TSA of 24.7 °C. Compared to a single TEC 

module that can reduce the air temperature by 7.3 

°C, the decrease in air temperature in 2 modules 

arranged in parallel thermal and electrical series is 

lower. This is because the power input of 2 

modules arranged in parallel thermal and 

electrical series is lower than the single TEC. The 

arrangement of thermal parallel or stacked TEC 

modules causes the cooling load of the two 

modules to be divided into two because the 2nd 

Peltier will cool the first module that has cooled  
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Figure 7. (a) Temperature profile of thermoelectric cooling: single TEC module with heatsink; (b) Double TEC 

module in series electric-parallel thermal arrangement with heatsink 

 

first, lowering the power input. With a lower 

power input, causing the cooling capability to be 

slightly lower, the temperature on the cold side is 

an average of about 20.8 °C compared to 18.6 °C 

on the single TEC. The cooling capacity, which is 

only slightly different, but the power used is only 

63% of the total power input when using a single 

TEC, shows that using an arrangement of 2 series 

and parallel thermal TEC modules is more 

efficient than a single TEC module. 

 

3.2. Effect of the Number of TEC Modules 

As the number of modules increases, the 

power input generated also increases [20], and 

indirectly impacts improving the performance of 

TEC modules in transferring heat and cooling 

capacity. However, this occurs in conditions 

where TEC modules are arranged in parallel 

electrically, where the total power input is a 

multiplication of the power input of each TEC 

module multiplied by the number of modules. It 

is different when the TEC modules are arranged 

in parallel thermal and electrical series, such as in 

Figure 4. The total power required by the 

thermoelectric cooling system consisting of a 

single TEC is 53.3 W. In comparison, the 

thermoelectric cooling system with dual TECs in a 

series thermal electric-parallel arrangement is 33.5 

W. 

In using a single TEC module, the entire 

cooling load is borne by one module, which causes 

the module to work harder to achieve the desired 

temperature, requiring higher electrical input 

power. In the double TEC arrangement in a series 

of electric-parallel thermals, the cooling load is 

divided equally between two modules, so each 

module only needs to handle part of the total load. 

It can be seen from the lower temperature gradient 

in each module, which reduces the workload and 

the need for electrical power. Figure 7a and Figure 

7b show that using two TEC modules arranged in 

a series of electric-parallel thermal produces 

higher efficiency than a single TEC module. The 

cooling capacity produced is almost the same, but 

the power required by two TEC modules arranged 

in a series of electric-parallel thermal is only 63% 

of the single TEC module. 

The arrangement of 2 TEC arranged 

electrically series and thermally parallel requires a 

smaller electric current for the same working 

voltage. The arrangement of thermoelectric in 

parallel is intended to maximize the heat transfer 

process so that cooling is maximized because the 

hot side of the first TEC will be cooled by the cold 

side of the second TEC so that the cold side of the 

first thermoelectric in direct contact with the air 

will be cooler. The TEC hot side temperature on 

the double TEC is lower, which is an average of 

48.8 °C compared to the single TEC of 63.4 °C, 

which is proportional to the input power, where 

the double TEC is 33.5 W and the single TEC is 

53.3 W. With the increase in input power, the TEC 

hot side temperature increases, which indicates 

that the higher the TEC temperature, the more 

heat is released to the heatsink side, and this 

condition is in line with Lertsatitthanakorn et al. 

[34]. 

 

3.3. Impact of the Different Cooling Method 

In this study, a cooling water block is added on 

the hot side of the thermoelectric to improve the 

thermoelectric cooling performance. Figure 8a 
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shows the profile temperature of a single TEC, 

