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Abstract. This paper presents an innovative design of a temperature difference 

tracing trolley. The design is oriented to the requirements of the 2024 College 

Student Engineering Practice and Innovative Ability Competition, and its core 

innovation lies in the adoption of a water-cooled heat dissipation system, spe-

cifically a sink-type water-cooled structure; there is also a great transformation in 

the structure, in which we integrate the traditional open-type gear module into a 

hermetically sealed gear box. Experiments have shown that this water-cooled 

structure can dissipate heat quickly, which significantly improves the heat utili-

zation efficiency and power generation efficiency of the temperature difference 

power generator. Compared with the traditional air-cooled heat dissipation 

method, the water-cooled structure improves the efficiency of heat utilization 

significantly, which provides a new idea and method for the structural optimi-

zation design of the differential temperature tracing trolley. 
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China's promotion of the transition from fossil fuels to non-fossil energy sources and 
accelerating the transition from traditional fuel vehicles to electric vehicles are im-
portant strategic initiatives to cope with climate change and realize green development. 
Vigorously  developing new energy automobile industry is an important engine to 
cultivate new quality productivity in China [1]. As an intelligent device for
heat-to-electricity conversion, the research value of temperature difference tracing
trolleys in the efficient utilization of energy is becoming more and more prominent. 
However, at present, most of these trolleys use traditional methods such as air-cooling 
or natural heat dissipation, which have limitations in heat dissipation efficiency, lead-
ing to inefficient temperature difference power generation, which in turn restricts the 
motion performance of the trolley. Therefore, exploring more efficient heat dissipation 
solutions is the key to improve the performance of temperature difference tracking 
carts. Water cooling technology has been widely used in many fields due to its excel-
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lent heat transfer capability. Introducing it into the design of differential trajectory 
vehicle is expected to effectively overcome the bottleneck of power generation effi-
ciency of air-cooled heat dissipation, and significantly improve the overall thermal 
utilization efficiency and power generation efficiency of the system. 

2 Overall design 

The temperature difference tracing trolley is mainly composed of heat source module, 
water-cooled heat dissipation module, temperature difference power generation mod-
ule, gearbox transmission module, supercapacitor module and cam steering module, as 
shown in the overall structure of the temperature difference tracing trolley in Fig. 1. 
When the temperature difference tracing trolley is running, the hot surface of the 
temperature difference power generation piece is heated by the burning of the alcohol 
lamp, and the temperature difference is generated with the cold surface of the temper-
ature difference power generation piece around the center structure of the water tank to 
realize the power generation[2] . The current is stored in the supercapacitor, and the 
current is transmitted through the wire to the electric motor, which drives the main 
wheel and cam to rotate through the gear module, and the cam is tightly coupled with 
the pendulum, which controls the steering of the front wheels by pushing the pendulum. 

 
Fig. 1. Overall structure of temperature difference tracing trolley 

3 Key Design 

3.1 Design of Water-Cooled Heat Dissipation Module 

The water-cooled cooling module is composed of a water tank, an alcohol lamp base, 
an alcohol lamp and a temperature difference power generator, as shown in the wa-
ter-cooled cooling module of the temperature difference trolley in Fig. 2. Water-cooled 
cooling device compared to the traditional air-cooled cooling device weight from the 
previous 2kg to the current 1kg, a 50% reduction in weight, the water tank by the 
6061-T6 aluminum alloy production, density of only 2.7g/cm³, the structure of the 
internal holding coolant, the center of the water tank hollow, surrounded by close to the 
temperature difference between power generation piece, the four power generation 
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piece of the board in series with the circuit board, and temperature difference between 
power generation piece of the cold surface of the tightly coupled. 