and Figure 8b shows the profile temperature of a 

double TEC, both are equipped with cooling 

water blocks with a fluid flow of 0.4 lpm. From 

Figure 8a and Figure 8b, adding a cooling water 

block increases the ability to dissipate heat faster 

on the TEC hot side. When the single TEC is 

without a cooling water block, the temperature on 

the TEC hot side averages 63.4 °C. The TEC hot 

side temperature averages 46.3 °C when adding 

the cooling water block. The decrease in 

temperature on the hot side of the thermoelectric 

TTEC,h is because some of the heat has been 

absorbed by water cooling. The decreasing TEC 

hot side temperature affects the cooling system's 

performance, making the thermoelectric cold side 

temperature cooler. In testing with a single TEC 

without a cooling water block, the average 

temperature is 18.6 °C. When a cooling water 

block is added, the temperature on the cold side 

reaches 12.0 °C, resulting in a supply temperature, 

TSA to the cabin of 21.4 °C. Adding a cooling water 

block to the double TEC also has a significant 

effect. In the double TEC without cooling water 

block testing, the temperature on the TEC hot side 

reaches an average of 46.8 °C, and when adding a 

cooling water block, the average TEC hot side 

temperature is 45.3 °C. The cooling system using 

a double TEC with a heatsink can reduce the 

temperature on the cold side of the thermoelectric 

to reach 17.9 °C and produce a supply 

temperature to the cabin of 23.1 °C. The use of a 

single TEC provides a maximum cooling effect 

compared to the use of a double TEC, this is 

because the double TEC arranged in series 

electrical and parallel thermal provides lower 

current and electrical power with a difference of 

19.8 W lower than single TEC. Adding a cooling 

water block increases the ability to dissipate heat 

faster on the hot side of the thermoelectric 

module, which impacts improving cooling 

performance. 

In this study, the liquid flow rate of the water-

ethylene glycol mixture was varied to 0.4 lpm, 0.5 

lpm, and 0.6 lpm. The average temperature in 

each cooling system configuration is shown in 

Figure 9. The fluid flow rate of 0.5 lpm provides the 

highest cooling performance compared to 0.4 lpm 

and 0.6 lpm.  A single TEC with a heatsink and 0.4 

lpm cooling water produces the TEC cold side 

temperature reaches 12.0 °C, then at a water flow 

rate of 0.5 lpm the TEC cold side temperature 

reaches 11.1 °C, and at 0.6 lpm the TEC cold side 

temperature reaches 13.7 °C. The temperature on 

the TEC cold side produces supply temperature 

TSA of 21.4 °C, 20.7 °C, and 22.1 °C, respectively. A 

flow rate of 0.4 lpm has lower cooling 

performance because the flow rate of water to cool 

the TEC surface is too slow, so the water is less 

effective in absorbing heat from the hot side of the 

TEC. At the same time, the most optimal cooling 

performance occurs at a flow rate of 0.5 lpm, 

which is indicated by the TEC cold side 

temperature and the lowest supply air 

temperature. However, when the water flow rate 

is increased, the TEC cold side temperature and 

supply air temperature increase, causing the 

water flow rate to be too fast so that the water 

contact with the heat source is too short and 

results in less heat being absorbed, which is in line 

 

 
Figure 8. Thermoelectric cooling temperature profile at 5 lpm fluid flow rate: (a) Single TEC module with 

heatsink and cooling water block; (b) TEC module with heatsink and cooling water block 
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Figure 9. Average temperature in each cooling system configuration: (A) Single TEC+heatsink; (B) Double 

TEC+heatsink; (C) Single TEC+heatsink+0.4 lpm; (D) Single TEC+heatsink+0.5 lpm; (E) Single TEC+heatsink+0.6 

lpm; (F) Double TEC+heatsink+0.4 lpm; (G) Double TEC+heatsink+0.5 lpm; (H) Double TEC+heatsink+0.6 lpm 

 

with the research conducted by Atmoko et al. [12]. 

Performance improvement from using water 

cooling also occurs in the double TEC cooling 

system, where water cooling with a flow rate of 

0.5 lpm produces the lowest thermoelectric cold 

side temperature and supply air temperature of 

19.7 °C and 23.6 °C. 

 

3.4. Cooling Performance 

Table 1 shows the effect of cooling system 

configuration on hot-side and cold-side TEC 

temperatures, TEC input power, total cooling 

system input power, cooling capacity, and COP. 

The cooling capacity is determined by Eq. (3) by 

involving the difference in temperature of the 

cold-side ducting at the initial condition before 

cooling and the supply temperature on average.  

The measurement results show that the air 

temperature in the cold channel in the initial 

condition before cooling is equivalent to the 

average ambient temperature, so the cooling 

capacity calculation uses the temperature 

difference at ambient temperature and supply 

temperature (Tamb - TSA). 

Using a single TEC requires a greater input 

power than a double TEC arranged in electrical 

series and thermal parallel, where the single TEC 

is 42.4 W while the double TEC is 22.6 W. This 

affects the performance of the TEC, where the 

higher the input power, the higher the hot side of 

TEC temperature. The higher temperature on the 

hot side TEC shows greater heat dissipation, 

resulting in a lower temperature on the cold side. 

With a relatively constant ambient temperature of 

around ~32 °C, the lower cold side TEC 

temperature will produce a lower supply 

temperature (TSA) and greater cooling capacity. 

Cooling capacity is a function of the difference 

between ambient temperature (Tamb) and supply 

temperature (TSA) obtained to flow into the car 

cabin, which is obtained using Eq. (3). As shown 

in Table 1 and Figure 10, the cooling capacity of the 

single TEC is 28.2 W and the double TEC produces 

27.5 °C. The addition of a cooling water block 

provides an increase in cooling capacity. Using a 

cooling water block as an additional cooling 

system increases heat transfer performance, as 

shown by the heat absorption from the hot side of 

the TEC module, and the discharge into the 

environment is higher. This causes the 

temperature on the cold side of the TEC module 

to be lower. With the lower temperature of the 

cold side TEC module, the supply temperature 

(TSA) that passes through the cold side becomes 

lower, causing a higher decrease in the supply air 

temperature (TSA). The higher the difference in air 

supply temperature to the car cabin, the greater 

the cooling capacity generated. At the same power 

input, the higher the cooling capacity, the higher 

the coefficient of performance of the cooling 

system. The highest cooling capacity is 51.3 W 

when using a single TEC with an aluminum 

heatsink and 0.5 lpm cooling water. 

Figure 11 shows the COP for several cooling 

system configurations. COP is calculated based on 

Eq. (1) and Eq. (2), which is the ratio of cooling 

capacity divided by total input power. The cooling 

capacity on a single TEC is indeed higher than on 

a double TEC. Still, because the total input power 

is almost 2 times greater than double 
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thermoelectric, the COP on a single TEC is lower. 

The highest COP of 0.84 was obtained in the 

double TEC with heatsink and added 0.5 lpm 

water cooling system, while the lowest COP of 

0.53 occurred in the single thermoelectric 

configuration with heatsink only [42].  

 
Table 1. Hot-side and cold-side TEC temperatures, thermoelectric cooler input power, total cooling system input 

power, the cooling capacity, and COP for various Cooling system configurations (�̇�𝑎 =3.84 g/s). 

Cooling System Configuration 
TTEC,h 

(°C) 

TTEC,c 

(°C) 

TEC Input 

Power  

(W) 

Total Input 

power  

(W) 

Cooling 

Capacity Qc  

(W) 

COP 

Single TEC+heatsink 63.4 18.6 42.4 53.3 28.2 0.53 

Double TEC+heatsink 46.8 20.8 22.6 33.5 27.5 0.82 

Single TEC+heatsink+0.4 lpm  46.3 12.0 42.4 60.9 50.2 0.82 

Single TEC+heatsink+0.5 lpm  45.3 11.1 42.4 62.6 51.3 0.82 

Single TEC+heatsink+0.6 lpm  43.4 13.7 42.4 64.0 43.9 0.69 

Double TEC+heatsink+0.4 lpm  38.1 17.9 22.6 41.2 33.0 0.80 

Double TEC+heatsink+0.5 lpm  39.4 19.7 22.6 41.9 35.0 0.84 

Double TEC+heatsink+0.6 lpm  40.6 22.6 22.6 43.1 32.0 0.74 

 

 
Figure 10. Cooling capacity: (A) Single TEC+heatsink; (B) Double TEC+heatsink; (C) Single TEC+heatsink+0.4 

lpm; (D) Single TEC+heatsink+0.5 lpm; (E) Single TEC+heatsink+0.6 lpm; (F) Double TEC+heatsink+0.4 lpm; (G) 

Double TEC+heatsink+0.5 lpm; (H) Double TEC+heatsink+0.6 lpm 

 