We consulted a lot of information and found that the water cooling[3] method is 
more favorable for the power generation of the temperature difference tracking vehicle. 
The water tank is hollow in the center and contains coolant inside, which increases the 
contact area with the cold and heat sources, accelerates the transfer of heat from the 
cold surface, and significantly improves the heat dissipation speed and enhances the 
efficiency of differential temperature power generation at the same time. The structure 
can make full use of the heat emitted by the flame of the alcohol lamp; compared with 
the traditional air-cooled heat dissipation structure[4] , as shown in Figure 3, the
structure is a "sandwich" type, from top to bottom are the heat dissipation tower,
temperature difference power generation piece, alcohol lamp, the temperature differ-
ence power generation piece can only be subject to the flame top part of the external 
flame of the flame of the alcohol lamp, the heat around the flame and can not be fully 
utilized; the structure of the temperature difference power generation piece can only be 
subject to the flame top part of the flame of the alcohol lamp, the heat around the flame 
and Can not be fully utilized; the structure of the temperature difference generator 
output current by the rectifier regulator circuit processing, high efficiency into the 
superca ilize the
output o e output 
of temp ollection 
and ene

 

pacitor. Supercapacitor with fast discharge characteristics, can stab
f electricity to drive the motor, solve the problem of fluctuations in th

erature difference power generation, improve the efficiency of power c
rgy utilization efficiency. 

Fig. 2. Water-cooled heat dissipation module for temperature difference trolley 

 
Fig. 3. Air-cooled heat dissipation type temperature difference tracing trolley 
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3.2 Gearbox Module Design 

The gear transmission structure of this trolley is significantly different from the tradi-
tional design (shown in Fig. 4). We optimized it with an integrated gearbox design. 
Compared with the traditional decentralized layout of the gear set, this solution sig-
nificantly improves the space utilization of the base plate. Traditional gearing modules 
are mostly open or split designs, which take up more space. This design highly inte-
grates the reduction gear set into a compact gear box, thus freeing up valuable layout 
space for the water-cooled heat dissipation module. The gearbox adopts a fully en-
closed structure, which can effectively block dust, coolant and other external contam-
inants, reduce gear wear and prolong service life. This design not only solves the
problem of large space occupation of traditional gear systems on compact mobile
platforms, but also enhances the environmental adaptability of the entire vehicle with 
its enclosed characteristics, ensuring that the differential-tracing trolley can operate 
stably in high temperature, dusty and other complex working conditions. 

 
Fig. 4. Gearbox module of temperature difference tracing trolley 

3.3 Super Capacitor Charging Circuit 

At the beginning, two TEG1-199-3.5-6 temperature difference power generating chips 
were used, and the outer flame of alcohol lamp was burned to generate power at the 
joints of the two chips; this type of power generating chip has the characteristics of high 
performance and high temperature resistance, but it was found that the alcohol lamp 
burned the middle of the two chips in the heating process, resulting in an uneven dis-
tribution of temperature between the two ends, with the temperature in the middle being 
too high, and the temperatures at the two ends being too low, thus resulting in insuffi-
cient generating power; and the higher temperature in the center resulted in the power 
generating chip being damaged easily. The high temperature in the center causes the 
power generator to be damaged easily, and the cost of a single piece is too high, so we 
discarded this solution, and then used a high thermal conductivity aluminum alloy sink, 
hollowed out in the middle to place the alcohol lamp, and at the same time, four 
TEP1-142T300 temperature difference power generator pieces are pasted on the four 
walls, the external flame heats up the four walls uniformly, and the temperature of the 
hot end is stabilized, and at the same time, the innovative use of four temperature 
difference power generator pieces improves the power generation capacity compared 
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with the initial solution[5], thus increasing the power generation capacity. Because the 
flame will not burn directly to the power generation sheet, greatly extend the service 
life of a single power generation sheet, and the cost of a single piece is lower, even if 
the use o Figure 5, 
the distr ls of the 
structure on sheet, 
Figure 6 t. 