 
Figure 11. Coefficient of performance (COP): (A) Single TEC+heatsink; (B) Double TEC+heatsink; (C) Single 

TEC+heatsink+0.4 lpm; (D) Single TEC+heatsink+0.5 lpm; (E) Single TEC+heatsink+0.6 lpm; (F) Double 

TEC+heatsink+0.4 lpm; (G) Double TEC+heatsink+0.5 lpm; (H) Double TEC+heatsink+0.6 lpm  
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3.5. Uncertainty Analysis 

The temperature of Tamb and TSA are measured 

with the K-type thermocouple connected to the 

LUTRON TM-947SD digital thermometer. The 

temperature calibration was conducted, and the 

error associated with (Tamb - TSA) was ±0.3 °C. The 

cooling capacity of thermoelectric cooling can be 

determined in Eq. (3). The uncertainties of the 

cooling capacity ( 𝑆�̇�𝑐
/ �̇�𝑐 ) and Coefficient of 

performance (𝑆𝐶𝑂𝑃/𝐶𝑂𝑃)  can be estimated as Eq. 

(5) and Eq. (6), respectively, with the assumption 

that there is no change in the ducting area  (A), air 

density (ρ), and specific heat (Cp) are constant 

[43]–[46]. The air velocity in the cold side of the 

ducting was measured using an anemometer 

sensor with an accuracy of ± 0.1 m/s. The total 

power used to operate the thermoelectric cooling 

system was measured with a digital watt meter 

with an accuracy of ±0.1W. 

 

𝑆�̇�𝑐

�̇�𝑐

=  √(
𝑆𝑣

𝑣
)

2

+ (
𝑆(𝑇𝑎𝑚𝑏 − 𝑇𝑆𝐴)

(𝑇𝑎𝑚𝑏 − 𝑇𝑆𝐴)
)

2

 (5) 

 

𝑆𝐶𝑂𝑃

𝐶𝑂𝑃
=  √(

𝑆𝑣

𝑣
)

2

+ (
𝑆(𝑇𝑎𝑚𝑏 − 𝑇𝑆𝐴)

(𝑇𝑎𝑚𝑏 − 𝑇𝑆𝐴)
)

2

+ (
𝑆𝑃

𝑃
)

2

 (6) 

 

The maximum uncertainty of cooling capacity 

( 𝑆�̇�𝑐
/ �̇�𝑐 ) and Coefficient of performance 

(𝑆𝐶𝑂𝑃/𝐶𝑂𝑃) determined based on Eq. (5) and Eq. 

(6) and were found to be ±5.3% and ± 6.5% 

respectively. 

 

4. Conclusion 

The thermoelectric cooling system, which 

produces cold supply air to the car cabin, can 

work properly during the 2-hour test, and it 

constantly produces a supply temperature to the 

cabin space between 20-25 °C, depending on the 

configuration of the cooling system. Using a single 

TEC module delivers a greater power input than 

a double TEC module arranged in electrical series 

and thermal parallel, and the higher the input 

power produced, the higher the cooling capacity. 

Adding a cooling water block provides improved 

cooling system performance, indicated by an 

increase in cooling capacity compared to not using 

a cooling water block. The highest cooling 

capacity of 51.3 W was obtained when using a 

single TEC with an aluminum heatsink and 0.5 

lpm cooling water block, and the lowest of 27.5 W 

was obtained when using double TEC modules 

without a cooling water block. The overall 

performance of the cooling system is a function of 

cooling capacity and input power. Although the 

use of a single thermoelectric produces a higher 

cooling capacity, the input power used is almost 

twice, so the COP of the cooling system using a 

double TEC is higher. The highest COP of 0.84 was 

obtained in the double TEC configuration with 

heatsink and added 0.5 lpm water cooling system, 

while the lowest COP of 0.53 occurred in the single 

thermoelectric configuration with heatsink only. 

Therefore, a double TEC module configuration 

arranged in an electrical series and thermal 

parallel and an added 0.5 lpm cooling water block 

could be recommended for cooling the cabin of a 

parked car. Depending on the required car cooling 

capacity, the number of cooling system arrays can 

be determined by dividing the total cooling load 

by one cooling system's cooling capacity, 

consisting of a double TEC module configuration 

and a cooling water block. 
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