 

f four pieces of the cost is still less than the initial program. such as 
ibution of the temperature difference power generation sheet detai
 of the distribution of the temperature difference power generati
, the distribution of the temperature difference power generation shee

Fig. 5. Detailed view of the distribution structure of the differential temperature generating plate 

 
Fig. 6. Distribution structure of temperature difference power generators 

Thanks to the use of four temperature difference power generators, the trolley has 
enough power to shorten the system start-up time to 1/5 of the conventional solution 
(20 seconds start-up).The power conversion system adopts adaptive multi-mode to-
pology, based on SEPIC-BucK composite DC-DC conversion architecture (conversion 
efficiency n= 93%), which realizes the stabilization of input voltage in a wide range of 
2-17 V. The system integrates a power management unit, equipped with STM32F103 
microcontroller, and realizes a multi-level protection mechanism, including: the
hardware watchdog (WDT) and voltage monitoring module (ADC). Protection
mechanisms, including: over-voltage protection (OVP 6V ± 0.5V), under-voltage reset 
(UVLO, 4.2V ± 0.2V). based on the parameters provided by the supercapacitor module, 
a boost-type battery charging I, to match the temperature difference between the power 
generation and the voltage of the supercapacitor module. The circuit design is shown in 
Figure 7. 
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Fig. 7. External devices 

The system output stability and energy conversion efficiency have been verified 
under the condition of alcohol lamp heat source for 10 minutes, which provides an 
innovative solution for the application of miniature temperature difference power 
generation system in the field of mobile devices. The circuit board is drawn inde-
pende he cart 
compa

 

ntly, and the integrated design improves the stability of the circuit in t
red with the previous modular design. 

Fig. 8. Circuit board 3d model 

This design uses STM32F103C6 as the main control core to control the LED
lights[6], TTS module and H-bridge drive motor module, as shown in the 3d model of 
the circuit board in Fig. 8. The operation logic is "Input (NFC card) → Processing 
(STM32 program) → Output (LED light, motor, voice)". Running process: STM32 
through the PWM signal control H-bridge drive motor operation, in the running process 
N532 detected NFC card through the communication interface UART to STM32 to 
send the card reading data (card number, tag content, etc.), STM32 to receive the data 
and determine the resolution of the NFC; when the NFC recognition is successful, the 
STM32 will be sent through the serial interface UART to the TTS module text com-
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mands in NFC (e.g. Ruijin Departure, Blocking Line), and the LED will also light up 
until the text broadcast is successful. Fig 9 the above conclusions are verified. 

 
Fig. 9. External device hardware block diagram 

4 Experimental Test and Result Analysis 

Build a test platform, set the temperature of the heat source is 100 ℃, the ambient 
temperature is 25 ℃, 15 ml alcohol lamp, using TEP1-142T300 of the temperature 
difference power generation sheet, in the 6000mm× 6000mm map to conduct experi-
ments, as shown in Figure 10. The test indexes include: output power of temperature 
difference power generator, charging efficiency of supercapacitor, start-up time and 
continuous movement time of the cart. The control group adopts the same type of 
temperature difference trolley with air-cooled heat dissipation. The test results are 
shown in Table 1 for the water-cooled and air-cooled differential temperature tracking 
trolleys. 

Table 1. Water-cooled heat dissipation type differential temperature tracing trolley versus 
air-cooled Experimental Tables for Water-cooled and Air-cooled Differential Temperature Trace 
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temperature 
difference 

tracking cart 

19W 87% 100s 1min08s 80s 
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Fig. 10. 6000mm x 6000mm competition map 

5 Conclusion 

The core of the water-cooled heat dissipation temperature difference tracing trolley 
designed in this paper lies in the innovative water tank heat dissipation structure. The 
structure significantly improves the heat dissipation speed and heat utilization effi-
ciency at the cold end of the temperature difference power generator. At the same time, 
the design introduces a supercapacitor for energy storage, which further improves the 
power generation efficiency and ensures the stable operation of the cart. The experi-
ment verifies the feasibility and performance advantages of the scheme, which provides 
a practical reference idea for the compact structure design of the temperature difference 
tracing trolley in the future. 
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